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4.4 Reservoir Operstion P]an
4, 4 1 Main Ilunctmn ofthe Proposed Dam SR

The proposed dam, _Va!a Barrls Dam has the ﬁmctlons of not only “btormg W'iter” but '
also “lmprovement of Rcservou Water” as follows : - - '

1) Storing water in the dam reservmr for the purpose of

Mamtcnancc of l‘iVCl‘ and riparian environment
Domestic/Industrial water supply
Irrigation water supply
_ " Dilution of water quahty ' :
2 2) Improvcment of reservoir water wnth the new system of low flow bypass

- Htgh saline concentmtlon waler is b)‘p'tSSC(l around the dam’ reservonr
- Clean or low saline concentratlon watcr is stored i m the dam rescrvmr

Low Flot.v Bypass (l'lltproyel'nen't of Reservoir Water)

“ [ Riyer \'\;’ater'-—'. AN

Sedimentation L

v

~ Dam Reservoir ' Check Dam / Intake Dam -

(Storing Water) S
Yaza - T 7 RO
Barris

Dam =

L - LowFlow Bypass (Improvement of Reservoir Water) -

Sedimentation

‘Reservoir (Sforing Water)

ChekDan s oo

7 Flgure 4 3 Mam Functlon of Vaza Barrls Dam =

River water of the main stream has large potentlal of water resources but has not been able ,
to be utilized as potable and irrigation water due to high concentration of chloride. ~ After
elaborate mvestlgatlon of water quality, however, it was found that river ﬂow has high
chlorine concentration only during low flow condition but not during flood. Conmdermg 3

such condition of the water quahty in Vaza Barris Rtver, the followmg dam phn wnh the S

new system ofa low flow bypass was estabhshed

l) :_ Iow ﬂow with hlg‘n coneentratlon of chlorlde from the upstream is bypassed -
~ around the dam reservoir to the downstream ' "

" 2) | River water durmg flood i is stored in the dam reservmr
. 'l“he“’ . . . o o ) T . : ; . ;
3) Dam reservonr water is kept elean and is utlllzed as potable and 1mgatlon water '
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* The Study on Water Resources Déve!apmem in the State of Sergipe, Brozil
442 Rcsch'oir Operation Model -
1 Concept of Rcscrvmr Opcratlon Model

- The concept of the reservoir operatlon model is shown as a ﬂow chart in I‘lgure 4 5. The
reference points for the reservoir operation plan were st 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 km?) is close to that of I"Wenda Belcm (C A 15, 740 km®). Given
~ conditions in this model are hsted as follows:

—  Daily Dlschargc (Refcr to Hydrologlcal Model) o _
“. 7 1)Main dam: Qy, 2) Check dam: Qcp, 3) Reservmrmﬂow QD Q,:D
- Developmént Water Amount at the Dam Site* - - - '
© + 1) Compensation (Maintenance) discharge: 0.44 m’/s
* = 2) Domestic/Industrial water use: 0.887 m’/s ‘
3) Imgatlon water use:  Maximum 2. 912 m*; C
_ Average 1. 507 m’/s IR
= Physmal Precondluon : ‘ '
1) H-V curve of the dam reservoir: Refer to hgure 4 4 _ ' _
-~ 2) Capacity of the check dam reservoir: 10,000,000 m® at the level of EL. 63.0m
. 3) Bypass discharge: 0 - 2. 0 m'/s (Assumptlon cases m tnal calculatlon)
-~ Initial Condition . e
- 1) Initial reservoir volume: }'ull of capacuy
2) Reservoir water quality: . = R '
Average water quality accordmg to thc avcrage ﬂow durmg 1986 1995
: Main Dam Reservoir: C1=200 mg/l, EC= 0.90 dS/m, Q,y;~8.74 m /
Check Dam Rcservolr Cl~330 mgll EC=1.40 dS/m Q,wE 4.65 m*/s

Elevallon (EL m) Area (m’) : Volume (m‘) : Accumulaled Volume (m’)
20 o 0 0. . 0
25 o324y o o 283,103 T 283,103 o
30 74T 844,695 0 2,394,840 - 2,677,943 -
35 .. 2,980,121 - 09,562,040 - - 12,239,983
© 40 05,884,332 1. 22,161,133 .0 34,401,115 .
- 45 ‘ 8,295,946 .. 35450695 - - 69,851,810
- 50 0 10,665,979 - 47,404,813 . 117,256,623
S35 o 13,049,208 59,287,968 176,544,590
60 . 15,527,046 71,440,635 0 247,985,225
8 T 8% [ T —
_ , e , : .

T

H-V Curve | -

S0 -2 4;;16 810 12 M 16 18 DRI
ResewouArea(km) T _ R Resenfou\’olume (mllhonm)

o anure—4 4 - H- A and H-V Curve of Main Dam Reservon'

150 200 250' 300
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The Study on Water Resources Development in the State of Sergipe, Brazil

Based on the given conditions above, followmg waler volumc/ﬂow and water quality are

simulated;

1)

2)_

Check Dam Reservoir

Inflow: Natural Flow _ L
Outflow to Dam Reservoir and Low Flow Bypass |
Main Dam Reservoir

Inﬂow Natural Flow to Reservonr [low from Chcck Dam

Outflow: Dam Draw-off, Spillway Discharge, Evaporation
Intake Flow: Municipal/Industry Water, Trrigation Water

Daily Discharge Development Water | | Physical Precondition Initial Condition
1) Main Dam Qo Amount 1) H-V Curve of Dam 1) Reservoir Volume
2) Check Dam Qcp 1) Compensation . Reservoir -1 12) Reservoir Water Quality
3) Reservoir 2) Domestic/ 2) Capacity bf Check (Cl and EC)
(QD-Qcn) Industrial Dam Reservoir Z - Main Dam
3) lrrigation 3) Bypass Discharge - - Check Dam

)

Nalural_ Flow at Check Dam -

Check Dam Rcsef\'o_ir

Natural Flow to " Dam -
Reseivoir Draw-off Bypa_ss Flow
N
Livaporation S_pillwéy Con:lpensatioﬁ
Discharge Discharge

r

Domestic/Industrial and - -
Irrigation Water

A

Downstream Flpw_al
¢ Main Dam

- Figure-d.5  Concept of Reservoir Operation Model
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- The Study on Water {t‘esourcés Deivelopment in the State of Sergipe, Brazil

443 - Runoff Model

Runefl model of reservoir operation simulation is presented in Figure-4.6 and Table-4.4.
Hydrological reference points werc set at the check dam and the main dam, of which daily
discharge is calculated based on the discharge at Ponte SE-302 (Q,) and Fazenda Belem
(Qgs). The daily dlscharge from the basin B, C and D is calculated introducing “Runoft

Contribution Factors”, which were estimated as the following equations, based on the basin
“areas, the basin mean rainfalls and the runoff rates of the basins of 3, Cand D.

[Runoff Contribution Factors] = [Basin Ral.io] * [Basin Rainfall .Ratio] + {Runoff Rate Ratio]
Then, the runoff contribution f"lCtOIS..WCl'C obtained as 0.24, 0.54 and 0.22 for the basins of

B, C and D respectively, and dlschargcs from these basins could be calculated by following
cquatlons - _

_024 (QFB QPSE) Qc—054 (Qua QPSF) -IQDI:_O‘QQ'(QI-;EI.;QHPSE)

(l) Ponte SI‘—302
C.A=14,122km? Q"SE

C.A. =908k’
BMR: 976mm IR
T *incl, Salgado River (C.A. f534km’) '

. (2) Check Dam .
- C.A.=15,030km?

- CA. 5301(:11
BMR: 1,288mm

Reservoir *incl. Cajaiba Dam (C A. —195km*)

' (3) Vaza Barris Dam :
C.A=15,560km ~ C.A=180km?
. BMR: l,SISl_nm

B (C)) Fazenda Belem o
CA=IsMok? @ Qs AR

' ' C.A.=489km?

BMR: 1,515mm -

_ (5) Total C.A.: 16,229 km? ) e .-,-,‘chcnd' .
S e e BMR: Basin Mcan Rainfall
ot B ) CA CatchmentlBasmArea

Atlantic Ocean =~ .- .-

' Figufe¥4.6_ " Runoff Model for Reservoir Operation Simulation
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The Study on ..H.’czler Resonrces Deveiopmeril in the State of Serg&;é, Brazil -

Table-4.4  Basin Division

River Basin e o : Reference Point
o e Basin fog o b e | e T - 1 Basin
No. | : BasinName .| Arca. RB?S;."lrhm * Runoff - | No. | - PointName : | -~ Area -
EREOELEN . (km?) ainfall (mm) | Rate -} -1 (km?)_
A | Upstream (Bahia) 14,122 500-800 L. (1) | Ponte SE-302 14,122
B | Ponte—CheckDam | = 908| -~ 976 007 - |(2) |CheckDam - 15,030
C | DamReservoir - | 530 - 1,288 [ 021 - |(3) | VazaBarisdam | ‘15,560 -
D | Dam-F. Belem - 1801 . L5151 021 - | (4) | Faz¢nda Belem | 215,740
E | Most Downsiream 4389 1,515 - {5) | River Mouth 16,229

TotaHAverageofB C&D -1,6[8 : L,138 | - 0.14

' 4, 4 4 Water Quaht) Model, E ._ .

‘In Vaza Bams River of Serglpe State, the Cl loads ihat |s dramed from lhe basm can be' o
baswally distinguished in two origins: one came from the main river (river nself) and other

~ from the tributaries (rain water), carrying the salts retained on the soil surface. ~ According

~ to available water quahty data, it can bé found a good relationship betwéen CYEC and river -
flow, as can be scen in Figure-4.7 cstablished in Ponte SE-302 and Fazenda Belem, -
- showing feasablhty of the study of CVEC behavnor aeeordmg to mass balance eoncept in

- these basins. _ R IR .
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i0 ‘ - I]lii[,.__l_{_l}ﬂTrdT_ . O.II = ’rm_tmr—x—nmﬁr—r'rl : ]
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Flgure-4 7 Relahonshlp between CUEC and Rlver Flow 2

All the loads produced in downstream of Ponte SE 302 were assumed as dlffuse or non- -

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

- procedures in the streich between Ponte SE-302 and the check dam site as well as the

“check dam site and Fazenda Belem,  The data obtained on Séo Domingos station were B

~ applied for estimation of diffuse loads for this first stretch; assummg that the same statlon
represenls water charactenstics in the cheek dam loeauon - -

Based on observauon dala at i*azenda Belem and Porite SE 302 tributarles basm loads (Ll) | o
between both stations was estimated as shown in Figure-4.8. Assummg 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 51te and F azenda Belem, water quallt)’ equat:ons of both o o

basin loads is estlmated as follows

gy
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-+ The Study 9;:: Water Resources Déve!c'tpmem in the State of Sergipe, Brazil
Between Ponte SE-302 and the check dam site: [Cl]gg,c'}', = 590, 43*Q° 87
Between the check dam srte and Fazenda Belem: [Cl)c5, = 78. 059+ Q¥ .

SEET _ ~ Basin Load bet“een FB&PM
S 1000 — : ,. R ' ITILIITTITT

S
E
8 :
£ 100
-t
U N
' R?=0.8965
ol e e 000

7 Dtscharge bemeen PM & FB (m’ls)

Flgure-4 8 Trlbutarles Basm Load (Cl) between Fazenda Belem and Ponte SE-302
: (Relatronshlp hetween Cl and Drscharge) -

On the other hand in Trarras Rlver located in the basm between the check dam srte and the _

. _main dam site, river water quality was observed to be about 80 mg/l of chloride
~ -~ concentration (CI) and 0.4 ds/m of electric conductivity (EC) when river flow is about 1

- m*/sec. 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. decreasmg, tributaries basm
load of Traitas River could be estrmated as follomng cquatlons : O

[Cllmaa's =80%Q%Y .
[EC]TRAIR.AS = 0 4*Q4m R

| o Thls equatlon for Cl concentratron is very stmtlar w1th the equatlon estlmated before S

B Based on the above equatlons and main rrver equatton at Fazenda Belem (Figure- -4. 7), the _

- - * water quahty (Cland EC)at the mam dam and the check dam could be calculated usmg the
- --:followmg equations Fup s. = : - : _

[Water Qualrty cl and EC]MD ([Load]FIB [Load]mm,)/ QMD o
[Water Quahty Cl and FC]CD ([Load]MD [Load]mm) / QCD

B Applymg the hyd:ologlcal model to the year of 1985 - 1995 the relatlonshlps bctween '

" CUEC and discharge are obtained as shown in Figure-4.9 and Figure-4.10.  As the dam

L site is very -near_from Fazenda Belem, ,datly calculatron results of water quality are
“ concentrated to the one line (Figure-4. 9) However the water quality results at the check

. _. o dam. (Flgure—4 10) are scattered with in the specrﬁc range due to daily deference of the
" water contribution_from the, basin between the check dam and Fazenda Belem.. As

5 _1 Frgure-4 9 is presented ‘with the equation at Sao Dommgos located 5 km upstream of the
- check dam site, Cl concentration by thrs equatron 1s almost wrthm the range and locates in

S upper or average paﬂ of the fage i

e e e - Main Report
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Flgure-4 9 Estlmatlon of Dally Water Quallty (Cl and EC) at the Mam Dam Slte: o |

10000 R — __’_‘__‘__,_;*;,;: SN =S : .*."HI E IHV
: Sao Domingos it I— e
S =1 : “FIT Checx Dam Silc o
N I I - R . = +y048 . E s . . -
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|
|

il
|

- Cl Concentration (mg/l) .
|
|

ool el *1 10__ S0 e 00

F:gure—4 10 Fstxmatlon of C] Concentraﬁon at the Check Dam Site

Based on the above study Water Quahty Model of rcscrvon operatlon snnulatlon is

~_ formulated as shown in Figure-4.11 and Table-4.5. - 'River water quality of Sodiuin (Na), e

‘Magnesium (Mg) and Calcium (Ca) could be estimated applying the correlation’ equations

10 EC, of which equations were fornulated based on the water quahty observatlon data at S

Ponte SE- 302 and Fazenda Belem

s
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Ponte SE-302, Q,..
C A =14, |22Lm

| Check Dam, Qcp i Ch_eck.Dam Reservoir
C.A = 15,030k’ -

l‘ Main River Load (1) - -~

. Low Flow Bypass_ Mam Dam Rescivoif o

- Vaza Bams Dam Q,;,‘N - Basin Load (1) -
CA~—15560km R T

.. Maintenance |
" Discharge - L_ |

* - BasinLoad (2) .-

" l Main River Load (2)

- Fa?endaBelem : R
, C A 1€ }5 740kn?r'3' .l Main R_wer.L'Qad )

Flgurc-411 ' _Wa_'t.(_a'l" Quality Model for Ré{se.’l"véir:():[iel’a.ti()n: Sin{ulaiioﬁ S

B Tatble-4'75' Water Q“i‘llfy Fstlmatmn Fquatlon e

CLoad | - PointBasin S Cl mgh) L BC (dsfm)'

,-Main_ N (l) Check Dam (CD) [CI orbC]CD ([Load]m, [Load](m“,)l Qo
River 3 (2) Main Dam (MD) [(:l}wm 99*Q°”°’ - | EC= 15483*()*”“36 :
Load - | (3)ra7enda Bclem(m) | c=a1s3s0Qoxe | g ISOSZ*Q”“’” 3

“Tributary (1) Between CD and MD | (C1j=80°Q°” " R 0.4°Q°"

'Basiﬁ'LoA&' (2) Between MD and FB. [CI] SO'Q’”’ | [EC 04*Q°" o

Water Qualily ltems e o s Correlallon equalion with EC (ds/m)

Na(mg/l) '; 5 A [Na]*lﬁti SIHEC]

g Mg (mg/l) - if Y V{Mg] 35.514*(EC]

CotCa@mgy U] :"-';;_'-:'-[Ca1="'s‘6.'833*'[éc} I
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The Study on Water Resources Deve!epmem in the State of Serglpe, Brazil
445  Simulation Result of Reservoir Operation
m Trlal S:mulation

Rcservon' operatlon simulation was camed out ehangmg bypass dlscharge from 0. 0 m’/s to _
10.0 m%s. - The simulation was implemented in thc two cases of “without watcr quallty -
capacity for dllullon” and “wnth that” ' : -

(a) | Slmulatlon w1thout Water Quallty Capaclty for Dllutlon

Table-4.6 and F1gure-4 12 shows the simulation result of “wnhout water quahty capacuy '
for dilution” case, whxch is summarlzcd as follows : '

B 1) The maximum and average Cl cencentrauon become smaller aceordmg to the _

" increase of bypass discharge. - However the maximum Cl1 concentration is higher "~
than 250 mg/L (upper limit for drinking water by WHO and CONAMA) untit

bypass discharge would be set as 10 m’/s.

" 2)  The number of the days more tha.n 250mgIL of Cl concentratlon dramatlcally B o

~ decreases from 0 to 0.8 m*/s of bypass dlscharge but almost no decrease (19 to 17 7
 days in case from 0.8 m*/s t020 m’/s o . o i

Table-4 6 Slmulatmn Result of “wnthout water quahty capacnty” Case

- Bypass Reservmr Reservoxr Ct - .- |No. of Days Reservoir Electrlc 5
Case Dlscharge Volume * Concentration (mg/l) - | >250mg/l | Conducnwty (dSIm)
o (m’ls) (Mlll:on m’)|  Max, - Ave (day) | - Max. " -~ Ave
1 | 00 | 524 | 387 | -204 | 969 -| 143 | 083 .
2 02 |- 524 |- 317 | 197 |- 710 | 139 | 081 ..
3 0.4 524 | 364 ] 190 - | 366 - 1.35 - 098
4 06 - | - 589 351 182 - 76 131 ] 075
5 08 650 -1 ..335 = <175 19 ] 125 ) 073
6 - 10 - 68.8 © 324 © 168 - R S 122 . 071 -
7 1.2 71.8 -312 - C 163 - 18 - L8 | o 0.69
8 14 S 742 302 ¢ 157 - 18 - | - L4 | 067 -
-9 16 | 759 S294 U828 o L2 065
10 - 1.8 - C 112 © 288 . 148 17 0 ] S 063
11 20 - - 183 - 285 144 - 17 =108 0 | 062
12 - 30 ¢ - 821 . 279 127 - p 11 - 0] 106 - | - 056 -
13 10.0 87.5 - 248 - - 94 .0 : 095 -] 044
* lncludes sedlment volumeof2 000 OOOm i ey e E T
500 g SIS SN '; 4000
450 N o] —A="MaximumCI o 900 T
%400 S R —— : -o-"AverageCl" U 1 800 5
. : N i ) : s I
;-“é’ ggg | Ty : : it ~m—"No. ofDays >250mg{l..‘l [] Zg{? E
8250 —{— - T L R N O - 500 T8
8200 - R T e S B e EEr B 111/ B
G150 [\ TTeeee : — 11300 ,
G 100 747 e ’"k"r".‘" '_-'_'_?__ - D - . R - e N _. - . 4 200 g .
50 |— = 7‘ 1t {100 % . .
00 10 20 30 40 50 60 80 90 100
' ' ' ' Bypass Dnscha:ge (m’fs) L

| Flgure-4 12 Slmulatlon Result of “wnthout water quahty capacnty” Case R

AR '_ S ' Mam Repon‘
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The Smdj' on Water Resources Developm'en! in the State of Sergipe, Brazil

'(2) : Snmulatlon with Water Quahty Capaclty for Dilution

i (§H found that no dilution water volume causcs these phenomena menlloned above when
the reservoir is almost vacant of water. Then water quahly capacity for dilution was
introduced to this reservoir planning. - T'otal necessary reservoir volume was calculated so
as to be less than 250 mg/l of chloride concentration. The simulation result of “with
water quallty capacity for drlutlon is shown m Fable47 and Flgure—4 13 and 13

- summamed as follows : '

D In case of no low ﬂow bypass, total rcservmr volume 634 mllhon n’ 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. g

) ﬁ) jﬁtThe average ci concentrauon is gradually decreased accordmg to the increase of
o bypass dlscharge : : :

“4) " Total reservoir volume whlch is necessary to make feservoir water less than'
-~ 250mg/l, is the smallest (84.9 million m®) when bypass discharge i is 1.3-1. 51113Is, :
' and increases when bypass drscharge is lower and highcr than that -

: ‘ Table—4 7 Slmulatlon Result of “wrth water quallty capaclty for dl[utlon” Case

. Bypass - Reservoir Volume (Mm’) 1 ReserverI ) Beservolr__.‘:‘.lecl__ne
Case Discharée --'_Total DiIu_t_ion_' Other Concentrauon {mgll) 'Conductivit)l(dSlln)
. B Volume‘; _ Volume Volume SMax. | Av’e. | Max. | T Ave.

1] 00| 60 | 5190 | o150 ] a0 | 98| 107 | o084
2| ea | s1a0 | a000 ] w0so | o250 ]2 | er | 0s2 o
3| o4 |ossa0 | 2914 | 926|720 | use | 1o [ o7
4|06 2360 | 153 | os29 | o280 [ 1o o Troes | 076
s |- o0es | 1800 1022 | 778, 250 | i ) 104|075

6 | o1 | o2 | 25 | en7 | 250 | s | nor | om
oo T e | as | ess | 250 | s | 1o | om
"8 o8 o|toe2 .20 f 692 | 250 f um | 099 | om
L9l cee L isre | | 705 flaso [m | co9s | oem
10| o[ se2 | was | ma[2s0 | tes | 098 | o
o | ssa| 1zs | 729 U Tase | 1es | o098 | er0
2 | 12| 80 | om0 | 70 | 250 | 163 | oss | o6
3| s | sas | s | asa | 250 | a0 [ 097 | oes |

- 14 | sa9 | 89| 760 ] 250t cis7 097 | o067

s ] s | sk | saii| 768 250 Sl uss | 091 | oss

6| 16 | 850 1 75 |- 775 | 250 | 153 | o091 | o065 -

17 | s | es2 | ee | 786 | aso | s | o097 | osd |

18 | 20 "3’5445- s o798 | teso | e 097 062

19 | 30 | 867 |38 o 32.97.?. ias0 | o128 | 097 | 056

S 3 lncludcs sedlmcnt volume of2 000 000 m

R E S s © .- Main Report
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F:gure—4 13 Srmulahon Result of “wrth water quahty capaelty for dllution” Case

_ (3)- DCCISEOII of Bypass Drseharge and Reservonr Volume ) L B

The result of the above tnal mmulanons of reservoir operatron mdlcates feasrbrllty to use
 the reservoir water plenty for domestic and 1mgatlon supply. 'Based on the result; the .

- following sets of bypass dlscharge and total reservorr volume are proposed as altematwes
AofVazaBarnsDamplan S . : : : _

Desrgn Bypass Dlscharge QBP —07 1 3 m/ ;',_'; L ',_ s
Total Reservorr Volume : VRBs —85 96 mrlllon m : ;

B :lt is apparent that the larger scale of bypass dlscharge and total feservoir vo]un‘le are the
- higher cost of the low flow bypass and the dam. Table-4.8 shows rough cost companson '
., with the altemative 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 typc of low ﬂow bypass is ’y

‘a box culvert and the dam type isa concrete darn.

Table-4 8 Companson wrth the Altematlves of Low Flow Bypass and Dam

Bypass Total Reservorr Rese_rvou _Low Flow Bypass Pipeline | ~ © Concrete Dam ’I‘otal
Discharge Volume "; N.W.L | Dimension of “Cost*l | Volume | & Cost - | Cost
%) | . Mm?) (EL m) | Channel(mm) | (MRS$) | (m*) -~ (MR$) (M R$)
070 |- 96 - 478 | 1,050x1,050 | 316 | 222,000 | | 290 - | 607
075 | -9 | a15 | 1,050x1,050 | - _31.6_-' 219,000 | 287 | 603
0.80 o9 | 412 11,100x1,100 | 366 | 216000 | 0 283 | 649
090 | . 88 .. ] 469 | 150x1,150 | - 377 | 213,000 | 279 - | 656
100 § - 787 b 468 [ 1,200x1,200 1 - 387 | 212,000 | 278 . | 665
S 110 s 86 [ 467 120012001 0387 | 211,000, | 276 | 663
120 | 85 | 466 ] 1,250x1,250 § 443 . ] 210000 | (275 | 718
130 85; N 466 1300xl300 , 454-_-_ ',210000‘ 215 ; 729

_Consequently, the most economleal altematnve was adopted and the desngn drscharge of
 the low ﬂow bypass and the total reservoir capacrty are set as follows . ,

- Design Dlscharge for Low Flow Bypass 07sm¥s: '
~ Total Reservorr Volume (N w. L) 93000 000 m (EL 47 50 m)

' S ' Mam Reporl
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- 4.4.6 - Reservoir Operaﬁon Ph'n

The mmulauon rcsuit of the reservoir operation for Vaza Barris Dam is shown in Figure-
4.14 and Figure-4.15. . These figures show variation of reservoir water volume, inflow,
chlorine concentration (CI) and electric conducuwty (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-4.9 shows the maximum and the average of rcservmr water quality during
the calculatlon penod of 1986 to 1995 ' ' : :

_' On the other hand river ﬂow and its watcr qualnty at ihe downstream of the dam shall be
changed aﬂer constructlon Of the dam l‘lgurc 4 16 shows these changes on them

Table-4 9 Summary 01‘ Watcr Quaht) in Vaza Barrls Dam Reservmr

ow Flow Bypass Dlscharge _ Qg 075m/ - : -QB ~0.0_ml .

P%_réﬁwt& f ST | Maximum | - Avgrage' ‘Maximum Average
Chloride: Ct =~ . G gy | 250 ars |2 199
| R mefy | 71| .0 a9 | 88 | 56
Electric Conduclwnty EC - |(gs/m) o0 | ootem | 120 |2 082
Sodlum Na o Nongm - o4 | T b 126 | oooss

LA me) | = 45 s | oss | T
Caleivm:Ca .~ agmy | 57 | 4| 68 | 46

e ey | 2 2 ] s | 23

Magnesium: Mg o - (mg/l): o L35 ) 26 o4 | 29 b

.. me) | 2.9 24 L35 f T 24
- Sodium Absorption Rate: SAR |~ 27|23 | L 29 | 24
Carbonic Acid: HCO,* . |(mgm) | . . s50-180 - |

. o ey ] . 08-30
pHY T e 6983

* .~ HCOj,and pH are not dependent on discharge.

B : Main Report
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44,7 Spccifica.tions of the Plan ofVaza Bat'ris Dam

Based on reservoir oper'mon smmlation rcservotr capacity dlstnbutton was sct as shown

in Plgttre 4.17.

i

Dam Top Level EL 53 20m

N \VL EL. 47 50 m Z
Water Ullhzauon Capacity: 65,000,000 m* IR r
- Domesttc/lnduslrial and | S ' L '
Irrigation Water Capacity: 64,000,000 m*

- Maintenance Discharge Capacity: ~ 1,000,000 m® [‘l’Iectwe Stor. agc Capacuy
Water Quality Capacity (for ditution): 24,000,000 m’ 91,000 000 m - .
Evaporauon Loss Capacnly 2,000,000 m*

o _ o - l‘otal Storage Capaclly
S : 1| 93,000,000 m?
- LWL bL2860m R D | .
T Sedtmenl Capacuy S - 2000000m
- Dam F oundallon Levcl EL 5 00 m E o |

Flgure-4 17 Schemahc Descnptlon of Capacnty and Planmng Water Level

Planned specnﬁcatlon of Vaaa Bams Dam on development dlscharge, dam reservolr
alloeatlon Dam/Splllway, check dam low flow bypass is summartaed in lable 4.11.

.' 4 4 8 Smgle Purpose Dam o | |
i Vaza Barns Dam was deSIgned asa mulu purpose dam in terms of domesttcimdustrlal and

1mgatlon water supply In this section, two single dams for the each purpose are planned
. for estlmatmg the cost of the smgle—purpose dam Shen :

o Assummg that bypass dlscharge |s same as 075 m"‘/s of Vaza Barris Dam reservmr
operation simulation was carried out and necessary reservoir volume was determined so

. that chlorlde ‘concentration of rescrvoir water becomes less than 250 mgll “Table-4.10
: shows ihe reservolr capacny dlstnbutlon plan for eaeh smgle—purpose dam. .. L
Table-4 10 Specnficatlon of Smgle—purpose Dam Z
Items R o Domeshc/lndustnal Imgatlon
: i N * Water Supply Dam Water Supply Dam
Total Storage Capacity " 42,900,000 m’ ~ 59,500,000 m® . -

Effective Storage Capacity - - y

T 40,900,000 m -

57,500,000 m*

Water Utilization Capacily :

11,100,000 m* -

]

.- Domestic/Industrial Water Capacny

S 34,300,000 m?

- - Irrigation Water Capacily

10,100,600 m’

33,300,000 m

" = Maintenance Dlscharge Capacity

" 1,000,000 m°

1,000,000 m

Water Quality Capacity (for dllutlon}

28,600,000 m’

'Evaporation Loss Capacity

1,200,000 m’

;
- 3
21,700,000 m*
1,500,000 m* -
)

Sediment Capacity

;2,000,000 m’

2,000,000 m* -

“ EL. 43.60 m

Dam Height "~ =

Normal Water Level (N. WL) CUEL. 4120 m -

Low Water Level (L.W.L.) <" EL. 2860 m - EL. 28.60 m

Dam Top Level "EL. 4680 it - . EL. 49.30 m
90 m 4430 m

Coatsy
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Table-4.11

Plancd Spccification of Vaza Barris Dam - ., -
- Items ;. Unit |  Specification .- Remarks . . .
Development| Domestic and lndustfial Water | mfs , 0.887
Discharge : : S - . .
- | lirigation Water (Max. /Ave.) m¥s 2.912/74.507 | Vaza Bais Imrigation Project
Total (Max. /Ave.) m¥s | 379972394 )
.Dam' ' Catt-:hment'l\rea_ Lo kim? 15,536(}- ! _ o
Reservoir | peservoir Area ha 2950 . JatNWL. -
Total Storége C-ap.acily':_' . m? 93,000,000 i
Effé'clivé'S_tc'r-rége Capacilj o 91;600,000 E
Water Utilization Capacity m | 65,000,000
-Domesiicﬂnddslrial and ' - e
m 64,000,000 -
. !mgauon Waler Capacnty S .
-Mamtenance D:scharge SRR :
s m | 1,000,000 N(’)a:’;e“fj,“ce,'?'§°?‘?rge
Capacnly - IR EESERARRSARASEEI mfs Do
WaterQuahlyCapacny B R
m*. { . 24,000,000 -
(fordllutlon) SR IR _
Evaporation Loss Capacity m’ 2,000,000_ Sk ;." ',j , -
- | Normal Water Level N.W.L)  [EBLm| 4750 | i, s
= {Low Water Level (L.W.L.) EL.m 2860 - Scdime_nt?l;cvel_' s
: ol L Probable Maximum |
P Desn nFlooleschar e | ms 3,600 Eo e g B e A L W]
Dam and '8! g IR B i _ . | (t0,000-yr. Return Period)-
Spillway R Lol D e
Des'g“ D"f""’“" of F“e‘gy wls 1,200 | 100year retum period
D|53|pater : : o . ol :
Desngn Dlscharge of Dwersmn 1;1.’15 Concrete Dam 200 | 2'Y53f retum PCIIOd |
o Chan"el during Construction ~ | - Fill Dam -,_72_0 . 20-)’earremm period
Check Dam Dam_‘]‘yper‘..: - Congrete Darn
Dam Top Level E_L-.'m . 63.00
Dealgn Dlscharge of Splllway '1-11’1-3" o 11.,400' = = _l 2 tlmes oflOG-year retum
Sedlment Capacnly m1 ) 10',000,{_)10_(-)': bevcl at EL 63 Om
Low Flow || RN CiE
Bypass pesie I’.‘??h?"gf’ R B B

Slgessy
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45 'DcSIgns of Dam and Sptllway
4‘51 | Geology of Dam Slte }
O Topography and Geology of Dam Sltcs

(a) 'lopography _ ‘ 7

The watercourse of the Vaza Bams Rwer at the proposcd dam snte is located ata top of an
" arc, whose tangent coincides almost with a direction of NW to SE, this dircction is in
accordance with the general trend dominant in western Sergipe. There can be seen some
outcrops along the watercourse, but they are quite sporadlc and hill slope is also covered
with weathered materials, “The altitude of the site is about 22m at the riverbed. ' Several
lineaments paralle] to this direction can be seen. = Small valleys dissecting almost -
. perpendlcular to the general dircction exist on the rtght bank wrth an mterval of 300m _
. Whereas, the left valle) is almost smooth in shape : : :

®) Geology T e
: Geology of proposed dam srte mamly consists of meta- phylhte of Proterozow system, wnth
~ the direction of around N45-60W and the dip of 70-80NE. -The meta-phylllte is an
alternance of psammmc ‘schist and pelitic schist, severely weathered along slightly-opened

. planes of schistosity. The direction of schisosity is also parallel to the regional geological
structure, which includes ordmary reverse faults and regional thrusts of large scale. Such

_' _ important structures mvolvmg large fractured zone or altered zones are not found in the -
~ '+ proposed dam site area.” On the top of pencplam around the Vaza Barris dam site, it was -
- reported an existence of unconsolidated Tertiary sedlmentary rocks, but in this area, itisa -

7 kind of lodse conglomerate lo' gravel laycr _|ust ahke a terrace dep051t Its thlckness is .
esttmated to haVe an order oflOm A L : e :

B (2) Geologrcal Condltlon of Dam Srtc _ R o .
ascd on the result of the bormg survey, rock classnﬁcatton was carned out for the dam

: ~ site and spiliway site. - The result of rock classification is shownin
' Figure-4.18. The evaluation of foundation of the dam is based on the criterion adopted by

. the Ministry of Construction of the Japanese Govermnent 'lhe main geological features
o ofthedamsrteareasfollows P R

o (a) Rock Quallty and Rock Mass Classrﬂcatlon QDR . ._
s —;:.;ThlS srte conststs of hlghly Weathcrcd rocks at the surface part Assumed rock
. surface may have an irregular form. ;
- = Rock itself is quite hard and stiff 1f sound lts detertoratlon is caused mamly by
- weathering and shearing. ~ Whereas the former is umversal along lts surface the
- latter is quite restricted along sporadtc Zones. -
. 'The weathered zone is somehow shallow at the river ﬂoor (see Flgure 4. 18) and
- extends flat or in a lower gradient than that of hill slope into the ground. -
'~ On the valley wall, the wealhered zone is rather thin compared with l'llll slope
- therefore, sound rock (C, or C;,) can be found just under the river bed sedtmcnts
~ witha mterventton of thm laycr of rock of low grade (CL)

ST SRR Main Report
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- On both hill slopes rock of low grade (C) extends into the abutments in a low
gradient corresponding to the lower boundary of weathered zone. This means
that rock of tow grade (C,) is relatively thick at thé abutments, and sound rock

cannot be found until at the depth of about 20 m. Thls tendency is more

remarkable in the rrght bank tltan in the leﬂ bank

(b) Permeablhty and Ground\\ ater Level of Dam Slte o

Pervrous zone is lnnrted to the ground surface and mamly at less than lOm of depth and :

any hrghly pervious zone at more than 10m of depth has not been encountered, this means

- that any deep conduits can not exist. Groundwater level is consrderably low on both
abutments lhlS is consrdcred to show the deepness of weathermg front. - v '

(c) . Groundwater Seepage '_ :-_: e

Small valleys drssectmg the rtght bank exlst parallel in the dlrectton of NE—SW and in the

distance of about 300m. These valleys must be filled up to the height of storage water. .

7 _level to aveid any occurrences of seepage flow through the ground that may cause piping

~ and may eventually cause a failure of foundation. ~ Small cols exist on a ridgeline beiween

- these small valleys. - These cols overlie just on the lincament that causes a fractured zone.
- There is a possrbrlrty that thts zone may act as a dlamage condurt and must not be
neglected T _ , . '

(3) Avallahrlrty of Quarry Slte R
() Farth Materials -~

"It seems to be drfﬁcult to fmd earth materlals suelt as sorls for embankment dams in the R

. proposed dam area, partly because of unsuitable properties of highly ‘weathered meta-

phyllites, partly because of thinness of weathered portron of massive roeks around the dam _' o

site. - Another earthy material conventionally ‘used in this region is tertiary sedrment'

~ This sedlment secms to be rather thm (under seVeral m) around the proposed Vaza Bams S

- dam srte

(b) Rocky Materlals :

Meta- phylhte or other metamorphre roeks near the dam srte area are d;fﬁcult to fulﬁll the
- standard demand for aggregates of concrete or shell of embankment dams, bécause of its
flatness in shape and poor abrasion resistance, - This series outcroppmg near the dam site
- or the future reservoir are ]udged to be quite unsuitable for construction matenal Onthe
other hand, granites or migmatites'in the basin of the Itabarana Dome are souncl and stlff =
and surtable for construetron matenals in quahty and occurrence volume

. Main Report | R o






Geological Cross Section
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Geological Cross Section
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4.5.2 Alternatlve Desngns of Dam Bo(ly and Splllway
.(l) Mam Structures

M'xm structures of Vaza Bams qu are

: l) R Dam body to store water of river: nghest elevallon of dam top is EL 60m Dam

- is put on base rock. Dam suffices design safety factor.

: ,,'72) . Spillway to safely splll de51g11 flood dlscharge Dcsngn ﬂood dlschargc = 3 ,600

- m¥s (1/10,000-year).

3) Low Flow Outlet to dlscharge 111amtenance ﬂow Between N. W L and LWL,

_ outlet dlscharge of 0 44 m3'ls

f @ Flowchart of Dam Desngn e
_Plowchart of dam de31gn is shown in l*lgure -4, 19

Stari
. Water Resources Top()graphlcal Data of
Development Plan > - Basin
: T T - ]
Studyon Reservmr S0 Selection
' Sedlmentatlon and I cooef -
Probable Flood ‘.4 - DamSite .-
Reservoir Operation
‘0 Plan _ :
- Decision of Topographic Survey
. -Dam Scale - Geological Survey .
0631311 of Splllway -~ | Design of Dam Main Body
-Lsflmallon of Dlmensmn | .| -Estimation of Dimension -
7| -Comparisonof Type - | | - Comparison of Type

Malerial Survey
- Construction Condition
- Environmental Issues

oo T e s 0 | Study on Optimum Combination
R T T : and Arrangemenl

Dam and Splllway ’

& Decision of TypelArrangementof '

Des;gn 0fInc:denta! l*acnltlles

{Low Flow Outletetc) .

. Flgure-419 Flowchartof DamDesngn

:_: (l"f'5.9A)“
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) Comparrson of Dam Typc :

_I-our (4) dam typcs gravity conerete dam rock-ﬁll dam with zone type, rock ﬁll dam with
concrete facing type and carth-fill dam are compared. Refer to Table-4.12 and Figure-4.20,
Figure-4.21, Figure-4.22. l‘ype of Vaza Barris Dam: Gravity C ncrete Dam Type is
decided due to low cost 'md workabrlrty of constructron under the followmg '

g consrderatrons

' l) Rock materral and concrcte aggregate are procured at the exrstmg quarry srte :
. located near the Cajalba Dam and 15 km far from the dam site.  As _neces_sary
' materral volume is minimum, concrctc type dam, is advantageous '

2) Due to big design flood drscharge for sprllway, a large scale of sptllway facrhty is
~ necessary. Fill type dam requires large volume of concrete for spillway facility.

~ Spillway for concrete type dam can be installed easily on the dam body. _
~ Concrete type dam is advantageous from vrewpomts of constructlon cost and__ R

o constructlon workabrllty

3) Fill type dam can be constructed on the rather less hard rock on the ground

- surface. That is an advantage of fil type dam. - At the dam site, the layer of this -
rather less hard rock, naimely CL-class rock is very thin or nothmg Concrete R

B type dam is constructed on the hard rock foundation: CM-class rock or more, © At
“the dam site, the dlfference between fill type dam foundation and concrete type -
dam foundatron is very small lhercfore ﬁll type dam has no adVantage at the
dam srte ' - _ . L '

4y Around the dam srte layers of sorl and weathered rock are very thm Therefore s
© . alarge area is necessary to collect core material and carth material, . Considering
“the current land use (paslureland) near the dam Stle, it is lmposstble to collect sorl -
. .matenal in the wide areas, - :

5) Water dcpth in ﬂood ttme is vcry high due o low gradtent of the river channel

- This hrgh water depth is disadvantage for diversion tunnel durmg constructlon o
- period. " Therefore; partial bulkhead for diversion is recommendable. Partial .
- bulkhead method is appltcable for concrete type dam because the desrgn diversion -
- discharge is small and concrete dam is resistant against dam- -top overflow. For

- fill type dam, dlversron durmg constructlon perlod is very dlfﬁcult at the Vaza -
: Bams dam srte RN o . : _ :

(@) i Comparrson of Sprllway ; FRES

Generally, for concrete dam splllway is mstallcd on the top of dam as one unrt w1th dam S

body. For fill type dam, spillway is constructed, apart from dam body, at the most

~ appropriate place. The tocation is decided consrdermg topography, geology, workablllty, EE o
- ‘economic efficiency and so on. Tablc-4 ]3 shows the companson of sprllway for ﬁll type RO

- dam. Refer to thurc 4 23

Sprllway for Vaza Bams Dam has 1o gate Por concrete dam overﬂow sprllway is .
installed on the top of dam.  For fill: type dam, Chute spillway with overflow inlet is

~employed. - Width of spillway for fill type dam is estimated to be about 130 m, supposing .~

overflow depth: about 6 m. From the comparrson result of sp1llway locatron for ﬁll type ‘
dam, Leﬂ Bank plan is most recommendable ' - :

S R _ Main'Report '.
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Table-4.12 |

Comparison of Dam 'I‘y'pe:

Graviiy Conciete Pam

Rbek-ﬁll Dam

Ear(ﬁ Dam . ';

" Ttems
' 1 o Zone Typc ' Conerete Facing Type
Dam Dam foundallon at lhe site is poss&ble for construction of any Lype of dam - :
Foundation O O | O

Rock material including aggrégate arc not available ncar the dam site. _
embankment and concrete has to be purchased form the existing quarry site, lS km far from the darn

The material for

" l‘ site. Near the dam site, acquisition of soil matenal is very difficull,
[h)lal”];ald or: 1) Conciele Aggregate, | 1) Core 1) Concrete _
am Body Cement, Fly ash, - |2) Filter 2) Transition 1) Earth
i " Admixiure 3) Roek 3) Rock
Location of gfn}:“ pfa# ofmam Left bank side, apart from dam body o ) L
Sp?llway- : O A A | Y
Location of | Insidé of main dam Quilel pipe cannot be installed in the dam body.  Pipe and olher relaled
Low Flow L teh -' facnhl:es are constructed apart from dam body '
Outlet O Y A A:-
Resistance . | Safely ducto concrelc oy T Weak but better than - o iaal
against dam suuclurc - : Weak zone type rock fill dam Very weak .
top overflow RO "X ~ A X
o Q=200 mds - = Q= 720 m’ls(]lZO year pmbahlllly) : o
D!verston (1/2 year probability} | For concrele facing type deSIgn dlscharge can be decreased.
Discharge 0 0 X - A : X
SRR |- Partial buikhead No practical methed, |- Partial bulkhead No practical method,
Diversion - |- Temporary hole i in due (o very large scale |- Temporary hole in due to very large scale
Méthod dam body ) of diversion tunnel * dam body ; of diversion tunnel . -
oo | One _syslem including | Total two systems: P
Construction | concrete batchand . |- Embankment system for dam bedy . @ i :
Facililies ~: | concicte place ~ . = " |- Conereté batch and concrele place system for splllway R
A IEEEREEEG S AN | . Y | AN
Base rock for fill type dam is D-class or CL-class. Base rock for concrete dam is CM-class. The
Dam He;ghl rock layérs of D-class and Ch-class are very thin at the dam sue The dam helght for concrete t)'pe
- | and fill type is almost same, 30 m - 55 m
Dam Volume - 275,000 m (l 0) 899 000 m’ (3 3) 697 000 m’ (2 S) - 1,100.000 m’ (4.0)
Spillway R _ A
Concrete 0 m‘ : 37 500 m-" ' 37,50_(_] m’ ' - 37,500 m}
Volume = : : S S
Excavalion - 373,000 m3 T 2,113,000 m3 o 1,926,000 m3 © 2,301,000 md
Volume -~ {1.0) (5. ’l} i .1 ' (6 2) ]
- 1) Due to min. volume 1) Duelo big dnefswn . R
of dam, material cost discharge and small l) Due to blg dwersmn
: inc. transportation is e ) A dlschargc and small
: slope of river i L
: cheaper lhan ﬁll lype 1) Due to remote . . slope of river - -
dam. % channel, cost for ‘quarry sité, cost for | ~ channel, cost for
diversion facilities o e
2) Good “orkablhty - is extremel rock material is very . diversion facilities is
. due to one unit inc. exptn[siive. y high. . - - extremely expensne.
D “dam, sp1|j\vey and 2) Acquisition of core 2) Cost for splllw ay is 2} There is no earth
Total outlet. - : material is difficult, very largér than thet material neer dam
S 3) Bue to big res:stance SIS of concrete type - . | - site, . .
Fvaluation - - against flood over . 3) Cost for spiliway is dam "~ |3) Cost for splll\aay is
B “top of dam, cost for V;W largelr lihar;lhat - . very larger than that
" diversion can be gar?"c'_c c ype _ - of concrele type dam.
decreased : S : e
“ O (Very Good) . X ot Good) C AFai) X (Not Good) -

Probable dam types are pravily concrete and rock-fill with concrele facing.  Due lo cost and -
“Orkabxhly of conslructlon, the most promlsmg dam lype is gravnly concrete dam for Vaza Barris

Y Dam

: ".'-'f-.,(":61),-17' o
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able-4. 13 Compar;son of Spillway for Fill- Type Dam

Items : Leﬂ-Bank Plan - nght-Bank Plan Separated Plan
'Topographically, (et | Right bank is thin ridg'e. Location is saddle of
bank mountain body is - | Line of the ridge is ridge.  Weathered layer
L : .| large enough to install | inclined upstream at30 | is 15 m. At the
’fo oranh én d .- | spillway. Thereisno | degree from damaxis. . | downstream vallcy,
pography and . geological problem, Weathered layer is 10~ | sedimentation depth

Geology

20m. MNilltop, el. 61
i, located at the top of
right abutment, is .~
obstacle to spillway.

seems 15m.

Foundation of . "

Spillway -

Inlet level is normal water level of reservoir.
class rock is d istnbuled Thls class rock is slrong enough for foundation of

splllway

At the normal water level, CL —

Connectionto - =

Thecenterlmeof o

S'pi'lled water i§ difectly -

The end of va]léy where

S spltlway crosses the | dischargedtothe ~ = | spillway is instailed, is
Downstream Rwer - { river channel at2s - tributary which meets * - | flatland. No special
Channel pea degree No spet:ial - | right angles to theriver - | problem.
problem. " channel - : P
Length -ofSpiIIway ) Approﬁ. |50 m Ap_p{ox. 100m +200m | Apptox. 170_00. m
. : S . o training channe] : Lo
o Sl No épecial probleiill. | Arfangehlénl of .stillingr' Curved chule is :not. .
Hydraulic Points = | © .~ L pool is difficult due to . | appropriate to discharge
- ' S topographic reason. - supercrmcal ﬂow
Large scale of splllway | Dueto thin _rli'dge;alld. .| Similar exisli_ng'dams
needs a large amount of ‘exislence of lineament, ~ | have chute with natural
excavahon there is a weak pointof | channe] and inlet with
) leakage. Toprevent | concrete. Dueto -
_ - this leakage, thereisa - | frequency of flood, -
e \ planto fill the valley . | large discharge and -
Other Points .. (upstream side of the . | thick layer of

ridge) with ,dumping soil

sedimentation, natural

x (qu 'app!:cab_le)

matenal Itisnot - channel — chute is not
appropriate to install - preferable :
splll\vaynealjlhc 2 :
dumping place. . .
L EEé\iv' ‘pro'-bl‘e-m : Large sca!e ofspallway Fe:wméri;
St T e annotbemstalled I
Total Evaluation - - e T : L o
ORI O (Applicable) : - X (Not applicable) -
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- Figureé4.23 : "C'om'pari_so_n o_f Splllway
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