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des Gerais

A drenagem congiste na remogio do excesso de 4Qua @ $2is do solo, com a linabdade
de criar condicoes de boa asracho ¢ de controle da salinidade que lavoregam o crescimento &
o desemvolvimento das culfuras e que presenvemn as caracterislicas fisicas, guimicas e
bioldgicas do solo.

Em regides Umidas. as dreas baias com lopografia plana, como as vdrzeas, podem
apresentar excesso de Agua na superficie & no perfil do solo, sendo a drenagem artficial
indicada para viabilizar a exploracho agricola, com melhodia da disponibidade de oxighnio na
zona das raizes,

Em rspmmdases.m-indas os problemas de drenagem s8o geralments
ocasionados por manejo inadequado das imigacies, com aplicagio de ldminas excessivas da
dgua que provecam a slevagdo do nivel do lengol fradtico @ o acimulo de sais na camada da
solo explorada pelo sistema radicular da cultura. Neste caso, a drenagem artificial & indicada
para controlar o nivel do lengol fredtico, bem coma possibilitar a lixiviagdo dos sals razidos nas
dguas de imigaclo, a fim de evitar a salinizacio do solo,

Tabda, predominante nos campos de Varzeas.

Considerando o critério do drenagem para época da irrigacdoc
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Fara o problema em questdo, vamos considerar 05 vakbres de p equivalenbos
a4 hortalicas. Considerando o valor miximo, vamos ler que p = 0,80 m. A prolundidade de
instalacdo dos drenos serd entdo gual a 1,20 m (considerando que P = 1.5p).

Tréa chas aphs a rrigacio, a allura méama que o kncol redlico deverd asiar
sobre 08 drenos serd:

hy=P-p
hg = 1.20 - 0,80 = 0,40 m

1.2 = Dotermiracdo de ho

Para esta delerminacio & necessario se dalermingr a recanga (R) para os drends bem como

a machoporgsdade do $ok0 (u) em questio. Assim:
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Da dosa de rega tolal (B0 mm), 25% serdo perdidos por parcolacho (20 mm). Assim, apis a
prmara imgacao, a atura Iredtica sobro 05 dronos Sora:

hy =D =02 _gigm
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1.3 = Detlerminacio de D,

Frimeira jenjabva: L = 50 m,

Para uma profundidade de 3.2 m da camada imparmedvel, @ como a prolunddade da
imsialacdo dos drenos & de 1,20 m, o valor da D, serd de 2 m. Para drenos lubulares com
déimetro de 6° (0,15 m), o rabo serd kgpual a 0,075 m. Assim, o valor da D serd:
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Em alguns casos, o controle do lenA§Aol freAjAtico ou a sub-irrigaASAA£Ao podem ser utilizados durante o cultivo para suprir a quantidade de AjAgua necessAjAria ao desenvolvimento da cultura e para prevenir a drenagem excessiva (Skaggs, 1981). Utilizando-se um procedimento descrito por Duarte (1997) a relaASAA£Ao entre a umidade e o

potencial matricial de Aj Agua no solo A©A determinada pelo modelo de van Genuchten (1980) e a relaA§AAfAo entre a condutividade hidrAjAulica e a umidade do solo A©A obtida utilizando-se o modelo de Mualem (1976) Como dados de entrada, o modelo necessita de sA©Aries histA3Aricas de dados diAjArios pluviomA®©Atricos e de

evapotransp1raA§AA£Ao potencial da cultura, parA¢Ametros fAAsico-hAAdricos do solo, parA¢Ametros da cultura, parA¢Ametros econA’Amicos e dados relativos A A _geometria do sistema de drenagem. Para variaA§AApAes superiores verificou-se reduA§AA£Ao do espaA§Aamento econA’Amico entre drenos. O PRODEN pode ser obtido atravA©As dos
endereA§Aos: pafonso@mail.ufv.br e jcborges@alunos.ufv.br. O modelo mostrou-se insensAAvel ao parA¢Ametro fluxo ascendente mAjAximo oriundo do lenA§Aol freAjAtico. Estudos de sensibilidade permitem verificar se um modelo produz resultados 1A3Agicos em funASAA£Ao de alteraA§AApAes nos parA¢Ametros de entrada. Esta anAjAlise visa
determinar a necessidade de precisA£Ao de cada parA¢Ametro de entrada. Ao se delinear um sistema integrado de manejo de AjAgua-solo-planta, deve-se considerar as propriedades fAAsico-quAAmicas do solo, a topografia, o clima, a cultura e os requerimentos de trafecabilidade. Modelos baseados nas teorias de drenagem agrAAcola foram
desenvolvidos com o objetivo de simular a movimentaA§AA£Ao do lenA§Aol freAjAtico e os escoamentos subterrA¢Aneo e superficial, em funA§AA£Ao de parA¢Ametros climAjAticos, de caracterAAsticas do solo e da geometria dos sistemas de drenagem. Destaca-se a grande influA2Ancia observada com a variaA§AA£Ao do coeficiente CN, indicando a
necessidade da ,es-odnanimreted meganerd ed ametsis od seApAA§Aarugifnoc sasrevid arap acimA Anoce esilAjAna azilaer ,ralucidar anoz an augA;jAA ed atlaf rop e ossecxe rop odasuac essertse o maredisnoc euq 0A£AA§Audorp ed seApAA§Anuf azilitu oledom O .)2 arugiF( amargoxulf on sadazitameugse oA£As amica satircsed sapate sA 1-ah $R
,eratceh rop ,otejorp od oAfAA§Aatnalpmi ed otsuc - IpmIC lamiced ,launa soruj ed axat - sorujT 1-ah $R ,eratceh rop ,latot launa oA£AA§Anetunam ed otsuc - TnaMC 1-ah $R, "x" ona on launa atiecer - XAR sona ,otejorp od acimA’“Anoce adiv - nocEV 1-ah $R ,xAR a es-odnaredisnoc ,etneserp rolav - xPV :euq me )6( :0AEAA§Aauqe ad oiem rop



odaluclac ,aicnA2Arefer ed ona odanimreted arap adatejorp ,sotsuc so e soicAAfeneb so ertne aA§Anerefid a omoc odinifed res edop etneserp rolav O .savitucesnoc seApAA§Aaret1 saud me soditbo ymra e yrte ,yflh ed serolav so es-marapmoc , oAfAtne ,e )yflh( oc1tA|Aerf loA§AAernel od airAjAid arutla a etnemavon es-aluclaC )5( yflte - yees + yflfnip =
ycer ; oAEAsserpxe ad oiem rop adaluclac res a assap ocitAjAerf loA§Aernel od agracer a ,etnaid me oAfAA§Aareti adnuges ad ,B apate aN :avitareti amrof ed ,C e B sapate sA A onroteR .m 2,1 ed acrec ed AOA sonerd sod edadidnuforp a odnauq ,m 5 a seroirepus levAjAemrepmi adamac ad sedadidnuforp ed asicerp oAfAA§Aanimreted an
aicnA¢Atropmi ronem a odnacidni ,edadilibisnes amuhnen uo acuop ret uortsom oledom o ,lifrep od edadidnuforp ortemA¢Arap od savitisop seApAA§Aa1rav arap AjAj ;sonerd ertne ocimA Anoce otnemaA§Aapse od otnemua o iof aicnA2AYiAgesnoc ajuc ,setnahlemes marof sortemA¢Arap sessed savitisop seApAA§Aairav sad sotiefe sO .aerAjA ed
edadinu rop otnemitsevni o ratnemua ed mA©Ala ,augAjA'd sosruc so e ocitAjAAerf loA§AAAnel o riulop oA£Ari euq ,setnazilitref setneirtun ed oA£AA§Aa1V1x11 a acifisnetni e arutluc a arap olos on levAAnopsid augAjA ed edaditnauq a zuder siop JlevAjAjesedni AOA avissecxe meganerd a ,odal ortuo roP .lisarB on aigolodotem atsed edadilibacilpa a
arap sodatlov sodutse ed Arutlucha Ed Otnematraped OA Odalucniv) 2791, SCS (Ecivres Noitavresnoc Lios Olep Odivlovnesed, AVRUC AD Orema®fn ODOTA © © © © © © © ffff— Etnemlalfrepus AOCSE EUQ Anima ¢ Afl AD 04 £ AfA§an1mreted arap: Etnemlaicifrepus AOCSE EUQ 04 £ AfA§arf AD and Artlifni EUQ Aira;A fid 04 £ AfA§A ¢
AfAfatlperp ad 04 £ AfAS§arf ad Oa £ AfA§ fanimreted .olos od edadimu ad A £ AfA§Afuder to MOC LAER O4& £ AfA§Afaripsnartopave ad laicnenopxe A £ AfA§Afuder amu, otnatrop, es-odnaredisnoc) 9891 (Odranreb ROP ATSOPORP 04 £ AfA§A,uqe A es-odnazilitu, ralucidate anoz ad augajAf ed roet on esab moc adaluclac © © Laer A © A
fAfaripsNartopave a .3 arugif an sodatneserpa £ 1st edadilibisnes ed esiladffna ad sodatluser so edadilibisnes ed esilaffna .Ametsis mu the sodaicasa siauna sonad ed Aida © fm a ranimreted reuq es odnaug, loafnel od A £ AfA §Afatnemivom A Sarutluc SAD AtsoPerser Ed Seleuga MOC Sodanibmoc Resortop Sodatluser Sesse 1002/2/12 - 320 Olocotorp
Adatic Artaretil .1 SEA ¢ Afsulcnoc .1 arugif an sodazitameu QSE A £ is setnenopmoc sessse.) 1002, Arierref (Olos OD Saciméfuq and Sacisa € ™ s Seijeirporpp SA Ravreserp and Satnalp SAD Otnemivlovnesed OA LevafrovaF ethneibma mu rairc me etsisnoc alocadofrga Meganerd AD Ovitejbo O f AfA+ Afudortni SISYLANA CIMONOCE, LEDOM
NOITALUMIS, Eganiard larutlucha: SDROW YEK .LAICFREPUS OTNEMOOCSE ME ADITREVNOC-04 £ A fn Oa £ AfASA f A £ Afa € A fa € Atssen Sodazilito Adartne Ed Sortema ¢ Afrap Sod Serolav SO MATNESERPA 4 A 1 SALEBAT SA .SODATLUSER SOD 04 £ Afa € fs Lauq the MOC, "UNEM" Mu Odnatneserpa, Acifafrg ecaffretni amu Azilitu
Nerdorp or Sodatluser. Dodarepse Emrofnoc, Oledom OD A £ AfA§Afacilpa Alep Oditbo, Sonerd Ertne Ocima Afnoce otnemaA§fapse od A £ AfA§fuder me maracilpmi, Olos on AugaiAf ed ossecxe oa arutluc ad edadilibisnes ed rotaf and A £ 1 rap sod savitisop sezpA§airav .otnemidneeerpme od acima'Afn Oce edadilibaiv to erbos ramrofni ed ma © © ©
©, sonerd ertne ocima'Afnoze otnema$e o United States (SCS-USDA). Negative changes in potential evapotranspiration have led to a slight underestimation of the economic gap between discharges. In Figure 3A it is possible to observe the effects of the variation of the input parameters, related to the geometry of the drainage system and the
physical-water characteristics of the soil, on the results of the simulations, obtained with the application of the PRODREN model. Telephone: (31) 3899-2734. Realization of the water balance in the radical zone and correction of the part of precipitation reaching the groundwater: For each day of the number “y”, the following values are calculated:
daily accumulation of water in the radical zone (army), daily upflow (famax), daily actual evapotranspiration (etry), evapotranspiration (etry), evapotranspiration daily real from the radical zone (etzry), daily real evapotranspiration from groundwater (etlfy) and part of daily rain reaching the water table (pmﬂfy) Key words: agricultural drainage,
simulation model, economic analysis ABSTRACT This study involves the development of a computational model to fill the main gaps in existing models, and also performs a sensitivity analysis to verify the effect of input parameters on the results obtained by applying the model. It was observed that, according to the database used in this analysis, the
crop was subjected to more intense stress due to the lack of water in the soil. Due to positive changes in the parameters NC coefficient, evapotranspiration potential and sensitivity factor of the crop to the water deficit in the soil, there was an increase in the calculated economic distance between discharges. Part I: Model development and sensitivity
analysis Agricultural drainage systems. The model was insensitive to the actual radius of the discharges and to the parameters of ;5991 ,0so0dliV ;0991 ,sggaksS ;7891 ,.la te elyaG ;7891 ,.la te ssuoF ;5891 ,.1a te retraC ;3891 ,.la te gnahC ;2891 ,.la te ojojdimaojdraH ;9691 ,reliH( )TY( latot avitaler edadivitudorp e )DRY( olos on augAAA and ticifA©Ad

od oA£A§AAnuf me avitaler edadivitudorp ;)WRY( olos on augAA and ossecxe od oA£A§Anuf me avitaler edad1v1tudorp ;)SDN( soces said ed oremAAA ;)03WES( augAA edA ossecxe od amos :0A£As sarutluc sad edad1v1tudorp a erbos olos on augA.AA ed atlaf ad uo ossecxe od sotiefe sod sodutse a sodanoicaler sohlabart soirAjAv me sodazilitu
ohnepmesed ed sortemA¢AraP :meganerd ed ametsis od ohnepmesed ed 0A£A§Aa11ava ed sortemA¢Arap sod oluclAjAC .VFUII rb.vfu.sonula@segrobcj :liam-E .sona soirAjAAv etnarud 001tA.AAerf loA§AAnel od oAfAA§Aautulf ad oAEAA§Aalumis a metimrep adartne ed sortemA¢Arap omoc socitAjAmilc sodad mazilitu euq soledom sO .edadivitudorp an
otnemercni olep odaiciporp onroter od e meganerd ad otsuc od oAfAA§Aailava a ,A©A otsi ,ocimA”"Anoce A©A otcepsa odnuges o otnauqne ,arutluc ad edadivitudorp an etnemetneA%Aqesnoc e atnalp-augAjA-olos seApAA§Aalerretn1 san laicifitra meganerd ad sotcapmi sod avitamitse A e sonerd sod oAfAA§Aalatsni ad sacisAAf saicnA2AAYsAqgesnoc
s A erefer es oriemirp o euq me ,sotnitsid sotcepsa siod evlovne meganerd ed sotejorp ed oAfAA§Aazimito a ,0AEAA§Aautiecnoc atse odnugeS .etneserp rolav o es-odnaluclac ,acimA Anoce esilAjAna a es-autefe ,adiuges mE oA£AA§Aatna1pm1 atsed otsuc o e ,ametsis od oAfAA§Aatnalpmi A odAAubirta oA£AA§Audorp an otnemercni olep soditbo
serolav so ertne saA§Anerefid sa ezimixam euq eleuga omoc odinifed res edop odazimito meganerd ed ametsis mu euq mazitafne )4891( .)1891 ,sggakS( odoAAArep otrec etnarud ametsis od ohnepmesed o revercsed ed mA®©Ala ,sarutluc sad 0A£A§Audorp a arap sacitAArc res medop euq sacitAAmilc seApAA§Aidnoc ed saicnA2AAYVsAqes es-racifitnedi
ritimrep eved ,atnalp-olos- augA.AAA ed ojenam ed sametsis rasilana e ratejorp arap adazilitu res a aigolodotem A .odarutas olos od lacitrev lacitrev et al., 1998; Borges JA°nior, 2000; among others). Nella figura 3b la sensibilitA del modello A" osservato al seguente ingresso parametri: precipitazione giornaliera, potenziale evapotraspirazione
quotidiana, fattore di sensibilitA culturale all'acqua recante nel terreno, fattore di sensibilitA culturale per acqua in eccesso nel terreno, il massimo flusso crescente dal foglio di trasporto COEFFICIENTE CN (numero del metodo della curva, utilizzato per la stima del flusso superficiale). Questo effetto A" stato piA! accentuato per il prezzo del
prodotto, indicando la necessitA di un'attenta stima di questo parametro. I componenti del bilanciamento HORARRI considerati, erano: precipitazioni, flusso superficiale, infiltrazione, stoccaggio dell'acqua nella zona radice, percolazione attraverso la base della zona radice, flusso che sale dal foglio di trasporto alla zona radice, evapotraspirazione,
"Sepage" e drenaggio. 2. Ferreiraii; Fernando F. Con I'analisi della sensibilitA , A" stato verificato che i parametri della profonditA della madre della madre, la conduttivitA idraulica orizzontale del suolo saturo, la porositA drenante, i parametri climatici, il coefficiente del coefficiente e il costo dell'installazione dei fognatori sotterranei, esercitare una
maggiore influenza nel Calcolo della spaziatura economica tra gli scarichi. Il valore B utilizzato A” un giorno, corrispondente al tempo tra le letture dei dati multommet, mentre il valore del DEQ A" calcolato in base alla procedura descritta da Ferreira (2001). E-mail: AZIZ@Mail.ufv.BR Riepilogo Questo lavoro include lo sviluppo di un modello
computazionale, al fine di fornire i principali lacune in relazione ai modelli esistenti e per effettuare 1'analisi della sensibilitA , mirando a verificare I'effetto dei parametri di input sui risultati ottenuti dall'applicazione del modello. Telefono: (31) 3899-1911. Il modello computazionale Proren, si A" rivelato potente per soddisfare Main gaps in relation to
the Al Existing, using input data normally available in the country, equipped with a graphical interface that facilitates communication with the user. The model did not show sensitivity to negative changes in the crop sensitivity factor to soil water and the CN coefficient. The model was highly sensitive to precipitation, while the sensitivity of the crop to
excess water in the soil proved insensitive to variation at 60%, controlling a small sensitivity for greater variation. Different depths and gaps between the discharges provided varying degrees of fluctuation from the lintel, and even the mother of annual damage can vary. Telephone: (31) 3899-2215. The importance of the adequate estimation of the
surface flow, whose overestimation implies an underestimated underestimation of the underground drainage system, i.e. the super-mative of spacing between the discharges, which can lead to the reduction of the productivity due to the excess water in the soil and thus reduce the expected economic return. The main components of the water balance
in a controlled volume halfway between two parallel discharges on the unit base and a height equal to the distance between the ground surface and the ground water table. For variations in this parameter, less than 40% negative, levels were not achieved. It simulates the position of the goods by counting daily the main components of the HORARRI
balance in a volume of unit and height control equal to the depth of the impermeable layer, located halfway between two parallel discharges, installed at the same depth. Sensitivity analysis The sensitivity analysis of the model was carried out several times. each input parameter, individually, while the others Constanti were maintained. The objectives
of this work were: (a) to develop a computational model for the sizing and management of agricultural drainage systems, with the aim of satisfying the gaps in relation to existing models, notoriously compared to availability, in Brazil, information for feeding models and communication facilities with the user; and (b) determine the effects of input data
on the results generated by the application of the model, using sensitivity analysis. Negative variations of precipitation values have led to a great overstimative of the economic spacing between drains. Go to the corrugated pipes of the disputed pebble shows the high efficiency in drainage drainage Executive design demonstrates tiger-ads advantages
Manage the consent of engineering tubes and agricultural drainage drainage systems. The model has daily the main components of the hororric balancing in a volume of control of the unit and height equal to the distance between the ground surface and the waterproof layer, located half a distance between two parallel deceased, at the same depth of
simulation, Then, moving the sheet sheet. Agricultural drainage increases the annual number of days favorable to mechanized agricultural operations, as well as to provide the environment adapted to the development of crop roots. The type of terrain was clayey and the minimum of the "sepage". Pruskiiii; Aziz G. Negative variation of the price of the
product and the useful life of the project involved an increase in economic spacing between drains. Simulation of the daily position of the shipping sheet: To calculate the refill of the shipping sheet on the day "Y", the value of the precipitation portion is used in the first simulation, calculated to point A, The "Sepage" bilys (flow due to Craftsman) If it
happens, that is: RECY = PINFY + SEEY (1): RECY - RECHARGE BEET ON THE DAY "Y", MM PINFY - Precipitation that infiltrate on the day "Y" "MM SEEY -" Sepage "Spring On The Day "Y", MM Prodren uses the intermittent charging equation of the LEUR van - Maasland's Kraijenhoff Van to estimate the height of the appropriate transport lesson to
a constant perch (Pizarro, 1978), shown below: (2): ( 2): HLFT - height of the freight sheet contained the drains, in response to a recharge, M NI - Order number of the number of Exp-Number Nepertian, approximately equal to 2.718282 rechargeable refill of constant intensity, M D-1 14D - Drinking soil, decimal (Ferreira, 2001) B - Duration of
charging, D T-T-Time Performance from the beginning of the top-up, D J - Storage factor, D, calculated by expression: (3) Where: L - Space between DRECIDI, M KHO - Hydro-mobile conductivity Horizontal The Saturated, M D-1 (FERREIR A, 2001) D = DAQ + HM (4) Where: DAQ - Hooghoudt Thickness Equivalent layer, M HM - The height of
Freottom of the freight sheet on the floor passes through the drains over time B, m. The same database was considered used by Duarte et al. The sensitivity analysis indicated that the parameters of the depth of the mother of drains, the horizontal hydraulic conductivity of the saturated soil, the downloadable porosity, climate parameters, the
coefficient of CN and the cost of the installation of underground sewerage, exercise greater influence In the calculation of the economic spacing between drains. Figure 3C shows the sensitivity of the model to the parameters used in the economic analysis. 3. Using the production functions that consider stress caused by excess and lack of water in the
root area, this model makes economic analysis for different configurations of the drainage system, allowing the del Spacing between sewers as well as information on the economic viability of the company. Severe daily rainfall and potential evapotranspiration data from the Pyracicaba region, SP, were used for the period 1974 to 1994, for a total of 21
years. Prodenren is an iterative model, composed of the steps presented, briefly, to follow. When the actual evapotranspiration, calculated in each iteration, is less than or equal to the maximum upstream, the ETR will be considered to be fully provided by the transport sheet, which does not occur decreasingly seed of the container of the root zone,
due to evapotranspiration; Otherwise, that is, since the ETR is greater than the famax, the effective evapotranspiration is considered to be provided by the transport sheet and the root zone, as follows: Ethlf = FAMAX and ETZR = ETR - ETLF. For sensitivity analysis it was verified that the parameters mean the discharge depth, the saturated hydraulic
conductivity of the horizontal soil, the drainable porosity, the climatic parameters, the climatic coefficient and the cost of the installation of underground discharge have a great influence on the calculation of the economical exhaust spacing. (1998) To perform the sensitivity analysis of the SimDren model, with which Prodenren is compared in Part II
of this work. The variation of the effective depth of the root system for the cultivation of corn and the parameters of sensitivity of the crop, excess and for the whistling of water in the soil, are quoted by Skaggs (1990). Positive changes in the price of the product, up to 60%, do not imply a reduction in the spacing between the discharges. It is
emphasized that the sensitivity of the model to the different parameters evaluated can be modified, depending on the database used. The results of these studies provide information on the behaviour of the model and also on failures in the methodology. e e iranecs isrevid a ,olledom led Atilibacilppa'llen e olledom len (Gowda et al., 1999). Borges
JAfA®niori; Paulo A. In this way, the benefits provided by different combinations of spacing and depth of exhausts (Wiser et al., 1974) should be calculated. E-mail: ffpruski@mail.ufv.br Ivufv. The data entry is performed by reading files, preferably or digenza. On a smaller scale, this effect was also observed for the sensitivity factor for excess water in
the ground, which shows the need for research with the purpose of the correct determination of this factor, for different varieties of cultures. It also allows, determining whether the company is economically valid or non-life. The culture used was the corn sown on 8 October and collected on February 14th. It is also verified that the major effects on
economic spacing have been produced by the depth of waste, from the Drenable porosity and the horizontal hydraulic conductivity of the saturated land, and these are therefore the parameters that require greater precision when determined. The results are presented in the form of tables and graphs, allowing the provision of the different
configurations of the discharge systems evaluated, indicating what propitiates the a €
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