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SeepageSeepage losseslosses inin thethe SanSan 
JoaquinJoaquin Valley's WestlandsWestlands Wa
terter DistrictDistrict werewere estimatedestimated atat 
27,00027,000 acre-feetacre-feet aa year,year, oror aboutabout 

Valley’s Wa-

district’s sup-2%2% ofof thethe district's waterwater sup
ply.ply. DitchDitch configurationconfiguration andand 
constructionconstruction techniquestechniques ap
pearpear toto influenceinfluence seepageseepage rates.rates. 

ap-

IrrigationIrrigation ofof agriculturalagricultural landland onon thethe westwest 
mid-sideside ofof thethe SanSanJoaquinJoaquin ValleyValley sincesince thethe mid

1960s1960s hashas ledled toto risingrising groundwatergroundwater tablestables 
andand anan increasedincreased needneed forfor on-farmon-farm drainagedrainage 
toto sustainsustain productivity.productivity. TheThe presencepresence ofof 
naturallynaturally occurringoccurring tracetrace elementselements inin thethe 
shallowshallow groundwater,groundwater, thethe resultresult ofof decadesdecades 

thedrain-ofof soilsoil leaching,leaching, hashas compoundedcompounded the drain
con-ageage problem.problem. DrainageDrainage returnreturn flowsflows con

taminatedtaminated withwith selenium,selenium, whenwhen concenconcen-
tratedtrated inin surfacesurface impoundments,impoundments, havehave ad
verseverse effectseffects onon fishfish andand waterfowl.waterfowl. 

ControlControl ofof drainagedrainage flowsflows atat thethe sourcesource 

ad-

hashas beenbeen advocated byby the San JoaquinJoaquin Val
leyley DrainageDrainage ProgramProgram (SJVDP)(SJVDP) andand othersothers 
asas thethe mostmost promisingpromising short-termshort-term strategystrategy 
forfor managingmanaging thethe drainagedrainage problem.problem. DeepDeep 

advocated theSan Val-

percolationpercolation lossloss toto thethe shallowshallow groundwa
ter,ter, resultingresulting fromfrom excessiveexcessive pre-seasonpre-season andand 
seasonalseasonal irrigations,irrigations, isis thethe majormajor contributorcontributor 
toto drainagedrainage flow.flow. AnotherAnother sourcesource affectedaffected 
byby on-farmon-farm managementmanagement isis seepageseepage fromfrom 
unlinedunlined ditchditch andand reservoirreservoir facilities.facilities. ToTo 

groundwa-

long-developdevelop comprehensivecomprehensive plansplans forfor long
drain-termterm managementmanagement ofof drainagedrainage andand drain

age-relatedage-related problems,problems, thethe SJVDPSJVDP needsneeds toto 
bebe ableable toto assessassess thethe relativerelative importanceimportance ofof 
thesethese losseslosses comparedcompared withwith thethe groundwa
terter rechargerecharge causedcaused byby inefficientinefficient irrigationirrigation 

groundwa-

infiltrationrates agricul-andand varyingvarying soilsoil infiltration rates inin agricul
turaltural fields.fields. 

PreliminaryPreliminary fieldfield studiesstudies ofof ditchditch seepageseepage 
losseslosses performedperformed inin 19871987 byby WestlandsWestlands 
WaterWater DistrictDistrict indicated thatthat seepageseepage losseslosses 
fromfrom unlinedunlined ditchesditches andand reservoirsreservoirs inin thethe 
districtdistrict couldcould bebe asas greatgreat asas 50,00050,000 toto 70,00070,000 
acre-feetacre-feet aa year.year. UntilUntil now,now, however,however, therethere 

indicated 

magni-hashas beenbeen nono rigorousrigorous studystudy ofof thethe magni
tudetude ofof thesethese losseslosses onon aa regionalregional scale.scale. Al
thoughthough thethe regionregion chosenchosen forfor thisthis surveysurvey 

Al-

waswas WestlandsWestlands WaterWater District,District, itit waswas envis

agedaged thatthat conclusionsconclusions drawndrawn fromfrom thethe
 
analysisanalysis wouldwould havehave transfertransfer valuevalue toto otherother
 
regionsregions andand waterwater districts.districts.
 

envis-

0o CharlesCharles M.M. BurtBurt
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WestlandsWestlands WaterWater DistrictDistrict (WWD)(WWD) appliesapplies 
1.21.2 millionmillion acre-feetacre-feet ofof irrigationirrigation waterwater 
annually,annually, obtainedobtained fromfrom U.S.U.S. BureauBureau ofof 

ground-ReclamationReclamation projectproject suppliessupplies andand ground
waterwater sourcessources withinwithin thethe district.district. WaterWater isis 
delivereddelivered toto moremore thanthan 600600 agriculturalagricultural 
usersusers throughthrough aa 1,035-mile1,035-mile pressurepressure andand 
gravitygravity pipelinepipeline distributiondistribution system.system. FromFrom 
thethe pipeline,pipeline, thethe waterwater oftenoften flowsflows throughthrough 
conveyanceconveyance ditchesditches oror directlydirectly toto aa headhead 

Tail-ditchditch forfor surfacesurface applicationapplication toto fields.fields. Tail
waterwater isis commonlycommonly recycledrecycled byby pumpingpumping 
directlydirectly outout ofof smallsmall reservoirsreservoirs oror regulatingregulating 
ditchesditches intointo whichwhich tailwatertailwater flowsflows areare di
rected.rected. 

AlthoughAlthough therethere isis somesome useuse ofof gatedgated pipepipe 
oror permanentpermanent lininglining toto reducereduce seepageseepage 
losseslosses fromfrom irrigationirrigation headhead ditches,ditches, onon mostmost 
farmsfarms seepageseepage occursoccurs fromfrom headhead ditches,ditches, 
tailwatertailwater ditches,ditches, conveyanceconveyance ditches,ditches, andand 

di-

tailwater reservoirs.reservoirs. ThisThis seepageseepage contrib
utesutes directlydirectly toto shallowshallow groundwatergroundwater levels.levels. 
DuringDuring OctoberOctober 1987,1987, aboutabout 303,000303,000 acresacres ofof 
landland hadhad salinesaline waterwater tablestables withinwithin 2020 feetfeet 
belowbelow thethe groundground surface.surface. TheThe waterwater tabletable 
waswas withinwithin 1010 feetfeet belowbelow thethe groundground surfacesurface 
onon aboutabout 222,000222,000 acres.acres. WWDWWD staffstaffestimateestimate 

tailwater contrib-

thatthat aboutabout 300,000300,000 acresacres inin WWDWWD willwill eveneven-
drain-tuallytually needneed subsurfacesubsurface agriculturalagricultural drain

age.age. 

ProcedureProcedure 
WeWe selectedselected 5656 testtest sites,sites, 180fwhich werewere 

testedtested twicetwice duringduring thethe growinggrowing seasonseason (74(74 
totaltotal tests).tests). WeWe alsoalso testedtested 1919 reservoirs.reservoirs. 
SoilSoil samplessamples werewere collectedcollected fromfrom thethe toptop 11 
footfoot inin thethe bottombottom ofof eacheach testtest ditch.ditch. SoilSoil 
texturetexture waswas determineddetermined byby thethe standardstandard 

18of which 

particleparticle sizesize analysisanalysis (Bouyoucos(Bouyoucos hydromehydrome-
ter)ter) procedure.procedure. ExchangeableExchangeable sodiumsodium perper-

con-centagecentage (ESP)(ESP) andand salinitysalinity (electrical(electrical con
ductivity,ductivity, ECeEC 10’ )xx 10") werewere alsoalso determined.determined. 

c 
deter-TheThe texturetexture ofof thethe soilsoil profileprofile waswas deter

minedmined throughthrough ribboningribboning (manual(manual evaluevalu-
ation)ation) atat I-foot intervalsintervals fromfrom the surface toto 
aa depthdepth ofof 66 feetfeet adjacentadjacent toto eacheach ditchditch testtest 
site.site. IfIf aa shallowshallow groundwatergroundwater tabletable waswas 
presentpresent inin thethe toptop 66 feetfeet ofof thethe soilsoil profile,profile, thethe 
depthdepth waswas recorded.recorded. 

DitchDitch dimensionsdimensions werewere recordedrecorded forfor eacheach 
testtest site.site. BeforeBefore eacheach test,test, thethe growergrower waswas 

1-foot thesurface 

informa-interviewedinterviewed toto obtainobtain additionaladditional informa
tiontion onon ditchditch constructionconstruction andand managementmanagement 

imple-practices,practices, suchsuch asas thethe implementimplement oror imple
mentsments usedused toto constructconstruct eacheach ditch,ditch, thethe 
machinerymachinery usedused toto pullpull thethe implementimplement andand 
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District, ArnirAtAt oneone ofof thethe 5656 testtest sitessites inin thethe WestlandsWestlands WaterWater District. UCUC DavisDavis graduategraduate studentstudent Amir MansoubiMansoubi conductsconducts ditchditch seepageseepage evaluations.evaluations. 

numbernumber ofof passespasses required,required, thethe durationduration 
andand frequencyfrequency ofof irrigationsirrigations duringduring whichwhich 
thethe ditchditch waswas used,used, andand thethe cropcrop growngrown onon 
thethe fieldfield servicedserviced byby thethe ditch.ditch. 

TestingTesting waswas donedone byby aa pondingponding method.method. 
AA sectionsection ofof ditchditch approximatelyapproximately 200200 feetfeet 
longlong waswas blockedblocked onon bothboth endsends byby earthenearthen 
damsdams oror plasticplastic tarpaulins.tarpaulins. AA staffstaff gaugegauge 
waswas placedplaced inin thethe ditchditch bottom.bottom. ToTo beginbegin 
eacheach test,test, thethe ditchditch waswas filledfilled rapidlyrapidly withwith 
waterwater usingusing aa 4-inch4-inch hosehose connectedconnected toto aa 10
oror 12-inch12-inch dischargedischarge pipe.pipe. AA 2-inch2-inch hosehose 
waswas connectedconnected toto thethe basebase ofof thethe adjacentadjacent 
WWDWWD waterwater deliverydelivery turnout.turnout. AA 3/4-inch3/4-inch 
waterwater metermeter andand 2-inch2-inch floatfloat valvevalve werewere 
connectedconnected toto thethe dischargedischarge endend ofof thethe 2-inch2-inch 
hosehose andand positionedpositioned acrossacross thethe ditchditch onon 
woodenwooden supports.supports. TheThe largelarge dischargedischarge hosehose 
waswas disconnecteddisconnected afterafter thethe initialinitial filling,filling, 
andand thethe desireddesired waterwater levellevel inin thethe ditchditch waswas 
maintainedmaintained byby thethe floatfloat valve.valve. StaffStaff gaugegauge 
andand metermeter readingsreadings werewere takentaken frequentlyfrequently 
duringduring thethe firstfirst dayday ofof testingtesting andand thenthen dailydaily 
forfor thethe remainderremainder ofof thethe testingtesting period.period. 
EachEach testtest waswas runrun aa minimumminimum ofof 33daysdays withwith 
mostmost teststests runningrunning forfor 55 days.days. 

WeWe testedtested reservoirreservoir seepageseepagebyby firstfirst fillingfilling 
thethe reservoirreservoir andand thenthen installinginstalling staffstaff 
gaugesgauges oror byby usingusing anan automaticautomatic surfacesurface 
levellevel recorder.recorder. ReadingsReadings werewere takentaken dailydaily 

10-

gener-duringduring thethe testingtesting period.period. TestsTests werewere gener
allyally maintainedmaintained forfor aa minimumminimum periodperiod ofof 11 
weekweek butbut variedvaried fromfrom aboutabout 44 toto 1414 daysdays 

res-becausebecause ofof irrigationirrigation managementmanagement andand res
ervoirervoir useuse practices.practices. 

DataData analysisanalysis 
pro-WeWe usedused aa commercialcommercial spreadsheetspreadsheet pro

gramgram (SuperCalc(SuperCalc 4)4) toto manipulatemanipulate thethe testtest 
data.data. DitchDitch dimensionsdimensions enteredentered inin thethe 

width, width,spreadsheetspreadsheet werewere toptop width, bottombottom width, 
depth,depth, heightheight ofof thethe ditchditch bottombottom aboveabove 
groundground surface,surface, andand lengthlength ofof testtest section.section. 
TestTest variablesvariables includedincluded date,date, time,time, metermeter 
reading,reading, waterwater depth,depth, evaporation,evaporation, andand 
rainfall.rainfall. DailyDaily evaporationevaporation datadata camecame fromfrom 
threethree weatherweather stations,stations, allall withinwithin thethe studystudy 
area.area. WeWe calculatedcalculated dailydaily evaporationevaporation us
inging thethe modifiedmodified PenmanPenman equation.equation. 

TheThe wettedwetted perimeterperimeter ofof eacheach ditchditch waswas 
measuredmeasured atat eacheach testtest site.site. DitchDitch geometrygeometry 
waswas trapezoidaltrapezoidal withwith anan averageaverage wettedwetted 
perimeterperimeter ofof 77 feet.feet. TheThe averageaverage toptop widthwidth 
waswas 7.97.9 feet,feet, thethe bottombottom widthwidth 2.22.2 feet,feet, andand 

us-

thethe averageaverage sideside slopeslope waswas 0.85.0.85. Calcula
tionstions werewere mademade toto determinedetermine thethe seepageseepage 
raterate inin cubiccubic feetfeet perper squaresquare footfoot perper dayday 

Calcula-

(ft"/ft*/day),(ft3 Ife Iday), andand cumulativecumulative seepageseepage inin 
ft3 I ft2 (cumulative(cumulative seepageseepage basedbased onon 1/2 
milemile lengthlength ofof ditchditch usedused toto irrigateirrigate aa fieldfield 
ft3/ftZ 1/2 

annually 1.forfor 5050 daysdays annually). ActualActual seepageseepage waswas 
calculatedcalculated byby measuringmeasuring thethe waterwater volumevolume 
thatthat flowedflowed throughthrough thethe floatfloat valvevalve andand 

differ-adjustingadjusting thisthis volumevolume forfor thethe smallsmall differ
enceence inin waterwater surfacesurface elevationelevation fromfrom thethe 
floatfloat valvevalve assemblyassembly andand aa referencereference waterwater 
depth.depth. 

AA regressionregression modelmodel andand anan integrationintegration 
modelmodel (Kostiakov(Kostiakov equations)equations) werewere usedused toto 

Kos-fitfit twotwo modelsmodels toto thethe intakeintake data.data. TheThe Kos
tiakovtiakov equationequation (I(I == Kt"':Kt"': wherewhere II isis thethe in-in

stantaneousstantaneous intakeintake raterate inin inchesinches perper hour;hour; 
rn
KK andand m areare constantsconstants fromfrom thethe numericalnumerical 

analysis;analysis; andand tt isis opportunityopportunity timetime inin hours)hours) 
waswas usedused toto describedescribe infiltrationinfiltration rates.rates. AA 
secondsecond formform ofof thethe KostiakovKostiakov equationequation (I(I == 
Kt"' infiltra-Kt'" ++ c:c: wherewhere cc isis thethe steadysteady statestate infiltra
tiontion rate)rate) waswas usedused toto accountaccount forfor steadysteady 
statestate infiltrationinfiltration ratesrates occurringoccurring afterafter longlong 
intakeintake opportunityopportunity times.times. TheThe cumulativecumulative 
seepageseepage overover eacheach irrigationirrigation periodperiod waswas 
obtainedobtained byby substitutionsubstitution intointo thethe calibratedcalibrated 
Kostiakovequation.Kostiakov equation. 

WeWe thenthen transferredtransferred the spreadsheet datadata 
toto aa LotusLotus 1-2-31-2-3 spreadsheetspreadsheet programprogram forfor 

thespreadsheet 

analysis.analysis. UnitUnit seepageseepage ratesrates (ft3 I ft2 I day)(ft"/ft?/day) 
andand cumulativecumulative seepageseepage (ft'l ft2) werewere com(ft'/ft2) com-

inspec-paredpared withwith thethe variablevariable datadata usingusing inspec
tion,tion, pairedpaired regression,regression, andand multiplemultiple regresregres-
sionsion analysisanalysis toto determinedetermine statisticallystatistically sigsig-

Fre-nificantnificant relationshipsrelationships andand datadata trends.trends. Fre
quencyquency ofof occurrenceoccurrence analysesanalyses werewere alsoalso 
performedperformed onon thethe data,data, andand thethe resultsresults werewere 
graphed.graphed. DataData trendtrend relationshipsrelationships werewere 
establishedestablished forfor depthdepth ofof flow,flow, numbernumber ofof 

ex-tractortractor passes,passes, soilsoil moisturemoisture depletion,depletion, ex
changeablechangeable sodiumsodium percentagepercentage (ESP),(ESP), 
heightheight ofof waterwater aboveabove field,field, andand bottombottom 
widthwidth ofof ditch.ditch. 

EffectsEffects onon seepageseepage ratesrates 
ToTo establishestablish whichwhich managementmanagement variablesvariables 

ini-hadhad anan effecteffect onon thethe raterate ofof seepage,seepage, wewe ini
re-tiallytially usedused aa graphicgraphic approach.approach. ThisThis re

sub-quiredquired dividingdividing thethe datadata basebase intointo sub
groupsgroups andand plottingplotting thethe seepageseepage raterate 
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againstagainst thethe managementmanagement variablesvariables usingusing aa 
approachallowedscatterscatter diagram.diagram. ThisThis approach allowed thethe 

visualvisual inspectioninspection ofof thethe graphsgraphs forfor datadata 
trendstrends thatthat wouldwould notnot otherwiseotherwise bebe evidentevident 

en-usingusing regressionregression analysis.analysis. Initially,Initially, thethe en
tiretire datadata basebase waswas examinedexamined asas aa whole.whole. 
ThenThen wewe divideddivided thethe datadata intointo incrementalincremental 
subgroupssUbgroups byby variousvarious subsetssubsets suchsuch asas SoilSoil 

classifica-ConservationConservation ServiceService (SCS)(SCS) soilsoil classifica
tiontion series,series, locationlocation withinwithin thethe district,district, typetype 
ofof ditch,ditch, andand soilsoil texture.texture. TheThe initialinitial datadata 
analysisanalysis showedshowed thatthat mostmost ofof thethe datadata waswas 

dia-notnot statisticallystatistically related.related. TheThe scatterscatter dia
gramsgrams indicatedindicated apparentapparent datadata trends.trends. 
InterpretationInterpretation ofof thethe graphsgraphs waswas subjective.subjective. 

ana-MultipleMultiple graphsgraphs werewere producedproduced andand ana
lyzedlyzed forfor datadata trends.trends. 

statisti-NoneNone ofof thethe datadata analysesanalyses werewere statisti
callycally significant.significant. TheyThey consistentlyconsistently resultedresulted 

deter-inin lowlow correlationcorrelation coefficientscoefficients asas deter
r2 statis-minedmined byby thethe r2 statistic.statistic. SomeSome ofof thethe statis

r2ticaltical analysesanalyses hadhad r2 valuesvalues closeclose toto 0.70,0.70, butbut 
r2thethe majoritymajority hadhad r2 valuesvalues lessless thanthan 0.20.0.20. 

per-MultipleMultiple regressionregression analysesanalyses werewere per
inde-formedformed onon aa limitedlimited numbernumber ofof thethe inde

pendentpendent variablesvariables withwith lowlow rr22 values.values. 
SinceSince thethe independentindependent variablesvariables diddid notnot 

showshow aa highhigh degreedegree ofof variability,variability, anotheranother 
approachapproach waswas appliedapplied toto checkcheck thethe datadata forfor 
significantsignificant trends.trends. ThisThis involvedinvolved separatingseparating 
thethe sevenseven highesthighest cumulativecumulative unitunit seepageseepage 
valuesvalues andand calculatingcalculating anan averageaverage ofof allall thethe 
variablesvariables forfor thosethose sevenseven testtest sections.sections. 
TheseThese werewere thenthen comparedcompared againstagainst thethe 

val-sevenseven lowestlowest cumulativecumulative unitunit seepageseepage val
ues.ues. ThisThis waswas donedone forfor thethe entireentire datadata base.base. 
TheThe newnew ditchesditches werewere separatedseparated fromfrom thethe 
usedused ditchesditches inin thethe analysisanalysis toto givegive threethree 
differentdifferent setssets ofof data.data. 

in-LowerLower seepageseepage ratesrates resultedresulted fromfrom in
creasingcreasing thethe waterwater heightheight inin thethe ditchditch aboveabove 
thethe fieldfield surface.surface. AnotherAnother independentindependent 

seep-variablevariable thatthat appearsappears toto influenceinfluence unitunit seep
ageage ratesrates isis thethe bottombottom widthwidth ofof thethe ditch.ditch. 
TheThe analysisanalysis ofof extremesextremes indicatesindicates thatthat 

seep-widerwider ditchditch bottomsbottoms maymay havehave lowerlower seep
vari-ageage rates.rates. SinceSince thisthis isis aa manageablemanageable vari

able,able, aa growergrower couldcould choosechoose toto constructconstruct aa 
widerwider ditchditchbottombottom forfor aa lowerlower seepageseepage rate.rate. 
ThisThis wouldwould facilitatefacilitate greatergreater compactioncompaction ofof 
thethe wettedwetted perimeter.perimeter. 

TheThe numbernumber ofof tractortractor passespasses andand thethe 
channelchannel sideside slopeslope showedshowed differencesdifferences inin 

dif-thethe extremesextremes analysis.analysis. SeepageSeepage ratesrates dif
feredfered significantlysignificantly fromfrom thethe meanmean onlyonly atat thethe 
high-high- andand low-endlow-end valuesvalues ofof thethe numbernumber ofof 
tractortractor passes.passes. SeepageSeepage waswas lowerlower withwith 
increasedincreased wheelwheel traffic.traffic. ThisThis findingfinding agreesagrees 
withwith thethe scatterscatter diagramdiagram analysis.analysis. TheThe 
analysisanalysis alsoalso showedshowed anan apparentapparent decreasedecrease 
inin thethe seepageseepage asas thethe channelchannel sideside slopeslope 
decreased.decreased. TheThe flatterflatter slopeslope ofof thethe ditchditch maymay 
allowallow forfor greatergreater compactioncompaction ofof thethe regionregion 
affectedaffected byby thethe wettedwetted perimeter.perimeter. 

statis-TheThe resultsresults showedshowed thatthat therethere waswas aa statis
ticallytically insignificant,insignificant, butbut aa visuallyvisually positivepositive 
possiblepossible relationshiprelationship betweenbetween unitunit seepageseepage 

influencedinfluenced byby thethe typetype ofof tractortractor used,used, thethe
TABLETABLE1.1.ComparisonComparisonofofSCSSCSpermeabilitypermeabilityandand plowplow type,type, andand thethe numbernumber ofof tractortractorI unitunitditchditchseepageseepageratesrates 

passes.passes.
SOllSoil SCS per-SCSper- 10-day10-day
 
seriesseries meabilitymeabilityrangerange intakeintakerate'rate' SoilsSoils analysisanalysis
 

inches/hourinches/hour inches/hourinches/hour WeWe reviewedreviewed unpublishedunpublished datadata fromfrom 
_ethent <O 06 0 12Lethent <0.06 0.12(avg)(avg) thethe SCSSCS soilsoil surveysurvey forfor westernwestern FresnoFresno 

0 08 (SD)0.08 (SO) 
0 01 CountyCounty (in(in progress)progress) toto determinedetermine ifif therethere isis
0.01 (V)(V) aa relationshiprelationship betweenbetween SCSSCS soilsoil permeabil


CiervoCierva 0 0 6 - 0 2 0  0.17 (avg)(avg) ityity ratesrates andand observedobserved unitunit seepageseepage rates.rates.
 
permeabil-

0.06 - 0.20 0 17 
0 17(SD) TableTable 11 summarizessummarizes SCSSCS permeabilitypermeability0.17(SO) 
0.03 (V)(V)0 03 rangesranges andand thethe averageaverage unitunit ditchditch seepageseepage 

0 20 - 0 60 00.24 (avg)(avg)24 ratesrates forfor thethe appropriateappropriate soilsoil series.series. TheThe SCSSCSCeriniCerini 0.20 - 0.60 
0 19(SD) permeabilitypermeability rangerange selectedselected forfor eacheach soilsoil0.19(SO) 
0.04 (V)(V) per-0 04 typetype waswas basedbased onon thethe layerlayer ofof slowestslowest per

meabilitymeability inin thethe profile.profile.WesthavenWesthaven 0.200.20- 0.600.60- 0.210.21 (avg)(avg) 
O.lO(SD) TheThe unitunit seepageseepage ratesrates generallygenerally fallfall0.10(SO) 
0 01 withinwithin thethe rangerange ofof thethe SCSSCS permeabilitypermeability0.01 (V)(V) 

values,values, exceptexcept forfor thethe LethentLethent andand PanochePanoche 
0 20 - 0 60 00.27 (avg)(avg)27ExcelsiorExcelsior 0.20- 0.60 seriesseries soils.soils. TheThe differencedifference inin SCSSCS permeapermea-0 11 (SD)0.11 (SO) 

0 01 bilitybility ratesrates andand unitunit seepageseepage ratesrates waswas veryvery0.01 (V)(V) 
smallsmall forfor thethe LethentLethent soilsoil butbut waswas largelarge forfor 

PanochePanache 0.60 -0 60 - 22.00 0 130.13 (avg)(avg) thethe PanochePanoche soil.soil. TheThe differencedifference observedobserved 
0 13 (SD)0.13(SO) 
0 02 forfor thethe PanochePanoche soilsoil maymay havehave beenbeen thethe re. re-
0.02 (V)(V) sultsult ofof aa moremore restrictiverestrictive soilsoil layerlayer belowbelow 55 

' =average SD = deviation• AvgAvg =average. SO = standardstandard deviation. VV == vari-vari groundwaterfeetfeet oror shallowshallow groundwater conditionsconditions thatthat anceance. affectedaffected unitunit ditchditch seepageseepage rates.rates. 
andand thethe flowflow depthdepth ofof thethe ditch.ditch. ThatThat is,is, ThisThis isis anan importantimportant relationship,relationship, sincesince itit 
whenwhen thethe flowflow depthdepth inin thethe ditchditch increased,increased, maymay bebe possiblepossible toto estimateestimate thethe magnitudemagnitude 
thethe seepageseepage increased.increased. ThisThis isis probablyprobably aa ofof thethe totaltotal seepageseepage losseslosses inin otherother areasareas byby 
resultresult ofof moremore headhead pressurepressure onon thethe ditchditch analyzinganalyzing thethe SCSSCS permeabilitypermeability data.data. WeWe 
thatthat wouldwould actact toto increaseincrease thethe seepageseepage diddid notnot havehave enoughenough testtest datadata toto confirmconfirm 

de- thisthis relationship.relationship.losses.losses. TheThe seepageseepage raterate appearedappeared toto de
crease,crease, however,however, withwith anan increaseincrease in:in: (l) thethe(1) SeepageSeepage vs.vs. deepdeep percolationpercolationexchangeableexchangeable sodiumsodium percentage;percentage; (2)(2) 
heightheight ofof waterwater aboveabove thethe fieldfield grade;grade; (3)(3) thethe TheThe 1986-871986-87 CaliforniaCalifornia DepartmentDepartment ofof 
sideside slopeslope ofof thethe channel;channel; andand (4)(4) thethe num-num Conserva-WaterWater Resources,Resources, OfficeOffice ofofWaterWater Conserva
berber ofof tractortractor passes.passes. DitchDitch constructionconstruction isis tion,tion, WaterWater ConservationConservation andand DrainageDrainage 
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FACILITIESFACILITIES 

320320 acresacres Fig.Fig. 1.1. DitchDitch layoutlayout requiredrequired toto cutcut furrowfurrow runrun 
11 milemile existingexisting headhead ditchditch lengthlength inin half.half. 

11 milemile existingexisting tailwatertailwater ditchditch 
tailwater11 existingexisting tailwater reservoirreservoir
 

1/21/2 milemile newnew conveyanceconveyance ditchditch
 
11 milemile newnew headhead ditchditch
 
1 1/411/4 milemile newnew tailwatertailwater ditchditch 
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perco-ReductionReduction ProgramProgram estimatedestimated deepdeep perco
lationlation inin westernwestern FresnoFresno CountyCounty toto bebe aboutabout 
0.80.8 acre-footacre-foot perper acreacre onon anan annualannual basis.basis. 

uniform-ImprovementsImprovements inin thethe distributiondistribution uniform
ityity ofof irrigationirrigation applicationsapplications fromfrom anan averaver-
ageage ofof 7171 %% toto 80%80% couldcould decreasedecrease deepdeep per
colationcolation byby 0.40.4 acre-footacre-foot perper acreacre perper year.year. 
TheThe recommendationrecommendation mostmost frequentlyfrequently citedcited 

per-

byby programprogram advisorsadvisors toto improveimprove thethe distri
butionbution uniformityuniformity waswas toto reducereduce furrowfurrow runrun 
length.length. TheThe followingfollowing discussiondiscussion illustratesillustrates 
thethe relationshiprelationship betweenbetween deepdeep percolationpercolation 
losseslosses andand furrowfurrow rowrow length.length. 

FigureFigure 11 showsshows aa typicaltypical fieldfield layoutlayout usingusing 

distri-

slopingsloping furrows.furrows. ItIt waswas assumedassumed thatthat cut
tingting furrowfurrow runrun lengthlength inin halfhalf wouldwould resultresult 
inin aa 0.4-acre-foot-per-acre0.4-acre-foot-per-acre decreasedecrease inin deepdeep 
percolation.percolation. ForFor 320320 acres,acres, thethe totaltotal waterwater 

cut-

savingssavings couldcould bebe aboutabout 128128 acre-feet.acre-feet. Re
ducingducing runrun lengthlength andand assumingassuming aa 1-1-byby 0.5

Re-
0.5-

milemile rectangularrectangular fieldfield wouldwould requirerequire atat leastleast 
11 milemile ofof newnew headhead ditchditch (9.2(9.2 acre-feetacre-feet perper 
milemile seepageseepage loss),loss), 11 milemile ofof tailwatertailwater ditchditch 
(2.3(2.3 acre-feetacre-feet perper milemile seepageseepage loss),loss), andand 0.50.5 
milemile ofof conveyanceconveyance ditchditch (33.3(33.3 andand 8.38.3 acre
feetfeet perper milemile seepageseepage lossloss forfor headhead andand tailtail 
ditches,ditches, respectively).respectively). TheThe totaltotal amountamount ofof 

acre-

assum-seepageseepage lostlost duedue toto thethe extraextra ditches,ditches, assum
inging 5050 daysdays ofof operationoperation annually,annually, wouldwould bebe 
anan additionaladditional 1717 acre-feet.acre-feet. ReducingReducing runrun 
lengthlength wouldwould resultresult inin aa netnet waterwater savingssavings ofof 
aboutabout 111111 acre-feetacre-feet perper year.year. 

District-wideDistrict-wide seepageseepage lossloss 
WeWe estimatedestimated thethe totaltotal volumevolume ofof seepageseepage 

lossloss inin WWD,WWD, basedbased onon thethe calculatedcalculated aver
ageage lossloss perper milemile ofof ditchditch forfor eacheach typetype ofof 
ditchditch andand reservoirreservoir areaarea (table(table 2).2). ThisThis esti-esti

aver-

matemate assumesassumes thatthat thethe distributiondistribution ofof sys
temstems surveyedsurveyed inin thethe studystudy isis representativerepresentative 
ofof conditionsconditions inin thethe entireentire district.district. 

TheThe studystudy alsoalso assumesassumes thatthat headhead ditchesditches 
areare operatedoperated anan averageaverage ofof5050 daysdays perper yearyear 
withwith 55%55% ofof thethe volumevolume capacitycapacity ofof eacheach 
ditchditch usedused duringduring thethe irrigationirrigation cycle.cycle. 

sys-

oper-ConveyanceConveyance ditchesditches areare estimatedestimated toto oper
ateate 100100 daysdays aa year.year. BasedBased onon thethe WWDWWD 
1987ditch/reservoir survey,survey, itit isis estimatedestimated 
thatthat 50%50% ofof thethe conveyanceconveyance ditchesditches areare usedused 
forfor waterwater distributiondistribution andand 50%50% forfor tailwatertailwater 
conveyance.conveyance. TheThe wettedwetted perimetersperimeters shownshown 

1987ditch/reservoir 

ad-inin tabletable 22 forfor conveyanceconveyance ditchesditches areare ad
justedjusted toto reflectreflect thisthis relationship.relationship. TailwaterTailwater 
ditchesditches areare operatedoperated inin aa similarsimilar fashionfashion toto 
headhead ditches.ditches. ItIt waswas assumedassumed thatthat reser
voirsvoirs containcontain waterwater anan averageaverage ofof aboutabout 150150 

reser-

assump-daysdays perper year.year. TheseThese foregoingforegoing assump
tionstions werewere basedbased onon growergrower interviews,interviews, 
WWDWWD experience,experience, reviewreview ofof WWDWWD water 
deliverydelivery records,records, andand reviewreview ofof WestsideWestside 
ResourceResource ConservationConservation DistrictDistrict reportsreports andand 
data.data. 

water 

ConclusionsConclusions 
PreliminaryPreliminary fieldfield studiesstudies performedperformed inin 

seep-19871987 byby WWDWWD indicatedindicated thatthat annualannual seep
ageage losseslosses fromfrom ditchesditches andand reservoirsreservoirs inin thethe 
districtdistrict werewere approximatelyapproximately 50,00050,000 toto 70,00070,000 

es-acre-feet.acre-feet. TheThe resultsresults ofof thisthis 19881988 studystudy es
timated 	 acre-timated thesethese seepageseepage losseslosses atat 27,00027,000 acre
feet,feet, accountingaccounting forfor onlyonly aboutabout 2%2% ofof thethe 
totaltotal averageaverage annualannual WWDWWD surfacesurface waterwater 

an-supplysupply (based(based onon 1.21.2 millionmillion acre-feetacre-feet an
nualnual deliverydelivery toto WWD).WWD). ThisThis estimateestimate isis 
basedbased onon surveyssurveys ofof facilityfacility useuse andand anan aver
ageage seepageseepage raterate ofof 0.390.39 cubiccubic footfoot perper 

aver-

TABLETABLE 2.2. SummarySummary ofof estimatedestimated annualannual seepageseepage losseslosses inin WestlandsWestlands WaterWater DistrictDistrict 

Daysof DitchuseWettedWetted Days of Ditch use AvgAvg 
MilesMiles perimeterperimeter operation'operation factors loss~ Total"Facility'Facility' AcresAcres� factor§ loss^ Total' 

%% ac-tvyrIttt 	 ae-ttlac-ft/ ae-ttlyr 
unii/yrunitlyr 

594.2594.2 - 7.047.04 5050 5555 9 2HeadHead ditchditch -� 9.2 5.4705.470 

ConveyanceConveyance 
ditchditch 

9.310HeadHead 279.5279.5 -- 7.047.04 100100 100100 33.333.3 9,310� 
TailwaterTailwater 279.5279.5 -- 1.761.76 100100 100100 8.38.3 2,3202,320� 

TailwaterTailwater 
1.294.41,294.4 -- 5050� 2.3 2.980ditchditch� 1.761.76 5555 2 3  2,980 

SumpSump -- 887.1887.1 -- 150150 -- 7.97.9 7,0007.000 

887.1 -TotalTotal 2,447.82,447.8 887.1 - -- -- -- 27,08027.080 

NOTE a 	 in 1987NOTE: DitchDitch lengthlength andand reservoirreservoir areaarea areare basedbased onon a fieldfield surveysurvey conductedconducted byby WestlandsWestlands WaterWater DistrictDistrict in 1987, 
* ditch =on farm at a 	 systems• HeadHead ditch; on-farm ditchditch at thethe headhead ofof a fieldfield thatthat suppliessupplies waterwater directlydirectly toto furrowfurrow oror borderborder irrigationirrigation systems. 

ditch = on farm 	 fieldConveyanceConveyance ditch; on-farm ditchditch thatthat transportstransports waterwater toto andand fromfrom thethe field: conveyanceconveyance ditchesditches areare usedused onon aa 
season ditch =ditches atrelativelyrelatively continuouscontinuous basisbasis duringduring thethe irrigationirrigation season. TailwaterTailwater ditch; ditches at lowerlower endend ofof furrowfurrow oror borderborder 

to 	 ditchesthatthat transporttransport tailwatertailwater to thethe tailwatertailwater conveyanceconveyance ditches. 
to year type size man: DaysDays varyvary forfor headhead ditchesditches fromfrom lessless thanthan 4040 to overover 6060 daysdays perper year, dependingdepending onon cropcrop type, fieldfield size, man-

factors to 	 in WWDagementagement andand otherother factors. ValuesValues selectedselected areare thoughtthought to representrepresent averageaverage conditionsconditions in WWD. 
9 is 	 factors analy§ TheThe entireentire ditchditch lengthlength is notnot usedused continuouslycontinuously becausebecause ofof irrigationirrigation managementmanagement factors. AnAn operationaloperational analy

to 	 usedsissis waswas performedperformed to estimateestimate thethe percentagepercentage ofof timetime thatthat thethe equivalentequivalent ditchditch lengthlength couldcould bebe consideredconsidered used. 
(acre feet be to 	 ti, TheThe averageaverage losseslosses (acre-feet perper unitunit perper year)year) cancan be alteredaltered to emulateemulate shortershorter oror longerlonger operationaloperational periodsperiods to 

site specific estimatesobtainobtain site-specific seepageseepage estimates. 
'The 	 0 39 ft3/ftL/day an 7 89 acre'The averageaverage ditchditch unitunit seepageseepage raterate waswas 0.39 ftJ/ft'/day. ReservoirsReservoirs hadhad an averageaverage seepageseepage lossloss ofof 7.89 acre
feetiacrelyear of 	 to of offeeVacre/year. TheThe wettedwetted perimeterperimeter of thethe tailwatertailwater ditchditch waswas assumedassumed to bebe 25%25% of thethe wettedwetted perimeterperimeter of thethe 

ditch 	 roundedheadhead ditch. TotalTotal seepageseepage lossloss valuesvalues areare rounded. 
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squaresquare footfoot perper day,day, afterafter 1010 daysdays (which(which 
waswas takentaken asas thethe steady-statesteady-state [long-term,[long-term, 
constant]constant] infiltrationinfiltration rate)rate) forfor allall unlinedunlined 
ditchesditches surveyedsurveyed inin thethe studystudy area.area. TheThe 
averageaverage raterate ofof seepageseepage fromfrom reservoirsreservoirs waswas 
foundfound toto bebe 7.897.89 acre-feetacre-feet perper acreacre perper year.year. 

SeepageSeepage losseslosses fromfrom on-farmon-farm conveyanceconveyance 
ditchesditches werewere 2.22.2 timestimes higherhigher thanthan thosethose 
fromfrom headhead ditches.ditches. ConveyanceConveyance ditchesditches 
accountedaccounted forfor aboutabout 43%43% ofof thethe totaltotal seepageseepage 
lossloss fromfrom allall facilities.facilities. SeepageSeepage losseslosses fromfrom 

ac-headhead andand tailwatertailwater ditchesditches combinedcombined ac
31%countedcounted forfor aboutabout 31 % ofof thethe totaltotal losses.losses. 

TheseThese findingsfindings areare significant,significant, consideringconsidering 
thatthat mostmost otherother irrigationirrigation districtsdistricts inin thethe 
westernwestern SanSan JoaquinJoaquin ValleyValley useuse unlinedunlined 
ditchesditches forfor off-farmoff-farm deliverydelivery andand makemake 
moremore intensiveintensive useuse ofof on-farmon-farm conveyanceconveyance 
ditches.ditches. 

Unfortunately,Unfortunately, nono singlesingle factorfactor explainedexplained 
thethe differencedifference inin seepageseepage ratesrates betweenbetween 
sites.sites. AA combinationcombination ofof factorsfactors appearsappears toto 
controlcontrol seepageseepage lossloss rates.rates. VariabilityVariability ofof 
seepageseepage rates alongalong thethe ditchditch lengthlength waswas notnot 
assessedassessed inin thisthis study.study. ThisThis factor,factor, hadhad itit 

rates 

might have addi-beenbeen determined,determined, might have shedshed addi
tional light 	 correla-tionallight onon thethe lacklack ofof significantsignificant correla
tionstions betweenbetween variablesvariables reportedreported inin thethe 
regressionregression analyses.analyses. 

FromFrom aa regionalregional planningplanning pointpoint ofof view,view, 
thethe difficultydifficulty wewe experiencedexperienced inin modelingmodeling 
ditchditch andand reservoirreservoir seepageseepage losseslosses fromfrom 
WestlandsWestlands WaterWater DistrictDistrict meansmeans thatthat suchsuch 
losseslosses willwill needneed toto bebe independentlyindependently as
sessedsessed inin eacheach waterwater districtdistrict affectedaffected byby 
drainagedrainage problems,problems, ifif sourcesource controlcontrol isis toto bebe 

as-

evaluatedevaluated asas aa drainagedrainage managementmanagement op
tion.tion. InIn thethe shortshort term,term, districtsdistricts facedfaced withwith 
thesethese problemsproblems wouldwould bebe wisewise toto improveimprove 
currentcurrent managementmanagement practicespractices toto reducereduce 
seepageseepage rates.rates. TheseThese improvementsimprovements includeinclude 
modifyingmodifying thethe ditchditch geometrygeometry andand methodmethod 
ofof construction,construction, usingusing gatedgated pipepipe toto replacereplace 
headhead ditches,ditches, decreasingdecreasing thethe lengthlength ofof thethe 
fields,fields, usingusing concreteconcrete liningslinings oror pipingpiping forfor 
conveyanceconveyance ditches,ditches, andand increasingincreasing thethe 
numbernumber ofof districtdistrict serviceservice turnoutsturnouts inin areasareas 
wherewhere existingexisting turnoutsturnouts supplysupply waterwater toto 

op-

160acres. Ditchgeometrymoremore thanthan aboutabout 160 acres. Ditch geometry 
influ-andand constructionconstruction methodsmethods appearappear toto influ

enceence unitunit seepageseepage rates.rates. 

NigelNigel W.W. T.T. QuinnQuinn isis Research Associate,Associate, Cor
nellnell University,University, Ithaca,Ithaca, N e wNew York,York, andand WaterWater 

Researclz Cor-

Sun Joaquiiz Drain-ResourcesResources Planner,Planner, San Joaquin ValleyValley Drain
ageage Program,Program, Sacramento;Sacramento; RichardRichard B.B. SmithSmith isis 
Agronomist,Agronomist, BoyleBoyle EngineeringEngineering Corporation,Corporation, 
Fresno;Fresno; CharlesCharles M .M. BurtBurt isis Professor,Professor, Depart
mentment ofof AgriculturalAgricultural Engineering,Engineering, CaliforniaCalifornia 

Depart-

SunPolytechnicPolytechnic StateState University,University, San LuisLuis Obisbo;Obisbo; 
TracyTracy S .S. SlavinSlavin is Agricultural Engineer,Engineer, WestisAgricultura1 West-

District,Fresno;Stuartlandslands WaterWater District, Fresno; Stuart W.W. StylesStyles isis 
Agricu l tura lAgricultural Engineer,Engineer, BoyleBoyle EngineeringEngineering 
Corporation,Corporation, Fresno;Fresno; andand A m i rAmir MansoubiMansoubi isis 
graduate student, DepartmentDepartment ofofLand, Air, andand 
WaterWater Resources,Resources, Univers i tyUniversity ofof California,California, 
Davis.Davis. 

graduatestudent, Land,Air, 




