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Cursos Abordados

ivTedición de céllldnles.

SCADA (Supervisor)' Control éln<.! Dat~l J\cquisiti(lll).

Modernización de c~n~les.

Oalancc de agua.
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()BJETIVOS [)E LA PRC)PLJFST/\

G1~ N1~ R1\ 1_:

Desarrollar capacidades de innovaclon tecnológica para la
automatización y 1110dernización de canales de riego .

.
ESPECIFICOS:

Desarrollar l11etodologías para la 1110delación y control de canales de
rIego.

Capacitar mediante el desarrollo de cursos y selll illarios a
administradores de canales de riego en el mal1.ejo automático de los
sistcll1as y en la fOrInulación de sistemas de lnodern ización ele
canales.

Autolnatizar y lTIodernizar el sistema principal de distribuciúll del
Canal Bio Bio Norte.



MEDICIÓN DE CAUDALES

Dispositivos dc 111cdiciol1cS de flu.ios en canales abiertos:

WEl RS : (Presas) Estructuras de desbordes COl1stru id~\ ~ll ti 11

canal, la cual pUlo:ue ser lls'ada para csti lI1ar callda les,

Ventajas

• Simples de construir y ba.io costo.
• Simple de instalar y bajo costo.

Desventajas

• Trabaja mejor en un rango bajo de caudales.
• No permite pasar los sedimentos muy bien.

F L U M ES: l.I na Ilume l's tll )(\ Slo: eei('"1 l' Jl 1111 (':\Il ; " ;1h i(.1" (l I)~ 1,.: I

mcdir el caudal de agua.

Ventajas

• Puede operar en un rango mayor de caudales:'
~ MCllos problcmas oc scdil1lCl1tOS.

Desventajas

• Más caras que weirs.
• Requiere mayor precisión en la constI~ucción e instalación.

. ..~

OTROS.



~ r-

1
r -_.

u -

~l
1 /1 r I

H

J

~L --.1 ~L ---.1
IRIANGULAR (90· Y-NOICH) TRAPEZOIDAL (CIPOLLllil) RECIANGULAR

Irian~lar

(900 V-notch)

Q= 2.5 H2.5

trapezoidal

(Cipolletti)

Q'" 3.367 L H1.5

wherc Q is cfs; H is feet; L is feet

Rectan2Ular Contracted

Q'" 3.33(L - 0.2H)H1.5

General DescrlptloDi

A weir is defined as an overflow structure built across an open chaonel.. If a weir is constructed

and instaJled to standard conditions, it can be used to make reasonable estimates of water flow .

rateo Standard eonditions exfst with established weir size and shape with free-flow steady-state

conditions and propcr wclr-to-pool rclatlonships. Ifthese eonditions are met, there is only one

depth of water that can exfst In the upstream pool for a given flow ra~e.& The dischnrge mtes are

uetennined by measuring the vertical distanee from the crest ofthe weiro to the water surface in

lhe pool upstream from thecrest. Values of flow rates are obtaioed by computatjons using lhe
nppropriate equation or by referriog to tables that apply to the size aod shape of the weir.

Depending upon the shape ofthe openirig, weirs may be temed rectangular, trapezoidal, or V­

notch. Ihe bottom edge of the opening is the crest and the side edges are called sides or wcir

ends. Ihe sheet ofwater leaving the weir erest is called the nappe. Weirs operate best when

they discharge freely ioto the atmosphere.

AdY8ntaeeSi

1. simple to coostruct, resulting io low costs

2. simple to iostall, resulting io a lów costs

3. may be easier to install io ao existing system

Cal PoIy ¡mgntíon Traíning and Research Center Page I Open Channel



Q'(flow rate) - AVi- CA(2gH)O;5 Eq. (4)

whero; e - Coristan! dependlng on tho flow devlco' nnd unlts

A=Area

g ='32,2 feetlseeond/seeond

and H == the~hydraulic head

Another topie is "head loss" .. Most flow nieasurernent deviees have sorne helld los5

requirernent in order10 operate aeeurately:' Head 105s is the difference in water surface

eleVlllions between the ujJstrearn side a~d tile rJownstream sideofa structure. This is

shown in the following figure for the head loss across .an orifice,

. Y2Y1

---------------- -----
Head loss c·Y2.··,Y1

Flume

~ad

Welr

Yill~-Volume is equlll to an area ofapplication rnultiplied by the depth ofwaler applied.

For exarnple:·

Given:

A grower wants to apply = 0.5 feet ofwater over a field

Field ~ize = 10 acres.
Find:

'Volume ofwater needed

Fonnula!

V (volume) = D (depth) x A (area) Eq. (4)
, .



O'oe rerro MeRos llitIereot IhJo¡:s 10 DlffereotPeQple . This tenn is ofien used

\\11th aoverul moanlngs,', Somo pooplc'tnoan "flow rtlto moasuromonl".and othor!l mcon
,1I,volumc mensuremcnt".whilc othersthink they nrc,talking about'''volume measurcrncnt"
but'are really talking ahout "flow rate measurement". It is easy td,bo;misunderstood

when discussing the difTert:rtc~s between flow rate, volume and heaó measurements~. The

follov,;ing was from nn aenlat dlseusslon;with a grower who was using local tcnns for

describing the flow ofw8ter:

Engineer -,¡'How muchwater did you put on'theffleld?'l,

Grower ·:,"1 ordered a.10 foofhead, go(eharged"for, 20 feet~lÜ1d~the districtonly
I ' '.stacks the, water 1 f6ot:over'my fleld."

Engineer - "1111"

In this case, the grower was alluding to a10 CFS flów rate ordeq>Iacedwith tite

ditchrider. 20 AF ofvolumo charged tor the irrigation event,: and a depth of 1 foot

elevation (head) difference between the canal water surface and the growers head ditch.

FI{lw..measurJ:m~ •Most devices aetually measure flow rate indirectly. Thc

devices actually measure veloclty OÍ' the hydraulie head ofthe rlevice flrSt, then formulas,
, ,

tables, or computer routines are used to solve for the flow rateo When the velocity

method is used. the ~ow rate ii; basecl dn the equation Q (flow rate) =Velocity x Area.

Where the velocity is measured by the device and the area is the knoWn cross sectional

area of the measuring point.' Exampledevices include propeller meters and current

meters.

Propeller
, Flowmeter;

+-. <:J '5? }ArCBofBPiPClsconstant

Propeller"turils in response to a vetocity in the pipeline

Q (flow rate) .. Velocity • Ares

:01 Poly Irrigolion Tralning and Research Cenllr Page 7 Temll and Conversions



CllbleWllY and Cllrrlage

Prlce Current Meter

General Descrlptloo:

This method offlow measurement ia based on the equétion Q = AV. The current meter is used

to estimate the ve]ocity, and the arca is measured to determine the flow rateo These are usually

used on large water bOdies and a]so to calibrate standard and non-standard water measurement .

structures. A measurement section is surveyed and the cross sectional area determined. A

rating curve is established based on current flow measurements for that site. Once the rating

curve has been developed using the current meter, the flow rate can be determined fTom a rating

curve and the measured depth offlow or head at the station. Preferred when large f10ws are to

be measured and the available fall is small. Gauging stations can be set up with"relatively little

effort and without modification to the channel.

Adyanta2cs:

l. standard flow rate measurement device used in most areas

2. simple to operate

3. allows for the "rating" ofnon-standard devices

PIsodyonto2eSj

l. time consuming

2. cross sections can ~ilt up or scoué and change with time

3. problems with repeatability

Cal Poly Irrigalion Training and Research Cenler Page 123 Open Channcl



4. CUlTent Mctcrs. CuncJlt Jll,clcrs werc dcvcloped lo IIlcaS\IIC ¡hc vclocily dislri\)lIlioll ill,
•

opcn cllanncls. For an open clJanne I 110\\1 1 lhe veloci Iy el! n VllIY 11 cJllelHlo\ls Iy l'~;pl'(' i:t1 I,,'

for non-lincd cllanncls. Currenl fIlctcrs wcrc designcd lo J1\ake~ nlultiple readings in a

channcl. The cross-section is split up jnlo equal widlh scglllcl!ls nndlhc average vellll:ily

and watcr deplh is found for cach scclion. The scglllcnl now rate is tlle plOduct 01' lile

scgment area rnultiplicd by the seglllenl average velocity. Thc total !lo\\' rnlc i.s lile SlIln

of the segrnent flow rales.

Q (now rate) = SUI11 ¿ ([Scglllcnt Area] x [Average Seglllenl VelucilyJ)

widlh

-+j ~ • Poillls lo mensure vclocily

Avg.
depth

Area of segment =
widlh x averJge
depth of water Average Segmellt Velocity = average 01' 20%

down and 80% dOWlI,

Flow Rate ofSegrnent = Area ofSeglllcllt x Averagc Seglllellt Velocit~_,__1

L:::::===================== _

5. Crilical Elow McasurclJ1cnt Dcyiccs. CUllent Jllelers ll'qUilC a signifil':1I11 lillll'

cornrnitmcnt to obtain a good now ratceslilllalc. In lIIost inigaliull plojecls, IIIelC is :1

Ilccd for a structurc whcre the now rulc could easily be dctermincd by laking a sillgle

water level measurernent. Flumes and weirs were devdoped to provi~Je a struelurc WhCIC

one water'level rneasurement represcnted one ílow ratc. This flow condiliol\ is relCned

to as critica1 OOW.

Critical Flow => 1 unique water leve! depth fvr l flow rale

This means there is a uBique head-dischnrge re!aliollsllip fuI' lhe devicc, J\lllIolll'lI ;w:1

about any obstruction lhat adcqualely baeks uJl waler in a challnelclIlI he 11';('(1111111

Cal Poly Irriglltion Training nnd Researeh Cenler I'llge 2 JI islnJ y of ( )pell ( -h:IIIJIl'1 1'1.,,\



IRANRI.LIIME ACOUSTIC MEtER
,

i
T2 is time of wave upstream :itransducer

TI Is time of wave downstream

-'~

FLOW

transducer

..

I 1

IumsJt Ilmc - Aconstlc Mctcr Flow Rllte
; ,

':lli

L1'2=---­e + V cos8 .

·L
TI =e - v cos q

,.
Where:

TI :: Travel time ofthe acoustic pulse between dowllstrcalll

transducer and upstream transducer

T2 :: Trnvel time of the acoustic pulse bctween upslrcam

transducer nne! downstrcam Iransduccr

e"" Speed of sound in wnler

L = Distance between upstream transducer llnd dOWIlSlrc<l1ll

transducer
"
,.

'.

J "

V = velocity of the water

() cAngle between the acoustic path llnd the directioll of water

f10w
.' J. . .J

The aboye equations are solved for V, independent of e, yielding

, 1"

V = (TI - T2) L
(TIT2) x 2cos8

Finally, f10w rate is found from Q= AV. 111is requircs that the cross scclioll be

known and c:onstant.

Cal Poly Irrignlion Training and Research Cer ter Page 87



ACOUSTIC DOPPI¡EB METEB.

sz Watq Surfacc

,
SIde Vlew ¡

I
~ ,

~

Top Vlew

End Vlcw, .

Fb';" 11 ~~i:uhr 10

t1r plge ¡, lhis vrw

t·.

General Descrlptlon:

Acoustic Dopplcr Flow Meter (ADFM)

l.

There are several variations of the acollstic Doppler oevices. One unit that is sl:lJ lillg lo gel

adopted into flow measurement programs is the Acoustíc Velocity F10w Meler (AVFM). Tlle

unit works using a pulsed Doppler principal. The unít calculales n velocity profilc by evalllaling

the distribution ofthe velocity. The unit does not assume a uniform vclocity profilc. Thcrc is :\11

ullrasonic sensor located on the center ofthe unít that shoots IIp to the water smfllce lo oulllin lile

depth. . , ./
.

.•..~ . ¡

The velocity is measured by transmitting a continuous wave ofknown frequency ano analyzing

the echoes back-scattered from the materials floating in the water. TItC echocs arc llSCO to

determine a Doppler shift. The transducers measure a spectrum of the Dopplcr shi fls which are

proportional to the velocity of the water. The key to the accuracy of this type of dcvicc is lile

interpretation ofthe signals.

Col Poiy Irrigalíon Truining 8nd Reseurcll Cenler ruge 107 OI'l'1l ('1J:lIIllcl



Cableway and Carrlage
'''-------------r~---"'l:------=----

Magnetic meter

..

{rtllC.Ul1 DesedU.llilDl

This type of meter measures flow using the Faraday law of electromagnetic induction. This Jaw

slatcs that as a conductor movc, through a magnelic field, a vollage is produccd. The magnilude

of this voltage is dircctly proportional to the velocity at which the conductor moves lhrough lhe

magnetic field. When the flow approaches lhe sensor from direclly in fronl, lhen lhe dilcclioll oC

lhe flow, lhe magnetic field, an j the scnsed voltage are mulunlly perpendicular lo caeh olltcr.

Hcnce, lhe voltage output will represent lhe velocily of lhe flow al lhe eleclrodes. The sensor is

equippcd wilh nn eleclromngnelic coilthnl produces tite magnetie field. A pail 01' cal [¡on

cleclrodes measure the voltagc produccd by the velocily of lhe conductor, whiclt in tltis case is

lhe flowing Iiquid. Thc measUl cd voltage is processed by lhe clcclronics and oulput as a lincar

meusurement ofvelocity. This infom1ulion was fumishcd by Marsh- McBurJIcy.

A.dYnn1R~

l. appear to have gooel repeatability

2. becoming the slandard for enlilies doing mllltiple readings .

3. procedures for melering a site are similar to the procedllres for the Pricc AA current

meter

I2lsndvontDl:Cs..:.
l. limc consllming lo usc os comparcd lo 11 1l11llle

2. cross sections can sllt up or scour and change with time

Cnll'oly Irrignlion Training nnd Rcsearch Ccnlcr I'ngc 135



SCADA
(Supervisor)' Control and Uata Acquisition)

Pernlite un sistema cOlllput8cional p~lnl el dcs,lrrol!o de l'l'(~n'~:(}s y

da un control de supervisión individual.

El operador de un canal es ayudado paso a paso dc lo quc ocurre l'll

el sistema, pero conserva el contrul subre lus prucesus.

SCi\Di\ necesita saber lo que esta sucediendo, esto es la (\(.Iquisicil')1l
de información. En la ind lIst ria tlL:l riego 1" iIl l'Úl'IllilC j('111 1'11\'(/1'

incluir nivel de agua, caudal, estado dc bomba (cnccnder o íll)ilg:lr),
chequear la posición de compuertas, de.

La comunicación cs cl scgundo punto importante, si uníl per~)ona CI1

la oficina esta supervisando un sislenlil. l'~I(1 /)(,I"llllil IIvn.'sil;1 s;t1H'1
lo que esta sucediendo en terreno, e~;{a inlúrtllilciúll de Iv..' ~;':r

cOll1unicada a el sisklllil supenisoL SC/\/)¡\ requiere que hl
inforlllílción desde un pUllto scn presenUl(/il id sllp(~rvjs()r (/t.- rOnl1;1

que se pueda entender.

Supervisor)' Control significa qll~ el operíH.lor SUpCI"\'i~;:l !_,! I'r~)l'c'~;~),

pero no es responsable de eUlllpktill' cada lar¡.;a illdi viduil! 1L'llllL'lid:1

por el proceso.

Las variadas lareas son dt.:jad¿ls él t.:1 cOllllll!¿ldur (CulllllllI~·II. 1:1
supervisor puede hacer cambios a los procesos, como c:l~nbi~!r '_'1
caudal en un canal o el nivel de ag.ua, pero el COI)ll ()/dd\ll

(controller) lleva a cabo las Ulreas n:qllcridns pilril It¡W{T 1;,
combinación de los procesos a la instrucción dcl supcrvi~~or.

El controlador (controller) es un pequefío COll1plltíldpr qtH_' L'~;

programado para manipular los aparatos C()J)tr()lílJlL!o lo.') pr()l'l·:;():~.



El controlador (controller) apagarú o t'lllTncil'rú 1I1lél I'PIIl!l;t ()

::l;justará una compuerta, así el caudal en un c~lIlal scr~l el qlle el
operador aj uste.

Ventajas

• Disponibilidad de información en tiempo real prescnt~lIld() (/1 LJI1:¡

ubicación central.

• Manejos en los peak de demanda.

• Reduce p¿rdidas debido a derrames.

• COl1servaciúl1 de energía.

• I'vlejor servicios a lus cOllSlImidul'cs.

• Agrega flexibilidad a los consumidores.

• Registro de información para anúlisis opcr~lcinl1aks.

• Capacidad de alarma.

• Más eficiente uso de lnano de obra.



SENSORES

Es un sistema SCADA pueden ser usados para medir cualquier CU,-)~I

que pueda ser convertido en ti na Se!1a I e Iccl n\n iCél.

En riego puede Illed ir ni ve I de agua, presión, cal.ld;l1, vellll.' id; 111 dv I

agua, tenlpcratura, estados de bombas, posición de compllert~ls, '_'le,

En general, hay allnenos tres sensores de COlllllllic,H:ióll:

• Sellal análoga.

• Señal discreta.

• Scfíal digital.

ACTUADORES Y RELA Y

Son los aparatos que implementan eonlalldus desde el I~T( l. l'!]

general el RTU envía lIna seíl(lI cliscret<l a un rch\y. 1;1 rel:l)' 1..'1111)1""'-';

enciende o apaga una bomba II opera lllW eOlllpu~rta.

PLC y RTC

Controladores programables lógicos y Unidades terminClles rCIlll\l;,",

PLCs Y RTUs representan la illteligt~llcia en 1I1l silio Ctllllrtd:lllu

SCi\Di\.

El PLC es uno de los Illuchos componentes en 1111 I<Tl J. 1(1-'; nlr(l-';

componentes en el RTU incluye baterb~, rcl~\ys, ~lp~lr~lt():) de. . ,
comUlllcaCIOI\.



Los RTlIs son los cerebros de UIl SC!\I)/\, n.'l'ilwll 1:1 illl<II'lll:wi("\ll

desde los sensores, transmite la información ~l el Ill~l~)tcr, c::k h:ll"~'

los cálculos basados en la inrornwci(')ll de II)S Sl~IISllll'" 1';\1;1

determinar que acción tomar e iniciar las acciones rcqucridw'.

RTUs contienen toda la información y poder nlll1l'lll;wipl\;!1
necesario para controlar un sitio.

Si la con1unicación con el master falla, el RTU COIlLiJlu;.Ir~·1 par:1
operar el sitio de acuerdo a las últimas instrucciones rccibidds desde
el master.

COMUNICACIONES

Sin buenas comunicaciones no opera un SC/\[)/\.

SCADA comunicación puede incluir cualquiera de lo~.; :;iguiel1te:;
medios de comunicación:

• Teléfono.

• Ccllll~lres.

+ Radio.

• SaLél ¡tes.

• Red local a~rea (La\\l

• Red ancha aérea ('Nap).



Pasos para el <lesa rrollo de un sistclna SCI\ DA

l. [-:,~valuación del sistema.
Modcl"n iZ~lC ión.

SCAOA.

') Desarrollo de un plan maestro.

J. Plallilicaciúll SCADA.

L[ Radio test.
Prioridades.
Costos estilllados.

4. Rcqucrilnicntos para calificación.

L Planificación SCADA.
~ f\1 C11 oS Costo cst i 111 ael () .

5. I~ClIll iOllcs enll vClldedores.

6. Rcqucrinlicntos para ofertas.

7. Selección integra / Negociar contrato.



A typical SCADA syslem incllldes lhc following compollcnls:

• Scnsors

• Aclllnlors and Relays

• PLC/RTU

• Communications Link

• Mastc?' Slation

__--"-'-,. --------_._.-

C0ll1ll11111icatiol1s

·1

Master
Station

\ .

L- .._.. ._ .

Figure 1 Elclllcnts of 1111 Irrigntioll SCADA Sysll'1Il

The sensors collect the requirco oala ano senO it lo lhc Remote Tenllinal Unit (RTU).

The Programmable Logic Conlrollcr (PLC) in thc RTU rccci ves lhc data, decides ir

adjustmenls to the aclualors are rcquircd thcn makcs any of lhe rcquired adj.uslllll·lIls. 1\ I

the same time, the RTU scnds the dala over the comillunicaliolls link to lhe IlulIWII

Machinc Intcrface (HMI). The HMI receivcs the dala, displays lhe imporlalll dala <lll a

Cal Poly Irrigalioll Training Dnd Rcscarch Ccnter l':lgC 2 .';( ... \ /1 .. \ 11:.'. j, "



NEMA-4 Enclosure

..

-
Oh play Visible whh Ooor Closcc.l

,.

.,

MPS9BIO
Radio

o
Radio
Relay l'

,l. Anltnn.

"

,l

f'o

l'

"1

," ,

"Oauery Back.up oulllde orNEMA-4,lnlidc Vandalllm OOA

Rclaya ror 2 Kalcl Ihown
• lnclullcl Up <\ Down ror Each Oalc

Radio r"wu _ -'--
Supply _____

.----f----.-~-~~-J ---
J'

~

'~~l
CMS i ., Sp«lrUm •

SCAOAPlck ) , . ,~ . sal . ...
• UPS

~..... -. " :,
f/~'If . ,. II

i
I ¡ •

cnmna lnpl f

11Im ~~OVA

':/.'.'¡ Figure 3. Typical field RTU.
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IcIObc, ,. 2000
rrp3t<d by Cal Poiy ITRC.

Reference: SCADA Syslem Cost and Fealure Comparison

Iniallion Tuininl tnd RUClrch ('cnle,
California Polyl«hnic S'a'e Univclli.y (Cal roly)

Sin Lui. Obispo. C" 9)401
phone: aOP56·HJ4

...............
,

Ral/J!e ofOptiol/s - From Simple Water Level Alar", to Fullv Alltomated COl/trol Capabilill/

lB
..J

J~~ IJ J] ~j•

)~ ]B i~ te
Jffice Equipmenl

Omee Equipmm. COIl' íncludea eos' o/om.e ndio, anlenna. ..
eompulcr lyalem (i(rcqui,cd)• ..,nwI~ Ind olhcr SCJI'D"

e1c<:lronl.a (I(rcqulrcdl SIJ,'oo SU.loo S6.100 S6,SOO S4.1oo 12.400

In,es,,'ar Co.. far ame•• lnalan ome, Eq~lpmenl.Ocne",1 ame,
Provammin¡. om•• OcbuUinl S5)00 $<4)00 $l,5oo S1.400 S1.000 BOO

1mee "nlen... MISI • Pa"1. labor Ind rqulrmcnllo Plan. pole. I,bor
In&! f'qulrmenl ,o lu.eh and ..In c:qulpmcnllO role . 12,000 S2,000 S2.OOO $l 000 S200 12lJO

SdlHa/· OJ1lea Ef."""~/ 111,000 11',100 1/0,100 IY.'OO H,400 11,'00

r:'ield Eqllipmenl (Ofle RTU)

RTU (Field) Equipmenl Cosl (one RTU) .Includcs COIl o( rLC and
IU RTU compon.nlJ, ndio, anlenna, and NEMA 4 mcloauIC. Doc.

no! Includc anlenna mul Of vanclalism mclosUle SI)OO 16.900 S6,~00 S1,400 U.loo 1900

Inl<J11IOf Cosl (Of QnI RTU • Build RTU. RTU holnmmin.,
InaIaUallo". OcbuUin. Il,aoo U,2OO SI,500 !7oo ., SllJO Iloo

Inl<"lIar CO.IIO P/ol",m om.. Sy..em (ar RTU (o...lap tereen.,
Inlel"'le In.o offic. HMI aonwlte) tl,ooo 11,000 S1.000 11,000 1)00 IJOO

"nleM' Mu.· Also ..",es u vandalism mclooun .-nlll
~n.abl•. 12.000 $l.ooo $l.OOO 12,000 $lOO S200

VanclaUlm Enelosun S150 S150 Sf'O S150 Non. NOlle

S.IHMaI. cm. Ftn~ IfTU 1 U,OJ' 1 11,'" 1 1/,'" 1 1,"0 1 J,'OO 1 1,700

CosI/or b,Slallalioll ola "Syslem" - iJlcludillg OJJice
Eqllipmelll, 6 RTUs, Traillillg, alld Dislr;cl Admillislra/h'~

Cosls
Imee Equipmenl Sll.ooo 119,100 110,600 19.IlOO 11,400 12.900
icld Equipmml' 6 RTU. $14,)00 Sll,lOO S69,9OO S41.loo 123,400 110,200

''',n'Of CO'I • Tllinin, $<4,000 lUllO S2,OOO SI.~oo IROO IROO
l¡",~. "~min¡'I"'II .. C.".. IncluJu I>a.le .ksl,n, In.."alo< ,.
d«lion, ..arr upen... /Of Ininin., Irupc<llon SlI.Roo SR.OOO SI 1,'00 SS,400 1),1(10 1 I.ll()()

).,'1111 T"".lloJI I/JI,IDO IlIJ,1" JU,DOQ IIJ,900 JJJ,JUO 114, 'UD

<;"eaturesICÓpabili/ies
lilh Of Low W..trr NotiliCllionlAlann Yn Yn Ye. (n Ye. "u.'.1" Leve) Rcponinl ......~ Yeo V.. V.. (n V., No
liJiullnputs 20 16 (modular) up'o 2 4 (o )Iionul) O I
.... lollnpuU 1 , (modular) , 4 4 1 O
lililal OulpuU 1] 6 (modulll) I l' 1 (o lIionnl) O O
,..101 OulpuU 1 (apdo"..I) 4 (modular) 1 O O O
(mole Manual Control Yn Yn Llmhcd Li "hcd No No
,ulUtnllic Control Yn Yn Llmhcd No Nu Nu
.pandable (in (unclian) 'Yn Yn L1mhcd No No No
Ipm Atchilcclun: Yea L1mi~ Umiltd Lllnhtd No Nu

rice usurncs lhil powcr ¡npullo RTU: IIOY 110 v 110. 10.
lonllirc ballC'IY

powcrcd
lonclifc t'tlllcry

['I(,wClcd

'rln Includr" rtr n.ru
101.... I'''lIIlu.. achnl.,. Inrhul"n

I Uhruonk "'.tCf I Uhr...onic "lln

I"'tl MnMlI' It.tl HT\1(tf

No' No

I Uhruonic I U' :funulc I UlIruonl, ".tn I -"(('Il"un' (.r
....In i't.tl "1\110' ••," , ·,·,1 trino' 1",,1 'fl"I" \\ Illtl- IrlUI"

No :;N:::u .;.N:::,;., .:.:N:::,,__-1



MODERNIZACION DE CANALES

Es un proceso técnico y í.ll!Jllilli:-;trativo COII el objetivo de Illl'.i(lr;lr 1;\

utilización de recursos (ngun, l1ledi() <ll1lbietl(l', tr(lhí.~il', t'tl.'.) Y (.,1
servicio de entrega de agua a los agricultores.

Regla N° 1 para la modernización

~¡Siempre piensa de CÓIllO tu acción Illl:jorílrú el serVl<:lq :1 lo~

usuarios del agua (agricultorr'.

La función de un sistelna de riego (canal istas) es proveer lk :lgll~l de
una manera oportuna y confiable. í.lsí el <Igua pu\.'t!c .\Cl'

eficientemente usada para In prodllcci<')Jl de l'lIlt ¡vos.

Jl.Ist i ficaciún para Illodcrll i/.í.1ci(11l de C<lll;l les (1l11lcll:ls tll' ('si :.IS

modernizaciones requiere algún tipo de automatización).

l. Asegura el abastecimiento confiahle de nglln (l los ílgriclJl/orcs,
esto es en el tiempo y cantidad reqllerid~l.

') Asegura un abastecimiento de agua flexible a los ~lgriclll(('rl";.

,.

3. Reducir restricciones él la capaci<!nd de lo~ agricultores p;\r<l

lograr altas eficiencias en el riego intraprcdj~ll a tr:1\'é:-: dc!
"hastec i III ¡ell to de agw\ COI tlIah le y Ilcx ihle.

4. Eliminar conllictos sociales los cuales Siclllpl"e UClIl"ll'll \1 el
abastecimiento del <lgllé\ es pOCl' co(Jli;¡hll'.



Algulws St~cllll(larias jllstificariúo "'41":

l. iVlcjor sistema de operación (seguro) dd canal, a Ir'l\és de 1<1
reducción de pérdidé1s y Iluctll<lción en los niveks de élgUCI.

2. Alivia la operación de un callal.

3. Aumenta la capacidad del sistema

Control Corriente Arriba v/s
(Upstraim)

Control Corriente AbaiQ
(Downstraim)

Usptraim Control :( Supply ) Es el cOJltrol del movillliclllo (k 1111;1

estructura de chequeo bé1sado en los cambios (kl Ilivel <k :lgl.l:l
inmcdiatamcnte aguas arriba de csta estructurzl.

Upstraim Control es sinónimo con sistem:l de ~lh.ls!ccimiL'lll().

Downtraim Control : ( !Jenwnd ) ¡'.S sinónimo de dClll;lIl1ln (/l.'
requerimientos (entregas) para el llujo aba,io '<.Id alcance <kl CIIl.i1
(pero no necesariamente para los tllnlOS illdivitill(liL-s).

Dowllstraim Control impl ica una reacción de U11<.l COIII puerl.1 ¡¡.II'I

cambios tlujo abajo de esté1, es un usuario orienÍ(Hlo.

DOwllstrélinl Control SOIl c<lsi siempre éllllolll<lti/¡It!O,\, 1';11:1 11(1

control manual requiere continuos ajustes.

t ipstrail11 Control puede ser élll!Ol11útico () 11\(11111,11.
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2. Minimize the water lev.el changes wWch10ccUI throughout the length ol the
upstream pool on a daily.or hourly basis as a result of canal flow rate changes.

Fig. 11.1 shows that there' may be very minor water level changes immediately
upstream ol the gate, but that the water levels inunedlately downstream ol a gale will change
much more. Fig. 11.2 shows the eHect ol doubllng the number ol gates... Reduction ol lhe gate
spaáng results in: t ' ,. o! '

1. Less tumout flow rate variation at the upper end of the pool (the head on the
tumouts is more constant>.

2. Less damage to concrete lining, as water levels are not drawn down as much al Ule
upper ends. .~ :

, ~. Reduced wave travel time due lo less wedge storag~.

..

..

.~
--....;~!-,,-o '., .

. , :..: :...:

Water .m-face lit Q • m~mum
Water .mfaoe at Q - Oj' 2 chocke
Water .mfaoe 'ot Q • O; 1 check

D Extra wedge .torage requirodwith
r onIy one chock.a-ucture

o' Upstream tariel
deplh

....

" .:.\-
:lj

"4 ChAngo lo ""ed,.. \¡
c·: ," .~. ltoTa¡ll u & re.ull oC.

',",' ::'l~ flaw rate chaDp a
1'•• rf I '. '.',," r .
,~I,I'r~~oJ; ,'; r

.,1,1 .,
Fig.11.1. Wedge .touge change wlth upstream control An increased flow rate at the source
must first fill up th1s. volu~e to establish a new~water pro.HIe befare the new steady state
condition is esta1?llshed at thc downstream cnd. ~Gates are adjusted to maintain a constant
water level immcdlately upstream (B~ 1987). ¡ l., ' l' ¡ ,t" I • l..... .
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Fig.11.1. Effect oi reducing a poollength in half by doublin(: the number ol check struclurcs.
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Flg.11.12. ,Water 6urface proflles and target depth location for downstream control_~ith level
top canals. f. ~'! ... ~~'" "-,
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In the case oC a large elevation drop across a check structure,' the'Danaldean system and
Littleman and electronic controllers are generally less expensive than' the Neyrte<:-type
equipment. The Neyrtm:-type equipment has a float rlgidly attached to the radial gate,
which necessltates the use oC an A VIO gate with an expensive pipeline transition incorporated
into the drop. 1:), I : ',i,

Tumouts are located irnmediately downstream oC the check'structure. The backwater
effect oC one gate must extend upstream to the next gate, as shown in Fig. 11.12. The close
spadng 15 not an optional dedsion, as it was with upstream control: J'.'

Downstream control with level top canals is an automatic, reSponsive control which is
capable oC transmitting a message in the upstream direction. When a tumout is opened, the
water level in the upstream pool drops. This drop in water level i5 transmitted upstream at a
velocity oC celerity minu! the water velocity (c-V). When the change arrives at the upstream
gate, that gate opens sllghtly to compensa te. The reaction at,ltomatically continues upstrea~

from pool to pool. . .' . I ,', l. , . , ,

When a flow rate to a downstream pool increases, the upstream pool must supply the
required additional flow J ate out oC lts wedge; storage. 'That storage is not replenished until the
water surface disturbance travels upstream to the next gate, and then retums with the
corrective, new flow rateo A... rule oC thumb lor the required volume ol wedge storage is:

i
, QxT. ,

Volume 1:1 -2- .•.. " •. ;: .........•... ,. ~ [11.4]

i· "~ . r
L ,'; ~~. Lo' ; ';!\ ;t:·

where T a \0 5 + ' '; - , ',r., [11.5](ghJ' + V (gh)0.5 - V .. 'f'" •••••••••• ' .•••••••••••••

'i", ,
I :, " 1 . \1 ~. ,

in which Q =maximum flow rate In the reach in question, h c: (cross-section area) / (width at
the water surface), and V = Q / (cross-sectional area). , . ,~, .

The wedge storage requirement Cor downstream control is appreciably more than Cor
upstream control. In general, the canal cross section must be considerably wider Cor downstream
control, or instabUity will resulto " '

On steep ground with long pools, level top canals require considerable earthwork to
construct the canal banks at the downstream end oE each pool. rus earthwork can be ~educed by
lnstalling more check structures, but then the cost oC structures increases. For a general Idea,



WATERMAN TYPE "C" GATE OVERALL
DIMENSIONS AND CLEARANCES
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FI. ·In. FI. ·In. FI. ·In. FI. ·In. FI. ·In. FI. ·In, Fl. ·In.

C-l 2-6 1·8 1 - 2 1· ID 1 ·2 1f. 2 - 10 1·4'11

C-2 2-6 1 .,8 1·3 1·10 1 . 3~~ 3 - 2 1 - 6

C·3 2·6 1 - 8 1 - 4 1·10 1 ·5',i 3 - 6 1 ·8'12

C-4 2-6 1 - 8 1 - 6 1 - 10 ' 1 . 7J,~ 3' 11 1 - 10;;

B C-5 3-6 2-5 1 - 8 2·6 1 - 10 4 - 4 2, l'h

C-6 3-6 2·5 1·10 2·6 2. lA 4 - 11 2·4,/,

C·7 3·6 2·5 2·1 2· e 2 . 4 5·7 2·8

C·8 4·9 3·5 2·2 3·4 2 - 7 'h 6 - 3 3· O

C-9 4· 9 3·5 2·6 3·4 2· 11% 7 - O 3·5

C·l0 4·9 3·5 2·10 3·4 3 - 3';' 7 ' 9 3·9%

C·ll 6·2 4· O 2·11 5·4 3·8 8·8'/. 4,5

C·12 6·2 4·0 3·5 5·4 4 • 1'/. 9·10\\ 4.11 '/,

C·13 7 - 9 4·10 3·9 e·8 4·7 11 - O 5·6'10

C-14 . 7·9 4·10 4·5 6·8 5 - 3 12 . 3'\ 6·3'\

C-15 9-8 6·2 4 - 9 8·3 5·11 13· 11'1. 7 . 1~'

C-16 9-8 6·2 5·6 8·3 6 . 6).~ 15 - 7 7·7'"

C-17 12·2 7·9 6·0 14· O 7 . 4~í 17 . 4]~ 8·10

C-18 12,2 7 - 9 7· O .14· O 8·2;; 19·8',. 9·11

C-19 15 - 6 9·8 7·5 18· O 9·2"í 21 ·111. 11· '.

C·20 15·6 9·8 8·8 18· O " 10·4 2J . 7'. 12· S'.

C-21 17 - 3 11 '8 9 - 3 21· O "·7]¡ 27, 10', 14 ,2';

I
!

¡
¡

WATERMAN TYPE C AUTOMATIC LEVEL CONTROL GATE
MOUNTEP IN A WATERMAN PREFABRICATED CONTROL STRUCTURE
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Download tite Progralll

• Download 32-bit WllIFhllllC - Tlle
32-bit vcrsion is approprialc for

. ,Windows 95/98/Mc/NT 4.0/2000
systems.

• Downloa<! 32-lJit CCE Ycrsiol1 of
WjnFllIllIc - This is the
USDA-Approved Common Computing
Environlll~nt (CCE) version al' the
32-bit Winl'lllllle programo This version
is only available to employees of the
U.S. Dept. of Agricul,tur.e.

• Download 16~hlt WinEltllllc - Tite
IG-bit version is dcsigned for Winüows
3.1 x systenls.

• A uscr's manual in Adobe Acrobal
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printed to produce a hard-eopy manllal.
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Anohnl 1{I.'lIdc!' illslllllcd 1111 YOll!'
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Adobe wcb sitc. .
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Last Modificd: March 5, 2001
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BALANCE DE ACUA

lJn balance ue agua es ulla Illcdiciún dc tod<, el VO!tlllll'll tj¡: ;'L''';I (1'1('

cntra y deja un espacio tridimensional sobrc un período de til'lllPO,
cambios cn un interno édl11Hccllajc de élgll:1 dcllerl S~'I Lllllhil"11

considerados.

Tanto los límite espaciales y temporales de un balance dc agtl~l

deben ser claramente de ri n idos en orden a conlrolar y d¡seul jr 1111

balance de agua.

Un completo balance ele ::lgU::l no esta lill1itéldo solo é1l élgll:1 (k ril'go,
agua <.k Iluvia y aguas suble rrúncas, i 11 e luye 1()da el :I t'-1I: I t 11 /l' l' 11(1; I .\'

deja los límites espaciéllcs.



\Yotcr DolollCC COmpOucllts
The following is an example of the simple partitioning of the water balance. AII
of the components that enter and leave the 3-dimensional boundaries are included
in the water balance. Any water that is recycled within the boundaries of the
evaluation ll1ight be considered interesting but are not used [or the water balance.
Figure 1 shows the components for a typical water balance.

WATER BALANCE
COMPONENTS

..

Surfaee
Diseharge

LnlcllIl
GrOUllllwnlcr

Oulllow

......
,.. '..

Vertical Flow t
Through

Coreoran Clay

r Chnllgcin
Olllllllll"'"lcr

Lateral ..-J---ll---+----llr--~ . - '--_SI_UI-.:IIH:.:....C----J

'-_G_rO_U_Il_d\_Vn_IC_r~ liíÍ¡¡¡;¡;:;:~~~J~~¡~~~"''''~~I.-fInOow ~
,

t: ~. ., .".,:; . :. ::: ..
O" _.1" ••••
• ",,,.,,, t

•• "'.11- ••••••••••

•. 1 SurCace Water Supply

/

Figure 1. Water Balance Components

Groundwatcr
The groundwater system in the souLhem San Joaquin Valley provides a supply of
irrigation water when surface deliveries to the area are reduced in water short
years. The groundwater system in the service arca is divided into two aquifer
systems divided by the Corcoran Clay layer. The components which inOuenee
the groundwater supply are shown graphically in Figure 2.
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Fig.2. Schematic ofDet;ailed Water Balance (from Slyles and Burt, 1998).
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í· The complexity,ofwater demands requires that we under&tand our water sources
and water destinations. It is only'with a good water balance in hand that we can
malee good long-termdecisions on overall water conservation and manag'ement
Plans.~~:'~!i~~'!·)l::"~ 'i'~,.tl4f·' l.~'\r:~\t',t~:lf¡·r!;;:-~·>';' , '.':' "
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Although wate~ooba;lanceshave been computed for decades, good water balances
are in the~ infancy..for irriga~on projects.' Thi~ is especially true for the
subsurface components, where we typically have very little gC?od quantificd
infonnation about flow between irrigation districts. ,: '"
°r! 'o',!<ftl~~~~lJ?'I:t ~":!!J.""~ "I,~I,~llr'~alf f ',\.:

This paper identifies key concepts and components of water balances, snd siso
lists conunonerrors thst should be nvoided. Water districu and planncrs sre
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Standard District Water Balance Structure tor Water Management Planning.
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Standard District Water Balance Structure for Water Management Planning

Ag Oistribution System (015)

I 1: ~j:!'-.s:'~~,*,:- -~ , .,. ..=a..,'" - .
1!195 I ,ooeral Ag 1F_ral Non sc.mw_ L.oc:all OtI>er 1G~_r

Reqcled lJpa>opo 0lS Draln
Pnoc:lpita1>oni hlonth ! Wat1lr Aa Watar Urben DrainW_ W..- ......

I I Iac:re-teetl I ac:re-feet) lac:re-leell Iac:re-IeeIl laae-leetl 1~1 I~ll lac:nHeell I~'

1.la'llJaN I 32.0a3 I o o o o o 63 1.66_ 187
li'=ruarv I 32.0a3 i o o o I o o 52 I 1.601 157
1Ma=! I 32.083 I o o o o o e:; I 1.667 . 167
IAalI I ~2.083 I o I o o o o "'" I 1.667 I 167
IMav I 32.0a3 I o I o o o o 63 I 1.667 1 167
I~ I 32.083 o o .() o o 63 1.667 167
IJurv I 32.0a3 o . o o o o 63 1.667 167
IAuoust 32.083 o o o o o 63 1,667 167
Seco!:s'mer I 32.083 o o o o o 63 1.667 167
Ocooer 32.083 o o o o o 63 1.667 167
I~ 32.083 o o o o o 63 1.667 167
00c.a'TE>er 32.083 o o o o o 63 1.667 167

I TOTAL 3ll5..DOO o o o o o 150 20.000 2.000

Ag Oistribution System (015)

....OUTPUTS ~. -_.

Fanned Lands (FL)

only__ expec1IOd

Pr1Yat1l
Oround

OUTPUTS,_
Hon-Ag

SplIIege EYapo¡ IIIbl

1'__

RlporWtET ~lIIontIl óeIIveriM ~ ~
Il.cre-ieet C~ 8Cf'e-leeI l.::r.leel a<n-leet ·~l (~)

..lan.JarV 541 3.333 5oe2 28.333 !33 o 397

.fecn.wv 542 . 3.333 5oe2 28 333 !33 o 396
Maról 542 3.333 5oe2 28.333 !33 o 396
ADA 5oe2 3.3304 5oe2 28.333 !33 o 395
IMav 542 3.3304 5oe2 28,333 !33 o 395
J<.ne 542 3.3304 5oe2 28,333 !33 o 395
JúY 542 3,333 5oe2 28 333 !33 o 396
~ 542 3,3304 5oe2 28.333 ll33 o J95
Seoaemoer 542 3333 5oe2 28,333 !33 o 396
Qacoer 541 3,333 5oe2 28333 !33 o 397
N<M:rnOer 541 3.333 5oe2 28333 !33 o 397
Decemoer 541 3.333 5oe2 28.333 !33 o 397
TOTAL 6,500 ~,OOO 6500 340 000 10..000 o 4750.

only__••pactad

(~l' (-=n>-feetl . Iac:n>-feen ·r~ O(ec:re-IeeIl 1........- (~ O(~ O(~ (8O"HooeIl
1Janua1Y 28 333 8333 13.000 833 o o 33.•58 8000 700 8.30'2
FebnJaIY 28,333 8333 13,000 833 o o 33.•58 8000 700 8.30'2
Mart:h 28 333 8333 13.000 833 o o 33.•58 8000 700 830'2
Acrit 28,333 ~ 8333 13.000 833 o o 33.•58 8000 700 8.30'2
MaY 28 333 8333 13,000 833 o o 33.458 8000 700 830'2
J<.ne 28 333 8333 13,000 833 o o 33.•58 8000 700 830'2
JIh 28333 8333 13000 833 o o 33.•58 8000 700 830'2
Auousl 28 333 8333 13000 833 o o 33.58· 8000 700 830'2

28333 8333 13000 833 o o 33.58 8000 700 830'2
oaooer 28,333 8333 13000 833 o o 33.58 8000 700 830C2
NoYembe< 28333 8333 13.000 833 o o 33.458 8000 700 830'2
Decemeer 28333 8333 13.000 833 o o 33.58 8000 700 830'2
TOTAl 3OCOOOO 100 000 156 000 10000 o o o4(M 500 96000 8400 100100.



Standard DisIDet Water Balance. Structure for Water Management Planning.
Dist. Drainage System (ORA)

TaIhntw Pr~

OlJTPUTS
FL~--/~ t~) " ~ I~ (~ (~ ~
~l lao'lHMIl ·t~ lao"!'-'-'

lJanuarv 8.000 . 700 2.M3 ,J.~ 'lll 7.708 1667 !03 1083 2S2 2.700
IFeonav B.OOO 700 2.0e3 3.333 167 7.708 1667 !03 1083 2S2 I 2.700
IMaral B.OOO 700 2.083 . 3.333 167 7.708 1667 !03 1063 2!l2 2.700
Acnl B.OOO 700' 2.083 3.334 167 7.708 1667 !03 l0e3 2S2 2.701
Mav B.OOO 700 2.0e3 3.334 167 7.706 1667 !03 1083 2!l2 2.701
June B.OOO 700 2.0e3 3.334 • 167 - 7.706 1ti67 . B33 1083 2S2 2.701
.)\iv B.OOO 700 2.083 1333 167 7.706 111157 &33 1010 2!l2 2.700
!'UJUSl. B.OOO 700 2.0!l3 3334 167 7.706 1667 B33 l0e3 2S2 2.701
SaAb.Clti B.OOO 700 2.083 3.333 167 7.706 1667 &33 1083 292 2.700
ÜClI:lC>e' BOOO 700 2.083 3.333 161 7.706 1667 !03 1083 292 2.700
NoYtlm::e' B.OOO 700 2.083 3.333 167 7.706 1667 !03 1083 292 2.700
Deoerroor B.OOO 700 2.083 3333 167 7.706 1667 !03 1083 2!l2 2.700
TOTAl 96.000 B400 2S.DOO ~OOO 2DOO 12.500 20.000 10000 13000 3.soo 32.400.

Ag Grounct.vat.l System (GW)

OlJTPUTS

~ /acr&-teetl (~) "(8O"HeeO ~
(~ /1O'&-IeeO

Jal'lU3N 397 2.700 B342 B33 3333 6.5a3 o o 8.333 o 688
Feon.-, 396 2700 B342 !03 3333 li.5a3 o o B333 o 687
Marc:h 396 2.700 " B342 B33 3333 li.5a3 o o 8..333 o 687
Acnl 395 2.701 8.342 B33 3.3Jl 6.583 o o 8.333 o M7
Mav 395 2701 8342 B33 3333 6.5a3 o o B333 o 687
June 395 2.701 8342 B33 3333 1l.583 o o 8333 o 687
.)\iv 396 2.700 8342 &33 3.333 6.543 o o 8333 o 687
Avousl 395 2.701 8342 B33 3333 6.583 o o 8.333 o 687
~ 396 2.700 8342 B33 3333 ·8.5a3 o o B333 o 687
Qc:cber 397 2.700 8342 B33 3333 6.5a3 o o 8333 o 688
~ 397 2700 8342 833 3333 8.5l!3 o o 8333 o 688
Decen'Oer 397 ~ 2.700 B342 833 3333 6.583 o o B333 o 688
TOTAl. ~ 750 32.400 100100 10000 40.000 79.000 o o 100000 o 8250

"



Sample Water Balance

Average20012000

385,000

O

O
O

O

O

750
20,000

2,000

" 6,500

40,OQO

6,500
340,000

10,000

O

O O O 4750

340,000

100,000

156,000

10,000

O

o
101.600

no.ooo
6,400

O O O 1M 100

06,000

8.400
25,000

40.000

2,000

02.500

20,000

10,000

13,000

3,500

O O O 32400

4,750

32.400
100.100

10,000
'10,0\)11

70,000
O

O
100,000

O

O O O 8,250

O O O 610,750

O O O 602,500

O O O 8,250

1999

8,250

365,000

O

O
O

O

O

750

20,000
2,000

6,500

40,000
6,500

340,000

10,000
. O

4750

Farmed Landa FL

Ag Oroundwater 5yatem (OW

A DI.trlbuUon 5

Federal Ag Water

Federel Non-Ag Waler

StateWeler

leeall Olher

Olslrlet Ground Water

Recycled Urban

Upalope oraln Watar

OIS Oraln Water reuae
Prlclpllallon

Non-Ag dellverles

5plllege .

Evaporallon
Ferm dellverle.

01 JlInd Water recherge'

Rll'arlan ET

Sea a e

Ol.t. Oralna .tem ORA

Farm dellverlas 340,000

PrI'y'ale Ground Water 100,000

Prtlclpltallon 156,000

FL oralnw1r reuse 10,000

5h IlIow Oround Water O
Evaporallon O

Tolal trop ET .cOl ,1100
Ta,lwater 06,000
Tllewater 8,400
Oe<l' ere. From nelda 100 100

Dlstrlct Boundarlas (Innows) , 610.750

Dlstrlct Boundarlas (outnows) 602,500

5e"page (Canal) 4,750
5e,)paga (Oralnaga) 32,400
Oeop pere. From n.ld. 100,100
Ore'und Waler recharga 10,000
GII'III1l! Walor Innow 40,OUll

Orl und Wal~~ oulnow 70,000
Inlorcapllon lo draln. O
Olstrlct Ground Watar O

Prlvale Ground Waler 100.000

5hr,Jlow Ground Water -,' O
Nol round water exchan e 8 250

Nat Changa In GW Storaga

output

Olllput
ou1pu1

ou1 u1
T '

""!r-W··... ··l;···5 ..· .. ; -"..:' ." ·.~Il· .... l'~:' ..1

. ,"',-:;.'" .:'
t .'. ¡. I! .~.. : .

, ';', '~!);,.!.;~~~:l \~. ,
'~ :~ ... ' Ir:¡I'(.;". ~

Source/Basls Flow Path Title/Descrlptlon 1998

Tattwater 96,000
TlIlJWatar 8.400

Upllop. Oraln Water 25,000

Spillage 40.000

Prtclpltallon 2,000

oulput oralnw1r outnow 92,500

oulpu1 !0188) 015 oralnw1r reuII 20,000

,oulpu1 (FL4) "FL Orelnw1r reuse 10,000

. output , Evaporalion 13,000

, O" • ,.~~tf.~!, RI~arlan ET . 3,5QO
lr!":rZffi*,j,il"'Ym Selt a e Ilnterce t Ir ne 32 400

output
. output

oulput (0155)

outpul (FL2)

" ~ulp'utIFL51 o.

í1 (I\~!.:tclóli litlíl».li

Priority
Flow

Path

1 .0151

1 0152

1 0153

1 0154

1 0155

1 0156

1 015~

1 015a

1 0159

1 01510

1 01511

1 01512

1 01513

1 01814

2 DI515

Calo DI516

1 FL1

1 FL2

1 FL3

2 FL4

2 FL5

1 Flll

1 FI 7
2 Ha
2 FUl

Cale Fl10

1 ORAl

2 ORAl
2 ORA3

2 ORA4

2 ORAS

1 oRA6

1 oRA7

2 oRA8

2 oRA9

2 oRA10

Cale oRAll

Cale; GWl
/

Cele GW2
1 GW3
:1 nW1

'l OW6
Cele GWll

1 GW7

1 GWa

1 GW9

Cale GW10



CONCIJlJSrONFS ¡'-¡NA¡ ,I~S

MEDICIÓN DE CAUDALES:

Contar con estructuras que permitan <.h1r cOIlII~lI1Z~l ~l los lI"-;lI,lr!ns dl'l
sistema, las cuales a su vez sean un buen control para le] iIL..;lilllL:i¡'Hl

que administra el recurso.

SCADA:

Importante para contar con información real de lo qlle OCUlTe l'll

terreno, la cual es irnport<lIlle p(lra lellcr UIW lHIl'll<\ ulili/;ICi('lll /kl
recurso y tomar decisiones adecuad~\s Cll el tiempo oporluno.

MODERNIZACION:

Es UIl proceso lt'IHlit'IlIt..' a li<Ir ¡:()lIlt,I)/\I), C()i~I:I/\I~11 1I );\1) \

I:LL:XIL3ILIOAO a los usuarios.

BALANCE DE AGUA:

Indispensable para el desarrollo dc cU<t1qUil'l' sislclllil '-IIIl.:' l.i(.'II<.!;1I1 <1

la modernización de canales.
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