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VOLUME 1 - MEMORIA DESCRITIVA

1.- INTRODUCAO

O presente Relatério, que constitui a Memoria Descritiva do Projeto Executivo de parte do
sistema de aducdo gravitaria, nomeadamente do trecho compreendido entre o Acude
Castanhéo e o Acude Curral-Velho, esta integrado nos estudos de “Atendimento & demandas
hidricas da regido metropolitana de Fortaleza”, desenvolvidos no ambito do Contrato
008/PROGERIRH-PILOTO/CE/SRH/20, firmado entre a Secretaria dos Recursos Hidricos do
Ceard - SRH e o Consorcio COBA-VBA-HARZA.

O Projeto Executivo do Sistema adutor Gravitario Castanhdo-Agude Curral-Velho (Trecho 1) foi
antecedido de um conjunto de estudos cujo nivel de detalhe corresponde a Projeto Basico e
que incluiu a definicdo de alternativas técnicas, de concepcéao e construtivas, tendo sido retidas
as solucgdes principais otimizadas que foram objeto de detalhamento no Projeto Executivo.

O Projeto Basico foi utilizado para Licitacdo das varias componentes de obras do eixo de
integracdo Castanhdo-RMF (Regido Metropolitana de Fortaleza): Captacdo D’agua no Acude
Castanhdo (que integra a estacdo de bombeamento e adutoras de succdo e de recalque) e
Canais, Adutoras e Sifées.

No Capitulo 1 desta Memodria Descritiva efetua-se uma breve introducdo e no Capitulo 2
efetua-se uma breve descricdo do sistema adutor, integrando os diversos trechos do eixo de
integracdo Castanh&o-Regido Metropolitana de Fortaleza.

O Capitulo 3 integra informacéo relativa a localizacdo e acessos de obra e no Capitulo 4
efetua-se uma descricdo da geologia e geotecnica interessada ao Projeto Executivo, bem como

uma sistematizacdo das principais conclusdes dos estudos realizados anteriormente.

O Capitulo 5 inclui o dimensionamento hidraulico do canal adutor e sifées invertidos e o
Capitulo 6 integra a descricéo dos detalhes construtivos da secao hidraulica do canal adutor.
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No Capitulo 7 faz-se a descricao dos critérios de dimensionamento da secado transversal do

canal: secdo de corte em solo, em rocha e se¢cdo em aterro.

No Capitulo 8 “Diretriz do canal adutor e sifées invertidos” descreve-se, de modo sucinto, 0
tracado do sistema adutor.

No Capitulo 9 objetivaram-se os principais critérios utilizados na definicdo do perfil longitudinal
guer do canal quer dos sifées invertidos.

O dimensionamento hidraulico do reservatério de compensacdo horaria de vazbes é
apresentado no Capitulo 10 e no Capitulo 11 indicam-se os principios de dimensionamento do
trecho de canal de berma horizontal e das tubulacbes de queda.

No Capitulo 12 s@o apresentadas as principais caracteristicas dos sifdes invertidos bem como
as condicBes de fundacéo das tubulagées.

No Capitulo 13 descrevem-se e localizam-se as principais obras e equipamentos de controle
operacional e seguranca do canal e no Capitulo 14 efetua-se uma descricao geral das obras
especiais (restabelecimento do canal Xique-Xique, ligacao do sifao Banabuit ao canal adutor |
do projeto de Tabuleiro de Russas, etc.) e localizadas (concordancias, pontilhdes, passarelas e
outras obras).

O Capitulo 15 integra a descricdo das caracteristicas essenciais do sistema viario de operacéo
& manutencdo e no Capitulo 16 efetua-se a sistematizacdo dos célculos de movimentos de
terras, apresentando-se para cada sub-trecho do canal, o valor do balancgo de terras.

No Capitulo 16 apresentam-se os valores relativos ao balanco de volumes de terras nos
diversos sub-trechos e no Capitulo 17 indicam-se as dimensdes e localizacdo dos bueiros

necessarios ao sistema de drenagem transversal.

As pecas desenhadas do Projeto Executivo incluem as plantas, perfis e obras localizadas. Os
desenhos relativos aplanta e perfil longitudinal do canal adutor, séo editados aescala 1:2 000
(H) e 1:200 (V) e as sec¢Oes transversais, editadas a escala 1:200, sdo apresentadas com
espacamento de 40 m.

Nos desenhos relativos a planta e perfil longitudinal do canal sdo indicadas as principais
referéncias construtivas das terraplanagens do canal: elementos definidores da geometria da
diretriz (coordenadas dos vértices e de obras, elementos geométricos das curvas); linhas
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representativas da intersecédo da escavacdo e do aterro com o terreno natural, distancias a
origem, acumuladas, cotas do terreno natural, do rasto, da berma, do plano de &agua,
localizac&o das obras localizadas, de drenagem, se¢des transversais tipo, inclinacdo de taludes
de escavacao e aterro, etc..

Nos desenhos das segbes transversais representa-se o0 canal (geratriz exterior do
revestimento), incluindo os taludes de escavacao e aterro, bem como a superficie do terreno
natural. Nas sec8es transversais, designadas por ST, com a respectiva posicdo quilométrica
definida, séo indicadas as distancias parciais ao eixo do canal e respectivas cotas construtivas.

Os desenhos das obras localizadas e especiais incluem obras tipo: pormenores construtivos da
secdo transversal, concordancias canal-tubulagdo-canal, comportas planas, descargas de
seguranca, galerias, pilares de apoio de trechos aéreos, pontilhdes, passarelas, etc.; obras de
drenagem: canaletes, caixas de dissipacéo e ligacdo, cabeca de bueiro, etc.; obras especiais:
canal-reservatorio, queda e dissipacao, travessia do rio Banabuid, etc..

A otimizacao do tracado em planta e perfil bem como para o calculo dos movimentos de terras
utilizou-se o Software “INROADS”, produzido pela INTERGRAPH que funciona em plataforma
“CAD MICROSTATION?", desenvolvida pela BENTLEY.

2.- DESCRICAO GERAL DO APROVEITAMENTO HIDRAULICO

O Aproveitamento Hidraulico em estudo visa fundamentalmente o refor¢o do abastecimento de
agua aRegido Metropolitana de Fortaleza (RMF), atualmente deficitaria neste recurso, através
da derivacao do rio Jaguaribe, perenizado pelo acude Castanhéo.
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Foto 2.1- Vista da Barragem do Castanh&o em fase de construcéo

O aproveitamento a executar possibilitara a plena satisfacdo das demandas hidricas previstas
num horizonte de pelo menos 30 anos, através da integracao hidrica das bacias hidrograficas
do rio Jaguaribe com as bacias dos rios da Regido Metropolitana de Fortaleza (RMF). Essa
integracdo sera concretizada com a construcdo de uma captacdo no Acude Castanhédo e de
uma aducao que efetuara a transposicéo das aguas do rio Jaguaribe para a RMF, terminando
no sistema de acudes das Bacias Metropolitanas (Pacajus-Pacoti-Riachao-Gaviao) - “Eixo
Castanh&o-Fortaleza”.

Para além do atendimento das demandas hidricas humanas e industriais da RMF, a
transposicdo ira também permitir o reforco do abastecimento dos projetos de irrigacdo
existentes ou previstos ao longo do tracado da aducéo.

A transposicao integra-se com os projetos de irrigagdo previstos para o chapadado da margem
esquerda do rio Jaguaribe (Chapada do Castanhdo, Sao Bras, Xique-Xique e Altinho) e com os
projetos de irrigacdo das zonas baixas do vale do rio Banabuiu (Tabuleiro de Russas e Morada
Nova).

O Sistema de Aducao Castanhdo-RMF serd constituido basicamente pelas estruturas de
captacao e por um canal de aducao. A captacéo localiza-se junto ao agude Castanhdo, a cerca
de 180 km da foz do rio Jaguaribe, desenvolvendo-se o eixo da transposi¢cdo ao longo de uma
direcdo aproximadamente Sul-Norte.
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A obra de captacao compreendera uma derivacdo na tubulacdo da tomada de agua existente
no acude Castanhdo, uma estacdo de bombeamento situada na margem esquerda do rio
Jaguaribe, adutoras de succdo e de recalque e uma obra de transicdo entre a captacdo e o
canal de aducéo.

A captacao elevara as vazdes derivadas para uma zona alta da margem esquerda do rio
Jaguaribe, situada junto do limite norte da cidade de Nova Jaguaribara, local onde tera inicio o
canal adutor.

Na passagem pelo acude Curral Velho, a transposicéo integra-se com o Projeto de Irrigacdo de
Tabuleiro de Russas, atendendo parte das demandas hidricas desse projeto. Apos a passagem
pela Serra do Félix, cerca de 50 km a norte, a aducédo segue em direcdo ao acude Pacajus,
fazendo “by-pass” a esse reservatério, aproveitando a energia disponivel e evitando o
bombeamento atualmente realizado para a derivacdo dos volumes armazenados nesse agude
para o acude Pacoti.

Esta também previsto, no ambito do presente projeto, a realizacdo de um eixo de transposicao
Oeste, que consiste no prolongamento do eixo com origem no Jaguaribe (eixo leste),
complementando os recursos disponiveis nas bacias a oeste de Fortaleza (rios Ceara, Cauhipe
e Sao Goncalo) e possibilitando assim a alimentacédo do Porto do Pecém e da zona turistica
litoral.

A vazdo maxima de dimensionamento cifra-se em 22,0 m¥s, dos quais 14,3 m¥s, em média,

destinam-se ao abastecimento da RMF, podendo atingir o maximo de 19,0 m¥s para a RMF.

A execucdo da globalidade do Sistema Adutor Castanhdo-Fortaleza seré realizada em duas
etapas:

Etapa 1 — serdo executadas as obras civis da estagcdo de bombeamento, os canais
adutores e parte dos equipamentos hidromecéanicos, uma de duas tubulacdes das
adutoras da captacao e dos sifdes, e instalados equipamentos de bombeamento para
metade da capacidade final prevista.

Etapa 2 — sera completado o sistema adutor com a instalagdo dos grupos restantes da
estacdo de bombeamento, 0s restantes equipamentos hidromecéanicos dos canais a
segunda tubulacéo das adutoras da captacéo e dos sifoes.
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2.1- OS TRECHOS DO EIXO CASTANHAO-REGIAO METROPOLITANA DE
FORTALEZA

O “Sistema Adutor Castanh&o-Fortaleza”, com um desenvolvimento total de aproximadamente
200 km, foi dividido em 4 (quatro) trechos, conforme descritos a seguir.

Apresenta-se seguidamente uma sintese descritiva de cada um dos trechos do Sistema Adutor
Castanh&o-RMF.

Trecho 1 — Acude Castanhdo ao Acude Curral Velho

O primeiro trecho apresenta um comprimento total de 54,7 km, com inicio no agude Castanh&o
e final no Canal Adutor | do Projeto de Irrigacao Tabuleiro de Russas, ao qual sera integrado,
passando pelo Acude Curral Velho, construido com a finalidade de regularizagéo do respectivo
projeto. O trecho inclui a construcdo de 1 (uma) estacdo de bombeamento com capacidade
maxima de vazao de 22,0 m¥s e das adutoras de succao e recalque, as quais totalizam 3,3 km
de comprimento. Ao longo do trecho, o canal serd intercalado com tubulacfes gravitarias
(sifdes) para travessia dos talvegues dos riachos do Livramento, Seco, Formoso e Santa Rosa,
do cérrego Corcunda e do rio Banabuiu. Neste trecho, o canal adutor intercepta duas rodovias
(uma delas projetada) de acesso a Nova Jaguaribara.

Trecho 2 — Acude Curral Velho aSerra do Félix

Este segundo trecho inicia-se no agude Curral Velho, onde sera construida uma nova tomada
d'’agua com caracteristicas semelhantes & da existente para o Projeto de Irrigacdo de
Tabuleiro de Russas. Deste ponto, o trecho desenvolve-se por cerca de 45,9 km, até atingir o
inicio da Serra do Félix. Esta prevista a construcdo de 4 (quatro) sifdes para travessia do rio
Palhano e dos riachos Boa Vista, Mo Ruiva e Melancias.

Trecho 3 — Serra do Félix ao acude Pacajus

Este trecho conta com 66,3 km de extenséo, sendo a continuacéo do Trecho 2 entre a Serra do
Félix e a ombreira direita do acude Pacajus, atravessando o leito do rio Pirangi nas
proximidades do povoado de Cristais. A primeira parte deste trecho corresponde atravessia da
Serra do Félix, e o final ao inicio do Trecho 4, onde é prevista a execucdo de uma estrutura
proviséria de descarga no acude Pacajus. Este trecho pode dividir-se em duas partes, a
primeira com 22,6 km de extenséo até atravessia do rio Pirangi e a segunda com 43,7 km de
extensao a jusante desse rio.
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Como obras principais deste trecho figuram o sifado para transposicao do rio Pirangi, e os sifées
para travessia dos riachos Serrote, Juazeiro e Marambaia. De referir também a escavacao de
grande profundidade exigida pela travessia da Serra do Félix e as interse¢cdes com as rodovias
CE-119 e BR-116.

Trecho 4 — Acude Pacajus ao Acude Gavido

Com 34,1 km de extensao, sendo a continuacédo do Trecho 3, tem inicio na ombreira esquerda
do Acude Pacajus (cota 54,8 m), com um sifdo que atravessa o vale do rio Choro
imediatamente a jusante do macico e do sangradouro da referida barragem.

Um primeiro sub-trecho de 25,5 km de desenvolvimento tem como objetivo principal efetuar o
"by-pass" ao atual sistema elevatério Pacajus-Ereré-Pacoti. Aparecem como obras de
relevancia neste trecho, a travessia da BR-116, 0 cruzamento com o0 Sistema
Pacajus/Ereré/Pacoti atualmente em operacao, a travessia do divisor Chord/Pacoti e descarga
final na bacia hidraulica do agude Pacaoti.

O segundo sub-trecho consiste ha ampliagdo do canal de ligacdo entre os acudes Pacoti e
Riachdo, com um desenvolvimento total de cerca de 0,8 km.

O terceiro e ultimo sub-trecho consiste na ampliacdo da capacidade do sistema de ligacao
entre os acudes Riachdo e Gavido, que envolve a constru¢cdo de um novo tinel com cerca de

1,1 km de comprimento e a ampliacdo de um canal com cerca de 6,7 km de desenvolvimento.
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Figura 2.1 — Sistema Adutor Castanho-Fortaleza
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3.- LOCALIZACAO E ACESSOS DE OBRA

O sistema de aducéo Castanhéo-Regido Metropolitana de Fortaleza (RMF) tem inicio no Agude
do Castanhdo, situado no distrito com 0 mesmo nome, no municipio de Alto Santo, Estado do
Ceara. A obra em apreco neste documento, o Trecho 1 do canal adutor, sera realizada
integralmente na area abrangida pelo Municipio de Morada Nova.

O acesso asecao inicial do canal adutor pode ser efetuado, partindo de Fortaleza, utilizando a
estrada federal BR-116, totalmente asfaltada, até ao entroncamento com a estrada de terra
batida que possibilita 0 acesso alocalidade de Castanhao.

A partir do entroncamento da estrada de terra batida com a BR-116 segue-se por cerca de 3,7
km até ao distrito de Castanh&o, dai até alocalidade de Boq ueirdo do Cunha, a 2,9 km, e desta
povoacao até aBarragem do Castanhao, a cerca de 3,0 km.

O inicio do canal adutor do eixo de integracéo dista aproximadamente 230 km de Fortaleza, 71
km de Jaguaribe e 57 km de Limoeiro do Norte.
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Figura 3.1 — Localizagao do inicio do sistema adutor
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4. - GEOLOGIA E GEOTECNIA

Na secéo inicial da diretriz do eixo de integragéo, o terreno natural possui cota em torno de 125
m e o canal se desenvolve através de um platé com relevo suave de topografia plana cujo
terreno é formado por sedimentos de tons avermelhados da Formacao Faceira, que podem
atingir espessuras além de 20,00 m. Essa feicdo permanece até o quilémetro 13, proximo a
localidade de Poco do Barro, onde a drenagem natural comeca a aparecer de forma mais
concentrada, no padrao tipo dendritico, retalhando os bordos do pacote sedimentar e expondo,
nos vales, rochas do embasamento cristalino, ocasionando contatos entre as duas formacotes

por discordancia erosiva.

A partir dai, a declividade dos terrenos € mais acentuada e os afloramentos, que despontam
em um solo regolitico de tonalidade esbranquicada, ocorrem em forma de rochas gnaissicas
bandadas, mostrando nlcleos migmatizados, contendo na sua mineralogia: quartzo, feldspato,
biotita e anfibdlios, muitas vezes recortados por veios pegmatititicos e/ou preenchimento de
silica com dimens0es variadas, e estruturalmente apresentando fraturamentos com dire¢éo NE,
pequenas falhas, além de zonas de cisalhamento em pequena escala. A foliacdo predominante
se déa na direcdo NE-SW, concordante com o “trend” regional.

Até o quildmetro 37,5 existe o predominio notavel das rochas cristalinas, que condicionam
formas onduladas ao relevo e séo recortadas por um sistema de drenagem cujos principais rios
e riachos que interceptam o tragcado sdo: Riacho do Livramento (Km 15), Riacho Formoso (Km
21), Riacho Saldo (Riacho Seco) (km 23), Riacho Santa Rosa (Km 31), Cérrego do Corcunda
(Km 37) e o Rio Banabuit (km 50).

Nessas interse¢des, o canal passara na forma de siféo invertido. Em toda essa extenséo o solo
de recobrimento sobre as rochas subjacentes é de espessura muito delgada, geralmente nao
ultrapassando a espessura de 1,00 m, com excec¢do dos locais onde se formam depoésitos
aluvionares em alguns dos riachos supracitados e em algumas faixas ou manchas de

coberturas coltvio aluvionares, onde o solo se torna mais espesso.

No trecho compreendido aproximadamente entre o Km 28+250 e o Km 30+500 h& diversas
ocorréncias de afloramentos com textura e estrutura diferenciada das rochas gnaissicas-
migmatiticas. Essas rochas foram incluidas na categoria de plutbnicas granulares, e
apresentam textura equigranular e/ou porfirdide, de composicdo granitica, compostas
essencialmente de quartzo, feldspatos e biotita com quantidade subordinada de hornblenda.

10

PARTE IV — PROJETOS EXECUTIVOS. A — PROJETO EXECUTIVO DO TRECHO 1
TOMO 2 — CANAIS E SIFOES
VOLUME 1 — MEMORIA DESCRITIVA



S

smvEmAE B0 LRFARS
SICETTARS D03 BECTRS0N
> DEKMANDAS HIDRICAS DA REGIAD METROPOLITANA DE FOATALEZA OO -

Essas ocorréncias formam um corpo alongado, elipsoidal, com seu maior eixo orientado
segundo NE-SW, obedecendo o “trend” principal da foliacdo das rochas encaixantes, que sao
0S gnaisses e migmatitos.

Em uma faixa compreendida aproximadamente entre os quildmetros 37+450 e 46+700,
principalmente para leste (margem direita do eixo do canal), a topografia se suaviza e o terreno
€ constituido de sedimentos arenosos de coloragdo avermelhada, passivel de bom
aproveitamento para irrigacdo. Em seguida, ha novamente o predominio das rochas cristalinas,
até o quildmetro 48+300, onde comeca a se perceber o terreno plano formado pelas aluvides
da margem direita do Rio Banabuil, com espessuras que podem ultrapassar 12,00 m de
profundidade, se estendendo por uma faixa de aproximadamente 1,5 Km até o leito do rio,
onde afloram rochas gnaissicas, por onde o canal atravessard através de sifdo ladeando a
ponte da rodovia CE-019.

Na margem esquerda do Rio Banabuiu a faixa de aluvido por onde o canal adutor (sob a forma
de tubulagdo enterrada de 2 500 mm de didmetro interno) atravessara € mais estreita,
chegando no maximo a 500 m. Foram identificadas algumas ocorréncias de aluvides no trecho
final, pela margem esquerda do Rio Banabuid, entre o rio e o canal do sistema Tabuleiros de
Russas, decorrentes de areas de inundacéo.

Apbs a passagem do Rio Banabuil, o canal adutor ir4 se interligar com o sistema de irrigacéo
do Projeto Tabuleiros de Russas - Morada Nova - Limoeiro do Norte, contribuindo na bacia do
Acude Curral Velho, em Morada Nova, que faz parte do sistema, totalizando até ai,
praticamente 53 km de extenséo.

As principais conclusfes dos estudos geolégicos e geotécnicos realizados no ambito do Projeto
Basico e Executivo séao:

i) As caracteristicas geoldgicas ao longo do tracado mostram a predominancia das
rochas cristalinas pré-cambrianas em longos trechos. Em outros trechos se faz
marcante, também, a presenca de sedimentos terciarios do Grupo Barreira Indiviso,
classificados predominantemente na Formacdo faceira. Ocasionalmente s&o
encontrados, também, quartzitos, xistos, filitos e calcéarios cristalinos do Grupo
Ceard, granitéides, granitos e granodioritos pertencente & Rochas Plutdnicas
Granulares. As faixas aluvionares ocorrem nas margens de alguns rios de maior

significado.
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ii) As ocorréncias de areais sdo abundantes no trecho 1 do canal adutor. Além dos
areais estudados, outros podem ser localizados, sendo as principais fontes, 0s rios
Jaguaribe, Santa Rosa e Banabuil. As ocorréncias de pedreiras ao longo do trecho
também sdo abundantes.

iii) Quanto aos materiais terrosos, esses sao, em geral, de pequenas espessuras, mas
as jazidas encontradas sdo de boa qualidade. A dificuldade maior ficou por conta das
jazidas de revestimento primario, pois esses materiais sdo escassos na regido onde
se insere a obra.

iv) Os materiais de solos terrosos, oriundos das escavacfes obrigatorias, poderdao ser
aproveitados nos corpos dos aterros.

v) Ao longo do trecho ndo foram encontrados materiais cujas caracteristicas
geotécnicas sugiram a execucdo de estudos especiais. Pois ndo sdo encontrados
solos moles, expansiveis ou colapsiveis.

5.- DIMENSIONAMENTO HIDRAULICO DO CANAL ADUTOR E SIFOES
INVERTIDOS

A vazdo maxima de dimensionamento hidraulico do Trecho 1 do canal adutor do Eixo de
Integracdo adotada no Projeto Executivo foi de 22 msls, correspondente a 22 Etapa de
exploragcdo. Na 12 Etapa de funcionamento do sistema adutor a vazdo de dimensionamento é
de 11 m¥s.

Nos calculos de dimensionamento hidraulico do canal aplicou-se a expressdo de Manning-
Strickler, Q = K_SR?'*i"?, considerando o regime permanente e uniforme, sendo Q a vaz&o
(m®/s), Ks o coeficiente de Manning (m1/3 s'l), S a secdo molhada transversal (m?), R o raio
hidraulico (m) e i a inclinacdo longitudinal do fundo do canal (m/m).

Utilizando um Ksg (secdo do canal revestida com concreto) de 70 m3s1leuma inclinacdo do
fundo do canal (i) de 0,15 m por km, as dimensdes da secédo hidraulica corrente de geometria
trapezoidal sédo: 5,0 m de largura de base, 3,0 m de altura total, inclinacdo de espaldas de
1,5(H)/1,0(V).

Considerando a vazdo maxima de dimensionamento, a altura de agua para o escoamento em
regime permanente e uniforme é de 2,330 m, resultando uma folga (“freeboard”) de 0,67 m, o
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que representa cerca de 29 % da altura de agua. Na 1% etapa de exploragdo, a que
correspondera uma vazdo maxima de 11 m3/s, a altura de escoamento sera de 1,61 m, pelo
gue resulta uma folga de 86 %. A velocidade de escoamento no canal, em regime permanente
e uniforme é de 0,918 e 1,11 m/s na 12 e 22 etapa, respetivamente.

Os sifdes invertidos serdo constituidos, na 12 etapa do empreendimento, por uma conduta de
aco carbono com 2,5 m de diametro interno, para uma vazao maxima de 11,0 m3/s, a que

corresponde uma velocidade de 2,24 m/s.

Na 22 Etapa de exploracdo do sistema sera instalada uma conduta adicional cujo diametro
varia entre 2,50 e 3,0 m, tendo este diametro sido objeto de otimizacdo técnico-econdmica
apos o estabelecimento definitivo do perfil longitudinal do canal, dos célculos de movimentos
de terras e das condicbes de fundacdo das obras localizadas e especiais do canal (eg:
estruturas de entrada e saida dos sifées).

O calculo da perda de carga continua na tubulacédo foi efetuado recorrendo a férmula de

Colebrook-White, explicitada por Barr (1975), Sf_ V2 , sendo Sf, a
N 2
8ngo$L+51£—E 9083’}3
S §37D &v.0p hJIu

perda de carga continua (m/m); v a velocidade de escoamento (m/s); D é o didmetro da
tubulacdo (m); p a viscosidade cinemética (m?/s); k a rugosidade absoluta da tubulacdo (m) e g
a aceleracéo da gravidade (m/s).

O valor adotado para a viscosidade cinematica foi de 1,0x10° (20°C) e para a rugosidade

absoluta da tubulagéo de aco carbono foi de 0,0001 m. A perda de carga singular foi calculada
aplicando a expressdo Dh =kv®/2g, sendo Dh a perda de carga singular (m), k o coeficiente

de perda de carga (ad.), v é a velocidade de escoamento e g é a aceleracdo da gravidade
(m/s?).

Seguidamente é apresentado o quadro com os elementos de dimensionamento hidraulico do
canal adutor e sifées invertidos.
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Quadro 5.1 - Dimensionamento hidraulico do canal adutor e sifdes invertidos

Localizagao Designacéo Extenséo Vazao Didmetro | Perda de Cota Cota final
da obra do trecho | méaxima carga inicial (fundo)
3 (m) (fundo)
(km+m) (m</s) (m)
(m)
2+500 (inicio Canal 2+983 22 - 0,447 124,670 124,223
do canal)
5+483 Galeria sob rodovia 0+099 22 3x2,8 0,023 124,223 124,200
de acesso a NOVA
JAGUARIBARA
5+582 Canal 0+918 22 - 0,138 124,200 124,062
6+500 Comporta — C1 0+025 22 - 0,100 124,062 123,962
6+525 Canal 3+984 22 - 0,597 123,962 123,365
10+509 Comporta — C2 0+026 22 - 0,100 123,365 121,895
10+535 Canal — reservatorio 0+877 22 - 0,132 121,895 121,763
11+412 Comporta — C3: TIPO 0+061 22 - - 121,763 119,583
AVIO
11+473 Canal com berma de 0+827 22 - 0,124 119,583 119,459
nivel
12+300 Est. Trans. 0+014 22 - 0,100 119,459 118,789
(Montante)*
12+314 Queda 0+262 22 2x1,90 1,823 118,789 108,869
12+576 Est. Trans. (Jusante) 0+026 22 - - 108,869 106,439
12+602 Canal 1+285 22 - 0,192 106,439 106,247
13+887 Est. Trans. 0+014 22 - 0,100 106,247 105,577
(Montante)*
13+901 Sifdo Livramento 2+088 22 2x2,50 2,534 105,577 102,942
15+989 Est. Trans. (Jusante) 0+015 22 - - 102,942 103,612
16+004 Canal 2+552 22 - 0,382 103,612 103,230
18+556 Comporta — C6 0+026 22 - 0,1 103,230 103,130
18+582 Canal 1+745 22 - 0,262 103,130 102,868
20+327 Est. Trans. 0+015 22 - 0,100 102,868 102,198
(Montante)*
Sifao Novo 0+407 22 1x2,50 0,374 102,198 101,724
20+342 1x3,00
20+749 Est. Trans. (Jusante) 0+015 22 - - 101,724 102,394
20+764 Canal 1+652 22 - 0,248 102,394 102,146
22+416 Est. Trans. 0+015 22 - 0,100 102,146 101,476
(Montante)*
22+431 Sifdo Formoso 3+074 22 1x2,50 2,564 101,476 98,812
1x3,00
25+505 Est. Trans. (Jusante) 0+015 22 - - 98,812 99,482
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Localizagao Designacao Extenséo Vazao Didmetro | Perdade Cota Cota final
da obra do trecho | méaxima carga inicial (fundo)
3 (m) (fundo)
(km+m) (m</s) (m)
(m)
25+520 Canal 2+809 22 - 0,421 99,482 99,061
28+329 Est. Trans. 0+014 22 - 0,100 99,061 98,391
(Montante)*
28+343 Sifdo Santa Rosa 4+879 22 1x2,50 4,517 98,391 93,774
1x2,80
33+222 Est. Trans. (Jusante) 0+015 22 - - 93,774 94,444
33+237 Canal 2+737 22 - 0,411 94,444 94,033
35+974 Est. Trans. 0+015 22 - 0,100 94,033 93,363
(Montante)*
35+989 Sifdo Corcunda 0+636 22 2x2,50 0,852 93,363 92,411
36+625 Est. Trans. (Jusante) 0+014 22 - - 92,411 93,081
36+639 Canal 4+847 22 - 0,727 93,081 92,354
41+486 Comporta — C11 0+026 22 - 0,100 92,354 92,254
41+512 Canal 4+221 22 - 0,633 92,254 91,621
45+733 Est. Trans. 0+014 22 - 0,100 91,621 90,951
(Montante)*
45+747 Sifdo Banabuil 6+383 22 2x2,50 7,901 90,951 81,700
52+130 Est. Trans. (Jusante) 0+015 22 - - 81,700 83,620
52+145 Canal 22 - - 83,620 82,350
Acude Curral-Velho 22 - - 82,350 -

* Inclui a perda de carga na comporta situada a montante da entrada dos sifdes

6.- DETALHES CONSTRUTIVOS DA SECAO HIDRAULICA DO CANAL
ADUTOR

Relativamente a secao hidraulica do canal adutor, de geometria trapezoidal, foi projetada a
utilizacdo de uma manta impermeavel entre o revestimento de concreto simples, com 8 cm de
espessura, e o substrato de fundacao. A manta é constituida por uma membrana impermeavel
de PVC de 1 mm de espessura colada a um geotextil de 200 g/m2 nao trancado, devendo ser
flexivel, estanque e resistente ao punconamento. A funcdo da camada de concreto é de
protecdo mecénica e fixacdo da manta.

Preconiza-se a execuc¢do de juntas de dilatagdo e contracdo na secao revestida do canal,
sendo as juntas de dilatac@o construidas transversalmente, com um afastamento de 35 m, e as
de contracdo construidas transversalmente e longitudinalmente. As juntas de contracao
transversais (juntas “secas”, isto €, junta de construcdo que ndo recebe nenhum produto
plastico estanque, tendo por funcdo diminuir o gradiente hidraulico entre o revestimento e o
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interior o canal) estdo afastadas 3,5 m. As duas juntas de retracdo longitudinais, uma em cada
espalda do canal, sdo executadas no terco médio da altura total do canal, ou seja, a um metro
do fundo. Os pormenores construtivos estdo indicados nos desenhos do Projeto Executivo.

Onde as investigagbes geoldgicas revelaram nivel freatico superficial, considerou-se
necessario adotar um sistema de drenagem subterranea longitudinal, com funcéo de protecao
da secédo hidraulica contra as sub-pressfes originaveis. O sistema de drenagem subterranea
consiste na instalacdo de dois drenos de PVC AL50 mm perfurados sob o fundo do canal,
envolvidos por material drenante. A descarga das aguas de drenagem sera gravitaria e

direcionada para o bueiro mais proximo.

Os pormenores construtivos relativos asec¢éo hidraulica do canal adutor estdo indicados nos
desenhos do Projeto Executivo.

7.- DIMENSIONAMENTO DA SECAO TRANSVERSAL TIPO DO CANAL

Sendo o eixo de integracdo constituido, neste trecho compreendido entre o Acude Castanhao e
0 Acude Curral Velho, por um canal trapezoidal de dimenséo significativa, com 5,0 m de largura
de rasto, 3,0 m de altura até aberma e 14,0 m de boca, com espaldas inclinadas 1,0 (H)/1,5
(V), o dimensionamento adequado das plataformas de apoio para a construcdo e posterior

manutencdo do canal reveste-se de extrema importancia.

As plataformas laterais de apoio (estradas de servigo) tém, em secao “corrente” do canal, quer
no aterro, quer no corte em solo, 5,50 m de largura util (acrescida, no caso do canal em corte,
de 0,5 m de largura média para implantacéo do canalete de drenagem), de modo a permitirem,
na fase construtiva, que maquinas escavadoras, eg. dos modelos M 315 ou M 318 fabricados
pela CATERPILLAR (com profundidade maxima de escavacgao, em condi¢des de estabilidade
da méaquina, de aproximadamente 6,20 m), realizem a abertura do leito do canal com as

dimensodes necessarias.

Nesta hipotese, sera desnecessario recorrer-se ao ataque frontal na escavagéo, que comporta
riscos consideraveis, dado a altura de escavacao atingida em alguns casos ser significativa.

As estradas de servico possibilitam igualmente a interligacdo dos canteiros com as areas de
jazidas e dar acesso a fontes de agua e instala¢gdes industriais previstas nos canteiros de obra.
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Nas plataformas utilizadas na fase de construcao aplicar-se-a um revestimento primario, sendo
usualmente mantidas e utilizadas posteriormente para a realiza¢do das necessarias operacoes
de inspecédo, manutencao & limpeza do canal adutor.

As sec0es transversais tipo do canal que foram adotadas para o calculo das terraplenagens do
Trecho em apreco tém as seguintes caracteristicas gerais:

i) Se¢cdo do canal com corte em solo

Duas banquetas laterais de 5,50+0,5=6,0 m de largura, incluindo o canalete de drenagem e
taludes de escavacdo com a inclinacao geral de 1,5(H)/1,0(V), revestidos com gramineas da
regido, preconizadas em cada patamar de escavacao (definido em cada 6,0 m de altura de
escavacao).

i) Secdo de canal em aterro

No secdo do canal em aterro serdo necessarias duas plataformas laterais com, no minimo,
5,50 m de largura util (ndo existe canalete de drenagem), com revestimento primario e o talude
do aterro terd inclina¢des distintas: na base do aterro tera inclinagéo de 2,5 (H)/1,0(V) até aos 5
m, 2,0(H)/1,0(V), até aos 10 m e no topo, junto asecao hidraulica do canal, 1,5(H)/1,0(V). Os
taludes do aterro seréo revestidos com cascalho para protecdo dos mesmos.

iii) Se¢ao do canal com corte em rocha

No caso do corte em rocha adota-se a mesma secao hidraulica mas a secao transversal tipo
global do canal foi objeto de uma otimizacdo técnico-econdbmica tomando em conta 0s
seguintes aspectos principais: condicionantes de exploracdo do sistema hidraulico;
guantitativos de escavacdo; construcdo de plataformas para construcdo, inspecdo e
manutencdo do canal; construcdo de banquetas para manutencdo dos taludes de escavacao,
etc..

Quando a construcdo do canal é realizada em rocha dura, sem que haja recurso amaquinaria
convencional (escavadora giratéria, etc.), em que a abertura da vala é efetuada com recurso a
desmonte com explosivos, a secdo transversal do canal devera ser dimensionada de modo
especial, tendo sempre em preocupacdo minimizar o quantitativo de escavacdo em rocha,

trabalho altamente dispendioso.
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Ponderando os aspectos atrds mencionados e comparadas tecnico-economicamente varias

alternativas em fases anteriores deste projeto, adotou-se a solugéo abaixo descrita.

Num dos lados do canal, é construida uma banqueta com 3,5+0,5 m de largura (banqueta para
circulacdo de viaturas+valeta de drenagem). No outro lado do canal é construida uma banqueta
de 1,5+0,5 m de largura (acesso ao pessoal de manutencdo+valeta de drenagem). Esta
solucéo implica o acesso ao fundo do canal pela maquinaria de manutencédo & limpeza, pelo

gue sera necessario construir rampas que permitem a entrada e saida do interior do canal.

Num canal com as caracteristicas do eixo de integracdo, que funcionara a maior parte do
tempo em regime permanente, estando por tendéncia cheio, em qualquer época do ano, o

esvaziamento do canal devera ser minimizado sob risco de ocasionar perturbagao no servico.

A aplicacdo da geometria da sec¢édo de corte em rocha atras indicada é aconselhavel sempre
gue existir uma comporta a montante do trecho de canal em corte em rocha dura e um
reservatorio logo a jusante, sendo possivel colocar o trecho “a seco” sem problemas
significativos no servigo de jusante. Contudo, o sistema retomard as condigbes normais de
servico com alguma inércia, que ndo sera muito significativa, visto que podera ser mobilizado

rapidamente o volume armazenado no trecho de montante.

De fato, quando for necesséario esvaziar o trecho em apreco tera que se proceder
seqgliencialmente & seguintes tarefas principais: i) corte da alimentacdo do canal; ii) forcar o
esvaziamento do reservatério de jusante — de compensacdo de caudais (canal-reservatorio
localizado ao km 10+509 e acude Curral Velho); iii) fecho da comporta de montante; iv)
transferéncia do volume do trecho para o reservatério de compensacao e v) fecho da comporta
de admissédo de agua ao reservatorio.

Nesta solucao, e como ja foi referido, assegura-se a visita ao interior do canal através da
construcao de rampas de acesso.

Seguidamente apresenta-se a se¢ao transversal tipo de corte em rocha.
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Figura 7.1 - Se¢éo transversal tipo de corte em rocha

8.- DIRETRIZ DO CANAL ADUTOR E SIFOES INVERTIDOS

O Trecho 1 do Eixo de Integracdo Castanhdo-RMF tem inicio apds o término da adutora de
recalque da estacdo de bombeamento localizada junto a base do acude do Castanhdo e
finaliza no Acude Curral-Velho, situado na proximidade do povoado de Morada Nova e
construido com a finalidade de possibilitar a irrigacéo do perimetro de Tabuleiro de Russas. O
canal de integracdo, no seu Trecho 1, desenvolve uma diretriz essencialmente com direcéo sul-

norte.

O Trecho Castanh&o-Curral Velho foi dividido em quatro sub-trechos, designados de 1.1 a 1.4,
gue sao descritos seguidamente de forma resumida. O tragcado em planta do sistema adutor
editado na escala 1:100 000 pode ser observado nos Desenhos 0777-PE-22-
C121/C122/C123/C124-01 do Projeto Executivo.

O sub-trecho 1.1, com inicio ao km 2+500 e final ao km 12+314, desenvolve-se em direcdo a
norte, seguindo as curvas de nivel até aqueda que permitird o aproveitamento hidrelétrico. O
canal adutor, neste trecho, possibilitara a eventual beneficiagdo com agricultura irrigada de
extensas areas do Chapaddo. O canal adutor intersecta duas rodovias de acesso a Nova

Jaguaribara, uma existente e outra projetada.
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O sub-trecho 1.2 tem inicio imediatamente antes da “queda”, a cota aproximada 118,80,
descendo para a cota 108,9 e desenvolvendo-se em direcdo a norte até ao km 13+900, onde
tem inicio o sifdao do Livramento, constituido por tubulacdo gravitaria com uma extensao de
aproximadamente 2085 m. O eixo de integracdo continua como canal trapezoidal até ao km
20+338, onde tem inicio o sifao Novo, com um comprimento de 407 m, para atravessamento de

um riacho.

O sub-trecho 1.3 tem inicio ao km 22+426, pela travessia do vale do riacho do Formoso com
um sifao invertido, de 3075 m de extensdo. Ao km 28+314 este sub-trecho inclui o sifdo Santa
Rosa que efetua a travessia do curso de agua com 0 mesmo nome.

O sub-trecho 1.4 tem inicio ap6s o sifdo Santa Rosa, possuindo uma diretriz com a direcao
nordeste, integrando ao km 35+983 o sifao Corcunda e ao km 43+130 o sifao Banabuil que
assegura a travessia do rio, bem como a ligagédo do Eixo de Integracdo com o canal adutor | de
Tabuleiro de Russas que por sua vez transporta a totalidade da vaz&o proveniente do rio
Jaguaribe para o acude Curral Velho.

9.- PERFIL LONGITUDINAL DO CANAL ADUTOR E SIFOES INVERTIDOS

O perfil longitudinal foi tracado tendo por objetivo minimizar o quantitativo de movimentos de
terras, especialmente de escavacdes, nomeadamente e onde possivel, nos terrenos com rocha
aflorante ou localizada a pequena profundidade. Nas coberturas colovio-eluviais e nas
formacdes aluvionares foi dada uma maior preponderéncia aconstrucao do canal com secao

tipo de corte em solo.

Como se pode verificar pela analise do perfil longitudinal do canal adutor e sifées invertidos,
outra preocupacao subjacente foi a fundacdo das obras de entrada e saida dos sifées ser a

mais adequada, isto é, em terreno natural.

O critério adotado no projeto dos sifées foi a eliminacdo de macicos de amarragéo ao longo do
tracado, permitindo que a tubulacao seja autoportante e funcione como sistema rigido, gerando
significativa poupancga de concreto.

Desta forma, serdo as préprias estruturas de entrada e saida dos sifées, reforcadas com
concreto, que fardo a absorcéo dos esfor¢cos gerados na tubulacéo.
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Em conseqiiéncia, é primordial a adequada fundacao da tubulacdo e das estruturas de entrada

e saida dos sifoes.

Apés dimensionamento hidraulico do canal, apresentado em Capitulo anterior, a cota
piezométrica no inicio do trecho €&, para a primeira etapa, de 126,277 e a do final é 85,32 m (no
plano de agua atingido no canal adutor | do Projeto de Irrigagdo de Tabuleiro de Russas. Para
a segunda etapa as cotas piezométricas sao, respetivamente, 127,00 e 85,93 m.

O perfil longitudinal e planta do trecho 1 pode ser analisado na figura apresentada

seguidamente.
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10. - DIMENSIONAMENTO HIDRAULICO DO RESERVATORIO DE
COMPENSACAO HORARIA DE VAZOES (CANAL-RESERVATORIO)

O reservatorio de compensacédo de vazdes, cuja sec¢do inicial se localiza ao km 10+509 (inicio
da obra de transicao), € constituido, no essencial, por um alargamento do canal adutor em
cerca de 964 m de comprimento (distdncia medida entre juntas construtivas das obras de
transicdo de montante e jusante).

O canal-reservatorio, com berma horizontal, de geometria trapezoidal com largura na base de
50 m e altura média de 4,54 m, foi dimensionado tendo em conta a otimizacdo econdémica do
horario de bombeamento bem como a facilidade e “maleabilidade” de exploracédo das vazbes
no canal. O volume total do canal-reservatério € de aproximadamente 194 000 m3.
Considerando como intangivel o volume correspondente ao transporte do caudal de 22 m?s,
em regime permanente e uniforme (30 000 m?), resulta um volume (til de 164 000 m®.

Com efeito, o canal-reservatorio permite a economia de energia de bombeamento e viabiliza
uma otimizacdo das condi¢cdes operacionais do trecho de jusante, pela manutengcdo, 0 mais
gue possivel, da constancia das vazfes aduzidas, evitando grandes variacbes nos niveis
operacionais e, consequentemente, minimizando as manobras e o0s custos de operacdo e
manutencédo do sistema adutor.

Na Figura 10.1 pode-se observar a evolucdo diaria do volume de agua no reservatério para a
primeira etapa, supondo a vazdo de entrada de 12,6 m3/s (correspondente aos 4 grupos de
bombeamento que séo instalados na 12 etapa de exploracdo do eixo de integracdo) e uma
vazdo maxima de consumo de 11,0 m3/s.

Como se depreende da analise da Figura, podera existir, no extremo, e para a vazao maxima
da 12 etapa, um desfasamento de 4 horas entre o inicio do consumo e o0 inicio do
bombeamento. Apés um periodo de paragem de 4 horas, para ser assegurado o enchimento
do reservatério em condi¢cdes de consumo simultdneo, os grupos de bombeamento terdo de
funcionar em continuo cerca de 27 horas.

Na segunda etapa, como se podera verificar pela analise da Figura 10.2, o reservatorio perdera
significativamente a sua “capacidade de compensacdo de vazdes”, sendo o desfasamento
temporal maximo admissivel entre o inicio da a admiss@o de dgua ao reservatorio e 0 consumo

da mesma, tomando em consideracdo as vazdes maximas, de aproximadamente 2 horas.
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volume (m3)

Nesta etapa, com uma vazdo de entrada de 25,2 m%s e de consumo de 22 m%s, o pleno
enchimento do reservatdrio € atingido no final de 14 horas, admitindo paragem de duas horas

entre ciclos de bombeamento consecutivos.

Como pode ser observado nas figuras seguintes, limitou-se a variagdo do plano de agua no
canal-reservatorio, sendo assegurado um volume minimo superior ao volume intangivel. O

volume maximo esté limitado acapacidade maxima de armazenamento.

225000
200000 ¢

175000 -
150000 -
125000 -
100000 -
75000 +
50000 -
25000 -
0

V. cons. (m3)
—— V.ent. (m3)
—e— V. reservatorio (m3)

Figura 10.1 — Grafico da simulacdo de funcionamento do reservatério de compensagéo de vazdes
(12 etapa)
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volume (m3)

225000

150000 -+
125000 -
100000 -
75000 -
50000 -
25000 -

0

horas

V. cons. (M3)
—a&— V.ent. (m3)
—e— V. reservatorio (m3)

Figura 10.2 — Gréafico da simulacao de funcionamento do reservatério de compensacao
de vazbes (Xetapa)

Na primeira fase de exploracdo do eixo de integracdo, a gestdo de caudais sera bastante
facilitada pelo proprio canal adutor funcionar como um reservatorio pelo efeito do seu

sobredimensionamento.

O volume total de agua em transito no trecho, considerando o canal cheio, cifra-se na ordem de
700 000 m3. O volume correspondente aaltura de escoamento da vazao da 12 etapa € de
aproximadamente 50% daquele valor, ou seja, 350 000 m3, sendo este volume o
correspondente & necessidades de consumo. Considerando que o canal podera funcionar
cheio, mesmo na 12 etapa, esta relacdo de volumes conferira uma facilidade de operacéo e
gestdo do sistema hidraulico muito grande.

As principais caracteristicas do canal-reservatorio séo a seguir discriminadas:

- Comprimento (ao longo do fundo, na secéo de 50 m): 882 m

- Comprimento (medido entre juntas construtivas das obras de transicdo de montante e
jusante): 964 m

- Comprimento (medido entre cristas internas): 898 m
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- Largura do fundo: 50 m
- Largura superior na borda (se¢édo média): 63,6 m
- Altura média de 4gua para o nivel “maximo maximorum”: 3,87 m

- Largura média da superficie molhada com cota 125,70 (nivel “maximo maximorum”):
61,61 m

- Cota da berma (horizontal): 126,37 m

- Cota do fundo a montante: 121,90 m

- Cota do fundo a jusante: 121,76 m

- Altura de 4gua minima para transporte de 22 m¥s: 0,66 m

- Largura média da superficie molhada para 22 m¥s: 51,98 m
- Nivel maximo operacional (comportas totalmente fechadas): 125,40 m
- Nivel “maximo maximorum”: 125,70 m

- Altura total de constru¢do a montante (minima): 4,47 m

- Altura total de construcéo a jusante (maxima): 4,61 m

- Altura maxima de acumulacdo a montante: 4,00 m

- Altura maxima de acumulacéo a jusante: 4,13 m

- Volume total maximo » 194 000 m3

- Volume intangivel (Q = 22 m¥s) » 30 000 m3

- Volume atil (armazenado entre o plano de Agua minimo para transporte de 22 m*/s e o

plano de agua “maximo maximorum”) » 164 000 m3

A obra de entrada do canal-reservatério corresponde a uma obra de controle, composta de
uma concordancia equipada com duas comportas planas verticais motorizadas, montadas a

montante de uma galeria dupla de passagem sob o dique transversal do reservatorio.

A soleira em labirinto de controle auxiliar com comporta de fundo (dimensdes 1,20 m x 1,20 m)
foi prevista para garantir o controle do nivel do trecho do canal a montante do reservatorio,
mesmo na situacdo de qualquer defeito de falta de energia no sistema controlador das
comportas de entrada, evitando um possivel esvaziamento rapido do citado trecho de
montante. Tal condicao de esvaziamento rapido é limitada pela estrutura tipo soleira “bico de
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pato” duplo previsto logo a jusante da saida da galeria equipada com comportas
automatizadas.

A obra de saida consiste na “galeria” dupla de passagem 3,0 m x 3,0 m sob o dique transversal
de jusante onde foi projetado um conjunto de duas comportas equipadas com automatismo
local hidraulico de controle do nivel a jusante, que automaticamente controlam a vazao de
saida do reservatorio em funcéo das vazbes solicitadas no trecho do canal ajusante das
comportas.

As duas comportas, do tipo “controle de jusante”, foram selecionados para a vazao unitaria de
11 m¥s e perda de carga minima de 0,45 m, correspondendo ao modelo Neyrpic Avio 220/400
(“alta queda”) ou equivalente, devendo-se implantar somente uma na 12 etapa de 11m¥s e a
outra na 22 etapa.

Todo o processo de selecdo do modelo e dimensionamento da obra bem como da bacia de
dissipagdo de jusante e calagem do eixo das comportas, foi desenvolvido seguindo as
recomendacdes constantes no catalogo do fabricante.

Para manuteng¢do e mesmo para momentos em que se deseje vazao nula no trecho de canal a
jusante, ou obturacdo total da saida do reservatério (as comportas hidraulicas néao
proporcionam estanqueidade total, mesmo quando fechadas), previu-se imediatamente a
montante das comportas hidraulicas, duas outras comportas planas verticais de 2,0 m x 2,0 m
motorizadas e automatizadas em funcdo das condicGes operacionais do reservatério de
montante e do estado das comportas hidraulicas.

11.- DIMENSIONAMENTO DO CANAL DE BERMA HORIZONTAL E DAS
TUBULACOES DE QUEDA

Apés o canal-reservatério, preconiza-se a construcdo de um trecho de canal com berma
horizontal associado & tubulacdes de queda e valvulas controladoras de vazéao e dissipadoras
de energia. Este pequeno trecho, com cerca de 820 m de comprimento, corresponde ao Unico
segmento de canal do trecho 1 comandado por jusante.

Este trecho em canal, quando em regime permanente, funciona de forma semelhante a todos
0s outros trechos em canal, projetados com secdo tipo descrita neste documento. Para a
declividade do fundo do canal de 0,15 m/km e vazdo maxima de 22 m¥s obtém-se a altura de
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agua para regime permanente e uniforme de 2,33 m. Para a vazao de 11 m¥s, o valor da altura
de agua cifra-se em 1,61 m.

Para possibilitar a operacdo de controle por solicitacdo de jusante, este trecho de canal teve
sua berma horizontalizada (mantendo-se a declividade em 0,00015 m/m e sua altura total a
montante ampliada de 0,24 m para possibilitar o “encaixe” de uma sobreelevacédo do nivel de
agua necessario para correto funcionamento das comportas hidraulicas e a formacdo de uma

cunha - reservatorio acima do nivel normal operacional (Nanormal de Q = 22 m¥s).

A cunha-reservatorio permitird o funcionamento hidraulico automatico da comporta e melhorara
a estabilidade do funcionamento deste trecho de canal quando houver variagdo na demanda
solicitada a jusante, e em momentos de desequilibrio, quando a vazédo de jusante for diferente
da vazao controlada pelas comportas na saida do reservatério de compensacao.

Na extremidade de jusante deste trecho de berma horizontal, ao km 12+314 m, apls a
travessia do Chapadao do Castanhao, de forma a ajustar o tracado do canal & cotas de
travessia do riacho Livramento através de tubulacdo/siféao invertido projetaram-se tubulacdes
de queda, com diametro interno 1900 mm. O diferencial de cota piezométrica na queda é de
12,4 m (121,913-109,474).

As tubulagdes de queda foram associadas a vélvulas motorizadas com operagdo automatizada
para regulacdo de vazéo e dissipacao de energia, em sua extremidade inferior.

Preconizou-se a instalacdo de duas comportas automéaticas planas verticais de 2,0 m x 2,0 m,
na estrutura de entrada das duas tubula¢des de queda

Imediatamente a montante das valvulas controladoras/dissipadoras de energia foram
projetados dois derivantes, um para cada tubulacdo, prevendo-se a possibilidade de futura
instalacdo de duas turbinas hidrelétricas, fazendo-se o0 “by-pass” das valvulas
controladoras/dissipadoras, e fazendo-se a descarga ajusante das fut uras turbinas na prépria
estrutura de dissipacgao ja prevista ajusante das valvulas dissipadoras/controladoras de vazao.

As valvulas dispersoras tém a funcao principal de dissipacdo de pequenas ou grandes vazoes,
sob alta ou baixa presséo, os fabricantes também as recomendam para regulacé@o confiavel de
vazoes, diretamente através do simples controle direto de sua abertura e mais precisamente,
se esta abertura for controlada em funcdo das medi¢cdes de um macromedidor de precisdo
montado no trecho de tubulacdo a montante.
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Para estas valvulas foi previsto o controle de vazdo a partir de uma medicdo externa
(macromedidor) enviada a um mddulo local controlador, regulador e calculador programavel,
que também recebera local ou remotamente o valor da demanda vazdo objetiva a ser
controlada e liberada para jusante.

O dimensionamento das duas valvulas foi feito com a utilizacdo dos catalogos dos fabricantes
disponiveis no mercado, considerando-se a vazdo normal maxima de cada adutora em Qmax =
11 m¥s e considerando ainda a ampliacdo desta vazdo em 25% (Qmax = 13,75 m¥s) para a
condicdo de somente uma delas em operacdo, no caso de defeitos e paradas para
manutencéo.

Na extremidade de jusante da queda projetou-se uma estrutura dissipadora de energia do tipo
Bureau of Reclamation, dimensionada para a condi¢cdo de valvula totalmente aberta. No tipo de
instalacdo preconizada, em que as valvulas podem funcionar afogadas ou semi-afogadas, os
fabricantes prevéem a anexacédo de um anel redirecionado de fluxo, que no presente caso foi
dispensado em conseqiiéncia da pequena magnitude da carga de operacdo normal (< 12,5 m),
podendo o jato disperso atingir o concreto da camara.

12. - SIFOES INVERTIDOS — TUBULACAO GRAVITARIA

Como foi anteriormente referido, a passagem dos vales sera efetuada com recurso a
construcao de sifées invertidos. O trecho de canal em apreco incluira a construcéo de 6 sifées,
designados, por ordem, por “Livramento”, “Novo”, “Formoso”, “Santa Rosa”, “Corcunda’ e
“Banabuiu”, perfazendo uma extensao total de aproximadamente 17 km. O tracado em planta e
perfil longitudinal dos sifées poderéa ser observado nos Desenhos do Projeto Executivo.

Os sifées serdo constituidos por duas condutas, uma de 2,50 m de diametro interno, a instalar
para a 12 etapa do empreendimento, a que coresponde ma vazdo maxima de 11,0 m3/s e uma
segunda conduta com diametro compreendido entre 2,50 e 3,00 m de didmetro interno a
instalar para a entrada em funcionamento da 22 etapa correspondendo uma vazao adicional de
11,00 m3/s, perfazendo a vazéao total de 22,0 m3/s.

As condic¢des tipo de fundacdo da tubulacdo dos sifées invertidos serdo as seguintes: apoio em
bloco de concreto; apoio em pilares de concreto de altura variavel, fundacao em aterro ou em
vala e, no caso dos atravessamentos do leito das linhas de agua, envelopada em concreto
ciclépico. No Quadro 12.1 indicam-se as principais caracteristicas do envelopamento de
concreto previsto nas tubulacbes do Trecho 1 com as funcgdes principais (tomadas
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isoladamente ou em conjugacao): protecao fisica da tubulacdo na travessia de cursos de agua,

diminuicdo do risco de ovalizagdo nas travessias de rodovias e minimizacdo de risco de

flutuacdo em situacéo de nivel freatico elevado.

Quadro 12.1 — Secdes dos sifoes invertidos envelopadas em concreto

SIFOES INVERTIDOS
SUB-TRECHO 1.2 SUB-TRECHO 1.3 SUB-TRECHO 14
"Livramento” "Novo" "Formoso" "Santa Rosa" "Corcunda" "Banabuiti2
1F 2500 mme
2xF 2500 mm| 1 F 3000 mm 1F 2500 mm e 1 F 3000 mm 1F 2500mme 1 F 2800 mm | 2x F 2500 mm 2 x F 2500 mm
TRECHO DE TUBULACAO ENVELOPADA

Km inicial 14+520 23+120 24+680 30+320 36+120 47+560 | 49+240 | 51+080 | 51+880

ST Inicial ST 303 ST 519 ST 558 ST 699 ST 845 ST 1132[ ST 1174 ST 1120| ST 1240

Km final 15+120 23+480 24+720 30+960 26+320 484080 | 49+880 | 51+240

ST Final ST 318 ST 528 ST 559 ST 715 ST 850 ST 1145[ ST 1190| ST 1224
Espessura do

revestimento de

concreto (m) 0,4 0,4 (2500 mm); 0,5 (3000 mm) | 0,4 (2500 mm); 0,5 (2800 mm) 04 04

NOTA: No Sifdo Banabuil o revestimento das adutoras com concreto foi preconizado quando estas estédo implantadas sob caminhos/rodovias.

Em condicdes de risco de flutuacdo das tubulages e quando estas ndo estiverem envelopadas
em concreto preconizou-se um recobrimento minimo com aterro de 3,0 m, conforme indicado
nos Desenhos de Projeto Executivo.

De molde a ser possivel fazer-se a visita ao interior da tubulacédo, previu-se a construcéo de
entradas de homem (“bocas de visita”) com afastamentos médios da ordem de 500 m,
possuindo, em conseqiiéncia um raio de acao de 250 m. Previu-se também a instalacdo de
baterias de duas ventosas DN 200 mm de triplice funcdo com flange, em pontos estratégicos
do perfil longitudinal da tubulacdo para possibilitar o escape do ar acumulado no seu interior

para a atmosfera, favorecendo um correto funcionamento hidraulico.

De molde a assegurar o esvaziamento da tubulacdo quando necessario projetaram-se
descargas de fundo DN 400 mm, cujos pormenores construtivos séo indicados nos desenhos
do Projeto Executivo.

No perfil longitudinal dos sifées invertidos séo indicados os locais para instalagdo de ventosas,
descargas de fundo e bocas de visita.
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13.- OBRAS E EQUIPAMENTOS DE CONTROLE OPERACIONAL E
SEGURANCA

13.1 - PREAMBULO

Considerando-se a condicdo mista de distribuicdo e aducéo do eixo de integracdo Castanhao-
Fortaleza, com forte preponderancia desta Ultima, certamente ndo se exigira a necessidade de
assegurar variacdes rapidas das vazdes aduzidas.

Com esse pressuposto, adotou-se um sistema de obras de controle de niveis e vazdes,
compostas de comportas planas corredicas verticais motorizadas e automatizadas. Para as
condicbes de baixissima frequéncia e operacdo, e pequenas cargas hidraulicas em
funcionamento e fechada, este modelo de comportas é recomendavel, tanto pelo custo do
equipamento e da obra civil como pela facilidade de fornecimento e manutencao, por se tratar
de um equipamento hidromecéanico de grande padronizacdo no mercado brasileiro.

Objetivou-se conceber um esquema operacional de modo a manter as variagdes maximas de
30 a 60 cm nos niveis de controle da agua para as diferentes condi¢cdes de demanda e etapas
do projeto, considerando-se que através da automacao das comportas previstas seja possivel
limitar a variacdo dos niveis, em qualquer trecho ou local, ao maximo de 45 cm em qualquer

periodo de 24 horas.

Com tais premissas, condicbes de utilizacdo e etapas de vazéo operacional do projeto,
preconizaram-se dois tipos distintos de obras de controle com comportas: sendo uma para
utilizacdo entre dois trechos de canal e outra para utilizacdo na obra de montante dos trechos
em tubulacao/sifao invertido e reservatérios de controle e compensacao de vazao.

13.2 - COMPORTAS DE CONTROLE DE VAZOES

Considerando-se as vazdes das duas etapas de implementacdo do sistema adutor e a
necessaria compatibilizacdo com a secao hidraulica do canal, concebeu-se uma obra tipo de

controle composta de trés comportas planas verticais de 2,5 m x 2,5 m, funcionando em orificio,
prevendo-se a implantacdo de duas unidades na 12 etapa Qmax. = 11 m¥s) e a terceira

unidade na 22 etapa Qmax. = 22 m¥s).
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Preconiza-se a implementacdo da Regulacdo Centralizada no sistema adutor, onde todos os
niveis de agua no canal sdo regulados por um Unico controlador central. Este controlador
central, localizado no centro de gestdo do sistema, atua (huma primeira fase comandado por
operador humano), simultaneamente ou sequencialmente, em todas as variaveis de controle do
canal (posicdo das comportas e vazao de entrada Q), baseado na informagéo recolhida ao
longo da extensdo do canal adutor pelos sensores Y1, Y2, Y3 ... (niveis e/ou vazbes

consumidas).

Na figura seguinte é apresentado o esquema geral de funcionamento da regulagcéo de vazbes

centralizada a implementar no sistema adutor.

‘........

<
N
O
‘...........

<
O

<>

Figura 13.1 - Regulagéo de vazdes centralizada

A localizag&o das estruturas de controle previstas entre trechos do canal adutor e na admisséo
de sifées e reservatério de compensacédo esta indicado no Quadro 13.1 que se apresenta a
sequir.
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Quadro 13.1 — Localizacdo das comportas de controle de vazdes

Obra Distancia aorigem Cota do fundo
(km+m) (CF)
Comporta C1 (em secdo corrente
do canal adutor) 6+514 122,892
Comporta C2 (obra de transicéo
de montante do canal-
reservatorio) 10+522 121,895
Comporta C3 (obra de transicéo
de jusante do canal-reservatorio) 11+442 118,873
Comporta C4 (obra de transicéo
de montante da queda) 12+313 118,789
Comporta C5 (obra de transicéo
de montante do sifdo Liviamento) 13+900 105,577
Comporta C6 (em secdo corrente
do canal adutor) 18+573 102,198
Comporta C7 (obra de transicéo
de montante do sifdo Novo) 20+341 101,960
Comporta C8 (obra de transicéo
de montante do sifdo Formoso) 22+428 101,476
Comporta C9 (obra de transicéo
de montante do sifdo Santa Rosa) 28+342 98,391
Comporta C10 (obra de transicédo
de montante do sifao Corcunda) 35+988 93,363
Comporta C11 (em secao corrente
do canal adutor) 41+500 91,084
Comporta C12 (obra de transicédo
de montante do sifdo Banabuil) 45+747 90,951

Descricdo da estrutura

A estrutura de concreto é constituida por duas zonas de transicdo, a montante e a jusante,
entre a secao trapezoidal do canal e a se¢do retangular das comportas planas. Na zona central
da estrutura seréo instaladas as comportas e previstas ranhuras para “stoplog” de manutencgao
em cada célula/comporta, para proceder a operacdes de inspecdo ou manutencao.

A obra ocupa uma area em planta equivalente a 26x14 mz2, a cota do fundo da obra situa-se,
em regra, 1,17 m abaixo da cota do fundo do canal adutor (CF). O diferencial entre a cota de
entrada e a cota de saida no fundo do canal adutor € de 0,10 m, de modo a efetuar a
compensacéao da perda de carga na obra.

Tal como nas obras de concordancia, prevé-se uma zona de transicdo com 9,0 m de
comprimento, de uma sec¢éo retangular com 9,90 m de largura, junto da tubulacdo, para a
secao trapezoidal do canal adutor, para evitar o surgimento de ondas obliquas que poderiam
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provocar um aumento da altura de dgua na estrutura de transicdo e eventual transbordo do

canal.

Prevé-se um aumento gradual da altura da berma na zona de transicéo, passando de 3,00 m,
zona do canal, para 3,50 m junto ao local de implantacdo das comportas, onde a cota de
coroamento da obra se fixou aos 3,83 m. Considera-se a cota do fundo do canal a montante da
obra como cota de referéncia (C.F. = 0,00 m).

Para evitar a passagem de detritos e objetos flutuantes no orificio de funcionamento das
comportas planas, previu-se a instalacdo de grades de ferro inclinadas a 60° (dngulo medido
em relagdo a horizontal), amoviveis, com 2,0 m de largura, instaladas a montante das
comportas. A limpeza destas grades é prevista manual, podendo ser totalmente retiradas para
o efeito.

A estrutura de concreto foi projetada com sedes de espera para montagem de qualquer modelo
padrao de comporta corredica vertical motorizada e autoportante, que podera ser construida

em aco carbono ou em ferro ductil.
Funcionamento hidraulico

A estrutura funcionara de acordo com a lei hidrostéatica de pressdes. Na sua verificacado foram
calculados os valores de perda de carga singulares na estrutura, incluindo a grade e a estrutura
convergente/divergente (que assegura a transicdo de geometria trapezoidal para retangular),

gue se estimou, de forma conservativa, ndo excederem 0,10 m.

13.3 - ESTRUTURAS VERTEDOURAS DE SEGURANCA ASSOCIADAS A
COMPORTAS DE ESVAZIAMENTO DO CANAL

Para aliviar o canal em casos emergenciais de ocorréncia de vazdes superiores acapacidade
de cada trecho, e esvaziamento para eventual manutencdo, previu-se a construcdo de uma
estrutura tipo com dupla funcéo de descarga de seguranca e de fundo. Esta obra é composta,
em linhas gerais, por um vertedouro com canal lateral associado a uma descarga de fundo,
formada por duas comportas de corredica verticais, quadradas, de sentido unico de fluxo, para

esvaziamento do trecho no caso de eventual manutencgdo do sistema.

Na concepcao e dimensionamento hidraulico da obra tomou-se como base as recomendacfes
constantes no “Manual de Elaboracdo de Canais e Estruturas Associadas” do Bureau of
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Reclamation/CODEVASF e na publicacdo “Design of Small Canal Structures” da mesma
instituicao.

A localizacdo das descargas de seguranca/fundo do Trecho 1 do sistema adutor estdo
apresentados no Quadro seguinte.

Quadro 13.2 — Localizagéo e cotas gerais das estruturas vertedouras de seguranga

associadas a comportas de esvaziamento do canal

obra | origem Cotas (m)
(km+m) |Fundo (CF) |N.Amax.| Cota daberma

DS-01 6+400 124,077 | 126,407 127,077
DS-02 9+260 123,552 | 125,882 126,552
DS-03 12+240 119,468 | 121,798 122,468
DS-04 13+560 106,296 | 108,626 109,296
DS-05 20+165 102,892 | 105,222 105,892
DS-06 21+860 102,229 | 104,559 105,229
DS-07 22+080 102,196 | 104,526 105,196
DS-08 27+800 99,140 101,470 102,140
DS-09 28+160 99,086 | 101,416 102,086
DS-10 34+900 94,194 96,524 97,194
DS-11 35+900 94,044 96,374 97,044
DS-12 40+700 92,472 94,802 95,472
DS-13 414270 92,387 94,717 95,387
DS-14 45+200 91,701 94,031 94,701
DS-15 45+500 91,656 93,986 94,656

Descricao da estrutura

Esta obra € composta por um vertedouro com canal lateral associado a uma descarga de
fundo, integrando duas comportas planas verticais de 1,50 x 1,50 mz,

A obra apresenta uma extensdo méaxima de 58,00 m, em que 50,00 m sdo da soleira
longitudinal do vertedouro de cota 2,43 m (altura de agua considerando o regime permanente e
uniforme para 22 m®s, adicionada de 0,10 m para compensar pequenas perturbacdes
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hidraulicas), que descarrega para um canal lateral acota de fundo 1,33 m. Considera-se a cota
do fundo do canal adutor nessa se¢éo como cota de referéncia (C.F. = 0,00 m).

As comportas, que tém a funcéo de descarga de fundo do canal adutor, localizam-se na zona
central da obra, existindo uma derivacdo integrando rampa de transicdo com cerca de 3,50 m
de extensdo por 8,00 m de largura, que se inicia acota do fundo do canal e termina aentrada
para as comportas acota — 0,65 m.

As duas comportas terdo sentido uUnico de fluxo e serdo acionadas manualmente e
individualmente por dois volantes montados no coroamento da estrutura, que se situa a uma

cota variavel entre 3,00 e 3,30 m.

Previu-se a implantacdo dois bueiros para drenagem de diametro interno minimo de 1,30 m,
possibilitando a descarga gravitaria de uma vazao de 11,0 m¥s. Como critério de projeto,
projetaram-se estas estruturas independentes dos bueiros que integram a drenagem
transversal do canal adutor. A descarga de seguranca/fundo do canal adutor sera direcionada
através de vala para o canal de restituicdo do bueiro mais préximo. O local de descarga sera
objeto de uma adequada protecdo com utilizacdo de enrocamento.

Quando conveniente, em situacfes de grande proximidade fisica desta obra com bueiro da
drenagem transversal do canal adutor, podera associar-se a funcdo de descarga de
seguranca/fundo afun ¢édo de bueiro. Esta concepcédo pode observar-se no desenho do Projeto
Executivo relativo adescarga de seguranca do canal adutor.

Para garantir a seguranca fisica dos operadores da estrutura preconizou-se a instalagdo de um
guarda-corpo a ladear o coroamento de toda a estrutura.

Funcionamento hidraulico

Tendo-se em consideracdo que se trata de um sistema adutor de grande extensdo e com
diversas obras controle e em conseqiiéncia com maior probabilidade de ocorréncia de eventual
vazdo excessiva ou fechamento indevido de comportas em qualquer um dos trechos,
dimensionou-se o vertedouro da estrutura de descarga tipo, para a capacidade de até 11,0
m¥s (50% da vazdo maxima correspondente a22 etapa), com uma lamina vertente de altura

maxima de 0,22 m, sobre uma soleira longitudinal.

A soleira de descarga foi “calada” com a crista 0,1 m superior a cota maxima operacional (o
maximo entre 0 NaQmnax. € NaQo) do nivel d'agua horizontalizado quando as comportas
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estiverem em situacdo totalmente fechadas, de modo a evitar o transbordo em situacdes de
pequena elevacdo da profundidade de escoamento.

O projeto do canal adutor foi desenvolvido adotando como critério a criacdo de desnivel do
fundo em cada obra de controlo de vazdes de valor igual ao estimado para a perda de carga.
Deste modo, ndo sendo previsivel a existéncia de remanso significativo no canal adutor, a cota
da soleira vertedoura é constante, cifrando-se em 2,43. Considera-se a cota do fundo do canal
adutor nessa se¢do como cota de referéncia (C.F. = 0,00 m).

13.4 - OBRAS DE CONCORDANCIA CANAL-TUBULACAO
13.4.1 - Caracteristicas gerais

A estrutura de transicao entre os trechos em canal e as adutoras é constituida, no essencial,
por uma estrutura em concreto com forma convergente em planta, fazendo a transicéo entre a
secao trapezoidal do canal e a secao retangular da zona de entrada/saida das tubulacdes dos
sifées invertidos (incluindo travessias das rodovias principais, obras equiparaveis aos sifées
invertidos).

A estrutura de concordancia termina/inicia-se numa parede perpendicular a direcdo do
escoamento onde se situam as duas aberturas retangulares de entrada/saida das tubulacoes,
uma por cada tubulacéo.

A transicao entre as sec¢fes retangulares do inicio do escoamento em presséo e as tubulacbes
circulares das adutoras é efetuada no interior de um bloco em concreto. Este bloco em
concreto, dimensionado para o efeito, tem a fungéo principal de absorver os esfor¢cos gerados
pelas tubulacbes de aco carbono, seja por variagbes de temperatura, seja por desvios
angulares em planta, eliminando-se a necessidade de se prever blocos de ancoragem ao longo
do tracado em planta e perfil longitudinal das adutoras.

13.4.2 - Descricao da estrutura

As obras de concordancia sdo colocadas aentrada e saida dos sifdes ao longo do canal,
sendo equipadas, quando necessario, com duas comportas quadradas corredicas com
2,50x2,50 m2. As dimensdes das comportas estdo condicionadas aproximadamente &
dimensdes das tubulacfes dos sifdes.
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Vista em planta, a obra prevé uma zona de transicdo com 9 m de comprimento da secdo
retangular com 6,20 m de largura junto atubulacéo, para a secao trapezoidal do canal.

Por forma a obter-se uma submergéncia da tubulacdo de 0,50 m (minimizando a possibilidade
de eventual entrada de ar para o interior da adutora), a cota do fundo da obra sera colocada a
0,67 m abaixo da cota do fundo do canal, que se considera como cota de referéncia (C.F. =
0,00 m), sendo a cota do coroamento da estrutura fixada acota relativa 4,33 m.

Prevéem-se duas ranhuras para instalacdo de “stop-log’s”, a montante de cada comporta na
obra canal/tubulacédo, e a jusante de cada comporta na obra tubulagédo/canal, possibilitando o
seu isolamento para proceder a operagdes de inspecdo ou manutencao.

Para evitar a passagem de detritos e objetos flutuantes, previu-se a instalacdo de grades de
ferro inclinadas a 60°, amoviveis e com 2,0 m de largura na estrutura de entrada e saida dos
sifées invertidos. A limpeza destas grades é prevista manual, podendo ser totalmente retiradas
para o efeito.

Na zona de transicdo da tubulagdo com a estrutura em concreto, 0 contato entre 0s
componentes e a impermeabilizacdo € conseguida com recurso a um aglomerado negro de
cortica com 2 cm de espessura, refechado com mastique SIKAFLEX 11FC ou equivalente. A
fixagcdo da tubulacdo ao bloco de concreto é efetuado com aneis diametrais, construidos em
cantoneira de abas desiguais (100x50x6 mm) soldadas entre si e atubulagao.

Na obra de entrada e saida dos sifées invertidos projetou-se a instalacdo de uma tubulagéo
vertical em FFD 300 mm para possibilitar o arejamento da veia liquida.

A construcdo da obra tera de ser totalmente realizada na primeira etapa, sendo que apenas na
segunda etapa se procedera aligacao da segunda tubulacao.

13.4.3- Funcionamento hidréaulico

A estrutura funcionara de acordo com a lei hidrostatica de pressfes. Na verificacdo do seu
funcionamento hidraulico foram calculados os valores de perda de carga singulares na
estrutura de entrada e saida, incluindo a grade, a estrutura convergente/divergente (que
assegura a transicdo de geometria trapezoidal para retangular) e a transicdo de secdo
retangular para circular.
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14. - OBRAS ESPECIAIS E LOCALIZADAS
14.1 - OBRA DE RESTABELECIMENTO DO CANAL XIQUE-XIQUE

Ao Km 8+100 do canal adutor do eixo de integracdo regista-se a intercep¢cdo com o canal do
projeto de irrigacdo de Xique Xique, que terd de ser demolido numa extensdo de
aproximadamente 125 m. O restabelecimento do canal Xique Xique sera efetuado com a
instalac&o de tubulacdo de ago carbono com didmetro interior 800 mm com espessura 5/16”.

Ser& construida uma estrutura de transicao canal-tubulacdo em cada extremidade da obra de
reposicdo, integrando uma grade de protecdo e ranhuras para colocacdo de “stop-log”. A
tubulacdo serd enterrada até junto da secao hidraulica do canal adutor onde passa
superiormente, retomando o tracado enterrado na margem direita, terminando no canal

existente de forma idéntica ao comeco.

Nas plataformas do lado direito e esquerdo do canal adutor, preconiza-se a construcao de
macicos de concreto armado envelopando a tubulagédo, permitindo o correto funcionamento
estrutural e a passagem do trafego em caminho de apoio com 3,80 m de largura. Previu-se a
instalacdo de juntas mecénicas flexiveis e bocas de visita. Na berma esquerda do canal
projetou-se uma descarga de fundo DN 100 para esvaziamento da tubulacao.

Os pormenores construtivos estéo indicados nos desenhos do Projeto Executivo 0777-PE-22-
C125-087, 088, 089 e 090.

14.2 - OBRA DE TRAVESSIA DO RIO BANABUIU

O PI 103 e 104, localizados aproximadamente ao km 49+900 e 50+345 do sistema adutor,
determinam o alinhamento em planta da travessia do rio Banabuil. O trecho da travessia, com
inicio ao km 49+980 e final ao km 50+350 é aéreo, sendo as tubulacbes de aco de diametro
interno 2500 mm apoiadas em pilares especiais projetados para o efeito. O tracado da
travessia é paralelo aponte existente da rodovia 250 de acesso/saida por sul a Morada Nova.

Nas extremidades da travessia do rio Banabuil projetou-se a construcdo de macicos de
concreto que integram caixas de abrigo de ventosas DN 200 mm com dimensdes em planta de
2,60x1,75 m? e 1,25 m de altura. O angulo em perfil é de 3,29 e 3,7° respetivamente no macico
1 (montante) e 2 (jusante).
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Os macicos, de dimensdes similares em planta, ttm 9 m de comprimento e largura média de
8,80 m. A altura média do macico 1 é de aproximadamente 8,70 m enquanto 0 maci¢o 2 tem
uma altura média de 8,30 m. Os macicos e a tubulacdo da travessia serdo construidos
integralmente no ambito da presente licitacdo, sendo prevista a instalacdo de calotes esféricas
nas extremidades da adutora da 22 etapa.

A travessia integra 18 pilares agrupados em trés tipos distintos: tipo P1, P 2 a P 14, P15, P 16,
P17 e 18, cujos detalhes construtivos séo indicados nos desenhos do Projeto Executivo.

14.3 - OBRA DE LIGACAO DO SIFAO BANABUIU AO CANAL ADUTOR | DE
TABULEIRO DE RUSSAS

A ligacao do sifdo Banabuil ao canal adutor | de Tabuleiro de Russas (existente) integra a
construcao da obra de concordéncia tipo entre a tubulacdo e o canal (aproximadamente ao km
0+100), um pequeno trecho de canal trapezoidal, com a extenséo aproximada de 100 m, que
termina no canal adutor | de Tabuleiro de Russas, na curva correspondente ao Pl 2. A
concepcéo da obra teve por objetivo minimizar a demolicdo do canal existente de geometria
trapezoidal.

O canal adutor | de tabuleiro de Russas esta dimensionado, segundo as pecas de projeto “as
built” consultadas, para uma vazdo méaxima de 14 ms e esta concebido para estabelecer a
ligacdo entre a estacdo de bombeamento e o acude Curral-Velho, ndo possuindo qualquer
estrutura de controle de vazfes. O canal adutor | ao km 0+350 passa de secdo trapezoidal
[largura de base 5 m, altura 2,78 m e inclinacdo 1,5(H)/1(V)] tem sec¢éo retangular (largura de
9,15 m e altura de 4,48 m), escavada em rocha revestido com camada de concreto projetado.
A inclinacao longitudinal do fundo do canal é de 0,059 m/km.
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Foto 14.1 - Aspeto geral do canal adutor | de Tabuleiro de Russas (local de intersecao
com o canal adutor do eixo de integracéao)

O canal de Tabuleiro de Russas sera objeto de algumas obras necessarias para comportar o
acréscimo de vazdao proveniente do canal adutor do eixo de integracdo, que na 12 etapa de
funcionamento é de 11 m*/s e na 22 de 22 ni/s. As principais obras de adaptacdo s&o:

- km 0+00 ao km 0+140: ampliacdo em altura da secéo revestida com concreto;

- km 0+140 ao km 0+700: acima da cota 85,13 é necessario alargamento da secéo
trapezoidal em 1,0 m e respetivo revestimento com concreto;

- km 0+700 ao km 1+453,84: alargamento da secdo de vazdo; passagem de secdo
retangular a trapezoidal.
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Foto 14.2 - Aspeto da transicdo secdo trapezoidal-retangular do canal adutor | de
Tabuleiro de Russas

Foto 14.3 - Vista geral do canal adutor | de Tabuleiro de Russas (se¢é&o retangular—corte em

rocha)

O calculo da superficie do escoamento para regime permanente foi efetuado para testar, para
as etapas 1 e 2 e para a situacdo com e sem ampliacdo do canal adutor | de Tabuleiro de
Russas, a cota piezométrica maxima, de modo a ndo exceder a cota da soleira vertente livre do
sangradouro do acude Curral Velho (84,60).
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Considerando uma chuvada com periodo de retorno de 500 anos, a lamina liquida no
sangradouro do acude Curral Velho tem a cota 85,95, correspondendo uma vazdo maxima de
77 m’/s.

As adaptagOes e respetivos pormenores construtivos encontram-se detalhados nos desenhos
do Projeto Executivo 0777-PE-22-C125-085, 086 e 087.

14.4 - OBRAS DE TRAVESSIA DAS RODOVIAS PRINCIPAIS

A travessia das rodovias principais efetua-se aos quildmetros 3+843 e 5+483, sendo a primeira
prevista para a rodovia projetada de acesso a Nova Jaguaribara e a segunda para a rodovia

existente.

Para a travessia da futura rodovia de acesso a Nova Jaguaribara, previu-se a construcdo, de
imediato, de um pontilhdo (PT 02) com 4,70 de largura Gtil. Quando esta obra ndo comportar a
vazao do trafego automovel futuro, podera proceder-se aconstrucao, em paralelo de mais um
pontilhdo, sendo cada obra reservada a um sentido de trafego.

Na travessia da rodovia existente projetou-se a construcdo de uma galeria integrando trés
tubulacbes de aco carbono com didmetro interno de 2800 mm. O comprimento de tubulacéo
prevista na galeria é de aproximadamente 45 m. A perda de carga calculada nesta estrutura,
considerando a vazao da 22 etapa, foi de 0,023 m.

14.5 - OBRAS DE TRANSPOSICAO DO CANAL ADUTOR

Ao longo do tracado do canal foram previstos um conjunto de obras destinadas a minimizar o
efeito “barreira”. Neste conjunto integram-se as obras de reposi¢cdo de rodovias e caminhos
intersetados (pontilhdes) e construcdo de passarelas permitindo a atravessamento do canal por
pedes e gado.

145.1 - Pontilhdes

Os pontilhdes correspondem a estruturas de concreto armado transversais ao canal adutor
construidos com o objetivo de permitir a passagem de veiculos, pedestres e gado, quando
aquele intercepta as vias de acesso principais e secundarias.

Os pontilhGes projetados sao constituidos, no essencial por uma laje de concreto armado com
4,70 m de largura util e 17,10 m de vdo apoiada por vigas armadas pré-moldadas e por
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tubuldes nos encontros. E preconizada a construcéo de barreiras laterais com 0,75 m de altura,
tornando mais segura a travessia do canal adutor pelo trafego.

Os detalhes construtivos sdo indicados nos desenhos do Projeto Executivo.

Foram previstos 18 pontilhdes, resultando, em média, uma obra destas por cada 2 km de canal
(retirando a extensao de adutoras), cuja localizacéo é apresenta da no Quadro 14.1.

Quadro 14.1 — Localizagcdo dos pontilhdes

Obra Digt%n;rf a Obra Digt%n;rf a
(km+m) (km+m)
PT-01 3+160 PT-10 21+176
PT-02 3+480 PT-11 27+000
PT-03 6+900 PT-13 33+350
PT-04 9+460 PT-14 35+200
PT-05 11+460 PT-15 37+843
PT-06 11+900 PT-16 40+780
PT-05 13+360 PT-17 41+773
PT-07 17+100 PT-18 44+550
PT-08 18+200 - -
PT-09 19+400 - -

Passarelas para Pedestres e Animais

As passarelas sdo estruturas de concreto armado transversais ao canal adutor para a
passagem de pedestres e animais, quando 0 mesmo intercepta as vias de acesso terciarias.

As passarelas sédo constituidas basicamente por uma laje de concreto armado, com secdo
transversal em forma de “U” com 1,20 m de largura util e 1,30 m de altura, apoiada em blocos
de concreto nos encontros e num pilar central que se encontra fundada em sapata construida
no minimo a 1 m de profundidade relativamente ao fundo do canal adutor.

Os detalhes construtivos sdo indicados nos desenhos do Projeto Executivo.
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As passarelas foram distribuidas de forma que a distancia entre esta e uma outra estrutura
transversal ao canal (comporta, pontilhdo ou concordancia canal-tubulacdo) ndo fosse superior
a 500 m. No Quadro 14.2, apresentado seguidamente, é indicada a localizacao das passarelas
projetadas (33).

Quadro 14.2 — Localizagcdo das passarelas

Distancia & Distancia &
Obra origem Obra origem
(km+m) (km+m)

PA-01 2+740 PA-18 27+600
PA-02 4+000 PA-20 33+750
PA-03 4+500 PA-21 34+550
PA-04 5+000 PA-22 36+885
PA-05 7+600 PA-23 38+425
PA-06 13+000 PA-24 38+965
PA-07 13+800 PA-25 39+527
PA-08 16+500 PA-26 40+275
PA-09 17+000 PA-27 41+139
PA-10 18+000 PA-28 42+325
PA-11 18+360 PA-29 42+825
PA-12 19+000 PA-30 43+225
PA-13 19+900 PA-31 43+670
PA-14 21+700 PA-32 44+225
PA-15 22+200 PA-33 45+025
PA-16 26+000 PA-34 45+425
PA-17 26+600 ) -

Foram ainda previstas outras obras anexas como sejam rampas de acesso ao fundo do canal,
escadas e corddes de seguranca nos canais, para além das necessarias descargas de fundo,
bocas de visita e ventosas nos sifées.
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14.6 - OUTRAS OBRAS
14.7 - OBRAS NO CANAL

Adicionalmente & obras descritas anteriormente, preconizou-se a vedacado do canal e a
instalagdo, em locais selecionados estrategicamente, de portbes para acesso ao interior da

faixa de dominio.

Foi projetada a instalacdo de um conjunto de acessorios que asseguram funcionamento do
canal adutor em condi¢des adequadas de seguranca e facilidade de operacgéo.

Previu-se a instalacédo freqlente de escadas de seguranca e corddes de seguranca na secao
corrente do canal adutor bem como a instalacdo de grades a entrada e saida dos sifées
invertidos e aentrada das obras de controlo de vazdes.

Os corddes de seguranca consistem, no essencial, por uma cabo preso nas suas extremidades
junto & estradas de servico, em posicionamento aproximadamente transversal e equipado
com flutuadores. Este corddo de seguranca deve ser instalado no canal com afastamento
maximo de 1000 m. A cada corddo devera estar associada uma escada de seguranca
possibilitando a saida do interior do canal adutor.

Projetou-se a construcdo de rampas de acesso de veiculos ao fundo do canal, nomeadamente
nas secbes de corte em rocha, a utlizar para facilitar as operagcbes de manutencéo,
funcionando também como estruturas que aumentam a seguranca do canal, por possibilitarem
a saida de pessoas e gado do interior do canal adutor.

14.8 - OBRAS NOS SIFOES INVERTIDOS

Ao longo das tubulacdes dos sifdes foram considerados dispositivos para melhorar o
funcionamento em regime permanente, garantiir a seguranca da obra e favorecer a

operacionalidade em caso de rotinas de inspegéo.

Neste sentido foram definidas valas tipo para o atravessamento de estradas e linhas de agua,
recorrendo a um envelopado de concreto, com o fim de garantir a ndo ovalizag&o da tubulagao.

Para garantir o acesso de veiculos ao longo de toda a extensdo dos sifdes invertidos
considerou-se necessario preconizar a execucdo de passagens molhadas nos cursos de agua

mais importantes.
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Como foi referido no Capitulo 12 projetou-se o envelopamento da tubulacdo para minimizacéo
da ovalizacdo na travessia de rodovias e do risco de flutuacdo em locais de nivel freatico
elevado e alturas de aterro sobre a tubulacéo insuficientes.

15. - SISTEMA VIARIO DE OPERACAO E MANUTENCAO
15.1 - ESTRADAS DE SERVICO

Durante a fase de obra, serdo construidas estradas de servico com as finalidades principais de
interligar os canteiros com as areas de jazidas, permitir o transito de veiculos e equipamentos
de construcao do canal adutor e dar acesso a fontes de agua e instala¢des industriais previstas
nos canteiros de obra.

A necessidade de construcdo destas estradas, bem como a localizagdo das mesmas
dependera fundamentalmente do plano de execucdo da empreiteira responsavel pela obra,

desta forma a mesma seré responsavel por tais servigos.

Na definicdo do tracado destas vias, deverdo ser aproveitados tanto quanto possivel os
tracados dos caminhos ja existentes, bem como a proépria faixa de dominio do canal.

15.2 - INTERFERENCIAS COM AS ESTRADAS ESTADUAIS
O canal interfere com rodovias estaduais existentes basicamente em quatro pontos distintos.

O primeiro local de interferéncia faz parte ainda do trecho inicial em tubulacdo de recalque e
localiza-se aproximadamente no km 2+400, onde a tubulac&o de recalque cruza a CE 269 no
acesso a nova Jaguaribara. A passagem neste ponto devera ser feita com as tubulacdes

enterradas e envelopadas em concreto sob a rodovia.

Aproximadamente no Km 5+500, onde a aducdo da-se de forma gravitaria em canal, localiza-
se uma nova interferéncia deste com a rodovia CE 269, nas proximidades de Nova
Jaguaribara.

A terceira interferéncia localiza-se no aproximadamente no km 50+600, quando o
caminhamento do sistema adutor, materializado neste trecho pelas tubulacbes do sifao
Banabuiu, concorda com a ponte da rodovia CE 371 sobre o rio Banabuil e atravessa o leito
do mesmo anexado lateralmente ao tabuleiro da ponte.
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A gquarta e ultima interferéncia localiza-se no km 51+700, onde a tubulacdo de aducéo do sifao
do Banabuill cruza a segunda via de acesso acaptacao do sistema adutor do Tabuleiro de
Russas, nas imediacbes de Morada Nova. Neste ponto as tubulagbes adutoras serdo
enterradas e envelopadas em concreto sob a rodovia.

15.3 - SISTEMA VIARIO DE OPM DO SISTEMA ADUTOR E INTEGRACAO COM
VIAS LOCAIS

O sistema viario de operacdo e manutencdo (OPM) do canal adutor € composto basicamente
por duas vias que se desenvolvem paralelamente ao caminhamento do sistema adutor, sobre
as bermas laterais dos canais e ao lado das tubulacdes dos sifées como via propriamente dita
ou como passagem molhada nos trechos de travessia do leito dos riachos.

As vias apresentam, de forma geral, largura de seis metros, em cada lado do canal ou adutora,
e sdo revestidas com picarra ou material equivalente.

A integracdo das vias de OPM com o sistema viario local se da a partir de obras
complementares denominadas de “Pontilhdes”, que foram locados nos cruzamentos entre o

canal e as vias locais principais.

16. - BALANCO DE VOLUMES DE TERRAS

Considerando as sec¢des transversais tipo adotadas para o canal, efetuaram-se os célculos dos
movimentos de terras (ndo contabilizando a “queda’” e os 6 sifdes, que nao alteram
significativamente o balanco) e elaborou-se o Quadro 16.1 que possibilita a analise dos valores
em cada sub-trecho.

Quadro 16.1 — Balan¢co de movimentos de terras

Localizag&o Vol. Escav. Vol. Aterro Balanco
(km+m) (m3) (m3) (m3)

2+500 — 12+232 (Sub-Trecho 1.1) 723891 329727 394164
12+576 — 13+901 (Sub-Trecho 1.2) 8741 60917 -52176
15+989 — 20+342 (Sub-Trecho 1.2) 44742 288219 -243477
20+749 — 22+431 (Sub-Trecho 1.2) 10479 129506 -119027
25+505 — 28+343 (Sub-Trecho 1.3) 36977 175028 -138051

33+222 — 35+989 (Sub-Trecho 1.4) 126944 104019 22925
36+625 — 45+747 (Sub-Trecho 1.4) 171802 296151 -124349
Total 1123576 1383567 -259 991
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Os graficos apresentados nas Figuras seguintes possibilitam a analise do movimento de terras
ao longo da extensdo dos diversos trechos do canal adutor, correspondentes aos indicados no
Quadro anterior.
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Figura 16.1 — Balango de volumes de terras entre o km 2+500 e 0 km 12+232
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Figura 16.2 — Balango de volumes de terras entre o km 12+576 e o km 13+900

49

PARTE IV — PROJETOS EXECUTIVOS. A — PROJETO EXECUTIVO DO TRECHO 1
TOMO 2 — CANAIS E SIFOES
VOLUME 1 — MEMORIA DESCRITIVA



@,

COBA

tetiaasunn a remicoy vne.  ATENDIMENTO DAS DEMANDAS HIDRICAS DA REG METROPOLITANA | OF 3 "t-:n:"“'
Volumes Acumulados
400000,0
300000,0 |
_ 200000,0
o™
E 100000,0 -
£
= 0,0 e RN Aty NN NN A L T e R e R R R e
o 9 388 Q8B 9838398838398 383g883828¢s:3
> Q@ ™ < © ~ [e2] - N < Yol ~ (=2} o ~N ™ [Te} ~ e} o — o Yol © e} (o2} — o™
210000008 & & & & & & K K IR L b b bbb d L E LSS S S
’ gg - - - - - - — — — — — — - sl — — — — — — — — — — — N N
q
L
-200000,0 T
-300000,0
o . Vol. Esc.Ac. (m3)
Distancia a origem (Km-+m) Vol. At. Ac. (m3)
Balango (m3)
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Figura 16.4 — Balango de volumes de terras entre o km 20+750 e o km 22+431
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Figura 16.5 — Balango de volumes de terras entre o km 25+505 e 0 km 28+343
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Figura 16.6 — Balango de volumes de terras entre o km 33+222 e o km 35+989
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Figura 16.7— Balango de volumes de terras entre o km 36+625 e 0 km 45+747

O balanco escavacao-aterro no Trecho de canal compreendido entre o Castanh&o e o acgude
Curral-Velho é ligeiramente negativo, isto é, de — 260 000 m3 (n&o contabilizando os sifées
invertidos nem a queda), sendo, em principio, necessario recorrer a manchas de empréstimo
de solo, tendo em consideracdo as distancias de transporte, que poderdo desfavorecer a
reutilizacdo e em conseqiéncia de nem todo o material proveniente da escavagcdo possuir
caracteristicas geomecanicas apropriadas aconstrucdo dos aterros.

Em anexo apresentam-se os valores de escavacgao e aterro, para cada sec¢do do canal, cujo
resumo é efetuado no Quadro seguinte.

17. - SISTEMA DE DRENAGEM SUPERFICIAL DE PROTECAO

Ao longo do tracado, o canal adutor intercepta diversas linhas de agua, constituindo um
obstaculo que impede a continuidade das mesmas para jusante. Desta forma, torna-se
necessaria a construgcdo de dispositivos de drenagem transversal, que atravessam
inferiormente a plataforma do canal.

Uma parte das linhas de agua interceptadas pelo canal sao de reduzida importancia, ndo se
justificando a instalacao de dispositivos de drenagem transversal, sempre que seja possivel o
encaminhamento de agua de escoamento superficial através de outro tipo de dispositivos
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drenantes, tais como valetas de cintura, crista ou de pé de talude ou descidas de agua, até ao

bueiro selecionado como 0 mais conveniente.

O objetivo do projeto da drenagem de protecdo € definir e dimensionar um sistema de
drenagem transversal e longitudinal eficaz, que assegure a protecdo da obra dos efeitos

nocivos provocados pelo escoamento ndo controlado proveniente das encostas.

O sistema de drenagem de protecdo do canal adutor prevé a existéncia de um conjunto de
obras: bueiros, canaletes trapezoidais e meias-canas, caixas de queda, caixas de transicao,
enrocamentos de protecao, etc., cujo dimensionamento rigoroso deve ser salvaguardado.

Nas pecas desenhadas do Projeto Executivo, nomeadamente nos desenhos relativos aplanta
e perfil longitudinal do canal adutor, editado aescala 1:2 000, especialmente focalizado para o
movimento de terras, apresenta-se 0 posicionamento e as caracteristicas hidraulicas das
principais obras de drenagem, bem como sentido de escoamento considerado para as

canaletes e meias canas.

O detalhamento dos critérios e elementos de dimensionamento do sistema de drenagem de
protecdo do canal adutor sao indicados em estudo especifico “Estudos Hidraulicos para o
Dimensionamento das estruturas de Drenagem de Protecdo do Trecho 17, HARZA
HIDROBRASILEIRA, 2001.

Seguidamente é apresentada listagem com localizacao e principais caracteristicas dos bueiros
projetados no Trecho 1 do canal adutor.

Quadro 17.1 — Localizacao e principais caracteristicas dos bueiros

Bueiro Localizag&o Inclinacdo | Dimensdes Cota do Cota do rasto

extradorso do canal
(km-+m) (%) inferior do
coletor
BO1 3+500 1 1f 1000 122,403 124,520
B02 3+840 1 2f 1200 121,702 124,469
BO3 4+410 1 2f 1200 120,702 124,383
B0O4 5+040 1 2f 1200 121,202 124,289
BO5 5+600 1 2f 1200 122,000 124,197
B0O6 6+440 1 1f 1200 120,692 124,071
BO7 6+840 1 2f 1200 120,696 123,915
B09 9+340 1 2 f 1500 121,846 123,541
B9A 11+190 1 1f 1200 119,202 121,796
B10 11+530 1 2 f 1500 115,811 119,574
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Bueiro Localizag&o Inclinacdo | Dimensdes Cota do Cota do rasto

extradorso do canal
(km-+m) (%) inferior do
coletor

B10A 13+260 1 1f 1200 104,000 106,341
B10B 13+580 1 1f 1200 104,000 106,293
B11 16+980 1 1f 800 100,296 103,466
B11A 17+040 1 1f 800 98,613 103,457
B12 17+210 1 1f 800 100,265 103,430
B13 17+520 1 1f 800 100,366 103,385
B14 17+920 1 1f 800 96,795 103,325
B14A 18+100 1 1f 800 101,298 103,298
B15 18+220 1 1f 800 97,300 103,280
B15A 18+355 1 1f 800 101,250 103,260
B15B 18+430 1 1f 800 100,065 103,248
B16 18+535 1 1f 800 100,065 103,234
B16A 18+888 1 1f 800 101,085 103,084
B17 19+085 1 1f 800 99,879 103,054
B18 19+285 1 1f 800 99,800 103,024
B19 19+620 1 1f 800 99,800 102,974
B20 19+945 1 1f 800 99,000 102,925
B21 20+170 1 1f 800 99,300 102,891
B22 21+010 1 1f 800 99,245 102,356
B22A 21+180 1 1f 800 100,331 102,331
B23 21+600 1 1f 800 96,958 102,268
B23A 21+860 1 1f 800 100,229 102,229
B24 26+024 1 1f 800 95,467 99,406
B25 26+626 1 1f 800 95,325 99,316
B26 27+624 1 1f 800 95,185 99,166
B27 27+954 1 1f 800 94,350 99,117
B27A 33+425 1 1f 800 90,500 94,415
B27B 33+778 1 1f 800 92,062 94,363
B28 34+082 1 1f 800 92,000 94,316
B29 34+417 1 1f 800 91,000 94,267
B30 34+553 1 1f 800 91,500 94,246
B31 34+926 1 1f 800 92,000 91,189
B32 37+336 1 1f 1000 90,500 92,977
B33 37+660 1 1f 800 90,500 92,928
B34 38+100 1 1f 800 90,500 92,862
B35 38+340 1 1f 800 90,500 92,826
B36 38+660 1 1f 800 90,500 92,778
B37 39+040 1 1f 800 90,500 92,721
B38 39+230 1 1f 800 90,200 92,693
B39 40+170 1 1f 800 90,200 92,554
B40 40+700 1 1f 800 90,200 92,472
B41 41+100 1 1f 800 90,100 92,412
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Bueiro Localizag&o Inclinacdo | Dimensdes Cota do Cota do rasto
extradorso do canal
(km-+m) (%) inferior do
coletor

B42 41+270 1 1f 800 90,000 92,387
B43 41+520 1 1f 800 90,000 92,253
B44 41+907 1 1f 800 89,900 92,195
B45 42+211 1 1f 800 89,800 92,150
B46 42+685 1 1f 800 89,500 92,078
B47 42+800 1 1f 800 88,000 92,061
B48 43+780 1 1f 800 89,500 91,914

Lisboa/Fortaleza, 12 de Novembro de 2002

Pelo Consércio COBA/VBA/HARZA

José Honrado

Coordenador de Projetos
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Antonio Pereira da Silva

Diretor Adjunto do Servico de Hidraulica e
Recursos Hidricos da COBA
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VOLUMES DE ESCAVACOES E ATERROS

km Area (m2) Vol. Esc.(m3) Vol. Esc. Ac. (m3) Area (m2) Vol.aterro (m3) Vol. At. Ac. (m3) Balango (m3)

2+500 0,0 0,0 0,0 74,0 0,0 0,0 0,0

2+520 0,0 0,0 0,0 67,5 1415,0 1415,0 -1415,0
2+540 0,2 2,0 2,0 60,2 1277,0 2692,0 -2690,0
2+560 1,3 15,0 17,0 54,3 1145,0 3837,0 -3820,0
2+580 3,0 43,0 60,0 47,7 1020,0 4857,0 -4797,0
2+600 43 73,0 134,0 43,0 907,0 5764,0 -5630,0
2+620 5,0 93,0 226,0 40,3 833,0 6597,0 -6371,0
2+640 58 107,0 334,0 38,2 785,0 7382,0 -7049,0
2+660 6,4 122,0 455,0 35,2 734,0 8117,0 -7662,0
2+680 6.8 132,0 588,0 35,3 705,0 8822,0 -8235,0
2+700 8,2 150,0 738,0 30,8 661,0 9483,0 -8745,0
2+720 8,9 171,0 909,0 29,6 604,0 10087,0 -9178,0
2+740 8,9 178,0 1087,0 28,5 581,0 10668,0 -9581,0
2+760 9,8 187,0 1274,0 26,1 546,0 11213,0 -9939,0
2+780 10,6 204,0 1478,0 24,8 508,0 11721,0 -10244,0
2+800 11,2 218,0 1695,0 23,5 483,0 12204,0 -10509,0
2+820 12,0 232,0 1927,0 22,0 455,0 12659,0 -10732,0
2+840 12,7 247,0 2174,0 20,8 428,0 13088,0 -10914,0
2+860 13,8 264,0 2438,0 19,8 406,0 13494,0 -11056,0
2+880 11,4 252,0 2690,0 23,1 429,0 13923,0 -11234,0
2+900 10,4 218,0 2908,0 25,1 481,0 14405,0 -11497,0
2+920 10,2 207,0 3114,0 25,6 507,0 14912,0 -11797,0
2+940 10,8 210,0 3324,0 25,1 508,0 15420,0 -12095,0
2+960 9,4 201,0 3525,0 27,4 526,0 15945,0 -12420,0
2+980 9,3 187,0 3712,0 27,9 554,0 16499,0 -12786,0
3+000 9,3 186,0 3898,0 27,8 557,0 17056,0 -13158,0
3+020 9,1 184,0 4082,0 28,3 561,0 17617,0 -13535,0
3+040 9,3 184,0 4266,0 27,8 561,0 18178,0 -13912,0
3+060 10,1 194,0 4460,0 26,0 538,0 18716,0 -14256,0
3+080 12,0 221,0 4681,0 21,5 475,0 19191,0 -14510,0
3+100 15,5 275,0 4956,0 16,7 382,0 19573,0 -14617,0
3+120 16,2 317,0 5273,0 14,6 313,0 19886,0 -14613,0
3+140 21,9 381,0 5654,0 5,9 206,0 20092,0 -14438,0
3+160 28,3 502,0 6156,0 0,0 59,0 20151,0 -13995,0
3+180 25,3 537,0 6693,0 0,0 0,0 20151,0 -13458,0
3+200 19,0 443,0 7136,0 10,0 100,0 20251,0 -13115,0
3+220 13,5 325,0 7461,0 19,5 296,0 20547,0 -13086,0
3+240 9,8 233,0 7694,0 27,6 472,0 21019,0 -13325,0
3+260 6,9 168,0 7862,0 34,0 616,0 21635,0 -13773,0
3+280 6.8 137,0 7999,0 35,6 695,0 22330,0 -14331,0
3+300 9,3 161,0 8160,0 28,0 636,0 22966,0 -14806,0
3+320 13,3 226,0 8386,0 20,5 485,0 23451,0 -15065,0
3+340 17,5 308,0 8694,0 13,6 341,0 23792,0 -15098,0
3+360 19,2 367,0 9061,0 10,1 237,0 24029,0 -14968,0
3+380 14,7 338,0 9399,0 16,9 270,0 24298,0 -14900,0
3+400 8,9 236,0 9635,0 28,1 449,0 24748,0 -15113,0
3+420 52 141,0 9776,0 37,7 658,0 25405,0 -15629,0
3+440 43 95,0 9871,0 43,5 812,0 26217,0 -16346,0
3+460 10,4 147,0 10018,0 0,0 435,0 26651,0 -16633,0
3+480 5,6 160,0 10178,0 0,0 0,0 26651,0 -16473,0
3+500 0,0 56,0 10234,0 81,6 816,0 27467,0 -17233,0
3+520 0,0 0,0 10234,0 70,5 1521,0 28988,0 -18754,0
3+540 2,2 22,0 10256,0 52,6 1231,0 30219,0 -19963,0
3+560 59 81,0 10337,0 38,5 911,0 31130,0 -20793,0
3+580 9,6 155,0 10492,0 30,0 685,0 31815,0 -21323,0
3+600 9,5 191,0 10683,0 27,8 578,0 32393,0 -21710,0
3+620 7,3 168,0 10852,0 34,2 620,0 33013,0 -22161,0
3+640 4,7 120,0 10972,0 40,8 749,0 33762,0 -22790,0
3+660 3,1 78,0 11050,0 47,5 882,0 34644,0 -23594,0
3+680 2,1 52,0 11102,0 51,6 991,0 35635,0 -24533,0
3+700 1,0 31,0 11134,0 57,9 1096,0 36731,0 -25597,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m2) Vol. Esc.(m3) Vol. Esc. Ac. (m3) Area (m2) Vol.aterro (m3) Vol. At. Ac. (m3) Balango (m3)
3+720 0,1 11,0 11144,0 64,1 1220,0 37950,0 -26806,0
3+740 0,0 1,0 11146,0 77 1358,0 39308,0 -28162,0
3+760 0,0 0,0 11146,0 81,6 1533,0 40841,0 -29695,0
3+780 0,0 0,0 11146,0 89,5 1711,0 42552,0 -31406,0
3+800 0,0 0,0 11146,0 100,0 1895,0 444470 -33301,0
3+820 0,0 0,0 11146,0 97,3 1973,0 46420,0 -35275,0
3+840 0,0 0,0 11146,0 93,1 1904,0 48324,0 -37178,0
3+860 0,0 0,0 11146,0 78,9 1720,0 50044,0 -38898,0
3+880 0,0 0,0 11146,0 63,0 1419,0 51463,0 -40317,0
3+900 3,0 30,0 11176,0 49,3 1123,0 52586,0 -41410,0
3+920 52 83,0 11259,0 40,0 893,0 53479,0 -42220,0
3+940 6,8 121,0 11380,0 34,4 744,0 54223,0 -42844,0
3+960 7,9 148,0 11527,0 31,5 659,0 54882,0 -43355,0
3+980 8,2 161,0 11688,0 30,1 616,0 55498,0 -43809,0
4+000 10,1 183,0 11871,0 26,0 561,0 56058,0 -44187,0
4+020 9,2 194,0 12064,0 28,1 541,0 56599,0 -44535,0
4+040 8,7 179,0 12243,0 31,0 591,0 57190,0 -44947,0
4+060 7,9 166,0 12409,0 32,7 637,0 57827,0 -45418,0
4+080 6,0 139,0 12548,0 37,9 706,0 58534,0 -45985,0
4+100 11,7 178,0 12726,0 29,7 676,0 59209,0 -46483,0
4+120 5,1 168,0 12894,0 41,9 716,0 59925,0 -47031,0
4+140 54 104,0 12998,0 40,2 822,0 60747,0 -47748,0
4+160 5,6 109,0 13108,0 39,6 799,0 61545,0 -48438,0
4+180 6,2 118,0 13226,0 36,5 761,0 62306,0 -49080,0
4+200 7,9 141,0 13367,0 32,3 687,0 62993,0 -49626,0
4+220 8,4 163,0 13530,0 29,8 621,0 63614,0 -50084,0
4+240 7,5 159,0 13689,0 32,2 620,0 64234,0 -50545,0
4+260 3,8 114,0 13802,0 48,2 804,0 65038,0 -51235,0
4+280 0,2 41,0 13843,0 82,4 1305,0 66343,0 -52500,0
4+300 0,0 2,0 13846,0 110,2 1926,0 68269,0 -54423,0
4+320 0,0 0,0 13846,0 132,0 2422,0 70691,0 -56845,0
4+340 0,0 0,0 13846,0 147,9 2799,0 73490,0 -59644,0
4+360 0,0 0,0 13846,0 154,9 3028,0 76518,0 -62672,0
4+380 0,0 0,0 13846,0 147,5 3024,0 79542,0 -65696,0
4+400 0,0 0,0 13846,0 170,6 3181,0 82723,0 -68877,0
4+420 0,0 0,0 13846,0 164,3 3349,0 86072,0 -72226,0
4+440 0,0 0,0 13846,0 138,5 3027,0 89099,0 -75253,0
4+460 0,0 0,0 13846,0 98,2 2366,0 91465,0 -77620,0
4+480 0,0 0,0 13846,0 72,7 1709,0 93174,0 -79328,0
4+500 3,6 36,0 13882,0 43,7 1164,0 94338,0 -80456,0
4+520 1.1 147,0 14029,0 24,8 685,0 95023,0 -80994,0
4+540 15,7 268,0 14296,0 17,3 421,0 95444.,0 -81147,0
4+560 14,0 297,0 14593,0 18,4 357,0 95801,0 -81208,0
4+580 14,2 282,0 14875,0 20,6 391,0 96192,0 -81317,0
4+600 8,7 229,0 15104,0 30,9 515,0 96707,0 -81603,0
4+620 3,9 126,0 15230,0 44,4 753,0 97460,0 -82230,0
4+640 0,8 48,0 15278,0 57,6 1020,0 98480,0 -83202,0
4+660 0,0 8,0 15286,0 74,2 1318,0 99797,0 -84511,0
4+680 0,0 0,0 15286,0 85,1 1594,0 101391,0 -86105,0
4+700 0,0 0,0 15286,0 81,3 1664,0 103055,0 -87769,0
4+720 0,0 0,0 15286,0 96,6 1779,0 104834,0 -89548,0
4+740 0,0 0,0 15286,0 94,4 1910,0 106744,0 -91457,0
4+760 0,0 0,0 15286,0 79,7 1742,0 108485,0 -93199,0
4+780 0,0 0,0 15286,0 67,9 1476,0 109962,0 -94675,0
4+800 0,1 1,0 15288,0 62,1 1300,0 111261,0 -95974,0
4+820 0,7 8,0 15296,0 57,6 1197,0 112459,0 -97163,0
4+840 2,7 34,0 15329,0 50,5 1082,0 113540,0 -98211,0
4+860 3,6 63,0 15392,0 46,6 971,0 114511,0 -99119,0
4+880 3,5 72,0 15464,0 45,7 922,0 115434,0 -99970,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m2) Vol. Esc.(m3) Vol. Esc. Ac. (m3) Area (m2) Vol.aterro (m3) Vol. At. Ac. (m3) Balango (m3)
4+900 3,0 65,0 15529,0 49,2 949,0 116382,0 -100853,0
4+920 1,4 44,0 15573,0 55,5 1047,0 117430,0 -101857,0
4+940 0,2 16,0 15589,0 61,8 1173,0 118603,0 -103014,0
4+960 0,0 2,0 15590,0 69,7 1315,0 119918,0 -104328,0
4+980 0,0 0,0 15590,0 721 1419,0 121337,0 -105747,0
5+000 0,0 0,0 15590,0 78,5 1506,0 122843,0 -107253,0
5+020 0,0 0,0 15590,0 86,1 1646,0 124489,0 -108899,0
5+040 0,0 0,0 15590,0 93,1 1792,0 126281,0 -110691,0
5+060 0,0 0,0 15590,0 90,8 1839,0 128120,0 -112529,0
5+080 0,0 0,0 15590,0 85,6 1764,0 129884,0 -114293,0
5+100 0,0 0,0 15590,0 75,9 1616,0 131499,0 -115909,0
5+120 0,0 0,0 15591,0 65,9 1418,0 132918,0 -117327,0
5+140 2,4 24,0 15615,0 51,6 1175,0 134092,0 -118478,0
5+160 55 78,0 15693,0 40,0 916,0 135009,0 -119316,0
5+180 10,0 155,0 15848,0 26,0 660,0 135668,0 -119821,0
5+200 16,9 269,0 16117,0 13,5 395,0 136064,0 -119947,0
5+220 28,3 452,0 16569,0 3,5 171,0 136234,0 -119665,0
5+240 38,1 664,0 17233,0 0,3 38,0 136272,0 -119039,0
5+260 37,7 758,0 17991,0 0,4 6,0 136278,0 -118287,0
5+280 32,9 706,0 18697,0 2,6 30,0 136308,0 -117611,0
5+300 26,8 596,0 19293,0 3,6 62,0 136370,0 -117077,0
5+320 21,4 482,0 19775,0 7,1 106,0 136476,0 -116701,0
5+340 17,5 389,0 20165,0 131 202,0 136678,0 -116513,0
5+360 12,5 300,0 20464,0 21,0 341,0 137019,0 -116555,0
5+380 10,6 231,0 20696,0 24,6 457,0 137476,0 -116780,0
5+400 8,8 195,0 20890,0 28,8 534,0 138010,0 -117119,0
5+420 6,6 155,0 21045,0 36,2 650,0 138659,0 -117614,0
5+440 3,1 98,0 21143,0 48,3 845,0 139504,0 -118362,0
5+460 0,8 39,0 21182,0 57,9 1062,0 140566,0 -119385,0
5+480 0,0 8,0 21189,0 68,8 1267,0 141834,0 -120644,0
5+500 6,0 60,0 21250,0 0,0 688,0 142521,0 -121272,0
5+520 7,9 139,0 21389,0 0,0 0,0 142521,0 -121132,0
5+540 18,4 263,0 21652,0 0,0 0,0 142521,0 -120870,0
5+560 9,0 274,0 21925,0 0,0 0,0 142521,0 -120596,0
5+580 3,5 125,0 22051,0 0,0 0,0 142522,0 -120471,0
5+600 1,7 52,0 22103,0 52,4 524,0 143046,0 -120943,0
5+620 1,7 34,0 22136,0 52,2 1046,0 144092,0 -121956,0
5+640 23 40,0 22176,0 50,3 1026,0 145118,0 -122942,0
5+660 3,7 61,0 22237,0 43,5 939,0 146056,0 -123820,0
5+680 57 95,0 22331,0 371 806,0 146862,0 -124531,0
5+700 8,9 147,0 22478,0 30,6 677,0 147539,0 -125061,0
5+720 8,4 173,0 22651,0 30,9 615,0 148154,0 -125503,0
5+740 7.2 155,0 22806,0 33,3 642,0 148796,0 -125990,0
5+760 6,6 138,0 229440 35,5 688,0 149484,0 -126541,0
5+780 6,0 127,0 23070,0 36,7 722,0 150206,0 -127136,0
5+800 6,7 127,0 23197,0 36,7 733,0 150940,0 -127742,0
5+820 7,8 145,0 23342,0 33,7 704,0 151643,0 -128301,0
5+840 7,2 150,0 23492,0 32,5 662,0 152305,0 -128813,0
5+860 8.4 156,0 23648,0 31,4 639,0 152944,0 -129296,0
5+880 7.4 158,0 23806,0 33,6 650,0 153594,0 -129787,0
5+900 7,9 153,0 23960,0 30,5 641,0 154235,0 -130276,0
5+920 9,5 174,0 24134,0 26,9 575,0 154810,0 -130676,0
5+940 10,2 197,0 24331,0 26,0 530,0 155339,0 -131008,0
5+960 9,8 201,0 24532,0 26,0 520,0 155859,0 -131328,0
5+980 9,3 191,0 24722,0 28,0 540,0 156400,0 -131677,0
6+000 8,3 176,0 24898,0 30,4 584,0 156984,0 -132086,0
6+020 6.8 151,0 25049,0 34,0 644,0 157627,0 -132578,0
6+040 6,0 128,0 25177,0 37,2 711,0 158339,0 -133161,0
6+060 6,9 129,0 25306,0 34,5 716,0 159055,0 -133749,0
6+080 7,6 145,0 25451,0 33,0 675,0 159730,0 -134278,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m2) Vol. Esc.(m3) Vol. Esc. Ac. (m3) Area (m2) Vol.aterro (m3) Vol. At. Ac. (m3) Balango (m3)
6+100 10,4 179,0 25630,0 26,2 592,0 160321,0 -134691,0
6+120 12,7 230,0 25860,0 20,2 464,0 160785,0 -134925,0
6+140 14,2 268,0 26129,0 17,7 379,0 161164,0 -135035,0
6+160 13,6 278,0 26406,0 18,2 359,0 161523,0 -135117,0
6+180 11,3 249,0 26655,0 23,5 418,0 161941,0 -135285,0
6+200 9,3 206,0 26862,0 30,1 536,0 162477,0 -135615,0
6+220 6.8 162,0 27023,0 35,8 659,0 163136,0 -136113,0
6+240 3,9 108,0 27131,0 44,4 802,0 163938,0 -136807,0
6+260 2,5 64,0 27195,0 49,9 943,0 164881,0 -137686,0
6+280 1,8 43,0 27238,0 53,0 1029,0 165910,0 -138672,0
6+300 1,3 31,0 27269,0 57,5 1105,0 167015,0 -139745,0
6+320 0,0 13,0 27282,0 72,4 1299,0 168314,0 -141032,0
6+340 0,0 0,0 27282,0 81,8 1542,0 169856,0 -142574,0
6+360 0,0 0,0 27282,0 82,3 1641,0 171497,0 -144216,0
6+380 0,0 0,0 27282,0 86,3 1686,0 173184,0 -145902,0
6+400 0,0 0,0 27282,0 86,9 1732,0 174916,0 -147634,0
6+420 0,0 0,0 27282,0 102,8 1898,0 176814,0 -149532,0
6+440 0,0 0,0 27282,0 118,0 2209,0 179023,0 -151741,0
6+460 0,0 0,0 27282,0 109,3 2273,0 181296,0 -154014,0
6+480 0,0 0,0 27282,0 97,7 2070,0 183366,0 -156084,0
6+500 0,0 0,0 27282,0 88,4 1861,0 185227,0 -157945,0
6+520 0,0 0,0 27282,0 79,9 1683,0 186910,0 -159628,0
6+540 0,0 0,0 27282,0 73,0 1529,0 188439,0 -161158,0
6+560 0,8 8,0 27290,0 59,9 1329,0 189769,0 -162479,0
6+580 2,6 34,0 27323,0 49,6 1095,0 190863,0 -163540,0
6+600 53 79,0 27403,0 40,1 897,0 191760,0 -164358,0
6+620 8,3 137,0 27539,0 31,1 712,0 192473,0 -164933,0
6+640 11,3 197,0 27736,0 24,1 552,0 193025,0 -165289,0
6+660 8,9 203,0 27939,0 33,8 579,0 193604,0 -165665,0
6+680 0,6 96,0 28034,0 57,5 912,0 194516,0 -166482,0
6+700 0,0 6,0 28041,0 70,1 1276,0 195792,0 -167752,0
6+720 0,0 0,0 28041,0 72,7 1429,0 197221,0 -169180,0
6+740 2,0 20,0 28060,0 55,1 1278,0 198499,0 -170439,0
6+760 4,7 67,0 28127,0 44,8 998,0 199497,0 -171370,0
6+780 3.1 78,0 28206,0 49,7 944,0 200442,0 -172236,0
6+800 1,0 41,0 28246,0 58,5 1082,0 201523,0 -173277,0
6+820 0,0 10,0 28256,0 68,1 1266,0 202789,0 -174533,0
6+840 0,0 0,0 28256,0 771 1452,0 204241,0 -175985,0
6+860 0,0 0,0 28256,0 82,3 1595,0 205836,0 -177580,0
6+880 0,0 0,0 28256,0 81,6 1639,0 207475,0 -179219,0
6+900 0,0 0,0 28256,0 77,8 1594,0 209069,0 -180813,0
6+920 0,0 0,0 28256,0 71,6 1494,0 210563,0 -182307,0
6+940 1,3 13,0 28269,0 56,4 1280,0 211843,0 -183574,0
6+960 4,4 57,0 28326,0 43,2 996,0 212840,0 -184513,0
6+980 7.3 116,0 28443,0 33,3 765,0 213605,0 -185162,0
7+000 10,1 173,0 28616,0 25,9 592,0 214197,0 -185581,0
7+020 13,2 233,0 28849,0 19,7 456,0 214653,0 -185804,0
7+040 15,6 288,0 29136,0 15,7 354,0 215007,0 -185871,0
7+060 16,8 324,0 29460,0 13,1 288,0 215295,0 -185835,0
7+080 18,6 354,0 29814,0 11,1 241,0 215536,0 -185722,0
7+100 17,5 361,0 30175,0 12,1 232,0 215768,0 -185593,0
7+120 16,9 344,0 30519,0 13,5 256,0 216024,0 -185506,0
7+140 19,0 358,0 30877,0 11,7 252,0 216277,0 -185400,0
7+160 17,1 361,0 31238,0 14,1 259,0 216536,0 -185298,0
7+180 16,7 338,0 31576,0 13,3 275,0 216810,0 -185234,0
7+200 18,8 355,0 31931,0 9,9 232,0 217042,0 -185111,0
7+220 19,9 386,0 32317,0 9,4 192,0 217235,0 -184917,0
7+240 20,1 400,0 32717,0 8,9 183,0 217418,0 -184701,0
7+260 19,8 399,0 33116,0 9,5 184,0 217601,0 -184486,0
7+280 18,4 382,0 33498,0 10,6 201,0 217802,0 -184304,0
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km Area (m2) Vol. Esc.(m3) Vol. Esc. Ac. (m3) Area (m2) Vol.aterro (m3) Vol. At. Ac. (m3) Balango (m3)

7+300 19,4 379,0 33877,0 10,8 214,0 218016,0 -184140,0
7+320 16,1 356,0 34232,0 14,8 256,0 218272,0 -184040,0
7+340 16,3 324,0 34556,0 14,3 291,0 218563,0 -184007,0
7+360 17,0 333,0 34889,0 12,6 269,0 218832,0 -183943,0
7+380 17,2 343,0 35231,0 12,1 247,0 219079,0 -183848,0
7+400 17,8 350,0 35581,0 11,3 234,0 219313,0 -183732,0
7+420 17,8 356,0 35937,0 1.1 224,0 219537,0 -183600,0
7+440 19,6 374,0 36311,0 9,8 209,0 219746,0 -183435,0
7+460 16,6 362,0 36673,0 13,8 236,0 219982,0 -183309,0
7+480 14,0 307,0 36980,0 18,4 322,0 220304,0 -183324,0
7+500 10,9 250,0 37230,0 24,8 432,0 220736,0 -183506,0
7+520 7,9 188,0 37418,0 31,7 565,0 221301,0 -183883,0
7+540 54 133,0 37551,0 39,2 709,0 222010,0 -184459,0
7+560 3,8 92,0 37644,0 45,9 851,0 222862,0 -185218,0
7+580 1,8 55,0 37699,0 53,1 990,0 223852,0 -186153,0
7+600 1,3 31,0 37730,0 56,6 1096,0 224948,0 -187218,0
7+620 0,6 19,0 37749,0 59,3 1159,0 226107,0 -188358,0
7+640 0,5 11,0 37760,0 60,0 1193,0 227300,0 -189539,0
7+660 1,8 23,0 37783,0 52,6 1126,0 228425,0 -190642,0
7+680 55 73,0 37856,0 40,6 932,0 229357,0 -191501,0
7+700 7,5 129,0 37986,0 34,4 750,0 230108,0 -192122,0
7+720 7.4 149,0 38134,0 33,3 677,0 230785,0 -192650,0
7+740 9,0 164,0 38298,0 26,7 600,0 231385,0 -193087,0
7+760 14,3 232,0 38530,0 17,4 441,0 231826,0 -193296,0
7+780 21,9 362,0 38892,0 59 233,0 232059,0 -193167,0
7+800 35,7 576,0 39468,0 0,0 59,0 232118,0 -192651,0
7+820 63,7 994,0 40462,0 0,0 0,0 232118,0 -191656,0
7+840 89,6 1533,0 41995,0 0,0 0,0 232118,0 -190123,0
7+860 121,0 2105,0 44100,0 0,0 0,0 232118,0 -188018,0
7+880 155,3 2763,0 46863,0 0,0 0,0 232118,0 -185255,0
7+900 175,6 3310,0 50173,0 0,0 0,0 232118,0 -181945,0
7+920 218,4 3941,0 54114,0 0,0 0,0 232118,0 -178004,0
7+940 264,6 4831,0 58945,0 0,0 0,0 232118,0 -173174,0
7+960 311,9 5766,0 64710,0 0,1 1,0 232119,0 -167409,0
7+980 355,6 6676,0 71386,0 0,0 1,0 232119,0 -160734,0
8+000 273,3 6289,0 77675,0 0,0 0,0 232119,0 -154444,0
8+020 309,5 5827,0 83502,0 0,0 0,0 232119,0 -148617,0
8+040 342,8 6523,0 90025,0 0,0 0,0 232120,0 -142095,0
8+060 384,7 7275,0 97300,0 0,0 0,0 232120,0 -134820,0
8+080 421,8 8065,0 105364,0 0,0 0,0 232120,0 -126755,0
8+100 348,3 7701,0 113066,0 0,0 0,0 232120,0 -119054,0
8+120 338,4 6867,0 119933,0 0,0 0,0 232120,0 -112187,0
8+140 344,0 6824,0 126757,0 0,0 1,0 232121,0 -105363,0
8+160 339,6 6836,0 133593,0 0,0 0,0 232121,0 -98528,0
8+180 342,3 6818,0 140412,0 0,0 0,0 232121,0 -91709,0
8+200 333,9 6761,0 147173,0 0,0 0,0 232121,0 -84948,0
8+220 331,1 6649,0 153822,0 0,0 0,0 232121,0 -78298,0
8+240 328,3 6593,0 160416,0 0,0 0,0 232121,0 -71705,0
8+260 325,0 6533,0 166949,0 0,0 0,0 232121,0 -65172,0
8+280 322,7 6477,0 173425,0 0,0 0,0 232121,0 -58695,0
8+300 325,6 6483,0 179908,0 0,0 0,0 232121,0 -52213,0
8+320 320,5 6461,0 186369,0 0,0 0,0 232121,0 -45752,0
8+340 317,3 6378,0 192748,0 0,0 0,0 232121,0 -39373,0
8+360 316,3 6337,0 199084,0 0,0 0,0 232121,0 -33037,0
8+380 311,1 6274,0 205358,0 0,0 0,0 232121,0 -26763,0
8+400 312,3 6234,0 211593,0 0,0 0,0 232121,0 -20529,0
8+420 309,1 6214,0 217807,0 0,0 0,0 232121,0 -14314,0
8+440 304,1 6132,0 223940,0 0,0 0,0 232121,0 -8182,0

8+460 300,4 6046,0 229985,0 0,0 0,0 232121,0 -2136,0

8+480 299,5 5999,0 235984,0 0,0 0,0 232121,0 3863,0
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8+500 302,6 6021,0 242005,0 0,0 0,0 232121,0 9884,0

8+520 296,1 5987,0 247993,0 0,0 0,0 232121,0 15871,0
8+540 294.8 5908,0 253901,0 0,0 0,0 232121,0 21780,0
8+560 291,0 5857,0 259759,0 0,0 0,0 232121,0 27637,0
8+580 289,7 5807,0 265566,0 0,0 0,0 232121,0 33444,0
8+600 292,7 5824,0 271389,0 0,0 0,0 232121,0 39268,0
8+620 288,6 5812,0 277202,0 0,0 0,0 232121,0 45080,0
8+640 282,4 5710,0 282911,0 0,0 0,0 232121,0 50790,0
8+660 281,4 5638,0 288549,0 0,0 0,0 232121,0 56428,0
8+680 277,5 5590,0 294139,0 0,0 0,0 232121,0 62018,0
8+700 283,8 5614,0 299753,0 0,0 0,0 232121,0 67631,0
8+720 285,0 5689,0 305441,0 0,0 0,0 232121,0 73320,0
8+740 281,9 5669,0 311110,0 0,0 0,0 232121,0 78989,0
8+760 280,5 5624,0 316734,0 0,0 0,0 232121,0 84612,0
8+780 277,8 5583,0 322316,0 0,0 0,0 232121,0 90195,0
8+800 280,3 5580,0 327897,0 0,0 0,0 232121,0 95775,0
8+820 2745 5547,0 333444,0 0,0 0,0 232121,0 101323,0
8+840 266,5 5409,0 338853,0 0,0 0,0 232121,0 106732,0
8+860 2552 5217,0 344070,0 0,0 0,0 232121,0 111949,0
8+880 2427 4979,0 349049,0 0,0 0,0 232121,0 116928,0
8+900 248,8 4915,0 353964,0 0,0 0,0 232121,0 121843,0
8+920 228,0 4768,0 358733,0 0,0 0,0 232121,0 126611,0
8+940 206,8 4348,0 363081,0 0,0 0,0 232121,0 130960,0
8+960 187,2 3940,0 367021,0 0,0 0,0 232121,0 134900,0
8+980 164,6 3518,0 370539,0 0,0 0,0 232121,0 138418,0
9+000 193,3 3579,0 374118,0 0,0 0,0 232121,0 141997,0
9+020 164,1 3574,0 377692,0 0,0 0,0 232121,0 145571,0
9+040 134,0 2981,0 380674,0 0,0 0,0 232121,0 148552,0
9+060 106,7 2407,0 383081,0 0,0 0,0 232121,0 150960,0
9+080 77,4 1842,0 384923,0 0,0 0,0 232121,0 152801,0
9+100 57,9 1353,0 386276,0 0,0 0,0 232122,0 154154,0
9+120 38,8 967,0 387244,0 0,0 0,0 232122,0 155122,0
9+140 27,0 658,0 387901,0 2,7 27,0 232149,0 155753,0
9+160 19,6 465,0 388367,0 9,5 122,0 232270,0 156096,0
9+180 14,1 337,0 388703,0 17,0 265,0 232535,0 156168,0
9+200 10,6 247,0 388951,0 24,5 415,0 232950,0 156000,0
9+220 7,7 183,0 389133,0 32,1 566,0 233517,0 155617,0
9+240 4,8 125,0 389258,0 40,5 727,0 234243,0 155015,0
9+260 2,5 73,0 389331,0 49,2 897,0 235140,0 154191,0
9+280 0,9 35,0 389366,0 57,5 1066,0 236207,0 153159,0
9+300 2,3 32,0 389398,0 48,9 1063,0 237270,0 152128,0
9+320 6,2 86,0 389483,0 37,0 859,0 238128,0 151355,0
9+340 10,4 166,0 389650,0 26,8 638,0 238766,0 150884,0
9+360 11,7 221,0 389871,0 22,3 491,0 239257,0 150614,0
9+380 7,7 194,0 390065,0 32,8 551,0 239807,0 150257,0
9+400 3,1 108,0 390173,0 47,8 806,0 240614,0 149559,0
9+420 1,2 43,0 390216,0 53,7 1015,0 241629,0 148587,0
9+440 1,0 22,0 390238,0 56,7 1104,0 242732,0 147506,0
9+460 2,9 39,0 390277,0 47,3 1040,0 243772,0 146504,0
9+480 4,7 75,0 390352,0 40,0 873,0 244645,0 145707,0
9+500 8,9 135,0 390487,0 27,8 677,0 245323,0 145164,0
9+520 14,2 230,0 390717,0 17,0 448,0 245771,0 144946,0
9+540 16,6 308,0 391026,0 13,5 306,0 246077,0 144949,0
9+560 18,5 351,0 391376,0 11,1 246,0 246323,0 145054,0
9+580 21,7 402,0 391778,0 6,3 173,0 246496,0 145282,0
9+600 26,0 478,0 392256,0 3,2 94,0 246590,0 145666,0
9+620 35,9 620,0 392876,0 0,4 35,0 246625,0 146250,0
9+640 49,0 850,0 393725,0 0,0 4,0 246629,0 147096,0
9+660 61,9 1110,0 394835,0 0,0 0,0 246629,0 148206,0
9+680 75,2 1372,0 396207,0 0,0 0,0 246630,0 149577,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m2) Vol. Esc.(m3) Vol. Esc. Ac. (m3) Area (m2) Vol.aterro (m3) Vol. At. Ac. (m3) Balango (m3)
9+700 95,2 1704,0 397911,0 0,0 0,0 246630,0 151281,0
9+720 116,8 2120,0 400031,0 0,0 0,0 246630,0 153401,0
9+740 143,1 2600,0 402631,0 0,0 0,0 246630,0 156001,0
9+760 168,2 3113,0 405744,0 0,0 0,0 246630,0 159114,0
9+780 195,1 3632,0 409376,0 0,0 0,0 246630,0 162746,0
9+800 201,1 3962,0 413338,0 0,0 0,0 246630,0 166708,0
9+820 231,7 4328,0 417667,0 0,0 0,0 246630,0 171037,0
9+840 262,7 4944,0 422611,0 0,0 0,0 246630,0 175981,0
9+860 286,5 5492,0 428102,0 0,0 0,0 246630,0 181473,0
9+880 301,3 5878,0 433981,0 0,0 0,0 246630,0 187351,0
9+900 242,9 5442,0 439423,0 0,0 0,0 246630,0 192793,0
9+920 242,0 4849,0 444271,0 0,0 0,0 246630,0 197642,0
9+940 2443 4862,0 449134,0 0,0 0,0 246630,0 202504,0
9+960 2421 4864,0 453997,0 0,0 0,0 246630,0 207367,0
9+980 239,8 4819,0 458816,0 0,0 0,0 246630,0 212186,0
10+000 238,5 4782,0 463598,0 0,0 0,0 246630,0 216969,0
10+020 238,6 4770,0 468369,0 0,0 0,0 246630,0 221739,0
10+040 234,0 4726,0 473094,0 0,0 0,0 246630,0 226464,0
10+060 232,0 4660,0 477754,0 0,0 0,0 246630,0 231124,0
10+080 227,7 4596,0 482350,0 0,0 0,0 246630,0 235721,0
10+100 230,9 4585,0 486936,0 0,0 0,0 246630,0 240306,0
10+120 226,6 4574,0 491510,0 0,0 0,0 246630,0 244880,0
10+140 2241 4507,0 496017,0 0,0 0,0 246630,0 249387,0
10+160 221,4 4455,0 500472,0 0,0 0,0 246630,0 253842,0
10+180 217,9 4393,0 504865,0 0,0 0,0 246630,0 258235,0
10+200 220,9 4388,0 509254,0 0,0 0,0 246630,0 262624,0
10+220 2174 4382,0 513636,0 0,0 0,0 246630,0 267006,0
10+240 2121 4295,0 517931,0 0,0 0,0 246630,0 271301,0
10+260 200,9 4130,0 522061,0 0,0 0,0 246630,0 275431,0
10+280 178,6 3795,0 525856,0 0,5 5,0 246635,0 279221,0
10+300 201,0 3796,0 529652,0 0,0 5,0 246640,0 283012,0
10+320 194,8 3957,0 533609,0 0,0 0,0 246640,0 286969,0
10+340 196,9 3917,0 537526,0 0,0 0,0 246640,0 290885,0
10+360 207,8 4047,0 541573,0 0,0 0,0 246640,0 294933,0
10+380 166,6 3745,0 545318,0 0,0 0,0 246640,0 298677,0
10+400 174,6 3412,0 548730,0 0,0 0,0 246640,0 302089,0
10+420 157,8 3324,0 552054,0 0,0 0,0 246640,0 305413,0
10+440 145,0 3028,0 555081,0 0,0 0,0 246640,0 308441,0
10+460 133,9 2789,0 557870,0 0,0 0,0 246640,0 311230,0
10+480 120,7 2546,0 560416,0 0,0 0,0 246640,0 313776,0
10+500 123,8 2445,0 562861,0 0,0 0,0 246640,0 316221,0
10+520 248,4 3722,0 566584,0 0,0 0,0 246640,0 319943,0
10+540 463,5 7119,0 573703,0 0,0 0,0 246640,0 327062,0
10+560 438,9 9024,0 582726,0 0,0 0,0 246640,0 336086,0
10+580 425,3 8642,0 591368,0 0,0 0,0 246640,0 344728,0
10+600 408,2 8335,0 599704,0 0,0 0,0 246640,0 353063,0
10+620 394,0 8022,0 607726,0 0,0 0,0 246640,0 361085,0
10+640 378,3 7723,0 615448,0 0,0 0,0 246640,0 368808,0
10+660 369,7 7480,0 622928,0 0,0 0,0 246640,0 376288,0
10+680 346,8 7165,0 630093,0 0,0 0,0 246640,0 383453,0
10+700 332,0 6788,0 636881,0 0,0 0,0 246640,0 390241,0
10+720 312,4 6444,0 643326,0 0,0 0,0 246640,0 396685,0
10+740 2945 6069,0 649394,0 0,0 0,0 246640,0 402754,0
10+760 266,2 5607,0 655001,0 0,0 0,0 246640,0 408361,0
10+780 2471 5133,0 660134,0 0,0 0,0 246640,0 413494,0
10+800 227,3 4743,0 664878,0 1,6 16,0 246657,0 418221,0
10+820 205,2 4325,0 669203,0 55 71,0 246728,0 422475,0
10+840 179,1 3843,0 673046,0 11,2 167,0 246895,0 426151,0
10+860 158,4 3375,0 676420,0 19,4 306,0 247201,0 429219,0
10+880 133,2 2916,0 679337,0 32,6 521,0 247722,0 431615,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m2) Vol. Esc.(m3) Vol. Esc. Ac. (m3) Area (m2) Vol.aterro (m3) Vol. At. Ac. (m3) Balango (m3)
10+900 117,8 2510,0 681847,0 43,4 761,0 248483,0 433364,0
10+920 98,5 2162,0 684009,0 54,0 975,0 249457,0 434552,0
10+940 93,4 1919,0 685928,0 57,1 1111,0 250568,0 435359,0
10+960 86,9 1803,0 687731,0 58,9 1160,0 251729,0 436002,0
10+980 89,2 1762,0 689492,0 59,0 1179,0 252908,0 436584,0
11+000 95,6 1848,0 691341,0 59,3 1183,0 254091,0 437250,0
11+020 115,0 2106,0 693447,0 48,6 1079,0 255170,0 438277,0
11+040 131,7 2467,0 695914,0 43,6 922,0 256092,0 439822,0
11+060 130,6 2623,0 698537,0 42,6 862,0 256954,0 441583,0
11+080 116,5 2471,0 701008,0 51,5 941,0 257894,0 443114,0
11+100 81,2 1978,0 702985,0 71,2 1227,0 259121,0 443864,0
11+120 50,8 1320,0 704306,0 87,0 1582,0 260703,0 443603,0
11+140 24,5 753,0 705059,0 103,5 1904,0 262607,0 442452,0
11+160 8,7 332,0 705391,0 130,7 2342,0 264948,0 440442,0
11+180 6,1 148,0 705539,0 146,0 2767,0 267715,0 437824,0
11+200 5,9 120,0 705659,0 150,5 2965,0 270680,0 434979,0
11+220 10,8 167,0 705826,0 140,3 2908,0 273588,0 432237,0
11+240 16,9 277,0 706103,0 123,5 2638,0 276226,0 429877,0
11+260 26,9 438,0 706541,0 107,0 2305,0 278531,0 428010,0
11+280 36,3 632,0 707173,0 97,2 2042,0 280572,0 426601,0
11+300 51,1 874,0 708047,0 85,3 1825,0 282397,0 425650,0
11+320 59,3 1104,0 709151,0 80,7 1660,0 284057,0 425094,0
11+340 64,0 1233,0 710384,0 80,2 1609,0 285665,0 424719,0
11+360 51,7 1157,0 711541,0 85,9 1661,0 287326,0 424215,0
11+380 43,4 951,0 712492,0 92,7 1786,0 289112,0 423380,0
11+400 32,3 757,0 713250,0 102,0 1947,0 291058,0 422191,0
11+420 82,8 1152,0 714401,0 67,7 1697,0 292756,0 421645,0
11+440 116,6 1994,0 716396,0 47,9 1156,0 293912,0 422484,0
11+460 82,2 1989,0 718384,0 26,3 742,0 294654,0 423730,0
11+480 8,4 906,0 719290,0 36,1 624,0 295279,0 424012,0
11+500 4,9 133,0 719423,0 47,3 834,0 296113,0 423310,0
11+520 1,9 68,0 719491,0 58,0 1053,0 297165,0 422326,0
11+540 1,5 35,0 719526,0 58,6 1166,0 298331,0 421195,0
11+560 3,1 46,0 719572,0 52,6 1112,0 299443,0 420129,0
11+580 6,9 100,0 719672,0 40,5 931,0 300374,0 419298,0
11+600 10,7 176,0 719848,0 31,2 717,0 301092,0 418756,0
11+620 12,5 232,0 720080,0 27,6 588,0 301680,0 418400,0
11+640 12,0 245,0 720325,0 29,1 567,0 302247,0 418078,0
11+660 10,0 220,0 720545,0 33,1 622,0 302869,0 417676,0
11+680 8,5 185,0 720730,0 37,0 701,0 303570,0 417160,0
11+700 8,0 165,0 720895,0 39,0 760,0 304330,0 416565,0
11+720 8,2 161,0 721057,0 39,4 784,0 305115,0 415942,0
11+740 7,6 157,0 721214,0 40,9 803,0 305918,0 415296,0
11+760 7,3 149,0 721362,0 42,2 832,0 306750,0 414612,0
11+780 6,7 140,0 721502,0 43,8 860,0 307610,0 413892,0
11+800 6,7 134,0 721636,0 43,8 876,0 308486,0 413150,0
11+820 7,9 146,0 721782,0 40,4 842,0 309328,0 412454,0
11+840 9,0 169,0 721952,0 36,8 773,0 310101,0 411851,0
11+860 9,1 181,0 722133,0 36,0 728,0 310829,0 411304,0
11+880 9,3 184,0 722317,0 36,0 720,0 311549,0 410768,0
11+900 8,1 174,0 722491,0 39,2 752,0 312301,0 410190,0
11+920 57 137,0 722629,0 44,9 842,0 313143,0 409486,0
11+940 53 110,0 722739,0 46,9 918,0 314061,0 408677,0
11+960 4,1 94,0 722833,0 52,1 990,0 315051,0 407782,0
11+980 2,6 67,0 722900,0 57,6 1097,0 316148,0 406752,0
12+000 2,0 46,0 722946,0 60,7 1182,0 317331,0 405615,0
12+020 2,3 42,0 722988,0 60,4 1210,0 318541,0 404447,0
12+040 2,0 43,0 723031,0 61,7 1221,0 319762,0 403269,0
12+060 2,4 44,0 723074,0 59,1 1208,0 320970,0 402105,0
12+080 3,3 57,0 723132,0 55,0 1141,0 322110,0 401021,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m2) Vol. Esc.(m3) Vol. Esc. Ac. (m3) Area (m2) Vol.aterro (m3) Vol. At. Ac. (m3) Balango (m3)
12+100 4,0 73,0 723205,0 53,5 1085,0 323196,0 400009,0
12+120 4,6 86,0 723291,0 51,0 1045,0 324241,0 399051,0
12+140 5,1 97,0 723388,0 50,1 1011,0 325252,0 398137,0
12+160 5,9 109,0 723498,0 47,5 977,0 326228,0 397270,0
12+180 58 116,0 723614,0 47,7 952,0 327180,0 396434,0
12+200 53 111,0 723725,0 49,0 967,0 328146,0 395578,0
12+231.589 5,1 60,0 723891,0 51,5 589,0 329727,0 394164,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m“)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) | Area (m®) |Vol.aterro (m°)| Vol. At. Ac. (m°) [ Balango (m°)
20+749,336 0,6 0,0 0,0 59,6 0,0 0,0 0,0

20+760 0,0 3,0 3,0 71,9 701,0 701,0 -698,0

20+780 0,0 0,0 3,0 91,3 1632,0 2334,0 -2330,0
20+800 0,0 0,0 3,0 81,5 1729,0 4062,0 -4059,0
20+820 2,1 21,0 25,0 55,2 1367,0 5429,0 -5405,0
20+840 11,7 138,0 163,0 27,0 823,0 6252,0 -6089,0
20+860 10,5 222,0 385,0 35,5 626,0 6878,0 -6492,0
20+880 0,0 105,0 490,0 73,2 1087,0 7965,0 -7474,0
20+900 0,0 0,0 490,0 91,6 1648,0 9612,0 -9122,0
20+920 0,0 0,0 490,0 78,6 1703,0 11315,0 -10825,0
20+940 0,0 0,0 490,0 79,6 1582,0 12897,0 -12407,0
20+960 0,0 0,0 490,0 82,8 1624,0 14521,0 -14030,0
20+980 0,0 0,0 490,0 125,4 2082,0 16602,0 -16112,0
21+000 0,0 0,0 490,0 183,5 3089,0 19691,0 -19201,0
21+020 0,0 0,0 490,0 155,7 3392,0 23083,0 -22592,0
21+040 0,0 0,0 490,0 122,6 2783,0 25866,0 -25376,0
21+060 6,6 66,0 556,0 331 1557,0 27424,0 -26867,0
21+080 36,9 435,0 992,0 0,0 331,0 27755,0 -26763,0
214100 61,3 982,0 1974,0 0,0 0,0 27755,0 -25781,0
214120 74,8 1361,0 3335,0 0,0 0,0 27755,0 -24420,0
214140 37,6 1124,0 4459,0 0,0 0,0 27755,0 -23296,0
21+160 11,5 491,0 4951,0 20,4 204,0 27959,0 -23008,0
21+180 2,1 137,0 5087,0 44,6 651,0 28610,0 -23522,0
21+200 11,9 140,0 5227,0 23,6 683,0 29292,0 -24065,0
214220 27,5 394,0 5621,0 2,1 258,0 29550,0 -23929,0
21+240 56,3 838,0 6459,0 0,0 21,0 29571,0 -23112,0
21+260 39,4 957,0 7416,0 0,0 0,0 29571,0 -22155,0
21+280 15,9 552,0 7968,0 14,7 147,0 29718,0 -21750,0
21+300 7.9 238,0 8206,0 31,7 463,0 30181,0 -21975,0
21+320 0,0 79,0 8285,0 64,3 960,0 31141,0 -22856,0
21+340 0,0 0,0 8285,0 87,0 1514,0 32655,0 -24369,0
21+360 0,0 0,0 8285,0 121,0 2081,0 34735,0 -26450,0
21+380 0,0 0,0 8285,0 116,6 2377,0 37112,0 -28827,0
21+400 0,0 0,0 8285,0 151,7 2683,0 39796,0 -31510,0
21+420 0,0 0,0 8286,0 128,7 2804,0 42600,0 -34314,0
21+440 0,0 0,0 8286,0 123,4 2521,0 45121,0 -36836,0
21+460 0,0 0,0 8286,0 1021 2255,0 47377,0 -39091,0
21+480 0,0 0,0 8286,0 721 1742,0 49119,0 -40833,0
21+500 3,8 38,0 8324,0 58,2 1303,0 50422,0 -42098,0
21+520 0,0 38,0 8362,0 65,2 1234,0 51656,0 -43295,0
21+540 0,0 0,0 8362,0 106,5 1717,0 53373,0 -45012,0
21+560 0,0 0,0 8362,0 145,4 2520,0 55893,0 -47531,0
21+580 0,0 0,0 8362,0 165,3 3108,0 59001,0 -50639,0
21+600 0,0 0,0 8362,0 183,9 3492,0 62493,0 -54131,0
214620 0,0 0,0 8362,0 165,8 3496,0 65989,0 -57628,0
21+640 0,0 0,0 8362,0 130,3 2960,0 68949,0 -60588,0
21+660 0,1 1,0 8362,0 78,3 2086,0 71035,0 -62673,0
21+680 51 52,0 8415,0 45,9 1242,0 72277,0 -63862,0
214700 3,7 88,0 8503,0 46,7 926,0 73203,0 -64700,0
214720 0,4 41,0 8544,0 57,8 1045,0 74248,0 -65704,0
214740 2,5 29,0 8573,0 40,7 985,0 75233,0 -66660,0
21+760 15,6 182,0 8754,0 17,4 581,0 75814,0 -67059,0
21+780 25,0 406,0 9161,0 8,7 260,0 76074,0 -66914,0
21+800 20,9 459,0 9619,0 13,5 222,0 76296,0 -66676,0
21+820 5,0 259,0 9878,0 48,9 624,0 76919,0 -67041,0
21+840 0,0 50,0 9929,0 120,5 1694,0 78613,0 -68685,0
21+860 0,0 0,0 9929,0 169,4 2899,0 81512,0 -71583,0
21+880 0,0 0,0 9929,0 136,9 3063,0 84575,0 -74646,0
21+900 0,0 0,0 9929,0 112,2 2491,0 87066,0 -77137,0
21+920 0,0 0,0 9929,0 92,7 2048,0 89114,0 -79186,0
214940 0,7 7,0 9936,0 68,4 1611,0 90725,0 -80789,0
21+960 4.8 55,0 9991,0 50,3 1187,0 91912,0 -81920,0
21+980 2,3 71,0 10062,0 68,1 1184,0 93096,0 -83034,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m“)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) | Area (m®) |Vol.aterro (m°)| Vol. At. Ac. (m°) [ Balango (m°)
22+000 0,0 23,0 10084,0 93,5 1617,0 94713,0 -84628,0
22+020 0,0 0,0 10084,0 96,3 1898,0 96611,0 -86526,0
22+040 0,0 0,0 10084,0 106,7 2030,0 98641,0 -88556,0
22+060 0,0 0,0 10084,0 128,5 2352,0 100992,0 -90908,0
22+080 0,0 0,0 10084,0 151,0 2794,0 103787,0 -93702,0
22+100 0,0 0,0 10084,0 126,9 2778,0 106565,0 -96481,0
22+120 0,0 0,0 10084,0 111,4 2383,0 108948,0 -98863,0
22+140 0,0 0,0 10084,0 87,2 1986,0 110934,0 -100850,0
22+160 2,5 25,0 10110,0 58,2 1454,0 112389,0 -102279,0
22+180 3,3 58,0 10168,0 56,5 1147,0 113536,0 -103368,0
22+200 2,4 57,0 10225,0 54,2 1107,0 114643,0 -104419,0
22+220 0,2 26,0 10251,0 70,0 1242,0 115885,0 -105634,0
22+240 0,0 2,0 10253,0 80,8 1508,0 117393,0 -107140,0
22+260 0,0 0,0 10253,0 77,2 1581,0 118974,0 -108721,0
22+280 0,0 0,0 10253,0 81,4 1587,0 120561,0 -110307,0
22+300 0,1 1,0 10255,0 70,6 1521,0 122081,0 -111827,0
22+320 2,2 23,0 10278,0 57,8 1285,0 123366,0 -113088,0
22+340 2,1 43,0 10321,0 57,6 1155,0 124520,0 -114200,0
22+360 1,5 37,0 10358,0 62,3 1200,0 125720,0 -115363,0
22+380 1,2 28,0 10385,0 58,9 1212,0 126933,0 -116547,0
22+400 0,8 21,0 10406,0 51,7 1106,0 128039,0 -117633,0
22+420 2,9 37,0 10443,0 47,4 991,0 129029,0 -118587,0
22+430,625 4.0 37,0 10479,0 42,3 477,0 129506,0 -119027,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m®)| Vol. At. Ac. (m°) | Balango (m°)
15+988,970| 4,6 0.0 0.0 40,2 0.0 0.0 0.0

16+000 4,8 52,0 52,0 39,6 440,0 440,0 -388,0

16+020 1,8 66,0 118,0 49,8 894,0 1334,0 -1217,0
16+040 4,6 64,0 181,0 41,8 916,0 2250,0 -2069,0
16+060 7,2 117,0 298,0 43,4 851,0 3101,0 -2803,0
16+080 4,2 113,0 412,0 36,8 802,0 3903,0 -3491,0
16+100 0,9 51,0 463,0 59,7 965,0 4869,0 -4406,0
16+120 0,0 9,0 472,0 82,2 1419,0 6288,0 -5816,0
16+140 0,0 0,0 472,0 84,7 1669,0 7957,0 -7485,0
16+160 0,0 0,0 472,0 91,9 1766,0 9722,0 -9251,0
16+180 0,0 0,0 472,0 941 1860,0 11583,0 -11111,0
16+200 0,0 0,0 472,0 82,9 1770,0 13353,0 -12881,0
16+220 0,4 4,0 476,0 62,7 1456,0 14809,0 -14333,0
16+240 3,6 40,0 516,0 46,8 1095,0 15904,0 -15388,0
16+260 7,5 111,0 627,0 39,5 863,0 16766,0 -16139,0
16+280 11,4 189,0 816,0 33,6 731,0 17497,0 -16681,0
16+300 9,8 212,0 1029,0 35,0 687,0 18184,0 -17155,0
16+320 8,3 182,0 1210,0 37,8 729,0 18912,0 -17702,0
16+340 5,8 141,0 1352,0 46,3 842,0 19754,0 -18402,0
16+360 2,9 87,0 1439,0 60,2 1065,0 20819,0 -19381,0
16+380 2,5 54,0 1492,0 59,6 1198,0 22018,0 -20525,0
16+400 0,7 31,0 1524,0 60,3 1199,0 23217,0 -21693,0
16+420 1,5 22,0 1546,0 61,9 1221,0 24438,0 -22892,0
16+440 0,1 16,0 1562,0 65,0 1269,0 25707,0 -24145,0
16+460 1,2 13,0 1576,0 62,4 1274,0 26981,0 -25406,0
16+480 1,6 28,0 1604,0 61,7 1241,0 28222,0 -26619,0
16+500 21 37,0 1641,0 59,9 1215,0 29438,0 -27797,0
16+520 1,4 35,0 1676,0 57,7 1175,0 30613,0 -28937,0
16+540 0,8 22,0 1698,0 61,0 1187,0 31800,0 -30103,0
16+560 0,0 8,0 1706,0 63,0 1240,0 33040,0 -31335,0
16+580 1,9 19,0 1725,0 53,9 1169,0 34209,0 -32485,0
16+600 2,5 45,0 1769,0 50,7 1046,0 35256,0 -33486,0
16+620 4,8 74,0 1843,0 44,4 952,0 36208,0 -34365,0
16+640 6,4 112,0 1955,0 35,1 796,0 37004,0 -35049,0
16+660 7.9 142,0 2097,0 30,8 659,0 37663,0 -35566,0
16+680 6,5 1440 2241,0 31,0 618,0 38281,0 -36040,0
16+700 7,7 142,0 2383,0 30,6 615,0 38896,0 -36513,0
16+720 44 121,0 2503,0 39,0 696,0 39591,0 -37088,0
16+740 6,2 107,0 2610,0 35,6 746,0 40338,0 -37728,0
16+760 11,3 175,0 2785,0 291 647,0 40985,0 -38199,0
16+780 13,3 245,0 3030,0 30,7 598,0 41583,0 -38552,0
16+800 13,7 270,0 3300,0 22,8 536,0 42118,0 -38818,0
16+820 22,3 361,0 3660,0 11,9 348,0 42466,0 -38806,0
16+840 25,4 477,0 4138,0 6,0 179,0 42645,0 -38508,0
16+860 10,0 353,0 4491,0 26,8 328,0 42973,0 -38483,0
16+880 3,0 129,0 4620,0 47,4 742,0 43715,0 -39095,0
16+900 2,3 52,0 4672,0 48,6 960,0 44675,0 -40003,0
16+920 5,7 80,0 4752,0 40,1 887,0 45562,0 -40810,0
16+940 1,4 71,0 4823,0 60,9 1011,0 46573,0 -41750,0
16+960 0,1 14,0 4837,0 103,2 1641,0 48214,0 -43377,0
16+980 0,0 1,0 4838,0 164,8 2680,0 50894,0 -46056,0
17+000 0,0 0,0 4838,0 194,6 3594,0 54488,0 -49650,0
17+020 0,0 0,0 4838,0 189,2 3838,0 58326,0 -53488,0
17+040 0,0 0,0 4838,0 216,3 4056,0 62382,0 -57544,0
17+060 0,0 0,0 4838,0 146,1 3624,0 66006,0 -61168,0
17+080 0,0 0,0 4838,0 81,7 2278,0 68284,0 -63446,0
17+100 13,3 133,0 4970,0 271 1088,0 69371,0 -64401,0
17+120 22,6 358,0 5329,0 7.9 349,0 69720,0 -64392,0
17+140 16,0 386,0 5715,0 16,9 248,0 69968,0 -64253,0
17+160 71 231,0 5946,0 31,9 488,0 70457,0 -64510,0
17+180 0,3 73,0 6019,0 59,7 916,0 71373,0 -65353,0
17+200 0,0 3,0 6022,0 94,8 1545,0 72918,0 -66896,0
17+220 0,0 0,0 6022,0 121,8 2166,0 75083,0 -69061,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m®)| Vol. At. Ac. (m°) | Balango (m°)
17+240 0,0 0,0 6022,0 76,8 1986,0 77070,0 -71047,0
17+260 1,3 13,0 6035,0 48,3 1251,0 78321,0 -72286,0
17+280 11,6 128,0 6163,0 19,3 676,0 78997,0 -72834,0
17+300 28,6 401,0 6565,0 3,7 230,0 79227,0 -72663,0
17+320 9,7 383,0 6948,0 20,9 246,0 79473,0 -72526,0
17+340 0,0 97,0 7045,0 60,4 813,0 80286,0 -73241,0
17+360 0,0 0,0 7045,0 107,9 1684,0 81970,0 -74925,0
17+380 0,0 0,0 7045,0 136,7 2446,0 84416,0 -77371,0
17+400 0,0 0,0 7045,0 168,4 3051,0 87467,0 -80422,0
17+420 0,0 0,0 7045,0 133,3 3017,0 90484,0 -83439,0
17+440 0,0 0,0 7045,0 76,9 2103,0 92586,0 -85541,0
17+460 4,6 46,0 7091,0 49,1 1260,0 93846,0 -86755,0
17+480 8,3 129,0 7220,0 34,6 837,0 94683,0 -87463,0
17+500 7,2 155,0 7375,0 41,4 761,0 95444,0 -88069,0
17+520 0,0 72,0 7447,0 74,5 1159,0 96603,0 -89156,0
17+540 1,0 10,0 7458,0 66,5 1410,0 98013,0 -90556,0
17+560 4,5 55,0 7513,0 66,9 1334,0 99348,0 -91835,0
17+580 3,6 81,0 7594,0 70,2 1371,0 100719,0 -93125,0
17+600 2,1 57,0 7650,0 60,6 1308,0 102026,0 -94376,0
17+620 4,9 69,0 7720,0 451 1057,0 103083,0 -95364,0
17+640 4,6 94,0 7814,0 43,6 888,0 103971,0 -96157,0
17+660 1,9 65,0 7879,0 68,2 1118,0 105089,0 -97210,0
17+680 0,0 19,0 7898,0 75,6 1437,0 106526,0 -98628,0
17+700 9,1 91,0 7989,0 45,7 1213,0 107740,0 -99751,0
17+720 19,9 289,0 8278,0 20,4 661,0 108401,0 -100122,0
17+740 8,6 285,0 8563,0 33,6 540,0 108940,0 -100377,0
17+760 3,7 123,0 8686,0 52,3 859,0 109800,0 -101114,0
17+780 0,0 37,0 8723,0 97,1 1495,0 111294,0 -102572,0
17+800 8,2 82,0 8805,0 40,8 1380,0 112674,0 -103869,0
17+820 26,2 344.,0 9148,0 15,8 567,0 113241,0 -104093,0
17+840 33,4 595,0 9744,0 12,8 286,0 113527,0 -103783,0
17+860 30,9 642,0 10386,0 12,6 253,0 113780,0 -103394,0
17+880 3,7 346,0 10732,0 41,4 539,0 114319,0 -103588,0
17+900 0,0 37,0 10769,0 158,2 1995,0 116315,0 -105546,0
17+920 0,0 0,0 10769,0 279,7 4379,0 120694,0 -109925,0
17+940 0,0 0,0 10769,0 140,3 4200,0 124894,0 -114125,0
17+960 8,7 87,0 10856,0 27,4 1677,0 126571,0 -115715,0
17+980 17,4 261,0 11117,0 17,2 4470 127018,0 -115900,0
18+000 11,8 292,0 11409,0 23,4 406,0 127424,0 -116015,0
18+020 9,7 215,0 11624,0 30,0 535,0 127959,0 -116335,0
18+040 8,7 184,0 11808,0 33,1 632,0 128590,0 -116782,0
18+060 1,4 102,0 11910,0 58,6 918,0 129508,0 -117598,0
18+080 0,0 14,0 11924,0 95,5 1542,0 131050,0 -119126,0
18+100 0,0 0,0 11924,0 118,6 2141,0 133191,0 -121267,0
18+120 0,0 0,0 11924,0 128,5 2471,0 135662,0 -123738,0
18+140 0,0 0,0 11924,0 109,2 2377,0 138039,0 -126115,0
18+160 1,6 16,0 11940,0 87,2 1964,0 140003,0 -128063,0
18+180 0,5 21,0 11961,0 148,9 2361,0 142365,0 -130403,0
18+200 0,0 50 11967,0 237,3 3862,0 146227,0 -134260,0
18+220 0,0 0,0 11967,0 308,7 5460,0 151687,0 -139720,0
18+240 0,0 0,0 11967,0 2545 5632,0 157318,0 -145352,0
18+260 0,4 4,0 11970,0 141,0 3955,0 161273,0 -149303,0
18+280 6,3 67,0 12038,0 51,9 1929,0 163202,0 -151164,0
18+300 6,9 132,0 12170,0 41,7 935,0 164137,0 -151967,0
18+320 5,8 127,0 12297,0 449 866,0 165003,0 -152706,0
18+340 0,0 58,0 12355,0 77,9 1227,0 166230,0 -153875,0
18+360 0,0 0,0 12356,0 92,3 1702,0 167932,0 -155577,0
18+380 21 21,0 12377,0 60,1 1525,0 169457,0 -157080,0
18+400 3,0 52,0 12428,0 50,1 1102,0 170559,0 -158130,0
18+420 0,0 30,0 12459,0 1046 1547,0 172105,0 -159647,0
18+440 0,0 0,0 12459,0 127.,4 2320,0 174425,0 -161966,0
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km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m®)| Vol. At. Ac. (m°) | Balango (m°)
18+460 2,7 27,0 12485,0 77,6 2049,0 176475,0 -163989,0
18+480 4,8 75,0 12560,0 62,4 1400,0 177874,0 -165314,0
18+500 1,3 61,0 12621,0 80,6 1430,0 179304,0 -166683,0
18+520 0,0 13,0 12634,0 140,3 2210,0 181514,0 -168880,0
18+540 0,0 0,0 12634,0 1479 2882,0 184396,0 -171762,0
18+560 24 24,0 12658,0 54,4 2023,0 186418,0 -173761,0
18+580 16,8 191,0 12849,0 23,3 777,0 187195,0 -174346,0
18+600 33,5 503,0 13352,0 13,7 370,0 187565,0 -174213,0
18+620 24 .4 580,0 13932,0 13,7 275,0 187840,0 -173908,0
18+640 47,6 720,0 14652,0 0,0 137,0 187977,0 -173325,0
18+660 49,5 971,0 15624,0 0,0 0,0 187977,0 -172354,0
18+680 69,9 1195,0 16818,0 0,0 0,0 187977,0 -171159,0
18+700 94,7 1646,0 18464,0 0,0 0,0 187977,0 -169513,0
18+720 103,4 1980,0 20445,0 0,0 0,0 187977,0 -167533,0
18+740 93,6 1969,0 22414,0 0,0 0,0 187977,0 -165563,0
18+760 67,5 1610,0 24024,0 0,0 0,0 187977,0 -163953,0
18+780 47,9 1153,0 25178,0 0,0 0,0 187977,0 -162800,0
18+800 241 719,0 25897,0 4,1 41,0 188018,0 -162121,0
18+820 13,2 373,0 26270,0 16,7 208,0 188226,0 -161955,0
18+840 5,7 189,0 26460,0 411 578,0 188804,0 -162344,0
18+860 0,0 57,0 26516,0 66,7 1078,0 189882,0 -163366,0
18+880 0,0 0,0 26516,0 73,4 1402,0 191284,0 -164767,0
18+900 0,0 0,0 26516,0 72,1 1456,0 192739,0 -166223,0
18+920 0,0 0,0 26516,0 68,7 1408,0 194147,0 -167631,0
18+940 29 29,0 26545,0 50,4 1191,0 195338,0 -168793,0
18+960 55 84,0 26630,0 37,8 882,0 196220,0 -169591,0
18+980 4,9 104,0 26734,0 46,2 840,0 197061,0 -170327,0
19+000 0,0 49,0 26782,0 83,0 1292,0 198353,0 -171571,0
19+020 0,0 0,0 26782,0 76,4 1594,0 199947.,0 -173165,0
19+040 0,0 0,0 26782,0 89,7 1661,0 201608,0 -174825,0
19+060 0,0 0,0 26782,0 107,7 1974,0 203582,0 -176799,0
19+080 0,0 0,0 26782,0 1541 2618,0 206200,0 -179418,0
19+100 0,0 0,0 26782,0 168,1 3221,0 209422,0 -182639,0
19+120 0,0 0,0 26782,0 128,7 2968,0 212389,0 -185607,0
19+140 0,0 0,0 26782,0 70,2 1989,0 214378,0 -187596,0
19+160 8,0 80,0 26862,0 34,5 1047,0 215425,0 -188563,0
19+180 20,0 279,0 27141,0 10,1 446,0 215871,0 -188729,0
19+200 40,7 607,0 27748,0 0,3 104,0 215974,0 -188226,0
19+220 29,8 705,0 28453,0 2,1 24,0 215998,0 -187545,0
19+240 14,5 443,0 28896,0 16,1 182,0 216181,0 -187284,0
19+260 0,6 152,0 29048,0 60,8 769,0 216950,0 -187902,0
19+280 0,0 6,0 29054,0 135,8 1966,0 218916,0 -189862,0
19+300 0,0 0,0 29054,0 97,9 2337,0 221253,0 -192199,0
19+320 4,5 45,0 29099,0 47,1 1450,0 222702,0 -193603,0
19+340 59 104,0 29203,0 41,5 886,0 223589,0 -194385,0
19+360 2,2 80,0 29284,0 47,4 890,0 224478,0 -195195,0
19+380 7.4 96,0 29379,0 34,8 822,0 225300,0 -195921,0
19+400 7,6 150,0 29529,0 32,7 675,0 225975,0 -196446,0
19+420 3,0 106,0 29635,0 48,0 807,0 226782,0 -197147,0
19+440 0,0 30,0 29665,0 69,9 1179,0 227961,0 -198296,0
19+460 0,5 50 29670,0 57,1 1270,0 229230,0 -199561,0
19+480 7,3 78,0 29748,0 32,2 892,0 230122,0 -200375,0
19+500 15,4 227,0 29975,0 16,5 487,0 230610,0 -200634,0
19+520 15,6 310,0 30285,0 15,9 325,0 230934,0 -200649,0
19+540 8,9 2450 30530,0 31,1 470,0 231405,0 -200875,0
19+560 1,4 102,0 30632,0 50,6 817,0 232221,0 -201589,0
19+580 0,0 14,0 30646,0 69,2 1198,0 233419,0 -202773,0
19+600 0,0 0,0 30647,0 99,4 1686,0 235105,0 -204459,0
19+620 0,0 0,0 30647,0 149,2 2486,0 237591,0 -206944,0
19+640 0,0 0,0 30647,0 133,5 2826,0 240417,0 -209771,0
19+660 0,0 0,0 30647,0 86,5 2200,0 242617,0 -211971,0
19+680 2,5 25,0 30671,0 49,5 1360,0 243978,0 -213306,0
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19+700 19,0 215,0 30886,0 14,6 641,0 244618,0 -213732,0
19+720 40,6 596,0 31482,0 0,7 153,0 244771,0 -213289,0
19+740 56,6 971,0 32454,0 0,0 7,0 244779,0 -212325,0
19+760 72,0 1286,0 33739,0 0,0 0,0 244779,0 -211039,0
19+780 95,6 1676,0 35416,0 0,0 0,0 244779,0 -209363,0
19+800 106,6 2022,0 37438,0 0,0 0,0 244779,0 -207341,0
19+820 105,2 2118,0 39556,0 0,0 0,0 244779,0 -205222,0
19+840 78,4 1836,0 41392,0 0,0 0,0 244779,0 -203386,0
19+860 41,4 1198,0 42591,0 0,0 0,0 244779,0 -202188,0
19+880 15,7 571,0 43162,0 19,1 191,0 244970,0 -201808,0
19+900 0,0 157,0 43320,0 77,8 970,0 245939,0 -202620,0
19+920 0,0 0,0 43320,0 152,2 2300,0 248239,0 -204920,0
19+940 0,0 0,0 43320,0 218,1 3702,0 251941,0 -208622,0
19+960 0,0 0,0 43320,0 202,5 4206,0 256147,0 -212827,0
19+980 0,0 0,0 43320,0 1247 3271,0 259418,0 -216099,0
20+000 0,0 0,0 43320,0 119,9 2445,0 261864,0 -218544.,0
20+020 0,1 1,0 43321,0 64,7 1846,0 263709,0 -220389,0
20+040 10,3 105,0 43425,0 22,8 875,0 264585,0 -221160,0
20+060 15,8 261,0 43687,0 15,8 386,0 264971,0 -221284,0
20+080 18,7 345,0 44031,0 10,2 260,0 265231,0 -221200,0
20+100 13,4 321,0 44352,0 22,7 330,0 265561,0 -221208,0
20+120 4,0 174,0 44526,0 45,8 685,0 266246,0 -221720,0
20+140 0,0 40,0 44566,0 85,7 1315,0 267561,0 -222995,0
20+160 0,0 0,0 44566,0 139,7 2254,0 269815,0 -225249,0
20+180 0,0 0,0 44566,0 157,0 2967,0 272783,0 -228217,0
20+200 0,0 0,0 44566,0 130,9 2879,0 275661,0 -231095,0
20+220 0,0 0,0 44566,0 125,4 2563,0 278224,0 -233658,0
20+240 0,0 0,0 44566,0 115,5 2408,0 280632,0 -236066,0
20+260 0,0 0,0 44566,0 101,0 2165,0 282797,0 -238231,0
20+280 0,0 0,0 44566,0 82,1 1831,0 284628,0 -240062,0
20+300 0,2 2,0 44568,0 70,5 1526,0 286154,0 -241586,0
20+320 4,5 47,0 44615,0 46,6 1171,0 287325,0 -242710,0
20+340 6,9 115,0 44729,0 36,2 828,0 288153,0 -243424.,0
20+341,809 6,4 12,0 44742,0 36,2 65,0 288219,0 -243477,0
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12+576,148 50,5 0,0 0,0 0,0 0,0 0,0 0,0

12+580 46,0 186,0 186,0 0,0 0,0 0,0 186,0

12+600 54,5 1005,0 1191,0 0,0 0,0 0,0 1191,0

12+620 34,3 887,0 2078,0 1,5 15,0 15,0 2064,0

12+640 31,0 653,0 2731,0 2,3 37,0 52,0 2679,0

12+660 31,1 621,0 3352,0 1,3 36,0 88,0 3264,0

12+680 24,0 551,0 3903,0 3,7 50,0 138,0 3765,0

12+700 19,2 432,0 4335,0 10,4 141,0 279,0 4055,0

12+720 1,4 307,0 4641,0 22,4 328,0 607,0 4034,0

12+740 6,3 177,0 4819,0 34,0 564,0 1171,0 3648,0

12+760 0,8 71,0 4890,0 56,1 902,0 2073,0 2817,0

12+780 1,9 28,0 4918,0 52,5 1087,0 3159,0 1758,0

12+800 2,5 44,0 4962,0 494 1019,0 4179,0 783,0

12+820 2,0 45,0 5007,0 52,0 1014,0 5193,0 -186,0

12+840 0,4 25,0 5032,0 61,9 1140,0 6333,0 -1300,0
12+860 0,0 4,0 5037,0 70,8 1327,0 7660,0 -2623,0
12+880 0,4 4,0 5041,0 57,9 1287,0 8947,0 -3906,0
12+900 2,3 27,0 5067,0 50,4 1083,0 10030,0 -4963,0
12+920 3,2 55,0 5122,0 46,0 964,0 10993,0 -5871,0
12+940 3,9 70,0 5192,0 44,3 902,0 11896,0 -6704,0
12+960 3,2 70,0 5262,0 45,7 900,0 12796,0 -7534,0
12+980 0,3 35,0 5298,0 62,6 1084,0 13880,0 -8582,0
13+000 3,9 42,0 5340,0 43,5 1061,0 14941,0 -9602,0
13+020 5,0 88,0 5428,0 39,5 831,0 15772,0 -10344,0
13+040 53 103,0 5531,0 37,9 775,0 16547,0 -11016,0
13+060 5,7 110,0 5641,0 37,2 751,0 17298,0 -11657,0
13+080 55 112,0 5753,0 38,0 752,0 18050,0 -12297,0
13+100 5,9 114,0 5867,0 37,6 756,0 18806,0 -12939,0
13+120 6,2 121,0 5989,0 35,7 733,0 19539,0 -13550,0
13+140 6,6 127,0 6116,0 35,5 712,0 20251,0 -14134,0
13+160 7,6 142,0 6258,0 32,7 682,0 20932,0 -14675,0
13+180 8,7 163,0 6421,0 29,5 621,0 21554,0 -15133,0
13+200 9,2 179,0 6599,0 28,3 577,0 22131,0 -15532,0
13+220 7,2 164,0 6763,0 324 606,0 22738,0 -15974,0
13+240 0,6 78,0 6841,0 50,7 831,0 23568,0 -16727,0
13+260 0,0 6,0 6847,0 75,0 1257,0 24825,0 -17978,0
13+280 0,3 3,0 6851,0 64,0 1390,0 26215,0 -19365,0
13+300 1,3 17,0 6867,0 56,1 1201,0 27417,0 -20549,0
13+320 2,8 41,0 6909,0 48,6 1047,0 28464,0 -21555,0
13+340 54 83,0 6991,0 39,5 880,0 29344,0 -22353,0
13+360 6,8 122,0 7113,0 341 736,0 30080,0 -22967,0
13+380 9,7 165,0 7278,0 27,2 613,0 30693,0 -23415,0
13+400 12,0 217,0 7495,0 22,7 498,0 31192,0 -23697,0
13+420 1,7 236,0 7731,0 23,5 461,0 31653,0 -23922,0
13+440 10,6 223,0 7954,0 25,4 488,0 32141,0 -24187,0
13+460 9,1 198,0 8152,0 29,3 547,0 32688,0 -24536,0
13+480 53 144,0 8296,0 38,2 675,0 33363,0 -25067,0
13+500 1,5 68,0 8364,0 51,0 892,0 34255,0 -25891,0
13+520 0,0 15,0 8379,0 67,5 1184,0 35439,0 -27060,0
13+540 0,0 0,0 8379,0 83,6 1510,0 36949,0 -28571,0
13+560 0,0 0,0 8379,0 99,0 1825,0 38775,0 -30396,0
13+580 0,0 0,0 8379,0 99,4 1984,0 40759,0 -32380,0
13+600 0,0 0,0 8379,0 96,3 1958,0 42717,0 -34338,0
13+620 0,0 0,0 8379,0 84,2 1806,0 44522.0 -36144,0
13+640 0,0 0,0 8379,0 74,9 1591,0 46114,0 -37735,0
13+660 0,0 0,0 8379,0 65,8 1407,0 47520,0 -39142,0
13+680 0,2 2,0 8381,0 60,2 1260,0 48780,0 -40400,0
13+700 1,0 12,0 8393,0 56,0 1163,0 49943,0 -41551,0
13+720 1,5 25,0 8418,0 52,4 1084,0 51027,0 -42609,0
13+740 2,5 40,0 8458,0 49,2 1016,0 52043,0 -43586,0
13+760 2,8 53,0 8511,0 47,1 963,0 53006,0 -44495,0
13+780 3,4 63,0 8574,0 45,9 930,0 53936,0 -45363,0
13+800 2,8 63,0 8636,0 47,8 937,0 54873,0 -46237,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m*)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) | Area (m?)] Vol.aterro (m°)| Vol. At. Ac. (m°) | Balango (m°)
13+820 1,0 39,0 8675,0 55,9 1037,0 55910,0 -47235,0
13+840 2,1 31,0 8706,0 54,2 1101,0 57011,0 -48305,0
13+860 0,2 23,0 8729,0 62,1 1162,0 58173,0 -49445,0
13+880 0,0 2,0 8730,0 741 1362,0 59535,0 -50805,0
13+900 0,9 9,0 8740,0 57,7 1319,0 60854,0 -52114,0
13+901,096 0,8 1,0 8741,0 58,0 63,0 60917,0 -52177,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m°)| Vol. At. Ac. (m°) [ Balango (m®)
25+505,485 7,0 0,0 0,0 34,1 0,0 0,0 0,0

25+520 54 90,0 90,0 40,1 539,0 539,0 -448,0

25+540 6,9 123,0 213,0 36,7 768,0 1307,0 -1093,0
25+560 59 128,0 342,0 38,1 748,0 2055,0 -1714,0
25+580 4,6 105,0 446,0 44,7 828,0 2883,0 -2437,0
25+600 3,6 82,0 528,0 47,9 926,0 3809,0 -3281,0
25+620 0,9 46,0 574,0 64,6 1125,0 4934,0 -4361,0
25+640 0,0 9,0 583,0 88,2 1528,0 6462,0 -5880,0
25+660 0,0 0,0 583,0 89,2 1774,0 8236,0 -7653,0
25+680 0,0 0,0 583,0 65,8 1550,0 9787,0 -9204,0
25+700 4,8 48,0 631,0 46,5 1123,0 10910,0 -10279,0
25+720 7,3 121,0 752,0 35,3 818,0 11728,0 -10976,0
25+740 7.4 146,0 898,0 35,3 706,0 12434,0 -11536,0
25+760 6,8 142,0 1040,0 36,2 715,0 13149,0 -12109,0
25+780 4,5 114,0 1154,0 42,0 782,0 13931,0 -12777,0
25+800 24 70,0 1224,0 49,4 914,0 14844,0 -13621,0
25+820 0,4 28,0 1252,0 58,5 1078,0 15923,0 -14671,0
25+840 0,0 4,0 1256,0 70,1 1285,0 17208,0 -15952,0
25+860 0,0 0,0 1256,0 81,7 1518,0 18726,0 -17470,0
25+880 0,0 0,0 1256,0 90,0 1717,0 20443,0 -19187,0
25+900 0,0 0,0 1256,0 77,5 1675,0 22118,0 -20862,0
25+920 0,4 4,0 1259,0 61,2 1387,0 23505,0 -22246,0
25+940 0,7 11,0 1270,0 60,1 1214,0 24719,0 -23449,0
25+960 1,2 19,0 1289,0 60,4 1206,0 25925,0 -24636,0
25+980 0,0 12,0 1301,0 89,6 1501,0 27425,0 -26124,0
26+000 0,0 0,0 1301,0 139,3 2289,0 29714,0 -28413,0
26+020 0,0 0,0 1301,0 160,0 2993,0 32707,0 -31406,0
26+040 0,0 0,0 1301,0 145,8 3058,0 35765,0 -34464,0
26+060 0,1 1,0 1302,0 87,1 2329,0 38094,0 -36792,0
26+080 34 35,0 1338,0 50,3 1374,0 39469,0 -38131,0
26+100 8,7 122,0 1459,0 36,3 866,0 40335,0 -38875,0
26+120 9,0 178,0 1637,0 34,8 710,0 41045,0 -39408,0
26+140 3,3 123,0 1760,0 51,4 862,0 41907,0 -40147,0
26+160 0,0 33,0 1793,0 88,9 1403,0 43311,0 -41518,0
26+180 0,0 0,0 1793,0 1231 2121,0 45431,0 -43638,0
26+200 0,0 0,0 1793,0 118,3 2414,0 47845,0 -46052,0
26+220 0,1 1,0 1794,0 91,5 2098,0 49943,0 -48150,0
26+240 0,1 2,0 1796,0 85,5 1771,0 51714,0 -49918,0
26+260 0,0 2,0 1797,0 88,8 1743,0 53457,0 -51660,0
26+280 0,2 2,0 1799,0 105,8 1946,0 55403,0 -53604,0
26+300 0,0 2,0 1801,0 118,0 2239,0 57642,0 -55841,0
26+320 0,0 0,0 1801,0 119,4 2375,0 60016,0 -58216,0
26+340 0,0 0,0 1801,0 77,5 1969,0 61986,0 -60185,0
26+360 3,3 33,0 1833,0 42,2 1197,0 63182,0 -61349,0
26+380 9,3 126,0 1959,0 33,2 754,0 63936,0 -61977,0
26+400 10,3 196,0 2155,0 29,3 625,0 64562,0 -62407,0
26+420 10,7 209,0 2365,0 26,7 560,0 65122,0 -62757,0
26+440 11,1 218,0 2583,0 23,8 505,0 65626,0 -63044,0
26+460 10,6 217,0 2800,0 25,5 492,0 66119,0 -63319,0
26+480 8,9 195,0 2995,0 29,3 548,0 66667,0 -63672,0
26+500 5,8 147,0 3142,0 35,5 649,0 67316,0 -64174,0
26+520 1,0 68,0 3210,0 52,5 881,0 68196,0 -64986,0
26+540 0,0 10,0 3220,0 92,4 1449,0 69646,0 -66425,0
26+560 0,0 0,0 3220,0 134,6 2270,0 71916,0 -68695,0
26+580 0,0 0,0 3220,0 135,8 2704,0 74619,0 -71399,0
26+600 0,0 0,0 3220,0 143,3 2791,0 77410,0 -74190,0
26+620 0,0 0,0 3220,0 1427 2860,0 80270,0 -77050,0
26+640 0,0 0,0 3221,0 128,9 2716,0 82987,0 -79766,0
26+660 0,0 0,0 3221,0 110,0 2389,0 85376,0 -82155,0
26+680 0,0 0,0 3221,0 82,3 1923,0 87299,0 -84078,0
26+700 0,4 4,0 3225,0 56,6 1389,0 88688,0 -85463,0
26+720 4,2 46,0 3271,0 39,9 965,0 89653,0 -86383,0
26+740 11,0 151,0 3422,0 22,8 627,0 90280,0 -86858,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m°)| Vol. At. Ac. (m°) [ Balango (m®)
36+624,813 0,0 0,0 0,0 85,7 0,0 0,0 0,0

36+640 0,0 0,0 0,0 99,8 1409,0 1409,0 -1409,0
36+660 0,0 0,0 0,0 72,2 1721,0 3130,0 -3130,0
36+680 52 52,0 52,0 44 4 1166,0 4296,0 -4244,0
36+700 10,3 155,0 206,0 26,7 710,0 5006,0 -4799,0
36+720 13,3 236,0 443,0 20,5 472,0 5478,0 -5035,0
36+740 16,0 2940 737,0 13,9 344,0 5822,0 -5085,0
36+760 18,9 350,0 1086,0 11,0 249,0 6071,0 -4984,0
36+780 19,0 379,0 1466,0 9,8 208,0 6279,0 -4813,0
36+800 16,8 358,0 1824,0 13,5 232,0 6511,0 -4687,0
36+820 14,8 316,0 2139,0 171 305,0 6816,0 -4677,0
36+840 19,0 338,0 2477,0 12,1 292,0 7108,0 -4630,0
36+860 22,3 413,0 2891,0 8,4 205,0 7313,0 -4422,0
36+880 23,0 453,0 3344,0 7,3 157,0 7470,0 -4126,0
36+900 20,4 434,0 3778,0 8,2 155,0 7625,0 -3846,0
36+920 20,3 407,0 4185,0 7,0 152,0 7776,0 -3591,0
36+940 25,0 453,0 4639,0 2,8 98,0 7874,0 -3235,0
36+960 34,4 593,0 5232,0 0,0 28,0 7902,0 -2670,0
36+980 47,4 818,0 6050,0 0,0 0,0 7902,0 -1852,0
37+000 61,5 1089,0 7138,0 0,0 0,0 7902,0 -764,0

37+020 73,2 1347,0 8485,0 0,0 0,0 7902,0 583,0

37+040 88,2 1614,0 10100,0 0,0 0,0 7902,0 2197,0
37+060 103,0 1912,0 12011,0 0,0 0,0 7902,0 4109,0
37+080 116,7 2197,0 14208,0 0,0 0,0 7902,0 6306,0
37+100 124,5 2412,0 16620,0 0,0 0,0 7902,0 8718,0
37+120 116,5 2409,0 19030,0 0,0 0,0 7902,0 11127,0
37+140 105,8 2223,0 21252,0 0,0 0,0 7902,0 13350,0
37+160 81,5 1872,0 23125,0 0,0 0,0 7902,0 15222,0
37+180 57,8 1392,0 24517,0 0,0 0,0 7902,0 16615,0
37+200 39,9 977,0 25494,0 0,0 0,0 7902,0 17592,0
37+220 20,4 604,0 26098,0 5,8 58,0 7960,0 18138,0
37+240 8,6 290,0 26389,0 25,3 311,0 8272,0 18117,0
37+260 2,6 112,0 26500,0 454 707,0 8979,0 17521,0
37+280 0,4 29,0 26529,0 56,4 1017,0 9996,0 16533,0
37+300 0,0 4,0 26533,0 64,2 1206,0 11202,0 15331,0
37+320 0,0 0,0 26533,0 67,2 1314,0 12517,0 14016,0
37+340 0,0 0,0 26533,0 66,4 1335,0 13852,0 12681,0
37+360 0,4 4,0 26537,0 57,0 1234,0 15086,0 11452,0
37+380 2,6 31,0 26568,0 47,4 1044,0 16130,0 10438,0
37+400 6,1 87,0 26655,0 34,4 819,0 16949,0 9707,0
37+420 9,0 151,0 26807,0 27,9 624,0 17572,0 9234,0
37+440 12,1 212,0 27018,0 211 490,0 18063,0 8956,0
37+460 13,9 260,0 27279,0 17,7 388,0 18451,0 8828,0
37+480 13,6 275,0 27553,0 18,4 361,0 18812,0 8741,0
37+500 12,3 259,0 27813,0 23,4 417,0 19230,0 8583,0
37+520 12,2 246,0 28058,0 21,8 452,0 19681,0 8377,0
37+540 10,8 230,0 28288,0 24,6 464,0 20145,0 8143,0
37+560 9,6 203,0 28491,0 27,2 518,0 20663,0 7828,0
37+580 7.4 169,0 28661,0 32,0 592,0 21255,0 7405,0
37+600 55 129,0 28789,0 36,0 680,0 21935,0 6855,0
37+620 4,2 97,0 28886,0 41,4 774,0 22709,0 6178,0
37+640 4,3 85,0 28971,0 41,4 827,0 23536,0 5435,0
37+660 3.4 77,0 29048,0 45,0 864,0 24400,0 4648,0
37+680 34 68,0 29117,0 43,7 887,0 25287,0 3830,0
37+700 4,1 76,0 29193,0 41,5 852,0 26139,0 3053,0
37+720 4,3 85,0 29277,0 41,2 827,0 26966,0 2311,0
37+740 4,8 91,0 29368,0 41,3 825,0 27791,0 1577,0
37+760 5,6 104,0 29472,0 39,8 811,0 28602,0 870,0

37+780 5,2 109,0 29581,0 40,8 806,0 29408,0 173,0

37+800 4,6 99,0 29679,0 425 833,0 30241,0 -562,0

37+820 4,2 89,0 29768,0 42,6 852,0 31092,0 -1324,0
37+840 5,8 100,0 29868,0 38,4 810,0 31902,0 -2034,0
37+860 7,4 132,0 30000,0 32,6 709,0 32611,0 -2611,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m°)| Vol. At. Ac. (m°) [ Balango (m®)
37+880 10,8 183,0 30183,0 26,3 589,0 33200,0 -3017,0
37+900 11,6 225,0 30408,0 22,5 488,0 33688,0 -3280,0
37+920 11,6 232,0 30639,0 23,5 459,0 34147,0 -3508,0
37+940 11,4 230,0 30869,0 23,9 473,0 34621,0 -3752,0
37+960 9,7 211,0 31080,0 27,4 513,0 35133,0 -4053,0
37+980 9,6 194,0 31274,0 28,2 555,0 35689,0 -4415,0
38+000 9,1 187,0 31461,0 291 572,0 36261,0 -4800,0
38+020 8,0 171,0 31632,0 29,9 590,0 36851,0 -5219,0
38+040 6,5 145,0 31777,0 35,1 650,0 37501,0 -5724,0
38+060 59 124,0 31901,0 38,5 736,0 38237,0 -6336,0
38+080 3,5 94,0 31995,0 45,0 835,0 39072,0 -7077,0
38+100 3.1 66,0 32061,0 47,0 920,0 39992,0 -7931,0
38+120 4,8 79,0 32140,0 40,6 876,0 40868,0 -8728,0
38+140 7,7 125,0 32265,0 32,4 730,0 41598,0 -9333,0
38+160 9,8 175,0 32441,0 28,1 605,0 42203,0 -9762,0
38+180 11,7 215,0 32656,0 23,0 510,0 42713,0 -10057,0
38+200 12,9 246,0 32901,0 20,7 436,0 43149,0 -10248,0
38+220 12,3 251,0 33153,0 20,4 411,0 43560,0 -10407,0
38+240 8,6 209,0 33362,0 28,9 493,0 44053,0 -10691,0
38+260 4,0 127,0 33489,0 41,3 702,0 44755,0 -11266,0
38+280 1,7 57,0 33546,0 50,0 913,0 45667,0 -12121,0
38+300 1,2 30,0 33576,0 53,4 1034,0 46702,0 -13126,0
38+320 0,7 19,0 33595,0 57,9 1114,0 47815,0 -14221,0
38+340 0,0 7,0 33602,0 62,4 1203,0 49018,0 -15417,0
38+360 2,9 30,0 33631,0 47,8 1102,0 50121,0 -16489,0
38+380 9,5 124,0 33756,0 28,4 763,0 50883,0 -17128,0
38+400 13,1 226,0 33981,0 21,3 497,0 51380,0 -17399,0
38+420 14,8 279,0 34260,0 16,7 380,0 51760,0 -17500,0
38+440 14,3 291,0 34552,0 17,9 346,0 52106,0 -17554,0
38+460 12,7 270,0 34821,0 20,7 386,0 52492,0 -17671,0
38+480 11,1 238,0 35060,0 24 .4 451,0 52944,0 -17884,0
38+500 9,1 202,0 35262,0 27,8 522,0 53466,0 -18204,0
38+520 6,6 157,0 35419,0 32,5 603,0 54069,0 -18650,0
38+540 9,2 158,0 35576,0 27,4 599,0 54668,0 -19092,0
38+560 8,5 177,0 35753,0 28,9 563,0 55231,0 -19478,0
38+580 8,7 172,0 35925,0 28,4 573,0 55804,0 -19878,0
38+600 9,7 184,0 36109,0 271 554,0 56358,0 -20249,0
38+620 111 208,0 36317,0 23,8 509,0 56867,0 -20550,0
38+640 10,3 2140 36530,0 26,8 506,0 57373,0 -20842,0
38+660 7,5 179,0 36709,0 32,1 589,0 57962,0 -21253,0
38+680 50 125,0 36834,0 37,3 694,0 58656,0 -21821,0
38+700 7,3 123,0 36958,0 32,5 697,0 59353,0 -22396,0
38+720 11,0 183,0 37141,0 241 566,0 59919,0 -22778,0
38+740 18,0 290,0 37431,0 12,0 362,0 60281,0 -22850,0
38+760 19,3 373,0 37804,0 9,7 218,0 60499,0 -22695,0
38+780 19,1 385,0 38188,0 9,3 190,0 60689,0 -22500,0
38+800 22,3 4140 38602,0 55 148,0 60837,0 -22234,0
38+820 33,6 559,0 39161,0 0,3 58,0 60895,0 -21733,0
38+840 46,6 802,0 39964,0 0,0 3,0 60898,0 -20934,0
38+860 58,8 1054,0 41018,0 0,0 0,0 60898,0 -19880,0
38+880 68,1 1269,0 42287,0 0,0 0,0 60898,0 -18611,0
38+900 71,9 1400,0 43686,0 0,0 0,0 60898,0 -17211,0
38+920 58,6 1305,0 44991,0 0,0 0,0 60898,0 -15906,0
38+940 44,6 1032,0 46023,0 0,0 0,0 60898,0 -14874,0
38+960 29,3 738,0 46762,0 1,5 15,0 60913,0 -14151,0
38+980 20,6 499,0 47260,0 7.4 90,0 61002,0 -13742,0
39+000 14,2 348,0 47608,0 17,7 251,0 61254,0 -13646,0
39+020 7.4 216,0 47824,0 32,0 497,0 61750,0 -13927,0
39+040 3,2 106,0 47930,0 441 761,0 62512,0 -14581,0
39+060 1,6 48,0 47978,0 53,3 974,0 63486,0 -15507,0
39+080 2,4 40,0 48018,0 46,8 1001,0 64486,0 -16468,0
39+100 5,7 81,0 48099,0 41,0 878,0 65365,0 -17266,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m°)| Vol. At. Ac. (m°) [ Balango (m®)

39+120 10,6 163,0 48262,0 28,1 691,0 66056,0 -17794,0
39+140 12,1 227,0 48489,0 24,0 521,0 66576,0 -18087,0
39+160 12,0 2410 48730,0 23,2 472,0 67048,0 -18318,0
39+180 12,5 246,0 48976,0 22,8 460,0 67508,0 -18532,0
39+200 8,2 208,0 49184,0 31,8 546,0 68054,0 -18870,0
39+220 1,7 99,0 49282,0 53,0 848,0 68902,0 -19619,0
39+240 0,9 26,0 49309,0 49,4 1024,0 69925,0 -20617,0
39+260 9,3 103,0 49411,0 29,2 785,0 70711,0 -21300,0
39+280 14,7 240,0 49651,0 17,2 464,0 71174,0 -21523,0
39+300 211 358,0 50009,0 6,7 238,0 71413,0 -21404,0
39+320 26,8 479,0 50487,0 34 101,0 71514,0 -21027,0
39+340 32,0 587,0 51074,0 1,4 49,0 71562,0 -20488,0
39+360 36,4 684,0 51758,0 0,1 15,0 71577,0 -19819,0
39+380 40,8 772,0 52530,0 0,0 1,0 71578,0 -19048,0
39+400 36,5 772,0 53303,0 0,0 0,0 71578,0 -18275,0
39+420 35,9 724,0 54027,0 0,7 7,0 71585,0 -17558,0
39+440 32,4 683,0 54710,0 1,8 24,0 71609,0 -16899,0
39+460 33,2 655,0 55365,0 1,5 33,0 71642,0 -16277,0
39+480 34,7 679,0 56044,0 1,2 28,0 71670,0 -15626,0
39+500 33,3 680,0 56724,0 1,3 26,0 71695,0 -14971,0
39+520 33,2 665,0 57390,0 1,2 25,0 71720,0 -14331,0
39+540 34,6 678,0 58068,0 1,1 23,0 71743,0 -13675,0
39+560 37,7 722,0 58790,0 0,0 11,0 71754,0 -12964,0
39+580 52,1 897,0 59688,0 0,0 0,0 71754,0 -12067,0
39+600 68,3 1204,0 60892,0 0,0 0,0 71754,0 -10863,0
39+620 89,3 1576,0 62467,0 0,0 0,0 71754,0 -9287,0
39+640 108,5 1978,0 64445,0 0,0 0,0 71754,0 -7310,0
39+660 131,8 2403,0 66848,0 0,0 0,0 71754,0 -4906,0
39+680 152,7 2845,0 69693,0 0,0 0,0 71754,0 -2061,0
39+700 173,4 3262,0 72955,0 0,0 0,0 71754,0 1201,0

39+720 187,0 3604,0 76559,0 0,0 0,0 71754,0 4805,0

39+740 201,5 3885,0 80444,0 0,0 0,0 71754,0 8689,0

39+760 2142 4157,0 84600,0 0,0 0,0 71754,0 12846,0
39+780 2223 4365,0 88965,0 0,0 0,0 71754,0 17211,0
39+800 219,7 4420,0 93385,0 0,0 0,0 71754,0 21631,0
39+820 212,2 4319,0 97704,0 0,0 0,0 71754,0 25950,0
39+840 197,9 4101,0 101805,0 0,0 0,0 71754,0 30051,0
39+860 179,0 3769,0 105573,0 1,5 15,0 71769,0 33804,0
39+880 158,2 3372,0 108945,0 0,3 18,0 71787,0 37159,0
39+900 146,3 3045,0 111991,0 0,0 3,0 71790,0 40201,0
39+920 135,4 2817,0 114808,0 0,2 2,0 71791,0 43016,0
39+940 134,0 2694,0 117502,0 0,0 2,0 71794,0 45709,0
39+960 1021 2362,0 119864,0 0,0 0,0 71794,0 48070,0
39+980 89,2 1913,0 121777,0 0,0 0,0 71794,0 49983,0
40+000 74,6 1638,0 123415,0 0,0 0,0 71794,0 51621,0
40+020 55,8 1304,0 124719,0 0,0 0,0 71794,0 52925,0
40+040 449 1007,0 125725,0 0,0 0,0 71794,0 53932,0
40+060 25,0 699,0 126424,0 0,2 2,0 71796,0 54628,0
40+080 21,8 467,0 126891,0 9,3 95,0 71891,0 55000,0
40+100 17,3 391,0 127282,0 13,2 226,0 72117,0 55165,0
40+120 12,0 293,0 127575,0 22,3 355,0 72473,0 55102,0
40+140 7,5 195,0 127770,0 32,7 550,0 73022,0 54747,0
40+160 0,2 77,0 127847,0 54,8 875,0 73897,0 53949,0
40+180 0,3 5,0 127851,0 56,0 1109,0 75006,0 52845,0
40+200 4,7 50,0 127901,0 42,2 983,0 75989,0 51913,0
40+220 4,7 94,0 127995,0 41,6 838,0 76827,0 51169,0
40+240 2,8 75,0 128070,0 48,1 896,0 77723,0 50347,0
40+260 39 67,0 128137,0 423 904,0 786270 49510,0
40+280 5,8 98,0 128235,0 37,3 796,0 794240 48811,0
40+300 8,6 1440 128379,0 30,6 679,0 80102,0 48277,0
40+320 12,7 213,0 128592,0 22,5 531,0 80633,0 47958,0
40+340 12,3 250,0 128842,0 21,2 438,0 81071,0 47771,0
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km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m°)| Vol. At. Ac. (m°) [ Balango (m®)
40+360 11,2 235,0 129077,0 24,0 452,0 81523,0 47554,0
40+380 10,3 215,0 129291,0 26,2 502,0 82025,0 47266,0
40+400 9,8 200,0 129492,0 26,8 530,0 82555,0 46937,0
40+420 9,6 193,0 129685,0 26,6 534,0 83088,0 46597,0
40+440 9,0 186,0 129871,0 28,6 552,0 83640,0 46231,0
40+460 10,1 191,0 130062,0 26,0 545,0 84185,0 45877,0
40+480 11,8 219,0 130280,0 22,5 485,0 84670,0 45610,0
40+500 14,7 265,0 130545,0 16,7 393,0 85062,0 45483,0
40+520 16,6 313,0 130858,0 13,3 301,0 85363,0 45495,0
40+540 17,8 344.,0 131202,0 11,6 249,0 85612,0 45590,0
40+560 16,6 344,0 131545,0 12,9 245,0 85857,0 45689,0
40+580 13,2 297,0 131843,0 17,8 308,0 86164,0 45678,0
40+600 9,1 222,0 132065,0 27,4 452,0 86616,0 45449,0
40+620 4,3 134,0 132199,0 38,9 663,0 87279,0 44920,0
40+640 4,8 91,0 132290,0 44,0 829,0 88108,0 44183,0
40+660 1,5 63,0 132353,0 51,0 950,0 89057,0 43296,0
40+680 1,7 31,0 132385,0 53,2 1042,0 90100,0 42285,0
40+700 1,1 28,0 132412,0 55,5 1087,0 91186,0 41226,0
40+720 1,3 24,0 132436,0 55,8 1113,0 92299,0 40137,0
40+740 1,4 27,0 132462,0 55,1 1109,0 93408,0 39055,0
40+760 2,0 34,0 132497,0 53,1 1082,0 94490,0 38007,0
40+780 10,8 128,0 132625,0 37,5 907,0 95396,0 37228,0
40+800 7,7 185,0 132810,0 38,4 759,0 96156,0 36654,0
40+820 8,1 157,0 132967,0 29,3 677,0 96833,0 36134,0
40+840 10,6 187,0 133154,0 22,0 513,0 97346,0 35809,0
40+860 11,8 2240 133378,0 21,8 439,0 97784,0 35594,0
40+880 11,5 232,0 133611,0 221 440,0 98224,0 35387,0
40+900 10,5 220,0 133830,0 244 465,0 98689,0 35141,0
40+920 9,1 196,0 134026,0 28,8 532,0 99221,0 34805,0
40+940 6,1 152,0 134178,0 36,1 649,0 99871,0 34307,0
40+960 4.1 101,0 134279,0 447 808,0 100679,0 33601,0
40+980 24 64,0 134344,0 49,3 940,0 101619,0 32725,0
41+000 1,4 38,0 134382,0 51,3 1006,0 102624,0 31757,0
41+020 1,3 28,0 134410,0 52,3 1036,0 103661,0 30749,0
41+040 2,0 33,0 134443,0 51,9 1042,0 104703,0 29740,0
41+060 2,7 46,0 134489,0 47,8 997,0 105700,0 28789,0
41+080 4,4 70,0 134559,0 41,9 897,0 106597,0 27962,0
41+100 6,4 108,0 134667,0 34,8 767,0 107364,0 27303,0
41+120 10,3 167,0 134834,0 26,6 613,0 107978,0 26857,0
41+140 13,6 239,0 135073,0 19,2 458,0 108436,0 26637,0
41+160 13,8 2740 135347,0 18,2 375,0 108810,0 26536,0
41+180 14,9 287,0 135634,0 15,4 336,0 109146,0 26487,0
41+200 17,3 323,0 135957,0 12,3 277,0 109423,0 26534,0
41+220 14,8 321,0 136277,0 16,7 289,0 109712,0 26565,0
41+240 0,0 148,0 136425,0 60,6 773,0 110485,0 25940,0
41+260 3,8 38,0 136463,0 41,8 1024,0 111509,0 24953,0
41+280 3,8 76,0 136539,0 447 866,0 112375,0 24164,0
41+300 7,8 117,0 136655,0 33,4 781,0 113156,0 23499,0
41+320 11,5 193,0 136848,0 24,8 582,0 113738,0 23110,0
41+340 10,6 221,0 137069,0 24,9 497,0 114235,0 22834,0
41+360 9,5 201,0 137269,0 26,5 514,0 114749,0 22520,0
41+380 11,2 207,0 137476,0 22,4 489,0 115238,0 22238,0
41+400 15,5 267,0 137743,0 15,6 379,0 115617,0 22126,0
41+420 21,4 369,0 138112,0 7,6 232,0 115849,0 22263,0
41+440 20,4 418,0 138530,0 9,0 166,0 116015,0 22515,0
41+460 12,2 326,0 138857,0 414 504,0 116520,0 22337,0
41+480 12,4 246,0 139103,0 19,9 613,0 117133,0 21970,0
41+500 14,2 266,0 139369,0 16,9 368,0 117500,0 21868,0
41+520 4,2 185,0 139553,0 451 620,0 118121,0 21433,0
41+540 3.4 77.0 139630,0 58,0 1031,0 119152,0 20478,0
41+560 6,7 101,0 139731,0 33,9 919,0 120071,0 19660,0
41+580 11,4 181,0 139913,0 23,2 571,0 120643,0 19270,0
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41+600 16,3 277,0 140189,0 14,6 378,0 121021,0 19168,0
41+620 20,6 368,0 140557,0 10,7 253,0 121274,0 19284,0
41+640 22,9 435,0 140992,0 7,0 177,0 121451,0 19541,0
41+660 26,3 492,0 141484,0 4,8 119,0 121569,0 19915,0
41+680 33,3 596,0 142080,0 1,5 63,0 121632,0 20448,0
41+700 40,3 737,0 142817,0 0,0 15,0 121647,0 21170,0
41+720 46,9 873,0 143689,0 0,0 0,0 121647,0 22043,0
41+740 51,3 983,0 144672,0 0,0 0,0 121647,0 23025,0
41+760 491 1004,0 145676,0 0,0 0,0 121647,0 24029,0
41+780 411 902,0 146578,0 0,0 0,0 121647,0 24931,0
41+800 31,5 726,0 147304,0 0,2 2,0 121648,0 25655,0
41+820 23,6 551,0 147854,0 4,3 44,0 121693,0 26162,0
41+840 15,9 395,0 148250,0 14,3 185,0 121878,0 26371,0
41+860 8,7 246,0 148495,0 28,1 4240 122302,0 26194,0
41+880 2,7 113,0 148608,0 46,2 743,0 123045,0 25564,0
41+900 2,0 47,0 148655,0 52,5 986,0 124031,0 24624,0
41+920 1,6 36,0 148691,0 53,5 1060,0 125091,0 23600,0
41+940 2,0 36,0 148727,0 51,5 1050,0 126141,0 22586,0
41+960 2,3 43,0 148771,0 50,1 1016,0 127157,0 21614,0
41+980 3,8 61,0 148832,0 47,1 971,0 128128,0 20704,0
42+000 2,7 65,0 148897,0 48,4 954,0 129083,0 19815,0
42+020 2,3 50,0 148948,0 49,5 979,0 130061,0 18887,0
42+040 2,3 46,0 148993,0 49,6 991,0 131052,0 17941,0
42+060 2,0 43,0 149036,0 50,1 997,0 132049,0 16987,0
42+080 2,7 47,0 149083,0 47,4 975,0 133024,0 16059,0
42+100 51 78,0 149161,0 39,5 869,0 133893,0 15268,0
42+120 6,1 112,0 149273,0 38,9 784,0 134678,0 14595,0
42+140 4,5 106,0 149379,0 43,1 820,0 135498,0 13881,0
42+160 3,1 76,0 149456,0 45,6 887,0 136385,0 13071,0
42+180 2,2 53,0 149508,0 49,1 947,0 137332,0 12176,0
42+200 1,6 37,0 149545,0 51,6 1007,0 138339,0 11207,0
42+220 1,9 35,0 149580,0 50,7 1023,0 139362,0 10218,0
42+240 2,6 44,0 149624,0 47,9 987,0 140349,0 9276,0
42+260 3,6 62,0 149686,0 44,4 923,0 141271,0 8415,0
42+280 51 88,0 149774,0 40,6 850,0 142121,0 7653,0
42+300 4,9 100,0 149874,0 67,9 1085,0 143206,0 6668,0
42+320 6,2 111,0 149985,0 55,4 1233,0 144439,0 5546,0
42+340 8,8 150,0 150136,0 29,2 846,0 145285,0 4851,0
42+360 7,6 164,0 150300,0 30,2 594,0 145879,0 4421,0
42+380 9,5 171,0 150471,0 25,5 557,0 146436,0 4035,0
42+400 12,3 218,0 150689,0 19,0 446,0 146881,0 3808,0
42+420 15,4 277,0 150966,0 14,2 333,0 147214,0 3752,0
42+440 17,4 328,0 151294,0 11,9 261,0 147475,0 3819,0
42+460 16,5 339,0 151633,0 13,6 254,0 147730,0 3903,0
42+480 141 306,0 151939,0 18,6 321,0 148051,0 3888,0
42+500 10,3 245,0 152184,0 26,1 4470 148498,0 3686,0
42+520 7,8 182,0 152365,0 31,6 576,0 149074,0 3291,0
42+540 7,2 150,0 152516,0 32,8 643,0 149718,0 2798,0
42+560 8,3 155,0 152671,0 31,3 641,0 150358,0 2312,0
42+580 10,3 186,0 152857,0 26,9 581,0 150940,0 1918,0
42+600 11,3 216,0 153073,0 247 516,0 151456,0 1618,0
42+620 7,5 187,0 153261,0 32,4 571,0 152027,0 1234,0
42+640 1,3 87,0 153348,0 56,4 888,0 152915,0 433,0

42+660 0,0 13,0 153361,0 79,8 1361,0 154277,0 -915,0

42+680 0,0 0,0 153361,0 111,4 1911,0 156188,0 -2827,0
42+700 0,0 0,0 153361,0 108,9 2203,0 158390,0 -5029,0
42+720 0,0 0,0 153361,0 95,0 2039,0 160429,0 -7068,0
42+740 0,0 0,0 153361,0 104,8 1998,0 162427,0 -9066,0
42+760 0,0 0,0 153361,0 136,7 2415,0 164842,0 -11481,0
42+780 0,0 0,0 153361,0 179,9 3166,0 168009,0 -14647,0
42+800 0,0 0,0 153361,0 181,7 3617,0 171625,0 -18264,0
42+820 0,0 0,0 153361,0 181,2 3630,0 175255,0 -21894,0
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42+840 0,0 0,0 153361,0 140,4 3217,0 178471,0 -25110,0
42+860 0,0 0,0 153361,0 101,8 2422,0 180894,0 -27533,0
42+880 0,0 1,0 153362,0 70,5 1723,0 182617,0 -29255,0
42+900 0,3 4,0 153366,0 59,2 1297,0 183914,0 -30548,0
42+920 3,0 33,0 153399,0 46,8 1060,0 184974,0 -31575,0
42+940 6,3 93,0 153492,0 35,5 823,0 185797,0 -32305,0
42+960 8,9 152,0 153644,0 27,5 630,0 186427,0 -32783,0
42+980 11,1 199,0 153844,0 22,5 500,0 186927,0 -33083,0
43+000 13,2 243,0 154087,0 19,3 417,0 187344,0 -33258,0
43+020 11,2 2440 154331,0 21,6 409,0 187753,0 -33422,0
43+040 11,4 225,0 154556,0 22,0 436,0 188189,0 -33633,0
43+060 12,5 239,0 154795,0 19,8 418,0 188607,0 -33812,0
43+080 14,3 268,0 155063,0 18,3 381,0 188988,0 -33925,0
43+100 14,2 285,0 155348,0 18,0 362,0 189350,0 -34002,0
43+120 13,5 277,0 155625,0 19,3 372,0 189722,0 -34098,0
43+140 12,3 258,0 155883,0 21,5 408,0 190130,0 -34247,0
43+160 12,7 250,0 156133,0 20,4 419,0 190549,0 -34416,0
43+180 12,3 250,0 156383,0 21,2 416,0 190965,0 -34582,0
43+200 11,6 239,0 156623,0 22,2 433,0 191399,0 -34776,0
43+220 11,2 228,0 156851,0 24,0 461,0 191860,0 -35010,0
43+240 10,0 212,0 157062,0 26,1 501,0 192361,0 -35299,0
43+260 9,3 193,0 157255,0 26,5 526,0 192887,0 -35632,0
43+280 8,7 180,0 157435,0 29,0 555,0 193442,0 -36007,0
43+300 8,9 176,0 157611,0 29,0 580,0 194023,0 -36412,0
43+320 8,6 175,0 157785,0 28,8 579,0 194601,0 -36816,0
43+340 9,4 180,0 157965,0 271 560,0 195161,0 -37196,0
43+360 10,0 194,0 158159,0 25,5 526,0 195687,0 -37528,0
43+380 10,1 201,0 158360,0 25,9 514,0 196201,0 -37841,0
43+400 9,8 199,0 158559,0 27,4 533,0 196733,0 -38175,0
43+420 6,7 165,0 158724,0 34,0 614,0 197348,0 -38624,0
43+440 51 118,0 158842,0 38,8 728,0 198076,0 -39234,0
43+460 5,2 103,0 158945,0 43,0 818,0 198894,0 -39949,0
43+480 3,5 87,0 159031,0 46,3 893,0 199788,0 -40756,0
43+500 3.1 65,0 159097,0 48,5 948,0 200736,0 -41639,0
43+520 3,3 63,0 159160,0 47,5 959,0 201695,0 -42535,0
43+540 3,8 71,0 159231,0 46,7 941,0 202637,0 -43406,0
43+560 3,5 73,0 159303,0 46,3 930,0 203567,0 -44263,0
43+580 3.4 69,0 159373,0 45,6 920,0 204486,0 -45114,0
43+600 3,7 71,0 159444,0 44,6 902,0 205389,0 -45945,0
43+620 3,5 72,0 159516,0 451 898,0 206286,0 -46770,0
43+640 3,2 67,0 159584,0 459 911,0 207197,0 -47614,0
43+660 3,3 65,0 159649,0 46,3 922,0 208119,0 -48470,0
43+680 1,5 49,0 159697,0 50,6 969,0 209088,0 -49390,0
43+700 0,9 24,0 159721,0 53,5 1041,0 210129,0 -50407,0
43+720 1,2 21,0 159743,0 54,7 1081,0 211210,0 -51467,0
43+740 0,8 20,0 159763,0 56,7 1114,0 212324,0 -52561,0
43+760 0,6 14,0 159777,0 58,3 1150,0 213474,0 -53698,0
43+780 0,2 7,0 159784,0 60,6 1188,0 214663,0 -54879,0
43+800 0,6 8,0 159792,0 56,5 1171,0 215833,0 -56042,0
43+820 2,3 30,0 159821,0 48,6 1051,0 216885,0 -57063,0
43+840 3,5 58,0 159880,0 444 930,0 217815,0 -57935,0
43+860 5,2 87,0 159967,0 38,2 826,0 218641,0 -58675,0
43+880 6.6 117,0 160084,0 322 705,0 219346,0 -59262,0
43+900 8,4 150,0 160234,0 28,4 606,0 219952,0 -59718,0
43+920 11,0 194,0 160428,0 23,1 515,0 220467,0 -60039,0
43+940 12,5 235,0 160663,0 19,8 429,0 220896,0 -60234,0
43+960 15,2 277,0 160940,0 15,4 351,0 221248,0 -60308,0
43+980 171 323,0 161263,0 13,6 289,0 221537,0 -60274,0
44+000 18,9 360,0 161623,0 9,8 233,0 221770,0 -60147,0
44+020 22,0 408,0 162032,0 6,6 163,0 221933,0 -59901,0
44+040 25,2 471,0 162503,0 3.1 96,0 222029,0 -59526,0
44+060 25,0 502,0 163005,0 2,4 55,0 222085,0 -59079,0
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44+080 26,7 518,0 163523,0 1,0 35,0 222119,0 -58596,0
44+100 26,5 532,0 164055,0 1,3 23,0 2221420 -58087,0
44+120 27,0 534,0 164590,0 0,9 23,0 222165,0 -57575,0
44+140 25,1 521,0 165110,0 1,6 26,0 222191,0 -57080,0
44+160 23,9 490,0 165600,0 3,5 51,0 2222420 -56642,0
44+180 22,3 462,0 166063,0 5,2 87,0 222329,0 -56266,0
44+200 21,4 437,0 166500,0 6,5 116,0 2224450 -55945,0
44+220 18,9 402,0 166902,0 9,6 160,0 222605,0 -55703,0
44+240 16,2 351,0 167253,0 141 237,0 222842,0 -55589,0
44+260 12,8 290,0 167542,0 20,8 349,0 223191,0 -55648,0
44+280 6,5 192,0 167735,0 34,3 551,0 223742,0 -56007,0
44+300 4,8 112,0 167847,0 38,4 727,0 224469,0 -56622,0
44+320 5,6 104,0 167951,0 37,8 762,0 225231,0 -57280,0
44+340 7,5 132,0 168083,0 32,0 698,0 225930,0 -57847,0
44+360 7,8 153,0 168235,0 32,2 642,0 226572,0 -58336,0
44+380 7,8 156,0 168392,0 31,8 640,0 227211,0 -58820,0
44+400 8,4 163,0 168554,0 31,3 631,0 227842,0 -59288,0
44+420 8,3 167,0 168721,0 32,0 634,0 228476,0 -59754,0
44+440 7,7 159,0 168881,0 32,7 647,0 229123,0 -60242,0
44+460 7,3 150,0 169031,0 33,8 665,0 229788,0 -60758,0
44+480 6,5 138,0 169169,0 35,6 695,0 230483,0 -61314,0
44+500 4,8 113,0 169282,0 40,6 762,0 231245,0 -61963,0
44+520 3,7 86,0 169368,0 435 841,0 232086,0 -62718,0
44+540 3,7 74,0 169442,0 45,0 884,0 232970,0 -63528,0
44+560 3,9 76,0 169517,0 44,8 898,0 233868,0 -64351,0
44+580 2,6 65,0 169582,0 47,4 922,0 234790,0 -65208,0
44+600 1,9 45,0 169627,0 51,5 989,0 235779,0 -66151,0
44+620 1,8 38,0 169665,0 52,5 1040,0 236819,0 -67154,0
44+640 1,8 36,0 169701,0 54,2 1067,0 237885,0 -68184,0
44+660 1,7 35,0 169736,0 52,8 1071,0 238956,0 -69220,0
44+680 1,6 33,0 169769,0 53,2 1061,0 240017,0 -70248,0
44+700 1,8 34,0 169802,0 51,5 1047,0 241064,0 -71261,0
44+720 1,7 35,0 169837,0 52,4 1039,0 242103,0 -72266,0
44+740 1,6 33,0 169870,0 52,5 1049,0 243152,0 -73282,0
44+760 2,3 39,0 169909,0 50,4 1029,0 244181,0 -74271,0
44+780 2,5 48,0 169957,0 50,5 1009,0 245190,0 -75233,0
44+800 2,2 47,0 170004,0 50,2 1007,0 246197,0 -76193,0
44+820 2,8 50,0 170054,0 47,8 980,0 247177,0 -77123,0
44+840 3,0 58,0 170111,0 47,7 955,0 248132,0 -78020,0
44+860 3,8 68,0 170180,0 46,7 943,0 249075,0 -78896,0
44+880 3,7 75,0 170255,0 46,2 928,0 250003,0 -79748,0
44+900 2,3 60,0 170315,0 48,9 950,0 250954,0 -80639,0
44+920 2,4 47,0 170362,0 50,0 989,0 251943,0 -81581,0
44+940 2,8 52,0 170414,0 50,0 1001,0 2529440 -82530,0
44+960 2,3 51,0 170465,0 50,5 1005,0 253949,0 -83484,0
44+980 2,5 48,0 170512,0 51,2 1017,0 254966,0 -84453,0
45+000 2,5 50,0 170562,0 50,0 1012,0 255978,0 -85415,0
45+020 2,5 50,0 170613,0 49,6 996,0 256973,0 -86360,0
45+040 2,4 49,0 170662,0 51,3 1009,0 257982,0 -87320,0
45+060 1,4 38,0 170700,0 54,5 1058,0 259040,0 -88341,0
45+080 1,5 29,0 170729,0 53,7 1083,0 260123,0 -89394,0
45+100 1,4 29,0 170758,0 54,6 1084,0 261207,0 -90449,0
45+120 1,0 24,0 170782,0 56,1 1108,0 262314,0 -91532,0
45+140 1,1 21,0 170803,0 55,9 1120,0 263434,0 -92631,0
45+160 1,8 29,0 170832,0 53,9 1098,0 264532,0 -93700,0
45+180 1,0 28,0 170860,0 56,7 1106,0 265638,0 -94778,0
45+200 0,3 13,0 170873,0 58,8 1155,0 266793,0 -95920,0
45+220 0,3 6,0 170879,0 58,4 1173,0 267966,0 -97087,0
45+240 1,2 16,0 170895,0 55,2 1137,0 269103,0 -98208,0
45+260 0,8 20,0 170915,0 55,6 1108,0 270211,0 -99296,0
45+280 0,8 16,0 170931,0 56,5 1121,0 271332,0 -100401,0
45+300 0,7 15,0 170947,0 59,1 1156,0 272487,0 -101541,0
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45+320 0,3 10,0 170956,0 59,2 1183,0 273671,0 -102714,0
45+340 0,4 7,0 170963,0 58,3 1176,0 274846,0 -103883,0
45+360 1,8 22,0 170985,0 55,1 1134,0 275981,0 -104995,0
45+380 0,7 25,0 171011,0 58,9 1140,0 277120,0 -106110,0
45+400 0,4 12,0 171022,0 58,9 1178,0 278298,0 -107276,0
45+420 0,6 10,0 171032,0 58,5 1174,0 2794720 -108439,0
45+440 0,9 15,0 171047,0 57,0 1154,0 280626,0 -109579,0
45+460 0,6 15,0 171062,0 59,4 1164,0 281790,0 -110728,0
45+480 1,0 16,0 171078,0 56,5 1158,0 282948,0 -111870,0
45+500 1,4 24,0 171102,0 55,9 1123,0 284071,0 -112969,0
45+520 1,9 33,0 171135,0 52,6 1084,0 285156,0 -114020,0
45+540 24 43,0 171179,0 50,4 1029,0 286185,0 -115006,0
45+560 3,5 59,0 171237,0 46,6 969,0 287154,0 -115917,0
45+580 4,0 75,0 171313,0 47,1 936,0 288091,0 -116778,0
45+600 3,1 71,0 171384,0 46,0 931,0 289021,0 -117637,0
45+620 3,5 66,0 171450,0 43,8 898,0 289920,0 -118470,0
45+640 4,4 80,0 171530,0 42,0 859,0 290778,0 -119249,0
45+660 4,1 85,0 171615,0 43,7 857,0 291635,0 -120020,0
45+680 29 70,0 171685,0 47,8 915,0 292550,0 -120865,0
45+700 1,9 48,0 171733,0 53,0 1007,0 293557,0 -121824,0
45+720 1,4 33,0 171766,0 54,7 1077,0 294634,0 -122868,0
45+740 1,4 28,0 171794,0 56,6 1113,0 295747,0 -123953,0
45+747,053 1,1 9,0 171802,0 57,9 404,0 296151,0 -124348,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m°)| Vol. At. Ac. (m°) [ Balango (m®)
26+760 17,0 280,0 3702,0 12,1 348,0 90629,0 -86927,0
26+780 27,2 4420 4144.0 1,2 132,0 90761,0 -86617,0
26+800 38,2 654,0 4798,0 0,0 12,0 90773,0 -85975,0
26+820 24,9 631,0 5428,0 6,5 65,0 90838,0 -85410,0
26+840 4,2 291,0 5719,0 47,9 544,0 91382,0 -85664,0
26+860 0,0 42,0 5761,0 72,8 1207,0 92590,0 -86829,0
26+880 0,0 0,0 5761,0 93,5 1663,0 94252,0 -88492,0
26+900 2,7 27,0 5787,0 57,7 1512,0 95764,0 -89977,0
26+920 15,5 182,0 5970,0 429 1006,0 96770,0 -90801,0
26+940 4,0 195,0 6165,0 72,4 1153,0 97924,0 -91759,0
26+960 13,5 175,0 6340,0 53,6 1260,0 99184,0 -92844,0
26+980 3,0 165,0 6504,0 62,4 1160,0 100344,0 -93839,0
27+000 10,2 131,0 6636,0 38,7 1011,0 101354,0 -94718,0
27+020 0,7 109,0 6744,0 52,8 915,0 102269,0 -95525,0
27+040 10,8 115,0 6859,0 34,0 868,0 103137,0 -96279,0
27+060 8,6 194,0 7053,0 31,5 655,0 103793,0 -96740,0
27+080 0,0 86,0 7139,0 53,4 849,0 104641,0 -97503,0
27+100 4,0 40,0 7179,0 32,4 858,0 105500,0 -98321,0
27+120 12,2 162,0 7340,0 10,0 4240 105924,0 -98584,0
274140 34,4 466,0 7806,0 0,0 100,0 106024,0 -98218,0
27+160 66,7 1011,0 8817,0 0,0 0,0 106024,0 -97207,0
27+180 96,4 1631,0 10448,0 0,0 0,0 106024,0 -95576,0
27+200 117,2 2135,0 12583,0 0,0 0,0 106024,0 -93441,0
27+220 112,4 2296,0 14879,0 0,0 0,0 106024,0 -91145,0
27+240 120,4 2328,0 17207,0 0,0 0,0 106024,0 -88817,0
27+260 130,8 2511,0 19718,0 0,0 0,0 106024,0 -86306,0
27+280 142,6 2734,0 22453,0 0,0 0,0 106024,0 -83572,0
27+300 138,6 2812,0 25264,0 0,0 0,0 106024,0 -80760,0
27+320 122,3 2609,0 27873,0 0,0 0,0 106024,0 -78151,0
27+340 92,0 2143,0 30016,0 0,0 0,0 106024,0 -76008,0
27+360 52,4 1444,0 31460,0 0,0 0,0 106024,0 -74564,0
27+380 23,9 762,0 32223,0 1,7 17,0 106041,0 -73818,0
27+400 3,0 268,0 32491,0 54,6 563,0 106604,0 -74113,0
27+420 0,0 30,0 32520,0 80,2 1348,0 107952,0 -75432,0
27+440 0,0 0,0 32520,0 106,4 1866,0 109819,0 -77298,0
27+460 0,0 0,0 32520,0 94,6 2010,0 111829,0 -79309,0
27+480 0,1 1,0 32521,0 76,6 1713,0 113542,0 -81021,0
27+500 0,0 1,0 32522,0 77,5 1542,0 115084,0 -82562,0
27+520 0,7 7,0 32529,0 64,8 1423,0 116507,0 -83978,0
27+540 4,0 47,0 32576,0 51,9 1167,0 117673,0 -85097,0
27+560 59 99,0 32675,0 42,4 943,0 118616,0 -85941,0
27+580 2,8 87,0 32763,0 58,8 1012,0 119629,0 -86866,0
27+600 0,0 28,0 32790,0 106,3 1651,0 121279,0 -88489,0
27+620 0,0 0,0 32790,0 163,6 2699,0 123978,0 -91188,0
27+640 0,0 0,0 32790,0 147,2 3108,0 127087,0 -94296,0
27+660 0,1 1,0 32792,0 74,8 2220,0 129306,0 -96515,0
27+680 8,8 89,0 32881,0 30,4 1052,0 130358,0 -97477,0
27+700 16,7 255,0 33136,0 16,2 467,0 130825,0 -97689,0
27+720 19,8 365,0 33501,0 9,9 261,0 131086,0 -97585,0
274740 17,8 376,0 33877,0 11,9 218,0 131304,0 -97428,0
27+760 10,9 288,0 34164,0 21,0 329,0 131634,0 -97469,0
27+780 0,1 111,0 34275,0 56,8 778,0 132412,0 -98137,0
27+800 0,0 1,0 34276,0 114,6 1714,0 134126,0 -99850,0
27+820 0,0 0,0 34276,0 131,6 2462,0 136588,0 -102312,0
27+840 0,0 0,0 34276,0 132,0 2636,0 139225,0 -104948,0
27+860 0,2 2,0 34278,0 102,3 2343,0 141568,0 -107289,0
27+880 1,2 14,0 34293,0 66,5 1688,0 143255,0 -108963,0
27+900 0,0 12,0 34305,0 78,4 1449,0 144704,0 -110400,0
27+920 0,3 3,0 34307,0 103,9 1823,0 146527,0 -112220,0
27+940 0,0 3,0 34310,0 161,1 2650,0 149177,0 -114867,0
27+960 0,0 0,0 34310,0 221,8 3830,0 153007,0 -118697,0
27+980 0,0 0,0 34310,0 154,2 3761,0 156768,0 -122457,0




VOLUMES DE ESCAVACOES E ATERROS

km Area (m?)| Vol. Esc.(m®) | Vol. Esc. Ac. (m°) [ Area (m®)| Vol.aterro (m°)| Vol. At. Ac. (m°) [ Balango (m®)
28+000 0,0 0,0 34310,0 1011 2553,0 159321,0 -125011,0
28+020 0,9 9,0 34319,0 58,6 1597,0 160918,0 -126599,0
28+040 6,2 71,0 34389,0 36,6 952,0 161870,0 -127480,0
28+060 13,6 199,0 34588,0 17,3 538,0 162408,0 -127820,0
28+080 21,4 350,0 34938,0 7.4 2470 162655,0 -127717,0
28+100 15,1 364,0 35302,0 16,7 241,0 162896,0 -127594,0
28+120 8,9 240,0 35542,0 34,4 511,0 163407,0 -127865,0
28+140 1,6 105,0 35647,0 63,3 977,0 164384,0 -128737,0
28+160 0,0 16,0 35662,0 1171 1804,0 166188,0 -130526,0
28+180 0,0 0,0 35662,0 92,8 2099,0 168288,0 -132625,0
28+200 0,0 0,0 35663,0 86,4 1792,0 170080,0 -134417,0
28+220 0,7 7,0 35669,0 56,3 1427,0 171506,0 -135837,0
28+240 9,2 99,0 35768,0 28,0 843,0 172350,0 -136582,0
28+260 13,6 229,0 35997,0 20,6 485,0 172835,0 -136838,0
28+280 15,6 292,0 36289,0 16,8 374,0 173209,0 -136920,0
28+300 12,9 285,0 36574,0 247 415,0 173624,0 -137050,0
28+320 8,6 215,0 36789,0 33,6 582,0 174206,0 -137417,0
28+340 7,7 163,0 36952,0 36,6 702,0 174908,0 -137956,0
28+343,284 7,6 25,0 36977,0 37,0 121,0 175028,0 -138052,0
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ANEXO 2

SIMULACAO DO FUNCIONAMENTO DO
CANAL-RESERVATORIO

PARTE IV — PROJETOS EXECUTIVOS. A — PROJETO EXECUTIVO DO TRECHO 1
TOMO 2 — CANAIS E SIFOES
VOLUME 1 — MEMORIA DESCRITIVA



SIMULAGCAO DE FUNCIONAMENTO DO RESERVATORIO NA 2 ETAPA

Volume do reservatorio:

Vazao maxima de consumo:
Vazado maxima bombeada:

194000 m®

22 m¥s
25,2 m%/s

V. cons. V. cons. acum. V.ent. Balango | V. reservatorio
Horas (m°) (m°) (m°) (m°) (m°)
0 0 0 0 0 194000
1 79200 79200 0 -79200 114800
2 79200 158400 0 -79200 35600
3 79200 237600 90720 11520 47120
4 79200 316800 90720 11520 58640
5 79200 396000 90720 11520 70160
6 79200 475200 90720 11520 81680
7 79200 554400 90720 11520 93200
8 79200 633600 90720 11520 104720
9 79200 712800 90720 11520 116240
10 79200 792000 90720 11520 127760
11 79200 871200 90720 11520 139280
12 79200 950400 90720 11520 150800
13 79200 1029600 90720 11520 162320
14 79200 1108800 90720 11520 173840
15 79200 1188000 90720 11520 185360
16 79200 1267200 90720 11520 196880
17 79200 1346400 0 -79200 117680
18 79200 1425600 0 -79200 38480
19 79200 1504800 90720 11520 50000
20 79200 1584000 90720 11520 61520
21 79200 1663200 90720 11520 73040
22 79200 1742400 90720 11520 84560
23 79200 1821600 90720 11520 96080
24 79200 1900800 90720 11520 107600
25 79200 1980000 90720 11520 119120
26 79200 2059200 90720 11520 130640
27 79200 2138400 90720 11520 142160
28 79200 2217600 90720 11520 153680
29 79200 2296800 90720 11520 165200
30 79200 2376000 90720 11520 176720
31 79200 2455200 90720 11520 188240
32 79200 2534400 90720 11520 199760
33 79200 2613600 0 -79200 120560
34 79200 2692800 0 -79200 41360
35 79200 2772000 90720 11520 52880
36 79200 2851200 90720 11520 64400
37 79200 2930400 90720 11520 75920
38 79200 3009600 90720 11520 87440
39 79200 3088800 90720 11520 98960
40 79200 3168000 90720 11520 110480
41 79200 3247200 90720 11520 122000
42 79200 3326400 90720 11520 133520
43 79200 3405600 90720 11520 145040
44 79200 3484800 90720 11520 156560
45 79200 3564000 90720 11520 168080
46 79200 3643200 90720 11520 179600
47 79200 3722400 90720 11520 191120
48 79200 3801600 90720 11520 202640




SIMULAGAO DE FUNCIONAMENTO DO RESERVATORIO NA 12 ETAPA

Volume do reservatorio: 194000 m®

Vazdo maxima de consumo: 11 mls

Vaz&do maxima bombeada: 12,6 m®/s

V. cons. | V.cons. acum. V.ent. Balanco [ V. reservatorio
Horas (m%) (m°) (m°) (m°) (m°)

0 0 0 0 0 194000
1 39600 39600 0 -39600 154400
2 39600 79200 0 -39600 114800
3 39600 118800 0 -39600 75200
4 39600 158400 0 -39600 35600
5 39600 198000 45360 5760 41360
6 39600 237600 45360 5760 47120
7 39600 277200 45360 5760 52880
8 39600 316800 45360 5760 58640
9 39600 356400 45360 5760 64400
10 39600 396000 45360 5760 70160
11 39600 435600 45360 5760 75920
12 39600 475200 45360 5760 81680
13 39600 514800 45360 5760 87440
14 39600 554400 45360 5760 93200
15 39600 594000 45360 5760 98960
16 39600 633600 45360 5760 104720
17 39600 673200 45360 5760 110480
18 39600 712800 45360 5760 116240
19 39600 752400 45360 5760 122000
20 39600 792000 45360 5760 127760
21 39600 831600 45360 5760 133520
22 39600 871200 45360 5760 139280
23 39600 910800 45360 5760 145040
24 39600 950400 45360 5760 150800
25 39600 990000 45360 5760 156560
26 39600 1029600 45360 5760 162320
27 39600 1069200 45360 5760 168080
28 39600 1108800 45360 5760 173840
29 39600 1148400 45360 5760 179600
30 39600 1188000 45360 5760 185360
31 39600 1227600 45360 5760 191120
32 39600 1267200 0 -39600 151520
33 39600 1306800 0 -39600 111920
34 39600 1346400 0 -39600 72320
35 39600 1386000 0 -39600 32720
36 39600 1425600 45360 5760 38480
37 39600 1465200 45360 5760 44240
38 39600 1504800 45360 5760 50000
39 39600 1544400 45360 5760 55760
40 39600 1584000 45360 5760 61520
41 39600 1623600 45360 5760 67280
42 39600 1663200 45360 5760 73040
43 39600 1702800 45360 5760 78800
44 39600 1742400 45360 5760 84560
45 39600 1782000 45360 5760 90320
46 39600 1821600 45360 5760 96080
47 39600 1861200 45360 5760 101840
48 39600 1900800 45360 5760 107600
49 39600 1940400 45360 5760 113360
50 39600 1980000 45360 5760 119120
51 39600 2019600 45360 5760 124880
52 39600 2059200 45360 5760 130640
53 39600 2098800 45360 5760 136400
54 39600 2138400 45360 5760 142160
55 39600 2178000 45360 5760 147920
56 39600 2217600 45360 5760 153680
57 39600 2257200 45360 5760 159440
58 39600 2296800 45360 5760 165200
59 39600 2336400 45360 5760 170960
60 39600 2376000 45360 5760 176720
61 39600 2415600 45360 5760 182480
62 39600 2455200 45360 5760 188240
63 39600 2494800 0 -39600 148640
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