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

CHAPTFR 1 AIMS OF THE PROJECT
1.1 Neccssnty of the Plojcct

(1)  Necessity of New Water Resources I)eve]opmcnt in Vaza Barrls Rlvcr _

Itabaiana and Lagarto Water Supply arcas {Agreste and Piauitinga Integrated Pnpclme

- Systems) are located in . Agreste/Semi-arid arcas and are the second and third largest

populated areas in Sergxpe State. These areas arc of poor ground/surface water resources
potentlal and have been suffermg from water shortage. In order to cope with present
water shortage and increasing water demand, groundwatcr is not cnough in both quantity
and quality and it costs too much if surface water is conveyed from other river basins
affiuent in water resources, Sao Francisco River for example. Vaza Barris River has large
water resources potential and is located between the large water-consumed cities of
Itabaiana and Lagarto. Therefore, it has been expected to develop the river water not only
by beneﬁlmg mumclpahtles but also by the state of Serglpe

' (2) _ - Refreshmg H:gh chlorme Rwer Water by a Proposed Dam Systcm -

Vaza Barris River, who is thc second fargest river in the State with the total basin area of
16,229 km’ including a part of the Bahia State, flows down between the second and third
largest populated cities of Itabaiana and Lagarto. - River water of the main stream has
large potential of water resources but has not been able to be utilized as potable and
irrigation water due to high chlorine concentration of flow from upstream. In fact, a dam
plan had been progrcsscd on the main stream of the river in the Sergipe State in 1980°s and

' was abandoned due to unavailable water quality of the river. ~ Afler elaborate investigation

of river water quality, however, it was found that river flow has high chlorine concentration
only during low flow condition from upstream and has less chlorine concentration during
flood time and in the downstream. Considering such condition of the water quality in
Vaza Barris River, thc following reservoir operation plan is being established:

1)  Low ﬂow from the upstrcam with hlgh chlormc concenlratlon lS bypassed around
~ the dam to the downstream. -

2) Riverwater with less chlorine concentration during ﬂood and in the downstream
is stored in the dam reservoir.
Then, e
3) Dam reservoxr water is kept clean (low chlormc concentrauon) and could be
- utlllzcd as portable and lmgatlon watcr.

Introducing such reservoir operation plan with a new system for river water quality, river
water that could not be utilized before becomes clean and comes to be utilized as potable

" and irrigation water.

(3 Insufﬁc;ent Water Supply ,
" In the State of Serglpc in 2020, necessary supply water amount is estimated to be totatly

830,000 m'/day . including 547,000 m*/day of supply water shortage. Of this water
shortage, Aracaju Capital Arca is short of 175,000 m’/day (equivalent to 32% of total
supply water shortage in the State) of water, and Itabaiana and Lagarto Water Supply arcas
(Agreste and Piauitinga Integrated Plpelme System) are short of 129,000 m’/day
(eqmvalent to 24%) of water. .

Supporting Report: Feasibility Study



The Study on Water Resonrces Developmient in the State of Sergipe, Brazil

The population of these areas is 259,000 inhabitants in 1996 and is estimated to be 540,000
in 2020, which represents almost two thirds of population in Aracaju Capital Area at the
same year (875,000 inhabitants). The lack of adequate water supply is a serious obstacle
to the development of the so mentioned regions and creates a nugratory pressure towards
the State capltal worsemng even more problcms in Aracaju

Therefore, it's mandatory to try to stabilize the water supply for high- conccntrated
population, indispensable to boost its social-econoniical development and to improve the
quality of tife. The positive consequences will spread all over the State ‘contributing to
reduce the rcglonal differences and allewalmg the populallon and social- economlc
pressures towards the area of Aracaju

4) - Irrigation Development
Fertile land suitable for irrigation extends around the right side of the 'planned dam site,
This area is located bctween the three largest cities in the State of Serglpe, such as Aracaju
Itabaiana and Lagarto It means the area has an advantage being near to large consumer
citics. ~ This area, which is presently utilized as orchards and pasturcs, could be lmgatcd
and the agricultural production is to be supplied to the city arcas.  This irrigation project
promotes im’provementof agricultural productiVity and activation of r’egiOnal economy. :

_’lhc planned dam’ is 1mplemented as a multl -purpose dam for the development of
domesttc/mdustnal water and 1rr1gatlon water It results in decre’tse of the both project
costs.

1. 2 _. Objectwes of the Pro;ect

“The PmJect of Water Resources Devclopment and Supply in Vaza Bams chr —Serglpe
(PROVABASEY” is proposed for securing stable life of the state people through sustainable
water resources development The objectives of the project are s‘et as follows:

~ to improve river water quality and to develop potable water resources.’
"~ to supply clean and enough water for the people through pubhc water supply

-~ to supply lmgatlon water to agrlculturally potentlal fand for the aohievement
~ of high productivity. - '

- o develop mamtenance watcr of the nver for 1 npanan cnvnronment

Supporting Report: Feasibility Study



The Siudy on Water Resources Development in the State of Sergipe, Brazil

1.3 Project Components and Location

The project components of the facilities are sunnimarized in Table-1.1. The target facilitics
of the project components in this feasibility study are:

- Facilitics of Vaza Barris Mullipurpose Dam .
—  Water conveyance pipelines of domestic/industrial water supply facilitics

The project location is shown in Figure-1.1.

- Table-1.1" Project Complonent and Faeilitics .

Project Components : _ Facilities

(1) Vaza Barris Multipurpose Dam

Dam facilities S |- Main Dam - Spillway

- Check Dam (Bypass Intake - Low Flow Bypass

(2) DOmn_aéi'icIIndustrial. Water Supply F_aici[iliesi <Ita_baiana Water Supply Avea>

Water conveyance pipeline - Intake and raw water pump station - Pipeline

Treaintent and distribution facilities |- Water tréalfnem" station : - Distribution pipeline network

(3) Domestic/Industrial Water Supply Faellities: <Lagarto Water Suppiy Avea>

' 7 Water conveyance pipeline B fritake_:ind raw water pump station - Pipeline

Treatment and distribution facilities | - Water treatment station - Distribution pipeline network

) Irrigarfpn IVdief Sﬁpp{v Facilities

| Water Conveyance Pipeline . |= Intake and raw water puinp s?arion - Pipeline

Irrigalion Facilities |- Farmiland developnient - - Irrigation channel

. Note: Tialic parts show the facilities not including in this feasibitity study.

Supporting Repori: Feasibilily Study
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CHAPTER 2  CRITERIA FOR DAM PLAN

2.1 Compensation Discharge

The “compensation discharge” could be defined as the discharge necessary to maintain the
normal function of a river, and consists of maintenance discharge and water-use discharge.
Maintenance discharge has been stipulated to maintain river function even at the times of
low flow, with overall consideration to the following: 1) fisherics, 2) scenery, 3) sea water
infrusion, 4) preservation of fauna and flora, 5) preservation of cleanliness of river flow, 6)
prevention of river-mouth clogging, 7) protection of river works, 8) groundwater level
maintenaice, 9) boat transportation. Water-use discharge is the flow necessary for the
exclusive use of the river water at all points downstream.

After the following consideration, compensation discharge was sct as the 100% of the 10-
year return period 7-day flow (Q7, 10).

Maintenance Discharge: In this Study, the 100% of the 10-year return period 7-day
flow (Q7, 10) is applied as maintenance discharge for dam planning. The (Q7, 10)
refers to the mean annual minimum 7-day flow with 10-year return period, and this is
secure as compensation discharge to the downstream when developing new water
resources of river flow. As this value is not an absolute one, the above items to be
considercd should be studied in detailed environmental study.

Water Use Discharge: Based on the survey of current water use in Vaza Barris River
in the Sergipe State, exclusive water use in the main stream could not be found.
Consequently, no water usc discharge is taken into account for compensation
discharge. Refer lo the following invesligation of current water use.

< Current Water Use in Vaza Barris River in Scrgipe State >

Current water use in Vaza Barris River concerning with water intake on
domestic/industrial/irrigation water is summarized in Table-2.1 and their locations are
pointed in Figure-2.1.  All the intakes in the upsiream and downstream are located in the
tributaries of Vaza Barris River, not in the main stream.

Current Water Use in Vaza Barris River

Table-2.1
] S . Water Use
Station River Location Objective Op eration Amount
No. Organization
' (m/day)
Davenstream ’
02 Rio Chinduba | Antiga intake Industry : - -
06 Riacho Taboca | Pov. Sape Municipal DESO 1,356
08 Riacho Pedras | Faz. Riacho Doce | Irrigation COHIDRO -
11 | RioComprido | Intake SAAE | Municipal DESO 2,400
12 | Riacho Pindoba | Fonte Indaia Industry - -
- Upstream )
10 Riacho Taboca | Pov. Genipapo Municipal DESO 1,199
18-1 -| Rio Trairas Riacho Ribeira Municipal—ﬁ DESO 346
18-3 | Rio Trairas Rio Trairas Municipal/lirigation { DESO/COHIDRO 12,216

Supporting Report: Feasibifity Study
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Figure-2.1 Loeétien of Cu'rren‘t Water Use in Vaza’ Barris River

22 Reservonr Rehabrllt_‘, (Secunlv Level of Water Supply)

Low ﬂow secnnty in the plan has been set to ensure the intake of newly developed
discharge even in the worst drought in ten years for domestle/mduslrral and irrigation
water supply. " : : S : : '

2.3 Desrgn Dlseharges
(v Desrgn Flood Dlscharge of Dam

A spillway is the safety valve for a dam. - It must have the capacity to dischaige najor
floods without damage to the dam or any appurtenant structures, at the same time keepmg
the reservonr level below some predetermmed maximum level

The selection of design ﬂood dlscharge is related to the degree of protectlon that ought to

be provided to the dam that depends on the type of dam, its location, and consequences of

failure of the dam. = A high dam storing a large. volume of water located upstream of an

inhabited arca should have a much higher degree of protection than a 16w dam’ stoting a

small quantlty of water whose dowiisiream reach is uninhabited.” The probablé maximum

flood is commoniy used for the former whrle a smaller ﬂood based on frequency analysrs' _
. is suitable for the latter. : '

S Supporlr'ng Reporl: F easibility Smdy
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According to the “Criteria of Civil Design of Hydro-electric Plant, 1994 May, Prcliminary
Edition, CEMIG (Encrgy Company of Minas Gerais)”, design flood discharge of a dam is
set as follows:

1) - For dams whose collapse involves loss risk of human lives (if permanent
- habitation exists downstream), the design ﬂood dlscharge should be the Probable
Maximum Flood.

- 2) For dams with the height Tless than 30 m or with the volume less than 50,000,000
m’®, and when there is not loss risk of human lives (if permanent habitation exists
downstream) the design flood discharge should be defined as minimum return
period of 1 000 years by probabrhty analysns

- The proposed dam is categorized in 1) above and the design ﬂood discharge should be the

probable maxlmum dlschargc

2) Other l)esign Dis'chargés '
As the scale of the followmg desrgn discharges are not defined in the crltena mentioned
above the Japanese standard for dam desrgn are referred.

- Desrgn dlscharge for energy dlssrpater ofa dam
= Design dischatge of diversion channel during construction
_—' Design dlscharge for splllway of a check dam

24 Dcsign Critcria 7 _
Dam should be careful!y dcmgncd to minimize the construction cost, holding necessary

functions - of each facility,. Dam and related structures are “designed accordmg to
reasonable balance between construction cost and safety level. A large safety level of

* struclures requires a large scale of structures and complicated construction procedures.

Consequently, the construction costs increase. - Design Criteria are standards to decide a
balance between construction cost and safety level.

: Dam Desngn Cntena used in Brazrl are as follows:

1)  For almost extstmg dams, dam desugn standards of USBR (US, Pep. of the
Interior, Bureau of Reclamatlon) and USCE (US Army, Corps of Engmeer) were
- employed. .

~-.2) - Sdo Francisco Blectnclty (;orporatron (CH[‘,SF) recently uses the standard “Civil

- Works Criteria for- Hydropower Generation” which was complied by Mina Gerais
- Power Company (CEMIG) on the basis of standards of USBR and USCE. This
standard was used in des1gmng Xlngo Dam. -

Consrdermg the above srtuatlon CEVI[G standard 1s employed basically in desrgn of Vaza
‘Barris Dam and other. related structyres., | If necessary, the Japanese Standards for dam
desrgn of “Manual of RlVer Works Mlmstry of Publlc Works Japan” are referred.

Supporting Report: Feasibility Study
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CHAPTER3 PLANNING CONDITION OF DAM

3.1 Reqlnred Development Water Amount

Vaza Barris Dam is planned for development of domestic/industrial water and ‘irrigation
waler. Domestic and industrial water is to be supplied for the area covered by Agreste
and Piavitinga Integrated Pipeline Systemss, as shown in Table-3.1. Trrigation water is to
be supplled for Vaza Barris Irrigation Project, of whlch monthly water requirement is
shown in Table-3.2.

Table-3.1 ':DOlllesiic and industrial Wﬁtelj Sf:_pbl& in Agrcs'h_i;_an.d Piauit:iliiga Areas

Agreste Inteprated Piauitinga Integrated Y |
- Area Covered Pipeline System . Pipeline System Total Supply
o ] witday) (m¥s) | (mifday) | {m'fs) (m’lday)' (n’ls)
I\)\f;fj;p‘;;‘;g‘;:;‘zg‘;’ge“m 1 286 | o860 | 79664 | 0922 | 153950 | 1782
Present Capacity 12,810 0.143 12,130 - 0.141- 24,940 . 0.239
E?E’SS?SE'IO g)fige}\céuf . bel  aya00| 0257 | 30200 L0349 | 52400 | - 0.606°
ifl‘(')‘:;f‘fn‘if]‘;:ifr';';z':‘ WA 39276 | odss | 3733 | o4 | 76610 | 0887

Table-3.2  Monthly Water Requirement for Vaza Barris Irrigation Project

Item JAN | FEB | MAR | APR [MAY | JUN | JUL [AUG] sEP |ocT |Nov | pic Average
Source “a([ﬁf,}:;'q""“"m 29122469 2.022{0.717 {0273 [0.000{0.033 J0.542 | 1344 |2.484 |2.463 [2.820] 1.507
Note: Efficiency of Water Conveyance: 0.9, . Efliciency of Watér Distribution; 0.9 :
Irrigation Area: 4,553 ha, e Maximum Water chum:ment 29]2 s on Januar)

~ Required water dmount dci’élopcd by Vaza B'ér'r‘is‘ Dam i_s set a's‘ fqlloyysi__ -

~  Municipal and industrial water supply 0.887 m’/s :

— Imgatlon water supply : - 2.912 m%s in maximum
K - 1.507 m*/s in average
- Total requlred development amount: 3.799 m’/s in maximum.

2.394 m*s in average

32 Reservmr Sedmlcntatmn

There are two dams ‘exisling in the Vam Bartis River basm namcly Cocorobo Dam -

(C.A.=3,600 km?) and Cajalba Dam (C.A=195 knt?), -~ As the hydrographic basin of the

Vaza Barris dam is 15,560 km?, sediment catchmcnt area becomcs ll 765km sublraclmg '

the catchment areas of the existing dams

Planned sedlmenl capacmcs of the dams wnh the catchmcnt area of over 100 km? in

Sergipe State are shown in Table-3.3. The spccnﬁc sediment capacmcs (nﬁlun’lyear) of
the above dams with the catchment area belween 118-1, 350 km? are ranged from 14-53

m’km¥year. Taking into account of the catchmcnt atea size and the deference of basin
clevation, the specific sedinent capacity of the Vaza Bams Dain is set at 10 m’/kmzfyear
Then, securing 100-year sediment for the dam reservoir, the sedlment capacuy for the Vaza
Barris Dam is necessary to be 12,000, 000 n’,

E-8
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Table-3.3 Sediment Capacities of Dams in Sergipe State

Dam River C;::LCIR ?ﬁarg:;f]e Reservoir | Reservoir | Sediment SSeIz;fliE;t VsV
Name Name Area | Elevation Area VYolume | Capacity Capacity
(km*) (m) (ha) Vi (m?) Vs (') |[(m*kmifyear)] (%)

Vaza Barris [Vaza Barris :32663 600 948 93,000,000} 12,000,000 10 12.9%
Piaiu * {Piaui 1,350 400 . 367 115,000,000] 2,000,000 15 13.3%
Jabiberi JabiberifReal 118 200 61 | 4,360,000f 540,000 46  1126%
Jacarecica 1 {Jac./Sergipe 221 200 | 1i5 | 4,700,000; 300,000 14 6.4%
Ca_pallga_ ~ 'IralrasNB 195 200 | 250 [16,500,000] 1,032,000 53 6.3%

Note: () shows sediment catchment area

33 " Determina(ioh of Design Discharges

331 Dtﬁsign Flood Discharge of Dam

According to the planning criteria, the design flood discharge should be the probable
maximum discharge, which is assumed to be the discharge with 10,000-year return period
in this report. Based on annual maximum' daily discharge for the 24-year data secrics
(1971- -1995) at Fazenda Belem (C.A.=15,740km?), the discharge with 10,000-year return
per 1od was calculated to be 3,588 m¥s.  Taking into account of the ration of the catchment
arcas at Fazenda Belem and that at the dam ite, the design flood discharge was set at
3,600 m’/s.

| -7—1 Desiglxj Flood Diséharge:‘ 3,600 m¥s
~ - Specific Discharge: - 0.23 m*/s/km’ (Dam C.A= 15 560 km?)

Figure-3.1 illustrates the range of specific discharge'of the maximum flow for rivers in the
world.  As the design flood discharge of Vaza Barris Dam is pointed in the figure, it
corresponds to the maximum discharge of the upper range in a plain area or the lower
range in a mountain area. It seems to be reasonable studying the topographical condition
of this basin. : ' -

100 po-omreprmom o

o Maximum Discharges of World Rivers B

.,
|

'f% Maximum ‘Zo:nei'(l’arde) E

' Miﬁurﬁlﬁi’n (Wundﬁ '

Plain (Wundt)

e

- 8pecific Discharge (rr? /sfkmz)-

1,000 0000 100,000 1,000,000
Catchment Area (km '

TR E
ST

- Figure-3.1 | Speclfic Maxlmum Discharges of Rlvers in the World
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Table-3.4 Design Flood Dischargc of Existing Da_ms' in Sergipe S.tate

Dam Name Piaui labiberi Jacarecical | Cajaiba Xingo |
River Name . Piaui Ja_biberi Jacarccica Trairas 8. Francisco
Responsible Organization COHIDRO | COHIDRO COHIDRO | COHIDRO CODEVASF
Purpose Jrrigation Irrigation Trrigation [[r;éﬁ?;;):‘lc’ get:‘e)::iro.h
Catchment Area (km?) - 1,350 118 221 - 195 633,006
Spiltway Design Discharge (m¥s) 2,238 331.5 738 - 1,621 13.000
(Probable year) (1,060) ) (I,OOQ) . (1,000) (10,000 | T
Specific Discharge (m/s’km?) 1.66 281 | 334 8.31 0.052

33. 2. Dcsrgn Dlschat ge for Energ)r DlSSlpater of Dam -

The dcsrgn dlschargc of the dam cnergy dissipalter is adoptcd as lhe dlschargc with 100-

year retum perlod accordmg to “Manual of Rlver Works Mrmstry of Publlc Works
Japan”.

. The probable dlscharge with 100- -year retum pcrlod at l*azenda Bclcm (C A 15,740km’ )

is 1,211 m*/s, and that at the dam site is 1,197 m*/s taking into account of the basin areas’
ratio. ~Then the design discharge of 1,200 m®/s was taken for the design discharge.

333  Design Discharge of Diversion Chanrrcl during Construction -

A design discharge of a div_ersiorr channel is defined; as the frequency rcsult'ing"fro'm'
probable analysis, compating the cxpected value of losses cost resultant from respective

floods. According to the degree of flood damage b_v a dam type, in this report, a desrgn
discharge of a diversion chamlel during construction is set as the following cnterla

—  Concrele dam.

_ H Discharge with 2-year return period
- Earth-ﬁll dam or Rock-fill dam:

Discharge with 20-year return pcriod

ﬂlcrcforc the dcsrgn dlschargc of the dwersron channel durmg conslructlon is set as =

follows:

- Concrete dam:

. 200 m’/s (0.013 m’/"s/km’) :
~  Earth-fill or rock—ﬁll dam

720 m%s (0.048 ms/km?)

334 ° Design Dlscharge for the Splllway of a Check Dam

The larger one of the following two discharges is adopted as a dcsrgn drschargc for the

- spillway of a check dam, accordmg to “Manual of River Works, Mmlstry of Pubhc Works, - |

Japan

Supporting Report: Feasibility Study
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- Discharge with 100-year return period
—  Experienced maximum discharge

The probable discharge with 100-year return period at Fazenda Belem (C.A.=15,740km?)
is 1,211 m’s, and that at the dam sitc is 1,170 m*/s taking into account of the basin areas’
ratio. On the other hand, the experienced maximum discharge at Fazenda Belem is 647
m*/s in 1975 during 25-year daia serics from 1971 to 1995. Then the design discharge
with 100-year return period should be taken for the design discharge.

However, the proposed check dam has the function not only as a sand sedimentation
facility but also as an intake facility. For the dam reservoir operation, this intake is
incvitable for improvement of reservoir water quality. Therefore, adding 20 % of
discharge due to ils unportance the design discharge of the spillway for the check dam is
set at 1,400 m’/s : S

- De51gn dlscharge 1,400 m’/s
—  Specific Discharge: - 0.09 m’/s/km (Check Dam C.A.= 15,030 kmz)

o Supporting Report: Feasibility Slt;?d;
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CHAPTER 4 RESERVOIR OPERATION PLAN

4.1 Main Function of the Proposed Dam

The proposed dam, Vaza Barris Dam has the functions of not only “Stormg Water” but also
“Improvement of Reservoir Water” as follows:

1)  Storing water in the dam reservoir for the purpose of:

Maintenance of river and riparian environment
Domestic/Industrial water supply

Irrigation water supply

Dilution of water quality

!

2)  Improvement of reservoir water with the new system of low flow bypass:

—  High saline concentration water is bypassed around the dam reservoir.
—  Clean or low saline concentration water is stored in the dam reservoir.

River Water A/

Low Flow Bypass (Improvement of Reservoir Water)

K

Sedimentation

Dam Reservoir
(Storing Water)

Check Dam / Intake Dam

Vaza
Bairis
Dam

& y Low Flow Bypass (Iimprovement of Reservoir Water)

Sedinentation

Check Dam / Intake Dam

Figure-4.1 Main Function of Vaza Barris Dam

River water of the main stream has large potential of water resources but has not been ablc
to be utilized as potable and irrigation water due to high concentration of chloride. Afler
claborate investigation of water quality, however, it was found that river flow has high
chlorine concentration only during low flow condition but not during flood. Considering
such condition of the water quality in Vaza Barris River, the following dam plan with the
new system of a low flow bypass was established: '

1)  Low flow with high concentration of chloride from the upstream is bypassed
around the dam reservoir to the downstream.

2)  River water during flood is stored in the dam reservoir.

Then,
3)  Dam reservoir water is kept clean and is utilized as potable and irrigation water.

: Supporting Report: Feasibility Study
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s,

4.2 Reservoir Operation Model
4.2.1  Concept of Reservoir Operation Model

'The concept of the reservoir operation model is shown as a flow chart in Figure-4.3.  The
reference points for the reservoir operation plan were set at the check dam site and the
main dam site, because the hydrological reference point in the most downstream, Fazenda
Belem is located in the very near downstream of the dam.  The both catchment area of the
dam site (C.A.=15,560 kii?) is close to that of Fazenda Belem (C.A.=15,740 km?).  Given
conditions in this model are listed as follows:

—  Daily Discharge (Refer to Hydrological Model)
1) Main dam: Qg, 2) Check dam: Qgy,, 3) Reservoir inflow: QD Qco

—  Development Water Amount at the Dam Site
1)  Compensation (Maintenance) discharge: 0.44 m’/s
2)  Domestic/Industrial water usc: 0.887 m'/s
3)  [Irrigation water use: Maximum 2.912 m*/s
' Average 1.507 m'/s

—~  Physical Precondition
1)  H-V curve of the dam reservoir: Refer to Figure-4.2.
2)  Capacity of the check dam rescrvoir: 10,000,000 m’ at the level of EL. 63.0 m
3)  Bypass discharge: 0 — 2.0 m’/s (Assumplion cascs in lnal calculation)

— Initial Condition
1} Initial reservoir volume: Full of capacity
2}  Reservoir walcr quality:
Average water quality according to the average flow during 1986-1995
: Main Dam Reservoir:  CI=200 mg/l, EC=0.90 dS/m, Q,=8.74 m’/s
: Check Dam Reservoir: C1=330 mg/), EC= 1.40 dS/m, Q,y=4.65 m’/s

Elevation (EL.m) Area (m?) Volume (m’*) Accumulated Volunie (m?)
20 ' 0 0 0
25 113,241 283,103 : 283,163
30 844,695 - 2,394,840 2,671,943
35 2,980,121 9,562,040 12,239,983
40 5,884,332 22,161,133 34,401,115
45 8,295946 . 35,450,695 69,851,810
50 - 10,665,979 47,404,813 117,256,623
55 13,049,208 59,287,968 176,544,590
60 15,527,046 74,440,635 247,985,225
65 65 I B
60 60 :
55 55
G E 50
& 50 !
2as <45
-g 40 '.§ 40
-
235 g 33
30 30
25 | 25 4t e e
20 20
0 2 4 6 8 10 12 14 16 18 0 30 loo 150 200 250 300
Reservoir Area (kmz) Reservoir Volunx (million 1113)

Figure-4.2 H-A and H-V Curve of Main Dam Reservoir

Supporting Repori: Feasibility Study
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Based on the glven conditions above, followmg water volumelﬂow and water quality are
simulated:
1} Check Dam Rescrvoir

~  Inflow: Natural Flow
~  Qutflow to Dam Reservoir and Low Flow Bypass

2)  Main Dam Reservoir

— Inflow: Natural Flow to Reservmr, Fiow from Check Dam o _
—  Outflow: Dam Draw-off, Spillway Discharge, Evaporation R ' _- %
— Intake Flow: Municipal/Industry Water, lrrigation_ Water o

Daily Discharge Development Water | |-Physical Precondition 1nitial Condition.
13 Main Dam QD Amount 11 1) H-V Curve of Dam 1) Reservoir Volume
2) Check D_am Qcp )] Compcnsaﬁon Reservoir . 2) Reservoir Water Quality
3) Reservoir 2) Domestic/industrial || 2) Capacity ofCheck || (Cland EC) '
(QD-QCD) 3) lrrigation Dam Reservoir - Main Dam
u‘\ ' ' 3) Bypass Discharge - - Check Dam

#

Natural Flow at Check Dam

Check Dam Reservoir

h 4
Natural Flow to Dam B -as',s Flow.
Reservoir Draw-o_ff P _
- . Y
i Spillway Compensation
Evaporation Discharge " Discharge
N

Domestic/Industrial and
Irrigation Water

.

DO\\pslfeam Flowrat :
* Main Dam

Figure-43 Conéepf of RéSei’*’vdir Operatidn Model

: Supporting Report: Feasibilily Study
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Based on the given conditions above, following water volume/flow and water quality are
simulated:

1Y  Check Dam Reservorr

— Inflow: Natural Flow

= QOutflow to Dam Reservoir and Low Flow Bypass
2y Mam Dam Reservoir

- Inflow: Natural Flow to Reservoir, Ilow from Check Dam
- Outflow: Dam Draw-olt, Spillway Discharge, Evaporation
~ Intake Flow: Municipal/Industry Water, lirigation Water

Daily Discharge Development Water Physical ’'recondition Initizal Condition
1) Man Dam QD Amount b)) H-V Curve of Dam 1) Reservoir Volume
2) Check Dam QCH 1} Compensation Rescrvoir 2) Reservoir Water Quality
3) Reservoir 2} Domestic/Industrial { | 2) Capacity of Check (Cl and EC)
(QB-Qe) 3} Irrigation Dam Reservoir - Main Dam
w \_/ T [ 3) Bypass Discharge - Check Dam

Y LY L e
I - A — .
[ Natural Flow at Check Dam ]

Check Dam Reservair

e ¥

Natural Flow to Dam Bypass Flow

Reservoir Draw-ofl P
L _ [ T P
o b
- . AN
e Spillway Compensalion
Discharge Discharge

| | ,!
i |
: b >
Domestic/industrial and !
Irrigation Water ;
1
1

T . e e e e

!
¥
Downstream Flow at
Main Dam

Figure-4.3 Concept of Reservoir Operation Model
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4,2.2 Runoif Model

Runoff model of reservoir operation simutation is presented in Figure-4.4 and Table-4.1.
Hydrological refercnce points were set at the check daim and the main dam, of which daily
discharge is calculated based on the discharge at Ponte SE-302 (Q,;) and Fazenda Belem
(Q¢p).. - The daily discharge from the basin B, C and D is calculated introducing “Runoff
Contribution Factors”, which were estimated as the following equations, based on the basin
areas, the basm mean ramfalls and the runofYf rates of the basms of B, Cand D.

[Runoff Contrlbutlon Factors] = [Basm Ratlo] [Basin Ramfall Ratio] * [Runofl Rate R'mo]

Then, the runoff contribution factors were obtained as 0.24, 0.54 and 0.22 for the basins of
B, C and D respectively, and discharges from these basins could be calculated by following
equatlons

_”0 24 (Qna' Qw«) Q(' =0. 54 (QPB QP:F) j-QD = 0'22'(Q;LB "QPSE) _

(1) Ponte SE-302 Q
CA=14,122kn? ® Qe

C.A=908km’
BMR: 976mimn _ _
* incl. Salgado River (C.A.=534km?)

© (2) Check Dam
C.A=15,030km?

C.A=530km?
BMR: 1,288mm

Reservoir | * incl. Cajaiba Dam (C.A.=195km?)

(3) Vaza Bartis Dam - o
— 2
CA=15,560km - C.A=180km?
: BMR: 1,515mm

(4) Fazenda Belem

CCA=ISM0km? 0 OQs
| C.A=489%m’
BMR: 1, SlSmm
, ':(5)T'{>tal C.Ai:l}G,i’._’b__km_z T N chend

BMR: Basm Mean Ramfall
_C_A Ca_tchmenUBasm Areca

Atlantic Oéem'; :

Figure44 | Runoff Model for Reservoir Operation .Sim-_ﬁl.atién‘ _

o : Supporting Repori: Feasibility Study
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Table-4.1 Basin Division

River Basin Reference Point

- Basin . : : : -Basin .

No. Basin Name Arca. | Basin Mean { pupoff Rate | No. Point Name Area
o * (km?) Rainfall (mm) (km?)

A | Upstream (Bahia) 14,122 | 500-800 - (1) | Ponte SE-302 14,122
B | Ponte - Check Dam 908 976 0.07 (2) | Check Dam - 15,030
C | Dam Reservoir | - 530 1,288 021  ° J(3) | Vaza Barris dam 15,560
D { Dam - F. Belem 180 1,515 0.21 {4) | Fazenda Belem 15,740

E | Most Downstreain - - 489 1,515 - - 1(5) | River Mouth - 16,229
Total/Average of B,C & D! - 1,618 - 1,138 0.14 :

4.2.3 - Water Quality Model

In Vaza Barris River of Sergipe State, the Cl loads that is drained from the basin can be
basically distinguished in two origins: one came from the main river (river itself) and other
from the tributaries (rain water), carrying the salis retained on the soil surface. According
to available water quality data, it can be found a good retationship between CI/EC and river
flow, as can be scen in Figure-4.5 established in Ponte SE-302 and Fazenda Belem,
showing feaSlblllty of the siudy of CI/EC behavior according to mass balance concept in
these basins. :

lm .’*_ V . L9 1 i 2 3 01 9" lO [ 1 11

| S RILLER

=4 == iJH:_ —iH ”:r llH ; -
3L I - -Ponte SE302 - it - BRI -:.l “ il Ponte SE-302
SRy = 1018602 B A Cy=35564" 7
ATl i S
_ ¢ st R =0677 \\“ TR - R =06334
’—;1000 - T - T ER T ﬁ ’é‘ \\* | ..\\I}\ ?li a l
st el MRl Ml e W
it 1 ) !ll T o P o e ! — . il,, - -
o ! R . ] -l ST
100 L bmndaBelem ; SN L '] FamadaBelem { B 11l W i
é—y 4|sasx*”".6*":il ]?g -ty = 150826030981 #11-+| ~:‘\ .
—i- RC=08159 I —H ljﬂjﬂ T ®=oemmo [THHICT M )
___-l ] ”L_ gy IR L ﬁ i |li_l|__ t
h' ”lll’lL J l'f[’ Concentration : £ || Flectric Conductivity (EC)
10 i l A0 l?ll"_.l_i_llll"i__l_l ol tg 15w 091952 3200 - —
001 ol .0 100 1000 001 01 1 10 - 100 1000
" Discharge (m]ls) S Discharge (msls) '

. Figure-4'5 Rclatlonshlp betwcen CllFC and Rwer Plow

All the loads produccd in downsircam of Ponte SE-302 were assumcd as dlffllsc or non- '_

point sources. The calculation of these loads might be held through Cl mass balance

procedures in the stretch between Ponte SE-302 and the check dam site as well as the -
check dam site and Fazenda Belem. The data obtained on Sao Domingos station were
applied for estimation of diffuse loads for this first stretch, assummg that the sani¢ station

represenls water characlenstlcs in the check dam locauon

Based on observatlon data at Fazenda Be!cm and Ponte SE- 302 inbulanes basm loads (Cl)
between both stations was ¢stimated as shown in Figure-4.6. ‘Assuming that 80% of these
loads be produced from the basin between Ponte SE-302 and the check dam site, and 20 %
be produced from the check dam sxte and F azenda Belem water quallly equatlons of both

S _ Supporling Report: Feasibilily Sma}'
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basin loads is estimated as follows;

Between Ponte SE-302 and the check dam site: [Clpsp.cn = 590.434 Q23557
Between the check dam site and Fazenda Belem:  [Cljpgq = 78.059% QY

10600 T -g-;;"‘e T HEE I [} i1l
B B asmloadhet“eenm&m 1

CL Concentration (mg/)
8 .

10 R B I
1 o 100 C 1000
Discharge between PM & FB (m’ls)

Fi lgurc -4, 6 T rlbutarles Basm Load (Cl) between Fazenda Belem and Ponte SE—302
: ' (Relatmnshlp between Cl and Dischargc)

- Onthe other_hand, in Trairas River located in the basin between the check dam site and the
- main dam site, river water quality was observed to be about 80 mg/l of chloride

concentration (C1) and 0.4 ds/m of electric conduclmly (EC) when river flow is about 1
m%s. When the same indexes of the equation at Fazenda Belem is employed as the trend
of decreasing of Cl and EC according to the discharge decreasing, 1r1butar1es basin load of
Trairas River could be estimated as following equauons '

[Cllamas = 80°Q*
[LC]mms 04“Q°’I

This cquatlon for Cl concentrat:on is very smnlar wnth lhe equallon estimated beiorc

B'ised on the above equatlons and maii river cquauon atF ucnda Belem (Fi 1gulc -4, 5) the
waler quality (Cl and FC) at ther mam dam and the check dam could be calculated using the
followmg equauons ' ' :

[\Vater Quahty Cland l (.]MD == ([I Oad]FB [Loadlypyn )/ QM,,
[Watcr Quallty Cl and [‘C]CD ([Load]m [Load]w wmo )/ Qco

'Applymg the h)rdrologlcal modcl to the year: of 1985 — 1995, lhe relatlonshlps between
N CHEC and discharge are obtained as shown in Figure-4.7 and Figure-4.8. - As the dam site
is_very near - from ‘Fazenda: Belem, . daily. calculation results of:water quality are
' coucenlrated to the one line (Figure-4.7). However the water quality results at the check
- dam (F igurc-4 8) aire scattered with in the specific range due'to daily deference of the water

contribution from the basin between the check dam and Fazenda Belem. - As Figure-4.7 is
presented with the equation‘at $ao Doningos located 5 km upstream of the check dam site,
Cl concentration by thls equatlon is almost within ttie range and locatcs in upper or averagc
pal‘t of the rage . ST : -

n : Suppofling Rep()rl: Feasibility Study
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Figure-4.7  Estimation of Daily Water Quality (Cl 'm_l'.l_l' EC) ai-t'h:_e; -Mail’l ﬁéﬁl-Site‘ '
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Figure-4 8' Estimatmn of Cl concentratwn at the check dam Slte

Based on the above s(udy, Water Quahly Modei of reservoir operatlon snnulatlon is
formulated as shown in Figure-4.9 and Table-4.2. - River water quality of Sodium (Na),
Magnesium (Mg) and Calcium (Ca) could be estimated applying the corretation equations
to EC, of which equations were formulated based on the water quahty observallon data at
Ponte SE-302 and Fazenda Belem. : TR

_ ' Suppoﬂing'Rep_orl: Feasibility Study
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Ponte SE-302, ste
C.A. = 14,122km?

Check Dam, Q¢p

C.A. =15,030km?

Check Dam Reservoir

Low Flow Bypass

* Vaza Barris Déni, Qpav
C.A.=15,560km*

- Mainienance
Discharge

l Main River Load (1)

Main Dam Reservoir

-
Basin Load (1)

l Main River Load (2)

- -, Fazenda Belem, Qgg

© C.A. = 15,740k’

et}

Basin Load (2)

,_. l Main River Load (3)

8 -'Figur-e-4.9 - Water Quality Model for Reservoir Operation Simulation

: _Table—4.2

Water Quality Estimation Equation

Load - ~ PoinV/Basin

Cl{mg/l) o EC (ds/m)

- Main | (1) Check Dam (CD)

[Cl or EC]p = ( [Loadyg - [Load) cpam ) / Qco

River | (2) Main Dam (MD)

| tci=427.994Q >

[ECJ=1.5483*Q"

Load - | (3) Fazenda Belem (FB)

[Cl]=415.35%Q "% [EC]=1.5082+ Q23"

. Tributary | (1) Belween CD and MD

(CI]-80+Q*” [EC]-0.44Q*"

Basin Load | (2) Between MD and FB

[C1]-80*Q*" [EC}-0.4*Q°*

' Water Quality Items

Correlation equation with EC {ds/m)

© Na(mg/) [Na] = 104.53*[EC]
Mg (mgh) [Mg] = 35.5144[EC] - .

; . Ca(mg/)

[Ca] = 56.833*[EC)

' Supporting Report: Feasibility Study
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43 Simulation Result of Reservoir Operation
4.3.1 Trial Simulation

Reservoir operation simulation was carried out changing bypass discharge from 0.0 m/s to
10.0 m%s. The simulation was implemented in the two cases of “without water quality
capacity for dilution” and “with that”.

(1)  Simulation without Water Qualiktjr Capacity for Dilution

Tablc-4.3 and Figure-4.10 shows the simulation result of “without water quality capacity
for dilution” case, which is summarized as follows:

-1} The maximum and average Cl concentration become smaller accordmg to the

increase of bypass discharge.” However the maximum Cl concentration is higher

* than 250 mg/L (upper limit for drinking water by WHO and CONAMA) until
bypass discharge would be set as 10 m¥s.

2)  The number of the days more than 250mg/L of Cl conccntrahon dramahca]ly
decreases from 0 to 0.8 m¥s of bypass dlSCh"ll'ge, but almost no deurcasc (19 to 17
days in case from 0. 8 m’/s 0 2.0 m's. -

Table-4.3 Simulation Rcs_ul_t' qf uWith"out water quality capacity” Ca_s e'

Case Bypass Reservoir Reservoir C1- - 1 No. of Dayé , Reservoir Electric
Discharge | Volume * ] - Concentration {mg/l) >250 mg/l |~ Conductivity (dSlm)
(m's)  |(Million n®) Max, _Ave (day) |~ Max. Ave
1 0.0 524 387 | 204 969 1.43 0.83
2 02 | 524 - | 3. 197 170 1.39 0.81
3 04 524 364 : 190 366 135 | 078
4 0.6 58.9 351 182 Y [ T A ] 0.75 -
5 - 08 - 650 1 335 | 175 - 19 - ) - 125 0.73
6 - 1.0 688 I 14 C 168 1 18 C 122 071
7 1.2 s | 312 | 163 18 - 1.18 6.69
3 14 4.2 © 302 - 157 18 1 LM - 067
9 16 1. 759 . 294 - f o452 o o 18 LI12 -1 0.65
10 - L8 712 | 288 148 17 110 063 |
11 20 783 285 144 17 1.08 0.62
12 30 - 82l 279 127 1 1.06 0.56
13 10.0 87.5 248 94 0 0.95 0.44
Note: . ¥ Includes sgdiménl volume of 2,00Q,000 mb . - A
500 ‘ 1000
450 'Maumum Cl" %00
~ 400 '"AverageCI" ' o 1- -1 800 S :
2 350 "o, 0fDa)s >250mg;1," ~ 00 E
g0 | T _ ; T o0 &
3 200 w4000 B
S : RS S
U 150 . 47300 %
S X ! S B .
100 | —4 200 %
50 e 100
0 ; — & 0

00 10 20 30 40 50 60 70 80 -=‘-9_.0' 100
' Ilypaﬂs Discharge (m%s) B

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

Figure-4.10 Simulation Result of “wnthout ‘water quahty capac:ty” Case
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(2)  Simulation with Water Quality Capacity for Dilution

It is found that no dilution water volume causes these phenomena mentioned above when
the reservoir is almost vacant of water. Then water quality capacity for dilution was
introduced to this reservoir planning.  Total necessary reservoir volume was calculated so
as to be less than 250 mg/l of chloride concentration. The simulation result of “with
water quality capacity for dilution” is shown in Table-4.4 and Figure-4.11 and is
summarized as follows: '

1) Incase of no low flow bypass, total reservoir volume 634 million m® is needed.

~2) Total reservoir volume is dramatically decreased according to the increase of

bypass discharge from 0 to 0.7 m’/s, but very small change in case from 0.7 to 3.0
m’*/s of bypass discharge.

3) The average Cl concentratlon is gradually decreased according to the increase of
_ bypass discharge.

4)  Total reservoir volume whlch is neccssary to makc reservoir water less than
- 250mg/l, is the smallest (84.9 mllhon m*) when bypass discharge is 1.3-1. 5m3/s,
and increases when bypass d1scharge is lower and hlgher than that.

Table—'4_.’4 . Simulation Result of “with water quality capacity for dilution” Case

. S Reservoir Volume (Mm’) - Reservoir Cl Reservoir Electric

Case D?s)l:ﬁ:l; Total Ditution | - Other Concentration (mg/l) Conductivity (dS/m}
Volume*: -Vo_lume~ Volume Max. “Ave. - 1 Max. Ave.

1 00 | 6340 | s190 [ 1150 250 | 198 - 107 0.84
2 [ 02 | 5140 | 4090 | 1050 | 250 | 192 1.07 082
3|04 | 3840 | 2914 | 926 | 250 186 1.06 079 |
4 | 06 | 2360 | 153t | .89 { 250 [ 179 | 105 | 076 -
s oes | Tm00 o2 | s T e T T | e 0.75

6 07 | 952 | 215 6.7 250 | 176 1.01 074
7o 923 | 2z | ess ] 250 175 - 1.00 0.73
8°F 08 | 902 210 | 692 | 250 173 ] 099 | 073
K} 09 | &6 | 11| 7057 | 250 171 0.98 0.72
10 | oo | o862 | 1as | ma | 250 | e - 0.98 0.71
TH BT 854 | 125 ] me | 250 | 165 - 0.98 070 -
12| 12| ssoo | mo | 70 | 250 | 163 | 098 | 069
3| 3 | sae | es | asa | 250 | 160 097 | o068
4 1a 849 | 89 ] 760 | 250 | 157 - 0.97 067
SE P ’349”' 81| 768 | 250 | 155t | 097 0.66
6 | 16 | sso | 25| 7rs | 20 | a5 | 097 | 065
17 18 | 852 | 66 | 7186 | 250 | 148 - 0.97 0.64
G120 1oo8sa |59 95 | 250 o Ma | 097 | 0.2
19 30 | 867 |38 |29 | 250" | 128 | 097 0.56

Note: * Includes sediment volume of 2,600,000 m%. -

o . Supporting Report: Feasibility Study
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Figure-4.11 Simulation Result of “with water quality capacity for dilution” Case

4.3.2 Decnslon of By pass Dlscharge and Rcservmr Volumc

The result of the above trial simulations of reservoir operatlon mdlcates fca31blllty to use
the reservoir water plenty for domestic and lmgatlon supply. - Based on the result, the

following sets of bypass discharge and lolal reservoir volume are proposed as alternatives
of Vaza Barris Dam plan

DeSIgn Bypass Dlscharge Qgp =0.7-1.3 m*/s-
Total Reservmr Volume: Vi =85-96 million m’

1t is apparent that the largér scale o_f bypass discharge _ahd total reservoir volume jaré the
higher cost of the low flow bypass and the dam. Table-4.5 shows rough cost comparison
with the alternative scales of the low flow bypass and the dam. In the comparison, based

‘on the study of design and cost estimate, it was assumed that the lype of iow ﬂow bypass is

a pipeline and the dam type is a concrete dam

Table-4.5 Comparlson w1th the Alternatlves of Low Flow Bypass and dam

Consequently, the most economlcai alternatlve was adopted and the de&gn dlscharge of the
low flow bypass and the total reservoir capacity are set as follows: .

Design Discharge for Low Flow Bypass: - 0. 75 mfs B
Total Reservoir Volume (N.W.L): 93000 000 m (EL 47. 50 m)

E-22

Bypass | Total Rcsen'mr Réservoir| Low Flow Bypass Pipeline Concrete Dam - Total

Discharge Volume N.W.L | Dimensionof | Cost*l | Volume Cost : Cost
(m*/s) M) . {EL.m) | Channel (imm) | (MRS$) “(m?). - (M RS) (M R$)
0.70 96 47.8 | 1,050 x 1,050 31.6 222,0()0 29.1 - | 60.7
0.75 93 475 | 1,050 x 1,050 31.6 0 | 219000 1 - 287 | 603
0.30 9] 472 | 1,100 1,100 366 - | 216000 | - 283. | 649
0.90 - 88 469 1 L,150x 1,150 | 377 | 213000 | : 279 1656 |-
1.00 | 87 | 4638 | 1,200x 1,200 387 | 212,000 {- 278 665
1.10 - 86 467 | 1,200%x 1,200 | 387 | 211,000 | 276 - | 663
1.20 85 . 46.6 | 1,250 1,250 443 . (12100000 } 0 275  |. 718 .
1.30 85 46.6 1,300 x 1,300 - as4 210’000 s .mggg_‘m

S_upporlmg Repo_rt: Feas.n‘)zfl’:if_iJ Study
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- 43,3  Reservoir Operation Plan

The simulation result of the reservoir operation for Vaza Barris Dam is shown in Figure-
4.12 and Figure-4.13. These figures show variation of reservoir water volume, inflow,
chlorine concentration (C1) and electric conductivity (EC). To identify the effect of low
flow bypass, the simulation result in the case of no bypass is also presented in the same
figures. Table-4.6 shows the maximum and the average of reservoir water quality during
the calculation period of 1986 to 1995. ‘ '

On the other haincl,‘ river flow and its water quality at the downstream of the dam shall be
changed after construction of the dam.  Figure-4.14 shows thesc changes on them.

o Tablc?4_.6 Summary of Water Quality in Vaia Barris Dam Reservoir .

_Low F:low Byﬁas§ Discharge Qs = 0.75 ms Que = 0.0m*s
Par-anlleter‘ - ™ _ .| Maximum Average Maximum Average_
Chloride:Cl -~ | (mg/l) 250 | 7S 312 199
‘ ey | 7 a9 | 88 56
Etectric Conductivity: EC = | (d$/m) 1.00 073 20 | 082
Sodium:Na g 104 7 126 85

. | (mel) 45 33 ss | 3
CaIcium: Ca {mg/l) . 51 42 T 68 46
, ' (mell) 28 | 21 34 23
Magn_aesium: Mg._l {(mg/l) Coo 35 oL 26 43 29

o ey 20 | 21 35 24
Sodium Absorption Rate: SAR ' 27 23 29 24
Carbenic Acid: HCO, * - - | (mg/l) : . 50180

) | {mef]) ' 08-30
piis . - S 6.9-83

. Nofe: * HCO, and pH are not dependent on discharge.

: ‘ Supporiing Repori: Feasibility Study
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44  Specifications of the Plan of Vaza Barris Dam

Based on reservoir operation snmulatlon reservoir capacity dlstrlbutlon was set as shown
in Figure-4.15. '

Dam Top Level EL.53.20m

NWL. EL.4150 m

Water Utilization Capacity: - 65,000,000 n’
- Domestic/Industrial and o
Irvigation Water Capacity: 64,000,000 m? e .
- Maintenance Discharge Capacily: - 1,000,000 m* | Effective Storage Capacity
Water Quality Capacity (for dilution): - 24,000,000m® . | 91,000,000 m’

GEE

E tion Loss Capacily: 2,000,000 m? : .
vaporation Loss T-apact y_ m_ Total Storage Capacity
: : 93,000,000 m’ -
x N L.W.L. EL2860m
» -
Sedlmenl Capac:ly B _ 2,000,000 m
v : Dam F oundahon Level EL.S. 00 m |

Flgure-4 15 Schematlc Descrlptlon of Capacity and Planning Water Level

Planned specnﬁcatlon of Vaza Bams Dam on devclopment discharge, dam reservoir
_allocatlon, Damy/Spillway, check dam, low flow bypass is summarized in Table-4.7.

,'_I‘;.l_ble-d.fi' .- Planed Specificé_tion _deazﬁ Barris Dam

y _ o oo ltems . Unit Specification . Remarks
% ' Development | Domestic and Industrial Water m¥s | - 0.887 .
Discharge . - | Lirigation Water Max. fAve} - | m's 2.912/1.507 Vaza Barris Irrigation Project
' _ A Totat (Max. fAve) - m'fs | 3.799/2.394 — B
Dam . 1Catchmeni Area . ] km? 15,560
Reservoir | Reservoir Area (N.AWL.) ha 950
- | Total Storage Capacity S 93,000,000
Elfective Storage Capacily ' m 91,000,000
Water Utilization Capacity m’ 65,000,000
"~ Domestic/Industrial and o 64,000,000
Trrigation Water Capacily - '
- Maintenance Discharge Capacity m 1,000,000 Maintenancé Discharge: 0.44 /s
Water Quality Capacity m’ 24,600,000 :
* ({for dilution) N B L
Evaporation Loss Capacity m 2,000,000 '
Sediment Capacu) o n’ 2,000,000 10 m*km/year, 100 years
- : : {10Mm’ into Check Dam)
Normal Water Level (N.W. [,) EL.m 47.50
: Low Water Level (L.W.L.} EL.mt 23.60 Sediment Level
: Dam and Design Flood Discharge : m’s - 3,600 Probable Maximum
% : , Spiliway o o (10,000-yr, Return Period)
' : . Design Discharge of Energy Dissipater | m'fs | 1,200 100-year retuin period
Design Discharge of Diversion m¥s { Concrete Dam: 200 2-year return period
S __| Channel during Consirucuon ) Fill Dam: 720 - 20-year return peried
Check Dam | Dam Type - - - Concrete Dam '
Dam Top Level - EL.in 63.00
Design D;schargn of Splll\\ ay ' m's | 1,400 1.2 times of 100-year return
period
S Sedimenl Capacity : m’ 10,000,000 . Level at EL.63.0m
Low Flow | Design Discharge - -] ms 0.75 :

Bypass -

- Supporting Repori: Feasibility Study
" E-27.
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4.5 Single Purpose Dam

Vaza Barris Dam was designed as a multi-purpose dam in tcrms of domesltic/industrial and
irrigation water supply. In this section, two single dams for the each purpose are planned
for estimating the cost of the single-purpose dam.

Assuming that bypass discharge is same as 0.75 m’/s of Vaza Barris Dam, reservoir
operation simulation was carried out and necessary reservoir volume was determined so
that chloride concentration of rescrvoir water becomes less than 250 mg/l.  Table-4.8
shows the reservoir capacity distribution plan for each single-purpose dam. :

Table-4.8 Specification of Single-purpose Dam

ltems Domestic/Industriat _ Frrigation _
Water Supply Dam Water Supply Dam
Total Storage Capacity 42,900,000 m’ 59,500,000 m’
Effective Storage Capacity _ ' 40,900,000 m’ 57,500,000 m*
Water Utilization Capacity 11,100,000 m’® 34,300,000 m’

- Domestic/ i_ndustrial Walter Capacity 10,100,000 m ' ' -

- Irrigation Water Capacity _ - 33,300,000 w’
- Maintenance Discharge Capacity | =~ 1,000,000 m* 1,000,000 m’
Water Quality Capacity (for dilution) : 28,600,000 m’ 21,700,000 m’

Evaporation Loss Capacity

" 1,200,000 m’ .

1,500,000 m*

Sediment Capacity 2,000,000 m’ 2,000,000 m?
Normal Water Level (N.W.L.) EL. 41.20 m EL. 43.60 m
Low Water Level (L.W.L.) EL. 28.60 m EL. 28.60 m
Dam Top Level EL. 46.90 m EL. 49.30 m
Dam Height 41.90 m 4430 m

E-28
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The Study on Water Resources Development in the State of Sergipe, Brazil

CHAPTER 1 INTRODUCTION

1.1 Contents of Examination

On the basis of the study results: Water Resources Development Plan; Reservoir Operation
Plan; Topographical Survey; Geological Survey, Design of Vaza Barris Dam is examined
on the following aspects:

1) Dam basic dimensions: Level of dam top and foundation, dam height, overflow
depth '

2)  ‘lype of dam and type of spillway
~3)  Design of dam and hydraulic structures
4)  Design of check dam and tow flow bypass

5)  Construction Plan

CEMIG standard “Civil Works Criteria for Hydropower Generation” is cmpldyéd basically

“in design of Vaza Barris Dam and other related structures,  If necessary, the Japanese

Standards for dam design are referred

1.2 - Mam Structures .
Mam structures of Vaza Bams Dam are:

1) Dam body to store water of river: nghcst elcvahon of dam top is EL.60m. Dam
B | put on base rock. - Dam suffices design safety factor.

2) Spillway to. safely splll desngn flood discharge Design flood discharge = 3,600
m¥s (1/10,000-ycar). :

3) LowgF fow Outlet to dlscharge mamtenance flow: Between N. WI and L.WIL,
out!et discharge of 0.44 m3/s :

o Supporting Report : Feasibility Study
-1 : '
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1.3 Flowchart of Dam Design

Flowchart of dam design is shown in Figure-1.1.

Start

Water Resources
Development Plan

Topographical Data of

Basin . %
I

Study on Reservoir _ Selection
Sedimentation and - of
Probable Flood Dam Site
| -
Reservoir Operation
Plan
[ o
Decisionof Topographic Survey
Dam Scale Geologic Srurvey
J
| : T 1 . _
Design of Spillway Design of Dam Main Body o _ _
- Estimation of Dimension : - Estimation of Dimension I %)
- Comparison of Type 1 - C()mp'aris'oh of Type' : '

T

| Material Suivey
- Construction Condition

- Environmiental 1$sues

Study on Optimim Combination
and Arrangement

I

Decision of Type/Arrangement of
Dam and Spillway

I

Design of Incidental Facilities

(Loiv Flow Qullet etc.)
¥nd

Figure-1.1 Flowchart onf Dam

Design
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1.4 Result of Examination

Based on the result of the examination, design items are set as listed below as to Vaza
Barris Dam, Check Dam and Low Flow Bypass.

Dam Body
Item
Dam Type
Dam Top Level
Dam Foundation Eevel
Height of Dam

“Crest Length of Dam

Width of Dam Top
Volume of Dam
Upstream Slope

_ Do_wnsircam Slope

Splllway
Item _ :
Design Flood Discharge

* Design Discharge for EE nergy DlSSlpatCl‘

- Spillway Type
- Width of Overflow Crest
Dissipater Type '
Size of Basin

" Low Flow Outlet
Item
Design Discharge
- Diameter of Pipe
Diameter of Gate

Check Dam
Item
Dam Top Level
Height of Dam
Width of W'ltcrway
Concretc Volume

Low Flcm ]hpass '
~Item .
Bypass Type
- Design Discharge
Width and Height
Diameler of Gate
- Auxiliary Facility

‘ COnstruclio'n Plan o
‘Method of Diversion Work ;
- Construction Term ;

Dimension

: Gravity Concrete Dam
tEL.532m
:EL.5.0m

1482 m

:280.0m

:50m

: 216,100 m®

: Vertical

: 1:0.88

Dimension

: 3,600 m*/s

: 1,200 m¥/s

: Free Overflow Crest
:150m

: Hydraulic jump
W50 m xH:12 m

" Dimension

: 0.44 m/s
: 800 mim
.1 250 mm

Dimension

:EL.63.0m
£20.0m
:70.0 m
: 28,400 m*/s

‘Dimeinsion

- :Box Culvert
2075 ms :
LS m=1.05m
- 400 mm
: Spillway, Sedimentation basin

Diversion F lowmg in Half ofa Rwer Sechon
- 2,004 -2, 006 -
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CHAPTER 2 DESIGN CRITERIA

2.1 Basic Design Principle

Dam should be carefully designed to minimize the construction cost, holding necessary
functions of cach facility, Dam and related structures are designed according to
rcasonable balance befween construction cost and safety level. A large safety level of
structures requires a large scale of structures and complicated construction procedures.
Consequently, the construction costs increase. Design Criteria are sl’mdards to decndc a
balance between construction cost and safety level.

Dam Design Criteria used in Brazil are as follows:

1)  For almost cﬁistihg dams, dam design standards of USBR (US, jDép of the
Interior, Bureau of Rcclamahon) and USCE (US Army, Corps of anmeer) were

_ employed.

2)  Sao Francisco I*Iecirlcnly Corporahon (CI]I‘SF) recently uses lhc sl’mdqrd Civil
Works Criteria for Hydropower Generation which was complied by Mina Gerais

Power Company (CEMIG) on the basis of standards of USBR and USCL - This
standard was used in designing Xmgo Dam. :

Considering the above situatinh, CEMIG standard is employed basically in design of Vaza

Barris Dam and other related structures.  If necessary, the Japanese Standards for dam
design are referred. : - L

2.2 lﬂcchoald of Dam

‘Accordmg to CEIG standard, dam frceboards are as follows

_ Table-2.1 ~ * Criteria of Freeboard _
{tems Freeboard (in Normal) Freeboard (in Flood) .

Concrete Dam NWL. + Min, 1.5m HWEL +Min. 0.5m
Rock & Earth Fill Dam N.AW.L. + Min. 3.0m HWL. +Min. 1.0m
Coffer Dam : — W.L.+ Min. 1.0m -
_ : 0.6 + 0.037xVxh"™
. Where: -
Spilhway Chute o _ — V= RunoffSpec d (n ﬂs)
h Runeff depth (m) ]

2.3 Discharge Capacity

The Discharge Capacniy of the sill operating as overflow spillway will be calculated by the
formula

Q=CxLxil'"
where o | ' | N
C . discharge coefficient o
L B effective width of the spillway (m)

I : head upon the crest (im)

F-4
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The effective width of the spillway will be defined by the formula

L=L"-2(Ka+nKp)l

where : .
L : effective width (m)
L :  usable geometric width (m)
Ka contraction coefficient of the abutment
Kp . :  coniraction cocflicient of the plcr::.
noo number of piers
1 : - head upon the spillway (m)

* The coeflicients Ka and Kp can be based in the mdlcallons of the Figure-2.1 and Figure-

2.2,

24 Design Klood Water Level

~ Design flood water level is defined as the highest water level of the reservoir at just behind

the dam in case of the design flood discharge ﬂowmg down through spillway. It is
g,cncrally formuhled as shown below;

HWL, = N.W.L. +h

where o
N.W.L. : Normal Water Level .
h & overflow depth of spillway

Design flood water level of the Vaza Barris dam is set as follows;

~  The elevations of the lowest saddles of both bank are EL. 62 m on the right bank

ridge and 67 ni on the left bank ridge.  Therefore, the maximum reservoir water
~level is set as EL. 55 m considering some allowance.

"+~ The river width including fluvial terrace at the dam site is about 100 m.  The

* width of water flow is 150 — 200m in case of the design ﬂood discharge. The
width of spillway at overflow section is set as 150m.

—  Normal water level of reservoir 1s EL.47.5m accordmg to the rcservmr operalion

- plan. - :

' Relauonshlp betwccn ovcrﬂow dcpth (h), overflow width (I ,) and overflow discharge (Q)

is expressed as the followmg equatlon
Q=Cx I xh's s

o Gwmg Q=3, 600 ms, cocfﬁcnent C 2.0 and L = 150 m to the above equation, overflow

depth h = 5.2 m is obtained. ~The design flood water level, normal water level = EL. 47.5
m + overflow depth(5.2 m), is set as EL. 52 7 m.
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2.5 Design River Water Level

Water level must be set at the right below the dam.  The water level is decided calculating

uniform flow calculation as to narrow pass of river. The uniform flow formula is as
follows; .

Q ={1/n) x Ax R¥ x {**

where :
n : cocflicient of roughness(natural channel = 0.1)
A : flow area
R : hydraulic mean depth
i : bed slope

Section to be calculated is shown in Figure-2.3, relationship between discharge and water
level were obtained under the assumption that the shape of river floor is approximated with
trapezoid.  Figure-2.4 shows 11-Q curve of the downstream. Water level of the
downstream corresponding to cach design discharge is shown below;

Table-2.2  River Water Level

Probable Year | Discharge (m'/s) | River Water Level (m) | - ] Remark
2 200 242 D_CSIgtl_ Discharge of Concrete Dam
: Diversion Chanriel
20 220 E 283 Design Discharge of Filt Dam Diversion
‘ - Channel
100 1,200 31.2 Design Discharge of E Encrgy DlSS]pater
10,000 ; 3,600 38.2 Dc:ﬂgn Flood Dlscharge

2,6 Design Load

The load to the dam body is designed for stablhty analysis as s shown below based on the
CEMIG design criteria.  The road to the dam body is listed in Figure-2.5.

(1) ~ Own “’eight

Cftem Unit Weight -
Mass Concrele :2.3 t/m?

Water ' 10 t/m’

2) : - Hydrostatic Pressure

Staltic prcssurc acts at right angle agamsl both 31de of the dam body “The static pressure is
alcuhled by dcpth

' I’\\f= yw x 11

where - :
- Pwoo hydrostatlc pressure at lhc mlcrest pomt (t/m?)
Loyw unit weight of water (1.0V/n’)

- H T plczomemc helght at lhc mlcrcsl point (m)
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3) Pressures due to Sedimentation

Pressure due to sedimentation is supposed as acting on the dam body from the up-stream
side.  Unit weight of the scdiments under the water is dcmgncd applying the special value
of 0.35 Um’.

Ps=ysx H
where
. Ps o prcssures due to scdlmcntatlon at the interest pomt (t/m )
¥s : unit weight of sedimentation (0.351/m’)
H depth from design sedimentation level (m)
(1) Seismic Inertia Force

Secismic Inertia Force is dcsigned as follows;
-~ Horizontal  Fh = 0.05P
— Vertical I'v =0.03P

where P is dead lbad.

(5 Dynamie Water Pressure du'ring' Ea‘rt‘ht‘luake

Dynamic Water Pressure during Larthquakc is calculated usmg the formula below

Pd=Cxywx A x H

where : _ :

- Pd" :  dynamic water pressure during earthquake
C = (Co2)y(e-w)+@r (? -H? ))° B
H oz ,
Cm - :  Cincase ol maximum Pd (see l*lgure -2.6)

Cyw 1 unil weight of water (1.0t/m") - : :
Ao (maxlmum horizontal speed of the foundation) / (gravnty speed) = 0. 05
H  : - maximum depth of the reservoir
Z . vyertical dlstance from the surfacc of the rescrvmr untll ihc section being slud)

The rcsultam value and the momcnt in dcpth VAR an be C’llClll"llCd by the cxprcssmns .
: lll(llC'iled bclow

Ht=0726Pdx Z
M= 0.299Pd x 7} .

" © Upl:ft

Uphft is assumed 1o act vertlcally upward on the dam base ‘The uplift distribution is
assumcd for thc followmg lhree (3) types as shown in I'lgurc 2.7.

- l)aam is. effectlve and lhe water lcvel in the dowu stream is Ingher than the
_ clevation of drained water.
 —  Duain is effective and the water level in thc downstream is lower than the clevation
" of drained water. -
- Dram is not effective.

Supporting Repori : Feasibility Study



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

V' Water Lvel

¥ Sedimentation Jevel

Pd V_ Water Lvel

Were o
W = Own Weight of Dam Body

P == Hydrostatic Pressure Force

Pe= Forces of the Pressures due 1o Sedimentasion
Pd= Dynamic Waler Pressure during Earthquake

U = Uplift B B

Figure-2.5 Load Acting .on Dam
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