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SALIENT FEATURES OF THE PROJECT

ProjectName: Worbaté&mall Scale Irrigation Project
River Name: Worbate River
Head WorKType: Earth Dam
Head Work Location:

Northing: N 551941
Easting: E 436255 zone 37
Elevation: 1454 m a.s.l.
Zone: Borena

Woreda: Gomole

Kebele: Abunu

Net Command Area: 120 ha
Conveyance

MC

SC

TC

TD

Type: Lined Main Canal

Number: 1

Length: MC=4.4255 km

Cross Seabn type: Rectangular
Nature of canal: lined with masonry
Discharge: MC=0.315s

Number: 3 SCs

Length: 1.5959km

Cross Section type: Rectangular
Nature of canal: lined with masonry

Number: 18

Length: 6.502km

Cross Section type: Trapezoidal
Natureof canal: Unlined i.e. earthen

Number: 13

Length: 5.401km

Cross Section type: Trapezoidal
Nature of canal: Unlined i.e. earthen

Project Cost
Grand Total of Project Workost88288660.69

Cost per hectare: Bii#35738.84
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1 INTRODUCTION

1.1 Background

In Ethiopia, as well in Oromia under the prevalent +fi@d agricultural production system, the
progressive degradation of the natural resource base, especially in highly vulnerable areas of the
lowlands coupled with climate variability have aggravated thed@mme of poverty and food
insecurity. The major source of growth for the country as well for the region is still conceived to be
the agriculture sector. Hence, this sector has to be insulated from drought shocks through enhanced
utilization of the water mource potential of the country, (through development of ssoalk
irrigation, water harvesting, and éarm diversification) coupled with strengthened linkages
between agriculture and industry (agndustry), thereby creating a demand for agricultotaput.

Il n I ine with the above, efforts have been ma
situation in the region in areas of domestic water supply provision, irrigation development,
watershed management, etc.

In order to alleviate the situatior fmod insecurity in lowland areas of the region that resulted from
shortage of Rainfall & recurrent drought, the region have no choice but to aggressively switch
development endeavors towards effective and efficient use of the existing natural and human
resources. A development strategy that could help is the use of the water and land resource
endowments. As a result, development of different irrigation schemes -(sm&rgescale) can

play a major part not only in solving the current food insecurity akso in enhancing the economic
development of the region as well the country through the earning of more foreign currency and the
creation of employment opportunities.

Accordingly, the regional government planned the feasibility studynafllscaleirrigation projects

that will contribute in problem alleviation due to shortage of rainfall/ drought in lowland areas of
the region that affected the production and productivity of the peoples, which exposed to food
insecurity. Based on these; Oromia Irtiga Development Authority (OIDA) has proposed
Worbate Small Scale Irrigation project (WSSIP) to develop micro dam irrigation in Abunu kebele
of Gomole district, which is financed by International Fund for Agricultural Development (IFAD).
And the Clint (ODA) has signed an agreement with consultant Oromia Water Works Design and
Supervision Enterprise (OWWDSE) for detail feasibility study. Thus; the report focused on detalil
Dam and its related structure for the development of 120 ha of irrigable land o&té/@imall

Scale Irrigation Project (WSSIP) in Borena zone, Gomole district in Abunu kebele.

1.2 Project Location and Accessibility

Worbate Small Scale irrigation project (WSSIP) is a micro dam which is located in Borena Zone,
Gomole district, Abunu kebele. Th®oject site is located at 48 km from Surupha town (district
town) to the SouthEast direction on the asphalt road (18km) until Haake, then turn to left
direction while coming from Surupha at HeBake on the dry weather road which is about 30km
until the project site which is the roachich needsmajor maintenance access the project Abunu
kebele; and totally Worbate small scale irrigation (WSSIP) is located at 48km from district town
(Surupha), and 52km from Yabelo zonal town; and also found distance of 573 km from
Finfinne.

The dam site is locateat a geographic location @eographic coordinate df36255E and551941

1
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2 DESCRIPTION OF WORKS

2.1 GeneralDescription

The Principal components of the Works which will be covered under this feasaitityletailare
those stated here under but further components will be included during the detailed design.
a. Main Dam (Homogeous Earth fill Dam wittHorizontaldrainsand Filtej;
b. Spillway (incorporatingApproachChannel,Chuteand Stilling basir) and,;
c. lIrrigationintakesconduitsandoutlets

2.2 Dam Body

The main dam body is designed withe option i.e. homogeneougarthembankmat with drain

based on the seepage developed at the downstrean(dadesr horizontaflrain). For there is no

any shell or pervious material around the project atnterby distance considering other option
makes uneconomicaxcept for the consumptioof the report In such condition it is practical to
design homogeneous earth dam with drains at the end, Horizontal and horizontal with inclined one.
However,for this specific project Drain at the End and Horizontal are compared but for safety the
Horizortal in order to protect migration of soil to drain seepage water and smooth transition from
fine to coarse texturedrain materialsFilter is Designed. Excavatiois necessary to remove some
areas of alluvial deposit on the left and right bank of the waléing weak sheatrength

2.3 Spillway

Side channelChute spillway is designed to discharge a maximur8555nm3/s corresponding to
100years return period routed outflow. However, the crest level is fixed not to be over topped with
this routedoutflow. The total crest length of the spillway20m. The crest level (full supply level)

is at 470.5m and the maximum water level corresponding to i€iYs routed outflow is472.4 m

i.e. with flood lift height of1.9.m. The structure comprises an approach chlashuteand terminal
structure. The spilled water leaving the terminal structure will join the natural river channel.

2.4 Diversion Arrangements

The construction o¥WorbateDam might take one or two years to complete. The construction will
take place in thery seasonsTherefore|t is not possible to completely block the river flow rather
to create provisions for safe passage of the river flow during the rainy and dry season.
The followings are considered the main components for the diversion systematurstigiction of
the dam.

1 Upanddownstreancofferdams,

1 Dry seasorconduitwith aninletandoutlet channeland

1 Wetseasoriversioni.e.theexistingriver course.

2.5 lIrrigation outlet

The main purpose of thé&/orbateproject is for irrigation. It is planmeto develop the command
area estimated to aroud@tha downstream of the dam. Therefore, during dry months of the year
regulated water will be released as per the downstream dederaordingly, intake structure is
provided for this purpose.
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3 HYDROLOGY

3.1 General

Water is a vital input for sustainable agriculture and hence irrigation is used as a means to provide
required water for agricultural production, one of the strategic development sectors for the economy
of the nation. Howevelrigation investmentaeed careful planning as water is one of the scarce
resources and also multiple purposes compete for the use of water. This necessitates the need for
integrated forms of management fairly share it among the competing components to satisfy the
development eed of the targeted community. Furthermore, the success of any irrigation project
depends on the involvement of the concerned communities and a comprehensive analysis of the
technical, economic, social and environmental factors. Thus, to avail and secoequired water

for crop production, detention dam plays a significant role in gathering the runoff prevailing during
the rainy season and use it during moisture deficit period. Thus, considering the high moisture stress
affecting the availability of fodh for human and feed for livestock in Borena Zone of Oromia
Regional State, Worbate Dam for SSIP was planned by OIDA that is specifically located in Gomole
woreda, Abunu kebele. The area is characterized as arid climate region situated inRDawaale

Basin the basin with most scarce water resource basin in Oromia Region.

The main objective of the climate and hydrology studies of the project area is to investigate the
availability and adequacy of water resources of the Warbate catchment at the proposéte.dam
Specifically, the study estimated flood magnitudes that is useful for the design of dam and
appurtenant structures, crediinage and field drain structures, analysis of climate data for crop
water requirement, water balance of the catchments edichent transport for estimation of dead

load at the dam site, estimated water required for the possible water demanding components in the
catchment and environment. In this view, the study depicted that the watershed generates 4.9
million m3 of water atlie dam site for the dependability of 80% of runoff analysis carried out for

the historic climate data from 1997 to 2017. In addition, the estimated sediment load constituting
the dead storage of the reservoir is 1.08 m3 for the service life of yé&drs.
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3.2 Physiography of project Area

The general feature of the Warbate catchment is with plain in the valley with sharp rise at its
upstream sides. The general slope of the catchment is categorized as gentle slope. The temperature
and rainfall exhibit that of the @dena area, particularly, Ya'a Balo (Yabello) with average annual
values of 20.18 °c and 627.46 mm respectively. The average annual relative humidity and potential
evapotranspiration of the area are 66.42% and 1423.19 mm. The analysis made shows there is a
trend of increase in annual average rainfall over the years 1997 to 2017 in the area represented by
Ya'aa Ballo (Yabello) climate recording station. For detail refer the hydrology and climate study
report.

3.3 Stream Flow

Daily flow data at dam site is necasg for design of dam and its appurtenant structures to estimate
maximum design flood for a given return periods, dependable flow required for estimating reservoir
capacity and low flow useful foestimating thebase flowand decide environmental flofer the
downstream environmerdccording to the evaluation an estimation made at the dam site the
dependable flow at different provided at Table 3.2. But the dependable flow of 80 % was adopted
for this study for it is a common practice in the country. Foailanalysis refer the Hydrology
Report

Table 3-1 Dependable Flow m3/s

Dependability

Month 50% 70% 75% 80% 90% 95%
Jan 0.134 0.000 0.000 0.000 0.000 0.000
Feb 0.111 0.000 0.000 0.000 0.000 0.000
Mar 0.789 0.526 0.330 0.277 0.000 0.000
Apr 1.575 1.095 0.978 0.822 0.063 0.000
May 0.844 0.438 0.404 0.382 0.000 0.000
Jun 0.094 0.000 0.000 0.000 0.000 0.000
Jul 0.000 0.000 0.000 0.000 0.000 0.000
Aug 0.176 0.000 0.000 0.000 0.000 0.000
Sep 0.289 0.000 0.000 0.000 0.000 0.000
Oct 0.850 0.572 0.448 0.372 0.252 0.012
Nov 0.600 0.251 0.062 0.000 0.000 0.000
Dec 0.142 0.000 0.000 0.000 0.000 0.000

3.4 SedimentRate

Different approach is adopted with site level observation for the analysis of sediment thad a
dam site, the detail is presented in the Hydrology report. And found that, the annual sediment load
estimated becomek08 million n¥ for design purpose. If 50 years is proposed as design period of
the dam, the overall sediment load expected becari8million tons.
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3.5 FloodandFlood Routing

3.5.1 Floodestimation

In order to evaluate the values of design flood flows diffesdtarnative methodologies were
applied. The Probable maximum flood is estimated from probable maximum precipitation and it is
trangormed into PMF using unit hydrograph convolution techniques. In addition to the PMF, flood
design discharges for various return periods at the dam site are evaluated using different candidate
probability distributions and parameter estimation techniques.

3.5.2 Designfloodselection

The USACE (United StatesArmy Corpsof Engineers)publishedguidelinesand USDA (United
StatesDepartmentof Agriculture) approachesiasbeenconsultedfor the selectionof the design
flood. According to this approachesthe spillway design flood will be between 100 and
1/2.PMF. Similarly, according to the Ethiopian Draft Dam Safety Guideline prepared by
Ethiopian Commissionfor Large Dams(ETCOLD), the potentialimpactclassification(PIC) falls
underPIC 2.

Table 3-2 Recommended inflow design flood and safety check flood

Potential Impact Inflow Design Flood (IDF) Safety Check Flood (SCF)
© lassiﬁcatiod (Return Period, years) (Return Period, years)

(PIC)

1 500 1,000

2 1.000 10,000 or 0.5 PMF whichever
greater

3 10,000 or %age of PMF PMF

whichever greater

But for Worbatedamthe draft guide line proposedoy USDA is adapted Accordingly, the inflow

hydrographadapteds 100 yearsreturn periodwith peakdischargeof 120368 m®s andis shown
in Figure3.4.

inflow Hydrograph

140.00
120.00

)
[EnY
o
©
o
o

80.00
60.00
40.00
20.00

0.00
-20.000.0 5.0 10.0 15.0 20.0 25.0
Time (hr)

Inflow (M3/s

Figure 3.4: Inflow hydrograph corresponding to 100 years return period

3.5.3 Flood Routing and spillway sizing

The flood hydrograph developed at the dam site was then routed over the reservoir. The Full
Reservoir Level (FR) is fixed at 470.5 m asl and abroad crested weirype spillway crest is
6
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adapted.

Accordingly using the capacity curve and SIF (storage indication factor) for uncontrolled spillway
length of20 m with C=1.7 is computed and presented in the table aphgd in figure below.

Table 3-3 Flood Routing

time storage inflow(t) 2*S(t)/dt- O(t) SIF o() Elevation
(hr) m"3 (cms) (cms) (cms) (cms) (m)

0.0 0 0.00 0.00 0.00 0.000 1470.500
5.0 882 0.49 0.49 0.49 0.000 1470.500
6.0 18,234 9.15 10.13 10.13 0.000 1470.500
7.0 87,188 31.13 46.46 50.41 1.975 1470.650
8.0 219,797 53.12 113.51 130.71 8.601 1470.900
9.0 399,255 75.10 201.90 241.72 19.913 1471.200
10.0 607,457 97.06 300.89 374.06 36.582 1471.600
11.0 821,441 117.76 396.99 515.72 59.365 1471.950
12.0 1,001,520 120.36 477.69 635.11 78.711 1472.250
13.0 1,092,114 94.24 521.18 692.28 85.553 1472.400
14.0 1,076,363 68.12 512.43 683.53 85.553 1472.350
15.0 984,925 42.00 471.82 622.54 75.362 1472.200
16.0 846,611 15.89 410.97 529.70 59.365 1472.000
17.0 687,902 0.00 337.47 426.86 44.694 1471.700
18.0 546,252 0.00 269.47 337.47 34.000 1471.500
19.0 441,261 0.00 220.82 269.47 24.328 1471.300
20.0 365,398 0.00 185.18 220.82 17.818 1471.150
21.0 308,364 0.00 157.44 185.18 13.868 1471.050
22.0 264,926 0.00 136.92 157.44 10.264 1471.000
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Figure 3-1 Inflow - Outflow Hydrograph 20m spill way
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The routing exercise was conducted for total lengthOofi, 15m ard 20m width ungated spillway.
Summary of the analysis result is presented in Table 3.5.

Table 3-4 Summary of Peak inflow, Outflow and Elevation for 1000 years flood

Spillway Crest Length Peak Inflow Peak Outbw Maximum Elevation
(m) (m3/s) (m3/s) (masl)

10 120.36 65.19 1472.95

15 120.36 77.60 1472.60

20 120.36 85.55 1472.40

25 120.36 94.20 1472.20

30 120.36 98.42 1472.05
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4 GEOLOGY AND GEOTECHNICAL INVESTIGATION

4.1 RegionalGeology

The Mozambique belt, fitsnamed by Holmes (1951), consists of high grade gneisses and
migmatites within folded schists, marbles ar@d mp h i b iotfudet! kBy“gsanites and pegmatites
(Almond 1983. This orogenic belt extends from Mozambique in the south to Ethiopia in the north
(Cahen et ale 1984, Berhe 1990). It is characterized by a meridional trend with a similarly oriented
structural fabric and generally consists of rocks having ages between 1300 and 480 Ma (Cahen et ale
1984. The highly metamorphosed and deformed gneissoksmf southern Ethiopia are thought to

be part of the Mozambique belt (Gilboy 1970, Chater 1971, Kazmin 1978a).

Geological map of the project area and its surroundings N
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Figure4-1 Geological map of Worbate Small Scale Irrigation area and its surrounding

4.1.1 The Awdaa Group (ARa)

The Awata Group @Ra) originally identified in Sidamo region and named as Awata Gneiss
(Kazmin, 1975) consists of wdkyered gneisseind granulite of metasedimentary origin and occur
mainly west of Negele and in the Hamar region (Kazmir1®¥975, Davidson 1983). The group is
characterized byvell-developedayering and by the presencetbick, and red brown weathering
zones.

10



Worbate Earth Dam and Appurtenance Structures Final Design Report

The gneisses and r a n u domtdinesigrsificant amounts of interlayered biotite gneiss with or
without garnet, ad include the metasedimentary types such as pelitic gneiss with muscovite and /or
sillimanite and garnet, cakilicate gneiss with diopside, grossularite and scapolite, both calcite and
dolomite marbles, impure quartz gneiss and quete feldspathic geiss. Inaddition,many of the
guartzrich and biotite gneisses carry graphite and pyritgyothotite

The anhydrous layered pelitic granulite contains hypersthene or sillimanite and garnet. A notable
proportion of dark hornblende gneiss and amphiédiso occur in this unit. The dark bands and
hornblende gneiss may represent original clayey sedimenta amgd h i b wdy irepreséns basic
intrusions (Davidson, 1983)

The pelitic gneisses of this unit contain muscovite in a restricted region in thermwidamar plains
approaching middlamphibolitefacies. There and elsewhere biotite and garnet are the main mafic
minerals, locally accompanied by sillimanite; kayanite is rare, and andalusite, staurolite and
cordierite were not observed. Marbles and -sdlicate gneisses at low grade contain tremolite, but
closer to the granulite zone of the Hamar range, they contain diopside grossularite and scapolite, and
only rarely amphibole. Deformation and metamorphism have been so intense that all evidence of
former sedimentary structures have been obliterated; this unit of diverse paragneiss with large aerial
extent indicates a moderate to shallow marine deposition in a relatively stable tectonic regime
(Davidsgn, 1983).

4.1.2 Yabello Group (ARY)

The Yabello Group wasriginally recognized in the Yabello area of Sidamo region and was named

as Yabello Gneiss and is characterized by the presence of discontinuous layers of rather massive
guartzefeldspathic rocks which merge into granitic gneisses (Kazmin,.1972). Mapphegdda the

Omo River area (Davidson, 1983) showed that similar qudetdspathic gneiss and granulite
underlie large tracts of ground between Jinka and the north end of the Hamar range, between Beto
and the northern part,of the Chew Bahir rift and o southern side of Mt. Gugu. The first two lie

in broad, northwest oriented strips, separated by gray gneiss of the Alghe Group (AR1) east of Jinka,
but converge in the vicinity of Lake Weyto (Lat. 5° 25' N and Long.

36° 58' E). The third is separatedrr the rest by tracts of units of Konso and Alghe Groups that
occupy the area west of Lake Chamo.

Like the Alghe Group, the rocks of the Yabello Group vary from being relatively uniform
orthogneiss to wellayered gneiss, and probably contain rocks ohhattonic and supracrustal
origins. They are characterized by their light gray, pink, buff or cream colors and by low color
indices. In the areas around Jinka, Beto and Balta, pink and light gray eiedaisgmathic gneisses

are foliated, biotitdbearing and commonly migmatitic with stromatitic form and pegmatitic
leucosomes richer in {eldspar. To the Southeast, these rocks merge along strike with more
granular leucocratic gneisses in which magnetite is the dominant mafic mineral along with scattered
gamet and rare biotite in some rocks. This change coincides with the elevation to granulite facies as
indicated by the appearance of hypersthene in the rock units, and is accompanied by change in color
to buff and cream hues.

Quartzefeldspathic granuliteexposed around Lake Weyto tend to be slabby or blocky on outcrops,
having layering that is due to less compositional differences than to layered variation in grain size.

11
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Many of these rocks have lenticles or rods of quartz among sugary, equant feldgpay s, @xture

that is typical of a classic leucocratic granulite (leptite). The sugary qtfattispathic granulites

are usually anhydrous; the place of biotite has been taken by magnetite and garnet, rarely
hypersthene, with additional-feldspar.and msoperthite is common in these rocks

4.1.3 Teltele and Surma Basalts (Nts)

Teltele and Surma Basalts (Nts) were mapped in southwestern Ethiopia (Davidson, 1983) and
represent the youngest mi# food basalt volcanism in the area. The Teltele basalts lie
unconbrmably on the crystalline basement, or are separated from the basement by variable thickness
of varicolored clastic sediments. Other stratigraphically higher basalts and felsic lavas (as young as
Early Pliocene) mapped in the type area are here conside@dgous to Teltele Basalts. The
TurkanaTeltele fissural basalts of Merla et al. (1973) which cover the plain further to the east and
cross the international border with Kenya to the south are considered to be correlable with the
Teltele Basalts.

The ype locality of the Surma Basalts is further to the west on the international boundary with
Sudan. The Surma Basalts overlie olderniftevolcanic successions (Jima Volcanics; Pjb | Pjr). The
Teltele and Surma basalts are of Early Miocene age with egpKIAr ages between 21.2 and 18.2
Ma (Davidson, 1983).

4.1.4 Quaternary sediments (Qa)

Alluvium (Qa) consists of sandy gravel, silt and clay, mainly occurring along river courses of very
low gradient. In contrast to the eluvium, alluvial sediments are predaottyirfiane grained.Alluvium

in the Segen basin consists of silty clays with minor detrital feldspar, quartz and rounded rock
fragments. In the Gelana basin, the alluvium is buff to grey silts and clayswiatdrdinate sands.

The thickness of unit Qa vari@®m place to place, the maximum being 15 m in the Gelana basin.

4.2 Geology of project site

4.2.1 Damsite: Topographic Set Up, Surface and Ssirface Investigation

The intended diversion site on Worbate stream is located at a GPS location: UTM 436346mE,
552131nN and 1459m.a.s.l. elevation. THeam siteis covered with alluvial sedimentation.
Topographically théocation of the Dansite is flat flood plain with no slope instability problem. But

its morphology has problem of thick unconsolidated alluvial sedintérdity clay, sand with some
boulders. Six geological test pits have been dug on the site to get subsurface and foundation
information of dam axisAccordingly, at the center of the stream a test pit was dig up to 3.0m and
thick unconsolidated brown sandixed with dark grayish silty clay alluvial sediments were
encountered

12
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Figure 4-2 a) Partial view of reservoir areab) the head work site towards the reservoir area

At the left bank Reddish to browntsilclay soil underlain by Gray silty sandy clay soil formation
was observed. At the right bank the test pits could not penetrate more than 0.2m and under the top
loose silty clay and sand the out crop weathered gneiss rock was encountered.

Figure 4-3 a) Test pit atcentre of Dam axis b) Outcrop neiss rock at the right baink

4.3 Seismicityof the project area

4.3.1 General

Seismic tremors occur at a rate of several hundred per day around the world. Small earthquakes
occur and are recorded so frequently around tectonically active areas such as the Main Ethiopian
Rift. There occur earth quacks of different magnitude in several places within the rift and vicinity.
Ground fissuring occurs in various parts of the Rifthsas the site near Lake Ziway which is recent
phenomenon. The complicated mechanisms of this fissuring are basically co seismic in Afar and a
seismic in the Rift valley lakes region. The intended structures shall be designed and constructed to
withstand tle design seismic action without local or global collapse, thus retaining its structural
integrity and a residual load bearing capacity after the seismic ahestifness of the foundations

shall be adequate for transmitting the actions received frerstiperstructure to the ground as
uniformly as possible

The construction site and the nature of the supporting ground should normally be free from risks of
ground rupture, slope instability and permanent settlements caused by liquefaction or densification
in the event of an earthquake. The possibility of occurrence of such phenomena shall be investigated

13
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in accordance with EBCS EN 19982013

The Project area is situated far away from the Main Ethiopian Rift. It lies in the range between less
than 0.05 gound acceleration (see Fig. 8.1.: Kebede and Asfaw, 1996). Accordingly, there will be

no adverse impact associated to rifting or seigreimorfor the intended structures to be imposed on
at the site
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Figure 4-4 Seismic hazard zonation map of Ethiopia(After Kebede and Asfaw,1996)
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4.4 GEOTECHNICAL INVESTIGATION

4.4.1 Preamble

During the present study, detail site investigation works have been conducted at the proposed
headwork site and main canal routes. Furttoge, assessment and investigations has been
conducted to identify, evaluate and delineate potential sites of natural construction materials that will
be used as source of natural construction material to the intended purpose.

Excavation of exploration es / Pits have been conducted at representative sites. Data from valley
and stream cut sections has been also used for identifying and description of prevailing geotechnical
units characterizing the site considering the site geologic setting at the gutdpedwork, proposed

main canal routes and potential borrow sites of construction materials. Depth of excavation of
exploration holes was commonly in the order of 1 to 3mts. When bed rock is encountered,
excavation of holes has been imposed to terminate.

Testing of materials on selected representative soil and rock samples collected from the site has been
accomplished at the central soil laboratory of Oromia Water Works Design and Supervision
Enterprise (OWWDSE). This is with the objective of identifioatiand determines important
parameters to be used for the intended design.

Laboratory test results are presented in the annex and appendix of the site investigation report. Based
on the site investigation data output, pertinent geological data and gesigmeters have been
analyzed and interpreted for use to the intended purpose. Detail engineering geological longitudinal
section of the proposed head work site and main canal routes have been prepared and attached in the
present site investigation repfot use to the intended purpose.

The geotechnical parameters for prevailing geologic units characterizing the project area have been
determined from laboratory test results and by inferring / correlations from standard literatures and
former works done osimilar type of materials.

4.4.2 Dam site

During the present study, detail site investigation works have been conducted at the proposed
headwork site and main canal routes. Furthermore, assessment and investigations has been
conducted to identify, evaluate addlineate potential sites of natural construction materials that will

be used as source of natural construction material to the intended purpose.

Excavation of exploration holes / Pits have been conducted at representative sites. Data from valley
and steam cut sections has been also used for identifying and description of prevailing geotechnical
units characterizing the site considering the site geologic setting at the proposed headwork, proposed
main canal routes and potential borrow sites of constnuatnaterials. Depth of excavation of
exploration holes was commonly in the order of 1 to 3mts. When bed rock is encountered,
excavation of holes has been imposed to terminate.

Testing of materials on selected representative soil and rock samples cdtlatidide site has been
accomplished at the central soil laboratory of Oromia Water Works Design and Supervision
Enterprise (OWWDSE). This is with the objective of identification and determines important
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parameters to be used for the intended design.

laboratory test results are presented in the arofetke Project Geological & Geotechnical Report
Based on the site investigation data output, pertinent geological data and design parameters have
been analyzed and interpreted for use to the intended purpose.

Detail engineering geological longitudinal section of the prop&smd sitehadbeen prepared and
attached in th&eologicalpresent site investigation report for use to the intended purpose.

The geotechnical parameters for prevailing geologic units ctesizng the project area have been
determined from laboratory test results and by inferring / correlations from standard literatures and
former works done on similar type of materials

Accordingly, the site investigation indicates that, the head wosk isit covered with thick
unconsolidated alluvial sediments of silty clay with sand and some boulders that lie on fresh to
slightly weathered massive to jointed granitic gneiss bed rock unit. These alluvial sediments
deposited over the weathered gneissedamediment material at the center could be thicker than
5m. At the left bank Reddish to brown silty clay soil underlain by Gray silty sandy clay soll
formation was observed. At the right bank the test pits could not penetrate more than 0.2m and
under thetop loose silty clayey sandy soil there encountered weathered gneiss rock that also outcrop
around the stream bank.

These alluvial sediments deposited over the weathered gneisses, meta sediment material at the center
Is brown to dark grey silty clayeysdy soil material and the soil material at the left bank is reddish
brown to brown sandy, silty clayey. From the field observation and description result indicated the
soil profiles of the logs of the test pits at the indicated depths the center amahleftf the dam are
characterized by sandy sHtfay soil materials underlain by fresh to slightly weathered massive to
jointed granitic gneiss bed rock unit. Thickness of the material as inferred from excavated
exploration holes / pits and valley cutsens is in the order of greater than 5mts. Based on the lab

test result, the material indicates intermediate plasticity. Based on the correlation from standard
literatures and previous work with similar soil nature, the angle of shearing resistanaedisade

180. Similarly, cohesion of the material is found to be 33kN/m2. Accordingly, a conservative value
of angle of shearing resistance can be taken
adopted for outline design. The mean permeabibfy such a material indicates hydraulic
conductivity which is in the order of ® mm/s. The basement rock unit found at the headwork site

and along the main cannel rote is dominantly GRANITE and GNEISS. Such bed rock material is
commonly fresh to slighflweathered and massiv&ccordingly, the Dam axis are characterized and
presented as the figure below shown
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Figure 4-5 Dam site Property

4.4.3 Spillway Site

The foundation condition along the spill way was investigétedroposed spillway alignment is
located on the rightide abatenm@ of the proposed dam structure. The site is characterized by
weathered massive to jointed granitic gneiss rock. Foundation depth is recommended to be in the
underlying weathered bed rock. Such foundation material shall be properly consolidated prior to
imposing the intended structure.

There is no active seismic tremor / earth quack at the site which could adversely affect sustainability

of the intended structur@he old spillway which is found by the right side of the worbate stream
nearby Dam axis ish®wn in figure below
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4.5 Construction Materials Investigations

4.5.1 Background

An investigation has been conducted to identify, evaluate and delineate potential sites of natural
constuction materials in the project area. During the investigation, major emphases for selection of
potential sites of construction materials have been given by considering among others

ease of excavation and extraction

hydrologic condition

overburden thickess

soundness / durability

Quiality and volume of potential reserves with respect to the intended purpose

hauling distance

Social and environmental factors that would hinder development of the quarry and borrow

materials

E R E E E

Assessment for the availability ofarious construction materials suitable for the purpose of
construction of the intended structures have been carried out in the project site and close vicinity.
During the present investigation, emphases and prime consideration has been given tocites whi
are closer and locally available materials to the project site.

The identifiedPotential borrow sitewastested forthe depth extent and quality upon excavation of
exploration holes / pits and in situ assessments following standards (BS 5930 199@rntare,
representative samples have been collected for laboratory test and analysis in order to assess
suitability of the material for use to the intended purpose.

The natural construction materials required for construction of the intended struanades
embankment fill are Clay borrow; Sand borrow and rock / aggregate quarry sites

18
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4.5.2 Clay Borrow

Clay borrow material is extracted for use as an embankment fill and if in case the Canal is open it
can be used as Lining at pervious formations found claiacty the canal route. The latter is
meant for use to increase water tightness. Accordingly, potential sites of Clay borrow area has been
identified and delineated within the project site. Such selected clay borrow site is loeatiezht

the geog. gd ref. 438339E and 554414N UTM.

Based on the lab test result, the hydrometer test indicates constituents as follows

Table 4-1 Borrow Area material Property

Borrow Area ParticlePercentage (% Liquid Plastic Plastic Remark
Limit (%) Limit (%) Index

Clay 45
Borrow Area 1 Silt 21 42.8 22.65 20.15
Sand 34

According to the standard set by V.N.S Murthy the value obtained f@athelethe lab test result

of the material indicates intermediaptasticity. The material is found to be moderate to low
compressible. Based on the lab standard compaction test result conducted on the borrow sample, the
material indicates Maximum Dry Density (MDD) 1720kg/m3, Optimum Moisture Content (OMC)
being 16.% ard hasa bulk density of 1.831gm/cm? that can be considered for outline design
purpose.

The proposed site is found close to the project command area. Consequently, access to the site is
possible using the route to be constructed during construction afaimecanal route and ancillary
structures.

453 Sand

Sand borrow sites have been identified and delineated for use as cement mix to concrete and mason
structures Accordingly, potential sand borrows sites have been proposed for use to the intended
purpose. lis found along the course and banks of prevailing Worbate River (See also table 6 below
for specific site location).

Table 4-2 Location of Sand Borrow Sites

Site ID Location (UTM) Estimated reserve / volum Remark
(m°)

Easting Northing
ORB Sandl 436429 552664 Excess (enough to the intend Downstreamof head work area, alon
project) River course and bank

ORB Sane? 435924 551074 Excess (enough to the intend: Upstream of reservoir area
project) Along River course
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Figuré 4-7 Worbate sand

Based on the lab gradation/sieve analysis test result, the material is found to consist SAND with
trace silt and clay content. The gradation test result indicae®sllows,the deposit is found in
excess and estimated to be enough to the intended project

Table 4-3 Sand Particle size

Percentage of Particle size (%)

Particle
Sand Borrow 1 Sand Borrow 1
Clay 3 4
Silt 9 5
Sand 88 91

4.5.4 Quarry site

Quarry site has been identified and delineated for use as a source of Rock and aggregate for masonry
works and concrete that also includes as use for canal lining. The selected quarry site is located
centering at the geogrid ref. 438397E and 552423N UTM.

1

~

~'\“ &

iguré 4-8 ropoedstoneury site
A soundness test has been conducted at the central soil and rock laboratory of the OWWDSE. The
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test done was water absorption t&ater absorption test is an excellent indicator of soundness of
rock materials

Based on the lab test result, the material indicates water absorption value of 0.29%. As inferred from
standards and literature, the minimum requirement of soundness fas8&k The rock from the
proposed quarry site records water absorption value less than 1%. According to the standard
requirement criterion of soundness value of water absorption test, value below 1% is considered as
an excellent sound rock that can bedue the intended purpose

4.5.5 Water supply

The water supply source that will be used for construction purpose is not available in the project site.
However, the relatively closer water supply sourtscommended igrom Haro Bake reservoir
(pond)whichis locaed atthe geog. grid ref. 411843E and 552527N UTM near Bake vidlagecan

be used as a source of water supply to the intended construction purpose at any time throughout the
year

Figure 4-9 Haro Bake water supply source
4.6 Geologicalconclusion and recommendations

4.6.1 Conclusion

The proposedam siteis characterized by relatively thick unconsolidated soil overburden material
at the centre and left bank of the worbate stream and an exposure of the slightbredeatassive
to jointed granitic gneiss bed rock unit at the right bank of the stream.

These alluvial sediments deposited over the weathered gneisses, meta sediment material at the centre
could be as thick as 3m that might need excavation to remove@vieo at left bank a homogeneous
removal of 20cm to 50cm strip top soil could need excavation to remove it.

The proposed main irrigation canal route is found being characterized dominantly by clayey silty
sandy soil material. The clayey silty sandy sodterial is of good hydraulic conductivity that could
cause excess leakage.

An assessment and site investigation works have been conducted to identify potential sites of natural
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construction materials that can be used as source of borrow material, daquhery. Based on the
investigation, potential sites of natural construction materials have been identified and delineated in
the project area and close vicinity for use to the intended purpose

4.6.2 Recommendations

1 Foundation of the intended head work struetis recommended to be at depth in the order of
2mt to 3m removal of soil and replaced by borrow material at the centre of the stream.

1 Proper compaction works on the soil materials, including the decomposed bed rock units
characterising the canal routerscommended in order to increase density / stiffness and
hence reduce hydraulic conductivity / achieve water tightness to avoid excess leakage.

1 Proper follow up works is recommended during construction upon assigning competent
geologist.
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5 DAM TYPE SELECTION

5.1 Dam Type Selection

5.1.1 General

The geological and geotechnical investigatishsew that, The Dam site is covered with alluvial
sedimentation. Topographically the Dam site is flat flood plain with no slope instability problem.
But its morphology has prodin of thick unconsolidated alluvial sediments of silty clay, sand with
some bouldersFrom theSix geological test pitalong the dam theubsurface and foundation
conditionof dam axiswvas examinedAccordingly, at the center of the stream a test pit dvgp

to 3.0m and thick unconsolidated brown sand mixed with dark grayish silty clay alluvial sediments
were encountered.he soilgradation othis pit is shown in the Figure 1, the respective grain size
distribution is found to b84, 21 and45 for sand, silt and clay.
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Figure 5-1Soil gradation at the center of the river (Dam)

These alluvial sediments deposited over the weathered gneisses, meta sediment material could be as

thick as 6m. At the left b&nReddish to brown silty clay soil underlain by Gray silty sandy clay soil
formation was observed. At the right bank the test pits could not penetrate more than 0.2m and
under the top loose silty clay and sand the out crop weathered gneiss rock waseadount
5.1.2 Selectedypesofdams

5.1.2.1 The homogeneous- type dam
This type of dam is recommended only where the lack of -ftesning materials make the
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construction of a zoned embankment uneconomical, with the further qualification that for storage
dams the homogeous dam must be modified to include internal drain age facillies.drainage

facility is provided to perform its function of lowering the phreatic line and stabilizing the
downstream portion of the dam. According to USBR this horizontal blankebvwsdpd that the
horizontal drainage blanket start at the downstream toe of the embankment and extend upstream to
within a distance equal to the height of the dam plus 5 feet froetiteelineof the dam. This will

afford an ample blanket, yet keep thadth of the path of percolation within desirable limits. The
distance of height of dam plus 5 feet is selected on the basis that this will place the upstream limit of
the horizontal drainage blanket at the downstream edge of minimum core that requitae$arn

deep pervious foundations without positive cutoff trenches
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6 DAM DESIGN

6.1 General

6.1.1 Topographid-eatures

The topographic maps produced for the present study shows that the river bed is as wide as 40m
with average river bed level of around5#masl,relatively steep hilly escarpments dine right
side and flatter on the ledbbutment®nds.

6.1.2 Alignment

The dam axis has been aligned nearly perpendiculfordateRiver considering the suitability
of the abutments that ensure the stability of the dam. imhedlignment of the dam is shown on
Figure 6.1.
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Figure 6-1 Dam layout

6.1.3 DamAxisandSpillwayGeologicFeatures

6.1.3.1 Dam axis
The left abutment is composed of top soil and weathered/ fractured basalt roctapddraphy
is relatively steep and is slightly gentler compared to the right abutment.

The proposed headwork is characterized by relatively thick unconsolidated soil overburden

material at the centre and left bank of the worbate stream and an exposhee shightly
weathered massive to jointed granitic gneiss bed rock unit at the right bank of the stream.
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These alluvial sediments deposited over the weathered gneisses, meta sediment material at the
centre could be as thick as 3m that might need excaviatioemove it however at left bank a
homogeneous removal of 20cm to 50cm strip top soil could need excavation to remove it.

6.1.3.2 Spillwayalignment

The spillway is aligned on the right side by excavating the right abutment. The excess water
passing over the #jvay will be conveyed to the main rivecourse with the necessary
components of thehutespillway. Figure6.1: Layout of the dam and appurtenant structures

6.1.4 AvailableConstructiorMaterials

As described in Section 4.6, the available material8Vatbate project site include but not
limited to the following:

6.1.4.1 Imperviousmaterial

Potential impervious material sourceere identified and delineated within the project asta
geographical locationsf 043833%, 0554414N The proposed material is Silty clagccording

to the laboratory result interpretation the material can be considered as slightly compressible.
This is in favor of workability that may not cause problem in workability during construction of
the intended core membrane and as an embankmeifthi@physical property of the material is
summarized as Table4

6.1.4.2 Rockmaterials

Potential source of Quarry site has been identified and delineated for use to the intended purpose.
The identified site is located at a distanceaofund2km East ofthe poposed dam site. It is
located centering at the geog. grid ref. grid reBEBDE & 0552423 UTM.

The identified rock material is characterized by fresh to slightly weathered and jointed GNEISS.
This type of material is among those best preferred tgpssund rock material for use as source

of construction material. Hence, it can be considered as a source which can produce hard, dense
and durable to withstand destructive forces during placing, wave action, weathering, setvicing,

is found exposed atg prevailing stream course and banks.

Based on the lab test result, the material indicates water absorption value of 0.29%. As inferred
from standards and literature, the minimum requirement of soundness for rock is 3%. The rock
from the proposed quarrsite records water absorption value less than 1%. According to the
standard requirement criterion of soundness value of water absorption test, value below 1% is
considered as an excellent sound rock that can be used for the intended. purpose

6.1.4.3 Sandfor fil terandotherpurposes

The source of sand for all purposes of the projettdated at geographic grid ref. 3B429E,
552664Nand435924E, 551074 N at projecti®@@N UTM in NW direction of the dam site at a
distance ofiroundlkm.

The material is samplednd analyzed in the laboratory and found suitable for the intended

purpose with a required quantity for the lab result refer the appeh@rological invesgation
Report of the same project
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6.1.4.4 Water

The water supply source that will be used for constsaqturpose is not available in the project
site. However, the relatively closer water supply source recommended is from Haro Bake
reservoir (pond) which is located at the geog. grid ref. 411843E and 552527N UTM near Bake
village and can be used as a seunt water supply to the intended construction purpose at any
time throughout the year

6.2 Foundation Condition and Preparation

The proposed Dam site is characterized by relatively thick unconsolidated soil overburden
material at the center and left bank tboe worbate stream and an exposure of the slightly
weathered massive to jointed granitic gneiss bed rock unit at the right bank of the stream.

These alluvial sediments deposited over the weathered gneisses, meta sediment material at the
centre could be athick as 3m that might need excavation to remove it however at left bank a
homogeneous removal of 20cm to 50cm strip top soil could need excavation to remove it.
Moreover, this implies that the foundation material is suitable for the selected homogeneous
embankment fill dam for detail refer Geotechnical report.

6.3 Seepageéontrol Measuresthrough the Dam Foundation

In order to minimize seepage through the foundation, provision of seepage curtailing measures
are necessaryBut from the Geotechnical evaluatiah the dam foundation point afiew, the
foundation material i®verburdensilty clay for over 3m, this indicate that the foundation is
impervious according to USRB manu@herefore there is no need of controllihgeducingthe
seepage but based on themputed rate the necessasgepage curtailing measures in the
foundationwill be considered.

6.4 Dam DesignSectionalElements

6.4.1 General

This section describes the dam design procedures undertakéiofbiate dam. The basic
consideration in the design WorbateDam has been to achieve safety consistent with economy.
As indicated in Chapter, homogenousmbankment dam has been considerethisistudy.

A Chute spill way with appropriate approach canal, control section and energy dissipation is
designed in ordeto protect the danger of overtoppinthis spillway with chute on the right
bank has been selected fbis dam site. The following criteria have been considered in the Dam
design:

1 Under all conditions of construction, reservoir operation, and seismieitygc the
embankment, foundation, and abutments must remain stéléecommended factor of
safety

1 Seepage through the embankment, foundation, and abutments must be properly controlled
and collected to prevent excessive uplift pressures, piping, Btaugnd removal of
material by solution or erosion of material by loss into cracks, joints, and cavities.

6.4.2 Dead Storage Allocation
According to the analysis made on the sediment load and recommendation given the annual
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sediment load estimated becorie@Mm3 for 50 years design periodor detail refer the report
of Climate and Hydrological Study.

The incoming sediment is not totally deposited in the reservoir. Some amount of suspended
sediment can be passed over the spillWidereforeto allocate thedead storage volume from

the total volume of the reservoir, estimation of the trapped sediment by the reservoir is
necessaryBut by taking this sediment load will be the amount to be accumulated in the reservoir
will make the life period longer. Thereforifom Figure 62 the dead storage level found to be
1467.5m

Abuno Reservior Araareapacity curve
7.00 6.00 5.00 4.00 3.00 2.00 1.00 0.00
1478

1473

1468

Elevation m

1463 Area (ha)

Volume (Mcm)

1458

1453
0 10 20 30 40 50 60 70 80

Area ha

Figure 6-2 Reservoir capacity curve
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6.4.3 Water demand Analysis
6.4.3.1 Irrigation Demand Analysis

From the Agronomy Design report the monthly Demand liecied for 2 phases with project efficiency of 50% as shown table bellow

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
. Project efficiency 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
Project summary
Proposed irrigation hour 12 12 12 12 12 12 12 12 12 12 12 12
Days in month 31 28 31 30 31 30 31 31 30 31 30 31
. Irrigated area 100 100 80 20 O 0 0 0 0 0 0 100
First Phase
Project supply (I/s/ha for 12 houi 2.16 2.56 1.24 0 0 0 0 0 0 0 0 0.88
Second Phase Irr|gated area 0 0 0 0 25 100 100 80 20 0 0 0
Project supply (I/s/ha for 12 houl O 0 0 0 0 1.2 14 0.72 028 0 0 0
Project Demand (cm) per Hectal 2892.67 3096.58 1328.49 0.00 0.00 1555.20 1874.88 771.38 72.58 0.00 0.00 1178.50
For 120 ha (Mcm) 0.35 0.37 0.16 0.00 0.00 0.19 0.22 0.09 0.01 0.00 0.00 0.14
Cumulative Demand 0.35 0.72 0.88 0.88 0.88 1.06 1.29 1.38 139 139 1.39 1.53
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6.4.3.2 Water demand for Livestock

Water is an essential nutrient for all animals. It is important for both animal welfare and business
profitability that livestock have an adequate supply of good quality water. Amount and quality of
water required vary between species of livestock, between classes of stock within the species,
and in response to the environment in which the stkning.

The estimatedvat er demand for |l ivestock <considering
available surrounding the reservoir shall be estimated per each month using the table below, the
number of livestock is collected from Socioeconomic Study and the demand from Dam
Guideline and computed as fallows

Table 6-1 Daily Livestock Demand (itter / m3)

Number Found
Type of Demand Demand

No Livestock ~ Surpha  Abuna Local l/day/head  m3/day/head pemand r8
District administration

1 Cattle 12128 27.3 0.0273 331.0944
2 Goats 13516 5

0.005 67.58
3 Sheep 7279 5 0.005 36.395
4 Horses 7 28 0.028 0.196
5 Mules 51 28 0.028 1.428
6 Donkeys 496 28 0.028 13.888
7 Camels 3491 49.6 0.0496 173.1536
8 Poultry 1333 0.32 0.00032 0.42656

Demand m3/day= 624.16156

Table 6-2 Monthly Livestock Demand (Mcm)

ltem Month
Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov  Dec

Days in Month 31 28 31 30 31 30 31 31 30 31 30 31

Livestock

0.019 0.017 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019
Demand Mcm

6.4.3.3 Loses in the dams

Evaporation loss

For a lack of a complete set of meteorological data in the given location, it would be very
difficult to estimate the actual apotranspiration losses in an irrigation scheme. In such cases the
evaporation loss from the reservoir water can be estimated using U.S geological survey method
as shown below.

E = (4.57*T+43.3)/1200 (U.S geological survey method)

Where E = Monthly eyaoration loss in m
T = Mean annual temp’q)
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Table 6-3 estimation of evaporation loss

Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Min Temp 12,7 138 153 159 154 144 139 14 146 154 143 127
Max Temp 28.4 293 286 244 249 244 239 247 261 254 255 264
205 215 219 20.1 201 19.3 20.3 19.5
MeanTemp 5 5 5 5 5 194 189 5 5 204 199 b5
Evaporation 0.11 o0.11 0.12 0.11 011 011 0.10 011 011 011 011 o012
(m/month) 4 8 0 3 3 0 8 0 4 4 2 1
Evaporation
(Mcm) 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.06 0.06 0.06 0.06
Table 6-4 Demand Summary
Month
Demand Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Irrigation (120 ha) 0.35 0.37 0.16 0.00 0.00 0.19 0.22 0.09 0.01 0.00 0.00 0.14
Livestock 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Evaporation 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.06 0.06 0.06 0.06
Total Demand 042 045 0.24 0.08 0.08 0.26 0.30 0.17 0.08 0.08 0.07 0.22
Cumulative
Demand (Mcm) 042 087 111 119 126 152 1.82 199 207 215 222 244
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Table 6-5 Supply Summaryin m¥s

Months
Dependability Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
50% 0.13 011 o079 157 084 009 000 018 029 085 060 0.14
70% 000 0.00 053 110 044 000 0.00 000 0.00 057 025 0.00
75% 000 0.00 033 098 040 000 0.00 000 0.00 045 0.06 0.00
80% 000 0.00 028 082 038 000 000 000 0.0 037 0.00 o0.00
90% 000 000 000 006 000 000 0.00 000 0.00 0.25 0.00 o0.00
95% 000 000 000 000 000 000 000 000 000 0.01 0.00 0.00

- Month

Description

Jan Feb Mar  Apr May  Jun Jul Aug Sep Oct Nov  Dec
Days in month 31 28 31 30 31 30 31 31 30 31 30 31
80 % dependable flow (m3/s 0.000 0.000 0.277 0.822 0.382 0.000 0.000 0.000 0.000 0.372 0.000 0.000
downstream release (20 %) 0.000 0.000 0.055 0.164 0.076 0.000 0.000 0.000 0.000 0.074 0.000 0.000
Available supply (Mcm) 000 0.00 059 170 082 000 0.00 000 0.00 0.80 0.00 o0.00
Cumulative Supply (Mcm) 0.00 0.00 059 230 312 312 312 312 312 392 392 392
Table 6-6Reservoir Requirement computation

. Month
Description
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Days in month 31 28 31 30 31 30 31 30 31 30 31
80 % dependable flow (m3/s) 0.00 0.00 0.28 0.82 0.38 0.00 0.00 0.00 0.00 0.37 0.00 0.00
downstream release (20 % ) 0.00 0.00 0.06 0.16 0.08 0.00 0.00 0.00 0.00 0.07 0.00 0.00

Available supply (Mcm)
Total Demand (Mcm)
Reservoir Water Balance

0.00 0.00 059 1.70 082 0.00 0.00 0.00 0.00 0.80 0.00 o0.00
042 045 024 008 008 026 030 0.17 0.08 0.08 0.07r 0.22
048 003 038 130 1.30 104 0.74 057 049 121 114 0.92
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Determination of Required storage Capacity

Reservoiroperationmodelscould be very complex.One sourceof this complexityis attributed to
randomnes®r vaguenessnvolved in specific componentf water resourcessystems. Different
kinds of methods have been used for resolving this complexity in optimizing the operation of
reservoirs. Among the methods available the followings are can be adopted

1. Mass Curve Analysis

a. Determination of reservoaapacity for a known yield
b. Determination of yield from a known reservoir capacity

2. Sequent Peak Analysis
3. Operation Study
4. Other Approaches in Capacity Determination

For the detail and reliable analysis reliable data will be required with regptiet aivailable water
resource and demand as well as losses for a long enough time series

Therefore, theobjectiveis to maximizethe benefitof operatinga reservoirovera relatively longtime

horizon. The unknownvariablesarethe reservoirvolumesin different monthsof the yearbasedon

different statesof inflows and demandsln case of this project, the supply is considered for 80 %
dependability it becomes more reliable at this probability, but the demand and losses will be considered
to be fixed n one year according to the computed monthly value, any change in the demand and losses
result to unreliability. Keeping this limitation, the required reservoir capacity was determined according
to operational study method, using the following continugtyagion.

S| + Ii+l - Relea$i+1 = S|+1
i=1n

S <=Maxcap

S >=Mincap

Where:

li = Inflow to thereservoinn

monthi S =Volumeof the

reservoirin monthi n = numberof
iterations

Maxcap= Maximumstorageof the
reservoirMincap= Minimum storage of
thereservoir

By trial and Error using different trial value for Si and the reservoir capacity was evaluated, with criteria
of having a minimum volume of water to be available in the reservoir. finally, with this value of 0.9Mcm
and 1.3 Mcm reservoicapacity will make the size satisfactory, with 0.03Mcm water balance in the
reservoir as shown in TablegGat the month of February. Therefore, the required live storage will be 1.3
Mcm.
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For the computed live storage and dead storage. The normakgebVblume will be 2.3Mcm and
this volume can be attained at level of 1470.5 from Fige2eafid the dam was fixed with respect to
this value.

Dam height (H)

Dam height (H) = Normal pool level (NPL) above river bed + water head over the spillway
crest Hree board + settlement allowance

Normal pool level (NPL) above riverbelgtermined by

Height of normal pool above the lowest riverbed = NPawest riverbed level
1470.5-1454=16.5m

Water head over the spill way crest

As shown in the flood routindhe maximum water head over the spillway crest correspondib@dto
yearsdesign floodand 20m spill way widthis found to bel.9m.

Free board

Free board is the margin above the estimated reservoir level at high flood, to be provided against
wave splashspray, seiches and wind set up etc. and to give margin of safety over and above these
factors. And the free board is calculated as shown below.

Fb=hy,+R+S The Molitor Stevenson formula

hw=(0.032VVF) + 0.76 — 0.27%F for F<32km
hw= (0.032VVF) for F>32km

Where
V = wind velocity (km/hr) found to be 7.54 km/ Hfrom Adola Station)
F = Fetch length at maximum reservoir level (km) from topography and pool level =
1.28km
R = wave Run up =50 % of hw

“ z z n
Y

Where:
Fb = Free board (m) above spillway crest level
V = wind velocity (km/hr) faind to be 7.54 km/hr (From Adola Station)
F = Fetch length at maximum reservoir level (km) from topography and pool level =
1.28km
R = wave Run up =50 % of hw
S=wind set up
® = Angle between the wind direction and the fetch =0
D =Average Reservoir depih meters over the fetch distance and found t6.88n

z

Accordingly

hw TBLOWX® ¥ p& Y T @ T® X P& y0.572m
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X® TZp& P o Er
@ C TETH G
R=0.5*0.572= 0.28m.

FB=0.5/2+.001+0.28=0.8m

Dam height excluding settlement alloveanwill be

Where
Hgam= Height of Dam excluding settlement
H = NPL-RBL= 1470.51454=16.5m
Ds= maxWL-Spillway Crest level= water depth over spillway o m.
Hgam=19.26m
Settlement Equations for Normally Consolidated Clays

Embankment compression (s

Embankment compression According to USBR Earth and Roak &llmrhasiual is estimated using
the following formula

St = 0.001* (Hjam)*'?
St = 0.001* (19.26)¥?=0.084m

The Total Dam Height will b&9.26+ 0.084=19.34adopt19.5m
Crest Width

The crest width is often governed by the working space required at top of dam for transport during
construction of the dam and traffic across the dam after construction completion and requirement of
future needs like public highway.

a) The width of dam at crest as per IS 8826978 "Guide lines for design of large earth and
rock fill dams" should be fixed according to the working space required at top and the crest
width should not be less than 6.0 m.

b) According to USBR 'Design of Small Dantke crest width to be adopted in case of small
earth fill dams is given by

¢

W "ﬂ+1q)u
y

e e

in ft

Where,
W = Width of crest in ft
H = Height of dam in feet above river bed,

In case ofWorbateDam
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Dam height =19.5m=63.97ft
W =22.7%t=6.94m

US Army Corps of Engineers Manual on “Gener al
and RockfillD a ms 7 11EOK-2300 dated 30 July, 2004 provides that minimum top width of an
earth and rock fill dam, depending upon the height of dam, sholldtiaeen 25 ft (7.62 m) and 40

ft (12.19 m).

Crestwidth is commonly represented by the formula:
POy
Bt=13 ¥
Where,
Bt = crest width in m
H = height of dam in m
Bt =7.35m

c) Robert and Jensen in their book has mentioned of providing deitbt @ 25.0 ft (7.6 m) for
allowing for general weathering, traffic wear, cracking and damages in extreme events.
d) The Japanese code of 1957 specifies crest width as

B=3.6xH*-3
B=669m

Larger crest width is provided in seismic areas to resslatfyer acceleration near the top. Keeping
in view the above considerations, the top width of crest has been adopt®&drasThe dam crest
details are shown in drawing

6.4.4 Berms

Bermsshallbe providedfor servingthefollowing purposes:
1 Forprovidinglevd surfacefor constructiorandmaintenancef thedamsection.
1 Forreducingthe surfaceerosionin caseof downstreanslopeand breakingthe continuity of
theslope;
1 To protectthelower edgeof theriprapandfrom preventing itfrom underminingin caseof the
upstreanslope.

Berms of 6m width have been provided at both upstreamand downstreamfaces of the dam
different elevationsTheberm will beinclinedat 2% slopeowardsthe slope face at the level below
1 Upstreanslope(Bermelevationin m): Berm1=1467.00m
1 Downstreamslope (Berm elevationin m): Berm 1=1468.00m,
6.5 Foundation of thedam site

According to thegeotechnicateport the foundation material is characterized by as follows
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1 The subsurface geophysical response obtained Womnbatedam site indiates thaRelatively
the abutments are strong and stable.

1 Based on the studies it is concluded that the area is situated in seismically less acliegszone
than 0.05 seismic coefficient.

The bed rock unit is found being exposed mainly alpreyailing right-side abutmentbank Such
bed rock unit isfresh to slightly weathered and jointed GNEIS®&is bed rock can be described
fresh to slightly weathered jointed to massive GNEISS

Even though no strength test was done on such rock unit, based on fieddurstrength testing
methods such as hammering, the material is found to be Very STRONG. Correlation with standard
literatures on similar type of material, the Unconfined Compressive Strength (UCS) of the intact
rock unit is estimated to be in the ordg# 150 to 200Mpa. A conservative value of UCS for the
intact rock unit can be taken as 150Mpa and such a value may be adopted for an outline design
purpose. However, the rock mass strength will be far less than the intact rock strength due to effect
of fracturing and jointing. To this, considering degree of jointing and fracturing effect the rock mass
strength of the rock unit characterizing the site can be estimated to be in the order of 75 to 100Mpa.
A conservative value of the rock mass strength 75Ninay be considered for an outline design
purpose.

The rock unit is massive to well joint. The joints however are tight joints that are not deeply
penetrative. Considering such an effect and based on correlation on standard literatures, hydraulic
conductvity value for such type of material is estimated to be in the range ob<df/s. A
hydraulic conductivity value of 26cm/s can be adopted for an outline design

Accordingly, for there is a limitation on the availability of pervious shell and gravermaktvhich

makes the transportation relatively makes un economical, as a tleshlbmogneous- type dam is
recommended moreovBianket drain wasecommended
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6.6 Embankment Slope Design

6.6.1 General

The design slopes of an embankment may vary significalepending on the character of the
materials available for construction, foundation conditions, and the height of the structure.

The embankment slopes, as determined in this section, are the slopes required for stability of the
embankment on a stableundation. For stability against seepage forces, pervious foundations may
require the addition of upstream blankets to reduce the amount

6.6.2 Upstream Slope

The upstream slope may vary from 2:1 to as flat as 4:1 for stability; usually it is 2.5:1 or 3:1. Flat
upstream slopes are sometimes used to eliminate expensive slope protection. A berm is often
provided at an elevation slightly below the maximum drawdown of the reservoir water surface to
form a base for the upstream slope protectsm result it is prodied at a level of467m.

The upstream slope is often steepened above the elevation where water is stored; that is, in the
surcharge range. For this particular project the available borrow material is impervious material is
silty clay with scarce pervioumaterial as a result relatively a flatter upstream slop@:bfis
recommended and the stability is checked for a storage dam subject to rapid drawdown of the
reservoir should have an upstream zone with permeability sufficient to dissipate pore wateepress
exerted outwardly in the upstream part of the daime detail analysis is presented secfion

6.6.3 Downstream Slope

The usual downstream slopes for small earth fill dams aréo@Idepending the embankment
material the slope will be varied. But for shparticular project using the available material and
staring slope of 2:1 is adopted then the stability is checked for the recommended factor of safety in
all loading conditiorfor the detail analysis refer secti@n
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Figure 6-4 Recommended Dam section at theentre

6.6.4 Design of Vertical (or Inclined) and Horizontal Drains

The vertical and horizontal drains are required to control seepage through the embankment by
preventing material eroded through a crackthe core impervious part from washing into the
downstream shell by seepage water under reservoir head. Moreover becausefteitveriable
characteristics of borrow materials, it is frequently advisable to provide vertical and horizontal drains
within the downstream section of the embankment, in order to ensure satisfactory seepage control.
Filter Requirements

Vertical and horizontal drains should be designed as filters. If crushed rock is used for the drain
materialand thematerial to be protected dispersive, or material to be protected contains cracks,
filter tests will be required. Weljraded materials are internally unstable and should not be used as
filters when Cu > 20.

Discharge Requirements

The drains must have sufficient discharge capscto remove seepage quickly without inducing

high seepage forces or hydrostatic pressures (Cedergren 1977). When drains are designed and
constructed with ample discharge capacity, the line of seepage will not rise above the drain zone.
Since drains aresmall compared to the overall dimensions of the earth dam, it is difficult to construct
accurate flow nets within the drains themselves. The total quantity of seepage from all sources that
must discharge through the drain should be evaluated from a floanalysis in which it is assumed

that the drains have an infinite permeability.

Accordingly, the seepage rate is computed using Geostudi® 201 the assumed designed
assumption and crosection of the dam at the critical stage when régervoiris full with steady
flow analysis. Theembankmenénd foundation material permeabildye considered withmaximum
permeability

Table 6-7 The parameter adopted for analysis foundatiorand Embankmentmaterial

Soil Texture (%) Strength Remark
Desciption - C 2 ( S 2 ( Kea Y

Gravel Sand  Silt  Clay  \/n?) Dpeg) (KN/m?)  Deg) (mmhr) = (KNI
Foundation 17 25 58 33 18 57.11 10 1.02 0.52 16.24 26.78
Embankment 34 21 45 25 23 67.6 13 1.24 0.47 16.36 15.65
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Figure 6-5Seepage amount and drain alignment
The resulpf evaluatiorindicatesthat the seepage before joining the drain is found & &6910°

m*/ s per unit length of the darfiherefore the horizontal draitas to beapable of discharging this
amount of waterAnd also

| Lb |

Figure 6-6 Dimensioning of Horizontal Drain

Since the drain is to be designed so that the line of seepage does not rise above the drain zone, the
allowable maximum head in the horizontal drain can be no greater than its height. Thedrequi
minimum permeability from Darcy's law is calculated

C

Where
Ly Drain length = 8.5 m
hy Drain Depth to be determined
Ap= Lthb
Qq seepage amourt2.056%10° m¥/ s

0 8Tm/day

To design the horizontal drain, select a drain height and calculate the required minimum
permeability. Apply a factor of safety of 20 to the calculated permeability and select a drain material
from available aggregates. Select a drain heightrof

The reqired minimum permeability become$¥0.1777m/ day
The designed KyesignWill be 20* 0.177#43.54m/day= 0504 mm/s

This permeability could be obtained by screened fine gravelif3/® 1/2in. size) which has a
permeability of about 30,000 ft/day ©6.6 cm/sec, (Cedergren 1977). Seepage in coarse aggregate
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is likely to be turbulent and a reduction factor should be applied to the permeability. The hydraulic
gradient in the horizontal drain ig L
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Figure 6-7Figure 8-10. Approximation for estimating reduction in permeability

The above figure shows the Approximation for estimating reduction in permeability of narrew size
range aggregate caused by turbulent flosurtesy of John Wiley and Sons155)

From figure above, for screened fine gravel {®/8to 1/2in. size) withi = 0.0% the reduction
factor for permeability is 65.

K=065*10.6 cm/s=6.9 cm/s

The permeability of the screened fine gravel {8/8o 1/2in. size) reduced for turbulence is greater
than the required permeability for design:

6.9 cm/s>0.06731 cm/s

Therefore, it should be adequate when properly placed and compacted to conduct seepage water
through the horizontal drain. The screeffied gravel (3/8in. to 1/2in. size) will be protected top

and bottom with a -ft-thick clean washed concrete sand filter. Since the seepage from the
foundation must flow across the fine filter to enter the coarse drainage layer, the fine filter must be
permeable enough to allow the water to enter the coarse drainage layer freely under only a small
hydraulic gradient (0.5 or less).

Clean washed concrete sand with a permeability of 10 ft/day should allow seepage from the

foundation to enter the coarse idege layer without restriction. Asrasult,the designed horizontal
drains would have to meet the filter requirements provided under.
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Design of Filter

Blanket drains were included in embankment designs both to collect seepage from the foundation
and toprovide an outlet for seepage collected by a chimney filter/drainage zone. Since a blanket is at
the interface between the embankment and foundation, it could be classified as either an
embankment or foundation element but in this project case it is ¢alleel foundation element for

the foundation material gradient is finer than the embankment. As it is observed in the figure below

Foundation

70,00 4 ol i

S0.00 4 - "l

80.00 4

60.00 4 | N L

M l\
S0.00 4 -
=

40,00 4

30,00 9

FEILTEnm pusa | /)

2000 4

10.00 9

0.00 —A——a——&
100 10 1 0.1 0.01 0.001 X

Figure 6-8 Gradation of foundation and embankment material

Therefore, 6r this project the base material is that of foundatés it is observed the gradation

curve the Base material have no any particles larger than the No. 4 sieve, as a result computationally
re-graded is not necessary and also the according to USACEBmewn, and NRCS guidance the

base material is categorized under Base material category 2 for whiehmaximum sF should

be < 0.7 mm unl ess soi l i s d i# plouldsbe «®.5 mm.n  whi
accordingly the base soil is assumed to be not dispersive;gihdvBs taken to be 0.7mm

To satisfypermeabilityrequirementsgeterminghe minimum allowable D;sF:
f  Minimum D1sF O5 x maximumD1sB (Reclamation)
f Minimum D1sF O3 to5 x maximumD1sB (USACE)
f Minimum D1sF O4 to 5x maximumD1sB (NRCS)
1

Minimum DasF is computedprior to any re-grading,if any, andshould not be smallerthan
0.1 mm.

Since the hse material have no any$B as a resulthe minimum D15 F should be 1/5 of Max
D15F but not less than 0.1mm, therefore minimum D15F will be 0.14 which is greater than 0.1mm.
To limit theamountof finesandoversizedmaterial, theminimum DsF and maximumDzaod= will be
determined accordiniy thefollowing table:
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BaseSoil Category MaximumDziod~ Minimum DsF
<2in. 0.075mm
IALL categories (51 mm) (No.200sieve)

Therefore, Dok and RF will be 51 mm and .075 mm respectively

To limit segregation potential, the maximungP is determined from the table: for a Minimum DF
of 0,0.5 it is found to be §g=20mm

[ Gravel Si ) Sand Size Fine Grained
€1S€  Tcoar| Medium Fine Silt Size 1 Clay size
0% THTTET
\’ o
S0 00 o \*:* -
”w \ J A LOn
1 T
\
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7000 o J \
R X | =
7 0o 4 \ \ i
a \ -
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§ 000 4 - !
: ‘l \'\
E 4000 ~ %
\“ 1
000 4 l. -,
]
\
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]
\
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Q00 <
100 10 1 o1 001 0001 ¢
Grain Size (mm )

As it is olserved in the above figure the available sand fulfills the filter design with some limitation,
it needs to wash the sand to remove the finer particle size 0.075mm
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7 Dam SlopeStability and Deformation Analysis

7.1 General

Variations of the loads acting on pks, and variations of shear strengths with time, result in changes
in the factors of safety of slopes. As a result, it is necessary to perform stability analyses
corresponding to several different conditions reflecting different stages in the life opa #ls
conditions change, the factor of safety against slope instability may increase or decrease.

7.2 Loading Conditions

An embankment and its foundation are subject to shear stresses imposed by the weight of the
embankment and by pool fluctuations, seepagearthquake forces.

Loading conditions vary from the commencement of construction of the embankment until the time
when the embankment has been completed and has a full reservoir pool behind it. The range of
loading conditions encompasses the followiognditions at various stages from construction
through the operational stage of the completed embankment:

End-of-Construction

Sudden drawdown

Partial pool with steady seepage
Steady seepage, normal pool
Earthquake

Appropriate flood surcharge pool

= =4 =4 -8 a8 9

7.3 Static Stability Analyses

Various analytical methods for evaluating the static stability of an embankment dam exist. The
method utilized should be consistent with the anticipated mode of failure, dam cross section, and soil
test data.

Many methods of stabilitgnalyses exist that use the same general approach of employing the "limit
equilibrium method" of slope stability analysis. In this type of approach an estimate of factor of
safety can be obtained by examining the conditions of equilibrium when incipidunte fas
postulated, and comparing the shear stress necessary to maintain equilibrium with the available shear
strength of the soil.

In analyzing both force and moment conditions of equilibrium it becomes apparent that the problem
of determining the distoution of the effective normal stress or consolidation stress on the failure
surface is statically indeterminate, that is, there are more unknowns than there are equations of
equilibrium

An approach to this situation is to make assumptions to redeceuthber of unknowns in order

that the problem is statically determinate, such as is done in the "limit equilibrium" -analysis
procedure.

Different procedures use different assumptions. Some methods do not satisfy all conditions of
moment and force equaiium. Typical slope stability analysis results of for static loading is
presented at end of respective sections. The software calculates the minimum factor of safety with
four method of analysis i.e. Morgenstd®rice, Spencer, Bishop and Janbu. Howeer,
comparison and reporting purposes the Spencer method is selected which accounts both the force
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and moment equilibrium.

7.4 Factors of Safety

The factor of safety provides a margin of safety to guard against ultimate failure, to avoid
unacceptable deformans, to reduce the risk of progressive failure, and to cover uncertainties
associated with the measurement of soil properties, the loading, or the analysis used. In selecting a
minimum acceptable factor of safety an evaluation should be made on botreghee f
conservatism with which assumptions were made in choosing soil strength parameters, pore water
pressures, and loading conditions; the consequences and the influence of the method of analysis
which is used. The latter concerns the method of cdlonlan which side earth forces are
considered and how assumptions of directions of side earth forces affect stability analysis results. It
also concerns assumptions relative to the dissipation of shear- induced pore pressures and whether
anisotropic condalation is accounted for in the determination of undrained shear strength.

Minimum factors of safety generally required by FERC are listed in Table 1. The minimum Factors
of Safety given in this table are to be used in conjunction with analyses usinghgea strengths. If

certain wedges involving foundation shales amalysedusing residual or near residual strength,

then lower Factors of Safety than those given in Table 1 for the static cases are generally acceptable.
The specific values being depemd on the percentage of the failure surface assumed to be at the
residual strength.

Final accepted factors of safety will also depend upon the degree of confidence in the engineering
data available. In the final analysis, the consequences of a failtieregipect to human life,
property damage, and impairment of project functions are important considerations in establishing
factors of safety for specific investigations.

Table 7-1 Recommended Factor of Safgt

Loadina Condition Minimum Slope to be Shear Strengtt
9 Factor of Safety Analyzed Envelope
End of construction condition 1.3 upstream anc
downstream
Sudden drawdown from maximum pool >1.1* upstream
S:tde(len drawdown from spillway crest or top 1o upstream

upstream anc

Steady seepage with maximum storage pool 15 downstream

Steady seepage with surcharge pool 1.4 downstream

Earthquake (for steady seepage conditions \
seismic loading using a pseudo static lateral fc > 1.0
codficient)

upstream anc
downstream

7.5 Stability Analysis

7.5.1 General

As outlined in Section 7.2, an embankment may be subjected to several loading conditions during its
life, ranging from construction to full pool operation. The loading conditionswbich an
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embankment must benalysedand the shear strength values appropriate for use in the analyses are
presented in detail in the following paragraphs.

7.5.2 End of Construction Loading Condition

At the end of construction, an embankment dam may still bergothg internal consolidation under

its own weight. For homogeneous dams or for zones in dams constructed of impervious materials,
pore water pressures will be built up during construction if the rate of consolidation of the
embankment materials is sloveropared to the rate of fill placement. Low permeability, natural
foundation layers which are too thick to consolidate a significant amount during construction will
also develop excess pore pressures caused by the weight of the embankment.

Therefore,Slopestability during and at the end of construction is analyzed using either drained or
undrained strengths, depending on the permeability of the soil. Mamgriineed soils are
sufficiently impermeable that little drainage occurs during construction.

7.5.2.1 Modd input
The stability analysis for this condition @alysedusing GeoStudio 2012 software, using Elastic
plasticmodelwhen,

The undrained strength of the foundation varies with depth (elevation)

The soil stiffness of the foundation varies with deptav@tion)

The soil stiffness of the foundation material varies with the overburden strate§¥)
Elastic plastic model is used for the fill material with a constant stiffness E

= =4 =4 -4

The fill is placed inseven 2.5 nsuccessivandone2-metre lifts.And canfigured as it shown in the
figure below.

Elevation - m

| L1 | | | \ | | | L |

|
Distance - m

Figure 7-1 Problem configuration and setup

The initial (in situ) stresses are developed prior to the fill placement using adiasic material
model for the dundation soil. Prior to the fill placement the water table is assumée at the
ground surface. Consequently, effectdrained parameters are required in the insitu analysis in
order to get the correct insitu stress conditions. The effedtamed arameters are required so that
porepressures will beonsideredn the insitu stress computations.
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A total stress undrained behavior is assumed for the foundation; that is, the strength is specified as
Cu and the Hnodulus is considered to be a totaless modulus. The embankment material is
assumed to be a well compacted soil with a relatively high stiffRégpste 7-3 shows the undrained
strength used for thimundation theundrained strength varies from a minimumb@f11kPa at the

surface to a mamnum of 116kPa at depth

C function of elevation

12071

no== \
1001+ \

Total Cohesion (kPa)

e

| | | 1 I I 1 1
1,444 1,445 1,446 1,447 1,448 1,449 1,450 1451 1,452 1,453

Y (m)
Figure 7-2 Undrained strength varying as a function of elevation

The E modulus varies from a low value of 5000 kPa near the ground surface to about 12,000 kPa at
depth.

E function of elevation
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Figure 7-3 Foundation E-modulus varying as a function of elevation

The fill material is assigned a constant undrained stresfg®30kPa and the stiffness is assigned a
constant E of 100 kPa.

7.5.2.2 Result of the anasjis

The following graph shows the Cu profile for the foundation for all load steps. The legend has units
of seconds (sec), which is equivalent to load step number in this particular case. Notice that the
profile is the same for all load steps, as it iemated to simulate the undrained behavior. This is also
the case for the initial modulusds shown in Figuré.4
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Figure 7-4 Undrained strength profile during loading
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Figure 7-5 Ei profile during the embankment loading

The vertical settlements along a profile at teatreline of the embankment are shown in Figure 7
7. Of significance is that the largest settlement is not at the dam crest.

Displacement mfiles along the original ground surface are presented in Figu&eNaturally,
settlement occurs under the central part of the embankment and heave occurs near the toe area and
outside the foundation footprint.

The foundation soil is treated as beingltained inferring that it cannot undergo any volume change

(v = 0.49). Consequently, any settlement under the dam has to be reflected in heave beside the dam.
This is also evident in the deformed mesh shown in Figi®e

Vertical settlemnt profile
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Figure 7-6 Vertical settlement profiles alongcentre line of structure.

Oromia Water Works Design & Supervision Entéser 50



Worbate Earth Dam and Appurtenance Structures Final Design Report

Ground surface settlement and heave
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Figure 7-8 Deformed mesh
The factors of safety corresponding the enccafistruction wasvaluated and presented as the

following figure in both cases the slope factor of safety is greater than 1.3 and above the
recommendation the stabilitgsult is indicated in Fige 79 to 11
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Figure 7-9 End of construction D/s slope stability
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Figure 7-10End of construction U/s slope stability
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Figure 7-11 During of construction U/s slopestability
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7.5.3 Rapid Drawdown

When an earth embankment has retained a reservoir with a fairly constant water surface elevation for

a long time, the seepage conditions within the embankment will Ilkalghed a steaestate. If it is

necessary to drain the reservoir quickly, the poater pressures within the embankment may
remain relatively high while the stabilizing e
of the embankment is remaVand can cause instability of the upstream face of the embankment.

A SEEP/W water transfer analysis can be used to evaluate changinggterepressure conditions
after the reservoir has been drained. In the worst case, it is assumed that the ressrisern
drained instantaneously. More realistically, the reservoir will be drained over a period of time. This
analysispresentedow rapid draw down conditioare modelledwith a water transfeanalysis, and

used in SLOPE/W to determine the influenceimdgtantaneous or gradual drawdown on slope
stability.

The analysis involves an embankment that is approxim@iefy wide at the base an®.5 m high

(Figure 1). The embankment hasarizontaldrain located at the toe to prevent water from exiting
alongthe downstream slope face. The head in the reservoir before drawdbvims

EL1470.5 7 aniian-
A = EL1467.5 e e = -

EL 1544

Figure 7-12 The problem configuration.

Thereis a total of 5 analyses in the Analysis Tree, with a stesiale water transfenalysis acting

as the Parent to the remaining analyses. The first water transfer analysis represents tstatteady
conditions within the embankment given the presence of the reservoir for a long period. The initial
water table is drawn from the regeir to the toe drain, and a constant head boundary condition
(16.5m) is applied to the upstream face of the embankment, representing the initial water level
within the reservoir. The toe drain is simulated using a zero pressure head boundary condition
applied to the toe drain region. The results from this Parent Analysis act as the initial conditions for
the two scenarios: ,Instantaneous drawdown", a

After the water in the reservoir is drained, the relatively high porewater pressuhas thie
embankment will cause groundwater movement out of the embankment, creating a seepage face
along the upstream side of the embankment. The size and position of the seepage face are not
known. Moreover, the seepage face will change with time afeedthwdown occurs. A SEEP/W
analysis can incorporate the seepage face along the upstream side of the embankment using the
., Potenti al Seepage Face Review" water rate bou
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The second water transfer analysis is a transient simulation ofsévwaeg undergoing instantaneous
drawdown, with the level of the reservoir changing fra®.5 mto O m. The instantaneous
drawdown is simulated using zeropressurenead boundary condition at the toe of the upstream
slope and a potential seepage face damncondition along the upstream slope to the height of the
original reservoir level.

The slope stability analysis child of this transient water transfer simulation helps determine the
influence of this instantaneous change in the p@ter pressure caditions within the embankment

on the factor of safety over a period of 30 days following drawdown. Thewsier pressure results

from all time steps in this analysis are used in SLOPE/.

The final water transfer analysis simulates gradual drawdown akeg®voir over a period &0
days.with the level of the reservoir changing frar6.5 mto 13.5 m. The changing water level of

the reservoir is defined using a head function boundary condition (Figure 4). This boundary
condition is applied to the upsém@ slope of the embankment to the point representing the highest
level of the reservoir. The potential seepage face review option is also activated to allow flow to
leave the upstream side of the domain. As with the rapid drawdown scenario, the pore water
pressures from the gradual drawdown water transfer analysis are used in SLOPE/W to determine the
resulting factor of safety.

Both of the slope stability analyses use the Spencer analysis type, with the slip surface defined using
the entry and exit methad the right to left direction. The potential entry location of the slip surface

is defined at the top of the embankment core, with the exit defined along the lower toe of the slope
(Figure 5).

EL1470.5 E :
EL1467.5 —E o o

Embankment

685m
Foundation

Figure 7-13Entry and exit locations for the slope stability analyses

The global element size has been set to. But the mesh size was refined to 0.5 m for the water
transfer analyses. The transient analyses have a total durati®® ddys, with10-time steps
increasing exponentially from an initial time step of 6 hours.

7.5.4 Model Output

The longterm, steadistate conditions established using the Parent analysis are shown in7#igure
14. After instantaneous drawdown, water stored within the embankment graduallyfdrairereas
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of high porewater pressure. Thus, the piezometric line changes position over time, as illustrated
Figure 7#15. This means that the seepage face also changes over time, gradually decreasing in size.

EL1470.5
EL1467.5

EL1470.5
EL1467.5

Foundation

|

Figure 7-15 Changing positions of the piezometric line after instantaneous drawdown

Figure 8 shows the location of the piezometric line and velocity vectors at the end of day 1 from the
instantaneous drawdown water transfer analysis. The colored circles on the upstream face show
which nodes are H nodes (red) and which are Q nodes (blue). Water is flowing out of the bottom
portion of the upstream face at the H nods (red). These will chatiyeaah time step.

EL1470.5
EL1467.5

Figure 7-16 Piezometric line and velocity vectors at the end of day 1 from the instantaneous drawdown analysis.

The Factor of Safety versus time given instantaneous drainage of tineoieseas shown irFigure
7-17. The factor of safety drops below 1.0 immediately following drawdown. However, the factor of
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safety recovers over time as the excess-p@ter pressure within the embankment dissipates.

Factor of Safety vs. Time

D__
e
B

Figure 7-17 Instantaneous drawdown Factor of Safety vs time

Figure 7-18 shows the piezometrigne and velocity vectors at the end of day 1 from the slow
drawdown water transfer analysis. Here the velocity vectors show that less water is leaving the
domain via the upstream slope, and more of the water is flowing out of the toe drain, due to the
coninued presence of water in the reservoir. As the reservoir level decreases over time, flow from
the upstream face increases.

_ Tm
EL1470.5 o -

EL1467.5

63.5m
Foundation

Figure 7-18 Piezometric line and velocity vectors at the end of day 1 from théosv drawdown analysis

When the reservoir level is drawn down slowly instead of instantaneously, the stability of the
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embankment is substantially different Figiir&9. As with the instantaneous drawdown analysis, the
factor of safety decreases when theergoir is drawn down. However, the factor of safety for the
slow drawdown analysis does not drop below 1.0.

Factor of Safety vs. Time

28T

Factor of Safety

26—

| | l l l | | | |
24 T T I I T T T 1

Time (days)

Figure 7-19 Slow Drawdown Factor of safety vs Time

Generally, he instantaneous drawdown scengia conservative approach for assessing stability of

an embankment during reservoir drawdown; however, it likely represents unrealistic conditions as it

is difficult to drain a reservoir over a very short period. The second scenario includes a gradual
decl ine in the reservoir*"s water | evel so it is
evaluation of the embank me n tahdssatitfiasctiie secommdnded a f e t
FOS for this kind of loading condition.

7.5.5 Pseudestatic Anaysis

Analyses for earthquake loading should begin with simplified procedures and proceed to more
rigorous methods of analyses as a particular situation may warrant. Projects with well compacted
embankments and dense foundation soils located in all codfiloe hazard potential zones,
projects, may be evaluated by the pseudo static method using the seismic coefficient assigned to the
seismic zone in which the project is locat€tderefore this project was evaluated with Pseudo static
analysis for it is fond in hazard potential zone with08.seismic coefficient refer Geotechnical
investigationreport.

It is generally assumed that during a seismic event the loading is so rapid that there will be no
change in the shearing resistance along a potential slifzes.In other wordthe soil will behave in

an undrained manner. The seismic loading may increase the total stress at the base of a slice and
there may be an equivalent change in the jpoessure, but the effective stress will remain
unchanged, and coeguently the strength will remain unchanged. A staged ps&atio analysis

can beadoptedto considerthis scenario. Two options are available for calculating the undrained
strengths prior to the application of the seismic forces.

7.5.5.1 Staged Pseud8tatic Analysis
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A staged pseudstatic analysis involves the completion of two stability analyses for every single

slip surface. The first stage is completed without applying the seismic forces so that the effective
stresses can be obtained at the base of e@eh She effective stresses can then be used to calculate

the strengths at the base of each slice, which are subsequently used in the second stage when the
seismic forces are included.

SLOPE/W haghe above statetivo options for calculating the strengtlhem the effective stresses
obtained in Stage 1. One of the options calculates the strength according to th€ddlmmb

strength law and the effective stress strength properties. The resulting effective stress strengths are
treated as equivalent undraihstrengths in the second stage of the analysis. The other option uses
the undrained strength calculations proposed by Duncan et al. (1990). The undrained strength
calculations of Duncan et al. (1990) require both the effective stress strength propertibese
corresponding to the undrainedeRvelop.These two strengthenvelopare used to compute an

eqgui valent undrained strength at the base of e
single stage, pseudstatic analysis.

The analysiswas defined with 198 high water retention embankment with 2:1 side slopes. The
material isdefined according to thEable 67

One trial slip surface is considered for illustrative purposes. The specified pstatidoseismic
coefficient is 005. Four analyses were completed: 1) a conventional analysis excluding seismic
forces; 2) a conventional pseusdtatic analysis; 3) staged psetgtatic analysis using effective
stress strengths; and, 4) staged pseatdtic analysis using undrained strength cakad according

to Duncan et al. (1990).
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meter

Figure 7-20 PseudoProblem configuration

7.5.5.2 Resultsof the analysis
The factors of safety corresponding to each analysis is shown in the figures below

Oromia Water Works Design & Supervision Entéser 58



Worbate Earth Dam and Appurtenance Structures

Final Design Report

480 —

4TS5 —

3

| ATQ [==mmm= YT

\

465 —
1,460 —

455 | ¥4

1,450

o 1 I I | 1

meter

11(

480 —

475

470

465

460

455

450

445

Figure 7-22 None (conventional pseudstatic)
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Figure 7-24 Duncan et al. (1990) undrained strengths
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8 SPILLWAY WORKS

8.1 GeneralDesignConsiderations

The proposedDam is homogenousembankmentam with horizontal drain This type of
dam needssufficient spillway capacity.The safetyof the dam cannotbe securedonly with
provision of sufficient dischargingcapacity of the spillway; the hydraulic design of the
spillway must also be adequateto convey and dissipatethe energyassocatedwith water
passingoverthespillway.

The spillway crestelevationis at 1470.5 masl and the following main designcriteria have
beenconsideredor thedesignof thespillway:

1 Thereshouldbe completedissipationof energyof spillway flow beforeit entersthe
river;

1 Thedimensionof the control section(chutg, havebeenfixed suchthatit could passthe
maximumroutedflood with adesigndischargeéhead(surcharge);

1 Thespillway mustbehydraulicallyandstructurallysafe;

1 The spillway and chutein generalshould be erosionresistantto withstandthe high
scouringvelocities;and

The spillway designis accomplishedn a mannerthatminimizescostsubjectto the following:
Sufficientcrestlengthto conveythedesigndischarge.
Acceptableminimumpressuresctingonthecrestboundary.
Acceptablanaximumenergyheadon thespillway crest.
Acceptablevelocitiesandflow characteristicthroughthespillway system.

= =4 =4 =4

8.2 Spillway inflow and outflow designflood

As indicated in section 82, the design dcharge for the spillway is fixed based on the
recommendation given in the Dam Safety Draft Guide of the Ethiopian Commission of Large
Dams. Accordingly, the inflow hydrograph considered is 100 years return period and its peak
discharge is120.386n3/s. Forthe selected total crest length of 20m, the routed outflow
discharge i85.55m3/s.

8.3 Type of spillway and selectedscheme

Spillway type selection can be governed mainly on type of dam, site condition (i.e.
topography), and flood discharge, simplicity for corstruction and adaptability for
foundation. Chute and side channel spillway have beenconsidered For the topography
favoured Similarly, in orderto createflow accesgowardsthe control sectionof the chute
spillway it needs longer approach channel eatam with relatively smaller depth of
excavationis consideredTo minimize the length of aapproachchannel a curvature was
provided at the upstream side of the approach channel so that an optimal length and depth of
excavation is achieved. Thereforgy consideringall factors listed above, un-gated chute
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spillway is selectedto convey maximum outflow discharge.e.85.55n3/s.

8.4 Location and alignment of spillway

Primarily, location of the spillway is dictated by the safety of the dam, economic
consider#ions, construction difficulties,and the possibleinterferencewith the layout of

outlet andcanalstructuref the project.In addition to this, topographyand geology of the

areaare amongthe main considerationgyuidingthe choiceof spillwaylocation

For Worbate dam the spillway site is selectedor proposedon the right abutmentby

excavatingthe top end of the abutment.Naturally, the spillway route has an excavated
approachchannel,relatively mild slopebeforethe startof the chuteandsteepesslopebefore
endingattheenergydissipaterThedissipatedlow will join the WorbateRiver.

8.5 Hydraulic designof spillway

The main componentsof the spillway include, approachchannel, control section, chute
section,terminal structureand exit channel.In this sectionthe hydraulics aspectsof the
mentionedcomponentwill be presented.

Table 8-1 Hydraulic design of Chute

Chute design Chute Chute
Basic Input Data

Chainage at Start of chute  Ch. Ch.St m 120.000 185.000
Chainage at End of chute  Ch. Ch.En m 150.000 210.000
Design Discharge Q m3/s 86.000 86.000
Manning Roughness n 0.035 0.035
U/s Normal Water depth do m 1.80 1.80
D/s Normal Water depth d3 m 1.80 1.80
Velocity at section 3 V3 m/s 2.43 2.73
Velocity head at Section3  hyz = V429 m 0.301 0.379
elevation at Chute Start EL. Ch. Str m 1,470.14 1,465.57
Elevation at Chute End EL. Ch. End m 1,465.04 1,453.07
Width control L m

Drop height z m 5.10 12.50
Length L m 30.00 25.00
1. Ciitical flow hydraulics

Dscharge Q m?/s 86.000 86.000
Width of notch bc =0.734Q/de™? m 26.139 26.139
Adopt adopt 20.00 20.00
Unit discharge q = Qlbc m>/s/m 4.300 4.300
Critical depth dc = (q%g)*? m 1.235 1.235
Critical Velocity V. =g/dc m/s 3.481 3.481
Velocity head hve = V¢Z/2g m 0.618 0.618
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Water area m 24.705 24.705
Wetted Perimeter Pc =bc + 2*dc m 22.471 22.471
Hydraulic radius RC = Ac/Pc m 1.099 1.099
Water surface slope Ic = (nVc/Rc?3)? 0.013 0.013
2. Energy at Section (C) Z=ELA-ELB m - 5.10 12.50
Ec=dc + hvc +Z m - 6.95 14.35
3. Energy at Section (1)
d; m 0.535 0.382
bl=bc m 20.000 20.000
Al=b1d1 m? 10.700 7.642
V1=Q/Al m/s 8.037 11.254
hvl = V1%2g m 3.292 6.455
P1=b1+2d1 m 21.070 20.764
R1=A1/P1 m 0.508 0.368
11 = (n\V1/R¥3? m 0.195 0.588
Im =(lc +11)/2 m 0.104 0.301
hfl = I,.L m 3.126 7.516
El =d1 + hvl+hfl 6.953 14.353
El=Ec= 6.953 14.353
4. Conjugate depth after jump
Froude number F =V1/(gd1)1/2 m 3.508 5.813
Conjugate depth d2=d1/2((1+8Fr2)1/A) m 2.400 2.956
5. Stilling basin
a. Length for Fr<5 L =3.5*d1Fr11.5 m 12.30 18.74
b. Length for Fr>5 L =8*d1Frl m 15.02 17.77
Adopt 10.00 20.00
c. Width m 1.78 1.78
Adopt 20.00 20.00
d. Bottom elevatiofEL.C) Lip height, a= dc/2 m 0.62 0.62
Adopt 0.60 0.80
EI.C =EL.B-a m 1,464.44 1,452.27
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Spillway Profile

s Start of Chut

Start of Chute

Jw‘u of Chuste

“—{ End of cwite

Figure 8-1 Longitudinal profile of spillway

8.6 Spillway exit channel

The downstreanexit channelwill conveythe spilled waterfor about50m beforeit joins the
natural river course. The spilled water is made to join small streamwhich joins the
WorbateRiver. The size of the streamis small and henceits existing crosssectionwill be
modified to conveythe spillway dischargeat leastthe flood correspondingo 1:100routed
outflow discharge Accordingly, a modified crosssectionis proposedfor the whole reach
with anappropriatéreatmenineasire
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9 DESIGN OF OUTLET WORKS

9.1 Lay out of outlet conduit and related works

The outlet work system covers mainly the irrigation outlet and provisions made to pass the dry season
during construction. As it was discussed in secti@ the construction islanned to be finished in two

years and hence during the first year of construction the wet season flow will pass with the existing river
course however foundation excavation of the main riveosursewill be finished during the dry months

of the first-yea construction. Therefore, simple temporary dry season outlet is proposed to pass the

minimum flows during the dry months.

The main purposeof this outlet systemis for irrigation. However,during emergencycasest will be

usedto evacuatehe volume of wateraboveit. The control mechanisnmwill be downstream(valve).

The water entering the small intake will be conveyedtowardsupstream andlownstream with a

conduit crossing the dam body. The current dam design concept did not encourage provisionitsf condu
within the dam. Though locating conduit outside the dam is the safest approach, there are also several
dams in which their outlet system crosses the dam body. For this project special consideration has beer
given in most part of the dam to be embeddedxcavated trenclalong the rocky staffind also
provision of filter thusminimizespotential failure. Water leaving the dam will be dissipated before it
joins the main canal. Theentreline of the irrigation conduit is maintained to bel466.5m.

9.2 Irrigation Outlet

The proposed net command area Wdorbateproject is aboutl20ha. The required design discharge
consideringncluding the demand for livestock summarized in the table below
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Table 9-1 Peak DischargeEstimation

Month
Demand Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Irrigation (120 ha) 035 037 016 000 000 019 022 009 001 000 0.00 0.14
Livestock 0.02 002 002 002 002 002 002 002 002 002 002 0.02
Evaporation 006 006 006 006 006 005 005 005 006 006 0.06 0.06
Total Demand 042 045 024 008 008 026 030 017 0.08 0.08 0.07 0.22

Cumulative Demanc
(Mcm) 042 087 111 119 126 152 182 199 207 215 222 244

Analysis of Peak Demand

Days in the month 31 28 31 30 31 30 31 31 30 31 30 31 hr/day
Livestock (m3/s) 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 2

Irrigation (m3/s) 0.259 0.307 0.119 O0 0 0.144 0.168 0.069 0.007 O 0 0.106 12
Daily Demand (m3/s) 0.346 0.394 0.206 0.087 0.087 0.231 0.255 0.156 0.093 0.087 0.087 0.192
Max= 0.394

Accordingly,for the calculated peak Demand for 12 hour 2itbur supply for the daily Demand found

to be0.4m3/s however considering extra 20 % downstream release the outlet capacity i&&oks

The main purpose of this outlet is for irrigation. However, where there is a need it will be used to
evacuate theeservoirwater above 454m whichaccounts tde aboutl.OMCM. Thelrrigation outlet is
designed to have a small inlet, trash rack, circular conduit, flow regulation valves at the downstream end
and an energy dissipater.

9.2.1 HydraulicDesignofIntake/Inlet

9.2.1.1 i. Intake/Inletopening
The proposed designstiharge i9.5m3/s and an opening pipe diamete560mm ductile iron pipe is
provided.

9.2.2 Irrigation ConduitHydraulics

A. General
The conduit is designed to pass the irrigation flow and environmental release. Further the outlet will
evacuate the reservoir veatabove irrigation outlet which is abduBMCM in volume.
The size of an outlet conduit for a required discharge varies according to an inverse relationship with the
available head for producing the discharge. This relationship is expressed by thedpquation:

0 00
QD
Where:
Hr= total available head neededto overcome the various head losses to produce the
dischargegm);

Q = requiredoutletworks discharggm?/s);
K. =losscoefficients
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A = requiredareaof the conduit (m?); and
g = accelerationdue to gravity 9.81(m/$). Head loss computatiorfor various parts of the
structureis discussedelow.

B. Pressureflow in the irrigation conduit
The valvesfitted downstreanwill basically control the flows and hencethe conduitis always under
pressure.The flow in a closedconduitpipe systemfollows B e r n o eguationwhigh is written as:

HT = h|_ + hV2

Where:
Hr = total headneededo overcomethe variousheadlossesto producedischarge,
h.= Cumulativelossesof the systemsand
hv2 = Velocity headat the valve.

The aboveequationis expandedo includethe systemlossesof the outlet structureasfollows:
Ht = (h: + he + by + hg) + h2

Where:
h= Trashrack losses,
he= entrancelosses,
hi= friction lossesand
hy= gateor valve losses.
For the dischargeat the outlet,
Hris measuredrom the reservoirwater surfaceto the centrelineof the outletgate.

C. Head loss computation
i. TrashrackLosses
The trashrack consistsof 16mm thick mountedat the inlet andits headlossis aimost negligible

becausehe trashrackis placedon the top of the box horizontally.

i. The other loss computation is shown in tableelow Entrance, Friction and Valve losses) in pipe
size calculation
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Table 9-2 Intake /Outlet Pipe size calculation

Item Symbols  Formulae Units Main

Outlet

Diameter D mm 500.00
Number of pipes N Nr 1.00
Design discharge Qq m®/s 0.40
chez C 100.00
Pipe roughness coefficient f 0.01
Inlet loss coefficient 3in 0.50
Outlet loss coefficient 3out 1.00
Pipe length L m 18.00
Acceleration g m/s’ 9.81
Hydraulic radius R D/(4*1000) m 0.13
Flow section area w PI*(D/1000) ~2)/4  m® 0.20
Pipe velocity A Qd/(N*W) m/s 2.04
Length loss coefficient 3L f*v2/2g*(L/D) 0.06
Discharge coefficient Cd 1/ Sqrt(3in 0.80
NPL 1470.50
Minimum water Level 1467.50
Water level difference Z m 0.50
Water level in intake tower 1467.00
Entrance loss 0.5* V?/2g 0.11
Head loss through Gate 0.2* V?/2g 0.04
Trash rack loss m 0.10
Hert 0.25
Q=C4A*(2*9.81*H)"? 0.49
Q=A*(2%9.81*Hen) "2 0.44
Calculated discharge Qc N*Cd*W*Sqrt(2*g*Z) m3/s 0.49
Difference Qd-Qc -0.09
\A 2.51
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Partial Flow Hydraulics

Assumed @ m 0.50
H For 0.80 0.40
H/r Ratio of D m 1.60
TPk N From Table m? 2.69
U=R/r From Table m/s 0.61
V, m 2.92
R m 0.15
Pipe Length m 61.00
n 0.010
I, = (NV4/R¥)A? m 0.01
h= 1oL m 0.64
Hy m 1.17
Water level in the stilling basin m 1465.83
Plpe_ invert level in stilling m 1465.43
Basin
Discharge Capacity at MWL m¥/s 0.49
Maximum Discharge
Capacity
Length loss coefficient 3L f*v2/2g*(L/D) 0.26
Discharge coefficient Cd 1/ Sqrt(3in 0.75
l\/_laxmum Water level 7 m 457
difference
Calculated discharge Qmax N*Cd*W*Sqrt(2*g*Z) m°/s 1.40
L [ v et [P SR
# o L1 i !
-1 ZE
| = “’L 1
;l - B~ T
PLAN (DETAIL A) SECTIONB'-B' ~
e -]
i RB-10 Basin Dimension
9‘ S|t esFiktos Desgnaton_Unt_ Veue
1 Ei 8h Fu‘i’ i = l EJ _£ W m ésg
} A A i [_' b o 070
3 5 RS AL r i c m .90
PR S| g . | . om0
Bedding £ = SECTION A-A' ] t m 0.15
=2 o usa

Figure 9-1 Outlet crosssection

From the above Table9.2 the main outlet was designed basedthe peak demand discussed in table
9.1 for the richt-side command and livestock. Thuapacity was designed based on the minimum water
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level but the outlet can discharge a maximum capacify4m3/s when the reservoir is full which can
help to reduce the flood intensity

9.2.3 Typeandsizesf Regulatingvalves

The selected types abntrolling mechanism were sliding gate, which was provided at the upstream and
downstream. The upstream was provided in order to regulate the development of pressure at the
downstream and regulate the flow. But the downstreampn@sded for control of seepage or leakage

as well as for easily access to the regulation of flow.

9.2.4 EnergyDissipaterDesign

Before water is conveyed to the main canal from the outlet, theeft@rgyshould bedissipated so that
downstream erosion will bevoided.Therefore at the end of the outlet pipe a stilling basin is needed for
energy dissipation. It is designed to safeiysipate thanaximum energy i.e. when the reservoir is full
and discharging the maximum floWhe Selected Basin type is Impagipe one which was commonly
adopted basin type.

99



Worbate Earth Dam and Appurtenance Structures Feasibility and Detail Design Report

10 Irrigation System Layout

10.1 Topography

In order to prepare a realistic systéagout, it would be inevitable to scrutinize the local topographic
condition of the area. For this purpose and as part of the prfesaibility study, detailed topographic
survey wasdone. topographidata was used to extract the topography of the irrigable area. This was
augmented by field level surveys alone.

10.2 Project Layout

The irrigation system layout for the project was made dasethe 1:10,000 scale topographic maps
(with 1m contour interval) of the area prepared by the assigned crew team for this project.

The layout of irrigation canals, furrows are made to run more or less parallel to contours and field canals
are aligned pgendicular to contour lines, subsequdmgherlevel canals were made to run
perpendicular and/or near perpendicular to lower level canals that they discharge into.

The alignment procedure used for drainage canals is such that the positioning cfevighdrainage
channels would more or less be along depressions. Accordingly, field ditches are placed at the foot of
furrows and are aligned down the contour lines. Similarly, tertiary and secondary drains are made to run
perpendicular to field ditches @mo each other.
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Figure 10-1 General System layout of Worbate Small scale Irrigation project

10.3 System Nomenclature

10.3.1 General

The multitude irrigation and drainage canals including their hydraulic structuties present irrigation
system will call for proper designation and naming of each canal and drain their accompanying
structures in a systematic way. Ultimately every drawing will be prepared in relation to the designation
and naming of each canal andidrtheir accompanying structures. For fhisposejt will be inevitable

to designate and name every canal and drain in the irrigation systersystesnatic and standard
manner.

10.3.2 Irrigation Canals
Main Canal:The main canal in the irrigation system layof was abbreviated as MC.

Secondary Canals: Secondary canals are given the name of the area the canal conveys water to
suffixed by the main canal number it takes off from hyphenated by sequential numbers designating the
number of the secondary can@hus,the first secondary canal in the system taking off from the main
canal is designated as 9€1.

Tertiary Canals:Tertiary canals are given the name of the area the canal conveys water to prefixed by
“ G and suffixed by t henal numben it takasnoff fromahyptdenatea loyo n d
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sequential numbers indicating the secondary canal it-tafkdsom hyphenated by sequential numbers
to indicate the number of the tertiary canahus, the first tertiary canal taking off from the first
secondaryanal that takes off from the main canal is designated &k I-C.

Filed Canals:Fi el d canals are named by an abbreviated
suffixed by a sequence number which indicates the main canal unit they are in followtbd by
secondary and tertiary canal number that it takes off and the farm plot ndinbgjthe first filed canal
supplying water to the first farm plot in the first tertiary, secondary and main canal is designated as FC
1-1-1-1.

10.3.3 Drainage Canals

Tertiary Drain: Tertiary drains are given the name of the secondary draindeewterin to from
followed by sequence number to indicate the number of the tertiary. Thu$;1TiDdicates the first
tertiary drain that dewaters in to the ficstllectordrain thatagain outfalls in to the first natural drain in
Worbate area.

Field Drains:Field drains are named by an abbreviated field name which is FD and the farm number
from which they dewater. Thus FD1-1 designates the field drain which drains the first fagid fthat
drains in to tertiary drain number one in the first secondary unit.

10.3.4 System Description

10.3.4.1 General
Based on the geographic setting of the irrigable area with respect to the Worbat¢hRivemmand
area for this project one main canal, three sdaoy canal and eighteen tertiary canals.

10.3.4.2Irrigation subsystem

Secondary Commandnits: -The entire command area at Worbate Irrigation Projects supplied with
irrigation water by a main conveyor canal designated as MC and starts at the intake. Thenalam c
designed fod2 hrscontentious supply.

Based on the geographic setting of the command area, is divided into three secondary command units
and field command units. Each of the secondary canals and field canals will take off from the main canal
to convey water to subsequent tertiary canals and command area.

Tertiary CommandJnits; -To facilitate a systematic classification for design and management purposes
each secondary command unit is sub divided into tertiary command units. Each tertiary damiman

will be a selfcontained irrigation subystem within the secondary command unit it is found in. Based

on social aspects, topography, occurrence of natural drains and size of irrigable area one secondary
command units and field command units arengef.

10.3.4.3Drainage Suibystem

Drainage System: Drainage system protect the Irrigation system such as secondary, tertiary, field
canals, and irrigation land from damage, which would result from uncontrolled excess flow of irrigation
water and surface runathused due to rainfall. Rainwater and excess irrigation water must be controlled
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to prevent erosion and damage of the irrigation system and the land. Rainwater and excess irrigation
water should be removed safely from the irrigation land by differenbaiya systems. Lastly, the
collected drainage water should enter the natural drainage system

To evacuate excess irrigation water and rainfall runoff a network of drainage channels are provided. At
field and tertiary level, the designation, arrangementlayaolut of the present drainage system more or
less follows the designation, arrangement and layout of the irrigation system. As each secondary
command unit is a setfontained system, the highewvel drainage canal that exists in the system in this
project is collector drain. In addition, the system comprises tertiary drain and field drains.

10.3.5 Road/Access StBystem

10.3.5.1Road System

The present irrigation area is provided with a network of road systems. While the main road which runs
parallel to the main cahand serves as a major artery to connect the project area with the nearest Road.
In this study the various types of roads within the project areas is dealt with.

The following types of roads are defined for the present system:

Secondary Roads: Seconglanads will run parallel to secondary irrigation canals and will connect
tertary Roads with the main roa@onnecting roads will have 3m (2m c/c) width and Otditkness

Main Road: Main roads run alongside the main canal and are meant to link teetocanroads with the
nearest national highway aroundh@vidth. While their entire width is formed frooompacted earth fill
subbase, & of their width will be surfaced with road base material (gravel).

10.4 Irrigation System Design

10.4.1 Hydraulic design of supplganals

10.4.1.1 Main Canal

Worbate small scale irrigation command area leis right side of Warbate River. The design discharge of
the main canal is 315.80 I/s with free board of 30cm was provided for safety purpose and for farmers to
use extra flows. The main cdna rectangular masonry canal with bed slope ranging from 0.0005 to
0.003 along its overall canal length. General formula adopted for designing of the distribution canals
including main canal is Manning's formula and the procedures followed is as de$mibe.
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Reach Name Station P 8 Hyd. rad n S FB Velocity Q Remark
m m m m/m m m/s m3/s

MC

Reachl 0 .00 up to 398.58 0.45| 0.0 0.225| 0.018 0.0018 0.3 0.87 0.3158016 CD-1
Reach2 398.58 up to 468.78 0.45| 0.85 0.22 0.02 0.004| 0.30 1.19 0.3158 FC-0-0-1
Reach3 468.78 upo 57761 0.45| 0.85 0.22 0.02 0.003| 0.30 1.10 0.3132 FC-0-0-2
Reach4 577.61 up to 667.78 0.45| 0.85 0.22 0.02 0.003| 0.30 1.10 0.3122 FC-0-0-3
Reachb5 667.78 up to 700.00 0.45| 0.85 0.22 0.02 0.003| 0.30 1.10 0.3108 FC-0-0-4
Reach6 700.00 up to 874.04 0.45| 0.85 0.22 0.02 0.003| 0.30 1.10 0.3085 FC-0-0-5
Reach? 874.04 up t0 974.91 0.45| 0.85 0.22 0.02 0.003| 0.30 1.10 0.3056 FC-0-0-6
Reach8 974.91 up to 1095.96 0.45| 0.85 0.22 0.02 0.003| 0.30 1.10 0.3020 FC-0-0-7
Reach9 1095.96 up to 1185.09 0.45 0.85 0.22 0.02 0.003| 0.30 1.10 0.2951 CD-2
Reachl10 1185.09 up to 1319.61 0.45 0.85 0.22 0.02 0.002| 0.30 0.78 0.2951 FC-0-0-8
Reachl1l 1319.61 up to 1395.03 0.45 0.85 0.22 0.02 0.002| 0.30 0.78 0.2913 FC-0-0-9
Reachl12 1395.03 up to 1479.48 0.45 0.85 0.22 0.02 0.002| 0.30 0.78 0.2888 FC-0-0-10
Reachl13 1479.48 up to 1861.80 0.45 0.85 0.22 0.02 0.002| 0.30 0.78 0.2854 sSG1
Reachl4 1861.80 up to 2288.54 0.45 0.85 0.22 0.02 0.001| 0.30 0.70 0.1857 CD-3
Reach15 2288.54 up to 2633.84 0.45| 0.85 0.22 0.02 0.001| 0.30 0.49 0.1857 CD-4
Reach16 2633.84 up to 3033.90 0.40| 0.70 0.19 0.02 0.001| 0.30 0.68 0.1857 CD-5
Reach17 303390 up to 3257.42 0.40| 0.70 0.19 0.02 0.001| 0.30 0.68 0.1857 CD-6
Reach18 3257.42 up to 3822.41 0.40| 0.70 0.19 0.02 0.001| 0.30 0.68 0.1857 CD-7
Reach19 3822.41 up to 3828.36 0.35| 0.70 0.18 0.02 0.003| 0.30 0.95 0.1857 sSG2
Reach20 3828.36 up to 4175.63 0.35| 0.60 0.16 0.02 0.003| 0.30 0.90 0.1155 CD-8
Reach21 4175.63 up to 4328.86 0.35| 0.60 0.16 0.02 0.001| 0.30 0.57 0.1155 SCG3
Reach22 4328.86 up to 4425.50 0.15 0.30 0.08 0.02 0.014| 0.30 1.17 0.0040 FC-0-0-11
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10.4.1.2 Secondary Canals

Generally, secondaryanals will flow for 12hr/day and flow will be distributed down each tertiary canal in proportion to the area they
irrigate. Secondary canals run down the natural slope. There are three secondary canals are designed for Worbatersgadilbscale
projed. All secondary canals are lined canals aligned across the contours. The canal geometric design results for irrigation canal
including related hydraulic particulars such as design discharge, flow depth, velocity etc. are given in the standdnddqrgfite

drawings of each irrigation canal. Table below gives hydraulic design of secondary canals

Table 10-2 Summary of hydraulic design of secondary canals

. D B Hyd. rad n S FB Velodity Q
S.No Reach Name Station Remark
m m m m/m m m/s m3/s
1 SCG1
Reachl 14.30| 0.35| 0.60 0.13| 0.03 0.00| 0.25 0.52 0.0997| TC-1-1 & TC-1-2
Reach2 173.06/ 0.35| 0.50 0.12| 0.03 0.0022| 0.25 0.45 0.0577| TC-1-3
Reach3 355.94| 0.20| 0.35 0.08| 0.03 0.0048 0.25 0.50 0.0343| TC-1-4
Reach4 554.67| 0.20| 0.35 0.08| 0.03 0.0024| 0.25 0.35 0.0156| TC-1-5
2 SG2
Reachl 18.11| 0.25| 0.50 0.10| 0.03 0.0060| 0.25 0.68 0.0702| TC-2-1 & TC-2-2
Reach2 172.81| 0.25| 0.50 0.10| 0.03 0.0060| 0.25 0.68 0.0502| TC-2-3 & TC-2-4
Reach3 320.53| 0.25| 0.50 0.10| 0.03 0.0040| 0.25 0.56 0.0212| TC-2-5 & TC-2-6
3 SG3
Reachl 49.83| 0.40| 0.70 0.15| 0.03 0.0020| 0.25 0.51 0.1115| FC-3-0-1
Reach2 166.30 0.40| 0.70 0.15| 0.03 0.0012| 0.25 0.40 0.1068| FC-3-0-2
Reach3 279.30| 0.40| 0.70 0.15| 0.03 0.0012| 0.25 0.40 0.1033| TC-3-1
Reach4 410.07| 0.30| 0.50 0.11| 0.03 0.0050| 0.25 0.65 0.0934| TC-3-2
Reach5 477.77| 0.25| 0.45 0.10| 0.03 0.0100| 0.25 0.85 0.0799| TC-3-3
Reach6 532.90| 0.25| 0.45 0.10| 0.03 0.0100| 0.25 0.85 0.0602| TC-3-4
Reach?7 585.37| 0.25| 0.45 0.10| 0.03 0.0025| 0.25 0.42 0.0464| TC-3-5
Reach8 685.33| 0.20| 0.35 0.08| 0.03 0.0080| 0.25 0.64 0.0218| TC-3-6
Reach9 720.73| 0.20| 0.35 0.08| 0.03 0.0080| 0.25 0.64 0.0166| TC-3-7
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Flow Regime

Secondary canals comparativelyn-down steep slopes or along the ridge and in most cases the flow
regime in secodary canals is supercriticalo avoid the prevalence of supaitical flow in secondary
canals it was inevitable to provide drop structwesre conditions permit.

10.4.1.3 Tertiary Canals

Tertiary canals wilalsoflow for 12hr/day and flow will be distributed down each-tdking field canals

in proportion to the area they irrigate. The command area of each tertiary canal is in the order @f blocke
hectares, on average and discharging capacity is also depending on the area of the block. The canals ar
earthen open channels, which are generally laid along the coritbiersanal geomet design results

for irrigation canals including related hyddau particulars such as design discharge, flow depth,
velocity etc. are given in the standard longitudinal profile drawings of ie@gdtion canal. Table below

gives hydraulic design of tertiary canal.
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Table 10-3 Summary of hydraulic design of tertiary canal

S.No Reach Name Station b 5 Hyd. rad | n > kB Velocity Q Remark
m m m m/m m m/s m3/s
1 TC-1-1
Reachl 74 0.20 0.30 0.12 0.03 0.0020 0.15 0.42 0.0154 FC-1-1-1
Reach2 132 0.20 0.35 0.12 0.03 0.0010 0.15 0.31 0.0089 FC-1-1-2
Reach3 211 0.20 0.35 0.12 0.03 0.0012 0.15 0.34 0.0057 FC-1-1-3
Reach4 204 0.20 0.35 0.12 0.03 0.0010 0.15 0.31 0.0029 FC-1-1-4
2 TC-1-2
Reachl 32 0.25 0.40 0.15 0.03 0.00 0.15 0.30 0.0267 FC-1-2-1
Reach2 118 0.20 0.35 0.12 0.03 0.00 0.15 0.41 0.0200 FC-1-2-2
Reach3 193 0.20 0.35 0.12 0.03 0.00 0.15 0.31 0.0125 FC-1-2-3
Reach4 280 0.15 0.30 0.09 0.03 0.01 0.15 0.60 0.0059 FC-1-2-4
3 TC-1-3
Reachl 69 0.20 0.35 0.12 0.03 0.00 0.15 0.44 0.0233 FC-1-3-1
Reach2 200 0.15 0.30 0.09 0.03 0.00 0.15 0.40 0.0182 FC-1-3-2
Reach3 313 0.15 0.30 0.09 0.03 0.00 0.15 0.49 0.0126 FC-1-3-3
Reach4 417 0.15 0.30 0.09 0.03 0.00 0.15 0.45 0.0079 FC-1-3-4
Reachb 497 0.15 0.30 0.09 0.03 0.00 0.15 0.49 0.0033 FC-1-3-5
4 TC-1-4
Reachl 51 0.20 0.35 0.12 0.03 0.00 0.15 0.31 0.0187 FC-1-4-1
Reach2 139 0.20 0.35 0.12 0.03 0.00 0.15 0.31 0.0140 FC-1-4-2
Reach3 218 0.15 0.30 0.09 0.03 0.01 0.15 0.60 0.0100 FC-1-4-3
Reach4 346 0.20 0.35 0.12 0.03 0.00 0.15 0.52 0.0054 FC-1-4-4
5 TC-1-5
Reachl 95 0.20 0.35 0.12 0.03 0.00 0.15 0.47 0.0156 FC-1-5-1
Reach2 193 0.15 0.30 0.09 0.03 0.00 0.15 041 0.0111 FC-1-5-2
Reach3 544 0.15 0.30 0.09 0.03 0.00 0.15 0.41 0.0050 FC-1-5-3
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Table 10-4 Summary of hydraulic design of tertiary canal

S.No Reach Station D B Hyd.rad | n S FB | Velocity | Q Remark
Name m m m m/m | m m/s m3/s
6 TC-2-1
Reachl 97 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.43 0.0155 | FG-2-1-1
Reach2 205 0.15 | 0.30 | 0.09 0.03 [ 0.00 | 0.15 | 0.42 0.0127 | FC-2-1-2
Reach3 488 0.15 | 0.30 | 0.09 0.03 [ 0.00 | 0.15 | 0.32 0.0083 | FC-2-1-3
Reach4 583 0.15 | 0.30 | 0.09 0.03 [ 0.00 | 0.15 | 0.42 0.0044 | FC-2-1-4
Reach5 686 0.20 | 0.30 | 0.12 0.03 [ 0.00 | 0.15 | 0.30 0.0034 | FC-2-1-5
7 TC-2-2
Reachl 173 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.31 0.0045 | FC-2-2-1
Reach2 263 0.20 [ 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.31 0.0031 | FC-2-2-2
8 TC-2-3
Reachl 32 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.43 0.0229 | FC-2-3-1
Reach2 117 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.44 0.0201 | FC-2-3-2
Reach3 189 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.52 0.0179 | FC-2-3-3
Reach4 264 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.44 0.0149 | FC-2-34
Reach5 343 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.44 0.0115 | FC-2-3-5
Reach6 473 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.59 0.0079 | FC-2-3-6
9 TC-2-4
Reachl 60 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.42 0.0061 | FC-2-4-1
Reach2 129 0.15 | 0.30 | 0.09 0.03 [ 0.01 | 0.15 | 0.59 0.0041 | FC-2-4-2
Reach3 212 0.15 | 0.30 | 0.09 0.03 [ 0.01 | 0.15 | 0.59 0.0023 | FC-2-4-3
10 TC-2-5
Reachl 47 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.48 0.0145 | FC-2-5-1
Reach2 125 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.48 0.0115 | FC-2-5-2
Reach3 215 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.31 0.0084 | FC-2-5-3
Reach4 300 0.15 | 0.30 | 0.09 0.03 [ 0.01 | 0.15 | 0.59 0.0054 | FC-2-54
Reach5 386 0.20 | 0.35 | 0.12 0.03 [ 000 | 0.15 | 0.53 0.0030 | FC-2-5-5
11 TC-2-6
Reachl 38 0.20 | 0.35 | 0.12 0.03 [ 0.00 | 0.15 | 0.38 0.0067 | FC-2-6-1
Reach2 114 0.15 | 0.30 | 0.09 0.03 [ 0.01 | 0.15 | 0.58 0.0040 | FC-2-6-2
Reach3 187 0.15 | 0.30 | 0.09 0.03 [ 0.00 | 0.15 | 0.45 0.0020 | FC-2-6-3

94




Worbate Earth Dam and Appurtenance Structures

Table 10-5 Summary of hydraulic design of tertiary canal

Feasibility and Detail Design Report

S.No | Reach Name | Station D B Hyd.rad | n S FB Velocity | Q Remark
m m m m/m | m m/s m3/s
12 TC-3-1
Reachl 22 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.31 0.0099 | FC-3-1-1
Reach2 100 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.31 0.0077 | FC-3-1-2
Reach3 174 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.31 0.0058 | FC-3-1-3
Reach4 251 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.53 0.0044 | FC-3-14
Reach5 339 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.31 0.0024 | FC-3-1-5
13 TC-3-2
Reachl 98 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.52 0.0135 | FC-3-2-1
Reach2 178 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.49 0.0121 | FC-3-2-2
Reach3 282 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.5 | 0.34 0.0098 | FC-3-2-3
Reach4 379 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.31 0.0071 | FC-3-24
Reach5 464 0.15 | 0.30 | 0.09 0.03 | 0.01 | 0.15 | 0.58 0.0044 | FC-3-2-5
Reach6 536 0.15 | 0.30 | 0.09 0.03 | 0.01 | 0.15 | 0.58 0.0021 | FC-3-2-6
14 TC-3-3
Reachl 39 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.34 0.0197 | FC-3-3-1
Reach2 127 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.34 0.0177 | FC-3-3-2
Reach3 215 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.37 0.0138 | FC-3-3-3
Reach4 302 0.15 | 0.30 | 0.09 0.03 | 0.01 | 0.15 | 0.58 0.0109 | FC-3-34
Reach5 377 0.15 | 0.30 | 0.09 0.03 | 0.01 | 0.15 | 0.58 0.0061 | FC-3-3-5
Reach6 435 0.15 | 0.30 | 0.09 0.03 | 0.01 | 0.15 | 0.59 0.0047 | FC-3-3-6
Reach?7 562 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.32 0.0035 | FC-3-3-7
15 TC-34
Reachl 190 0.20 | 035 | 0.12 0.03 | 0.00 | 0.15 | 0.36 0.0138 | FC-3-4-1
Reach2 265 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.36 0.0113 | FC-3-4-2
Reach3 368 0.15 | 0.30 | 0.09 0.03 | 0.01 | 0.15 | 0.60 0.0085 | FC-3-4-3
Reach4 480 0.20 | 0.30 | 0.12 0.03 | 0.00 | 0.15 | 0.37 0.0047 | FC-3-4-4
16 TC-3-5
Reachl 45 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.44 0.0246 | FC-3-5-1
Reach2 130 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.37 0.0218 | FC-3-5-2
Reach3 198 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.53 0.0179 | FC-3-5-3
Reach4 270 0.15 | 0.30 | 0.09 0.03 | 0.01 | 0.15 | 0.58 0.0131 | FC-3-54
Reach5 366 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.49 0.0088 | FC-3-5-5
Reach6 485 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.44 0.0050 | FC-3-5-6
17 TC-3-6
Reachl 33 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.50 0.0052 | FC-3-6-1
Reach2 117 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.44 0.0030 | FC-3-6-2
Reach3 234 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.56 0.0020 | FC-3-6-3
18 TC-3-7
Reachl 40 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.52 0.0166 | FC-3-7-1
Reach2 120 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.52 0.0147 | FC-3-7-2
Reach3 209 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.15 | 0.45 0.0124 | FC-3-7-3
Reach4 309 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.15 | 0.44 0.0097 | FC-3-7-4
Reach5 372 0.15 | 0.30 | 0.09 0.03 | 0.01 | 0.15 | 0.59 0.0065 | FC-3-7-5
Reach6 476 0.20 | 0.30 | 0.12 0.03 | 0.00 | 0.15 | 0.51 0.0021 | FC-3-7-6
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Flow Regimes
As tertiary canals are aligned nearly along contours in most cases the flow regime in tertiary canals will
be sulscritical and therefore the number of drops are decreased.

1.7.2.4Field Canals

The commad area of tertiary canal will be divided in to sub blocks/fields depend on the topography.
The maximum length of field canals are 200 m and the maximum furrow length is about 100m.The field
channels which are earthen open channels will takeoff watertéiary canal (incase main canal). The
alignment of the field canals are across the contour on the ridge so that it can supply furrows on both
sides.

10.4.2 Drainage system

The natural drainage available is used as the collective drains in the layout of eélrsystgm. The

design of tertiary drains is included in the project, but the construction of field drains is totally left for
users since it needs to be made frequently at the beginning of seasons. Manning equation was used t
design the dimension of drain§he capacities of drains are fixed using drainage module estimated in
hydrology study. The cross sectional design of drainage canal is similar to that of irrigation canal
hydraulic design discussed above. All drains are designed as trapezoidal eagthatitadpas shown

below:
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Table 10-6 Summary of hydraulic design of tertiary drain

Feasibility and Detail Design Report

S.No | Reach Name| Station D B Hyd.rad | n S Velocity | FB Q Remark
m m m m/m | m/s m m3/s
1 TD-1-1
Reachl 0.00 0.15 | 0.30 | 0.09 0.03 | 0.003 | 0.36 0.25 | 0.0043 | FD-1-2-1
Reach?2 200.98 | 0.20 | 0.30 | 0.12 0.03 | 0.003 | 0.40 0.25 | 0.0160 | FD-1-2-1/2
Reach3 387.57 | 0.20 | 0.35 | 0.12 0.03 | 0.002 | 0.36 0.25 | 0.0255 | FD-1-2-2/3
2 TD-1-2
Reachl 0.00 0.15 | 0.30 | 0.09 0.03 | 0.002 | 0.31 0.25 | 0.0035 | FD-1-3-1
Reach?2 132.09 | 0.15 | 0.30 | 0.09 0.03 | 0.00 |0.31 0.25 | 0.0117 | FD-1-3-1/2
Reach3 306.37 | 0.20 | 0.35 | 0.12 0.03 | 0.00 |0.31 0.25 | 0.0185 | FD-1-3-2/3
Reach4 428.68 | 0.20 | 0.35 | 0.12 0.03 | 0.00 |0.36 0.25 | 0.0266 | FD-1-3-3
3 TD-1-3
Reachl 0.00 0.15 | 0.30 | 0.09 0.03 | 0.00 |0.31 0.25 | 0.0031 | FD-1-4-1
Reach?2 127.01 | 0.15 | 0.30 | 0.09 0.03 | 0.00 |0.31 0.25 | 0.0100 | FD-1-4-1/2
Reach3 214.37 | 0.20 | 0.35 | 0.12 0.03 | 0.00 |0.36 0.25 | 0.0159 | FD-1-4-2/3
Reach4 352.38 | 0.20 | 0.35 | 0.12 0.03 | 0.00 |0.41 0.25 | 0.0228 | FD-1-4-3
4 TD-2-1
Reachl 0.00 0.20 | 0.35 |0.12 0.03 | 0.00 |0.30 0.25 | 0.0016 | FD-2-1-1
Reach?2 223.09 | 0.20 | 0.35 | 0.12 0.03 | 0.00 |0.30 0.25 | 0.0072 | FD-2-1-1/2
Reach3 403.40 | 0.20 | 0.35 | 0.12 0.03 | 0.00 |0.41 0.25 | 0.0151 | FD-2-1-2/3
Reach4 530.54 | 0.25 | 0.45 | 0.15 0.03 | 0.00 |0.31 0.25 | 0.0175 | FD-2-1-3/4
Reach5 587.80 | 0.25 | 0.45 | 0.15 0.03 | 0.00 |0.31 0.25 | 0.0195 | FD-2-1-4/5
5 TD-2-2
Reachl 0.00 0.200 | 0.350 | 0.120 0.030 | 0.002 | 0.363 0.250 | 0.0002 | FD-2-2-1
Reach?2 172.28 | 0.250 | 0.500 | 0.155 0.030 | 0.002 | 0.409 0.250 | 0.0041 | FD-2-2-1/2
6 TD-2-3
Reachl 0.00 0.20 | 0.30 |0.12 0.03 | 0.00 |0.31 0.25 | 0.0019 | FD-2-3-1
Reach?2 9755 |0.20 | 0.35 |0.12 0.03 | 0.00 |0.31 0.25 | 0.0056 | FD-2-3-1/2
Reach3 175.84 | 0.20 | 0.35 | 0.12 0.03 | 0.00 |0.31 0.25 | 0.0094 | FD-2-3-2/3
Reach4 277.53 |1 0.25 | 0.50 |0.16 0.03 | 0.00 |0.30 0.25 | 0.0138 | FD-2-3-3/4
Reach5 37451 | 0.25 | 0.50 | 0.16 0.03 | 0.00 |0.41 0.25 | 0.0190 | FD-2-3-4/5
Reach6 463.83 | 0.25 | 0.50 | 0.16 0.03 | 0.00 |0.37 0.25 | 0.0264 | FD-2-3-5
7 TD-2-4
Reachl 0.00 0.25 |0.45 |0.15 0.03 | 0.00 |0.31 0.25 | 0.0015 | FD-2-4-1
Reach?2 44.32 | 0.25 | 0.50 |O0.16 0.03 | 0.00 |0.30 0.25 | 0.0044 | FD-2-4-1/2
Reach3 111.02 | 0.25 | 0.50 | 0.16 0.03 | 0.00 |0.30 0.25 | 0.0079 | FD-2-4-2/3
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Table 10-7 Summary of hydraulic design of tertiary drain

) D B Hyd.rad | n S Velocity | FB Q Remark
S.No | Reach Name | Station
m m m m/m | m/s m m3/s
8 TD-3-1
Reachl 0.00 0.20 | 0.30 | 0.12 0.03 | 0.00 | 0.31 0.25 | 0.0015 | FD-3-1-1
Reach?2 132.40 | 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.30 0.25 | 0.0050 | FD-3-1-1/2
Reach3 259.75 | 0.25 | 0.40 | 0.15 0.03 | 0.00 | 0.32 0.25 | 0.0070 | FD-3-1-2/3
Reach4 365.13 | 0.25 | 0.45 | 0.15 0.03 | 0.00 | 0.33 0.25 | 0.0097 | FD-3-1-3/4
Reach5 473.09 | 0.25 | 0.45 | 0.15 0.03 | 0.00 | 0.33 0.25 | 0.0128 | FD-3-1-4/5
9 TD-3-2*
Reachl 0.00 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.30 0.25 | 0.0037 | FD-3-2*-1
Reach2 418.01 | 0.25 | 0.50 | 0.16 0.03 | 0.00 | 0.30 0.25 | 0.0104 | FD-3-2*-1/2
Reach3 514.55 | 0.25 | 0.50 | 0.16 0.03 | 0.00 | 0.30 0.25 | 0.0168 | FD-3-2*-2/3
10 TD-3-2
Reachl 0.00 0.20 | 0.30 | 0.12 0.03 | 0.00 | 0.40 0.25 | 0.0009 | FD-3-2-1
Reach2 227.60 | 0.20 | 0.30 | 0.12 0.03 | 0.00 | 0.31 1.25 | 0.0037 | FD-3-2-1/2
Reach3 337.58 | 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.31 0.25 | 0.0076 | FD-3-2-2/3
Reach4 423.45 | 0.25 | 0.50 | 0.16 0.03 | 0.00 | 0.43 0.25 | 0.0114 | FD-3-2-3/4
Reach5 503.16 | 0.25 | 0.50 | 0.16 0.03 | 0.00 | 0.53 0.25 | 0.0154 | FD-3-2-4/5
Reach6 570.04 | 0.25 | 0.50 | 0.16 0.03 | 0.00 | 053 0.25 | 0.0189 | FD-3-2-5
11 TD-3-3
Reachl 0.00 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.31 0.25 | 0.0004 | FD-3-3-1
Reach2 150.57 | 0.20 | 0.30 | 0.12 0.03 | 0.00 | 0.42 0.25 | 0.0059 | FD-3-3-1/2
Reach3 275.93 | 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.36 0.25 | 0.0116 | FD-3-3-2/3
Reach4 425.66 | 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.31 0.25 | 0.0148 | FD-3-3-3/4
Reach5 520.13 | 0.25 | 0.45 | 0.15 0.03 | 0.00 | 0.50 0.25 | 0.0174 | FD-3-3-4/5
Reach6 583.21 | 0.25 | 0.45 | 0.15 0.03 | 0.00 | 0.56 0.25 | 0.0192 | FD-3-3-5/6
12 TD-3-4
Reachl 0.00 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.30 0.25 | 0.0019 | FD-3-4-1
Reach?2 358.73 | 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.30 0.25 | 0.0048 | FD-3-4-1/2
13 TD-3-5
Reachl 0.00 0.15 | 0.30 | 0.09 0.03 | 0.00 | 0.31 0.25 | 0.0017 | FD-3-5-1
Reach2 113.30 | 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.41 0.25 | 0.0054 | FD-3-5-1/2
Reach3 266.63 | 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.44 0.25 | 0.0129 | FD-3-5-2/3
Reach4 397.83 | 0.20 | 0.35 | 0.12 0.03 | 0.00 | 0.41 0.25 | 0.0192 | FD-3-5-3/4
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11.1 General

The selection and design ofigation infrastructures is primarily dictated by various factors among
which are economy, safety and ease of operation and maintenance. By and large the following factors

Feasibility and Detail Design Report

11 Irrigation Infrastructures

were considered to select the required structure in the present system:

Operation and maintenance of the structures should be simple

1

1 Experience obtained from agoing similar construction work in the area was considered

1 The structures were evaluated from safety perspectives, such that the system be safe from
unforeseen damages

1 Availahility of construction material in the vicinity of the project site was considered

11.2 Types of Irrigation Infrastructures

The type and nature of irrigation infrastructures that are adopted in the present system are varied. In
general,the irrigation infrastruires that are found in the present system are off takes, division box,

drops and cross drainage (CD) structure.

The detail designs of these structures are described in the following section and their typical drawings
described in the drawing album andneinsions provided in appendix table.

Table 11-1 Summary of infrastructure structures

S.No Canal name| Drop Cross drainage Off take | Division box
1 MC 7 8 14

2 SC 42 12 4

3 TC 81

4 D

TC TOTAL 49 8 107 4

99




Worbate Earth Dam and Appurtenance Structures Feasibility and Detail Design Report

11.2.1 Off take Structures

The offtake structures are made simple pipe off takes with a suppressed rectangular inlet part followed
by a rectangular bay at the pipe inlet and a masonry guide walls at the pipe outlet. All pipes are circular
reinforced concrete pipes with standard dimensions. At the upstream end gates are provide to control the
flow. All the dimensions are shown on typical drawing and Table below shows the hydraulic design. See
detail table of dimension and quantity on excels sheet
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Table 11-2 Summary table of dimension Main canal off take

Feasibility and Detail Design Report

SN Parameters Unit | FC-0-0-1 | FC-0-0-2 | FC-0-0-3 | FC-0-0-4| FC-0-0-5 || FC-0-0-6| FC-0-0-7{FC-0-0-8| FC-0-0-9 |FC-0-0-10f SC-1 SC-2 SC-3 |[FC-0-0-11]
Supply canal 469 578 668 700 874 975 1096 1320 1395 1479 1862 3828 4329 4426
1 ||Full Supply Level m 1459.90 || 1459.57 [ 1459.30 | 1459.20 | 1458.68 | 1458.38 || 1457.02 | 1455.05 || 1454.94 | 1454.81 [ 1454.24 | 1442.02 | 1440.79 | 1437.72
2 ||Full Supply Depth m 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.35 0.35 0.15
3 [Free Board m 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
4 |Side Slope m/m 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 |Top Bank Level m 1460.20 || 1459.87 [ 1459.60 | 1459.50 | 1458.98 | 1458.68 | 1457.32 | 1455.35 | 1455.24 | 1455.11 [ 1454.54 | 1442.32| 1441.09 | 1438.02
6 |Top Bank Width m 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.70 0.60 0.30
7 |Minimum Earth Cover Over Precast Non Pressure Pipe m
Offtaking Canal
8 |[Design discharge of Turnout m’/s 0.002¢ 0.001f 0.00130.0023 0.002! 0.003¢  0.00640.0038 0.0024 0.0034 0.1084 0.0854 0.1437 0.004
9 [[Full Supply Level m 1459.21 | 1459.26 | 1458.71 1458.63 1458.5§ 1457.9Q0) 1456.54% 1454.9Q0)  1454.7 1454.64 1454.1Q 1440.2¢ 1440.6 1436.7
10 |Full Supply Depth m 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 13.80 0.25 0.40 0.15
11 |Free Board m 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.25 0.25 0.25 0.15
12 |Side Slope m/m 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 1.00
13 |Top Bank Level m 1459.36 || 1459.41 | 1458.86 | 1458.77 | 1458.68 | 1458.05 || 1456.70 || 1455.05 || 1454.94 | 1454.83 | 1454.35 || 1440.51 || 1440.86 | 1436.94
14 |Top Bank Width m 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.60 0.50 0.70 0.30
11 |Wall thickness of precast chamber m 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
12 |Width of Cast in Situ Concrete Head Chamber m 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
13 |Internal Height of Cast in Situ Concrete Head Chamber m 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 14.25 0.70 0.85 0.50
14 |Internal Length of Cast in Situ Caoncrete Head Chamber m 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 21.38 1.05 1.28 0.75
15 [Width of Cast in Situ Concrete D/S Chamber m 0.86 0.87 0.88 0.89 0.90 0.91 0.92 0.94 0.95 0.96 0.97 1.03 1.05 1.06
16 |Internal Height of Cast in Situ Concrete D/S Chamber m 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 14.25 0.70 0.85 0.50
17 |Internal Length of Cast in Situ Caoncrete D /S Chamber m 0.86 0.87 0.88 0.89 0.90 091 0.92 0.94 0.95 0.96 0.97 1.03 1.05 1.06
18 [Bed Width of delivery Channel m 25.85 26.85 27.85 28.85 29.85 30.85 31.85 33.85 34.85 35.85 36.85 42.85 44.85 45.85
19 |Exit Width (Length of Weir) m 25.85 26.85 27.85 28.85 29.85 30.85 31.85 33.85 34.85 35.85 36.85 42.85 44.85 45.85
Orifice turnout
20 |Length of Pipes m 25.90 26.90 27.90 28.90 29.90 30.90 31.90 33.90 34.90 35.90 36.90 42.90 44.90 45.90
21 |Internal diameter of pipe m 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.34 0.35 0.36 0.37 0.43 0.45 0.46
23 |Width of Orifice gate m 0.46 0.47 0.48 0.49 0.50 0.51 0.52 0.54 0.55 0.56 0.57 0.63 0.65 0.66
24 |Height of orifice gate m 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 14.15 0.60 0.75 0.40
25 |Elevation of top pipe m 1459.61 || 1459.29 [ 1459.03 | 1458.94 | 145843 | 1458.14 || 1456.79 | 1454.84 | 1454.74 | 1454.62 | 1454.06 | 1442.00 || 1440.79 || 1437.93
26 |Elevation of bottom pipe m 1459.35 || 1459.02 [ 1458.75 | 1458.65 | 1458.13 | 1457.83 || 1456.47 | 1454.50 | 1454.39 || 1454.26 [ 1453.69 | 1441.57 | 1440.34 || 1437.47
27 |Elevation of turnout floor m 1458.86 | 145891 [ 145836 | 1458.27 | 1458.18 | 1457.55 || 1456.20 || 1454.55 || 1454.44 | 1454.33 | 1440.10 | 1439.81 || 1440.01 | 1436.44
28 |Maximum Elevation at Top D/S Vertical Wall of D/S Chamber || m 1459.36 | 1459.41 | 1458.86 | 1458.77 | 1458.68 | 1458.05 || 1456.70 || 1455.05 || 1454.94 | 1454.83 | 1454.35 || 1440.51 || 1440.86 | 1436.94
29 |Elevation top of Pipe at Outlet Head Wall m 1459.11 || 1459.16 [ 1458.61 | 1458.52 | 145843 | 1457.80 || 1456.45 | 1454.80 || 1454.69 | 1454.58 [ 1454.00 || 1440.16 || 1440.51 || 1436.69
30 [Elevation Pipe Invert at Outlet m 1458.85 || 1458.89 [ 1458.33 | 1458.23 | 1458.13 | 1457.49 || 1456.13 | 1454.46 | 1454.34 || 1454.22 [ 1453.63 | 1439.73 | 1440.06 || 1436.23
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Table 11-3 Summary table of dimension secondary canal off take

Feasibility and Detail Design Report

SN Parameters Symbol TC-1-3 |TC-1-4 |TC-1-5 |FC-3-0-1 |[FC-3-0-2{TC-3-1|TC-3-2 |TC-3-3 |TC-3-4 |TC-3-5 |TC-3-6 |[TC-3-7

Supply canal Chainage 173.06 | 355.94 | 554.67 [ 49.83 166.30 | 279.30| 410.07 | 477.77 | 532.90 | 585.37 | 685.33 720.73
1 [Full Supply Level FSL m | 1446.91 1438.89| 1432.41| 1440.51 | 1440.37| 1439.49 1435.49| 1431.76( 1428.21| 1425.48| 1420.38 | 1418.24
2 |Full Supply Depth FSD m | 035 0.20 0.20 0.40 0.40 0.40 0.30 0.25 0.25 0.25 0.20 0.20
3 [Free Board FB m 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
4 |Side Slope SS m/m| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 |Top Bank Level TBL m | 1447.16| 1439.14( 1432.66| 1440.76 | 1440.62 | 1439.74 1435.74| 1432.01| 1428.46| 1425.73| 1420.63 | 1418.49
6 |Top Bank Width TBW m | 050 0.35 0.35 0.70 0.70 0.70 0.50 0.45 0.45 0.45 0.35 0.35
7 |Minimum Earth Cover Over Precast Non Pressure Pipe Cmin m

Offtaking Canal
8 |Design discharge of Turnout Qut m¥s| 0.05 0.03 0.05 | 0.004736|0.003481 0.03 0.04 0.037 0.04 0.048 0.055 0.036
9 |Full Supply Level FSL m | 1446.68| 1438.57| 1432.25 1440.05 | 1440.23| 1439.37 1435.3() 1431.60| 1428.00 1425.35| 1420.23 | 1418.08
10 [Full Supply Depth FSD m | 020 0.20 0.20 0.15 019 0.20 019 0.20 020 0.20 0.20 0.15
11 |Free Board FB m 0.25 0.25 0.25 0.15 0.15 0.25 0.25 0.25 0.25 0.25 0.25 0.25
12 |Side Slope SS m/m| 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
13 [Top Bank Level TBL m | 1446.93( 1438.82| 1432.50( 1440.20 | 1440.38| 1439.62| 1435.55| 1431.85( 1428.25| 1425.60| 1420.48 | 1418.33
14 |Top Bank Width TBW m 0.35 0.35 0.35 0.30 0.30 0.35 0.30 0.35 0.3 0.35 0.35 0.30
11 |Wall thickness of precast chamber 0.2 m 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
12 |Width of Cast in Situ Concrete Head Chamber 0.7 m 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
13 |Internal Height of Cast in Situ Concrete Head Chamber H Cham_U/S| m 0.65 0.65 0.65 0.50 0.50 0.65 0.60 0.65 0.65 0.65 0.65 0.60
14 |Internal Length of Cast in Situ Caoncrete Head Chamber | L_Cham_U/S| m 0.98 0.98 0.98 0.75 0.75 0.98 0.90 0.98 0.98 0.98 0.98 0.90
15 |Width of Cast in Situ Concrete D/S Chamber W_Cham_D/§ m 0.80 0.83 0.90 0.75 0.75 0.75 0.75 0.76 0.77 0.78 0.79 0.80
16 |Internal Height of Cast in Situ Concrete D/S Chamber H_Cham_D/S| m 0.65 0.65 0.65 0.50 0.50 0.65 0.60 0.65 0.65 0.65 0.65 0.60
17 |Internal Length of Cast in Situ Caoncrete D/S Chamber L Cham _D/S| m 0.80 0.83 0.90 0.75 0.75 0.75 0.75 0.76 0.77 0.78 0.79 0.80
18 (Bed Width of delivery Channel BWhc m 0.94 0.94 0.94 0.94 0.94 0.94 0.94 1.94 2.94 3.94 4.94 5.94
19 [Exit Width (Length of Weir) EW m 0.94 0.94 0.94 0.94 0.94 0.94 0.94 1.94 2.94 3.94 4.94 5.94

Orifice turnout
20 |Length of Pipes L_pipe m 0.90 0.90 0.90 0.90 0.90 0.90 0.90 1.90 2.90 3.90 4.90 5.90
21 |Internal diameter of pipe PID m 0.2 0.225 0.3 0.15 0.15 0.15 0.15 0.16 0.17 0.18 0.19 0.20
23 |Width of Orifice gate WOG m 0.40 0.43 0.50 0.35 0.35 0.35 0.35 0.36 0.37 0.38 0.39 0.40
24 |Height of orifice gate HOG m 0.55 0.55 0.55 0.40 0.40 0.55 0.50 0.55 0.55 0.55 0.55 0.50
25 |Elevation of top pipe RL_entry top| m | 1446.66| 1438.81| 1432.41| 1440.16 | 1440.02 | 1439.14] 1435.24| 1431.57| 1428.03| 1425.31| 1420.27 | 1418.14
26 |Elevation of bottom pipe RL_entry bot| m | 1446.46| 1438.59| 1432.11| 1440.01 | 1439.87|1438.99 1435.09| 1431.41| 1427.86| 1425.13| 1420.08 | 1417.94
27 |Elevation of turnout floor RL_entry tof [ m | 1446.28| 1438.17| 1431.85| 1439.70 | 1439.88 | 1438.97| 1434.95| 1431.20| 1427.60| 1424.95| 1419.83 | 1417.73
28 |Maximum Elevation at Top D/S Vertical Wall of D/S Champ@&L_exist_cresf m | 1446.93| 1438.82| 1432.50| 1440.20 | 1440.38 [ 1439.62| 1435.55| 1431.85| 1428.25| 1425.60| 1420.48 | 1418.33
29 |Elevation top of Pipe at Outlet Head Wall RL_exit_top | m | 1446.58| 1438.47| 1432.15| 1439.95 | 1440.13 | 1439.27| 1435.20| 1431.50( 1427.90| 1425.25| 1420.13 | 1417.98
30 [Elevation Pipe Invert at Outlet RL_exit_bot [ m | 1446.38| 1438.24| 1431.85| 1439.80 | 1439.98| 1439.12 1435.05| 1431.34| 1427.73| 1425.07| 1419.94 | 1417.78
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Table 11-4 Summary table of dimension tertiary canal off take

Feasibility and Detail Design Report

SN Parameters Off take cang FC-1-1-1) FC-1-1-2 FC-1-1-3} FC-1-1-4f FC-1-2-1) FC-1-2-2] FC-1-2-3} FC-1-2-4 FC-1-3-1) FC-1-3-2f FC-1-3-3| FC-1-3-4) FC-1-3-5| FC-1-4-1f FC-1-4-2| FC-1-4-3] FC-1-4-4) FC-1-5-1f FC-1-5-2) FC-1-5-3

Supply canal Chainage 7428 || 131.66 | 210.70 | 294.19 | 31.92 118.10 | 192.94 | 279.77 | 68.73 | 200.25 || 313.25 | 417.46 | 496.75 | 50.83 | 139.36 | 218.42 | 346.04 | 95.07 || 192.68 | 544.11
1 Full Supply Level FSL 145348 || 145342 || 1453.33 | 1453.24 | 1453.90 | 1453.69 | 1453.62 | 1453.10 | 1446.54 | 1446.17 | 1445.78 | 1445.47 | 1445.19 | 1438.52 | 1438.43 || 1437.96 || 1437.65| 1432.03 | 1431.74 | 1430.86
2 ||Full Supply Depth FSD m 020 | 0.20 0.20 0.20 0.25 020 | 020 | 015 020 | 015 0.15 0.15 0.15 020 | 020 | 015 020 | 0.20 0.15 0.15
3 |FreeBoard FB m 0.15 0.15 0.15 0.15 0.15) 0.15) 0.15 0.15 0.15 0.15 0.15] 0.15) 0.15) 0.15) 0.15) 0.15 0.15 0.15 0.15 0.15]
4 [Side Slope SS m/m 1.00) 1.00) 1.00) 1.00] 1.00] 1.00) 1.00) 1.00) 1.00) 1.00) 1.00) 1.00] 1.00] 1.00) 1.00) 1.00) 1.00) 1.00) 1.00) 1.00)
5  [TopBank Level TBL m 1453.63| 1453.57| 1453.48| 1453.39] 1454.05| 1453.84| 1453.77| 1453.25] 1446.69| 1446.32) 1445.93| 1445.62| 1445.34| 1438.67| 1438.58| 1438.11) 1437.80] 1432.18] 1431.89 1431.01
6 |Top Bank Width TBW m 030 | 035 0.35 0.35 0.40 035 | 035 030 | 035 0.30 0.30 0.30 0.30 035 | 035 | 030 | 035 0.35 0.30 0.30
7 Minimum Earth Cover Over Precast Non Pressure Pipe Cmin m

Offtaking Canal
8 Design discharge of Turnout Qo m3/s 0.02 0.0 0.0 0.0 0.00 0.02 0.0 0.0 0.03 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0%) 0.01 0.03 0.01
9 Full Supply Level FSL m 1453.33 || 1453.27 | 1453.18 | 1453.09| 1453.75| 1453.54 | 1453.47 | 1452.95| 1446.39 | 1446.02 | 1445.63 | 1445.32| 1445.04 | 1438.37 || 1438.28 | 1437.81| 1437.50 | 1431.88 || 1431.59 | 1430.71
10 [Full Supply Depth FSD m 0.19 0.19 0.1 0.15 0.15 0.15 0.15 0.15 0.1 0.19 0.19 0.1 0.15 0.15 0.15 0.15 0.19 0.19 0.19 0.15
11  |Free Board FB m 0.15 0.15 0.15) 0.15) 0.15) 0.15) 0.15 0.15 0.15 0.15 0.15) 0.15) 0.15) 0.15) 0.15) 0.15 0.15 0.15 0.15) 0.15]
12 |Side Slope SS m/m 1.00) 1.00) 1.00) 1.00) 1.00] 1.00) 1.00) 1.00) 1.00) 1.00) 1.00) 1.00) 1.00] 1.00 1.00) 1.00) 1.00) 1.00) 1.00) 1.00)
13 [Top Bank Level TBL m 1453.48| 1453.42) 1453.33| 1453.24) 1453.90] 1453.69] 1453.62] 1453.10] 1446.54] 1446.17| 1445.78] 1445.47| 1445.19] 1438.52| 143843 1437.96] 1437.65| 1432.03] 1431.74| 1430.86)
14 |Top Bank Width TBW m 0.30 0.30 0.30 0.30) 0.30) 0.30) 0.30 0.30 0.30 0.30 0.30 0.30) 0.30] 0.30) 0.30) 0.30 0.30 0.30 0.30 0.30
11  |Wall thickness of precast chamber 0.20 m 0.20 0.20 0.20) 0.20) 0.20) 0.20) 0.20 0.20 0.20 0.20 0.20) 0.20) 0.20) 0.20) 0.20) 0.20 0.20 0.20 0.20 0.20)
12 |Width of Cast in Situ Concrete Head Chamber 0.70 m 0.70 0.70 0.70) 0.70) 0.70) 0.70) 0.70 0.70 0.70 0.70 0.70) 0.70) 0.70) 0.70) 0.70) 0.70 0.70 0.70 0.70 0.70)
13 |Internal Height of Cast in Situ Concrete Head Chamber H_Cham_U/S |m 0.50 0.50) 0.50) 0.50) 0.50) 0.50) 0.50 0.50 0.50 0.50) 0.50) 0.50) 0.50) 0.50) 0.50) 0.50 0.50 0.50) 0.50) 0.50)
14 |Internal Length of Cast in Situ Caoncrete Head Chamber L_Cham_U/S |m 0.75 0.75 0.75] 0.75) 0.75) 0.75) 0.75 0.75 0.75 0.75 0.75] 0.75) 0.75) 0.75) 0.75) 0.75 0.75 0.75 0.75) 0.75]
15  |Width of Cast in Situ Concrete D/S Chamber W_Cham_D/S |m 0.75 0.75) 0.75) 0.75) 0.75) 0.75) 0.75 0.75 0.75 0.75) 0.75) 0.75) 0.75) 0.75) 0.75) 0.75 0.75 0.75 0.75) 0.75)
16  |Internal Height of Cast in Situ Concrete D/S Chamber H_Cham_D/S |m 0.50 0.50 0.50) 0.50) 0.50) 0.50) 0.50 0.50 0.50 0.50 0.50) 0.50) 0.50) 0.50) 0.50) 0.50 0.50 0.50 0.50 0.50)
17  |Internal Length of Cast in Situ Caoncrete D/S Chamber L_Cham_D/S |m 0.75 0.75 0.75) 0.75) 0.75) 0.75) 0.75 0.75 0.75 0.75 0.75) 0.75) 0.75) 0.75) 0.75) 0.75 0.75 0.75 0.75) 0.75)
18  [Bed Width of delivery Channel BWp m 0.30 1.30) 2.30) 3.30) 4.30 5.30) 6.30) 7.30) 8.30) 930] 1030f 11.30) 1230f 13.30f 14.30f 15.30f 1630f 17.30) 1830 19.30)
19  [Exit Width (Length of Weir) EW m 0.30 1.30 2.30 3.30 4.30) 5.30 6.30) 7.30) 8.30 9300 1030f 11.30) 1230 13.30f 1430f 1530f 1630f 17.30) 1830 19.30

Orifice turnout
20  [Length of Pipes L_pipe m 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 0.95 | 0.95
21 |Internal diameter of pipe PID m 0.15 0.15 0.15] 0.15) 0.15) 0.15) 0.15 0.15 0.15 0.15 0.15) 0.15) 0.15) 0.15) 0.15) 0.15 0.15 0.15 0.15) 0.15)
23 |Width of Orifice gate WOG m 0.35 0.35 0.35) 0.35) 0.35) 0.35) 0.35 0.35 0.35 0.35 0.35) 0.35) 0.35) 0.35) 0.35) 0.35 0.35 0.35 0.35) 0.35)
24 [Height of orifice gate HOG m 0.40 0.40 0.40 0.40 0.40 0.40) 0.40 0.40 0.40 0.40 0.40 0.40] 0.40] 0.40) 0.40) 0.40 0.40 0.40 0.40 0.40]
25 |Elevation of top pipe |RL_entry_top |m 1453.33] 1453.27) 1453.18] 1453.10) 1453.70] 1453.54] 145347 1453.01] 1446.39] 1446.08] 1445.68] 1445.37] 1445.09] 1438.37| 1438.28) 1437.86] 1437.50| 1431.88] 1431.64] 1430.76]
26 ||Elevation of bottom pipe ||RL_entry_bot m 1453.18] 1453.12) 1453.03| 1452.94] 1453.55] 1453.39] 1453.32] 1452.85] 1446.24] 1445.92] 1445.53" 1445.22) 1444.94| 1438.22) 1438.13] 1437.71| 1437.35] 1431.73] 1431.49] 1430.61]
27  ||Elevation of turnout floor ||RL,entry,tof m 1452.98) 1452.92| 1452.83] 1452.74 1453.40] 1453.19| 1453.12) 1452.60 1446.04| 1445.67 1445.28" 1444.97| 1444.69] 1438.02) 1437.93 1437.46] 1437.15] 1431.53] 1431.24] 1430.36)
28 [Maximum Elevation at Top D/S Vertical Wall of D/S Chamber ||RL_exist_crest m 1453.48| 1453.42) 1453.33| 1453.24| 1453.90] 1453.69| 1453.62] 1453.10 1446.54] 1446.17 1445.78" 1445.47| 1445.19] 1438.52| 143843 1437.96] 1437.65| 1432.03] 1431.74| 1430.86)
29 |Elevation top of Pipe at Outlet Head Wall IIRL_exit_top m 1453.23| 1453.17) 1453.08] 1452.99) 1453.65] 1453.44] 1453.37] 1452.85] 1446.29] 144592 l445.53|| 1445.22) 1444.94| 1438.27| 1438.18] 1437.71| 1437.40] 1431.78| 1431.49] 1430.61]
30 [Elevation Pipe Invert at Outlet ||RL_exit_bot m 1453.08] 1453.02] 1452.93" 1452.84] 145349 1453.29] 1453.21] 1452.70| 1446.14] 1445.77 1445.38" 1445.06] 1444.79] 1438.12) 1438.03] 1437.56] 1437.25] 1431.63| 1431.34] 1430.46)
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Worbate Earth Dam and Appurtenance Structures

Table 11-5 Summary table of dimension tertiary canal off take

Feasibility and Detail Design Report

Off take cand)

SN Parameters FC-2-1-1) FC-2-1-2) FC-2-1-3 FC-2-1-4f FC-2-1-5f FC-2-2-1f FC-2-2-2) FC-2-3-1) FC-2-3-2 FC-2-3-3 FC-2-3-4f FC-2-3-5| FC-2-3-6f FC-2-4-1} FC-2-4-2 FC-2-4-3) FC-2-5-1f FC-2-5-2| FC-2-5-3 FC-2-5-4

Supply canal Chainage 97.22 | 20499 | 487.83 | 58328 | 686.06 | 173.21 | 26251 | 32.01 f 117.19 | 189.30 | 26399 | 34347 | 47325 | 59.88 | 128.60 | 212.18 | 46.93 | 12544 | 214.95 | 299.80
1 [Full Supply Level FSL 143955 1439.22 ) 1438.80| 1438.55 | 143850 | 1439.83 | 1439.74| 1434.93| 1434.76 | 143456 | 143441 | 1434.25| 1433.77| 1434.88| 1434.48| 1434.05| 1428.82 | 1428.63 | 142854 | 1428.05
2 [Full Supply Depth FsD 020 | 015 | 015 | 015 | 020 | 020 § 020 | 020 | 020 | 020 | 020 | 020 § 020 | 020 | 015 | 015 | 020 | 020 | 020 | 045
3 [FreeBoard FB n 0450 oas] o1s] oas] o1s] o1 oas)  oas] os] oas] oas] 015 oas)  oas]  o1s]  oas] oas] oas]  o1s) o
4 [sideSlope 55 mm|  100] 100} 100l 100] 0ol ool roof 1oo] 1oo] 100] 10o] 0] ool 1oo] 1ol 100] 100l oo ool 100
5 [TopBank Level TBL 1439.70] 143937] 1438.95] 1438.70] 1438.65| 1439.98] 1439.89| 1435.08] 1434.91] 1434.71| 143456] 1434.40] 143392 1435.03] 1434,63] 1434.20] 142897] 1428.78] 142869 142820
6 |Top Bank Width TBW 035 | 030 | 030 | 030 | 030 | 035 [ 035 | 035 | 035 | 035 ] 035 | 035 | 035 | 035 | 030 [ 030 | 035 | 035 | 035 | 030
7 [Minimum Earth Cover Over Precast Non Pressure Pipe Cmin m

Offtaking Canal
8 |Design discharge of Tunout Qs m's|] ool ood oo oof oo ood oo oo oof oo oo oof oo o0d ood 00 oo oof oo ood
9 |Full Supply Level FSL m 1439.40{ 1439.07 ) 1438.65| 143840 | 1438.35 | 1439.68 | 1439.59| 1434.78| 1434.61| 143441 143426 | 1434.10 | 1433.62| 1434.73| 1434.33| 1433.90| 1428.67 | 142848 | 1428.39| 1427.90
10  {Full Supply Depth FSD m 0.19 0.15 0.19 0.19 0.19 0.19 0.15 0.1 0.19 0.15 0.19 0.19 0.15 0.19 0.19 0.19 0.19 0.19 0.19 0.19
11 [FreeBoard FB n 0450 oas] o1s] oas] oas] 015l oas)  oas] o1s] oas] oas] 015 oas)  oas]  o1s]  oas] oas] oas] 015 o
12 [side Slope 55 mm|  100] 100} 100l 100] 100l ool roof 1oo] 1o00] 100l 100] 10of ool 1oo] 1ol 100] 100l ool ool 100
13 |Top Bank Level TBL. [ 143955] 1439.22] 143880] 1438.55] 1438.50] 1439.83] 1439.74] 1434.93] 1434.76] 1434.56] 1434.41] 1434.25] 1433.77] 1434.88] 1434.48] 143405] 1428:82] 142863] 142854] 1428.5
14 [Top Bank Width TBW m 0300 030] o030l o30] 03] 03] o30] o30] o30] o30] o30] o3] o300 o030] o030] o30] o30] 03] 03] 030
11 [Wallthickness of precast chamber 020 n 0200 020] o20] 020l o20] 2] o2o] o2o] o2o] 020l o20] o2 oao] o2o] o2o] 020l o20] 020 020] 029
12 JWidth of Cast n Situ Concrete Head Chamber 070 n 0700 o7l ozl ozl ozl ozl ozl ono] ozl ozl ozl ozl ozl on] ozl ozl o] oz on] o
13 Jinternal Height of Cast n Situ Concrete Head Chamber H_Cham U/S [m 0500 o050l oso] osof oso] osof osof oso] osol oso] oso] oso] osol oso] osol oso] oso] oso] o050l 050
14 [Internal Length of Cast in Situ Caoncrete Head Chamber L Cham U/S |m 075 0.75 0.75 075 0.75 0.75 075 0.75) 0.75 0.75 0.75) 075 0.75 0.75 075 0.75) 0.75 075 0.75) 0.75
15 JWidth of Cast n Situ Concrete D/S Chamber W _Cham D/S Jm 2 YR G G G G E B G G O G E S G G I Y Y
16 |internal Height of Castin Situ Concrete D/S Chamber H_Cham_D/S |m 0500 o050l osol oso] oso] osof osof oso] osol oso| osol oso] osol oso] osof oso] oso] oso] osol 050
17 {Internal Length of Cast in Situ Caoncrete D/S Chamber L_Cham_D/S fm 075 0750 0750 0750 075] 075 075 075f 075 0750 0750 075 075] 0750 075 075 075 075 0.75( 075
18 [Bed Width of delivery Channel By m | 20300 2130] 2230] 2330 2430] 2530 26300 2730] 2830] 2030 3030] 3130] 3230] 3330] 3¢30] 35300 3630] 3730 3830] 3930
19 Jexit Width (Length of Weir) Ew m | 2030] 2130] 2230] 2330] 2430] 2530 2630] 27300 2830] 2030] 3030] 3130 3230] 33300 3430] 3530] 3630] 3730] 38300 3930

Orifice turnout
20 Length of Pipes L. pipe m | 095 | 095 095 ] 095 ] 095 ] 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 0.95 | 095 | 095 | 095 | 095 | 095 | 0.95
21 Jinternal diameter of pipe PID n 015 oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas
23 [width of Orifice gate oG n 0350 035] 035 03] o3s] 03] 03] o3s] 035 o35 03] 03] 03] o3s] 035 o3s] 03] 03] 03] 03
24 Jheight of orifice gate HoG m 040] 040] o4l o40] o40] oso] oso] o04o] o4l os0] o40] oso] oso] o0s] o4] o] os0] oao] o0s] 049
25 [Blevation of top pipe RL entry_top [m | 1439.40] 1439.12] 1438.70] 1438.45] 1438.35] 1439.68] 1439.59] 143478] 143461] 1434.41] 143426] 1434.10] 1433.62] 143473] 1434.38] 1433.96] 1428.67] 1428.48] 142839 142795
26 [Blevation of bottom pipe JRL entry bot Jm ] 1439.25] 1438.97] 1438.55] 1438.30] 1438.20] 1439.53] 1430.44] 1434.63] 143446] 1434.26] 1434.11] 143395] 1433.47] 1434.56] 143423] 1433.80] 1428.52] 142833] 1428.24] 1427.80
27 JElevation of turnout floor JRL entry tof Jm ] 1430.05] 1438.72] 143830] 1438.05] 1438.00] 1439.33] 1439.24] 143443] 1434.26] 1434.06] 143391] 1433.75] 1433.27] 143439] 1433.98] 1433.55] 142832] 1428.13] 142804] 142755
28 [Masimum Elevation at Top D/ Vertical Wall of D/ Chamber  JRL exist crest [m ] 1439.55] 1439.22] 14368.80] 1438.55] 1438.50] 1439.83] 1439.74] 1434.93] 1434.76] 143456] 143441] 1434.25] 1433.77] 1434.88] 143448] 1434.05] 1428.87] 1426.63] 142854] 142805
29 Btevation top of Pipe at Outlet Head Wall [RLexittop Jm ] 1439.30] 1438.97] 1438.55] 1436.30] 1438.25] 1439.56] 1439.49] 1434.68] 143451] 1434.31] 1434.16] 1434.00] 143352] 1434.63] 1434.23] 1433.80] 1428.57] 1428.36] 1428.29] 142780
30 [Elevation Pipe Invertat Outlet [RL exit bot Jm ] 1430.15] 1438.82] 1438.39] 1436.15] 1438.09] 1439.43] 1439.34] 1434.53] 1434.3¢] 1434.16] 143401] 143385] 1433.37] 1434.48] 1434.08] 1433.65] 142842] 1428.23] 1428.14] 142765
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Worbate Earth Dam and Appurtenance Structures

Feasibility and Detail Design Report

Table 11-6 Summary table of dimension tertiary canal off take

SN Parameters Offtake cang | Fc-2:5: rc-2:6-4] Fe-2:6:9] o263 Fo3-1-1] Fo31-9 Fo34-9 Fo31-4) Fo31.5] FC-32-] FC-32-d FC-32d FC-3:24 FC-3:25| Fe-3-24 FC-3:3-4 FC-3:3 FC-3-3 FC-3:34 FC-3:35

Supply canal Chainage 38649 | 3769 | 11382 [ 18655 | 2183 | o086 | 17411 ] as007 [ asoar ] 9778 [ 1re.12] 28180 3790.47] 46393 [ s3680] 3860 | 127.09] 21534 ] 3082 | 37683
1 [Full Supply Level FSL 142784 1428.39| 1427.96 | 1427.75| 1439.35 | 1439.27| 1439.20| 1438.97 | 1438.88 | 1434.91| 1434.63| 143456 1434.46] 1433.99 | 1433.63) 1431.56] 1431.45]) 1431.23) 1430.79| 1430.40
2 [Full Supply Depth FsD 020 | 020 | 045 | 015 | 020 | 020 | 020 | 020 | 020 | 015 | 015 | 020 | 020 | o015 | 015 | 020 [ 020 | 015 | 015 | 045
3 [FreeBoard FB n o1s] o] oas] oas] oad oas] o1s] o1s] oas]  o1s] o5 o] o [R5 RS CRE E S
4 JsideSlope 55 mm] 100l tof] vl toof too] tool ool woo] wool 1oo] 1off 1o 100 1] w0t too] too]  1oo] 19
5 [TopBankLevel TBL 1427.99] 142854] 1428.1] 1427.90] 1430.50] 1439.42] 143935] 1439.12] 1430.03] 1435.06] 143478 143471] 143461])  1434.14] 143378] 143171) 143160] 143138] 143094] 143055
6 [TopBank Width TBW 035 | 035 [ 030 | 030 | 035 [ 035 | 035 | 035 | 035 | 030 | 030 | 035 | 035 | 030 | 030 | 035 [ 035 | 030 | 030 | 030
7 [Minimum Earth Cover Over Precast Non Pressure Pipe Cmin m

Offtaking Canal
8 |Design discharge of Turnout 0y /s 0o oo 003 00§ oo oo o003 00 oof oo 004 00} 001 004 004 004 00] 00§ 001 0.0
9 [Full Supply Level FSL m 1427.69 | 1428.24 1427.81 | 1427.60 | 1439.20 1439.12| 1439.05 | 1438.82| 1438.73 | 1434.76 | 1434.48 | 143441 | 143431 143384 | 143348 143141 | 1431.30 | 1431.08 | 1430.64 | 1430.25
10 [Full Supply Depth FSD m 0.15 0.15 0.15 0.15 0.19 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.19 0.19
11 [FreeBoard B n o1s] oas] oas] oas] oas] o1l o1 oas] o1s] o1s] o] oas] os o1s] oas] oas] o] oas]  oas] o
12 [side Slope 5s mm] ool ool rool 1ol 1odl toof toof 1oo] zoo] ool woo] woo] 100 woo] 1ol ot roof o] 1oo] 19
13 [Top Bank Level TBL | 1427.84] 1428.39] 1427.9¢] 1427.75] 143935 143927] 1439.20] 1438.97] 143388] 1434.91] 1434.63] 143456 143446] 143399] 143363] 143156] 143145 143123] 143079] 143049
14 [Top Bank Width TBW n 030] o3l o3l 03] o3 o3o] 03] o30] os0] o3 o30] o3] o3] o3l o30] 03] o30] 03] 03] 03
11 JWallthickness of precast chamber 0.20 n 0200 0200 o20] 020l o] oz0] 020 o20] o2o] o2o] o2o] o2o] o2o] o2 o2 o2 o2o] o2o] o2 020
12 Jwidth of Cast n Situ Concrete Head Chamber 0.70 n ool ozl ozl ozl ool or] ol ozl om0z or] ol ozl o] om] o] o] on] o] o
13 |Internal Height of Cast in Situ Concrete Head Chamber H_Cham U/S |m 050 050 050f 050f 050f 050f 050§ 050 050f 050 050 0.50) 0.50) 050] 050 0.50) 050] 050 0.50) 0.50)
14 Jinternal Length of Castin Situ Caoncrete Head Chamber I Cham U/S_Jm G G G G Y Y2 Y Y S G G G G G G O Y
15 JWidth of Cast in Situ Concrete D/S Chamber W_Cham D/$ [m IS O O E O E I S S S G G G I G B G E
16 [internal Height of Cast in itu Concrete /S Chamber H_Cham /S [m os0] oso] oso] osof sl osof oso] oso] oso] oso] oso] oso] 050 os0] oso] osof osof oso]  osq]  os0
17 Jinternal Length of Cast n Situ Caoncrete D/S Chamber I Cham D/S Jm R E G R G Y Y G Y G R E I Y G Y G
18 [BedWidthof delivery Channel bW, In | w0s] a3 s snsd] sesd] asao] ee30] wra] s3] 03] s3] sisd sasd ;a0 s s sesd szad ses] ses
19 JExit Width (Length of Weir) W m | 03] 0] 4230] a330] wa30] 4530 4e30] 4730] 4@30] eos0] soso] suso] sa3]  s330] sa30] 553l se30] 5730 se30] 593

Orifice turnout
20 [Length of Pipes L pipe m | 095 ] 095 ] 095 ] 095 ] 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095
21 Jinternal diameter of pipe PID n o1s] oas] oas] oas] oas] oas] o1 oas] oas] o1s] o] oas] os o1s] oas] oas] o] oas]  oas] o
23 [Width of Orifice gate WG n 035 03] 03] o3 03] 03] 03] 03] o03s] o035 035 o035 03 035 03] 03] o3 03s 03] 033
24 [Height of orifice gate JHoc n 040] o4l odo] s oad os] oso] os] oa] oso] os] os0] 040 040]  o40] odo] oao] s oad] 040
25 [Blevation of toppipe [RLentry top fm T 1427.69] 142825 1427.86] 1427.65] 1439.20] 1439.12] 1439.05] 143882] 1438.73] 143481] 143453] 14364] 143431 143389 143353 1431.41] 1431.30] 1431.13] 1430.69] 143030]
26 [Elevation of bottom pipe Rt entry bot fm T 142754] 142809] 1427.71] 1427.50] 1439.05] 1438.97] 1436.90] 1438.67] 1438.58] 143466 143438] 143426] 143016]  143374] 143336 1431.26] 1431.15] 1430.98] 143054 1430.15]
27 [Blevation of turnout loor R entry tof Jm T 142734] 142789 1427.46] 1427.25] 143885] 1438.77] 1438.70] 1438.47] 143830] 143441] 143413] 143406] 143396] 143349 143313 1431.06] 143095 1430.73] 1430.29] 142990]
28 Maximum Elevation at Top D/S Vertical Wall of /S Chamber  RL exist_crest [m | 1427.84] 1428.39] 1427.96] 1427.75] 143935] 1439.27] 1439.20] 1438.97] 1438.88] 143491] 143463] 143456] 143446] 143399 143363 1431.56] 1431.45] 1431.23] 1430.79] 1430.40]
29 [Elevation top of Pipe at Outlet Head Wall [Reittop Jm T 142759] 1428:14] 1427.71] 1427.50] 1439.10] 1430.02] 1438.95] 1438.72] 1438.63] 143466 143430] 143431] 143021 143374] 14333] 143131] 1431.20] 143098] 143054 1430.5]
30 [Blevation Pipe Invert at Outlet IR exitbot Jm T 1a2744] 142799 142756 142734 1438.95] 1438.87] 1438.79] 1438.5] 143848 143451] 143423] 143415] 143606]  143356] 143323 1431.16] 1431.05] 143082] 1430.39] 1430.00]
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Worbate Earth Dam and Appurtenance Structures

Table 11-7 Summary table of dimension tertiary canal off take

Feasibility and Detail Design Report

S Parameters offtake cand [ rc-3-34rc-33rc-34]re-a4drcaadrcsad reas]reasdreasdreasd reasdreasres6 ] re-a6drea6drc3 1 reard res7drea 1 rea 1 Fear-

Supply canal Chainage 43467 56166 ] 19032 265.37] 36781 ] 479.98] 45.00 | 120.90] 19830 ] 269.97] 366.22] 4g5.49] 3270 | 11690] 23384 ] 3982 | 110.78] 20949] 309.5] 37234 ] 47641
1 Trull Supply Level FsL 1430.32] 1430.13] 1427.73] 1427.63] 1427.04] 1426.92] 1425.26] 1425.03] 1424.88] 1424.47] 1424.13] 1423.79] 1420.14] 1419.85] 1419.31] 1417.92] 1417.60] 1417.33] 1417.18] 1416.81] 141656
2 JFull Supply Depth FsD 015 | 045 [ 020 | 020 | 015 ] 020 | 020 | 045 | 020 § 045 | 015 | 045 | 020 | 045 | 045 | 045 | 045 | 015 | 020 | 045 | 020
3 [FreeBoard FB o1s] oas] a5 oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] oas] o] oas] oas] oas]  oas] o] o
4+ Jside Slope 5s mm] 1000 100] roo] ool woof toff 1ol woo] ool soof 1oof 1oo] woo] ool soof 1ol roof woo] o] 1oof 100
5 [TopBank Level TBL 143047] 143028] 1427.88] 1427.78] 1427.19] 1427.07| 142541] 1425.18] 1425.03] 1424.62] 142428) 142394] 1420.29] 1420.00] 1419.46| 141807] 1417.75] 1417.48] 141733] 141696 141671
6 [Top Bank Width TBW 030 | 030 | 035 | 035 [ 030 ] 030 | 035 | 030 | 035 § 030 | 030 | 030 | 035 | 030 | 030 | 030 | 030 | 030 | 035 | 030 | 030
7 [Minimum Earth Cover Over Precast Non Pressure Pipe Cmin m

Offtaking Canal
8 |Design discharge of Turnout Qs m's| 004 oof oo oof o0of o004 oof oof oof ool ood ood oo oof oof o004 oof oof oo o0of o0l
9 [Full Supply Level FSL m 1430.17( 1429.98| 1427.58 | 1427.48| 1426.89 | 1426.77| 1425.11| 1424.88 | 1424.73 | 142432 | 1423.98 | 1423.64 | 1419.99 | 1419.70 | 1419.16 | 1417.77 | 141745| 1417.18] 1417.03| 1416.66 | 1416.41
10 {Full Supply Depth FSD m 0.19 0.19 0.19 0.15 0.15 0.19 0.19 0.19 0.19 0.19 0.15 0.15 0.15 0.19 0.19 0.19 0.19 0.1 0.15 0.15 0.19
11 [FreeBoard FB n o1s] oas] o1s] oas] oas] o1s] oas] oas] oas] oas] 015 oas] oas] oas] oas] oas] o1s] oas] oas] o5 o
12 [sideSlope 5s mm] 100l too] roo] ool toof toff 1oo] woo] ool o] 1oof 1oo] woo] ool toof 1oo] 1ol woo] o] 1oof 100
13 [Top Bank Level B | 1430.32] 1430.3] 1427.73] 1427.63] 1427.04] 1426.92] 1425.26] 1425.03] 142486] 142447] 1424.13] 1423.79] 142014] 141985 1419.31] 1417.92] 1417.60] 1417.33] 1417.18] 141681] 141656
14 [Top Bank Width TBW n 030] o30] o3l o30] o30] 3] o30] o30] o30] o3l o30] o30] 03] o030] o30] o30] o3 o3[ o30] o030] 039
11 [Wal thickness of precast chamber 0.20 n 0200 o020l o20] o20] o020l oz0] o2o] o020l ozl o2 o20] 020l o20] o20] o20] o20] o2l o20] 020] 020] 02
12 [Width of Cast in Situ Concrete Head Chamber 0.70 n o7o] ool ozl on] ozl ozl ozl or] ozl ozl om] oz ozl ozl ozl o] ozl om] o] o7] o
13 [Internal Height of Cast in Situ Concrete Head Chamber H_Cham_U/S |m 0.50 0.50) 0.50) 050] 050 0.50 0.50] 0.50) 0.50) 0.50) 0.50) 0.50 0.50 0.50) 0.50) 0.50 050 050 0,50 0.50 0.50
14 |Internal Length of Cast in Situ Caoncrete Head Chamber L Cham_U/S |m 0750 075 075 075 075] 075) 075 075 0750 075] 0750 075 075 0750 075 0750 075 075 075 075 075
15 [Width of Cast in Stu Concrete D/S Chamber W_Cham_D/S [m [ RS 2 E G Y S 2 I G S YE Y G Y S Y B G S Y
16 Jinternal Height of Cast in St Concrete D/S Chamber H_Cham D/S [m oso] oso] oso] osol oso] oso] oso] osol oso] oso] osol oso] osq] oso] oso] oso] osl oso] oso] oso] o050
17 Jinternal Length of Castin Situ Caoncrete D/S Chamber I Cham D/S_m ors] ozl ozl ors] oms] ors] ozl ors] ors] o] om0zl ors] oms] ozl or] ors] ors] oms] om0
18 [Bed Width of delivery Channel B m | 6030 6130] 6230] e330] 6430] 65300 6630] 6730 e830] 6930] 70300 7130] 7230 7330] 7430] 75300 7630] 77.30] 7830 7930] 8030
19 JExit Width (Length of Weir) EW m | o030l 6130] e230] e330] e430] 6530] 6630 er0] es3o] 03] 7030 7130 7aso] 7aso] 73] 753l 7630 77l 7e30] 7930 030

Orifice turnout
20 [Length of Pipes L. pipe m | 095 | 095 ] 095 ] 095 095 | 095 | 0.95 ] 095 | 095 | 095 | 095 | 0.95 | 0.95 | 095 | 095 | 095 | 0.95 | 095 | 095 | 095 | 095
21 Jinternal diameter of pipe PID n o1s] oas] o15] oas] oas] o1s] oas] oas] oas] oas] o1s] oas] oas] oas] oas] oas] o1s] oas] oas] o5 o
23 width of Orifice gate woc n 03s] 03] 03] 03] 03] 03s] 03] 03] 03] o35 03] 03] 03] 03] 03] 03] 03] 03] o3s] 035 03
24 JHeight of orifice gate JHog n o40] 040] oao] s odo] oso] oso] sl o040 o4l oso] oso] s oso] oso] os] oso] s o] o0s] 04
25 [Elevation of top pipe IR entry top [m | 1430.22] 1430.03] 1427.59] 1427.48] 142694 1426.77] 1425.11] 142493 142473 142437] 1424.03] 1423.69] 141999 1419.75] 1419.20] 1417.82] 1417.50] 1417.29] 1417.03] 141671] 141641
26 [Elevation of bottom pipe [RL_entry bot [m | 1430.07] 1429.86] 1427.43] 1427.33] 142679 1426.62] 14249¢] 1424.78] 142456] 142422 142388] 1423.54] 1419.84] 1419.60] 1419.06] 1417.67] 1417.35] 1417.08] 1416.88] 141656] 141626
27 [Elevation of turnout floor R entry tof [m | 142982] 1409.63] 1427.23] 1427.13] 1426.54] 142642] 14047¢] 142453] 142436] 142397 1423.63] 1423.29] 1419.64] 141935 141881] 1417.42] 1417.00] 1416,83] 1416.68] 141631] 141606
28 [Maximum Elevation at Top D/ Vertical Wall of D/S Chamber _ |RL exist crest Jm | 1430.32] 1430.13] 1427.73] 1427.63] 1427.04] 1426.92] 1425.26] 1425.03] 1424.86] 1424.47] 1424.13] 142379] 1420.4] 141985] 141931] 1417.92] 1417.60] 1417.33] 1417.18] 141681] 141656
29 [Elevation top of Pipe at Outlet Head Wall [RLexittop [m | 143007] 1409.88] 1427.48] 1427.38] 1426.79] 142667 1425.01] 1424.78] 142463 142422] 1423.88] 1423.54] 141989 1419.60] 1419.06] 1417.67] 1417.35] 1417.08] 141693] 14165¢] 141631
30 [Flevation Pipe Invert at Outlet Riexitbor Jm | 1429.92] 1420.72] 1427.33] 1427.23] 1426.64] 142657] 142486] 142463 14248] 1424.07] 1423.73] 142338] 1419.74] 141944] 141891 141752] 1417.20] 141693 141678] 141641] 141616
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11.2.2 Drop Structures

The economical drop size is designed on Worbate small scale irrigatjentp&ince secondary
canals are aligned across the contour, the numbers of drops are increased. Typical drawing is
prepared with table of dimensions. Table below shows the hydraulic design of all drops.

Table 11-8 Summary table of dimension for vertical drop on secondary canal

L. of .
S.no| Canal | chainage he%rr?t‘()m) Q(m¥sec.) | B(canal) | d(Flow) | D(m) stil!ing B(m) hei;ITt(m) prI(;:-e(tL:Jt/iin) pr(l;tze(gt/ijn)
basin(m)

1 SC-1 20.0d 1.00 0.079 0.50 0.35 0.45 1.90 0.60 0.20 1.50 1.50
! 60.0( 1.50 0.079 0.50 0.35 0.45 2.30 0.60 0.20 1.50 1.50
! 80.0( 1.25 0.079 0.50 0.35 0.45 2.10 0.60 0.20 1.50 1.50
" 100.0( 0.75 0.079 0.50 0.35 0.45 1.60 0.60 0.20 1.50 1.50
! 120.0( 1.50 0.079 0.50 0.35 0.45 2.30 0.60 0.20 1.50 1.50
! 140.01 0.80 0.079 0.50 0.35 0.45 1.70 0.60 0.20 1.50 1.50
" 180.0( 1.25 0.035 0.35 0.20 0.30 1.60 0.40 0.20 1.50 1.50
! 200.0 1.50 0.035 0.35 0.20 0.30 1.70 0.40 0.20 1.50 1.50
! 240.0 1.50 0.035 0.35 0.20 0.30 1.70 0.40 0.20 1.50 1.50

280.0¢ 1.25 0.035 0.35 0.20 0.30 1.60 0.40 0.20 1.50 1.50
! 300.0 1.50 0.035 0.35 0.20 0.30 1.70 0.40 0.20 1.50 1.50
" 355.94 1.50 0.025 0.35 0.20 0.30 1.70 0.30 0.20 1.50 1.50
! 400.0( 1.50 0.025 0.35 0.20 0.30 1.70 0.30 0.20 1.50 1.50
! 460.0 1.50 0.025 0.35 0.20 0.30 1.70 0.30 0.20 1.50 1.50
" 500.0¢ 1.50 0.025 0.35 0.20 0.30 1.70 0.30 0.20 1.50 1.50

2 SC-2 18.1] 1.75 0.085 0.50 0.25 0.35 2.10 0.60 0.20 1.50 1.50
! 40.0( 0.50 0.085 0.50 0.25 0.35 1.20 0.60 0.10 1.50 1.50
! 60.0( 0.75 0.085 0.50 0.25 0.35 1.40 0.60 0.10 1.50 1.50
! 140.01 1.05 0.085 0.50 0.25 0.35 1.70 0.60 0.20 1.50 1.50
! 180.0( 1.25 0.070 0.50 0.25 0.35 1.80 0.50 0.20 1.50 1.50

200.0¢ 1.25 0.070 0.50 0.25 0.35 1.80 0.50 0.20 1.50 1.50
! 220.0 1.25 0.070 0.50 0.25 0.35 1.80 0.50 0.20 1.50 1.50
" 240.0¢ 0.50 0.070 0.50 0.25 0.35 1.10 0.50 0.10 1.50 1.50
! 280.0¢ 0.50 0.070 0.50 0.25 0.35 1.10 0.50 0.10 1.50 1.50
! 300.0 0.75 0.070 0.50 0.25 0.35 1.40 0.50 0.10 1.50 1.50

3 SC-3 180.0( 0.75 0.111 0.70 0.40 0.50 1.70 0.70 0.20 1.50 1.50
! 300.0 1.50 0.098 0.50 0.30 0.40 2.10 0.60 0.20 1.50 1.50
! 360.0¢ 1.00 0.098 0.50 0.30 0.40 1.80 0.60 0.20 1.50 1.50

380.0¢ 0.75 0.098 0.50 0.30 0.40 1.50 0.60 0.10 1.50 1.50
! 410.07 0.50 0.002 0.50 0.30 0.40 1.20 0.10 0.10 1.50 1.50
" 420.0( 1.50 0.095 0.45 0.25 0.35 2.00 0.60 0.20 1.50 1.50

440.0( 1.00 0.095 0.45 0.25 0.35 1.70 0.60 0.20 1.50 1.50
! 480.0 1.50 0.095 0.45 0.25 0.35 2.00 0.60 0.20 1.50 1.50
" 500.0¢ 1.50 0.095 0.45 0.25 0.35 2.00 0.60 0.20 1.50 1.50
! 540.0 1.50 0.048 0.45 0.25 0.35 1.90 0.50 0.20 1.50 1.50
! 560.0 1.10 0.048 0.45 0.25 0.35 1.70 0.50 0.20 1.50 1.50
! 585.37 0.50 0.001 0.45 0.25 0.35 1.10 0.10 0.10 1.50 1.50
! 600.0 1.50 0.045 0.35 0.20 0.30 1.80 0.40 0.20 1.50 1.50
! 640.0¢ 1.00 0.045 0.35 0.20 0.30 1.50 0.40 0.10 1.50 1.50

660.0¢ 1.25 0.045 0.35 0.20 0.30 1.60 0.40 0.20 1.50 1.50
! 685.33 0.75 0.045 0.35 0.20 0.30 1.30 0.40 0.10 1.50 1.50
" 700.0¢ 1.10 0.045 0.35 0.20 0.30 1.50 0.40 0.10 1.50 1.50
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Table 11-9 Summary table of dimension for vertical drop on main canal

Canal Name [Chainage he%rr?t‘()m) Q(m¥sec.) | B(canal) | d(Flow) D(m) L'b(;f;:(mg B(m) hei;;lmlt m) prlc;s-e(z/iin) prti(?tgn)

MC 0+126.14 1.50 0.0104§ 0.9¢ 0.45( 0.55 2.5( 0.2(Q 0.20 1.50 1.50

! 0+980.00 1.0 0.0133 0.85 0.45( 0.55 2.1Q 0.30 0.2( 1.5( 1.5(
1+158.47 1.50 0.01343 0.85 0.45( 0.55 2.5( 0.3Q 0.2¢ 1.50 1.50

2+274.61 1.00 0.0084 0.85 0.45( 0.55 2.1(Q 0.2Q 0.20 1.50 1.50

3+033.90 0.7§ 0.0063 0.7( 0.40( 0.5( 1.7 0.2( 0.2( 1.5( 1.5(

3+822.41 0.65 0.0064 0.7¢ 0.40( 0.50 1.60 0.2Q 0.2¢ 1.50 1.50

4+341.00 1.50 0.0014 0.30 0.15( 0.25 1.50 0.1Q 0.10 1.50 1.50

11.2.3 Drainage crossing circular culvert

Culverts carry storm ruribor drainage water under the canal. Thorough consideration should
be given to the culvert alignment, profile, conduit, inlet, and outlet, with special attention given
to the hydraulic desigrn this project drainage crossing was provided at eight palotsy the

main canal. In all the eight case FSL of the main canal is greater than FSL of drainage canal (run
off) and the difference is less than 3m. Therefore, for such cases culvert structure is more
economical Furthermorethe design discharge obtaéhéor all crossing point is below 2.5fa

which recommended to use of circular culver. The table dimensions of all drainage crossing
culverts were presented in the following table.

Table 11-10 Table of dimengon of a crossing drainage

No

Structure
name

Q

D

L

Lul

Lu2

Ldl

Ld2| B

bd

bc

he

@

@

©)

@

Chainage

m’ls

mm

mm

mm

mm

mm

mmjmm

mm

mm

mm

mm

mm

mm

mm

m

m

m

m

CD-1

398.58

0.31

450

7621.75

2700

270

3600

1800900

135(

550

320

4104

613

850

165(011.50

1458.04

1458.04

1457.

96] 1459.69

CD-2

1185.09

0.37

450

11399.14

255(]

255(3

3400

1700850

1275

550

320

4054

613

850

165011.50

1451.89

1451.89

1451.86) 1454.80

CD-3

2288.54

0.23

450

5767.88

255(]

255(3

3400

17001850

1275

550

320

4054

613

850

165011.50

1451.25

1451.25

1451

21 1452.28

CD-4

2633.84

0.00

450

5287.26

255(]

255(3

3400

17001850

1275

550

320

4054

613

850

165011.50

1447.80

1447.80

1447.

73] 1448.68

CD-5

3033.90

0.17

400

7552.85

2100

210

2800

14001 700,

1050

550

320

3763

600

800

160Q1.50

1442.61

1442.6]

1442.57| 1444.19

CD-6

3257.42

0.17

400

6300.00

2100

210

2800

1400 700

1050

550

320

3763

600

800

16002.50

1442.45

1442.35

1441

76] 1443.12

CD-7

382241

0.17

400

9070.03

2100

2104

2800

1400 700

1050

550

320

3763

600

800

160013.50

1441.34

1441.34

1441.34) 1442.33

OfNf|oof|orf|flwlNf—

CD-8

4175.63

0.17

350

11474.1(

1800

180(

2400

12001600,

900

550

320

352}

588

750

155(14.50

1439.59

1439.59

1439.

59| 1440.62
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11.2.4 Division box

For safe and sufficient quantity of withdrawal from the parent canal to the receiving canals,
provision of appropriate structure is necessary. For this project, division boxes are proposed to
divide water from te secondary canal to the tertiary canals. Off takes are also provided to
divide the flow from secondary to tertiary canals and tertiary canals to field canals. Since the
flow in all canals are open channel, the division boxes are designed using broaftbwrest
formula by assuming the same equal discharge coefficient and sill height for all direction. The
detail ofdimension tabl®f all division boxes are described as below.

Table 11-11 Table dimension of adivision box

D'é'f)'xon Prent ir;iggg'”a“”g Chanage(m) | L | Lm |L(mmn02s| Dm | B | Bym)
DB-0L | SCA 0 (1C1-1&TC12)| 0414 020 | o0 | 0% 047 | 030 | 130
DB-02 | SC210 (1C21&TC22)| 0418 020 | 020 | 025 045 | 030 | 120
DB-03 | SC210 (TC23&TC24)| 04173 020 | 020 | 025 057 | 030 | 150
DB-04 | SC210 (1C258&1C26)| _ 0%321 020 | 020 | 0% 065 | 030 | 160
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12 Cost Estimatesand option Comparison

Costedimation

The estimate of quantities presented at this draft feasibility design report considers the
permanent works as set out in the feasibility level studies.

The unit rate adapted for cosdtienation is taken from other similar projects with some
adjustments. All rates are presented in Ethiopian Birr (ETB) oAbcordingly, the
investment cost of the dam and its appurtenant strucameésdevelopment of the canal
systemis about98814972.6Birr after VAT, the cost per hectare for this particular project
becomes823458.11with respect to thalevelopment of the projecthe simmary and
Detail breakdowrof theestimatedtost items are presented in TabBlland Table 122.

Table 12-1 Summary of Worbate SSIP Cost Estimate

SN Description Total Cost

Bill Nr. 1 Camping & General Preparatory Works 654000.00
Bill Nr. 2 Gravel access road of 7 m wide 4,270,225.40
Bill Nr. 3 Head Works (DajrWorks 44,795,587.45
Bill Nr. 4 Main Canals 7,631,307.68
Bill Nr. 5 Secondary Canals 13,462,161.84
Bill Nr. 6 Tertiary Canal 1,295,507.42
Bill Nr. 7 Tertiary Drains 4,663,958.64
Total of carried to summary 76,772,748.42
VAT 11,515,912.26
Grand Total of Project Work 88,288,660.69
Net Area 120.00
Cost Per Hectare 735,738.84
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SN

Description

Unit

Qty

Rate

Total Cost

Bill
Nr. 1

Camping & General Preparatory Works

11

Allow for Mobilization (Machineries, material,
labor, etc.)

Ls

1.00

50000.00

50000.00

1.2

Allow for Demobilization after finalizing the whole
project activities

Ls

1.00

50000.00

50000.00

1.3

Construction of consultants residence and/or offic
of size 4.4m*4.4m from &2 CIS for roof &
external wall, internally partitioned with chip wood
wall, & celing founded on a 25cm thick hardcore,
8cm of G10 (1:3:6) lean concrete and 2cm thick
screed floor. The room should be well ventilated t
equipped with window and door of same material
shown on the drawing

Ls

1.00

72000.00

72000.00

14

Constructiorof contractors residence and/or office
of size 9.65m*3m from &2 CIS for roof & externa
walls and internally partitioned with chip wood
wall,& ceiling founded on a 25cm thick hardcore,
8cm of G10 (1:3:6) lean concrete and 2cm thick
screed floor. Two rems each has size of 3m*3m a
are well ventilated equipping with windows and
doors of same material as per the drawing.

Ls

1.00

86400.00

86400.00

15

Construction of 5m*5m store which is constructed
from G-32 CIS wall and roof with door and window
ceiling founded on a 25cm thick hardcore, 8cm C
(1:3:6) lean concrete and 2cm screed floor as per
drawing

Ls

1.00

80000.00

80000.00

1.6

Construction of Cafeteria and kitchen facility size
6m*4m, constructed from @2 CIS wall and roof
with door and windowgeilings on a 25cm thick
hardcore filled cement, 8cm of 1 (1:3:6) lean
concrete and 2cm screed floor as per drawing

Ls

1.00

86400.00

86400.00

1.7

Construction of shower and toilet rooms of total si
4m*2m, constructed from 32 CIS wall, and roof;
ventilated with separate door and window, on a
10cm thick hardcore filled cement, 5cm o6flG
(1:3:6) lean concrete as per drawing

Ls

1.00

28800.00

28800.00

1.8

Construction of guard house facility of size 2m*2n
constructed from &2 CIS wall and roof wh door
and window, ceiling founded on a 25cm thick
hardcore filled cement, 8cm-10 (1:3:6) lean
concrete and 2cm screed floor as shown on the
drawing

Ls

1.00

14400.00

14400.00

1.9

Fence works all around the camp of area 50m*30
2.0m height and 15cmatineter treated timber
post/eucalyptus poles with barbed wire at 20cm
vertical interval & posted in a minimum of 0.6m

depth backfilled with lean concrete; 10 (1:3:6)

Ls

1.00

50000.00

50000.00
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SN Description Unit Qty Rate Total Cost
Survey works, preparation of-asilt drawings and
1.1 site phn including operation and maintenance Ls 1.00 | 56000.00 56000.00
manual
Sign Post at junction and Camp Office, with
dimension of 1.0m*1.5m of 3mm thick with
L1 0.3m*0.3m of 2.5m angle Iron pole, buried iAlQ Nr 2.001 40000.00 80000.00
(1:3:6) mass concrete of 0.5m minimum depth
Total of Bill Nr.1 carried to summary 654000.00
Bill Gravel access road of 7 m wide LS 5.00
Nr. 2
Clearing and grabbing works in areas including
21 interceptor drain & working areas as specified by | m? 46925.00 7.00 328475.00
engineer
29 Excavatlon/cut earth works of the road section in me 23463.00 70.00|  1642410.00
normal soil
23 Fill and compactionvork in excavated/cut earth m? 32847 72 20.00| 2299340 40
works of the road
Total of Bill Nr.2 carried to smmary 4270225.40
Bill
N 3 Head Works (Dam) Works
3.1 Dam body Earth
3.1.1 Site Clearingand grubbingvorks m? 1679683 5.00 838416.47
3.1.2 Soil Excavation and cart away surplus material m? 49818.96 70.00| 3487327.20
3.1.3 Softrock excavation m? 9963.79| 400.00| 3985516.80
314 Selected ma_lterlal prod_qcﬂo_n, loading & hauli m3 | 17123496 20.00| 11986447 20
as per drawing & specification
Back fill with selected material & compactions
315 | embankmentas shown in the drawing and m® | 171234.96) 100.00| 17123496.00
specification, Includes production of fill material,
transportation and compaction complete in all asp
Construction of Horizontal drain as shown in the
316 drawmg and specm_catlon, Includes ;upply of filter me 14436.000 150.00] 2165400.00
material transportation and compaction complete
all aspect
3.2 Spillway works 0.00
3.2.1 Site Clearing and grubbing works m2 52.00 7.00 364.00
3.2.2 Soil Excavation and cart away surplus material m? 9480.04 70.00 663602.58
3.2.3 Soft rock excavation m? 948.00| 400.00 379201.47
324 Back fill with selected material & compaction on m? 1821.67|  100.00 18216657
outer face of walls
Reinforced concrete in cement sand mortar C25.
3.25 thickness of concrete as indicatedhe drawing. m® 503.93| 3000.00| 1511784.00
Price should include scaffolding.
3.2.6 10 cm thick lean concrete under the structure m? 187.34 250.00 46835.00
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SN Description Unit Qty Rate Total Cost
3.2.7 Formwork supply, fixing as per the drawing m? 728.00 100.00 72800.00
Supply, cut, bendig and fix binding Tosteel Grade
328 400 r_e_qurcement, as per the drawing & kg 12644 90.00 1137960
specification complete in all respect for chute
section
3.2.9 Dry Stone pitching m? 92.4 278.00 25687.2
3.3 Outlet works 0.00
3.3.1 Site Clearing ad grubbing works m2 244.00 7.00 1708.00
3.3.2 Soil Excavation and cart away surplus material m? 207.40 70.00 14518.00
3.3.3 Soft rock excavation m? 51.85 400.00 20740.00
334 Back fill with selected material & compaction on me 13090 100.00 13090.00
outer face of walls
Reinforced concrete in cement sand mortar C25.
3.35 thickness of concrete as indicated in the drawing.| m° 22.63| 3000.00 67893.75
Price should include scaffolding.
3.3.6 50mm thick lean concrete under the structure m? 4.50 250.00 1125.00
3.3.7 Formwork for canal side walls m? 221.60 100.00 22160.00
Supply, cut, bending and fix binding Tor steel Gra
338 400 r_e_qurcement, as per the drawing &_ kg 1039.40 90.00 93546.00
specification complete in all respect for intake
section
® 500 GI'S Pipe providi
3.4 to Drawing and Technical specification complete i 78.00| 3000.00 234000.00
all respect
35 gate as per drawing and specification
351 Sliding gate 7_00 X 700_ with spindle height of 8000 No 1.00 | 76000.00 76000.00
and screw hoist capacity of 3 tones
352 Sliding gate 7_00 X 700.Wlth spindle height of 2000 No 100! 75000.00 75000.00
and screw hoist capacity of 3 tones
Bars for trash rack dia.16mm @150mm C/C spac
5.6 (bending, cutting, pleing and welding) on the top o] kg 53.20 90.00
the intake
Total of Bill Nr.3 carried to summary 44795587.45
Bill .
Nr. 4 Main Canals
4.1 Site clearing
Clearing and grubbing bushes trees and shrubs o
41.1 alignment of mairtanal to the width of canaland | m2 9306.00 11.89 110648.40
embankment and depth of 0.2m.
4.2 Earth Work
4.2.1 Channel Excavation m3 813.72 50.00 40685.93
4992 Canal Embankme_nt fill and compaction Spread & m3 4531.80 48.00 217526.23
compact 20 cm thick layer by layer
4.2.3 Masonry work with Cement Mortar (1:4) ratio m3 3783.45| 1577.99| 5970219.83
4.3 Main Canal Structures

113



Worbate Earth Dam and Appurtenance Structures

Feasibility and Detail Design Report

SN Description Unit Qty Rate Total Cost
43.1 Off take
Excavation for foundation in all sorts of soil
4.3.1.1 | including depositing the excavateditarial as m3 37.14 50.00 1857.00
directed.
4.3.1.2 | RCC Concrete CC20 m3 27.11| 1878.23 50918.87
4.3.1.3 | Lean concrete CC10 (t=75mm) m2 35.08| 1850.30 64908.52
4.3.1.4 | Cemented Stone pitching m2 15.40 166.46 2563.48
4315 2$rluecctt§r((ja rgt?[t)%rcl)?: Backfill witselected material for m3 8.31 48.00 398.88
4.3.1.6 | Reinforcement Bar kg 1067.94 49.32 52670.80
4.3.2 Drop
Excavation for foundation in all sorts of soil
4.3.2.1 | including depositing the excavated material as m3 56691 50.00 28345.50
directed.
432 2 :ﬁlﬁ;tﬁje r:l?:)%g?tl Backfill with selected material fo m3 334 84 48.00 16072.32
4.3.2.3 | Cemented Stone Pitching m3 52.09 166.46 8670.90
4.3.2.4 | Masonry work with Cement Mortar (1:4) ratio m3 96.10| 1577.99 151644.36
2 | e e s ooy wa] ™2 | 10506 1075 1909427
4.3.3 Crossing drainage
4.3.3.1 | Excavation of normal soil m3 499.20 50.00 24960.00
4.3.3.2 | Back fill and conpaction m3 299.52 48.00 14376.96
4.3.3.3 | Masonry work with 1:3 mortar work m3 53.30| 1150.00 61295.00
4.3.3.4 | Concrete(€20) m3 16.08| 2314.88 37223.31
4.3.3.5 | formwork m2 39.45 100.00 3945.00
4.3.3.6 | Cemented Stone Pitching (1:3 ratio) m3 109.28 166.46 18190.75
43.4 Cattle Trough No 3.00
4.3.5.1 | Earthworks
4.3.5.2 | Site clearance m2 134.45 7.00 941.15
4.3.5.3 | Foundation excavation for structure in soft materig m3 10.04 60.00 602.40
4 B e | ma | 720 w0 s7e00
4355 Sai?t?c?g girzaev‘f;r?geiﬂgvf':gmavggg:mdn‘:pth of 300mm| .3 26.40| 125.00 3300.00
4356 gglgrﬁ thick C10 lean concrete under the cattle m2 111.% 145,00 16147.20
Cement screening of internal and external faces @
4.3.5.7 | troughs with a cement mortar mix of 1:3 to 20mm| m2 218.08 150.00 32712.00
thickness
4358 1‘?{3282 and Install 110 mm PVC pipe and requireq m 48.00 10.45 501 60
4.3.59 | Masonry works of mix ratio 1:3 m3 72.00| 1450.00 104400.00
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SN Description Unit Qty Rate Total Cost

4.3.5 Washing Basin No 3.00

4.3.5.1 | Earthworks

4.3.5.2 | Site clearance m2 64.00 7.00 448.00

4.3.5.3 | Foundation excavation for structure in soft materig m3 48.00 60.00 2880.00

4354 _Backfl_ll to structure with granql_ar/ selected_materl m3 6.00 80.00 480.00
including compaction as specified on drawing

4.3.5.5 | Concrete and Stonework

4.3.5.6 | Class C15/ Blinding concrete, 50mm thick m2 16.80 160.00 2688.00

4357 Masqny walls washing basin as shown on the m3 12.30| 145000 17835.00
drawings
Plastering 1:2 mix to the top and internal surface

4.35.8 masonry wall of the canal m2 6.00 130.00 780.00

4.3.6 Cross structure (Slab) No 11.00| 50000.00 550000.00
Total of Bill Nr.4 carried to summary 7631307.68

Bill

N Secondary Canals

51 Site clearing
Clearing and grubbing bushes trees and shrubs o

511 alignment of main canal to the width of canal and| m2 596790 11.89 70958.33
embankment and depth of 0.2m.

5.2 Earth Work

5.2.1 Channel Excavation m3 933.70 50.00 46685.00

592 Canal Embankme_nt fill and compaction Spread & m3 1323.11 48.00 63509 28
compact 20 cm thick layer by layer

5.2.3 Masonry work with Cement Mortar (1:4) iat m3 1020.67| 1577.99| 1610594.86

5.3 Secondary Canal Structures

53.1 Off take
Excavation for foundation in all sorts of soil

5.3.1.1 | including depositing the excavated material as m3 9.07 50.00 453.50
directed.

5.3.1.2 | RCC Concrete C20 m3 20.44| 1878.23 38391.06

5.3.1.3 | Lean concrete CC10 (t=75mm) m2 28.24| 1850.30 52252.47

5.3.1.4 | Cemented Stone pitching m2 13.20 166.46 2197.27

5315 selected material Backfill with selected material fo m3 472 48.00 296.56
structure support

5.31.6 | Reinforcement bar kg 805.53 49.32 39728.74

5.3.2 Division box
Excavation for foundation in all sorts of soil

5.3.2.1 | including depositing the excavated material as m3 7.56 50.00 378.00
directed.

53292 selected material Backfill with seieed material for m3 312 48.00 149 76
structure support

5.3.2.3 | Cemented Stone Pitching m3 2.47 166.46 411.16
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5.3.2.4 | Masonry work with Cement Mortar (1:4) ratio m3 8.78| 1577.99 13854.71
5325 Plastering with Cement Mortar (1:4) mix thick m2 20.12 187.93 3781.15

complete ér water exposed faces of masonry wall
5.3.2 Drop
Excavation for foundation in all sorts of soil
5.3.2.1 | including depositing the excavated material as m3 | 31109.05 50.00| 1555452.50
directed.
5322 selected material &kfill with selected material for m3 17368.40 48.00 833683.20
structure support
5.3.2.3 | Cemented Stone Pitching m3 2512.92| 166.46 418300.66
5.3.2.4 | Masonry work with Cement Mortar (1:4) ratio m3 4855.78| 1577.99| 7662348.24
5325 Plastering with Cenrg Mortar (1:4) mix thick m2 5580.83] 18793 104880538
complete for water exposed faces of masonry wal
Total of Bill Nr.5 carried to summary 13462161.84
Bill .
NI 6 Tertiary Canal
6.1 Site clearing
Clearing and grubbingushes trees and shrubs on
6.1.1 alignment of main canal to the width of canal and| m2 20900.10 11.89 248502.14
embankment and depth of 0.2m.
6.2 Earth Work
6.2.1 Channel Excavation m3 479.89 50.00 23994.26
6.22 Canal Embankme_nt fill and compactiBpread & m3 4722 66 48.00 226687.67
compact 20 cm thick layer by layer
6.3 Tertiary Canal Structures
6.3.1 Off take
Excavation for foundation in all sorts of soil
6.3.1.1 | including depositing the excavated material as m3 113.54 50.00 5677.00
directed.
6.3.1.2 | RCC Concrete CC20 m3 122.24| 1878.23 229595.09
6.3.1.3 | Lean concrete CC10(t=75mm) m2 190.90| 1850.30 353222.27
6.314 selected material Backfill with selected material fo m3 11.32 48.00 543.36
structure support
6.3.1.5 | Cementedstone Pitching m2 89.10 166.46 14831.59
6.3.1.6 | Reinforcement bar kg 3902.15 49.32 192454.04
Total of Bill Nr.6 carried to summary 1295507.42
Bill . .
N 7 Tertiary Drains
7.1 Site clearing
Clearing and grubbing bushesaseand shrubs on
7.1.1 the alignment of main canal to the width of canal| m2 | 190970.86 11.89| 2270643.52
and embankment and depth of 0.2m.
7.2 Earth Work
7.2.1 Channel Excavation m3 1572.28 50.00 78614.00
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Canal Embankment fill and compaction Spréa
compact 20 cm thick m3 | 48222.94 48.00| 2314701.12
layer by layer
Total of Bill Nr.7 carried to summary 4663958.64
Total of carried to summary 76772748.42
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13 CONCLUSIONS AND RECOMMENDATIONS

The catchment area at the dam site is alasut8.3mz2. According to the reservoir simulation
exercise th&Vorbatereservoir can irrigate aboi20ha with full storage capacity @&2MCM. The
proposed dam will have maximum dam height@bm above rivebed anb35m crest length.

The dam design is carried out with considering the geological and geotechnical investigation made
at the dam axis, spillway and partly the reservoir area. The geological features derived in this study
phase are basically based surface observatiorPit sampling geophysical survey along selected
investigation routes and few laboratory test results with regartisptéoundation condition and
construction materials. An attempt was made to extract as much as possible inforetatioed

for design purposes from the limited investigation indicated above.

For a successful detailed design, the detailed investigation of geology and geotechnical
investigation makes the design more reliablee estimated loss due to seepage asshasvn in the

Figure 65 was found to be 0.177fday per meter length of the dam with a t@&822m3 with in

the operation period of 3 monththis may vary due to the borrow area material property variability.
Therefore, it is essential to check the asdlirseil property in the design prevails the existing
condition during construction.

Therefore, theletailed damand appurtenargtructuresdesign willbe doneimmediatelyafter the
acceptance of the draft feasibility and detail design report

Thedesign dity (maximum duty of the command area fo2hours per day irrigation with overall
project efficiency of50 % is 256l/s/ha. The method of irrigation of the project area is furrow
surface irrigation in which the mgisecondaryand tertiary canals amorking continuously.

The reason in which the main canal is lining up to4#26.52m is to avoid the siltation problem,
time saving to reach at the tail part, and to reduce maintenancé&lw@shain and secondary canals

of the irrigation systemare assdated with drops. They are designed as far as possible to be
partially filled and cut. Theertiary canal dyout is designed as far as possible to avoid €ross
structures within them.

The following recommendations are drown:

1 For better performance and tprservice year of theroject regular inspection and
maintenance is highly required.

1 Farmers training how to operate and maintain the pr@geca whole and available land

water resources has a paramount important

The irrigation hours per day and per weélould be flexible based ¢he demand

Detail supervision andbllow up is critical and basic necessity during the construction

During the construction the design parameter have to be verified and adjusted accordingly

= =4 =4

118



Worbate Earth Dam and Appurtenance Structures Feasibility and Detail Design
Report
REFERENCES

A CedergrenH. R.,(1977) SeepageDrainageandFlow Nets,2nded.,Wiley, NewYork.

A FEMA, (2011), Filters for Embankment Dams, Best Practices for Design and
ConstructionU.S Departmenbf HomelandSecurity, USA.

A Geoslope International, Ltd., Canada(2009). Dynamic Modeling with QUAKE/W,
QUAKE/W EngineeringNorkbook.

A Jibson,R.W. (2011).Methodsfor assessinghe stability of slopesduring earthquakes- A
retrospectiveEngineeringseology,v. 122,p. 43-50.

A Novak, P., Moffat, A.l.B., Nalluri, C., and NarayananR., 2007. Hydraulic Structures,
4th ed., Taylor& FrancisLondon

A U.SArmy Corpsof EngineemanualEM-1110-2-6053

A USBR(2014). DesignStandardd€No. 13 EmbankmenDams Chapter7: Riprap
SlopeProtectionPhaset (Final)

A USBR (1987). Design of Small dams, A water ResourcesTechnical publication, 3rd
editior’

119



Worbate Earth Dam and Appurtenance Structures Feasibility and Detall
Design Report

84



