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CHAPTER 6 CONSTRUCTION PLAN

6.1 QOutline of Diversion YWorks

There are, in general, three methods of temporary diversion works, namely 1) Diversion
flowing in half of a river section, 2) Tunnel diversion and 3) Open channel diversion.  The
first method, diversion flowing half of river section was adopted in this plan, taking into
account of 200 m*/s of design discharge (2-year return period) and topographic feature of
the dam site. In following view points, type of diversion works rs designed as half
cofferdam + open channel

1) Dimension of the diversion tunnel is 8.4m in diameter and 600m in total length

*adopting standard horseshoe shaped section. It is difficult to apply the diversion

. tunnel above in view points of constructlon cost, construction perrod and safe
construction work. '

2) . Considering the'topographical'charact'eristies' that the river is \Virrdirrg with 50m
" width of the river floor while 150m width of the valley, method of half cofferdam
+ diversion cannel will be adopted. Dimension of the diversion tunnel is 1:1.0'in
" slope gradicnt and 15m in width of the cannel base. Considering the method of
' ¢oncrete placmg for the dam body, the diversion channel should be constructed by

: excavatmg the river terrace depos1ts '

Procedure of the diversion works is shown below Outlme of the procedure is shown in

Figure-6.1 and Figure-6.2.  Color of the figures are; red - excavation, yellow - banking of -

_ cofferdam green concrete placmg of dam body, light blue - river flow.

Step -1: Consrdermg the haulmg route for concrele aggregate and the necessary area for -

‘placing construction facilities, concrete batching plant should be placed in the left bank,

and dam body construction also should be eommenced from the left bank side. _
Consequently the diversion channel should be constructed in the right bank side as right as
‘possible. ‘A tributary course joining the main river at the just below the dam body from

the right bank side should be shifted to the down-stream area for the effective construction
works. - Mucks from the excavation of the diversion channel should be used for the
cofferdam construction along the upstream and the down stream of the dam body.

~ Step-2: After the river flow is transferred into the diversion cannel along the right bank
side, the excavatron on thc rlght bank side and concrete placrng of the dam body should be
: commenced ' : .

Step 3 Drversron chamrel wrll be constructed mslde the darn body at the elevation of 20m '

l he channel wrll be constructed to Shlﬁ the rwer course to the left bank srde '

" Step 4 After the. constriction work of the drversron channel inside the dam body in the left -

bank side, the river flow will be shified to the left bank side; thén the dam construction will
be commenced in ‘the right bank side.  The diversion channel along the right bank side

- will be closed at its tip and end. ~ As the shified river flows through the diversion channel
‘inside the dam body, on the apron. and through' the channel ‘in the downstream, an

témporary training wall is needed along the energy dissipater. The abutment of the right

o bank srde can be excavated in advancc as long as it does not obstruct the dlversmn channel.
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‘Figure-62  Diversion Works (Longitudinal Section of Dam Axis, Upstream)
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6.2 Design of Diversion Works

(D Design Condition

Design discharge = 200m*/s (2-year return period)

Channel bed slope = 1/1000

Channel bed elevation = EL. 20m

Cocflicient of roughness = 0.022 (open channel on soil, strait, uniform secllon)
Slope gradlent =1:1.0 ' :

(2) Design of Open Channel

Necessary water depth is calculated by uniform flow calculation assuming that width of the
chamnel is 15m referring to the actual river width.

.QZAXV=(1/|1)xAxR(2f3)x10.s

where
Q design discharge (m*s)
A flow area (m?)
A velocity (n/s) _
n ~ coefficient of roughness
R hydraulic mean depth (m)
I channel bed slope

~If water depth h = 3.8m, hen A = 71 44m*, R = 2 77m
Q =(1/0.022) x 71.44 = 2. 77"”’ x 0. 0()105 =202, 9m3ls > 200m’/s OK

From the result of the caleulation, water level is EL.20m+3.8m = EL.23.8m in case of

design discharge of 200m*s. However, water level becomes EL.24.2m inside the channel

due to the waler level of the river which is calculated as EL.24.2m. Elevation at the top
of the slope of the channel is EL.25.2m wlnch was obtained by adding 1m of fieeboard as

well as the case of the cof’ferdfim '

) Dcsngn of Diversion Ch'mnels in the I)am

During concrefe placing of the dam body, the river flow will be shifted to the left bank side,
then the river will flow through the diversion channel inside the dam body. The section of
the diversion channcl will be too large if it is designed as open chiannel, hence it should be
. designed as a pipeline. The discharge of the pipeline is given by formula below;

Q=AxV
V= ((Zgh) f(ote + L, / 4R))0 5
f=8gn’/ R(”” _

where . _ '
- design discharge (m*/s)

flow area (in?)

~ velocity (/s)
gravily acceleration (9. 8m2/s)
head (m)
outlet loss
entrance loss ,
coefficient of friction loss -~
length of auxiliary fluid way (m)
coefficient of roughness (concrete = 0.015)
hydraulic mean depth (m)

mE O C SR a0
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Assuming that water leve] of the downstrcam is EL.24.2m and the total léngth the
diversion channel inside the dam body is 29m with EL.20m, the relationship between the
dimension of the channel section and the upstream waler level is as follows:

Table-6.1 Reclationship between Dimension of Channel Scction and Upstream Water Level

Upstream water level EL.(m) 333 29 27 259
Size of channel W = H (m) 3x3 3.5%3.5 A4x4 " | 45%x45
Velocily S () 11.1 8.2 6.3 5
Discharge | - (m'fs) 100.3 _ 1003 101 100.2
Number of channel | 2 2 "y : L2

As the diversion channel will be constructed inside the dam body, the maximum size of the
channel becomes about Sm (1/3 of the one block of 15m).  However, large section of the
channel will make plig works difficult, on the other hand small section can not secure the
design dlschargc of 200111’/5 unless water level of upstream is made lnghcr or the number
of the channels is mcreased - As the d6:51g|1 of the diverse channel gives a grcqt influence
to the plan of the construction works, it 1$ conisldered enough for thls study to give only the
outline of the diversion channel as shown in Table-6.1.

4 Ile:ght of Cofferdam

Up to step-3 explained above, the channel along lhe nght bank 31dc will bc available and
the water level of the channel is EL.24.2m. If freeboard for the cofferdam is set as Im
following the CEMIG criteria, the elevation at the cofferdam crest will become EL.25.2m.

Then in step-4, after the channel is shifted to the left bank side, the water level of upstrcam
of the dam body will rise up to higher than L. 24.2m. Thcreforc the helghl of the
collerdam must be raised corrcspondmg to the water level rising.

If cofferdam is constructed using soil materials, the cofferdam must be made as hlgh as
possible because of poor resistance of the soil matefials against overflow.

6.3 Construction Plan

Construction Plan of the dam during three ﬁ'ears between 2004 and 2006 is shown in Table-6.2.

Table-6.2 - Construction Plan of the Dﬁ'm

* Work ltem Cotstruction 2004 2005 © 2006
: mount - : -
Main Dam Works : : ‘
1) Temporary Diversion - . 1 set ' —i |-
- 2) Foundation Excavation | 380,000 n’ S - ' m* :
D Growting - ¢ ' 4,800 m
4) Concrete Placing ™ - 260,000 m* o ‘ - - .
5) Discharge Quilet facilities ] - ] set IR -
6) Closing Works - T i set T S -

Consfruction Facilities/Plant |

) Site Road ] km o —

) Coustruct:on Facilittes = '] = 1set L e—— -
.| Others - 3 IS . 7l , '
, 1) Chieck Dam ] bset” : R | —
| 2 LowFlowBypass | ~lset .0 - : ' F ]
3) Test of Water Filling I set” - - .  r——

S - Supporting Report : Feasibility Study
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CHAP’ l‘F R7 ESTlMATION OF CON STRUCTION QUANTI'I Y
7.1 Vart Barris Dam
7.1.1  Conerete
() Dan Body and Dissipater
1) Dam Body
Secti Distance Area Meanarea| Volume |Accumulate
cction 2 2 L : 3
m m LLL] n m
a 10 . '
b ~ 40 654 - 3320} 13,280 13,280 -
e ] 35 - 654 | 6540] 22,890 " | -36,170
~d 1 90 | 1034 844.0| 75960. | 112,130 |
¢ 40 1034 1,034,0 | 41,360 153 49_0_
f 15 20 52?.0 39,525 1 193,015
- Total 193,015
2) Footing '
- Footings of 3m x 3111 x 3m are placed on (he rock surface in the upstream and the
downstream, -
V= 3m® = 280m x 2 = L 15,120 m’
"3)  Apron : | SR
V=2mx lSOm x 32111 = 9,600 m’
4) _Tralmng wali (Dam downstréam_ face)
V =5.6m’x 45111 x2= 504 m' -_
5) - Training wall (DlSSlpaler) :
V=2m’x32mx=x2=" 1 728 m’
~ 6)  Volume decrease of overﬂow section
V=-26m’x150m= -3,900 n’
7)  Summitry of concrete volume
V= 216,067 m’ :
8)  Displaced foundation concrete o
V=1331m*x32m= " 42,52 m’
712 Excavation _ _
Scetion Distance Area . | Meanareaj Volume Acc_ﬁmulate
eclion FE 7 3 Ty
. m m - m m m -
g - -0 B - -
a 2. | 154 | 770 924 924
b 40 - 1,600 877.0 | 35,080 36,004
b 15 1,125 | 13625 | 20438 | 56,442
c 20 LI25s | 71,1250 | 22,500 | 78942
i 78 1,309 | 1,217.0 | 794926 | 173,868
o+ d 12 2,125 L7170 | 20,604 194,472 °
e 40 | 2,125 | 21250 | 85000 |279472
f 15 324 1,224.5 | 91,838 - 371,310
j 12 0 1620 1,944 373 254
Total 373,254

: B Supporting Report : Feasibility Study
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7.1.3  Grouting

(1) Consolidation Grouting
: : Distance | Lengthof { ~Mean Area Accumulate
Section dambase | length’ '
: o m m m oow? m?
a 5 ' )
b 40 34 195 780 780
» e foos s 3a0h Lo 1970
& d 90 13 3851 3,465 5435
c 40 | 4 | #30| 1,720 7,155
r 7s s 240 1,800 8,055
Total o 8,955 -

[Each borehole in Sm X_'Sill area. Borchole length is 10m depth.
L=A/(5x5)x10m=3,582m

(2) Curtain Grouting
Curtain gfouiing arca = 6825m’

Interval of grout hole = 1.5m
L=6825/1.5=4450m

714  Form

(1)  Dam Body

. . . Form
Section Distance | Dam height Joinl Upslream face |Downsiréam face
e o m? o m  m
- Jao L 3.0 , _ :
11 10 iR 3 4.0 98.6
R T Y 2860 | 2160 | 3677
13 15 382 |. . 653.1 ~ 4740 - 631.4
4 15 - 38.2 ~ . 653.1 573.0 763.3
- )5 - 15 . 38.2 653.1 573.0 763.3
6 f_o 15 p 0382 | 6331 | 5730 763.3
- 15 40.2 722.1 ' 5880 & 9833 -
- 1.8 15 L 422 7946 - 618.0 823.2
)9 15 44.2 §70.6 6480 - 863.2
i -1 15 1 462 | 9502 - 6780 : 903.1
BRAL I 43.2 1,033.2 - 7080 - | 9431t
112 15 . 482 1,033.2 . 723.0 : 963.1
113 . 15 '48.2 1,033.2 . 723.0 963.1
a4 s T T ) T T s T eSS 913.1
JL15 15 28.2 360.9 535.5 713.3
g 116 15 294 391.3 432.0 575.5
AT T 206 197.7 375.0 499.5
118 15 1.8 72.3 243.0 _ma
- )19 15 3.0 : 111.0 147.9
Total 280 | : 11,262.1 2,611.0 12,802.7

() Training Wall
A=56Tm*x 4= 2268 m?

o Supporting Report : Feasibility Study
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T2 Check Dam

(1) Concrete

Width (m)

Obicct Cross section | - o - Volume
7 'l‘ic (m?) Left bank Riverbed | Rightbank {m*)
Main dam body 2360 20.0 80.0 20.0 23,600.0
Main dam wing 15.0 26.0 - 0.0 250 - 765.0
Subdambody - 6.9 30 72.0 1.5 5123
Subdamwing | 60 100 0.0 1.0 102.0
Total - : ; ‘ - 24,9793
e e e e _ —— : : '

Obiect Cross section {m%) Length Volume

) Main dam side| Sub dam side (m) m*) .
Lefl bank wing wall 20.0 1.0 30.0 405.0
Right bank wing wall 27.0 7.0 60.0 L0200
[Totd 1,4250
. Cross seclion Length Volume
Obj.ecl (m?) (m) ()
[Spiltway 100 200 | 2000 |
- Area Thickness Yolume -
| Object () (m) ()
Apron 2,500.0 0.7 1,750.0
Summiitry of concrete volume 28,3543 m’®
(2) Excavation R
N ' Area | " Length Volume'
Oblect () (m) ()
Main dam ~ 958.0 200 | - 19,160.0

Sub dain 536.0 3.0 - 71,6080

Total : 20,768.0
3) Form

. ~ Area
. Object (m?) -
77777777 ~Main dam 5,029.0
Sub dam 6510
Wing wall 1,397.0
Total 17,0770

F-65-.
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The Stedy on Water Resonrces Development in the State of Sergipe, Brazil

CHAPTER1 INTRODUCTION

This Supporting Report (G) explains the details of Plan and Design of Water Conveyance
Facility included in the Feasibility Study on the Priority Projects in the Master Plan.

CHAPTER 2 CRITERIA FOR PLAN AND DESIGN
2.1 Planning Criteria |

2.1.1  Components Included
The componems included in the Water Supply Systems are as follows

—  Vaza Barris Dam

—  Watcr Pump Station, WPS

'— ' Conveyance Pipeline

~  Water Treatment Station, WTS
- - Distribution pipeline

- Distribution network

~ General concep.lual sketch of the systém' is as shown in I‘iguré-2 1. The facilities shown
by thick line in Figure-2.1-are conSIdered as the water conveyance facnhty included in the
Feasibility Study. :

Distribution

. Network
Dam | wes o ' WTS
. - - >
K _ ~ Conveyance Pipeline : :
‘ . . Distribution
Pipeline

Figure-2,1 Gcn_cral_Concei)tual Sketch of Water Supply System

212 Water Pump Station, WPS

.'(I) o Criteria for Sclection of Location of WPS - _
Location of PS is selected consldermg the followmg points:

- VICIl]lly of Vaza Barris Dam
— Direct intake from Vaza Barris Reservoir
—  Water (o be conveyed by pipeline both in ‘the rlght and left banks of Vaza Barris
-~ Rivér, namely Agresfc (Itabalana) and Pmutmga (Lagarto) regions
— Existing electric’ power supply facnhty is locatcd in the left bank near Cajaiba
" village
-~ No eXIStmg access road to constructlon site for WPS

Supporting Report: Feasibility Study
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(2) Criteria for Plan and Design of Pump System
Pump system is designed taking the following items into consideration:

—  Lengthof pipcline

—  Suction head

~ Total head

—~  Required discharge capacity of pump and 'idaptablhly to fluctuation of dlscharge

volume
—  Fluctuation of intake water level -~~~ ** R o
- Siphon eftect '
—  Lasy countermeasures against water hammier e

- Lasy operation and maintenance

~ High reliability and redundancy of pump s jStCI‘ﬂ
~  Pump head-discharge curve

— Prevention of cavitation in pump

- Specific speed of pump

— Transmission system for motor to the rot'mng vane and typc of reduc'uon gear
—  Occupied installed area of pump

2.1.3 Connecting Reservoir

Connecling' reservoir is required if a SYblCﬂl with only one pump i$ not advqntagcoue
Storage capacity of connecting reservoir is determmcd by the followmg items: - o

—  Operational condition of pumps
—  Frequency and condition of maintenance works of pumps

~  Possibility of occurrence of clectric power failure and duration of electrlc power
- outage - '

2.14 Water Conveyance Pipeline

Diameter of pipeline is _detérhlined by life cost of water conveyance system rincluding
pump facilitics. Conccpt of annual cost and net present value are introduced for this
cvaluation. '

Pipeline routing is planned based on the followmg crlterla

- Lowlife cost :

—  Basy installation and mamtemnce works

—  Existing pump stations and pipelines .

—  Location of villages on the way to finil destination "

—  Total length of pipeline as short as possible -

— Topographic condition

~  Hydraulic gradient in pipeline

—  Effect of water hammer : _
- Thickness of pipes to be dcmgned in accordance wlth Ioadmg condmons .

—  Auxiliary facility such as valves, drams cle. wherc reqmred '

Supporting Repor;: Feasibility..S'!ud)'J‘
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2.2 Design Criteria
2.2.1 Codes and Standards

Facilitics to be required in the Feasibility Study are designed in accordance with the Codes
and Shndards published and authorized by federal, regional, state, mumcnpal and/or any
other publi¢ organizations or authoritics in Brazil.

When applicable Codes and Standards are not specnficd by the related orgamzallons
mentioned above, the Codes, Standards and’ Regulations in Japan are used with some
adjustment in accord'mce with the local conditions in the State of Sergipe.

The following codes and standards arc used for lhe design of water conveyance chilitics:

—  Brazilian Norms (NBR), Brazilian Association of ’[echmcal Norms (ABNT)
—  Japan Water Works Association (JWWA) '

— - Japan Society of Civil Engincers (JSCE)

— Japanese Industrial Standard (JIS)

— American Water Works Association (AWWA)

~  American Standard of Testing Materials (ASTM)

2.2.2  Units of Méfssurcmcﬁts

Units of measurements used in demgn or specnficatlon of materials are in SI/MKS metrlc
sys{em .

223 Methed of Design of Facilities

in prmcnplc sllowable stress design method is qpphed for all structural dcsngn of the
f‘lClllllCS

2.2.4d  Materials to be Used

- All materials to be used for construction of facilities required in the Feasibility Study are in
accordance with Brazilian Technical Standards’ (ABNT) or equwalent Japanese Industrial
Standards (J iS) or other intemationally accepted stand'lrds

2.2, 5 Loads to be Considercd

In principle, the following loads ar¢ consldered in the design - of slructures in the Water -
Conveyance Systems:

—  Dead Welght

— - Live loads including floor loads
— - Equipment loads

.~ Earth pressure

— Groundwater pressure

—  Hydrostatic pressure

—  Uplift pressure
~  Wind loads - T Co . _
- - Secismic body force o : Not to be considered.

- = - Hydrodynamic pressure - :Notto be considered.

o Supporting Repori: Feasibility Study
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2.2.6  Design Parameters and Water Supply Volume

—~  Projected population at the target year, P (person):  Refer to Table-3.1
—  Design daily water supply volume per caplta

Urban area - q = 160 liter/capita/day
Large Rural area q =120 ltter/capltafday
~  Coeflicient of daily variation of consumption ~ : kI =1.2 :
—  Coeflicient of hourly variation of consumpuon : k2 =15 _
'~ Rateof water loss - s, =042in1,998

._ =025in2,020
- Daaly maximum water supply volume Qpy (litter/day) '

Pxgxkl -
me = ]q_
43 o
—  Hourly maximum water supply volume, Q,,, (litter/day)
Pxgxkixk2
Oy = Oy Xk2= _—q‘,:'—_"
. : : L

227 Caleulation of Head Loss

The head loss is the hydraulic head loss such as plpclme frlctlon loss, shape loss and fluid
friction loss.

(1) . Friction Loss in Pipelines and Open Ch_annpls_ .

In principle., Darcy* Weisbach formula can bc' applied.

L v
1 — e
1=l 2g
where hf : friction loss in straight pipes (m),

: coefficient of friction loss,
L . :lengthof straight pipes around pumps (m),
D : diameter of each straight pipe (m),
_ v : velocity in pipes (in/s),
and g : acceleration of gravity (m/s?).

f for pipeline will be calculated by Colebrook_—White. formula.

i K 251
2 2og,| 02724
J— .gw[ n Re\lf] .

-

where f : coeflicient of friction loss,
' D : diameter of cach straight pipe (m),
and K - :equivalent roughness g

New cast iron pipe K = 0.25 mm |
Used cast iron pipe K = 1.00 mm.’

Manning formula is applied to open channel, culvert, siphon, ctc. -

hf = [V L
I:i'zn"

RJJJ
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ey

where hf : friction loss in open channel, ete. (m),
i : hydraulic gradient,
L : length of open channel, cte. (n),
v : velocity in open channel, ete. (in/s),
n : coeflicient of roughness,
and . . R - :hydraulic depth (m).

(25 " Shape Loss and Fluid Friction Ldss

These head losq can bc cxprcsscd in lhc following formuh

o
f z
where -~ Af :fncnon loss (m), .
S 'f . :coefficient of head loss,
| _ v flow velocity (m/s), '
and ‘ g : acceleration of gravily (m/s%).

Cocfﬁcienl of head loss can be given in various technical references.

' ;2 2.8 Motor Pow er of Pumps -
'Motor powcr of pumps can be gwen by calculallon using the following formuh:
o Lpg QL (1+)

: Nl _ ST

where L " : Motor p0w<:r (kW),

o & :density of liquid (m*),
g : acceleration of gravily (im/s?),

Qo dlschargc capacity of pump (m’/s),
H  :total head (m),
& : redundancy rate,
7 7P - : pump efficiency,
and »#G  : transmission efficiency.

. Supporting Repori: Feasibility Study
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CHAPTER3 WATER CONVEYANCE PLAN

3.1 Water Demand

3.1.1

Water supply population in the Project areas is'in accordance with the Populaiion
Projection discussed in the Master Plan Study. Population increase lS based on the
Strategic scenario proposcd by JICA study team. :

Population

i

Projected Population of Benefited Area: 1997 - 2020

Table-3.1
. Unit: 1,600 persons
' Census Projected Population : o
Benefited Arca : s T - -
1996 1997 2000 2010 2020 % (*)
Agreste o ' . . _
Areia Branca 14.0 14.9 223 47.1 712 | 74
C. do Brito 14.9 153 17.7 25.9 362 3.8
Itabaiana 722 - 133 848 | 1237 1732 | 3.7
Macambira 5.4 5.5 59 7.3 B N I 2.2
S. Domingos 83 8.5 9.1 w2 |4 | 220
Sub-Total 114.8 1180 139.8 215.2 3098 | 42
Piauitinga : _ _
Poco Verde 17.6 17.6 17.6 85 f 210 | 07 K
Simao Dias 331 o340 35.1 . 39.6 S 464 1.3
Lagarto 75.3 160 82.8 107.3 139.0 26 €
R. do Dantas 17.8 180 | 1ss | 206 233 LI
Sub-Total 144.4 1456 | 1sd0 | 1860 207 | 20
Grand-Total 259.2 263.6 2938 4012 539.5 3.1
Note: * Pc;ﬁulaﬁon Growth Rate between 1996 and 2020 .

3.1.2  Total Requlrcd Watcr Supply Volumc

Total water supply volume required in the PrOJect areas is in accordance with lhc
Population Projection shown in Table- 3 1.

Mumclpalﬂndustrml Watcr Supply in P!aultmga and Agreste Areas .

Table-3.2
Agrcstc Integrated | Piauitinga Integrated '
Pipeline System © Pipeline System Total ST"‘?I*
ource
Arca Cavered By {System 2) (System 1) ' Supply C
(wfday) | (m'/s) | (widay) | (me) | (niday) | (ms) ms) -
'V‘,eq”'md Water Supply} 74286 | 0860 | 79,664 | 0922 | 153950 | 1782 | 2138
'olume in 2020 : - S : o _ )
Present Capacity 12,810 0.148 12,130 0.141 24,940 | 0289 0.346
PROAGUA Project 22,200 0.257 30,200 | 0349 1 52,400 0.606 | - 0.728
Vaza Barris Dam Project 39,276 0.455 37,334 | 0432 76,610 |- 0.887 1.064

- Note : Total Source = k1 x Total Supply

G-6-
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3.2 Water Conveyance P'lan
3.2.1  Pipeline Routing
m Agreste Pipeline

Pipeline is installed, as much as possible, along the existing pathways or tracks and the
existing pipelines passing from Ribeira through Cajaiba and Carrilho Villages leading to
Itabaiana.  Pipeline route is also planned s0 as to reduce the number of summits (high
points) and concave sections (low points) in pipeline.  The route and vertical profile of the
Agreste pipeline is shown in Figure-3.1 and Figure-3.2, respectively.

(2) Piauitinga Pipeline

Pipeline is installed, as much as possible, along the existing pathways or tracks which run
near the consiruction site of Pump Station and lead toward Jenipapo. From Jenipapo to
Lagarto, the pipeline is laid along the existing roads. Jenipapo, Brasilia, Acuvelho and
Urubutinga villages are located along the pipeline route. Pipeline route is planned so as
to reduce the number of summits (high points) and concave sections (low pomts) in the
pipeline. The route and vertical profile of the Piavitinga pipeline is shown in Flgurc~3 1
and l“zgure-?a 3, respcclwely

3.2.2 Pump Station, PS
(1)  Sclection of Location of PS

Water Intake pump station is installed facing the Vaza Barris Reservoir near to Vaza Barris
Dam in order to pump up water directly from the Reservoir. ‘ ,
Although the Agreste and Piauitinga pipelines run in right and left banks of Vaza Barris
River, respectively, the Water Intake Pump Station for both pipelines, WIPS, is located
jointly on the right bank of the river due to the following reasons:

- Water Intake Pump Station for Vaza Barris Irrigation Project, WIPSI, is constructed

~ on the right bank to facilitate the water supply to the Irrigation PI‘OjCCt Arca located
on the right bank of Vaza Barris River.

—  The pump capacity for WIPSI is much larger than those required for WIPS.

— In the case that the pump station WIPS is constructed separately on the right and
left banks of the Vaza Bariis reservoir, the cost for construction, operation and

- maintenance of the pump stations, including the consiruction of substation for

electric power supply for the pumps are much higher than three pump stations
constructed at the same place on the rlght bank.

) Type of Pumps

_ Water intake pump is a vertical flow type o copc with the hlgh suction head of 30m and
high fluctuation of seasonat change of 19m in water intake level in the reservoir. Number
of the water intake pumps is three for normal operation plus one for stand-by considering
the assurance of high reliability and redun(lancy of pump systein and high applicability for
ﬂucluahon of water supply volume. - Uni-type pump system composed of vertical pumps
io cover the whole conveyance system is not recommendable when the high total head of
 the systern, which is caused by geograplncal difference in intake and discharge water levels
and high friction head due to long distance pipeline, will be expected. - In order to mitigate
- the water hammer effect in the systemn and to make the pump system simple, two types in
l"unctlon of pumps are introduced in each System, namely,

—~  Water intake pumps composed of vertical pumps
~ Water lilt pumps composed of horizontal pumps

The above two systems are connected with the connectmg reservoir as specified in the
proceeding scction.

' Srrpporling Report: Feasibility Study
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323 Connecling Reservmr

Volume of connecting reservoir IS capable of storage of water to be dlscharged at least in
one hour and half of operation of pumps. Thls duratton of time is determined based on
the possible operational condition of pumps and the possibility of occurrence of electric
power outage. The electric power outage is expected to oceur on average once in every
25 days, and its averaged duration of 1.5 hour at Cajaiba S$/S. For details of eleclrlc
power supply condition, refer to Section 4.6.

_ 1 2.4 Othcr Requ:red Facﬂltles

The followmg countermeasures wﬂi be provided where reqmred to mitigate the technical
problems caused by the long distance and the frequent vertical ups and downs in the
~ pipelinies and to make casy maintenance work of plpe]mcs '

~  Airrelease valves

"~ Level invert tece -
- —  Stop valves
© — Surge tanks

. : Supporting @ml: Feasibifity Study
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CHAPTER 4 DESIGN OF WATER CONVEYANCE FACILITY

4.1 Water Intake Pump Station
4.1.1  General

Piavitinga and Agreste Water conveyance systems are used for domestic and industrial
water supply.  The construction works are implemented in two phases in each route.
Water intake pumps are a vertical type composed of 3 pumps for normal operation and 1

pump for stand-by for each phase. These pumps ar¢ used commonlty for water supply for
both regions. ' : :

412  Design Conditions

(1) | Wzitcr Intake Level in the Vaza Barris Reservoir
- High Water Level ¢+ EL.S27m

— Normal Water Lével ~ : EL.475m
- — - Low Water Level : : EL.352m

-~ Sedimentation Surface Level : EL.28.6m -

(2)  Water Intake Volume .
- Phase | stage R 0533111’/3

e S (0.260 for Plaumnga and 0.273 for Agreste)
— Phase 2stage ' : 0.533m’s .
S : (0.260 for Plaullmga and 0 273 for Agresle)
~  Total . -1 1.066mYs

(0.520 for Plamtmga and 0.546 for Agrestc)

413 Location of WIPS
WIPS is constructed in the Vaza Barris Reservoir at the right bank of the river.  The

~ location of WIPS is selecled as shown in I‘xgurc 4, 1 takmg the fo]Iowmg technical aspects
into constderahon

-~ To avoid thc mlcrfcrcnce wnih dam construction work
—  To secure the lowest water intake fevel of EL. 28.6m
~ To secure smooth watér intake from the feservoir 0
- l‘ o mtakc as much as pOSSIble the water from 'lralras Rlver Basm L

o 'Supporﬁng Report: Feasibility Study
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0 uredt Locaion of Water Tnake Pamp Sation
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4.1.4  Design of Water Intake Pump House

Water Intake Pump lHouse i is (leS|gned as shown in Figure-4.2 consrdcrmg the followmg
technical points: ‘

- The house is dcsrgned as reinforced concrete struclure

— Intake tower is required to assure dll‘CCl intake from the reservonr by verllcal _

pumps.

Bridge to the House is reqmred for transponatlon of eqlupmcnt and materlals as‘

. well as support for pipelines to the Conngcting Reservoirs.
- - Floor level is almost 5 meters above H W.L. so as not to be affected by the waves
~ inthe reservoir |
_ Floor level is taken as EL. 57. Sm
= Surface water intake is assuted during normal opcratron - -
- Stop logs are used for surface waler intake.  Screens are also lnstalled

~ Installation and maintenance of punips, fittings, accessorles stop logs, screens ctc '

.- are pcrformed by over-head travc!hng crane.

- Intake tower and spaces for pumps in Phase 2 are constructed in Phase 1 stage
Pumps in Phase 2 are mstallcd in dry work by closing wqter mtake tower by stop
logs. - =

— - Intermediate stage or ﬂoor is requlred to support the shaﬂs of vertlcal pumps ln -

position.
¢ Intermcdlate ﬂoors at around 10m i m helght are provrded

4.1.5 I‘echmcal l)escnptlon of Water Intake Pumps

Table-4.1 - I‘ echmcal Descrlptlon

Veriical proﬁle and system curve of the system are shown m l*lgure 4, 3 and Flgurc 4, 4

4. 1 6  Method of Operatron |

The pumps arc operated for 24 hours a day

Water intake pumps are operated autom'ttlcally in accordance wrth thc daschargc w*ttcr. : o

tevel in the connecting reservoir, which is constructed down stream of water lift pump
station. Numbers of pumps in operation at water intake. pump statlon aré also selected

automaltically in accordance with the discharge water level in the conncclmg ICSCIVOIr.
Water intake pumps are also controlled to stop their operation autoniatically when the - -

suction water level in the dam reservoir falls down to the Sedimentation Surfacc Level.

The pumps and pipeline to be constructed in Phase 2 are completely the same as those to'_ -
be constructed in Phase 1. . Total discharge volume in Phase 2 is double volume in Phasc
1. The elecirical stoppage is expected to occur in every 25 days and ifs durafion is 1 5

hours on average according to the reglstered record in 1998 and 1999 as shown i in 4.6.

. The Study on Water Resources Development in the State of Sergipe, Braozil

Pump Name - - WIPL &2
Use L Domestic and Industrial
Trcatment : : - Raw ]
Phase - : q1 : 2
Quantity ~ - - 341 “3+1 .
Total head ' ~4lm : 41 m.
Actual head 40 m d0m - Note 1: D:scharge of pumps to be a total
Head loss ) T T .. . discharge with 3 pumps in operatlon ‘
1 ¥iax. Suction head 0m 0m S "Discharge in ( )'to be per one pump
i 0533 0.533 ~ " Unitof drscharge m'/s ' E
Discharge : ~ {0.178) (0.178) - Note 2: :The pipeline in Phase 2 is constructed k.
Pipeline Dia. . 700'“‘“] 'IG{)-mm . -~ beside the plpe]me consltucted in Phasc 1.
Prpe!me Length - 80m 80m S :

- Szrpporlmg Report: Fi easrbrhly Stiely
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Figuré—4.4 System Curve for Waté_i_' Intake Pump System

417 Pump Uhit_Speciﬁ_catimf

(1) Pump o | |
—~ " Unils -t 3+ 1R per one construction phase
~ Type - _ . vertical mixed flow
-~ Discharge - : 0.178 m¥s per one pump

~ Totalhead -~ . : 4Im :

, o Supporting Report: Feasibility Study
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(2) Elcctric Motor

—~ Rotation : 1160 rpm

-~ Voltage ;o 440V

— Power . 10kW (150 PS)
4.2 _Coiinccting Reservoir

4.2.1 -Gen_cral

Connecting reservoir are reqmrcd for smooth conveyance of water from WIPS to the Water
Lift Pump Stations and for provision of buffer reservoir agalnst troublcs in operauon of
Water hitake Pumps.

422 iDcsign Conditions
(D Finished Ground Level _
- — EGIL. o : EL.65.0m

) Required Storage Cﬁpacity

" —  Phase !
“max(0.260,0. 273)111315 X 60111mls X 60 min/hr x 1.5hr = l SOOm
-~ Phasc 2
- max(0.260,0. 273)111’/3 X 60mm/s X 60 min/hr x 1.5hr = 1 SOOm
- Total

max({) 519, 0. 546)111313 X 60min/s X 60 min/hr x 1. Shr =3,000m’

- 423 ‘ Dcsign of Conneeting Reservoir

Cmmcchng Reservoir is dcsngned as shown in Ilgure 4 5. The reservoir is reinforced
© concrete reservoir. '

Water Level in the Lonnec{mg Reservoir is decided as H.W.L. EL. 68.0m and L. W L. EL |

63.0m based on the finished ground level of EL. 65.0m. The reservoir is divided into two

basins, so that the easy maintcnance work 01" one basin during operallon is secured without -

' mtcrruptlon of water supply

Therefore, the dlmensmns of oné basin of the reservoir are determmed as 17 4m(W) X

17.3m(L) x 5.0m(H). :
The following facilities are provided in lhc conneclmg reservoir.

-1 nlel and outlcl plpe:. _ o

~" Overflow pit and pipe for emergency overﬂow

—  Drain pit for discharge at maintenance work

~  Gate valve with float for water level conirol in lhc reservoir
- venulatlon pipes a

Supporiing Report: F easibility Study
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4.2.4  Scquence of Construction and Method of Operation

Connecting Reservoir with the storage capacity of 3,000m’ is required for cach Water
Conveyance System, namely CR1 for Agreste and CR2 for Piauitinga, after completion of
Phase 2 construction work. * In Phase | construction stage, the Connecting Reservoir CR1
is constructed and is used one basin for Agreste and the other for Piauitinga. In Phase 2,
CR?2 is constructed for Piauitinga use and CR1 is converted for Agreste use only. The
conversion work is managed by combination of valve operation.

4.3 . Water Lift Pump Station
d. 3 1 Gcncrql

W'\ter lift pumps are composcd of honzontal lypc pumps smhble for hlgh total hE‘Id w1th
long distance conveyance. Pumps for Agreste and Piauvitinga regions are operated
separately with 2 pumps- for normal operation and 1 pump for stand-by in each route in
cach phase. Pumps installed in Phase 1 are used contlmlously in Phase 2 with higher total
head than in Phasc 1. : :

t4.3.2  Preliminary Study
:'(l) Cases for the Study

The prelnmmry study on the selectlon of combmatlon of different diamctcrs of plpclmcs
and the associated pumps was elaborated considering the technical reqmremenl for the
systems described in 2.1. . The result of Piauitinga pipeline is shown in this report. The
: Agrestc pipeline has almost the same result because of the similar vertical pr_oﬁle_. -

Thc followmg thrce cases of combmat:on of plpCS werc s(udlcd

CASE-1 : All construction works of the system are finished in Ph‘ISC 1. Dmmctcr of pipe
is 700 mm, which g gives the optimum life cost for the system with specified water supply
volume, in the whole length of the pipeline. The conveyance of water from the
‘connecting reservoir to Brasilia is by pressure and the rest of pipeline is by gravity.
'Although the construction works are divided into two phases due to the financial limitation
of the Government of Sergipe, this case is also studied for reference.

"CASE- 2 Conslructlon works aré dlv;ded info two phases. Exactly the same systcm is
'conslructcd in each phase, resulting in the _parallel operallon of two water conveyaice

~ systems after the completion of Phase 2, Diameter of pipe is 500 mn and 600 mm in part
to decreasé the friction head loss in the pipeling, so that the water level in the comlectmg
reservoir at Bras1ha is acceptable Thc convcyancc of water from Bras;lm to L. agano is
-:by gravnty as same as in CASE-1.

:CASE-S Combmallon of CASB 1 and CASE- 2 The pipclinc from the connecting
Teservoir to Bras:ha has the diameter of 700 mm and is constructed in Phase 1. This
‘pipeline is used in Phase 2 to convey water supply volume of 2 times greatcr than in Phase
‘1. The rest of lhe plpelmc is constructed i in edch phase with the same diameter, resultmg
in the parallel opemtlon of two water conveyance systems’ after the completion of Phase-2

o works. Diaméters of plpe are 500 mm and 600 mm to reducc the total friction head loss
Ain the plpelmc L : : :

gCascs for lhc prelmnnary sludy are summarued in Table- 4 2

Supporling Report: Feasibility Study
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Table-4.2 = Summary of Caseé for Study

c . Ph Diameter of Pipelines : .

ase ase Dam | _ Brasilia _I SE-104 | Lagarto
CASE-1 1 1- 700 1- ¢ 700 1-¢ 700
5 1 1-¢ 500 1-¢ 500 1-4 600
CASE-2 2 [~ ¢ 500 “1-4500 - 600
; 1 1-¢ 700 1-¢ 500 - 4600
CASE-3. 3 . 1= 500 1.6 600

2) Result of the Preliminary Study ' ' - {%

Investment, Annual Expense and Net Present Value (NPV) are calculated for each case and
are summarized as shown in Table-4.3. Details of calculation of annual expense and net
present value for cach casc are shown in 'Iablc-4 4 and Table 4.5 for Plaultmga and Agreste,
respechvely : :

'_Tabl.e-4.3 . Resu!t.of the Preliminary Study _
o R Unit : millions R$

_ Investment (RS million) : Annual Expense .~ | Net
Case o i Pump Pump F . ' Present
Pipeline Civil | Equipment Total Interest | O & M Total Value
CASE-1 14.86 | 092 - 369 19.47 1.747 1390 [ 3.137 | 33.748
CASE-2 17.16 1.02 4.07 2225 1.997 1636 [ 3.633 33417
CASE-3 l6 57 0 90 3 80 21.27 1 912 1.548 3.460 32.317

Although CASE 1 gives the lowest construcnon cost and annual expense, NPV is hlghest' :
among all cases. - This means that CASE-1 is not- competitive in the view point of _ %
invesiment. In addition, CASE-1 is not feasible due to financial reason mentioned above. '
CASE-3 is the most competitive for the investment in splle of its cons{ructlon cosl annual

cxpense and NPV are lngher than in CASE-1. :

_'l‘a_ble-4.4 Investment Annual Expcnse and th Present Value for Plaultmga Plpelme

Investinent (Rinillions)

Flow | Water | Wighest Oogarieat Leoghlo Ny o] pursp

. . .| difference of d : - Annual !Eafpense NPV
g| Fipeline Route Yolume{ElevationElevation in Elesatioh [Pipetine Dia | Loss | Head | Power Pipe [PumpfPumg, Total (R¥:millions) - - ER_&: |
v m'/s m .| m n km {mlm|m|kw tine Ol iEquipy ™ AFEc | Afo | Total !,u-lm
. One phase . : - . .

18 {¥aza Barvis - Brasilia | 0.519 35.2 195.1 159.9 1.5 [0.70§28.61188.5] 399.5] 647 092 3694 11.08 0.977% 1.360 2367

gBrasilia—Lagmo 0519 | 1951 1580 a0 14.5 |0.70)372.1 ] 37.1 8394 0.00 0.00 83% 0770 0.0000 0.770 ;
[Todal L o - ) ’ S [r4sd 093 3641947 1,747 13900 -3.137 33.74¢]
14 Phase ) . L b . . N
[vaza Barnis - Brasilia | 0.260 35.2 2021 161.5 1.1 [0.50] 409084 ] 22631 353 1.03 204 6.59 6.561] 0.818 1.379 o
Brasilia - IMP 0.260 | 2027 1586 0.0 109 j0.50]39.91399] 1] 344 0.000 0.00-3.44 0.317 0000 0317 5 -
AMP - Lagarto 0.260 { 1586 155.0 0.0 36 0607 54 54 1.5% 000 0.000 1.5%) 0.146 0.00( 0.144

€3 Sublofal i ) ) ) : 8.58 1.03 2.04 Il;ﬁ-‘: 1023 0818 1.54)

gzndphm . K I s B . R . .t i
‘aza Barmis - Brasilia [0.260 | 352 2.} 162.5 1.1 10.50]40.9208.4] 221.3] 3.53 0.00 208 5.57 05!1 0s1g 1329
Brasilia - IMP 0.260 | 2027 158.6 0.0 10.9 10.50] 39.9] 399 349 00 600 344 0317 00000 0.)A -
MP - Lagario . ]0.260 ] 1586 155.0 .. 00 3.6 1060] 541 34 159 060 000 1,59 0,14 0000 0149 - . | -
Sublotal = i 858 000 2051062 0973 0848 1.791] 7 - -
Total : ) R oo b o o g 103 402235 1,997 1634 3633 33418
ist Phase : : . R E
Vaza Barris - Brasilia | 0.260 352 | 2002 1650 1.1 [0.70] '80[173.0] 183.7] 647 090 1.69 %04 0.79% 0.737 1.530

. |Vaza Bamis - Brasilia f0.228 | . 352 | 2002 1650 ° 111 [0.70] 286 193.6] 180.2] 0.60 004 .00 0.00 0.000 0.710 0.710)
Brasilia - IMP - 10260 ) 2002 1604 00 109 {0.50]39.9] 199 3144 001 0.00 344 0.317 0.009 0317 |

o MP-lagarlo - . J0.260 | 1604 1550 - 00 16 1060] 54]-541 159 000 000 159 0.14¢ 0.000 0.146f - ©
Sublolal . : : . - A b o {1 090 1.6R14.11] 1.258 0710 1956 -

?zmmm ] 1 S BN N
‘aza Barris - Brasilia | 0.231 352 2002 163.0 1.1 [0.70] 28.6 [193.6] 2300} 0.0 G008 2.11] 2.1 0.194 0834 1.0oM| - - &
Brasilia - IMP 0260 | 2002 1604 - 00 104 |0.50] 399] 399 146 0.00 000 344 03174 0000 0.317
MP - Lagarto 0260 | 1604 | 1550 0.0 36 [060] 54 -54] o ] 159 0.000 .0.00 1.59 0.148 0.000 0,140
Subtotal ) : 5.08 000 2.1 716 0657 08374 1494 -
[Total - ) 1657 090 3802127 1.914 1,548 3.460 32 317

oo Supporting Repori: Feasibility Study
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Table-4.5 Investment, Annual Expense and Net Present Value for Agreste Pipeline
" Flow | Watee |Mighent Qﬁgfﬁ:‘f’ “:fﬁ‘ Pipe | tead | Total | Purp |msstmet REmillions) | i pvpense | npy
] Pipcline Route | Volume | EfevationElevation in Elevation |Pipeline Dia. ] Loss | Head | Power] Pipe { Pump|Pump Total (R$:millions) RS:
G - : e
m'fs m m m km |m|lm| m|xw tine | Civil |Equip AFe | ABo [Tot [
. Prtphase : :
o Vaza Bartis - Ribzira | 0516 | 352 | 2578 | 2226 | 83 [0.70]24.7 [247.3] 351.4] 5.09] 1.27] 5.09]11.49]0.595] 1.734] 2.730
ZRibeira - labaiana | 0316 | 3578 | 2150 00 | 152 lotol4as] 428 81| 0.00] 0.00] 8.31]0.308]0.000] 0.508
Total . 13.90] 1.27} 5.09]120.26]1.805] 1,734] 3.539| 38275
I1st Phase
Vaza Bamis - Ribeira | 0.273 352 | 25310 2218 8.8 |0.50]353 1257.1| 286.6 | 2.78] 1.32} 2.65) 6.76]0.564]0.958] 1.52)
Robeira - IMP 0313 | 2510 | 2283 0.0 7.1 j0.50]287] 282 227 0.00] 0.00] 2.2716.207]0.000{0.207
IMP - Itabaiana 0273 | 2283 | 2150 0.0 &1 j0&01133 ] 133 3.55] 0.00{ 0.00] 3.55]0.326]0.000]0.326)
o1 Subtetal : - - 8.60| 1.32f 2.65]12.5811.098]0.958] 2.056
43}
41 Pnd Phase - : - :
O |Vaza Banis - beelra 0.273 35.2 | 2510 2138 88 0.50]35.3 1257.11 2866 | 2.78] 0.00} 2.65] 5.43|0.497]0958] 1.455
"Robeira - IMP 0273 | 257.0 | 2283 00 7.1 10501287 ] 28.7 227 0.00f 0.00] 2.27]0.207|0.000] 0.257
AP - llabaiana 0273] 2283 | 250 00 81 10601133 133 3.55] 0,00} 0.00] 3.55]0.326]0.000]0.326
Subiotal - - s.60] 0.00] 2.65]11.25J1.631]0.953[1.985]
. {Total 17.20] 131 5.30)23.83]2.129] 1.916] 4.045] 37.284
15t Phase L ) .
Waza Barris - Ribira | 0273 352 | 2510 2218 88 ]0.70) 6.9 1228.7| 25491 5.09] 1.23] 234] £.66]0.743]0.889] 1.632
Vaza Barris - Ribeira | 0234 352 | 2510 218 88 10.70]24.7 |246.5] 235.5 | 0.00 0.00] 0.00] 0.00{0.000]0.829]0.82¢
Robeira - IMP 0213] 25710 | 2283 0.0 7.1 [0.50]28.7 ] 287 2.27] 0.00| 0.00] 227]6.207]0,000]0.207} .
- MP - [tabaizna 0213 ] 257.0 | 2150 0.0 31 j060133) 133 3.55] 0.00] 0.00] 3.55]0.326)0.000]0.326
) Publotal - : 1091 1.23| 2.34114.48|1.277}0.825}2.106
& ind Phise 1. < - - ~—T — i
Vaza Bamis - Ribeira | 0.312 352 | 2510 218 8.8 [0.70]24.7 1246.5] 314.0 | 0.00] 0.00] 2.90] 2.90]0.265}1.054}1.319
Robeira - IMP 0273 ) 2570 | 2283 0.0 1.1 _|0.50)28.7 | 287 223 0.00] 0.00] 2.27]0.207] 0.000] 0.207
MP - Itabaiana 0273} 2570 | 2150 00 8.1 106011331133 3.55) 0.00] 0.00] 3.55§0.326| 0.000| 0.326
Sublotal K 582y 0.00] 2.90] 8.72§0.799] 1.051] 1.853 .
Total 16.72] 123 5.24123.19] 2.076] 1.884] 3.959] 36.741
433 Watcr Llft Pump Statmn for Plamtlnga, WLPSZ
(n Des:gn Condltmns o
0y Water_ln_t_akf_: Level _ : EL. 68.0m
2) -+ Water Discharge Volume: .- S
— Phase 1 : 0.260 m*/s
—  Phase?2 : 0.260 m*/s
—  Total : 0.520 m*/s
(2) Location of WLPS2

WL P82 is conslructed next to the connectmg reservmr CR2 as shown in Figure-4.6.

‘)

Desigi’l of Water Lift Pump House

Water Lift Pump House is dcsngned as shown in Figure-4.7 consldermg thc followmg
technical points: :

The house is desngned as remforced concrete frame w1th masonry wall.

- Reinforced suction pit is provxdcd for smooth intake of water from the
connecting reservoir.

- Internal dimension of suction pit is 1.2m(W) x 17. 8m(L) x 6.1m(H).

H.W.L.

is EL. 68.0m as same as in the connecting reservoir and bottom level is EL.
62.5m to secure water flow by gravity from the connecting reservoir.

perrformréd by manual monorail chain block of 2 ton capacity.

~ Floor le!."_el of pump pit is EL. 62.5 m as same as in the suction pit.
Installation and maintenance of punips, filtings, accessories,

clc.

arc

CG-21
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4) Deser 1pt|on of the Pump System

Description of Pump System

Table-4.6
Pump Name - Lift i
Use - Domestic and indusirial
Treatment Raw
.| Phase T M 2
;1 Quantity 241 24 241
‘Total head C1om - [ 16lm  od6lm- | i
Actual head . 132m 132m 132;m | Notel: Discharge of pumps to be total
: - discharge wilthumps in operation.
Head loss _. 8m 29m : 2!:’{:1 Discharge in () to-be per onc’
Suction head | 2m - S 2m 2m ~ pump. * Unitof dlscharge inm¥s
' Discharge 0260 | 0519 0.519 | Note 2 : Pmnps installed in Phase | stage to
S RUPPRREN P e I8 be operated with higher total head in’
: . - (0.130) 7 _(0.130) ( (0..13(_)) . Phase 25tage
-] Pipeline Dia. 700 mm; | 700 mm 700 mm-
| Pipeline Length | 'll.l ki [ 100km | 10.1km

Vertical proﬁles and system curve of {he system is shown in I‘lgurc -4.8, I‘lgurc 4 9 'md
jI‘lgure 4. lO : : : o

(5) Method ol‘ Operatlon

In prmcnple the pumps are operated for 24 hours a day. Watcr hift pumps are stoppcd_

their operation automaticatly when the water level in the connecting IESErVoir is lower than
three meters below normal water leve! in the connecting reservair.

Phase 1, which results in the increase in total head in the system. ~ The pumps mslalled in
Phase 1 are operated continuously in Phase 2 with total head higher than that in Phasc 1.

The pumps installed in Phase 2 are operated paralle! with the pumps.installed in Phase 1.
The condition of electrical stoppage is the same as for the water intake purps.

o St:pporlmg Reporl F eanblhty S‘t:m’y
G-22

“The plpC]me:
constructed in Phasc 1 is used in Phase 2 with the flow volume 2 limes greater than that in
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Figure-4.10  System Curve of Piauitinga Pipeline

©) Water Hammer

In gencrai water hammer is cxpcclcd to_occur when de31gmng a hlgh head pump, large
capacily pump, pump conveying water fo a fong distance, etc.  Water Jift pumps have the
characteristics most likely to occur water hammering. - Water hammer analysm was
execulcd to grasp the occurrence of water hammering in the pump system. ‘
(a) " Water Hammer Analysw without Countermeasures _
1)  Input data ' '
- DPipeline data

length . - : 1L100m
diamelei : 700 mm
material : ductile cast |r0n
~ flow rate : 31.2 m/min
- Pump Dala _
quantily 4
total head 161 m
flowrate + 7.8 m*/min
motor - 1204 kW
GD* : 30kg m’

speed : 1,780 ipm
—  Profile of pipeline '

Length (m) Level (EL. m) Leng!h (m) - Level(EL m)
0 68 ¢ - 4,000 150
800 122 C6,200 : 185
1,100 . 70 ] 8,000 165

L1500 135 -~ 9300 ¢ 170
2,300 - 40 | 10,000 ¢ 185

26000 ol 123 L TUL000 T 185 i
3,300 150 - - 100 - | 200
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2)  Result of analysis _
The result of analysis is shown in Iigure-4.11. 1t is obvious that negative
pressure is generated in most of the pipeline and the countermeasures against
water hammer are required.
ELEVATION | WATER HAMMER PRESSRUE CURVES
m
) 280
260
240 : :
n{ T
200 HYDRAULIC GRADIENT .~
180
160
140
w | /\
100
wl/ \ e
60 : - - ——
"0 1000 2000 3000 4000 5000 6000 7000 8000 9600 10000 11000 12000
PIPELINE LENGH(m) : : :
Figure-4.11 Result of Water Hammer Analysis without Countermeasures
FORE ‘Water Hammer Analysis with Cduntcrmeasurcs
N Countermeasnres agatnst water hammer :
‘Through various trial-and-error of water Immner analysis, it was found lh'il the
followmg countcrmeasurcs are effective,
—  provision of f]ywheel' to the pumps
"~ one way surge tanks in two locations
2)  Input data
. = Pipeline data
- .nochange in mput data
= Pump Data
no change in input data except for ﬂywheel GD2 IOOkg m’
~  One Way Surge Tank
No. ‘Head - Seclion Area (m?)
1 92 10
_ _ 2 127 R [/
~  Profile of pipeline E
©no ch'mge in mput data
3) Rcsult of a11a1y51s

The result of analysis is shown in Figure- 412, Although still there exists some
negative pressure zones, it is Judgcd that the combmatlon of ﬂywhccl and one > way

~ surge tanks is effeclive.
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ELEVATION . '
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Figurc-4.12 Result of Water Hammer Analysis with Counfermeasures
(c) Countermeasures to be adopted

“— flywheel with GD2=100kg " m’
- one way surge tank

No.  Location(m) . = WL(EL.m) . 7% S-‘Eg;;’“ AT Heighi(m)
b 3300 > 160.0 40 >30

2 60 >1950 o0 s

(7) Pump Specification

(a) Pump
- Units :2+1R
—  Type - : honzontal
-~ Discharge : 0.130 m¥s per one pump S
— Total head :140m (Phase Hand 161 m (Phase 2)
~  Flywheel - : 100 kg m’
(»  Motor | |
—  Rotation ' 21,775 rpm
—~  Voltage 1440V L ' o ' _
~  Power - :294kW@oopPs) . . €

434  Water Lift Pump Station for Agi’este, WLI’SI

1 Design Condftions S
(a) Water Intake Level - - : BL. 68.0m

(b) Water Discharge Yolume

~ Phase 1 S 10273 mYs

R Snpporling'Reporl_: Feasibility Study
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—  Phase 2 1 0.273 m'/s
~  Total : 0.546 m¥/s

) Location of WELPSI

WLPSI is constructed next to the connecting reservoir CR1 as shown in Figure-4.6.

3) Design of Water Lift Pumnp House

Water Lift Puml.) House is designed as same as WI.PS2 shown in Figure-4.7.

(4) : Description of the Pump System

Table-d.7 . Description of Pump System

Pump Name : - Lin2

Use ) : Domestic

Treatment " Raw

Phase ‘ 1* N -2 S o

Quantily 241 24 4. 2+1 Note 1 : Discharge of pumps to be total
Total head 196 m 214m 214 m discharge with 2 P“mPS in

Actual head 189 m 189m - 189 m operation.

Headloss ...| 7m -} < 25m |  25m- , ~ Discharge in () to be per
Sucmﬂ;ﬁg&&‘“’“"‘ .- " m m T m one }])lump Unit of discharge
Dischatge ~ 0273 0.546 in m/s

. . Note 2 : Pumps installed in Phase 1 stage

_ _ - (0.137) : w"?lﬂm__@:ﬁl}?) ' topbe operated with hlglf:r
P!Eeh'ne Dia. ) 700 mm 700 mm - total head in Phase 2 stage.
Plpelme Length §.8km 8.8 km

Vcntlcal proﬁles and systcm curve of the system are shown in Figure-4.13, F]gure 4 14 and
Figure-4.15. :

350
300 Pressure P
. C1-¢700 : : Gravity : : :
ey 16500 Gy
_ 2507 : : - 1-¢600 -
g eo
c 8 200
-
¥ | =4 . <
‘ % 150 E
[x}
i 100 | E
r 50 |
i I v R B : : ! : : - : H P
E Y P SN RGP SO SIS SN SN SN LA S SO ST SN S S SN S
| o012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 .19 20 21 22 23 24
| Distancc k)

Figure-4.13  Vertical Proﬁle of Agtésié Pipeline in Phase 1
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_ Figure-4.14 Vertical Profile of Agreste Pipéline in Phase 2
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Figurc-4.15 - System Curve of Agreste Pi:liéling

(3) . Method of Operatwn

Mclhod of opcration in the Agrcste system is as same as in lhe Plaumnga system

(6) Watcr Ilammer

Water hammcr analysis was executed to gmsp the occurrence of watcr hammcrmg in thc

pump system.
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(@)

“Water Hammer Analysis without Countermeasures

1) Input data
— - Pipeline data '
length - 8,800m
diameter : 700 mm
material : ductile cast iron
flow ratc : 32.8 m*/min
- Pump Data
quantity 14
total head :214m
flow rate : 8.2 m*/min
motor (294 kW
GD2 _ 1 50kg m’
speed 3,500 rpm
—~  Profile of pipeline 3 N
Length (m) Level (EL. m} Length {m}) Level (EL. m)
0 63 4,100 105
450 - 100 4,500 LS
800 - 00 4,800 : 50
1,000 100 6,000 : . 180
1,700 60 6,900 180
2,000 90 7,800 80
3,000 - 75 8,700 235
3,300 - |- [ -~ 08,800 251

7 2) ~ Result of analysis

“The result of analysis is shown in Flgure -4.16. It is obvious that negative
pressure wili be occurred some of the plpelme and the countermcasure against
water hammer will be reqmred

ELEVATION . - \Vt_\'ltR IlAMMF_R PRESSRUE CURVES

m . : _ . ;

( )380

369

- 30 [

320

300

280 = ; : i : ;

240

L 220

200

180

169

. |40 i ST R T
120 R

0 1000 2000 3000 4000 S000 6000 7000 - 8000 . 9000 10000
‘ S ' PIPELINE LENGH(zm) . '

- Figure-4.16' Result of Water Hammer Analysis without Countermeasures
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b Water Hammer Analysis with Countermeasurcs
y

1)  Countermcasures against water hammer

Through various trial-and-crror of water hammer analysis, it was found that the
following countermeasures are effective. :
— one way surge tank in one location

2) Input data

~  Pipeline data . ,
no change in input data T i%
—  Pump Data
no change in input data
—  One Way Surge Tank _
No. © Head " Section Area (m?)
1 ' 120 R 20
— . Profile of pipeline
_ no change in input data
3) Result of analysis . ; :
The result of analysis is shown in Flgure -4.17. It was shown that onc way surge
tank is effective. : e '
ELEVATION = WATER HAMMER PRESSRUE CURVES
(m) 380 : ' ' - '
360 = - . i - _ %
Mo | o = :
320 | S T——
300
280
260
240
220
200
180
160
140 |
120
100
80
60

0 .'VIOOOV 2000 3000 4000 5000 6000 7000 .8000 9000 10000
o PIPE_I,INE[,ENGII(m) i ' '

Figure-4.17 Result of Water Hammer Aﬁalysfs with Counterrﬁeasures

{c) Countermcasures to be Adopted
' —- one way surge tank o L s .
; - Cross section - TR
No. l.,o._calton(m) - W.L(EL.m) Arca () Height(m)

b 6000 - ->Is80 020 >2.0 "

: _ Supporting Report: Feasibility Study
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(7) Pump Specification

(a) Pump

-~ Units :2+H1R

- Type : horizontal

-~ - Discharge - 0137 's

— Total head : 196 m (Phase 1) and 214 m (Phasu 2)
(b) Motor
L -Rotatioh " : 3,500rpm

—~ - Voltage L 440V

~~ - Power 1 294 kW (400 PS) -

4.4 . Piauitinga Water Conveyance Pipeline

4.4.1 Chafacteristics of Pipeline L
Characteristics of Pipeline route determined based on 1 the waler conveyance plan in
CHAPTFR 3 are as follows:
(1)1_ _ Dcsngn Condltmns _
Service Pressure in the Plpelme . o

~ Permissible Service Pressure 1 1.58Mpa

- Maximum Service Pressure : 1.58Mpa

(2) Matcnals

Unless olherwwe specified, all pipe materials are ducllle cast iron. :
Class of Push-on Joint Type pipe is K7 in accordance w1lh the Seivice pressure in the
pipeline.
(3 . Length .
 $700 110,416 m

¢ 600 :7,783 m per Phase (total length in two phases 15,566 m)
-~ $500 ;7,206 m per Phase (total length in two phases 14,412 m)

4 Ground Elevatlon

Vertical proﬁlc of the plpelmc is shown in Figure-4.18.
Lowest elevation ~ : EL. 60m
" Highest "cleva_t_ion _ :EL. 190m
6y 7 Cohditions‘ of Ground Surface in Pipeline Route

lype of ground sur face and its length is as follows: -

: Paslure 14, 324 m
- Barcland - :20911m
Pavement :80m -

© Over-pass  :90m

: Supporting Repori: Feasibility Study
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Details of Over-pass
Urubu River Crossing

-~ 40m of river crossing

—  Pipes to be supported by the steel support anchored at cach Gm to the side of

existing reinforced concrete bridge with span length of approximately 35m
Urubutinga River Crossing -

-- 6m of river crossing

— Pipes to span over the river without any support from the exlstmg rcmforccd
concrete box culvert with span length of approximately 6m

Machado River Crossmg

—~  40m of river crossing
- Pipes to be supported by the steel support anchored at each 6m to the side of
existing reinforced concrete bridge with span length of approximately 35m-

Road Crossings

Major road crossings ate as follows:

@)

SE-214 -

Crossing with SE-214 coming from ltaporanga d’ A_]lld'i at the mtersecnon of road from
Jenipapo. Crossing width is 20m. C

b)

Brasilia

Crossing with branch road from SE-QM in Bras.i_lia'. Crbssiﬁg width i.s‘3~0m.. ;

©

'SE-104

Crossing with SE-104 at intersection of road from 'Brasiii'a.‘_ .Crossiﬁg width is 10m.

d)

Lagarto Water Treatment Station

Cros<;mg with internal road just before Lagarto Waler T reatment Station, - Crossing width

is 20m.

G34 -
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