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AHYMOTM Computer Program
AHYMO-S4 (Program Version: December, 2009)

PROGRAM DEVELOPMENT AND CONDITIONS FOR ACCEPTANCE
AHYMOTM Computer Program

(An Arid-lands Hydrologic Model)
AHYMO-S4

TheAHYMOcomputerprogramwasdevelopedusingportionsoftheprogramsourcecodefromthe
HYMOprogrambyJimmyR.WilliamsandRoyW.Hann,Jr.fortheUSDAAgriculturalResearchService,
(ARS),UnitedStatesDepartmentofAgriculture.ThefunctionoftheHYMOprogramisdescribedindetail
in the "HYMO: Problem - Oriented Computer Language for Hydrologic Modeling, Users Manual" (ARS-S-9,
May1973).TheAHYMO-S4program contains approximately 8700 lines of Fortran Source Code, with
approximately600linesof coderemainingfromtheoriginalARSHYMOprogram.Theadditionalsource
codeintheAHYMO-S4programarerevisionsandenhancements by C. E. Anderson. The revised and
enhancedprogramhasbeennamedtheAHYMO,forArid-landsHydrologicModel.The“S4"intheprogram
nameisacodeforthelatestmajorrevisiontotheAHYMOprogram.C.E. Anderson is the owner of the
modificationsandenhancementstotheHYMOprogram.TheAHYMOprogramisdistributedandlicensed
byAnderson-Hydro,asoleproprietorshipofC.E.Anderson.Thename“AHYMO”isatrademarkofC.E.
Anderson registered in the Office of the Secretary of State of New Mexico.

TheAHYMO-S4versionoftheAHYMOprogram,including the COMPUTE NM HYD,
RAINFALL,LANDFACTORS,COMPUTE LT TP, SEDIMENT BULK, SEDIMENT TRANS and ROUTE
MCUNGEfunctions,hasbeenreviewedandtested for New Mexico conditions.Programparametershave
been established that may allow program use throughout New Mexico, subject to appropriate user
verification and testing. The AHYMO program has been used by professional engineers for projects in
Bernalillo,Chavez,Eddy,McKinley,Sandoval,SantaFeandValenciaCountiesofNewMexico,including
theCitiesofAlbuquerque,Artesia,Belen,Carlsbad,Gallup,Rio Rancho, Roswell and Santa Fe. The
AHYMOcomputerprogramandtheuser'smanualhavebeenmadeavailabletotheFederalEmergency
ManagementAgency(FEMA).TheprogrammaybeacceptedbyFederal,stateorlocalagenciesforpurposes
of design of flood control structures or for flood plain land use regulation, when the program is used by
Registered Professional Engineers who possess the experience and thorough understanding of the
engineering principles that apply to the application of the program. Users are advised to check on agency
acceptance prior to use with any project.

Therearenowarranties,eitherexpressedorimplied,astothequalityorperformanceoftheAHYMO
program,orthatthecalculationscontainedthereinwillbeuninterrupted,accurateorerrorfree.Allthe
calculationsaresubjecttointerpretation,andthereisnoimpliedorexpressedwarrantyofresultsobtained
byusingtheAHYMOprogram.Anyuseoftheprogrammustbebasedontheunderstandingbytheuserthat
any results are intended to aid theuserinperformingengineeringorientedmathematical calculations, and
thattheresultsobtainedfromtheAHYMOprogramdonotnecessarilyconstituteanacceptableengineering
designoranalysis.TheresultsoftheAHYMOprogrammustbereviewedbypersonspossessingexperience
andthoroughunderstandingoftheengineeringprinciplesthatapplytotheapplicationoftheprogram.The
userisadvisedtotestthisprogramthoroughly before relying on the results as the basis for making
engineering decisions.

__________________________
Clifford E. Anderson, P.E., D.WRE
Anderson-Hydro
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Thefollowingcertification may be required if the AHYMO program is used to perform hydrologicanalysisin
supportofafloodinsurancemaprevisionbytheFederalEmergencyManagementAgency (FEMA) in accordance
with 44CFR Ch. 1, Section 65.6.

Certification of AHYMOTM Program Copyright Owner

TheAHYMOcomputerprogram(AHYMO-S4,versionof2009)anduser'smanualswerewrittenbyC.E.
Anderson. The AHYMO program was based in part on the USDA Agricultural Research Service (ARS)
HYMOprogrambyJimmy R. Williams and Roy W. Hann, Jr. for the ARS. The AHYMO program is
copyrightedbyC.E.Anderson.C.E.AndersonhastheexclusiverightstodistributeorlicensetheAHYMO
program.TheAHYMOcomputerprogramanduser'smanuals,including program executable and source
code,havebeenmadeavailablefreeofchargetotheFederalEmergencyManagementAgency(FEMA)and
all present and future parties impacted by the flood insurance mapping developed or amended throughthe
useoftheAHYMOprogram.FEMAmayreleasetheAHYMOprogramexecutablecodeandmanualstosuch
impactedpartieswithoutauthorizationfromC.E.Anderson,ornotificationtoC.E.Anderson.FEMAmay
releasetheAHYMOprogramsourcecodetoimpactedpartiesonlywhenFEMAdeterminesthatreleaseof
theexecutablecodeisnotsufficienttomeettherequirementsofFEMA.Subsequentreleaseoftheexecutable
code,sourcecodeandmanualsbyimpactedparties,otherthanFEMA, is prohibited without written
authorization from C. E. Anderson.

December 12, 2009
C. E. Anderson, P.E., D.WREdate
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AHYMOTM Computer Program - Users Manual
(An Arid-lands Hydrologic Model)

by Clifford E. Anderson, PE, D.WRE

Copyright © 2009 by C. E. Anderson. All rights reserved.

PREFACE-Thisuser'smanualwasdevelopedtodescribeanddemonstratetheuseoftheAHYMO(Arid-
landsHYdrologicMOdel)computerprogram.TheAHYMO program was created by adding new
subroutines,functionsandcapabilitiestotheHYMOcomputerprogram developed by the USDA
AgriculturalResearchService(ARS).TheARSprogramisdescribedin"HYMO:Problem-Oriented
ComputerLanguageforHydrologicModeling,UsersManual"(ARS-S-9,May1973)byJimmyR.
WilliamsandRoyW.Hann. The AHYMO Copyright does not include any portion of the A.R.S.
HYMOprogramandusersmanual,whichisaworkoftheUnitedStatesGovernment. The
informationinthisAHYMOprogramUsersManualincludesextensivenewmaterialdevelopedby
theauthor.WhiletheAHYMO-S4programcansimulatetheanalysismethodsfromtheARSHYMO
program,modified versions of the HYMO program created by others, the development of the
AHYMO-S4programproceededindependently,usingonlytheARSHYMOprogram.Workonthe
AHYMOprogrambeganin1984asaninitial revisions to the ARS HYMO program by C.E.
Anderson.VersionsoftheAHYMOprogramwerereleasedin1986,1990,1991,1992,1993,1994
and 1997.

ForfurtherinformationonthehistoryofthedevelopmentanduseoftheAHYMOprogram,andon
proceduresforuse,seetheREADMEfileintheappendixtothismanualorwiththeprogramrelease
files.

TRADEMARKS, COPYRIGHT AND WARRANTY

AHYMOisaNewMexicoregisteredtrademarkofC.E.Anderson.Windows,WindowsVista,and
Microsoft are registered trademarks of Microsoft Corporation.

ThisUser’sManualandtheAHYMOcomputerprogramarecopyrighted,2009byC.E.Anderson.
Allrightsreserved.Reproduction,transmission,adaptionortranslationwithout prior written
permission is prohibited, except asallowedundercopyrightlaws.Copyright does not include any
portionoftheA.R.S.HYMOprogramandusersmanual,whichisaworkoftheUnitedStates
Government.TheAHYMO-S4Program is licensed and distributed by Anderson-Hydro, a sole
proprietorship of C. E. Anderson.

Theinformationcontainedinthisdocumentissubject to change without notice. C. E. Anderson
makesnowarrantyofanykindwithregardtothisdocumentortheAHYMO computer program,
including, but not limited to, the implied warranties of merchantability and fitnessfora particular
purpose.C.E.AndersonshallnotbeliableforerrorscontainedhereinorintheAHYMOcomputer
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program, or for incidental consequential damages in connection with the furnishing, performance
oruseofthismaterialorprogram.AnyuseoftheAHYMOcomputerprogrammustbebasedonthe
understandingbytheuserthatanyresultsareintendedtoaidtheuserinperformingengineering
orientedmathematicalcalculations,andthattheresultsobtained do not necessarily constitute an
acceptable engineering design oranalysis.TheresultsoftheAHYMO program must be reviewed
by persons possessing experience and thorough understanding of the engineering principles that
applytotheapplicationoftheprogram.TheuserisadvisedtotesttheAHYMOprogramthoroughly
before relying on the results as the basis for making engineering decisions.

INSTRUCTIONS FOR USE OF THE AHYMOTM PROGRAM

A. INTRODUCTION:

TheoriginalHYMOProgramwaswrittenbytheU.S.D.A.AgriculturalResearchService(ARS)in
1973,and  the program and users manual were made available free to the public. The program was
runonanIBMcomputerusingpunchcardsastheinputsource. The AHYMO program has been
revised to run on a personal computer running Microsoft Windows XP, Vista or 7 (32 or 64-bit).
AHYMO uses text files as the input source. Manycommandsandcapabilities have been added to
theAHYMOprogrambytheauthortoincreaseitspowerasadesignandanalysistool.Theoriginal
ARSHYMOprogramcontained1294linesofFORTRANsourcecode;approximately600lines
fromtheoriginalcoderemaininthecurrentversionoftheAHYMOprogram.TheAHYMOprogram
containsapproximately8700linesofFORTRANsourcecode.Theprogramcodehasrevisedbeen
so it can be compiled using the Intel® Visual Fortran Compiler (Version 11.1, June 2009).

B. INPUT FILES:

TheinputfortheAHYMOprogramisatext file. The text file is created or modified by using an
ASCIItexteditorortheASCIIfunctionofawordprocessor.Thefollowingeditorshavebeenused
to produce data files:

WordPad or Wordpad (Microsoft Editors available with Windows XP, Vista and 7).
Program Editor by WordPerfect Corporation.

Word processor programs, such asMicrosoftWord,CorelWordPerfect,andSunOpenOfficecan
beusedtocreateprograminputdatafiles.Wordprocessorfilescommonly includespecialcontrol
characterswithinfilesthatcannotbeaccommodatedbytheAHYMOprogram.Itisrecommended
thatdatafilesbesavedasANSIWindowstextorASCIIDOStextfileswhencreatinginputfilesfor
theAHYMOprogram.MostwordprocessorprogramscanproduceANSI WindowstextorASCII
DOStextfilesasa part of their document save functions. Be careful with use of "tabs". The
AHYMO program can accommodate input files that contain tab characters. However, the display
ofinputdataandprintingofoutputdatacontainingtabsmaybedifferentwiththeAHYMOprogram
thanwiththeinterpretationusedbywordprocessorprograms.Itisbesttoavoiduseofthetabkey
or to convert tabs to spaces.
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Eachlineoftheinputtextfilecanhaveamaximumof80characters(cardimageformat).Eachline
must have the following general format:

B.1 CommandField(first20columns on a line). The AHYMO program scans the first 20
columnsforacommand.The commands must be input exactlyasidentified,beginningat
thefirstspaceontheline,andwithasingleblankbetweenwords.Remainingspaces(upto
column20)afterthecommandmustbefilledwithblanks,exceptforcommentcommands.
Commands may be typed with capital or lower case letters.

B.2 NumericField(columns21 through 79 on a line). Columns 21 through 79 are used for
numericaldata.TheAHYMOprogramreadsthenumericaldatausingfreeformatanddoes
notnormallyreadthenonnumericalcharactersinthenumeric field. Exceptions to only
numericvaluereadingarethealphanumericHYDNOdesignation (see Section E.1,
"HydrographIdentificationNumbers and HYD Numbers"), and thelocationnamesofthe
LOCATIONcommand.Thenumericaldatacanbeenteredasawholenumberoradecimal
number.Othercharacters(suchasletters)canbemixedinwiththenumericaldatato
identifyorlabelthenumbers.The letters will not be read because the program scans for
numbersandonlyreadsthenumbers.Numericalvaluesneedtobeinputinthecorrectorder
fortheprogramcommandstofunctionproperly.Charactersthatarereadasnumbersare0,
l,2,3,4,5,6,7,8,9,-,+,andthedecimalpoint.Ifthenumericaldataneedstobecontinued
onthenextline,thecommandfieldisleftblankandthenumericaldataisenteredbetween
columns 21 and 79 onthenextline.Using this procedure, a command can use many lines
for the numeric field data. Exponential syntax (i.e.:  1.2E6) is not allowed.

Note:The“numericalvalueonly”and“freeformat” input of the AHYMO program
allowsforextensiveuseofcommentswiththedataandfortheidentificationofunits
(ft,cfs, sq mi, etc.)  Do nor use decimal points in comments or units because the
program will interpret these decimal points as numeric values of 0.0.

B.3 Page Format Field(column80). If a* symbol is placed in column 80, and on the same
lineasacommand,theoutputfilewillhaveaformfeed(skiptonextpage)priortoprinting
the command.

C. OUTPUT FILES:

TheAHYMOprogramproducesa132columnoutputtextfile(ASCII).Theoutputissenttoafile
intheC:\Users\Public\AHYMOdatadirectoryortodirectoryspecifiedbytheprogramuser.Thisfile
canbeviewedandprintedbyopeningthefilewithatexteditororaword.Theoutputfilewillhave
upto132charactersonaline,sofileprintingmustusecompressedmode(smallornarrowfonts)
and/orlandscapeorientation.Additionally,printingofoutputshoulduseaprintfontthathasuniform
characterspacing.PrintingwithCourier,CourierNew,orLetterGothicfontwillcommonlyprovide
uniformcharacterspacing.Yourtexteditororwordprocessorprogramshouldprovideinformation
on how to specify font type, font size, print margins and landscape page orientation.
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TheAHYMOprogram also produces a summary table file (normally AHYMO.SUM) and a
simulatedpunchcardfile(normallyAHYMO.PUN)asapartofprogramexecution.Thesummary
tableisa132-columntextfilethatcanbeviewedandprintedinthesamemannerastheprogram
output file.
Thesimulatedpunchcardfileisan80-columntextfilethatcanbeviewedandprinted;thisfilemay
also serve as part of the input file for other modeling segments.

D. DESIGNATION OF INPUT AND OUTPUT FILES.

TheAHYMO-S4programcanberunonacomputerusing  Microsoft Windows XP, Vista or 7 (32
or64-bit).ThefileAHYMO-S4-r1.EXE,ora  shortcut file that calls AHYMO-S4-r1.EXE must be
opened to execute the program.

ToexecutetheprograminWindowsXP,doubleclickontheAHYMOprogramorshortcuticonand
specifythefilename(includingthedirectorylocationifneeded),ordragthe data file icon to the
openAHYMOwindowandpressenter(draganddrop).AsanalternativeinWindowsVistaand7,
andsomeXPsystems,youmaydragtheinputdatafiletoanAHYMO-S4shortcuticon, and the
AHYMO-S4 programwillbeginexecution.When the program asks for the name of the input file,
presstheenter(return)keywithouttypinganame,andtheAHYMOprogramwillusetheinputfile
that you specified by dragging.

Forproperprogramfinction,theAHYMO_IO.FIL file must be in the working directory or be
locatablebyWindows.TheAHYMO_IO.FILcontainstheinputandoutputfilenamesusedbythe
program,andtheusernumberforregisteredusers.ThefileAHYMO_IO.FILwillnormallycontain
the following data:

D.1 First line (input file):

"PROMPT"-Theprogramasksfortheinputfilenameduringexecution.Thisisthe
recommendedvalue.Youcannormallyusedraganddropwhen PROMPT is
specified.

blank-Theinputfile name including all directory location information must be
specified by the program user.

 name  - a file name of a locatable data file.
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D.2 Second line (output file):

name-afilenamewheretheoutputissent.Ifthefileexists,it isoverwritten.Ifit
doesnotexist,thefileiscreated.AfilenamedAHYMO.OUTisrecommendedfor
this line.

"PROMPT" - The program asks for the output file name during execution.

blank-The input file name including all directory location information must be
specified by the program user.

D.3 Third line (simulated punch cards)

name-anoutputfilenametowhich simulated punch cards are sent. If the file
exists, it is overwritten. A file named of AHYMO.PUN is recommended.

"PROMPT" - The program asks for the filename for simulated punch cards.

D.4 Fourth Line (Hydrograph input/output file)

name -anoutputfilenametowhichhydrographoutputissent.Ifthefile exists, it
is overwritten. A file name of AHYMO.HYD is recommended.

"PROMPT"-Theprogramasksforthefilenameforthehydrographinput/output
file.

"NONE"-Theprogramwillnotcreateahydrographinput/outputfile.IftheSAVE
HYDcommandisused,afilenameforHYDROGRAPHinput/outputisrequired.

Note:TheAHYMOprogrammayrequireuseoftheHydrographinput/outputfile
tostorehydrographvaluesifidentificationnumbers(IDs)with values
above 20 are used extensively.

D.5 Fifth line (Summary Table output file)

name-anfilenametowhichoutput summary is sent. If the file exists, it is
overwritten. A file name of AHYMO.SUM is recommended.

"PROMPT"-Duringexecutiontheprogramasksforthefilenameofthe
SUMMARY TABLE.
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D.6 Sixth line  (User Number):

Thislineisreservedfortheusernumberoflicensedprogramusers.Licensedusers
should include their 24 character code on this line.

Temporaryusers of the program for testing and evaluation should include the
following:  AHYMO_Temp_User:20122010

Temporaryusersshouldnotethattheprogramwillnotexecuteindefinitely
without a authorized license number.

D.7 Seventh line:
TheremaybeaseventhlineintheAHYMO_IO.FIL with the characters
"1234567890123456789012324".Thislineisusedtoguidedataentryforthefifth
line.

Forgeneralapplication,itisrecommendedthattheAHYMO_IO.FIL contain the following (on seven
lines):

PROMPT
AHYMO.OUT
AHYMO.PUN
AHYMO.HYD
AHYMO.SUM
 [Your 24 character user number]
 123456789012345678901234

InWindowsVistaor7,andsomeWindows XP systems, you may drag the input data file to the
AHYMO-S4icon,andtheAHYMO-S4programwillbeginAHYMOprogramexecution.Whenthe
programasksforthenameoftheinputfile,presstheenter(return)keywithouttypinganame,and
theAHYMOprogramwillusetheinputfilethatyouspecifiedbydragging.Thentheprogramwill
use the AHYMO_IO.FIL to determine the output files.
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E. IDENTIFICATION NUMBERS:

E.1 Hydrograph Identification Numbers and HYD Numbers.

Hydrographsare identified by two numbers, an "ID" number that the program uses and a
"HYD" number which is used primarily by the program user.

The “ID” Number

The"ID"numbermustbe a whole number between 1 and 99. The ID is the valueusedby
theprogramtostoreandidentifyhydrographlocationsinprogrammemory.AnIDmaybe
assignedtoseveraldifferent hydrographs throughout the execution of an input file. If a
hydrographisassignedtoanIDnumber, any existing hydrograph values are overwritten.
IDnumberswithvaluesgreaterthan20requiremorecomputational processing for data
storageandretrievalthanIDnumberslessthan20.Forcomputationalefficiency, it is
recommendedthatuseofIDnumberswithvaluesgreaterthan20be minimized. This is
rarelyaproblemsinceIDnumberscanbeoverwritten.Ifalargenumberwithvalueslarger
than20areused,afilenamemustbespecified for HYDROGRAPH input/output in the
AHYMO_IO.FIL.IftheHYDROGRAPHinput/outputfilenameisnotspecifiedandthere
isextensiveuseofIDnumberslargerthan20,theAHYMOprogrammayterminatewithan
errormessagethattheAHYMO_IO.FILmustspecifytheHYDROGRAPHinput/outputfile
name.

The “HYD” Number

The"HYD"number, which is not used by the program computations, is a unique number
oranalphanumeric sequence assigned to each hydrograph that is computed. It can be a
numberlessthan10,000,with up to two decimal places (9999.99) or it can be an
alphanumeric sequence (letter and numbers)ifprecededby the appropriate identification.
Whenahydrographisprinted,the"HYD"numberisprintedasatitleforthathydrograph,
along with the type of hydrograph. The hydrograph types are listed as follows:

TYPE      "HYD" No.

Reaches 1 to 99.99
Partial Hydrographs100 to 299.99
Areas 300 to 499.99
Reservoirs 500 to 599.99
Areas 600 to 9999.99
Areas ABC123.DE (Any alphanumeric sequence)

Itisrecommendedthatalphanumeric“HYD”numbersbeusedforallbut the smallest
projects.Alphanumericvalueswillprovideimprovedidentificationofhydrographphysical
locations.The“HYD”numbershouldnotberepeated,sothateachphysicallocationhasa
unique hydrograph identification.



AHYMOTM (AHYMO-S4) Computer Program - Users Manual
Page 8

EXAMPLE:  A Drainage Basin "A" has four sub-basins "A1", "A2",  "A3", and "A4". Basin "A"
is a partial basin for a total drainage area, sub-basin A3 contains two sub-basins A3A and A3B.

Number Alphanumeric
form of form of

BASIN "HYD" No. "HYD" No.

A 101 A
A1 101.1 A.1
A2 101.2 A.2
A3 101.3 A.3
A3A 101.31 A.3.A
A3B 101.32 A.3.B
A4 101.4 A.4

E.2 Alphanumeric HYD Numbers.

AlphanumericHYDnumbersupto24characterslongmaybeusedwiththeAHYMO
programifthecharactersareprecededbytheHYDNOidentificationsequence.Oneofthe
following identification sequences must be used.

HYD=
HYD =
HYD NO=
HYD NO =

Lowercaselettersmayalsobeused(i.e.:hydno=)andablankspacemayfollowthe
equal (=) symbol. This sequence is followed byupto24alphanumeric characters that are
terminatedbyablankspace.BecausetheAHYMOprogramsummarytablecanonlyprint
the first 12 characters of an alphanumeric HYD NO, it is recommended that only 12
alphanumericcharactersbeused.Becausethe character sequences "HYD NO" create a
specialmeaningforthecharactersthat follow, the specified Hydrograph number
identification (i.e.: HYD=, HYD =, HYD NO=, HYD NO =) should not be used at other
locations of the input data.

EXAMPLE:  The following lines illustrate acceptable forms of the HYD number designation:

HYD NO = ABCD
HYD = A.B.C.D
hyd = west.branch
hyd no = Broadway.3A
Hyd No = NW.MAIN.10.1
HYD = 22.1.3
Hyd = 99th.Street
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Note:TheAHYMOprogramwillexecutewithHYDnumbersthatarenotauniquenumber
oralphanumericsequence;however,therepeated use of the same HYD number
maycreateproblemswheninterpretingoutputdataandevaluatingprogram results.
It is good practice to maintain unique HYD number designations.

E.3 Channel Identification Numbers.

Theidentificationnumberforachannelratingcurve(CID) is a whole number between 1
and6.TheCIDnumberfora rating curveshouldnotbeconfusedwiththeIDnumberfor
ahydrograph.TheCIDnumbersarespecifiedwiththe STORE RATING CURVE and
COMPUTERATINGCURVEcommands;theyareusedonlybytheCOMPUTETRAVEL
TIME,ROUTEMCUNGE,andSEDIMENTTRANScommands.Formostapplicationsa
CID = 1shouldbeused.ThevaluesofCID of 2 through 6 have generally been applied to
legacywatersheds,wheremultiplechannelsectionswereappliedtoasinglechannelroute
command. This is no longer the recommended procedure. Use CID = 1 for new projects.

F. TIME INCREMENT:

TheAHYMOprogramusesamaximumof4000pointstostoreahydrograph.Ifthetimeincrement
istoosmall,ahydrograph may require more than 4000 points to reach a zero value. The points
exceeding4000arenotstoredbytheAHYMOprogram,andarelostbythehydrographcomputation.
Ifthisoccurs,thevolumeofthehydrographwillnotbeaccurate.Dependingontheresultsneeded,
thetimeincrementcanbeadjusted.For6-hourstormsatimeincrement of 0.01 or 0.005 hours is
generally used; for 24-hour storms a time increment of 0.01 hours is generally used.

It is normally necessary to specify a time increment(DT) only when identifying a mass rainfall in
thefirstCOMPUTEHYDorRAINFALLcommand,orwhenusingtheSTOREHYDorRECALL
HYDcommand.Atotherapplications,theDTshouldbesetequalto0.0tousetheDTfromthe
inputhydrographortheexistingrainfalldistribution.Theuseof0.0forDTwillsimplifyinputfile
revisions if it is necessary to use an alternate time increment for subsequent hydrologic analysis.
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G. AHYMO PROGRAM COMMANDS:

TheAHYMO program has 31 commands that are used to create a hydrologic model. They are
summarized as follows:

Program Control Commands:

*(COMMENT) START
FINISH LOCATION

Hydrograph Computation Commands:

COMPUTE HYD COMPUTE NM HYD
COMPUTE ALB HYD RAINFALL
LAND FACTORS COMPUTE LT TP

Hydrograph Manipulation Commands:

ADD HYD DIVIDE HYD
MODIFY TIME

Hydrograph Save and Restore Commands:

STORE HYD PUNCH HYD
SAVE HYD RECALL HYD

Channel, Pipe and Reservoir Routing Commands:

COMPUTE RATING CURVESTORE RATING CURVE
COMPUTE TRAVEL TIMESTORE TRAVEL TIME
ROUTE ROUTE MCUNGE
ROUTE RESERVOIR

Hydrograph Output Commands:

PRINT HYD PLOT HYD

Special Commands:

COMPUTE K AND TP ERROR ANALYSIS
SEDIMENT BULK SEDIMENT TRANS
SED WASH LOAD (SEDIMENT YIELD)

Thefollowingsubsectionscontainspecificationsonthecommand functions and examples of
command use.
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COMMENTS

G.1 COMMENTS

Whenthefirstcharacteronalineis"*",thelineisreadasacomment.Thisallowsexplanationsand
descriptionstobeinsertedwiththeinputdata.Commentlinescancontain numerical and
nonnumericalcharacters.Commentsmustbeinsertedbetweencommandsandnotinthemiddleof
commands.AcommentmayalsobeaddedtotheSummaryTablebyplacingthecharacters"*S"or
"*s" in the first two columns of a line.

EXAMPLES:

* This line of text goes to the output file
*S This line of text goes to the summary file & output file
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G.2 START

Except for comments, the START command is the first command in an input file.

The START command is followed by the following data elements:

DATA ELEMENT DESCRIPTION

TIME = the time (in hours) when the rainfall starts

PUNCHCODE = acodeforsendingoutputtoasimulatedpunchcardfile(normally
AHYMO.PUN).IfthePUNCH CODE=1, output is sent to the
punch card file;  if PUNCH CODE=0, this output is suppressed.

UH = Aunithydrographcodetospecifyspecialunithydrograph criteria.
Not used by the current program version. Use UH = 0.

MC CODE = Acodetospecifythe formulation forMuskingum-Cungerouting
intheROUTEMCUNGE command. If MC CODE = 0 specifies
thePonceformulationforMuskingum-Cungeroutingwhenthe
computationtimestep(DT) specified with the RAINFALL
commandis0.015hoursorsmaller,andthedualmodePoncethen
FreadformulationswillbeusedwhentheDTislargerthan0.015
hours.IfMCCODE=1onlythePonceformulationwillbeused.If
MCCODE=2thedualmodeformulation(PoncethenFread)
will be used. Recommended value is MC CODE = 0 or 1.

PRINTLINES = acodetocontroltheprogramoutputandsummaryoutputfor some
printers.ThisfunctionisnotnormallyneededwithMS Windows
basedwordprocessors and text editors. The recommended value
is PRINT LINES = 0.

ThedualmodePoncethen Fread formulation was generally used with the
AHYMO_97program,althougheitherformulationcouldbespecifiedwith the
ROUTEMCUNGEcommand. When MC CODE=2 the dual mode formulation
(PoncethenFread)that was in AHYMO-97 will be restored for all computation
timesteps,butthisfunctionisonly recommended for comparison purposes. For
most applications,itisrecommendedthat a DT smaller than 0.015 hours be used
and that MC CODE=0 or 1 be specified.
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Forsimulationsthatincludeactualrainfallevents,thestarttimecanmodifythetimesshownonthe
program output to reflect actual times of runoff events.

ThecapabilitydescribedinthisparagraphisnotnormallyneededwithMSWindowsbasedword
processorsandtexteditors.TheSTARTcommandcanbeusedtocontroltheformatofthesummary
tablefile(normally AHYMO.SUM) by including a non-zero PRINT LINE data element with the
command.Ifavaluebetween10and200isspecifiedforthePRINTLINEdataelement(following
thePUNCHCODEelement) this value is used to specify the number of lines per page on the
summarytable.Itispossibletospecifyprinterfonts,verticallinesperinch,andhorizontalcharacters
perinchbyinputofprintercontrolcharactersfollowingthePRINTLINEelement.Thisisdoneby
specifyingthedecimalvaluefortheASCIIcharacterstheprinterwillrequire.Thisallowsoutput
filestobeprintedin132columnformat(16to17charactersperinch)onmostprinters.Following
thePRINTLINEelement,20decimalvaluesareusedtospecifythecontrolcodesatthebeginning
ofafile,and20decimalvaluesareusedtospecifythe ending control codes. If 20 values are not
neededforprintercontrol,theremainingpositionsshouldbespecifiedwith0values.Ifcontrolcodes
are used to specify summary table printing, these valuesarealsoaddedtotheprogramoutput file.
Yourprintermanualshouldcontainapplicablecontrolcodes.Thesummary table format (PRINT
LINEandcontrolcodevalues)canbesetforsomelegacybyspecifyinganegativevalue,between
-1and-6,forthePRINTLINEelement.Thisfunctioneliminatestheneedtofurtherspecifyprinter
control codes. Many printers can emulate, or use the same control codes as one of these printers.
Consultyourprintermanualtofindoutifoneisapplicableforyouruse.Theprintersavailableare
specified in the following table:

Printer Control Available With START Command
PRINT Max. LinesChar. PerLines Per
LINESPrinter TypePer PageInch (horiz.)Inch (vert.)
-1 HP LaserJet II63 16.66 6.6
-2 IBM Proprinter56 17 6
-3 IBM Proprinter77 17 8
-4 Epson LX 56 17 6
-5 Epson LX 77 17 8
-6 HP LaserJet 4 or 576 16.66 8
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EXAMPLES:

* No PUNCH FILE, UH, MC Code, or Printer Control
* Recommended for most applications
START TIME=0.0

* Alternatives to specify the default values are
START
* or
START 0 0 0 0 0
* or
START TIME=0.0 PUNCH=0.0 UH=0 MC CODE=0 PRINT CODE=0

* Specify Lines per Page on AHYMO.SUM
START TIME=0.0 HR  PUNCH=0  UH=0  MC CODE=0

                           PRINT LINES=63

* Set Lines per Page & Control Codes for HP LaserJet II
START TIME=0.0 HR  PUNCH=0  UH=0  MC CODE=0

                           PRINT LINES=63
CONTROL CODES AT START=27 40 115 49 54
46 54 54 72 0 0 0 0 0 0 0 0 0 0 0
CONTROL CODES AT END=  27 40 115 49 48
72 00 00 00 0 0 0 0 0 0 0 0 0 0 0

* Specify compressed mode with a HP LaserJet 4 or 5 printer
START TIME=0.0 HR  PUNCH CODE=0  PRINT LINES=-6
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G.3 FINISH

TheFINISHcommandisthelastcommandinaninputfile.Itisnotfollowedbyanynumericaldata.
TheFINISHcommandmayalsobeinsertedatanypointintheinputfiletoterminate program
execution at that point.

EXAMPLE:

FINISH
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G.4 LOCATION

TheLOCATIONcommandisusedtoidentifythesiteofthe hydrologic analysis area. The
LOCATIONcommandnormally is the next command following the START command. The
LOCATIONcommandinformationisusedbytheAHYMOprogramtosetdefaultvaluesforitems
suchasunithydrographs,soilinfiltrationandrainfall distributions. The most common local
condition specified by the LOCATION command are 1) the default soil infiltration used by the
COMPUTE NM HYD command and the LAND FACTORS command (withType = 0) and 2) the
rainfalldistributionspecifiedbyTYPE=1or2intheRAINFALLcommand.SeetheLAND
FACTORS and RAINFALL commands for the values that are defined for assigned locations.

The LOCATION command is followed by the following data element:

DATA ELEMENT DESCRIPTION

NAME = The name of the project site

Thelocationcommandspecifiesthelocationforthewatershedandestablishesspecial
watershedparametersforsome of these areas. The LOCATION command recognizes the
following names:

AHYMOOLD,AHYMO194,AHYMO97,ALBUQUERQUE,AMAFCA,ARIZONA,
ARTESIA,BERNALILLOCOUNTY,CARLSBAD,CLOVIS, COLORADO, EL PASO,
ESCAFCA, FARMINGTON, FLAGSTAFF, GALLUP, LOS CRUCES, NEW MEXICO,
PHOENIX, RIO RANCHO, ROSWELL, SANDOVAL COUNTY, SANTA FE, SSCAFCA,
TUCSON.

The program will use default parameters if no LOCATION command isspecified or if the
locationnameisnotrecognized.TheLOCATIONcommandisnormallyplacedimmediately
aftertheSTARTcommand.Formostofthelocationsidentified,theprogramwillusedefault
parametersbecause no special program parameters have been specified. The following
locations have exceptions to the default parameters:

SANTAFE-Specialinfiltration values (initial abstraction and uniform infiltration)
developed for the Santa Fe area will be used.

AHYMOOLD,AHYMO97, SSCAFCA, or RIO RANCHO - When the TYPE=1 and
TYPE=2distributionsarespecified in the RAINFALL command, the rainfall distribution
based on the equations in the AlbuquerqueDPM(NOAAAtlas2)willbeused.Thisisthe
same equation used in the AHYMO-97 program.
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AHYMO194-the Muskingum-Cunge procedure from the AHYMO194 program will be
usedwiththeROUTEMCUNGEcommand.Thisshouldonlybeusedtomakecomparisons
with an earlier analysis.

Forallotherlocations-WhentheTYPE=1andTYPE=2distributionsarespecifiedinthe
RAINFALLcommand,therainfalldistributionbasedontheequationsinNOAAAtlas14
for convective storm areas in Arizona and New Mexico will be used.

Oneofthesenamesshouldbeincludedinthelocationcommand.Namesmaybeincapitalorlower
caseletters.Thenamesmustbecorrectlyspelledandbeginincolumns21 through 40 of the data
field.Anyothernamethatisenteredwillbeidentified by the AHYMO program as “location not
known”andthedefaultvaluesforNewMexicowillbeused.IfaLOCATIONcommandisnotused
in the input data file, the default values for New Mexico will be used.

EXAMPLES:

LOCATION Santa Fe

LOCATION SSCAFCA

LOCATION AMAFCA

LOCATION NEW MEXICO
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G.5 COMPUTE HYD

TheCOMPUTEHYDcommandcomputesarunoff hydrograph for a basin based on the basin
properties and a mass rainfall distribution.

The COMPUTE HYD command is followed by the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location (1 to 99).

HYD NUMBER= Hydrograph identification number.

DT = Incrementaltime(hours). If input as 0.0,thepreviousDTwillbe
used.

DA = Drainage area in square miles.

CN = NRCS Curve Number (CN)

K = Recessionconstantforunithydrographcomputation.(InputKas
anegativenumbertousetheHYMO(3-segment gamma) unit
hydrograph.InputK = -999 or K = 0.0 to use an NRCS
dimensionless unit hydrograph.)

tp or tc = Time to peak(tp)inhours(inputasa negative number to specify
thetimeto peak value), or time of concentration (tc) in hours
(inputasapositivenumber to specify the time of concentration).
ThetimeofconcentrationmustonlybeusedwiththeNRCS
dimensionless unit hydrograph (K=0.0 or -999) and with CN
infiltration. Input as 0.0 tousea previously computed value from
the COMPUTE LT TP command.

MASS RAINFALL= Themassrainfalldistribution(inches). The rainfall distribution
cancontainamaximumof600points.IftheRAINFALLcommand
is used, input a value of “-1".

Specifying the Unit Hydrograph

Athreesegmentgammafunctionunithydrograph(ARSHYMOunithydrograph)canbedesignated
by specifying K and tp (time to peak) values. The K and tp values are used by the program to
establishtheshapeoftheunithydrograph.Kandtpmustbeenteredasnegativenumbers.Positive
numbersdirecttheAHYMOprogram to use a time to peak computation and unit hydrograph
developed for eastern Texas and not generally applicable tothearidsouthwest.(See page 6 of the
Agricultural Research Service HYMO Users Manual, in Appendix D.)
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If K = -999 or K = 0, the NRCS dimensionless unit hydrograph will be used. If the NRCS unit
hydrographandthespecifiedwiththetimeofconcentration(positivevalue),theprogramwillverify
thattheincrementaltimeislessthan13.33percentofthetimeofconcentration(tc).Ifitisnot,the
programwilltemporarilyestablishasmallertimestepforthehydrographcomputation,thenrestore
theoriginaltimestepas command output. This computation will also occur with time of
concentrationdeterminedbytheCOMPUTELTTPcommand.Ifthetimetopeak(negativevalue)
is used, the original incremental time will be used for the hydrograph computation.

Specifying Time to Peak (tp) Values

Ifthethreesegmentgammafunctionunithydrograph(ARSHYMO)isused,thetimetopeakmust
bespecifiedalongwiththeKvalue.IfanNRCSdimensionlessunithydrographisused,thetimeto
peak,tp,canbespecifiedbyenteringtheappropriatevalueforthetp(negativevalue)andentering
K=0.0or-999.Atimeofconcentration,tc,canbespecifiedbyapositivevalue.IftheCOMPUTE
LTTPcommandisusedtocomputethetimetopeak,atp=0.0andK=0.0shouldbeinputinthe
COMPUTEHYDcommand;thiswilldirecttheAHYMOprogramtousethepreviouslycomputed
timetopeak.Thetimetopeakwillbecomputedfromthecomputedtimeofconcentrationwiththe
following equation from the NRCS procedure:

 tp = 0.6 * (time of concentration) + 0.5 * (time increment)

Note:WhentheCOMPUTELTTPcommandisusedwiththeCOMPUTEHYDcommand,
theNRCSdimensionlessunithydrographshouldbespecified(K=0.0orK=-999).

Specifying Rainfall

TheCOMPUTEHYDcommandallowsforacumulativerainfalldistributiontobespecifiedforthe
currentorsubsequent hydrograph computations. The increasing values of cumulative rainfall can
contain up to 4000 data points. If a value of "-1" is entered for the mass rainfall distribution, the
previouslyinputrainfalldistributionisusedtocomputethehydrograph.Ifavalueof"-2"isentered
forthemassrainfalldistribution,thepreviousdistribution is used and the hydrograph values
generated by the program segmentareaddedtothehydrographvaluescurrentlystoredin memory
attheIDlocationspecified. If the incremental time (DT) has been previously entered and a new
rainfalldistributionisnotentered,aDT=0.0shouldbeenteredtospecifyuseoftheprevious
incrementaltime.FormostapplicationsthemassrainfallshouldbespecifiedwiththeRAINFALL
command.

Specifying Soil Infiltration

AnNRCSrunoffcurvenumber(CN)canbeusedtocomputethesoilinfiltration.Asanalternative
to the NRCS Curve Number method, initial abstraction and uniform infiltration can be specified.
Thismethodisidentifiedbyenteringtheinitialabstraction(IA)anduniforminfiltration(INF)values
as negativenumbers. The two numbers are entered into the COMPUTE HYD function in place of
the single CN value.
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Iftheinfiltrationrate(INF)islessthan0.07inchesper hour, the infiltration rate can be set at a
uniformratefrom 0 to 3 hours, a uniformly declining rate from 3 to 6 hours and0.0after6hours,
byspecifyingapositivevaluefortheinfiltration.Theinitialabstraction(IA)isinputasanegative
value.Thisprocedureisconsistentwiththeimperviousareainfiltrationdescribedin"AComparison
ofa Gaged Urban Watershed and Computer Modeling Using HYMO" (C.E. Anderson and R.J.
Heggen,1991,inInspiration,CometotheHeadwaters,Proceedings of the Fifteenth Annual
Conference of the Association of State Floodplain Managers, Denver, Colorado, p 107-112).

NOTE:Aseparatecommandisincludedintheprogramtoallowinputofvaluestoamass
rainfalltable,ortogenerateamassrainfalltableforseveralcommonly used
rainfall distribution types. The command is called "RAINFALL".

EXAMPLES:

*CURVE NUMBER and HYMO (3 segment gamma) UNIT HYDROGRAPH
COMPUTE HYD ID=3  HYD=121  DT=0.05 HR  DA=0.15 SQ MI

CN=68  K=-0.08  TP=-0.16 HR MASSRAIN=-1

*CURVE NUMBER and NRCS DIMENSIONLESS UNIT HYD WITH Tp SPECIFIED
COMPUTE HYD ID=4  HYD=XYZ  DT=0.00  DA=0.25 SQ MI

CN=95  K=-999  TP=-0.25 HR  MASSRAIN=-1

*CURVE NUMBER and NRCS DIMENSIONLESS UNIT HYD WITH Tc SPECIFIED
COMPUTE HYD ID=4  HYD=XYZ  DT=0.00  DA=0.25 SQ MI

CN=95  K=-999  TC=0.40 HR  MASSRAIN=-1

*CURVE NUMBER and NRCS DIMENSIONLESS UNIT HYDROGRAPH with Tc
*    Specified by the COMPUTE LT TP Command
COMPUTE HYD ID=5  HYD=BASIN.1  DT=0.00  DA=0.50 SQ MI

CN=85  K=0.0  TC=0.0 HR  MASSRAIN=-1

*IA/UNIFORM INF AND HYMO UNIT HYDROGRAPH
COMPUTE HYD ID=3  HYD NO=ABC.2  DT=0.05 HR

DA=0.15 SQ MI  IA=-0.50  INF=-0.85
K=-0.08 TP=-0.16 HR
MASS RAINFALL = 0 0.1 0.2 0.4 0.8
1.6 2.4 3.0 3.2 3.4 3.5

*IA/INF FOR IMPERVIOUS AREAS WITH 0.0 INFILT. AFTER 6 HOURS
*
COMPUTE HYD ID=4  HYD NO=153  DT=0.00  DA=0.25 SQ MI

IA=-0.10  INF=0.04  K=-0.125  TP=-0.25
MASS RAINFALL= -1

Note:TheCOMPUTEHYDcommandiscommonlyusedtocomputea basin hydrograph using
NRCScurvenumbers(CNs)andtheNRCSdimensionlessunit hydrograph. Tables of
applicablecurvenumbersmaybefoundinUrbanHydrologyforSmallWatersheds(1986,
USDASoilConservationService,TechnicalRelease55,Tables2-2athrough2-2d).When
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awatershedhasseverallandcovertypesorsoilconditionsthatrequireweightingofcurve
numbers,thefollowingstatementfromtheNRCSNationalEngineeringHandbook,Section
4,Hydrologyshouldbeconsidered:“Thiscomparisonshowsthatthemethodofweighted-Q
ispreferablewhensmallrainfallsareusedandtherearetwoormorewidelydifferingCN
inawatershed.”(Ref:page10.11)Toimplementaweighted-Q procedure with the
COMPUTE HYD command, the following steps should be performed:

 Computetherunoffvolumeininches(Vi)foreachsub-basinsegmentwith
a separate curve number (CNi) using:
Vi = [P + 2 - (200 / CNi) ]2 / [P - 8 + (800 / CNi) ](g.1)

where P = total rainfall in inches
 Compute the total area runoff volume (Vt) using:

Vt = [ (Vi * Ai) ] / Ai (g.2)
where Ai = individual segment area

 Compute the weighted-Q curve number (CN) using:
CN = 100 / [ 1 + Vt + (0.5 * P) - (Vt2 + (1.25 * P * Vt) )0.5 ] (g.3)

PartE,SectionE.1(3) of the City of AlbuquerqueDevelopmentProcessManual,
Chapter 22.2, Hydrology(pageE-3)containsadditionalinformationonuseof
NRCScurvenumbersappropriatefortheAlbuquerqueareaandlocationswith
similar hydrologic conditions.
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G.6 COMPUTE NM HYD

TheCOMPUTENMHYDcommandisutilizedtocomputeacombinedsub-basinhydrographusing
initialabstraction/uniforminfiltration, and separate infiltration factors and unit hydrographs for
perviousandimperviousportionsofthesub-basin.This“splithydrograph”procedureisdescribed
in “A Comparison of A Gaged Urban Watershed and Computer Modeling Using HYMO” (C.E.
AndersonandR.J.Heggen,1991,inInspiration:CometotheHeadwaters,Proceedingsofthe
FifteenthAnnualConferenceoftheAssociationofStateFloodplainManagers,Denver,Colorado,
pp.107-112.)  The computation of k/tpratios,infiltration,initialabstraction,andseparatepervious
and impervious hydrographs of the “split hydrograph” procedureisallperformed by the program.

Thecommandusesfourlandtreatmenttypesthatcorrespondtothe following land use
classifications:  A = natural, B = irrigated lawns, C = compacted earth, and D = impervious. The four
land treatment types are further defined by the following Table G1:

Table G1.Definitions of Land Treatment Types

Land
Treatment Land Condition

A
(Natural)

Soil uncompacted by human activity with 0 to 10 percent slopes. Native grasses,
weeds and shrubs in typical densities with minimal disturbance to grading,
groundcover and infiltration capacity. Croplands. Unlined arroyos.

B
(Irrigated
Lawns)

Irrigated lawns, parks and golf courses with 0 to 10 percent slopes. Native grasses,
weeds and shrubs, and soil uncompacted by human activity with slopes greater than
10 percent and less than 20 percent.

C
(Compacted

Earth)

Soil compacted by human activity. Minimal vegetation. Unpaved parking, roads,
trails. Most vacant lots. Gravel or rock on plastic (desert landscaping). Irrigated
lawns and parks with slopes greater than 10 percent. Native grasses, weeds and
shrubs, and soil uncompacted by human activity with slopes at 20 percent or greater.
Native grass, weed and shrub areas with clay or clay loam soils and other soils of
very low permeability as classified by NRCS Hydrologic Soil Group D.

D
(Impervious)

Impervious areas, pavement and roofs.

Most watersheds contain a mix of land treatments. To determine proportional treatments, measure
respective subareas.
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Note:Localjurisdictionsmay require modification of the above definitions based on
appropriatebasin properties. In some watersheds, the land treatment types may
have multiple definitionswithinasinglehydrologic analysis. The soil infiltration
factors may be specified using the LAND FACTORS command. See the LAND
FACTORScommandforthedefault initial abstraction and uniform infiltration
values used by the AHYMO program.

The following data elements are input into the COMPUTE NM HYD command:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location (1 to 99)

HYD NUMBER= Hydrograph identification number

DRAINAGE AREA= The total sub-basin area (in square miles)

AREA OF LAND
TREATMENT A, B, C,
ANDD = Asapercentageoftotal(0to100),asaratio(0to1),orasanarea

in square miles or acres (four values are input)

tp = Timetopeakfortheentiresub-basin(hours)whichisequalto2/3
tc.(Inputasanegativeorpositivenumber.)  Input tp=0.0tousea
previouslycomputedvaluefromtheCOMPUTELTTPcommand.

MASSRAINFALL= Atableofcumulativerainfallvaluesininches.IftheRAINFALL
command was previously used, input a "-1"

Note:IftheCOMPUTELTTPcommandisusedtocomputethetimetopeak(tp),
input tp = 0.0 with the COMPUTE NM HYD command.

EXAMPLES:

* HYDROGRAPH COMPUTED WITH LAND TREATMENT TYPE PERCENTAGES
COMPUTE NM HYDID=2  HYD NO=102.25  AREA=1.75 SQ MI

PER A=20  PER B=36  PER C=16  PER D=28
TP=-0.418 HR  MASS RAIN=-1

* HYDROGRAPH COMPUTED WITH LAND TREATMENT AREAS SPECIFIED
COMPUTE NM HYDID=2 HYD NO=102.AA  AREA=1.75 SQ MI

A=224 AC  B=403.2 AC  C=179.2 AC
D=313.6 AC  TP=0.43 HR  MASS RAIN=-1
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* HYDROGRAPH COMPUTATION WITH Tp SPECIFIED BY PRIOR
*    COMPUTE LT TP COMMAND
COMPUTE NM HYDID=3 HYD NO=BAS.12.A  AREA=1.75 SQ MI

Per A=15  Per B=0  Per C=45 Per D=40
TP=0.0 HR  MASS RAIN=-1

Ifamassrainfalltableistobeinput,enteraDTvalueasanegativenumber,followedbythemass
rainfallquantities.TheDTshouldgenerallybesmallerthan0.01hour.TheRAINFALLcommand
should normally be used to input a mass rainfall.

EXAMPLE:

COMPUTE NM HYDID=2  HYD NO=101.A2  DA=0.06 SQ MI
PER A=6.3  PER B=38.1  PER C=6.3
PER D=49.3  TP=-0.151111 HR
DT=-0.25 HR
MASS RAINFALL=0.00  0.15  0.28  0.36
0.45  0.49  0.51  0.55  0.58  0.62
0.75  0.80  0.81  0.82

Note:Onlythenumbersinthenumericaldataareaarereadbytheprogram. Numerical
data can be continued on the next line if the command area is left blank.
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G.7 COMPUTE ALB HYD

THECOMPUTE ALB HYD command is similar to the COMPUTE NM HYD command. It is
included only to provide compatibility with earlier versions of the AHYMO program that did not
havetheCOMPUTENMHYDcommand.TheCOMPUTEALBHYDcommandshouldnotbeused
for new projects.

The following is input into the COMPUTE ALB HYD command:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location (1 to 99)

HYD NUMBER= Hydrograph identification number

DRAINAGE AREA= The total sub-basin area (square miles)

AREA OF LAND
TREATMENT D= As a percentage (0 to 100) only

AREA OF LAND
TREATMENT A= As a percentage (0 to 100) only

tp = Timetopeakforentiresub-basin(hours).Inputasapositiveor
negative number.

MASSRAINFALL= Atableofcumulativerainfallvaluesininches.IftheRAINFALL
command was previously used, input a  "-1".

The COMPUTE ALB HYD command always assumes thatareaofLandTreatmentB=0.0.Land
TreatmentCisequalto100-percenttreatmentD-percenttreatmentA(i.e.:C=100-D-A).The
COMPUTEALBHYDcommandactuallycallstheCOMPUTENMHYD command and the
COMPUTE NM HYD command will appear on the summary table.

EXAMPLE:

COMPUTE ALB HYDID=2  HYD NO=101.0   DA=0.060 SQ MI
PER D=49.3     PER A=25.35
TP=-0.151111 hr   MASS RAIN=-1
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G.8 RAINFALL

TheRAINFALLcommandisusedtocomputeamassrainfalltableforaknownrainfalldistribution
or to input a mass rainfall table from gaged rainfall data.

The RAINFALL command is followed by the following data elements:

DATA ELEMENT DESCRIPTION

RAINFALLTYPE = Anintegernumberforoneofthe17rainfalldistributionsavailable
with the AHYMO program, or a 0 to input a mass rainfall table.
SeetheTableofRainfall Distributions for a description of the
rainfall types. If this value is input as a negative number, the
printingoftherainfalldistributiontableontheAHYMOprogram
output will be suppressed.

QUARTER HOUR
RAINFALL = P15 = 15-minute rainfall

(Usedonlyfortype3 distribution.Use0.0forall other
distributions.)

ONE HOUR
RAINFALL = P60 = 60-minute rainfall

SIX HOUR
RAINFALL = P360 = 360-minute rainfall

DAILY
RAINFALL = P1440 = 24-hour rainfall

DT = Incrementaltime(hours).Ifinput as 0.0, the previousDTwillbe
used.A DTvalueisnormallyspecifiedwiththe RAINFALL
command.ADT=0.01orsmallerisrecommendedtoachieve
channel routing precision.

Note:ThefollowingDTvaluesarerecommendedformostapplications:  for a 24-
hourrainfalluseaDT=0.01hr,andfora6-hourrainfalluseaDT=0.01
or0.005hr. These values will generallyprovidehydrographsthatdonot
exceedthe 4000-point program limits and allow for accurate channel
routing computations.
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The rainfall distribution types are described in the following table:

TABLE OF RAINFALL DISTRIBUTIONS

RAINFALL TYPE DESCRIPTION

0 Input mass rainfall table (with format changed from AHYMO_97.)

1 A 6-hour distribution that uses the TYPE=20 or TYPE=12
distribution depending on the name specified in the LOCATION
command.WhenAHYMO97,SSCAFCA,orRIORANCHOare
specified,theTYPE=12distribution(basedonNOAAAtlas2)is
used.FortheprogramdefaultandatallotherlocationstheTYPE=20
distribution (based on NOAA Atlas 14) is used.

2 A 24-hour distribution that uses the TYPE=21 or TYPE=13
distributiondependingonthenamespecifiedin the LOCATION
command.WhenAHYMO97,SSCAFCA,orRIORANCHOare
specified,TYPE=13(basedNOAAAtlas2)isused.Fortheprogram
default and at all other locations TYPE=21 ( based on NOAAAtlas
14) is used.

3 6-hourPMPdistributionbasedonanHMR-55aLocal Storm with peak
intensityat2.25hours.(SeeAppendixCforthe equations used by the
AHYMO program with this rainfall distribution.)

4 24-hourPMPDistribution based on an HMR-55a General Storm and the
USBRUrbanHydrologyManualwithpeakintensity at 15.5 hours. (See
AppendixCfortheequationsusedbytheAHYMOprogramwiththis
rainfall distribution.)

5 24-hourNRCSTYPEII-adistributionforNewMexicowithpeak intensity
at6.0hours.The"a"inthisdistributionnamereferstotheratiooftheone-
hourrainfalltothe24-hourrainfall, (i.e.: Set P60equalto60percentof
P1440 for a Type II-60 distribution.)The peak 15-minute intensity is used
inthepeak15-minuteperiodfortimeincrementssmallerthan15minutes;
this gives a uniform intensity for the peak 15-minute period.
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RAINFALL TYPE DESCRIPTION

6 6-hour distribution based on a power formula:

(P60/P360) * t B (g.4)
where B = [log10(P360 / P60) / log10(6.02172)]

asusedinthe"AlbuquerqueMasterDrainageStudy"(1981)withpeak
intensityat0.02hours.Useforcomparisonwithexistingstudiesonlyand
not for new projects.

Note:The“AlbuquerqueMasterDrainageStudy” (AMDS, 1981) used
the following equation:  R(t) = Q * A * t B (g.5)
Where:R(t)isaccumulatedrainfall,Qistotalrainfall,tiselapsed

timeinhours,andAandBareempiricalcoefficients.For
a 6-hourrainfall,theAMDSused A=0.85 and
B=0.090521.ToobtainasimilarfunctionwithRAINFALL
type 6, use the following:
P60 = Q * A  (Use the absolute value of Q)
P360 = Q * A * (10(B * 0.779721) ) = Q

7 Distribution obtained byplacingthe6-hourrainfallintoa 35-minute time
periodasusedintheCityofAlbuquerque,FarNorthwestDrainage
ManagementPlan. Use for comparison with existing studies onlyandnot
for new projects.

8 24-hourNRCSTypeIIdistribution,basedonthe NRCS National
EngineeringHandbook-Section4(Hydrology)withpeakintensityat12.0
hours.Thisdistributionisnotgenerallyapplicabletothearidsouthwest
where NOAA Atlas 2 rainfall values are used.

9 24-hourdistribution based on the NOAA Atlas 2 for New Mexico with
peakintensityat6.0hours.Thisdistributionisapplicablewith use of
NRCSCurveNumbers(CNs).(SeeAppendixCfortheequationsusedby
the AHYMO program with this rainfall distribution.)

10 6-hourdistributionbasedontheNOAAAtlas2forNewMexicowithpeak
intensity at 0.4 hours. Use for comparison with existing studies only and
not for new projects.

11 24-hour distribution based on the NOAA Atlas 2 for New Mexico with
peakintensityat0.4hours.Use forcomparisonwithexistingstudiesonly
and not for new projects.
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12 A6-hourdistributionbasedonNOAAAtlas2forNewMexico with
a peakat 1.40 hours. (This was distribution TYPE=1 in
AHYMO_97.)

13 A24-hourdistributionbasedonNOAAAtlas2forNewMexico with
a peakat1.40hours.(ThiswasdistributionTYPE=2in
AHYMO_97.)

14 A6-hourdistributionbasedonNOAAAtlas2forNewMexicowith
a peak at 1.40 hours and 5-minute incremental time steps. This
distributionusesthesameequationsastheTYPE=12distribution,
exceptthatonly5-minuteincrementalvalues are computed. Linear
interpolationisusedtocomputeintermediatevalueswhentheDTis
not equal to 5 minutes.

15 A24-hourdistributionbasedonNOAAAtlas2forNewMexico with
apeakat1.40hours and 5-minute incremental time steps. This
distributionusesthesameequations as the TYPE=13 distribution,
exceptthatonly5-minute incremental values are computed. Linear
interpolationisusedtocomputeintermediatevalueswhentheDTis
not equal to 5 minutes.

16 A6-hourdistributionbasedonNOAAAtlas14forconvective storm
areasinArizonaandNewMexico.Thedistributionhasapeakat1.4
hours,withthepeak1-hourprecipitationplacedbetween60and120
minutes. The distribution uses the following 5-minute peak
precipitationsequence:48,45,42,39,36,33,30,27,24,21,18,15,
12,9,6,3,1,2,4,5, 7, 8, 10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25,
26,28,29,31,32,34,35,37,38,40,41,43,44,46,47,49,50,51,52
to 72.

17 A24-hourdistribution based on NOAA Atlas 14 for convective storm
areasinArizonaandNewMexico.Thedistributionhasapeakat1.4
hours,withthepeak1-hourprecipitationplacedbetween60and120
minutes.Thedistribution uses the following 5-minute peak
precipitationsequence:48,45,42,39,36,33,30,27,24,21,18,15,
12,9,6,3,1,2,4,5,7,8,10,11,13,14,16, 17, 19, 20, 22, 23, 25,
26,28,29,31,32,34,35,37,38,40,41,43,44,46,47,49,50,51,52
to 288.

18 Reserved for a future distribution.



AHYMOTM (AHYMO-S4) Computer Program - Users Manual
Page 30
RAINFALL

19 Reserved for a future distribution.

20 A6-hourdistributionbasedonNOAAAtlas14forconvective storm
areasinArizonaandNewMexico.Thedistributionhasapeakat1.4
hours,andissimilartotheTYPE=16distribution. The distribution
sequenceisbasedonthesequenceindicated with Table A.1.3 in
NOAA Atlas 14. The distribution uses thefollowing5-minutepeak
precipitationsequence:39,35,31,27,24,21,19,18,17,15,13,11,
9,7,5,3, 1, 2, 4, 6, 8, 10, 12, 14, 16, 20, 22, 23, 25, 26, 28, 29, 30,
32,33,34,36,37,38,40,41,42,43,44,45,46,47,48,49,50,51,52
to 72.

21 A24-hourdistributionbasedon NOAA Atlas 14 for convective storm
areasinArizonaandNewMexico.Thedistributionhasapeakat1.4
hours,andis similar to the TYPE=17 distribution. The distribution
sequenceisbasedonthe sequence indicated with Table A.1.3 in
NOAAAtlas 14. The distribution uses the following5-minutepeak
precipitationsequence:39,35,31,27,24,21,19,18,17,15,13,11,
9,7,5, 3, 1, 2, 4, 6, 8, 10, 12, 14, 16, 20, 22, 23, 25, 26, 28, 29, 30,
32,33,34,36,37,38,40,41,42,43,44,45,46,47,48,49,50,51,52
to 288.

Note:Rainfalltypes5or9arecommonlyused with an NRCS Curve Number analysis
whenhydrographsarecomputedusingtheCOMPUTEHYDcommand.The6-hour
TYPE=1,12or20,and24hourTYPE=2,13or21rainfalldistributionsarenot
recommended for use with NRCS Curve Numbers.

Thefollowingtableshowstherequiredinputvaluesfortherainfalldistributions.Ifinput is not
requiredforagivendistribution,inputa0valueorothernumberasaplaceholder.Examplesofall
therainfalltypescanbeobtainedbyexecutingtheRAINTEST.DATdatafile.Iftherainfalltypeis
inputasanegativenumber,theprintingofthemassrainfalltablewillbesuppressedontheAHYMO
program output.
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Required input values for AHYMO Rainfall Distributions

Rainfall
Type

1/4
Hour

One
Hour

Six
Hour

Daily
Rain

Rainfall
Type

1/4
Hour

One
Hour

Six
Hour

Daily
Rain

1 N R R N 11 N R R R
2 N R R R 12 N R R N
3 O R R N 13 N R R R
4 N R R R 14 N R R N
5 N R N R 15 N R R R
6 N R R N 16 N R R N
7 N N R N 17 N R R R
8 N N N R 20 N R R N
9 N R R R 21 N R R R
10 N R R N

Legend N Not required or used - input as 0.0 or actual value
R Required
O Optional - input as 0.0 or actual value

IfRAINFALLTYPE=3,theinputofthequarterhourrainfallamountisoptional.Ifthequarterhour
rainfall (P15) is input as 0.0, the P15 is set to 68 percent of the one hour rainfall (P60).

EXAMPLES:

RAINFALL TYPE=1  RAIN QUARTER=0.0
RAIN ONE=1.87 IN  RAIN SIX=2.20 IN
RAIN DAY=2.60 IN  DT=0.01 HRS

RAINFALL TYPE=3  RAIN QUARTER=7.58 IN
RAIN ONE=11.38 IN  RAIN SIX=15.84 IN
RAIN DAY=0.0  DT=0.01 HRS

RAINFALL TYPE=5  RAIN QUARTER=0.00 IN
RAIN ONE=1.95 IN  RAIN SIX=0.0 IN
RAIN DAY=3.20 IN DT=0.01 HRS
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If RAINFALL TYPE = 0, a mass rainfall table may be directly input. Following the rainfall type,
thecomputationincrementaltime(DT)isspecified.Thentheincrementaltimeforthemassrainfall
values (RDT) is input. This is followed by the mass rainfall table with up to 4000 values.

Thefollowingexampleshowsaspecified TYPE=0 RAINFALL with DT=0.01 hours and an
RDT=0.083333 hours (5 minutes):

RAINFALL TYPE=0    DT=0.01 HR   RDT=0.083333 HR
MASS RAIN=  0.00  0.01  0.02  0.04  0.06
0.09  0.12  0.15  0.21  0.27  0.34  0.42
0.53  0.63  0.74  0.85  0.97  1.10  1.25
1.40  1.58  1.79  1.88  2.00  2.10  2.18
2.24

TheformatoftheTYPE=0commandusedwiththeearlierversionsoftheAHYMOprogramisalso
supported.NotethatthefirstvalueoftheMassRainfalltablemustbe0.0.Thisolderformatisnot
recommended for general use because the a DT = 0.01 hours is difficult to implement.

RAINFALL TYPE = 0   DT = 0.083333 HR
MASS RAIN = 0.0   0.01  0.02  0.04  0.06
0.09  0.12  0.15  0.21  0.27  0.34  0.42
0.53  0.63  0.74  0.85  0.97  1.10  1.25
1.40  1.58  1.79  1.88  2.00  2.10  2.18
2.24

Note:Itiscommon practice to specify the true P1440(dailyrainfall)valueeven
ifa6-hourrainfalldistributionisused.Thiswill simplify futureinputfile
revisionsifitisnecessarytoinclude a 24-hour distribution in the
hydrologic analysis.
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G.9 LAND FACTORS

TheLANDFACTORScommandisusedtochangethedefaultinitialabstraction(IA)anduniform
infiltration (INF) factors that are used by the COMPUTE NM HYD command.

 WhentheLOCATION command specifies ALBUQUERQUE, AMAFCA, BERNALILLO
COUNTY,ESCAFCA,RIO RANCHO,  SANDOVAL COUNTY, SSCAFCA or NEW
MEXICO as the location of the analysis, the program uses the following default values:

LAND GENERAL
TREATMENT LAND USE IA(inches)INF (inches/hour)

A natural 0.65 1.67
B irrigated lawns0.50 1.25
C compacted earth0.35 0.83
D impervious0.10 0.04*

Note:Theabovevaluesareusedwhenthelocationis“notknown” or
when a LOCATION command is not in the input file.

 WhentheLOCATIONcommandspecifiesSANTAFEasthelocationoftheanalysis,the
program uses the following default values:

LAND GENERAL
TREATMENT LAND USE IA(inches)INF (inches/hour)

A natural 0.70 1.79
B irrigated lawns0.54 1.34
C compacted earth0.37 0.89
D impervious0.10 0.04*

*TheLandTreatmentDinfiltrationrateisapplicablefrom0to3hours;theprogramusesauniform
reduction from 3 to 6 hours, and 0.0 infiltration after 6 hours.

TheabovevaluesmayberevisedbyusingtheLANDFACTORScommandwiththefollowinginput
data:

TYPE = 1This specifies that the location dependent default values are to be revised.

For each of the (4) land treatment types input the following:

IA Initialabstractionininches.IfanIAvalueisspecifiedas0.0,usethedefault value
forthislandtreatmenttypeandanyremaininglandtreatments.Tospecify a zero
value for IA, use a very small positive number (i.e.: 0.0001).
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INF Uniforminfiltrationrateininchesperhour.TospecifyazerovalueforINF,usea
very small positive number (i.e.: 0.0001).

TYPE = 0The location dependent default values will be restored for use by subsequent
COMPUTE NM HYD commands.

EXAMPLES:

LAND FACTORS TYPE=1
TREATMENT A  IA=0.50INF=1.00
TREATMENT B  IA=0.50INF=0.60
TREATMENT C  IA=0.50INF=0.20
TREATMENT D  IA=0.0001INF=0.0001

LAND FACTORS TYPE=0 RESTORES DEFAULT VALUES

IfTYPE=1andthelandtreatmentDinfiltrationrateislessthan0.07inchesperhour,thespecified
imperviousinfiltrationrateisusedfrom0to3hours,auniformreductionininfiltrationisusedfrom
3 to 6 hours, and 0.0 infiltration is used after 6 hours.
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G.10COMPUTE LT TP

TheCOMPUTELTTPcommandisusedtocomputethelagtime(LG)andtimetopeak(tp)ofasub-
basinusingoneofthestandardmethodsthatisavailablewiththeAHYMOprogram.Thecommand
willalsocomputethetimeofconcentration(tc);the time of concentration can be used with the
NRCSdimensionlessunithydrographtocompute a watershed or sub-basin hydrograph with the
COMPUTEHYD command. The time to peak (tp) is used to compute a watershed or sub-basin
hydrograph with the COMPUTE NM HYD command.

The COMPUTE LT TP command is followed by the following data elements:

DATA ELEMENT DESCRIPTION

LCODE = A number that identifies the computation procedure.
LCODE values of 1, 4, 5, 6 or 7 may be used.

LENGTH, SLOPE
AND ROUGHNESS= A table of sub-basin properties for the selected

computation procedure

The following computation options are available:

UPLAND/LAG TIME METHOD (LCODE= 1)

TheUpland/LagTimeprocedureisbasedontheNRCS(formerlytheSCS)UplandMethod
forsub-basins shorter than 4000 feet, and on the USDI Bureau of Reclamation Lag Time
methodforsub-basinslongerthan12,000feet.Atransitionequationisusedforsub-basins
between 4000 feet and 12,000 feetlong.Thisprocedurewasfirstidentifiedby the City of
Albuquerque,Section22.2, Hydrology of the Development Process Manual(TheD.P.M.
DrainageDesignCriteriaCommittee, 1993, p 90). The Upland/Lag Time method also
incorporatesthesteepslopewatershedslopeadjustmentfirstidentifiedin graphical form
by theUrbanStormDrainageCriteriaManual(Wright-McLaughlinEngineers,1990,
“Runoff,Figure4-1",forthe Urban Drainage and Flood Control District, Denver,
Colorado),andasfurtherdefinedasanequationin“EvaluatingStormWaterRunofffrom
SteepSlopeAridLands”(C.E.Anderson and R.J. Heggen, 1996,  inCoasttoCoast,20
YearsofProgress,ProceedingsTwentieth Annual Conference, Association of State
Floodplain Managers, San Diego, CA, pp. 135-141).

TheNRCSUplandMethodusesthefollowingequationstocomputetimeofconcentration
(tc)inhours,giventhesegmentslopesinfoot/foot(sX),thesegmentlengthsinfeet(LX)and
conveyance factors (KX):
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tc = L / (10 * K * s) / 3600 sec/hr (g.6)
Where:K = (L /s) / (L1 / (K1 *s1) + L2 / (K2 *s2) + ... + LX / (KX *sX))

L = L1 + L2 + ... + LX
and,s = (L1 * s1 + L2 * s2 + ... + LX * sX) / L

TheLagTimemethodusesthefollowing equations to compute lag time (LG)andtimeof
concentration(tc)inhours,giventhesub-basinslopeinfootperfoot(s), the sub-basin
length in feet (L), the basin centroid length in feet (LCA),and the basin factor (KN):

LG = 26 * KN * ((L * LCA /(52802 * (s * 5280)0.5))0.33) (g.7)
With:tc = (4 / 3) * LG

With sub-basin lengths between 4000 feet and 12000 feet a linear transition is used.

Fornaturalchannelconditionswithsteepslopes,themeasuredslope(s)isconvertedtoan
adjustedslope(s’)withthe following equation (Anderson and Heggen, 1996), when s
exceeds 0.04 foot per foot:

s' = 0.052467 + (0.063627 * s) - 0.18197 * e(-62.375 *s) (g.8)

Thetimeofconcentration(tc)isconvertedtothetimetopeak(tp)foruseintheCOMPUTE
NM HYD command by the following equation:

tp = (2 / 3) * tc (g.9)

Ifthecomputedtimetopeak(tp)islessthan0.133333hour,theprogramwilluse0.133333
hour (8 minutes) as the minimum value.

TheUpland/LagTimemethodintheCOMPUTELTTPcommandcontainsthefollowing
data elements:

DATA ELEMENT DESCRIPTION

LCODE = 1 (To identify the Upland/LAG time method.)

NK = NumberofLength-Slopesegments in the sub-basin. (A
number from 0 to 12 may be entered.)

ISLOPE = Steepslopeadjustmentcode.Use0or1to allow the use
ofthesteepslope adjustment factor for natural slopes
greater than 0.04 ft/ft. Use -1tosuppressuse of the steep
slope adjustment.
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For each Length-Slope segment (NK) the following three data elements must be entered:

LENGTH = The segment length in feet.

SLOPE = Thesegment slope in ft/ft. If the slope is entered as a
negativenumber, the absolute value of the slope will be
usedandanysteepslopeadjustmentwillbesuppressedfor
the segment.

K = NRCSUplandMethodconveyancefactor.SeeTableG2
in this section for suggested values.

Note:EnteronesetofLENGTH,SLOPEandKvaluesevenifNK=0.Thisisthe
suggested procedure when the sub-basin is longer than 12,000 feet.

Following entry of the Length-Slopesegmentdata,thefollowingdatamustbe entered for
sub-basins longer than 4000 feet:

KN = LagTimeEquationBasinFactor.TheBasin Factor is
based on an estimate of the weighted, by stream length,
average Manning'snvaluefortheprincipalwatercourses
in the drainage basin. See Table G3 in this section for
suggestedvalues.Ifavalueof0.0isenteredforthebasin
factor,adefaultvalueof0.025(forlowdensityurban)will
be used.

CENTROID DISTANCE or
CENTROIDRATIO= LagTimeEquationdistancetocentroid.Enterthedistance

infeetfromthefromthepointofconcentration to the
pointoppositethecentroidofthesub-basin.Ifthevalue
inputislessthan1.0,thevalueisusedasaratioofthe
overallsub-basinlength.Ifavalueof0.0isenteredforthe
Centroid Ratio, a default value of 0.50 will be used.

Qp = EstimatedpeakflowrateinCFSforthesub-basin. This
valueis only used with thesteepslopeconversionfactor.
Thisvalueisusedtocheckforthemaximumand
minimumconveyance factors (K) based on the Froude
numberandthesteepslope conversion factor. The
followingformulasareusedtocompute the conveyance
adjustment:
K’  = 0.302 * s’(-0.5) * Qp(0.18)

K’’ = 0.207 * s’(-0.5) * Qp(0.18)

Anadjustedconveyancefactor(K)isthenobtainedbased
on the following:
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If K > K’then K = K’
If K’ KK’’then no adjustment
If K < K’’then K = K’’
ForbestresultstheQpvalueused should be within 10
percentofthepeakflowrate computed forthewatershed
bytheCOMPUTEHYD or COMPUTE NM HYD
command.Asingleadjustmentfactoriscomputedbased
intheweightedaverageofall steep slope segments and
Qp.Theadjustedconveyancefactorisappliedonlytothe
segments with a steep slope adjustment.

Note:Foranexampleof  use of the Qp data elementseetheTest_DPM_all.dat
and Test_DPM_all.out files in the AHYMO-S4 samples directory.

Table G2.Suggested NRCS Upland Method Conveyance Factors
K Conveyance Condition
0.7 Turf, landscaped areas and undisturbed natural areas (sheet flow* only).

1 Bare or disturbed soil areas and paved areas (sheet flow* only).

2 Shallow concentrated flow (paved or unpaved).

3 Street flow, storm sewers and natural channels, and that portion of sub-basins
(without constructed channels) below the upper 2000 feet for sub-basins longer
than 2000 feet.

4 Constructed channels (for example: riprap, soil cement or concrete lined
channels**).

     *Sheet flow is flow over plane surfaces, with flow depths up to 0.1 feet. The most
current guidance on sheet flow would limit it to the upper 100 feet (expected
maximum) of a sub-basin. Earlier guidance suggesting up to 400 feet for sheet flow
may produce peak flows that underestimates true watershed rates.

     **A steep slope adjustment is not appropriate for K greater than 3.001.

Note:TheAHYMOprogramperformscheckingtoverify that therestrictionsoftheabovetable
aremetbytheinputdata.Forexample:Klessthan2.0cannot be used beyond the upper
400 feet of a sub-basin, and K less than 3.0 cannot be usedbeyondtheupper2000feetof
asub-basin.If these values are exceeded, the program will modify the input to fit the
restrictions and issue a warning on the output file.
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Table G3.Suggested Lag Equation Basin Factors
KN Basin Condition

0.200Drainage area has uniform slopes so that channelization does not occur. Ground
cover of cultivated crops or substantial growths of grass and fairly dense small
shrubs, or similar vegetation. No drainage improvements in the area.

0.050Drainage area is quite rugged, with sharp ridges and narrow, steep canyons
through which watercourses meander around sharp bends, over large boulders
and considerable debris obstruction. Ground cover, excluding small rock
outcrops, includes many trees and considerable underbrush. No drainage
improvements in the area.

0.042Mountain Brush and Juniper. No drainage improvements in the area.

0.033Desert Terrain (Desert Brush). No drainage improvements in the area.

0.030Drainage area is generally rolling, with rounded ridges and moderate side
slopes. Watercourses meander in fairly straight, unimproved channels with some
boulders and lodged debris. Ground cover includes scattered brush and grasses.
No drainage improvements in the area.

0.025Very Low Density Urban (Minimal improvements to watershed channels)

0.021Low to Medium Density Urban (Flow in streets, storm sewers and improved
channels)

0.016High Density Urban (Concrete and rip-rap lined channels)

EXAMPLES FOR UPLAND/LAG TIME METHOD:

* FOR SUB-BASIN LENGTH SHORTER THAN 4000 FEET
COMPUTE LT TPLCODE=1  NK=3  ISLOPE=0

LENGTH=100 FT   SLOPE=0.03   K=0.7
LENGTH=1900 FT  SLOPE=0.02   K=2.0
LENGTH=1000 FT  SLOPE=0.015  K=3.0

* FOR SUB-BASIN LENGTH BETWEEN 4000 AND 12000 FEET
COMPUTE LT TPLCODE=1  NK=4  ISLOPE=0

LENGTH=100 FT   SLOPE=0.03   K=0.7
LENGTH=1900 FT  SLOPE=0.02   K=2.0
LENGTH=1000 FT  SLOPE=0.015  K=3.0
LENGTH=4000 FT  SLOPE=0.012  K=4.0
KN=0.021   CENTROID DISTANCE=4200 FT
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* TO SUPPRESS STEEP SLOPE ADJUSTMENT AT ONE SEGMENT
COMPUTE LT TPLCODE=1  NK=4  ISLOPE=0

LENGTH=100 FT   SLOPE=0.08   K=0.7
LENGTH=1900 FT  SLOPE=-0.05  K=2.0
LENGTH=1000 FT  SLOPE=0.03   K=3.0
LENGTH=4000 FT  SLOPE=0.012  K=4.0
KN=0.035   CENTROID RATIO=0.65

* FOR SUB-BASIN LENGTH LONGER THAN 12000 FEET
COMPUTE LT TPLCODE=1  NK=0  ISLOPE=0

LENGTH=14000 FT  SLOPE=0.02   K=3.0
KN=0.033   CENTROID RATIO=0.62
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NRCS (SCS) TR FIFTY-FIVE METHOD (LCODE= 4)

TheNRCSTRFIFTY-FIVEmethodisbasedontheproceduresdescribedintheNRCS
(formerlytheSCS)TechnicalRelease-55(TR-55)UrbanHydrologyforSmallWatersheds
(June1986,U.S.D.A.SoilConservationService,nowtheNaturalResourcesConservation
Service.)  This procedure uses equations based on sheet flow segments, shallow
concentrated flow segments, and channel flow segments.

Thesheetflowsegmentsrepresentflowoverplanesurfacesattheheadwaterofsub-basins.
Thesheetflowsegmentsshould generally be used only for the upper 100 feet of the sub-
basin. Earlier guidance indicated that the upper 300 could have sheetflow.The following
NRCS(SCS)sheetflowequationisusedtocomputethetraveltimeinhours(Tt),given
Manning’sroughnesscoefficient(n),theflowlengthinfeet(L),the2-year24-hourrainfall
in inches (P2), and the land slope in ft/ft (s):
Tt = (0.007 * (n * L)0.8) / ( (P2)

0.5 * s 0.4) (g.10)

TheManning’sroughnesscoefficient(n)forthesheetflowsegmentscanbeestimatedfrom
the values in the following Table G4.

Table G4.Roughness coefficients (Manning’s n) for sheet flow

n1 Surface description

0.011Smooth surfaces (concrete, asphalt, gravel, or bare soil)

0.05 Fallow (no residue)

0.06
0.17

Cultivated soils:
Residue cover 20%
Residue cover > 20%

0.15
0.24
0.41

Grass:
Short grass prairie
Dense grasses (lovegrass, bluegrass, buffalo grass)
Bermuda grass

0.13 Range (natural)

0.40
0.80

Woods:2

Light underbrush
Dense underbrush

1These values are only applicable to plane surface sheet flow (generally only the upper 100 ft,
but the upper 300 ft may apply for some watershed conditions). The conditions described by
NRCS represent general United States conditions and are not specific for arid or semi-arid
conditions.
2When selecting n, consider cover under a height of about 0.1 ft. This is the only part of the
plant cover that will obstruct sheet flow.
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Afterthesheetflow,thesub-basinflowusuallybecomes shallow concentrated flow. The
traveltime in hours (Tt) for the shallow concentrated flow is computed using the NRCS
(SCS)uplandequationasfollows,giventhewatercourseslopeinfootperfoot(s),theflow
length in feet (L), and the conveyance factor (K):

Tt =  L / (10 * K *s) / 3600 sec/hr (g.11)

TheshallowconcentratedflowvelocitycomputationinNRCSTR-55isequivalenttousing
the following conveyance factors:

Unpaved: K = 1.613455Paved: K = 2.03282

Theseconditions(pavedandunpaved)aretheonlytwoincludedinthe1986editionofTR-
55.UseofanyothervaluesrepresentsadeviationfromstandardNRCS(SCS)procedures.

TheNRCSWinTR-55ComputerModel(Version1.0.08,2005)limitsshallowconcentrated
flowdataentrytotwosegmentsof1000feeteach.Thus,2000feetisastandard limit for
shallowconcentratedflowwhentheaboveUnpavedandPavedconveyancefactorsareused.
The AHYMO program will issue a warning on the output file of this limit is exceeded.

Thechannelflowsegmentsshouldbeginwheresurveyedcrosssectioninformationhasbeen
obtained,wherechannelsarevisibleonaerialphotographs,orwherestreams(generally
indicatedbybluelines)appearonUSGeologicalSurveyquadranglemaps.Thetraveltime
forchannelflowsegmentsisobtainedusingManning’sequation.TheManning’snvalues
for open channel flow can be obtained from standard textbooks, US Geological survey
guides,orlocalagency guidelines. The travel time in hours (Tt) for the channel flow
segmentsiscomputedusingManning’sequation,giventhewatercourseslopeinfootper
foot(s),theflowlengthinfeet(L),Manning’sroughnesscoefficient(n),thecrosssectional
flow area in square feet (a), and the wetted perimeter in feet (Pw):

Tt = L / ( (1.49 * (a / Pw)2/3 *s ) / n ) / 3600 sec/hr(g.12)

Thetimeofconcentration(tc)forthesub-basinorwatershediscomputedbythefollowing
:

tc =Tt (sheet flow seg.) +Tt (shallow conc. flow seg.) +Tt (channel flow seg.)
(g.13)

Ifthecomputedtimeofconcentration (tc) is less than 0.1 hour, the program will use 0.1
hourastheminimumvalue.ThisistheminimumvaluespecifiedbytheNRCSWinTR-55
manual.

Ifthe computed time of concentration is used with the Curve Number procedure in the
COMPUTE HYD command, the time to peak (tp) will be computed from the time of
concentration(tc),andtheincrementaltime(ΔD)usingthefollowingNRCSdimensionless
unit hydrograph equation:
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tp = (0.6 * tc) + (ΔD / 2) (g.14)
IfthecomputedtimeofconcentrationisusedwiththeCOMPUTENMHYDcommandand
the three segment gamma function unit hydrograph, the time to peak (tp) equation is:

tp = (2/3) * tc (g.15)

TheNRCSTRFIFTYFIVEmethodintheCOMPUTELTTPcommandisfollowedbythe
following data elements:

DATA ELEMENT DESCRIPTION

LCODE = 4 (To identify the NRCS TR FIFTY-FIVE method.)

NK = Numberof sheet flow segments in the sub-basin. (A
numberfrom0to2maybeentered.)  The program can use
a maximum of 2 segments. The totallengthof sheet flow
segments should not exceed 300 feet.

NSC = Numberofshallowconcentratedflowsegmentsinthesub-
basin.(A number from 0 to 3 may be entered.)  The
programcanuseamaximumof3segments.Thetotal
length of shallow concentrated flow segments shouldnot
exceed 2000 feet.

NCF = Numberofchannelflowsegmentsin the sub-basin. (A
numberfrom0to6maybeentered.)  The program can use
a maximum of 6 segments.

TYD RAIN = Two-year one-day rainfall (P2)ininches.Thisvalue is
usedtocomputethetraveltimeforthesheetflowportion
of the sub-basin.

For each sheet flow segment (NK) the following three data elements must be entered:

LENGTH = The segment length in feet.

SLOPE = The segment slope in ft/ft.

N = Roughnesscoefficient(Manning’sn) forsheetflow.See
Table G4 in this section for suggested values.

Foreachshallowconcentratedflowsegment(NSC)thefollowingthreedataelementsmust
be entered:

LENGTH = The segment length in feet.
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SLOPE = The segment slope in ft/ft.

SURFACE or K= Surface type: enter 0 or 1 for an Unpaved surface
(K=1.61345),enter2foraPavedsurface(K=2.03282).If
theNRCSUplandMethodconveyancefactor(K)istobe
directlyentered,inputthevalueasanegativenumberand
the absolute value will be used.

Foreachchannelflowsegment(NCF)thefollowingfivedataelementsmustbeentered(or
2 data elements for a specified velocity):

LENGTH = The segment length in feet.

SLOPE = The segment slope in ft/ft.

N = Roughness coefficient (Manning’s n) foropenchannel
flow.Donot use the sheet flow values from Table G4 in
this section.

X AREA = Crosssectionalareaofflowinthe channel segment in
square feet.

X WP = Thewettedperimeter of the flow in the channel segment
in feet.

Note:TheSLOPE, N, X AREA and X WP data elements will be applied to
Manning’sequationtocomputeavelocityforthechannelsegment. The
XAREAandXWPvalues must be estimated from expected flow rates.
NRCSTR-55suggestsuseofbank-fullconditions.Thepeakwatershedflow
ratecanbeusedwithaniterativeprocess.Itispossibletodirectlyinputthe
channelvelocity(feetpersecond)byinput of a negative number as the
seconddataelement;theprogram will use the absolute value as the
segmentvelocity.Thisalternateproceduremaybeappliedtoanychannel
flowsegmentandrequiresinputofLENGTHandVELOCITYonly,withthe
other data elements not used.
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EXAMPLES FOR NRCS TR FIFTY-FIVE METHOD:

* EXAMPLE FROM FIGURE 3-2 OF NRCS TR-55
COMPUTE LT TPLCODE=4 NRCS TR FIFTY FIVE METHOD

NK=1  NSC=1  NCF=1 TYD RAIN=3.6 IN
LENGTH=100 FT    SLOPE=0.01   N=0.24
LENGTH=1400 FT   SLOPE=0.01   K=-1.6
LENGTH=7300 FT   SLOPE=0.005  N=0.05

X AREA=27.0 SQ FT   X WP=28.2 FT

* A SUB-BASIN WITH SEVEN SEGMENTS (2-SHEET,
* 2-SHALLOW & 3-CHANNEL)
COMPUTE LT TPLCODE=4 NRCS TR FIFTY FIVE METHOD

NK=2  NSC=2  NCF=3  TYD RAIN=3.6 IN
LENGTH=100 FT  SLOPE=0.10   N=0.15
LENGTH=200 FT  SLOPE=0.02   N=0.24
LENGTH=1000 FT SLOPE=0.02 SURFACE=1 UNPAVED
LENGTH=1000 FT SLOPE=0.03 SURFACE=2 PAVED
LENGTH=3000 FT SLOPE=0.015  N=0.035

X AREA=200 SQ FT   X WP=120 FT
LENGTH=5000 FT VELOCITY=-5.2 FT PER SECOND
LENGTH=7900 FT SLOPE=0.012  N=0.019

X AREA=25.0 SQ FT  X WP=25.0 FT
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LAG TIME METHOD (LCODE= 5)

The LAG TIME method is based ontheequationtocomputetheSnyder’sLag Time (LG)
thatiscommonlyusedbythe USDI Bureau ofReclamation(A.G.Cudworth,1989,Flood
HydrologyManual)andbytheUSArmyCorpsofEngineers(1990,HEC-1,Flood
Hydrograph Package, User’s Manual, CPD-1A). The Snyder’sLagTime(LG)in hours is
representedbythefollowingequation,whereCtisaconstant,LM isthelengthofthe
watershedinmiles,LCAMislengthtothebasincentroidinmiles,SM isthewatershedslope
in foot per mile, and Ne is an exponent:

Lg = Ct * (LM * LCAM / SM
0.5) Ne (g.16)

The USDI Bureau of Reclamation commonly uses the following factors for Ct and Ne:

Ct = 26 * KN (g.17)
WhereKNistheLagTimeEquationBasinFactor. The Basin Factor is
basedonanestimateoftheweighted,bystreamlength,averageManning's
n value for the principal watercourses inthe drainage basin. See the table
of suggested values in this section (Upland/Lag Time Method).

Ne = 0.33

InArizona,theUSArmyCorpsofEngineershasusedthefollowingfactorsforCtandNe
(1982,GilaRiverBasin,Phoenix,Arizonaandvicinity(including New River), Design
Memorandum No. 2, Hydrology Part 2, Los Angeles District):

Ct = 24 * KN
Ne = 0.38

Thesevalueshavealsobeenusedfortheunithydrograph-lagrelationshipinCarlsbad,New
Mexico.TheUSArmyCorpsofEngineershasusedthefollowingfactorsforCtandNefor
astudyinAlbuquerque,NewMexico(1992,Interim Feasibility Report, Albuquerque
Arroyos,Albuquerque,NewMexico,Volume II Engineering Appendix, Albuquerque
District):

Ct = 24 * KN
Ne = 0.36

Usersofthe Lag Time Method should contact reviewing agencies to determine if
appropriate values ofCt,NeandKN have been established for their area of investigation.

TheLagTimeMethodhasadoptedSnyder’slagtimeequation to use foot based length
units,andusesthefollowing equations to compute lag time in hours (LG)andtimeof
concentration in hours (tc), given the sub-basin slope in foot per foot (s), the sub-basin
lengthinfeet(L),thebasincentroid length in feet (LCA),thebasinfactor(KN),theLag
equation coefficient  (CL = Ct / KN) and the equation exponent (Ne):
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LG = CL * KN * ((L * LCA /(52802 * (s * 5280)0.5))Ne) (g.18)
With:tc = (4 / 3) * LG

TheLAGTIMEmethodin the COMPUTE LT TPcommandisfollowedbythefollowing
data elements:

DATA ELEMENT DESCRIPTION

LCODE = 5 (To identify the LAG TIME method.)

NK = Numberofsub-basinsegmentsusedtocomputethelag
time. (A number from 0 to 12 may be entered.)

EQCOEF = Thelagtimeequationcoefficient(CL).Generallyavalue
of26(BureauofReclamation)or24(CorpsofEngineers)
shouldbeused.Ifavalueof0.0isentered,adefaultvalue
of 26 will be used.

EQEXP = Thelagtimeequationexponent(Ne).Generallyavalueof
0.33(BureauofReclamation)or0.036to0.038(Corpsof
Engineers)shouldbeused.Ifavalueof0.0isentered,a
default value of 0.33 will be used.

LAGTOTPFACT = Thelagtimetotime-to-peakconversion factor.This factor
isusedtoconvertthelagtime(LG) to a time to peak (tp)
thatisusedbytheCOMPUTEHYDandCOMPUTENM
HYDcommands.Itissuggested that a value of 0.0 be
entered,andtheprogramwilluse a default value of
0.888889 or  (8 / 9).

For each sub-basin segment (NK) the following three data elements must be entered:

LENGTH = The segment length in feet.

SLOPE = Thesegmentslopeinft/ft.Iftheslopeisgreaterthan0.04
ft/ftandKNisgreaterthan 0.021, the AHYMO program
will perform a steep slope adjustment using the equation
describedintheUpland/Lag Time method. To suppress
thesteepslopeadjustment,enteranegativevalueforthe
slope,andtheabsolutevaluewillbeusedintheLagTime
equation.
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KN = LagTimeEquationBasinFactor. The Basin Factor is
basedonanestimateoftheaverageManning'snvaluefor
theprincipalwatercoursesinthedrainagebasin.Ifasingle
segmentisused,inputafactorweightedbystreamlength.
SeeTableG3inthissectionfor suggested values. If a
valueof0.0isenteredforthebasinfactor,adefaultvalue
of 0.016 (for high density urban) will be used.

FollowingentryoftheLength-Slope-KNsegmentdata,thefollowingdatamustbeentered:

CENTROID DISTANCE or
CENTROID RATIOLagTimeEquationdistancetocentroid (LCA).Enter the

distanceinfeetfromthepointofconcentrationtothepoint
oppositethecentroidofthesub-basin.Ifthevalueinputis
lessthan1.0,thevalueisusedasaratiooftheoverallsub-
basinlength.Ifavalueof0.0isentered for the Centroid
Ratio, a default value of 0.50 will be used.

EXAMPLES FOR LAG TIME METHOD:

* COMPUTE THE LAG TIME FOR A SINGLE SEGMENT USING DEFAULT FACTORS
COMPUTE LT TPLCODE=5 LAG TIME METHOD

NK=1  EQ COEF=0  EQ EXP=0  LAG TO TP FACT=0
LENGTH=12000 FT   SLOPE=0.015 KN=0.05
CENTROID DISTANCE=7000 FT

* COMPUTE THE LAG TIME FOR THREE SEGMENTS USING DEFAULT FACTORS
*       AND THE STEEP SLOPE ADJUSTMENT SUPPRESSED
COMPUTE LT TPLCODE=5 LAG TIME METHOD

NK=3  EQ COEF=0  EQ EXP=0  LAG TO TP FACT=0
+ LENGTH=2000 FT   SLOPE=-0.065 KN=0.05
+ LENGTH=4000 FT   SLOPE=-0.045 KN=0.05
+ LENGTH=12000 FT  SLOPE=0.020  KN=0.025

CENTROID RATIO=0.65

* COMPUTE THE LAG TIME FOR A SINGLE SEGMENT USING CORPS OF
*       ENGINEERS FACTORS FROM ARIZONA STUDY
COMPUTE LT TPLCODE=5 LAG TIME METHOD

NK=1 EQ COEF=24 EQ EXP=0.38
LAG TO TP FACT=0 LENGTH=12000 FT
SLOPE=0.015 KN=0.030 CENTROID RATIO=0.62
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KIRPICH METHOD (LCODE=6)

TheKIRPICHmethodisbasedonthe equation developed from seven rural basins in
Tennessee(Z.P.Kirpich,1940,”TimeofConcentrationofSmallAgriculturalWatersheds”,
CivilEngineering,AmericanSocietyofCivilEngineers,vol.10,p.362).Theequationwas
developedfromNRCSdataandwell-definedchannelswithsteepslopes(0.03to0.10ft/ft).
Otherbasinflowconditionsrequirethatthetimeofconcentrationbemultipliedbyafactor,
forexample:0.4foroverlandflowonconcreteorasphalt, and 0.2 for concrete channels.
TheAHYMOprogramdoesnotprovideforinput of adjustment factors. A form of the
equationwasalsoadoptedfor use in California (1942,CaliforniaCulvertsPractice,
CaliforniaHighwaysandPublicWorks).TheKirpichmethodisusedtocomputethetime
of concentration in hours (tc) with the following equation, where L is the length of the
watershed in feet, S is the average watershed slope in foot per foot:

tc = 0.00013 * L0.77 * S-0.385 (g.19)

Ifthecomputedtimeofconcentration(tc)isusedwiththeCurveNumberprocedureinthe
COMPUTE HYD command, the time to peak (tp) will be computed from the time of
concentration(tc),andtheincrementaltime (ΔD) using the following NRCS (SCS)
dimensionless unit hydrograph equation:

tp = (0.6 * tc) + (ΔD / 2) (g.20)

Ifthecomputedtimeofconcentration(tc)isusedwiththeCOMPUTENMHYDcommand
andthethreesegmentgammafunctionunithydrograph,thetimetopeak(tp)equation is:

tp = (2/3) * tc (g.21)

Note:The KIRPICH methodisincludedprimarily because of its long history of
useandtofacilitatecomparisonwithpreviousstudies.Thismethodshould
notbeusedformodelingurbanizedconditionsorbasinswithconstructed
channels. The development of the equation was based on an agricultural
watershedinTennesseeandisnotlikelytoberepresentativeofthearid
and semi-arid conditions commonly found in New Mexico.

TheKIRPICHmethodintheCOMPUTELTTPcommandisfollowedbythefollowingdata
elements:

DATA ELEMENT DESCRIPTION

LCODE = 6 (To identify the KIRPICH method.)

NK = Numberofsub-basinsegmentsusedtocompute the time
ofconcentration.(Anumberfrom1to4maybeentered.)
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For each sub-basin segment (NK) the following two data elements must be entered:

LENGTH = The segment length in feet.

SLOPE = The segment slope in ft/ft.

EXAMPLES FOR KIRPICH METHOD:

* COMPUTE THE TIME OF CONCENTRATION FOR A SINGLE SEGMENT
COMPUTE LT TPLCODE=6 KIRPICH METHOD

NK=1
LENGTH=12000 FT   SLOPE=0.015

* COMPUTETHETIMEOFCONCENTRATION FOR A THREE SEGMENT SUB-BASIN
COMPUTE LT TPLCODE=6 KIRPICH METHOD

NK=3
LENGTH=2000 FT   SLOPE=0.050
LENGTH=4000 FT   SLOPE=0.020
LENGTH=1000 FT   SLOPE=0.015
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NRCS (SCS) CN-LAG METHOD (LCODE=7)

TheNRCSCN-LAGmethodisbasedontheequationdevelopedbytheNRCS(formerlythe
SCS)foragriculturalwatershedssmallerthan2000acres (USDA Soil Conservation Service,
1964,NationalEngineeringHandbook,Section4,Hydrology, ”Chapter 15. Travel Time,
TimeofConcentrationandLag”).TheNRCS CN-LAG method is used to compute the
NRCS lag time in hours (LSCS)withthefollowingequation,whereListhelengthofthe
watershedinfeet,Sistheaveragewatershedslopeinft/ft,andCNistheNRCSrunoffcurve
number:

LSCS = L0.8 * [(1000 / CN) - 9]0.7 / [ 1900 * (S * 100)0.5] (g.22)

Thetimeofconcentrationinhours(tc)iscomputed from the NRCS lag time (LSCS)using
the following equation:

tc = LSCS / 0.6 (g.23)

Ifthecomputedtimeofconcentration(tc)isusedwiththeCurveNumberprocedureinthe
COMPUTE HYD command, the time to peak (tp) will be computed from the time of
concentration(tc),andtheincrementaltime (ΔD) using the following NRCS (SCS)
dimensionless unit hydrograph equation:

tp = (0.6 * tc) + (ΔD / 2) (g.24)

Ifthecomputedtimeofconcentration(tc)isusedwiththeCOMPUTENMHYDcommand
andthethreesegmentgammafunctionunithydrograph,thetimetopeak(tp)equation is:

tp = (2/3) * tc (g.25)

Note:TheNRCSCN-LAGmethodisincludedintheAHYMOprogramprimarily
becauseofitsinclusionintheNRCSNationalEngineering Handbook.
Thereisnoknowndocumentedcalibrationforaridorsemi-aridconditions.
This method should not be used for new modeling studies except with
specificauthorizationbyapprovingagenciesorwithcalibrationstudies
basedonstudyareaconditions.Limitedtestingindicates that the NRCS
CN-LAGwillnotprovideaccurate computation of lag time and time of
concentration for arid and semi-arid conditions.
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TheNRCSCN-LAGmethodinthe COMPUTE LT TP command is followed by the
following data elements:

DATA ELEMENT DESCRIPTION

LCODE = 7 (To identify the NRCS CN-LAG method.)

NK = Numberofsub-basinsegmentsusedtocomputetheNRCS
lagtimeandtimeofconcentration.(Anumberfrom1to4
may be entered.)

For each sub-basin segment (NK) the following three data elements must be entered:

LENGTH = The segment length in feet.

SLOPE = The segment slope in ft/ft.

CN = The segment runoff curve number (CN).

EXAMPLES FOR NRCS CN-LAG METHOD:

* COMPUTETHENRCSLAGTIME& TIMEOFCONC. FOR A SINGLE SEGMENT
COMPUTE LT TPLCODE=7 NRCS CN-LAG METHOD

NK=1
LENGTH=2000 FT   SLOPE=0.015 CN=85

* COMPUTE THE NRCS LAG TIME & TIME OF CONC. FOR THREE SEGMENTS
COMPUTE LT TPLCODE=7 NRCS CN-LAG METHOD

NK=3
LENGTH=500 FT    SLOPE=0.050 CN=66
LENGTH=1000 FT   SLOPE=0.020 CN=75
LENGTH=2000 FT   SLOPE=0.015 CN=90
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G.11ADD HYD

The ADD HYD command is used to add two hydrographs together.

The ADD HYD command contains by the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location of the combined hydrograph (1 to 99)

HYD NUMBER= Hydrograph identification number of the combined hydrograph

ID ONE = Internal storage number of the first existing hydrograph

ID TWO = Internal storage location of the second existing hydrograph

The ADD HYD command performs the following function:
ID (new) = ID (first) + ID (second)

TheIDofthe new hydrograph may be equal to the ID of one of the two existing hydrographs. If
more than two hydrographs are to be added, multiple ADD HYD commands must be used.

Specifying the Incremental Time for the New Hydrograph

Iftheincrementaltimesofthetwoexistinghydrographsaredifferent,theincrementaltime of the
newhydrographisnormallysettothesmallestincrementaltimeofeitheroftheexisting
hydrographs.ThisdefaultprocedureisspecifiedbyusingpositivevaluesfortheIDnumberofthe
existinghydrographs.Thedefaultproceduretousethesmallestincrementaltimecanbesuppressed
by specifying one of the ID numbersasthebasisfortimeincrementcomputation.The ID number
that will be used for the incrementaltime can be specified by input if the ID number as a negative
number.Withthismethod,thelargestincrementaltimeof the two existing hydrographs can be
specified with the ADD HYD computation.

EXAMPLES:

ADD HYD ID=4  HYD=103  ID I=2  ID II=4

ADD HYD ID=25  HYD NO=23NW.2B   IDS=25 AND 10

*S USE THE TIME INCREMENT FROM ID 12
ADD HYD ID=16 HYD NO=USE_LARGER_DT IDS=6 AND -12
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G.12DIVIDE HYD

TheDIVIDEHYDcommand splits a single hydrograph into two separate hydrographs. The
hydrographcanbesplitonapercentagebasis,byamaximumflowrateforoneofthehydrographs,
or by specifying a rating curve.

The DIVIDE HYD command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location of the hydrograph to be split

Q or RATIO or
CODE = flowrate(cfsifpositive) or ratio/percentage (if negative) or 999

(for a rating curve)

ID ONE = Internal storage number of the first outflow hydrograph (1 to 99)

HYDONE = Hydrographidentificationnumberofthefirstoutflow hydrograph

ID TWO = Internal storage location of the second outflow hydrograph (1 to
99)

HYD TWO = Hydrograph identification number of the second outflow
hydrograph

Ifthesecond data element (CODE) is entered as 999, a table of up to 20 rating curve values are
entered as follows:

TOTAL FLOW= The total inflow in CFS used by the rating table.

DIVIDED FLOW= TheportionoftheflowinCFSthatissent to the first outflow
hydrograph.Theremainderoftheflow(TOTALFLOW-
DIVIDED FLOW) is sent to the second outflow hydrograph.

Todivideahydrographbyamaximumflowrate,the value of flow rate (second data element) is
inputasapositivevalueinunitsofcubicfeetpersecond.Thefirsthydrographreceivestheflowin
the original hydrograph up to the flow rate specified. The second hydrograph receives the amount
offlowthatexceedsthespecifiedrate.Todivideahydrographonapercentagebasis,thepercentage
value(secondelement)isenteredasanegativenumberinpercent,orasadecimal.Valueswithan
absolute value greater than or equal to 1.0 areassumedtobeinpercentageformat;values with an
absolutevaluelessthan1.0areassumed to beindecimalformat.(i.e.:-44is44percent,and-0.33
is33percent).Thepercentagevalueoftheoriginalhydrographisstoredinthefirsthydrographand
the remaining part is placed in the second hydrograph.
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Thepercentagevalue (second element) may have an absolute value greater than 100 tomultiplya
hydrographbyaspecifiedpercentage.Thiscapabilitymaybeusefulforaddingasedimentbulking
factor to a single hydrograph.

Todivideahydrographbyaratingcurve,thesecondelementisenteredas999.Valuesoftotalflow
and divided flow (up to 20) are entered following the second outflow HYD number.

EXAMPLES:

* DIVIDE BY A MAXIMUM FLOW RATE
DIVIDE HYD ID=5  Q=23.5  ID I=6   HYD NO=103

              ID II=7  HYD NO=104

* DIVIDE BY A RATIO
DIVIDE HYD ID=5   RATIO=-0.85ID I=6   HYD=103

ID II=7  HYD=104

*DIVIDE BY A PERCENTAGE
DIVIDE HYD ID=5  PER=-85ID I=6   HYD NO=103.PIPE

ID II=7  HYD =104.STREET

*DIVIDE HYDROGRAPH BY A RATING CURVE
DIVIDE HYD ID=1  CODE=999   ID=4   HYD NO=306.A1

 ID=5   HYD NO=306.82
TOTAL FLOW    DIVIDED FLOW
   78.0 78.0
   78.9 78.4
  112.0 84.8
  183.0 91.0
  286.0 95.0
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G.13MODIFY TIME

TheMODIFYTIMEcommandprovidesfour(4)functions.Itisused,(1)tochangetheincremental
timeforahydrograph,(2)toshiftahydrographbyaspecifiedtime period, (3) to establish a
minimum base flow value, and (4) to divide a hydrograph according to time.

Changing the Incremental Time

TochangetheincrementaltimeofahydrographtheMODIFYTIMEcommandcontainsthe
following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location (1 to 99)

DT = Incrementaltime(hours)forthemodifiedhydrograph.Thisvalue
must be less than 1.0 hours.

CODE = 0 Interpolate incremental flows

1 Interpolateincrementalflowsandthenadjustsothatpeak
flow equals previous peak.

2 Interpolateincrementalflowsandthenadjustsothattotal
volume equals previous volume.

3 Interpolateincrementalflowsandthenadjustsothatpeak
flowand total volume equals previous values. If the flow
rateistruncatedbythe600datapointhydrograph
maximum,onlythetimeofthetruncationisusedtoadjust
the volume.

To Shift a Hydrograph by a Specified Time or Set a Minimum Base Flow

To shiftahydrographbyaspecifiedtimeperiodorsetaminimumbaseflow,theMODIFYTIME
command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location (1 to 99)

TIME = Time(in hours) to shift the hydrograph. The value must be a
positivenumbergreaterthan1.0orelseCODEmustbeanegative
number.
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CODE = To specify a time shiftlessthan1.0hour,setCODE(third value)
tonegativeoneorless(CODE=-1).[IfCODEislessthan-1,the
absolute value of the codeisusedasaminimum base flow value.
Thehydrographischeckedtoseethatallhydrographpointsexceed
thisvalue; if not, the hydrograph points are set to the base flow
value.]

To Save the Remainder of the Flow or Divide a Hydrograph According to Time

Theuseofasmallerincrementaltimeorthe shifting of a hydrograph by time may cause the
hydrographtolooseaportionoftheflowvolumethatisnotincludedinthe600datapointlimitfor
hydrographstorage. The portion of the hydrograph volume, that would be lost, can be savedtoan
additionalhydrograph.ThissavingoftheflowvolumeisaccomplishedbyspecifyingtheIDnumber
and the HYD number of the additional hydrograph.

TheMODIFYTIMEcommandwillallowthespecificationofatimeinhoursto terminate the
modifiedhydrograph, with the remaining flow quantity going to an additional hydrograph. This
allows the division of a hydrograph by a specified time.

To specify thatahydrographistobedividedbytime, the MODIFY TIME command contains the
following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = The primary internal storage location (1 to 99)

TIME = Same as required to change the incremental time or shift by a
specified time.

CODE = Sameasrequiredtochange the incremental time or shift by a
specified time.

ID REMAINDER= Theinternal storage location (ID number) for theremainingflow
not sent to the primary internal storage location.

HYD REMAINDER= The hydrograph name (HYD number) associated with the ID
remainder.

MAXTIME = Thetimeinhourswhentheoriginal(primary)hydrographwillbe
terminatedandtheremainderhydrographwillreceivetheflow
data.
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EXAMPLES:

* MODIFY INCREMENTAL TIME
MODIFY TIME ID=2  DT=0.05 HR  CODE=3

* SHIFT HYDROGRAPH BY 2.0 HOURS
MODIFY TIME ID=3  TIME=2.0 HRS

* SHIFT HYDROGRAPH BY 30 MINUTES
MODIFY TIME ID=3  TIME=0.5 HRS  CODE=-1

* CHANGE THE HYDROGRAPH SO IT HAS A MINIMUM BASE FLOW OF 70 CFS
MODIFY TIME ID=5  TIME SHIFT=0.0  BASE FLOW=-70 CFS

* COMPUTE A MINIMUM BASE FLOW OF 50 CFS AND SHIFT
*          TIME BY 30 MINUTES
MODIFY TIME ID=4  TIME SHIFT=0.5 HR  BASE FLOW=-50.0

* MODIFY THE INCREMENTAL TIME AND STORE THE REMAINDER IN ID=12
MODIFY TIME ID=10 DT=0.033333 HR  CODE=3

ID REMAINDER=12 HYD NO=THE.REMAINDER

* SHIFT HYDROGRAPH BY 2.0 HRS AND STORE REMAINDER IN ID=12
MODIFY TIME ID=10  TIME SHIFT=2.0 HR CODE=0

ID REMAINDER=12 HYD NO=REMAINING.VOLUME

* MODIFY THE INCREMENTAL TIME, STORE THE REMAINDER IN ID=12 AND
*          SET THE TIME FOR HYDROGRAPH DIVISION AT 10.0 HOURS
MODIFY TIME ID=10 DT=0.033333 HR CODE=0

ID REMAINDER=12 HYD NO=SECOND.PART
MAX TIME=10.0 HOURS
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G.14STORE HYD

TheSTOREHYDcommandisusedtostorearunoffhydrographintoprogrammemory.The
hydrograph cannot contain over 4000 data points.

The STORE HYD command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location (1 to 99).

HYD NUMBER= Hydrograph identification number.

DT = Incremental time (hours).

DA = Drainage area in square miles.

FLOW RATES= A table of hydrograph flow rates in CFS. Up to 600 data values
may be used.

EXAMPLE:

STORE HYD ID=1 HYD NO=ABC  DT=0.2 HR  DA=1.5 SQ MI
FLOW RATES = 0 10 50 100 500 1000 1800
2000 1900 1500 1200 1000 800 600 500 400
300 200 100 50 10 1 0

G.15PUNCH HYD

ThePUNCH HYD command is used to send hydrograph output to a simulated output punch card
file(80columns)intheproperformfortheRECALLHYDcommand.Normally,theoutputfilefor
the PUNCH HYD command is titled AHYMO.PUN. The command can be used to save a
hydrograph for future use by a separate computer analysis.

The PUNCH HYD command is followed by the following data element:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location (1 to 99).

EXAMPLE:

PUNCH HYD ID=17
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G.16SAVE HYD

The SAVE HYDcommandisusedtosave a runoff hydrograph by placing it onto the Hydrograph
input/outputfile(i.e.:AHYMO.HYD)forlaterinputbytheRECALLHYDcommand.TheSAVE
HYDcommandcanbeusedtoextendthenumberofhydrographsthatcanbesavedbeyondthe
limitationimposedbythemaximumIDvalue(ID=99).Itisprimarily included for compatibility
with earlier versions of the program, when the number of hydrographs was more limited.

TheHYDnumberofthehydrographisusedbythecommandtoidentifyeach hydrograph on the
hydrograph input/output (AHYMO.HYD) file. Therefore, each hydrograph that is saved with the
SAVE HYD command must have a unique HYD number.

The SAVE HYD command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internalstoragelocationofthehydrograph to be saved. If a new
HYDNUMBER(seconddataelement)isnotused,thehydrograph
is saved with the HYD number associated with this ID number.

HYD NUMBER= IfaHYDnumberisalso included with the command, this HYD
numberwillbesaved on the AHYMO.HYD file in place of the
HYDnumberthatwaspreviouslyassociatedwiththeIDnumber.
This data element is optional.

The values that the program sends to the hydrograph input/output (AHYMO.HYD) file are:
the HYD number,
incremental time (hours),
area (square miles),
peak flow rate (cfs),
runoff volume (inches),
number of hydrograph points, and
the incremental flow rates (cfs) of the hydrograph.

Amaximumof10hydrographsmaybesavedatwithasingleinput/outputwatershedfileusingthis
command. If this value is exceeded, a previous hydrograph value is overwritten. If a hydrograph
valueisrestoredusingtheRECALLHYDcommand,thestoragespaceisclearedandanadditional
SAVE HYD command may be used.
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Note:The use of the SAVEHYD command requires that a Hydrograph input/output file
(commonlyAHYMO.HYD)bespecifiedwiththeAHYMO_IO.FIL.Ifthisfileisnot
specified, the program will create an error message.

EXAMPLES:

SAVE A HYDROGRAPH AND USE THE HYD NUMBER PREVIOUSLY DEFINED
SAVE HYD ID=3

SAVE A HYDROGRAPH AND DEFINE WITH A NEW HYD NUMBER
SAVE HYD ID=4     HYD=101.21

SAVE A HYDROGRAPH AND USE A NEW ALPHA-NUMERIC HYD NUMBER
SAVE HYD ID=22    HYD=OUT.OF.BASIN.2A
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G.17RECALL HYD

TheRECALLHYDcommandisusedtoreadhydrographdatathatwasproducedbythe PUNCH
HYDcommand,ortorecalldatasavedwiththeSAVEHYDcommand.Thecommandhassimilar
uses to the STORE HYD command, but the format is different.

For normal input, the RECALL HYD command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location (1 to 99).

HYD NUMBER= Hydrograph identification number.

DT = Incremental time (hours).

DA = Drainage area in square miles.

PEAK Q = Peak flow rate in cfs.

RUNOFF VOL= Runoff volume in inches.

NOPTS = Numberofhydrographvaluestobeenteredintheflowrate table.

FLOW RATES= Atable of incremental hydrograph flow rates in CFS.Upto4000
data values may be used.

IftheDT=0.0fortheRECALLHYDcommand,thecommandwillreadthehydrographvaluesthat
weresavedontothehydrographinput/output(commonlyAHYMO.HYD)filewiththeSAVEHYD
command.TheHYDnumberoftheRECALLHYDcommandmustbeidenticaltooneoftheHYD
numbersusedwithapreviousSAVEHYDcommand.Withthisalternatecommandformat,noother
data follows the DT=0.0 input.



AHYMOTM (AHYMO-S4) Computer Program - Users Manual
Page 63

RECALL HYD

EXAMPLES:

* READ A PUNCH HYD FORMAT
RECALL HYD ID=15   HYD NO=101.25   DT=0.133333 HRS

DA=3.5000 SQ MI  PEAK=1550.000 CFS
RO=0.3333 INCHES  NO PTS=25 FLOW RATES=
   0.000  120.000   250.000   380.000
 520.000  660.000   810.000   970.000
1130.000 1300.000  1470.000  1550.000
1500.000 1420.000  1280.000  1100.000
 930.000  770.000   610.000   480.000
 380.000  390.000   200.000   100.000
   0.000

* READ TWO HYDROGRAPHS THAT WERE SAVED WITH THE SAVE HYD COMMAND
RECALL HYD ID=15  HYD NO=101.21         DT=0.00
RECALL HYD ID=30  HYD=OUT.OF.BASIN.2A   DT=0.00
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G.18COMPUTE RATING CURVE

TheCOMPUTERATINGCURVEcommandisusedtocomputetheratingcurveofadrainageway.
TheprogramusesManning'sequationandwillacceptuptotwenty"n"valuesfordifferentportions
ofthecross-section.Eachcrosssectionsegment,withadifferent"n"value,isdefinedbyanoffset
fromthecross-sectioninitialpoint.Thecross-sectionisdefinedbyelevationsandoffsetsfromthe
cross-section initial point.

The COMPUTE RATING CURVE command contains the following data elements:

DATA ELEMENT DESCRIPTION

CID = Channelidentificationnumberusedforinternalparameterstorage
(1 to 6) For most applications use CID = 1.

VS NUMBER = Valleysectionnumber.Thisisan identification number that is
usedtoidentifytheuniquechannelsegmentorreach.Anumber
between 0.1 and 999.9 may be used.

NOSEGS = thenumberofcrosssectionsegmentswithdifferentManning’s"n"
values. A value from 1 to 20 may be used.

MIN ELEV = the minimum water surface elevation in feet, that is used to
compute the cross-section rating curve

MAX ELEV = themaximumwater surface elevation in feet, that is used to
computethecross-section rating curve. This value may be lower
than the maximum elevation of the cross section data.

CHANNEL SLP= the channel slope (foot per foot)

FP SLP = The flood plain or overbank slope (foot per foot)

For each cross section segment (NO SEGS) the following two data elements must be entered:

N = Manning’s n for the cross section segment

SEG DIST = The offset distance for the cross section segment that defines the
ending station of the segment (ft).



AHYMOTM (AHYMO-S4) Computer Program - Users Manual
Page 65

COMPUTE RATING CURVE

Theshapeofthechannelcrosssectionisdefinedbyatableofoffsets and elevations. The cross
sectiontablecanhaveamaximumoftwenty (20) points that described by the following two data
elements:

DIST = The offset distance for the cross section point (ft).

ELEV = The elevation for the cross section point (ft).

ThesignoftheManning's"n"valuewilldeterminetheslope used (+ for flood plain slope, - for
channel slope).

Note:Thefloodplainslope(FPSLP)shouldbe input as a value equal to the channel
slope(CHANNELSLP)sothatthesignoftheManning’s“n”valuedoesnotalter
theslopeusedintheratingcurvecomputation. It would be very unusual for the
hydraulicslope of the floodplain to be different from the hydraulic slope of the
channel.

Apipesectioncanbespecifiedbyplacingacodeof-1(CODE=-1)forthethirddataelement(NO
SEGS) in place of the number of segments. This option contains the following data elements:

DATA ELEMENT DESCRIPTION

SLP = Pipe slope (foot per foot)

DIAMETER = Pipediameter(inchesorfeet).Ifthepipediameter value is less
than12.0,unitsoffeetareassumed;otherwise,unitsofinchesare
assumed.

N = Manning's "n" value for the pipe..

Foradrainagewaywithasingleratingcurve(crosssection),theCIDisnormallysetto1.IftheCID
issettoanegativenumber,theprogramwillcomputebutwillnotprintoutthedrainagewayrating
curve table.

Forachannelsection,theoffsetdistanceforthe"n"valuesmustcorrespondwithoneoftheoffset
distancesforthecrosssectionpoints.Theoffsetdistances should increase for each cross section
point. Use a small increase (i.e.: 0.01 or 0.001) to specify a vertical channel section. The current
versionoftheAHYMOprogramcancomputeratingcurvesforverticalsections(offsetsof0.0)but
increasingvaluesshouldbeused to clarify the section properties used in the rating curve
computation.

Thedeterminationofthetotalflowconveyanceforachannelcrosssectionrequires that the
conveyanceandvelocitybecomputedforindividualchannelsegmentsthathaveauniformvelocity.
TheCOMPUTERATINGCURVEcommandusesthen-value break points as the basis for
subdivisionoftheconveyancecomputation.Thetotalflowconveyanceforthechanneliscomputed
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asthesumoftheconveyancesoftheindividualn-valuesegments.This approach is similar to the
defaultconveyancemethodusedwiththeHEC-RASRiverAnalysisSystem(USArmyCorpsof
Engineers,HydraulicReferenceManual,Version1.0,July1995).InordertofollowtheHEC-RAS
computationconvention,itisnecessaryfortheAHYMOprograminputfiletoidentifythechannel
andoverbankareasasseparatesegments,evenifthesamen-value is specified for the separate
segments.Specifyingdifferentn-valuesintheoverbankareaprovidesfortheseparatecomputation
of overbank conveyance for each n-value location.

TheHEC-2WaterSurface Profilescomputerprogram(USArmyCorpsofEngineers,User’s
Manual,1990)computesaseparateconveyanceforeachoverbanksegmentevenwhenthen-value
doesnotchange.ThemainchannelareaiscomputedwithasingleconveyancefactorwithHEC-2.
InordertofollowtheHEC-2methodofconveyancecomputationwiththeAHYMOprogram,each
overbankareasegmentmustbeidentifiedasaseparaten-valuesegment.Themainchannelsegment
should be included as one segment with a single n-value.

CHANNEL EXAMPLES:

* CHANNEL WITH THREE SEGMENTS & DIFFERENT MAIN
* AND OVERBANK SLOPES
COMPUTE RATING CURVE CID=1  VS NO=10  NO SEGS=3

MIN ELEV=482 FT  MAX ELEV=492 FT
CH SLP=0.006  FP SLP=0.0075  N=0.05
DIST=175 FT  N=-0.03  DIST=205  N=0.05
DIST=450 FT
DIST  ELEV    DIST  ELEV    DIST  ELEV
  0  492.0    100  490.0    175  484.0
188  482.0    190  482.0    205  484.0
250  486.0    175  488.0    310  490.0
450  492.0

* CHANNEL WITH THREE SEGMENTS, AND WITH UNIFORM N-VALUES
* AND SLOPES
COMPUTE RATING CURVECID=1  VS NO=11  NO SEGS=3

MIN ELEV=482 FT  MAX ELEV=492 FT
CH SLP=0.006  FP SLP=0.006  N=0.05
DIST=175 FT  N=0.05  DIST=205  N=0.05
DIST=450 FT
DIST  ELEV    DIST  ELEV    DIST  ELEV
  0  492.0    100  490.0    175  484.0
188  482.0    190  482.0    205  484.0
250  486.0    175  488.0    310  490.0
450  492.0

PIPE EXAMPLE:

COMPUTE RATING CURVECID=1  VS NO=1  CODE=-1  SLP=0.005
DIA=4.0 FT  N=0.015
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G.19STORE RATING CURVE

TheSTORERATINGCURVEcommandisusedtostoretheratingcurveofachannelordrainage
way cross-section.

The STORE RATING CURVE command contains the following data elements:

DATA ELEMENT DESCRIPTION

CID = Channelidentificationnumberusedforinternalparameterstorage
(1 to 6). For most applications use CID=1

VS NUMBER = Valleysectionnumber.This is an identification number that is
usedtoidentifytheuniquechannelsegmentorreach.Anumber
between0.1and999.9maybeused.A negative number will
specify use of flow width in the channel rating table.

Theremainingdataisachannelratingtableoftwentytableelements,witheachtableelementhaving
the following data elements:

ELEVATION = elevation of water level in feet

AREA = cross-section area of flow (sq ft)

FLOW = flow rate (cfs).

Ifthevalleysectionnumber(VSNUMBER)isinputasanegative value, the channel rating table
must have the following additional data element:

FWIDTH = widthofthewatersurfaceinfeet.Thisvalueisusedonlyifthe VS
NUMBER is negative.

TheROUTEMCUNGEcommandrequirestheinputofaflowwidthateachelementofthechannel
ratingtable.IftheSTORERATINGCURVEcommandisusedwithinputofonlytheelevation,area
andflowvaluesinthe channel rating table, the AHYMO program will computeanestimateofthe
width of water surface (F WIDTH) using the elevation and area values.

Note:TheCIDnumbersforachannelrating curve are independent of the ID numbers
used for hydrographs.

Theprogramexpectsthat20tableelementswill be input with this command. If less than 20table
elementsareused,theprogramwillfillthetablewithextrapolatedvalues,whichmaynotaccurately
represent the channel properties. Therefore, it is recommended that 20 elements be used.
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Thefirstelement should be at the elevation of the channel low point with area = 0.0 and flow
rate=0.0.Forachannelordrainagewayreachwithasingle rating curve, the CID is normally set
to 1.

EXAMPLES:

STORE RATING CURVE  CID=1  VS NO=15
          ELEV   AREA  FLOW

(FT) (SQ FT)  (CFS)
100       0        0
100.4     2        1
101.4     9       19
102.4    19       52
103.4    30       98

! ! !    TWENTY
! ! !    POINTS
! ! !    ARE

118.4   300      500    RECOMMENDED

STORE RATING CURVE  CID=1  VS NO=-15
          ELEV   AREA  FLOW     FLOW WIDTH

(FT) (SQ FT)  (CFS)     (FT)
490.      0.0      0.0      10.0
492.     24.      17.       14.0
494.     56.      57.       18.0
495.     75.      86.       20.0
495.5    96.     106.       64.0
496.    138.     132.      104.0
496.5   202.     164.      152.0
497.    287.     205.      188.0
498.    522.     319.      282.0
499.    843.     482.      360.0
500.   1250.     705.      454.0
502.   2330.    1362.      626.0
504.   3770.    2361.      814.0
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G.20COMPUTE TRAVEL TIME

TheCOMPUTETRAVEL TIME command is used to compute a travel time table from a rating
curvetable.ThiscommandisonlyusedwiththeROUTEcommand;itisnotusedwiththeROUTE
MCUNGE command.

The COMPUTE TRAVEL TIME command contains the following data elements:

DATA ELEMENT DESCRIPTION

IDNUMBER = Internalstoragelocation(1to99).ThetraveltimeIDnumber must
equaltheoutflowhydrographIDnumberusedinthe subsequent
ROUTE command.

REACHNUMBER= Achannelreachidentificationnumber.Thereachnumberisused
bytheprogramusertoidentifythetraveltimetable;itisnotused
by the program for computation.

NO VS = Numberofvalleysections.Ifthenumberof valley sections (NO
VS)isgreaterthan1,theprogramlooksforthatmanyrating
curves.Ifone(1)valleysectionisused,theprogramnormallyuses
theratingcurvefromchannelCID=1.If3valleysectionsareused
inareach,3ratingcurvesidentifiedwithconsecutivechannelCID
numbers(CID=1,CID=2,andCID=3)willbeaveragedtocompute
the travel time table.

LENGTH = Reach Length (feet).

SLP = Slope of the reach (foot per foot)

Ifthe"numberofvalleysections"(NOVS)isenteredasanegative number, only a single rating
curveisusedwiththeratingcurveCIDequaltotheabsolutevalueofthevalleysection number
specified.ThisallowsthetraveltimecomputationtoselectaratingcurveforaCIDvalueotherthan
1.

Toavoid convergence problems with the ROUTE command use alength*slopegreaterthan
0.030.

If the ID number is input as a negative number, the program will compute but not print out the
drainage way "rating curve-travel time" table.
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EXAMPLES:

*COMPUTE A TRAVEL TIME TABLE FROM 3 RATING CURVES
COMPUTE TRAVEL TIMEID=3  REACH NO=8  NO VS=3  L=4500 FT

SLP=0.0075

*COMPUTE A TRAVEL TIME TABLE FROM A SINGLE RATING CURVE
COMPUTE TRAVEL TIMEID=3  REACH NO=2  NO VS=1  L=2000 FT

SLP=0.0075

*COMPUTE A TRAVEL TIME TABLE FROM A RATING CURVE W/ CID=4
COMPUTE TRAVEL TIMEID=3  REACH NO=8  NO VS=-4  L=2500 FT

SLP=0.0075
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G.21STORE TRAVEL TIME

TheSTORETRAVELTIMEcommandisusedtostoreatravel time table. A travel time table is
requiredtorouteahydrographthrough a pipe or channel using the ROUTE command. This
command is not required by the ROUTE MCUNGE command.

The STORE TRAVEL TIME command contains the following data elements:

DATA ELEMENT DESCRIPTION

IDNUMBER = Internalstoragelocation(1to99).ThetraveltimeIDnumber must
equaltheoutflowhydrographIDnumberusedinthe subsequent
ROUTE command.

REACHNUMBER= Achannelreachidentificationnumber.Thereachnumberisused
bytheprogramusertoidentifythetraveltimetable;itisnotused
by the program for computation.

LENGTH = Reach Length (feet).

SLP = Slope of the reach (foot per foot)

Atablewithuptonineteentableelementsmustbeinput, with each table element having the
following data elements:

DEPTH = depth of flow (ft)

FLOW = rate of flow (cfs)

TRAVEL TIME= travel time (hr)

Theprogramexpectsthat19tableelementswillbeinputwiththiscommand.Iflessthan19elements
are used, the program will fill the tablewithextrapolatedvaluesthatmaynot accurately represent
thechannelproperties.Therefore,itisrecommendedthat19elementsbeused.Thefirstelement
input must contain non-zero depth, flow and travel time values.
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EXAMPLE:

STORE TRAVEL TIMEID=2  REACH NO=7  L=1000 FT
SLOPE=0.00125
DEPTH (FT) FLOW (CFS) TRAVEL TIME (HR)
0.11       0.4        0.730
0.53       6.3        0.267
1.25      29.9        0.162
1.79      57.1        0.134
2.00      70.6        0.126

! ! !
! ! !    NINETEEN
! ! !    POINTS ARE

5.00      125.8       0.034  RECOMMENDED
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G.22ROUTE

TheROUTEcommandusesthepreviouslycomputed or input traveltimetable(withthesameID
number)torouteahydrographthroughachannelreachandlagitbythetraveltime.Thiscommand
usesthevariablestoragecoefficientflood-routingmethodtoaccountforvariationinwatersurface
slopeduringaflood.SeetheARSHYMOManualforfurtherdetailsonthisprocedure.TheROUTE
command must follow the travel time table.

The ROUTE command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location of the outflow hydrograph (1 to 99).

HYD NUMBER= Hydrograph identification number of the outflow hydrograph.

INFLOW ID = The internal storage location of the inflow hydrograph.

DT = Computationtimestepinhours.Ifthecomputation time (DT) is
notchangedfromtheinflowhydrograph,aDT=0.0shouldbe
specified to use the DT from the inflow hydrograph.

TheIDnumberoftheinflowhydrographmustbedifferent from the ID number of the outflow
hydrograph.

EXAMPLES:

ROUTE           ID=7 HYD NO=120.3 INFLOW ID=15 DT=0.25 HR

ROUTE           ID=35 HYD NO=PARK.5A INFLOW ID=3  DT=0.0

Note:TheROUTEcommandusesthevariable storage coefficient routing
procedurethat was a part of the Agricultural Research Service HYMO
program.Programusersshouldnotethefollowingstatementcontainedin
the conclusions of  “Application of Muskingum-Cunge Routing to Steep
SlopeAridArroyos”(C.E.AndersonandR.J.Heggen,1995,Proceedings
oftheConferenceonAridWestFloodplainManagementIssues,SanDiego,
California,AssociationofState Flood Plain Managers and Arizona
FloodplainManagementAssociation) “The variable storage coefficient
(VSC)routingprocedureofAHYMO that has been commonly usedinthe
Albuquerquearea,mayproducesignificant routing errors for sharply
peakedhydrographsinnaturalarroyos.TheMuskingum-Cungemethod
should be generally be (sic) used in preference to VSC routing.”
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G.23ROUTE MCUNGE

TheROUTE MCUNGE command uses the Muskingum-Cunge procedure to route a hydrograph
throughachannelreach.“TheMuskingum-Cungeroutingtechniqueisanon-linear coefficient
methodthataccountsforhydraulicdiffusionbasedonphysicalchannelpropertiesandtheinflowing
hydrograph.”(Ref:HEC-1FloodHydrologyPackageUser’sManual,USArmyCorpsofEngineers,
DavisCalifornia,1990,p.30)  The ROUTE MCUNGE command must follow a COMPUTE
RATINGCURVEorSTORERATINGCURVEcommand.TheCOMPUTETRAVEL TIME
commandisnotusedwiththiscommand.TheROUTEMCUNGEcommandalwaysusestherating
datafromthepreviouslydefined rating curve (as created by the COMPUTE RATING CURVE
command or the STORE RATING CURVE command).

The ROUTE MCUNGE command requires the following data elements:

DATA ELEMENT DESCRIPTION

Outflow Hydrograph
ID Number = Internal storage location (1 to 99).

Outflow
HYD Number= Hydrograph identification number.

Inflow Hydrograph
ID Number = Previously defined internal storage location (1 to 99).

DT = Computationtimestepinhours.Suggested value is 0.0, and the
timestep from the inflow hydrograph is used. If the time step is
positive,theminimum of that value or a value determined by the
programisused.Ifthetimestepisnegative,thatabsolutevalueis
used.UnlessthereisaneedtochangetheDTvaluefromthevalue
specified in the RAINFALL command, use DT = 0.0.

Length = Length of the channel or arroyo reach in feet.

Number of
Subreaches= Numberintowhichthechannel or arroyo reach is to be

computationallydivided.Suggestedvalueis0,andtheprogram
determinestheappropriatevalue.Ifthenumberofsubreachesis
positive, the maximum of that value or a value determined by the
programisused.Ifthenumberisnegative,thatabsolutevalue is
used.

Slope = Slopeofthechannelorarroyoreachinfoot per foot. For mild
slope conditions, the slope of the energy grade should be used.
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Matrix Code= The matrix code is 1 if detail of the routing solution is to be
printed, 0 if it is not to be printed. The matrix may allow
confirmationofnumericstability,buttheprintoutwilllikelybe
very long. A value of 0 is normally used.

RegressionCode = Theregressioncodeis0iftheMuskingum-CungeC'saretobe fit
to the rating curve usingnon-linear interpolation. Use 1 if the C's
are to be fit toa logarithmic function of the Q values. Regression
may smooth computational anomalies, but can mask hydraulic
consequencesofsignificantchangesinadjacentroughness.Use2
ifdataistobefittotheratingcurveusinglinearinterpolation.Use
3ifdataistobefittotheratingcurveusingastepfunctionandif
anon-iterative 3-point average will be used in the routing
computation;thisissimilartothefunction of the AHYMO194
computerprogram.ARegressionCodeof0shouldbeusedinmost
applications.

CCode = Ccodeis1iftheC'smusteachbenonnegative(Fread's suggested
procedure),2ifC1mustbenonnegative(Ponce'ssuggested
procedure),and3ifthe C's may take any sign. If C code is 0 and
theDTislargerthan0.015hours,theprogramfirstrouteswith
Ponce'ssuggestedprocedure;then,iftheroutingisunstable,flow
isreroutedwithFread'ssuggestedprocedure.IfCcodeis0andthe
DTis0.015hours or smaller, the program only uses Ponce's
suggestedprocedureforrouting.Theprogramidentifiesan
unstableconditionas a negative flow rate, or as the outflowpeak
higherthantheinflowpeak.TheusualsuggestedvalueforCCode
is 0 with a DT =0.01or0.005hoursspecifiedinthe RAINFALL
command.

MM Code = Thisdata item specifies the ratio betweentheminimumflowand
the maximum flow that will be used in the computation of the
incrementaltimeofrouting.IfMMCodeis1,themaximumflow
ratewillbeused.IfMMCodeislessthan1,aratiobetween the
maximumandminimumvaluewillbeused.Thedefaultvalueis
0.5.Theusual suggested value is 0, and the program will use the
defaultratioof0.5.SincetheMMCodeisthelastdataelementof
theROUTEMCUNGEcommand,thevalueneednotbespecified
and the default value will be used.

TheIDnumberof the inflow hydrograph must be different from the ID number of the outflow
hydrograph.
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FurtherinformationontheMuskingum-CungemethodoffloodroutingiscontainedinAppendixA.
The Fread and Ponce suggested procedures are further explained inEngineeringHydrology,
PrinciplesandPractices(V.M.Ponce,1989,PrenticeHall,EnglewoodCliffs,NJ)andD.L.Fread,
“FlowRouting”(Chapter10,HandbookofHydrology,DavidR.Maidment,Editor,1992,McGraw-
Hill,NewYork,NY).TestingoftheAHYMOprogramin2009(Stantec, Inc. for SSCAFCA)
indicatedtheuseofFread'ssuggestedprocedureshiftedthepeak intensity of the resulting
hydrograph and that when the routed hydrographs were added to other hydrographs in a complex
hydrologic model, the resulting peak flow rateswerelowerthanshouldhave been computed. The
useofPonce'ssuggested procedure did not produce this problem. In order to avoid numerical
instability with Ponce's suggested procedure, it was necessary to reduce the computation time
interval(DT)to0.01hoursorless.Useofasmallcomputationtimeintervalrequiredalargenumber
ofhydrographpointstorepresenttheentireoutflowhydrographfora6-houror24-hourstoreevent.
Tomeetthisrequirement,thecurrentversionofAHYMOcannowaccommodate4000datapoints
in a hydrograph.

Recommendation:TheROUTEMCUNGEcommandshouldbespecifiedforallnaturaland
constructedopenchannels,withCCODE=0andwiththeRAINFALLcommandhavinga
DT=0.01hours(orsmaller)torestrictMuskingum-CungechannelroutingtothePonce’s
formulation.

EXAMPLES:

* SPECIFY VALUES FOR DT, MATRIX CODE, REGRESSION CODE, C CODE
*      AND MM CODE
ROUTE MCUNGE ID=2   HYD NO=110   INFLOW ID=1

DT=0.01 HR   LENGTH=20000 FT
NS=0   SLOPE=0.001   MATCODE=1
REGCODE=3  CCODE=2   MM CODE=0.6

* SPECIFY VALUES FOR MATRIX CODE, REGRESSION CODE AND C CODE,
*     BUT NOT FOR MM CODE
ROUTE MCUNGE ID=3   HYD NO=113   INFLOW ID=1

DT=0.0   LENGTH=20000 FT
NS=0   SLOPE=0.001   MATCODE=1
REGCODE=1  CCODE=0

* DO NOT SPECIFY VALUES FOR DT, MATRIX CODE, REGRESSION CODE,
*      C CODE OR MM CODE (USE DEFAULT VALUES)
ROUTE MCUNGE ID=2   HYD NO=110   INFLOW ID=1   DT=0.0

LENGTH=20000 FT   NS=0   SLOPE=0.001
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G.24ROUTE RESERVOIR

TheROUTERESERVOIRcommandisusedtorouteahydrographthroughadetentionsystemusing
thestorage-indicationmethod.A table, containing a maximum of fifty points, definestheoutflow
and storage characteristics of the detention system.

The ROUTE RESERVOIR command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internalstorage location of the outflow (routed) hydrograph
(1 to 99).

HYD NUMBER= Hydrograph identification number of the outflow (routed)
hydrograph.

INFLOW ID = The internal storage location of the inflow hydrograph.

Thisdataisfollowedbyatableofuptofifty(50)outflow-storageelements,witheachtableelement
having the following data elements:

OUTFLOW = Reservoir outflow (cfs).

STORAGE = Reservoir storage (ac ft).

Theoutflowandstoragevaluesmustincreaseforeachpointintheoutflow-storagetable.Thefirst
lineoftheoutflow-storagetablemusthave0.0valuesforoutflowandstorage. A maximum of 50
outflow storage lines may be input.

IftheHYDnumber(HYDNO)isinputasanegativenumber,theinflowhydrographvaluesare
transferredtotheoutflowhydrographandreservoirroutingisbypassed.Thiscapabilityisuseful
when evaluating a watershed network with and without a reservoir in place.

EXAMPLE:

ROUTE RESERVOIRID=5  HYD NO=501  INFLOW ID=3
OUTFLOW (CFS)     STORAGE (AC FT)
   0                     0
  22                   533
 200                   555
1000                   601
2000                   648
3000                   694
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ApreferredalternateformoftheROUTERESERVOIRcommand allows the input and output of
elevation data. If a code designation is added after the INFLOW ID (after the third data element,
inputofCODE=anumbergreaterthan0.0),thereservoir table must contain the following data
elements:

DATA ELEMENT DESCRIPTION

OUTFLOW = Reservoir outflow (cfs).

STORAGE = Reservoir storage (ac ft).

ELEVATION = Reservoir elevation (ft)

The following example shows the command format with input of elevation data:

EXAMPLE:

ROUTE RESERVOIRID=4  HYD=POND.103  INFLOW ID=3  CODE=5
OUTFLOW(CFS)  STORAGE(AC FT)  ELEV(FT)
 0             0               100
10             0.5             102
15             1.0             104
20             2.0             106
25             4.0             108

Theoutflow(cfs)andstorage(acft)forthefirstlineoftheoutflow-storage-elevationtablemustbe
inputas0.0.Amaximumof50outflow-storage-elevationlinesmaybeincludedontheinputtable.

Thevalueofthecodedesignationreferstothenumberofpointsthatwillappearonthehydrograph
routingtableintheROUTERESERVOIRoutput.Integercodes,withvaluesupto24,areaccepted
by the AHYMO program; for example:

Code Meaning
1 All points appear in output
2 Every 2nd point appears in output
3 Every 3rd point appears in output
5 Every 5th point appears in output

10 Every 10th point appears in output
24 Every 24th point appears in output

ACODE=0isnotpermittedsincethiswouldshowtheoriginalROUTERESERVOIRformatwith
no elevation data.
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If a code number is entered as a real number with a non-zero number followingthedecimal point,
theoutflowhydrographis given a DT (incremental time) equal to the inflow DT times the integer
value in the "tenthposition",totherightofthedecimalpoint."Tenthposition"numbersfrom 1 to
8areacceptedby the program (i.e., 1.1 to 8.8). The"tenthposition"numbermustbeanevenratio
ofthewholenumberportiontotheleftofthedecimal(i.e.,3.3,4.2,6.3,9.3,12.4,15.5,20.5,21.7,
24.8).Ifnot, the codenumberwillbeadjustedbytheprogramtomeetthiscondition.Thisoption
isusefulwhenthetimetoroutethroughareservoirexceedstheinflowhydrographDTtimes4000.

WhentheRouteReservoircommandis used with therealnumbercodeoptiontoincreasetheDT
oftheoutflowhydrograph,thisDTvaluemaynotbepreservedwiththenextADDHYDcommand.
The ADD HYD command normally uses the smallest DT for the new hydrograph. The MODIFY
TIME command can be used to change the DT for a hydrograph so that the longer DT can be
maintained.ThelargestDTcanbespecifiedintheADDHYDcommandbyassigninganegative
number to the ID number with the largest DT.



AHYMOTM (AHYMO-S4) Computer Program - Users Manual
Page 80
PRINT HYD

G.25PRINT HYD

TheprintHYDcommandisusedtoprintthe4000pointsofahydrograph,thepeakflowrate,time
of peak flow, runoff volume, and basin area.

The PRINT HYD command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location of the hydrograph (1 to 99).

CODE = A codenumberusedtocontrolthedetailofthe hydrograph
printing.

Thecodenumberindicatesthenumberofpointsofthehydrographtobeprintedbasedonthe
following table:

CODE VALUES

0 All values and totals
1 Only totals
2 Every 2nd value and totals
3 Every 3rd value and totals
5 Every 5th value and totals
10 Every 10th value and totals
20 Every 20th value and totals

EXAMPLES:

PRINT HYD      ID=12 CODE=1

PRINT HYD      ID=50 CODE=5

Note:It is good practice to include a PRINT HYD command after every
hydrographcomputation (COMPUTE HYD and COMPUTE NM HYD
commands), after every routing command (ROUTE, ROUTE MCUNGE and
ROUTERESERVOIR), after every hydrograph addition (ADD HYD
command) and after every hydrograph division (DIVIDE HYD and
MODIFY TIME commands).
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G.26PLOT HYD

The PLOT HYD command is used to plot one or two hydrographs using line printer characters.

The PLOT HYD command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID ONE = Internal storage location of the first hydrograph,

IDTWO = Internalstoragelocationofthesecondhydrograph.Enter0ofonly
one hydrograph is to be plotted.

Q SCALE = The scale of the ordinate (peak flow). Enter 0 if the scale will be
determinedbythemaximumhydrographflowrate.Ifthemaximum
peakflowofeitherhydrographexceedstheQSCALEmaximum
value, this hydrograph value will override the specified value.

T SCALE = The scale of the abscissa (time) for the plot. Enter 0 if the time
scaleistobeestablishedby the maximum time of hydrograph
flow.

EXAMPLES:

* PLOT ONE HYDROGRAPH
PLOT HYD ID=17

* PLOT TWO HYDROGRAPHS
PLOT HYD ID=16  ID=17

* PLOT ONE HYDROGRAPH TO SPECIFIED SCALE
PLOT HYD ID=16  ID=0   Q SCALE=500  T SCALE=6.0

* PLOT TWO HYDROGRAPHS TO SPECIFIED SCALE
PLOT HYD ID=16  ID=17  Q SCALE=500  T SCALE=12.0
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G.27COMPUTE K AND TP

TheCOMPUTEKANDTPcommandisusedtocalibratetheAHYMOunithydrographshape(three
segmentgammafunction)sothatthepeakflowand/ortimetopeakofahydrographareequal to
specifiedvalues.ThisisaccomplishedbymodifyingtheKandTPvaluesuntilthevaluesareequal
tothespecifiedvalues.TheshapeoftheHYMOunithydrograph is determined by K/TP, and the
peak flow will vary by the K/TP ratio.

TheCOMPUTEKANDTPcommandmakescallstotheCOMPUTEHYDcommandandtheinput
dataincludestheCOMPUTEHYDcommanddataelements,followedbythecalibrationdata.Ifthe
calibrationdataonlycontains a peak flow quantity, only the K value is calibrated. If both a peak
flowandatimetopeakflowvalueisspecified,boththeKandTPvalues will be calibrated. If a
previouslycomputedhydrographisspecifiedbyinputofanegativenumberasthecalibrationvalue
(theabsolutevaluewillrepresenttheIDofapreviouslycomputedhydrograph),boththeK(k)and
TP(tp)valuesarecalibratedsothatthehydrographvaluesmatchthevalues of the previously
computed hydrograph.

Note:Thiscommandwillgeneratealargequantityofprintoutanditsuseshould
normallybeusedforspecializedoutput.Inadditiontonormal program
output,calibrationoutputissenttotheAHYMO.PUNfile(simulatedpunch
cards) to simplify acquisition of calibration data.

EXAMPLES:

* CALIBRATE K TO A PEAK FLOW RATE
COMPUTE K AND TPID=3   HYD NO=121   DT=0.01 HR

DA=0.15 SQ MI   CN=68   K=-0.08
TP=-0.16 HR   MASS RAIN=-1
CALIBRATED PEAK=300 CFS

* CALIBRATE K AND TP TO A PEAK FLOW RATE AND TIME OF PEAK
COMPUTE K AND TPID=3   HYD NO=121   DT=0.01 HR

DA=0.15 SQ MI   IA=-0.05   INF=-0.85
K=-0.08   TP=0.16   MASS RAIN=-1
CALIBRATED PEAK=250 CFS
CALIBRATED TIME OF PEAK=1.75 HRS

* CALIBRATE K AND TP TO PEAK AND TIME OF AN EXISTING HYDROGRAPH
COMPUTE K AND TPID=4   HYD NO=153   DT=0.00

DA=0.25 SQ MI  CN=95   K=-0.125
TP=0.250   MASS RAIN=-1
CALIBRATE TO ID=-2
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G.28ERROR ANALYSIS

TheERRORANALYSIScommandwilldetermine the error at each hydrograph point, the error
standard deviation and the percentage error in peak flows, between two hydrographs.

The ERROR ANALYSIS command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID ONE = Internal storage location of the first hydrograph (1 to 99).

ID TWO = Internal storage location of the second hydrograph (1 to 99).

EXAMPLE:

ERROR ANALYSISID=5  ID=2
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G.29SEDIMENT BULK

TheSEDIMENTBULKcommandmultipliesthevaluesofcomputed hydrographs by a factor to
simulatetheeffectsofsedimentbulking(theincreaseinflowratecausedbythemovementof
sediment with the water). A single bulking factor or a table of bulking factors based on flow rate
(cfs) may be input.Thebulkingfactorisappliedto the hydrographs computed by the COMPUTE
HYD,COMPUTENMHYDandCOMPUTEALBHYDcommands.Thefactorisappliedto
hydrographs that are computed by commands that follow the SEDIMENT BULK command.

The SEDIMENT BULK command contains the following data elements:

DATA ELEMENT DESCRIPTION

CODE = acodetospecifya single bulking factor (CODE=1) or a table of
flowratesandbulkingfactors(CODE=2).IfCODE=1,thesingle
bulkingfactoristhenextinputvalue.IfCODE=2,thetableofflow
rates (cfs) and bulking factors is input. A table with up to 10
bulking factor elements may be included if CODE=2.

BULK FACTOR= the single bulking factor when CODE=1, or

when CODE=2, enter a table of flow rates and bulking factors as follows:

Q = The flow rate in CFS associated with the bulking factor

BULK FACTOR= The bulking factor for the given flow rate.

Note:ProgramusersarecautionedthattheuseofaSEDIMENT BULKING factor is
frequently not sufficient to examine all concerns when addressing the ability of a
structureorconveyancetosafelytransportsediment.Whenthesedimentconveyed
toafacilityexceedsthetransport capacity, aggradation (deposition) may
significantly reduce the ability to convey water. This is particularly a concern at
bridges,culvertsandsmallpondingareaswhereheadwater conditions may
significantlyreducesedimenttransportcapacityandcausepluggingofstructures.

EXAMPLES:

* SINGLE FACTOR
SEDIMENT BULKCODE = 1   BULK FACTOR = 1.10

* BULK FACTOR TABLE
SEDIMENT BULKCODE = 2

AT Q = 220 CFS   FACTOR = 1.02
AT Q = 500 CFS   FACTOR = 1.05
AT Q = 2000 CFS  FACTOR = 1.15
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G.30SED WASH LOAD (SEDIMENT YIELD)

TheSEDWASHLOADcommandcomputesthewashloadsedimentyield,intons,fromawatershed
areabasedonabasinhydrographusingtheModifiedUniversalSoilLossEquation(MUSLE,Ref:
J.R. Williams, 1975, “Sediment-Yield Prediction With Universal Equation Using Runoff Energy
Factor”,inPresentandProspectiveTechnologyforPredicting Sediment Yields and Sources, US
Dept.Agriculture,ARS-S-40,pp244-252).ThecommandwascalledSEDIMENTYIELDinARS
HYMO and in earlier versions of this program, but was renamed to more clearly identify the
commandapplicability.Theoriginalcommandnamemaybeusedwiththecurrentprogramversion
to provide compatibility with previous input file structures.

The SED WASH LOAD command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internal storage location of the watershed area (1 to 99).

SOIL K = A soil erodibility factor (K).

CROP C = A cropping management factor (C).

EROSION
PRACTICE P= An erosion control practice factor (P).

LS = A watershed length and gradient factor (LS).

PER IMPERV= A percentage of impervious watershed treatment.

WASH LOAD
FACTOR = Awashloadfactorthatdefinesanadjustmentforaridorlocal

conditions.Ifawash load factor of 0.0 is specified, the program
usesthedefaultvalueof3.0.Avalueof1.0willnegatethe wash
load factor. A value of 0 or 3 is recommended.

RecenttestsinNewMexicosuggestthatthe MUSLE equation may be usedtoestimatewashload
(suspendedfinesedimentload,butnotincludinganytransportofbedmaterial)whenthesediment
yieldfromthe MUSLE equation is multiplied by three (3.0). The WASH LOAD FACTOR in this
command is used to input this multiplication value.
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TheSEDWASHLOADcommandisbestappliedwhenlocalcalibrationisavailable.Itwillcompute
totalsedimentloadonlyforverymildslopeconditionsthatareapplicablefortheMUSLEequation,
wherebedmaterialisnot a significant percentageoftotalsedimentloading.Inthearidsouthwest,
sedimentfrombedloadmaybesubstantiallygreater than the wash load, so that the SED WASH
LOADcommandalonecannotbeusedtodirectlycomputetotalsedimentyield.Ifappropriatelocal
factors are available, the SEDIMENT TRANS command may be combined with the SED WASH
LOADcommandto compute thebedmaterialloadandtotalsedimentloadthatcanbetransported
in a channel section.

EXAMPLES:

* PREFERRED FORM OF COMMAND NAME
SED WASH LOADID=5  SOIL K=0.34  CROP C=0.5

EROSION PRACTICE P=0.6  LS=1.3
PER IMPERV=10  WASH LOAD FACTOR=0.0

* ALTERNATE FORM OF COMMAND NAME
SEDIMENT YIELDID=5  SOIL K=0.34  CROP C=0.5

EROSION PRACTICE P=0.6  LS=1.3
PER IMPERV=10  WASH LOAD FACTOR=3.0
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G.31SEDIMENT TRANS

TheSEDIMENTTRANScommandcomputes the bed material transport capacity of an arroyo or
channel section. The command uses a power function of the following form:

qs = a  Vb  Yc  (1 - Cf)
d (g.26)

where: qs = unit bed material load (cfs/ft)
V = average velocity (fps)
Y = hydraulic depth (feet) = area/top width
Cf = finesedimentorwashload(siltandclay)concentrationby

weight expressed as a fraction (i.e.: 0.020)
         a, b, c and d= factors or coefficients defined for local soil conditions.

Forarid and semi-arid conditions similar to those in Albuquerque, New Mexico area, factors and
coefficients(a,b,candd)havebeendevelopedfortheMeyer-PeterandMullerbedloadequation,
andWoo'smodificationtothe H.A. Einstein method for computing suspended sediment
concentration(R.A.Mussetter,P.F.LagasseandM.D.HarveyforResourceConsultants&
Engineers,Inc.andC.E.AndersoncontributingeditorforAMAFCA,SedimentandErosionDesign
Guide,November1994).ThefactorsfortheMPM-WooMethod will vary based onthegradation
of the bed material. See Figure 3.10 of theSedimentandErosionDesignGuide(page3-38)fora
diagramofthea, b, c and d factors. Other forms of the equation coefficients are described in
EngineeringAnalysisofFluvialSystems(Simons,LiandAssociates, 1982) and inDesign
GuidelinesforChannelsandHydraulicStructuresonSandySoils(Simons,LiandAssociates,1981,
forUrbanDrainageandFloodControlDistrict,Denver,Colorado).ZellerandFullertondeveloped
arelationshipforchannelswithverylowfinesedimentloads("ATheoreticallyDerivedSediment
TransportEquationforSand-BedChannelsinAridRegions"Proc.oftheD.B.SimonsSymposium
on Erosion and Sedimentation, 1983) with the following form:

qs = 0.0064  n1.77  V4.32  G0.45  Y-0.30  D50
-0.61 (g.27)

where: n = Manning's Roughness Coefficient
D50 = Average bed material gradation (mm)
G = gradation coefficient of bed material

ThepowerfunctionequationoftheSEDIMENTTRANScommandcanthenbeappliedtotheZeller
and Fullerton equation by use of the following relation:

a = 0.0064  n1.77  G0.45  D50
-0.61 (g.28)

b = 4.32
c = -0.30
d = 0.0
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For the Albuquerque area and similar New Mexico conditions, it is recommended that the MPM-
WoomethodbeusedandalongwiththecoefficientsfromFigure3.10(p.3-38)oftheSedimentand
Erosion Design Guide.

The change in sediment volume of a channel reach can be estimated from the following equation:

dv = [qs(inflow) - qs(outflow)] dt (g.29)

where: dv = volumeofsedimentstored(+)orlost(-) in the channel
reach.

 qs(inflow)= sedimenttransportrateintothereachfrom upstream and
lateral sources.

qs(outflow)= sediment transport rate out of reach.
  dt= incremental time for volume change

The SEDIMENT TRANS command contains the following data elements:

DATA ELEMENT DESCRIPTION

ID NUMBER = Internalstoragelocation of the hydrograph being routed through
the channel (1 to 99).

IDS = A sediment storage location for sediment data (1 to 6).

CODE = Acodetodeterminethefrequencyofprintingthehydrograph
valuesandsedimenttransportfactors(useCODE=1toprintevery
hydrograph value, CODE = 2 prints every 2nd value, etc).

a Coef
b Exp
c Exp
d Exp = Thecoefficientandexponent factors for the power function

equation.

NUMBWASH = Numberofelementsinthetableofwashload concentration values.
Ifthisvalueis1onlyasingleconcentrationvalueisrequired,Ifit
is-1,theconcentrationisobtainedfromthepreviousSEDWASH
LOAD command, and no concentration values are specified.

WASH LOAD = A table of flow rates and wash load concentrations (PPM-w).
concentrationtable Thefirstflowrateissetbytheprogramtozero(0.0) and is not

input. Up to 10 flow rate/concentration elements are allowed.
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Number of
section
elements = Numberofelementsinthesectionpropertiestable.Ifthisvalueis

negative,(CID=-1to-6)thesectionpropertiesareobtainedfrom
thefromthepreviousCOMPUTERATINGCURVEcommandfor
the CID identified.

Section
Properties Table
(Flow, Velocity
& Width) = Atableofsectionproperties used to describe a channel section,

defined as flow (cfs), velocity (ft/sec) and top width (ft). It is
recommendedthatthesection properties be based on a channel
analysisusingvariousflowratesandastandardstepwatersurface
profileanalysis(usingHEC-RAS,  HEC-2 or WSPRO). The use of
sectionpropertiesbased on the Manning's equation in the
COMPUTE RATING CURVE command may provide a less
accurate estimate of the sediment transport capacity of a channel
reach.

TheSEDIMENTTRANScommand uses a maximum wash load concentration of 60,000 PPM-w
whencomputingbedmaterialtransportrate,whenthewashloadconcentrationcomesfromtheSED
WASHLOADcommand(NUMBWASH=-1).Inthiscase,higherconcentrationsaresetto60,000
PPM-winthepowerfunctionequation,butthehigherconcentrationisincludedinthewashloadand
totalsedimentcomputations.Ifwashloadconcentrationsaredirectlyinputintothecommand,these
input values are used even if they exceed 60,000 PPM-w. Bed material concentrations are not
allowedtoexceed650,000PPM-w.Thisistheapproximateupperlimitformudflooding,andabove
thisvalue,thewater/sedimentmixtureisnolongeraNewtonian Fluid and the basic hydraulic and
sediment transport assumptions no longer apply.

EXAMPLES:

* Using wash load concentration table and
* section properties from COMPUTE RATING CURVE command
SEDIMENT TRANSID=41   IDS=2   CODE=10

A FACT=0.0000015   B EXP=5.75
C EXP=-0.6   D EXP=-2.1   NUMBER WASH=4
                CONC=10000 at ZERO cfs
AT Q=1000 cfs   CONC=20000 PPM
AT Q=3000 cfs   CONC=30000 PPM
AT Q=10000 cfs  CONC=40000 PPM   CID=-1
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* Using a single wash load concentration and
* section properties table based on a HEC-2 Analysis
SEDIMENT TRANSID=41  IDS=1  Code=1

A FACT=0.0000015  B EXP=5.75
C EXP=0.6  D EXP=-2.1   NUMBER WASH=1
WASH CONC=22000 PPM   Number Sections=6
Flow       Velocity     Width
(CFS)     (Feet/Sec)    (FT)
25           4.02       18.1
50           5.22       18.3
100          6.68       19.1
350          9.96       24.1
680         12.18       26.9
1050        13.72       28.6

* Using wash load concentration from SED WASH LOAD command
* and section properties from COMPUTE RATING CURVE command
SEDIMENT TRANSID=25  IDS=3   CODE=20

A COEF=0.0000015  B EXP=5.75
C EXP=-0.6  D EXP=-2.1
NUMBER WASH=-1   CID=-1
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H. PROGRAM ERRORS

Occasionallyprogramexecutionwillterminateabnormallyduetoinputdataerrors.These may be
intheformofmessagesgeneratedbytheprogramor by system errors generated by the operating
system.Whenexperiencingerrors,thefirststepshouldbetochecktheoutputfile.Theprogramwill
frequentlyterminateimmediatelyafteraninputerrorisdetectedinacommand.Sincetheprogram
onlyreadsnumbers,signsandthedecimalpoint,incolumns21through79(exceptatHYDNOsand
the LOCATION command) these elements should be checked carefully. Some common errors
experienced by users are:

!Notspellingthecommandnamesexactly(incolumns1through20). Lowercase letters
are allowed in the command field, in the numeric field and in comments.

! Placing numerical data in columns 1 through 20, except in comments.

!Placingdecimal points in text abbreviations in the numeric data fields (columns 21
through 79)

i.e.ID No.=2
DIAM.=4.0 SQ. FT.
AREA =1.25 SQ. MI.
DIST.=125
HYD.NO.=125
are not allowed.

! Mixing numeric characters in text comments.
i.e.ID N0=2 in place ofID NO=2

1D NO=3 in place ofID NO=3
FL0W RATES in place ofFLOW RATES
SQ M1 in place ofSQ MI

Note:  The character with the error is underlined.

! Placing extra spaces in numbers.
i.e.:10 1.0 in place of101.0

!Leavingoutanyrequireddataelement.Eachdataelement must be included in the
sequence specified, even if the input data has a value of 0.0.

!Havinghydrographflowratesthat exceed the peak flow values allowed in the channel
ROUTE command and the ROUTE RESERVOIR command.

! Specifying ID numbers larger than 99.

!Inputtingnumbersintheform:1.2E6.Thisexponentialformatisnotallowed.Usethe
following form for input1200000.0.
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!SpecifyingaCIDotherthan1whenroutingthroughachannelsectionwithasinglerating
curve (single cross section).

I. PROGRAM UNITS

The AHYMO program uses the following units of measure for input and output:

MEASUREMENT UNITS

Area (Cross Section)square feet (FT)

Area (Land) square miles (SQ MI)

Diameter (Pipe)feet (FT) or inches (IN)

Distance feet (FT)

Elevation feet (FT)

Flow Rate cubic feet per second (CFS)

Initial Abstractioninches (IN)

Concentrationparts per million by weight (PPM-w)

Rainfall inches (IN)

Runoff inches (IN)

Sediment Yieldtons (T)

Slope foot per foot (FT PER FT)

Time hours (HRS)

Uniform Infiltrationinches per hour (IN PER HR)

Velocity feet per second (FT PER SEC)

Volume acre-feet (AC FT)
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J. DIFFERENCES BETWEEN OTHER VERSIONS OF THE PROGRAM

There are other versions oftheHYMOprogramingeneraluse,whichmayhave some capabilities
oftheAHYMOTMprogramorwhichmayhavefunctionsnotavailablewiththisversionofHYMO.
The program differences are summarized as follows:

J.1.USDA Agricultural Resource Service Version of HYMO (HYMO1548)

a. A maximum of 6 ID numbers and 300 hydrograph data points are available.
b. HYDnumbermayonly have integer values and may not use other alphanumeric

characters.
c. TheCOMPUTEHYDcommandcannotuseIAandINFsoillosses.OnlytheNRCS

CN is allowable. The NRCS dimensionless unit hydrograph is not available.
d. TheresultanthydrographfortheADDHYDcommandmustbedifferentfromthe

two existing hydrographs.
e. The PRINT HYD command can only use Code=0 or Code=1.
f. The PLOT HYD command cannot specify scale.
g. TheROUTEcommand may not be able to use some shorter or flatter channel

sections.
h. TheCOMPUTERATINGCURVEcommandcannotcomputearatingcurvefora

pipe section.
i. TheSTORERATING CURVE command must use 20 table elements and the

STORE TRAVEL TIME command must use 19 table elements.
j. The ROUTE RESERVOIR command cannot use the elevation with the outflow-

storagetable.Theincrementaltimeforthe output file cannot be modified. A
maximum of 20 outflow storage values can be used.

k. The summary table is not available.
l. Onlythe SEDIMENT YIELD form of the SED WASH LOAD command is

available. The percent of impervious and wash load factors are not available.
m. TheDIVIDEHYD,RAINFALL,COMPUTENMHYD,COMPUTEALBHYD,

LANDFACTORS,MODIFY TIME, SAVE HYD, COMPUTE K AND TP,
SEDIMENTBULK,SEDIMENTTRANS,ROUTEMCUNGE,LOCATIONand
COMPUTE LT TP commands are not available.

n. Only capital letters can be used in the command names.
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J.2.The modified version of HYMO (HYMO103A)

a. A maximum of 6 ID numbers and 300 hydrograph data points are available.
b. HYDnumberswillonlyprintoutwithintegervaluesandmaynot use other

alphanumeric characters.
c. TheCOMPUTEHYDcommanddoesnothave the NRCS dimensionless unit

hydrograph.
d. Itemse,f,g,h,i,j,k,l, m and n, from the previous section J.1(HYMO1548)also

apply.

J.3.HYMO_86,aversionofHYMOwithmodificationsandenhancementswrittenbyC.E.
Anderson, and used in the Albuquerque area. (©  C. E. Anderson, unpublished)

a. A maximum of 12 ID numbers and 300 hydrograph data points are available.
b. HYDnumbersmayusenumberswith 2 decimal places but may not use other

alphanumeric characters.
c. TheCOMPUTEHYDcommandcannotuseIAandINFsoillosses.OnlytheNRCS

CN is available.
d. TheRAINFALL,COMPUTENM HYD,COMPUTE ALB HYD, LAND

FACTORS,MODIFYTIME,SAVEHYD,COMPUTEKANDTP,SEDIMENT
BULK,SEDIMENTTRANS,ROUTEMCUNGE,LOCATIONandCOMPUTE
LT TP commands are not available.

e. TheHYMO_86versionofHYMOhasaSUBTRACTHYDcommandthatisnot
availableontheAHYMOprogram.TheratingcurvecapabilityoftheDIVIDE
HYDcommandintheAHYMOprogramcanbeusedtoprovideasimilarfunction.

f. The HYMO_86 COMPUTE RATING CURVE command for pipes section must use
a pipe diameter in feet. The AHYMO program can use feet or inches.

g. A maximumof 20 outflow-storage values may be used with the ROUTE
RESERVOIR command.

h. Items f, i, j, k, l and n from the previous section J.1 (HYMO1548) also apply.
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K. HISTORY OF AHYMO PROGRAM DEVELOPMENT

K.1 AHYMO990 (© 1990, C. E. Anderson)

Thiswasthefirstpublicationandmajorreleaseoftheprogramandthefirsttobedesignatedasthe
AHYMO program. This version included the following enhancements from ARS HYMO:

a. AbilityoftheCOMPUTEHYDcommandtouseinitialabstractionanduniforminfiltration
in place of the standard NRCS Curve Number.

b. Revisions to the channel ROUTE command to enhance routing accuracy.
c. AbilitytouseastandardNRCSdimensionlessunithydrographinplaceoftheHYMOunit

hydrograph.
d. A new RAINFALL command was added. Eight rainfall distribution types were available.
e. AnewCOMPUTENMHYDcommandwasaddedtosimplifyuseofthesplithydrograph

procedure with initial abstraction and uniform infiltration soil losses.
f. Anew DIVIDE HYD command was added to divide a flow by a percentage, a maximum

flow rate or a rating curve.
g. TheROUTERESERVOIRcommandwasrevisedtoallowinputandoutput of elevation

data in addition to storage and discharge values.
h. The PRINT HYD command was revised to allow printing in specified time steps.
i. TheCOMPUTERATINGCURVEcommandwasenhancedtoallowapipesectiontobe

specified.
j. TheHYDNOelementusedforhydrographlabelingwasrevisedsothattwonumberscould

be input following the decimal point (ie:123.45)
k. Theprogramstoragewasexpandedtoallow storage of up to 20 hydrograph ID numbers.

The hydrograph storage was expanded to accommodate 600 data points.

The sample data set from the original ARS HYMO program could be run on the AHYMO990
program. The only numerical change was in the channel ROUTE command, where computational
accuracy and equation convergence was enhanced.
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K.2 AHYMO991 (© 1991, C. E. Anderson)

Thisupdateof the AHYMO program made revisions so that the program was consistent with the
revisionoftheCityofAlbuquerqueDevelopmentProcessManualthatwasbeingrevisedatthetime
(August1991DPM).ThefollowingfeatureswererevisedfromtheAHYMO990programversion:

a. TheRAINFALL command included three new rainfall distributions and renumbered the
distribution types.

b. TheCOMPUTENMHYDcommandwasrevisedtoincorporatetheunithydrograph
parameters from the August 1991 City of Albuquerque DPM. This changed the
computational results of the command.

c. ThemassrainfallstorageoftheRAINFALL,COMPUTEHYDandCOMPUTENMHYD
commands were expanded to allow 600 incremental values.

d. The PLOT HYD command was revised to allow specification of scales.
e. The ability to bypass the routing of the ROUTE RESERVOIR command was added.
f. AnewLANDFACTORS commandwasaddedtoallowspecificationoflocalinfiltration

rates. These variable rates were integrated into the COMPUTE NM HYD command.
g. Anewsubroutinewas developed to allow creation of a summary table during program

execution. Eachcommandthatcomputesormodifiesahydrographgeneratesalineonthe
summary table.

This version of the AHYMOprogramwassubmittedtoFederalEmergencyManagementAgency
(FEMA)inconformancewithNationalFloodInsurance Program Regulations (44 CFR Ch 1,
Section 65.6).

K.3 AHYMO392  (© 1992, C. E. Anderson)

Thisversionof the program did notincorporatemajorchangestothecomputationalmodules,but
did change elements to enhance output. The following revisions were included:

a. TheSTARTcommandincludedanewcapabilitytospecifycompressedmodeprinting(16
to 17 cpi) for many printers.

b. The summary output table was enhanced to include additional information.

The AHYMO392 program included an enhanced users manual to explain program use.

K.4 AHYMO993  (© 1993, C. E. Anderson)

Thisversionincludedmajorrevisionstoenhanceprogramutility,butonlyminorrevisionsto the
computational modules. The following revisions were included:

a. Thenamefortheinput-outputspecificationfilewaschangedfromHYMOFILE.DAT to
AHYMO_IO.FIL.

b. Thecreationoftheexternalhydrographstoragefile(commonlyAHYMO.HYD)wasmade
optional.
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c. TheSEDIMENT YIELD command was renamed to SED WASH LOAD. The original
commandnamecanalsobeused.Thecommandwasrevisedto use percentage of
impervious area and a wash load factor.

d. Theinputfileinterpreterwas revised to use both upper and lower case letters in the
command names.

e. Acapabilitywasaddedtoallowalphanumericcharactersin the HYD NO hydrograph
designations. Up to 24 characters could be used.

f. The program was revised to allow use of TAB characters (ASCII[9]) in input files.
g. Theprogramwasrevisedtoallowuseofupto99hydrograph ID numbers in place of the

20 available with previous revisions.
h. TheCOMPUTERATINGCURVEcommandwasrevisedtoincludeatopwidth.Thisvalue

is used by the sediment transportation function.
i. Atableof20elementswasnolongerrequiredintheSTORERATINGCURVEcommand,

andatableof19elementswasnolongerrequiredintheSTORETRAVELTIMEcommand.
j. A new SEDIMENT BULK command was added. This command will multiply computed

hydrographs by a sediment bulking factor, or table of factors.
k. AnewSEDIMENTTRANScommandwasadded.Thiscommandwillcomputeasediment

transportcapacityandvolumeforanarroyoorchannel reach using a power function
equation.

Thisversionoftheprogramdidnotchangethecomputationofpeakflowratesandvolumeofwater
fromtheAHYMO392versionoftheprogram,iftheinputfileswerenotrevised.Inputfilescreated
with previous versions of the program could be used with the AHYMO993 program.

K.5 AHYMO194

ThisversionaddedtheROUTEMCUNGEcommand;thiscommandimplementedtheMuskingum-
Cungefloodroutingmethodforchannelsandarroyos.Thisversiondidnotchangethecomputation
ofpeakflowrates and volume of water from the AHYMO993 version of the program, if the input
fileswerenotrevised.TheAHYMO194programwasaderivativeproductofpreviouslycopyrighted
material by C. E. Anderson.

K.6 AHYMO_97  (© 1997, C. E. Anderson)

Thisversionoftheprogramimplementedmajorrevisionstoenhanceprogramutilityandrevisions
to some computational modules. The following revisions were included:

a. A new user identification number system was initiated.
b. AnewLOCATIONcommandwasaddedtospecifydefaultcomputationparametersbased

on project location.
c. AnewCOMPUTELTTPcommandwasadded.Thiscommandwillallowcomputationof

lagtime,timeofconcentrationandtimetopeakbytheUpland/LagTimeMethod,theNRCS
TR-55Method,theLagTimeMethod,theKirpichMethod,andtheNRCSCN-LagMethod.
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d. The COMPUTE HYD and COMPUTE NM HYD commands were revised to allow input
oftimetopeakortimeofconcentrationvaluesthatarecomputedbytheCOMPUTELTTP
command.

e. TheADDHYDcommandwasrevisedtoallowhydrographadditionbasedonthelargertime
increment, when the incremental times of the two hydrographs are different.

f. TheCOMPUTERATINGCURVEcommandwasrevisedtorecognizeaflatbottomcross
section,whencomputingflowwidths.Thecommandalsoallowedalargernumberofcross
section segments.

g. TheMODIFYTIMEcommandwasrevisedtoallowsubdivisionofahydrographbytime.
h. TheType5rainfalldistributionoftheRAINFALLcommand(NRCSTypeII-a)wasrevised

toprovideauniformdistributionwithinthepeak15minuteperiod.Thisrevisionprovided
consistencywiththeNRCSTypeII-amethodologythatonly provided rainfall data at 15
minute intervals and used linear interpolation for intermediate values.

i. TheROUTEMCUNGEcommandwasentirelyrewrittenfromthepreviousversion. The
routingparametersfromthechannelratingcurveincorporatedaparaboliccurve fitting
technique.Aniterativefourpointaveraging scheme was used to solve the routing
differentialequation.TheFreadandPoncelimitationsonroutingcoefficientswere
incorporated into the program.

K.7 AHYMO-S4  (© 2009, C. E. Anderson)

Thisversionoftheprogramimplementedmajor revisions to enhance program utility and
computationalprecision,addlocationspecificprogramoptions,andallowtheprogramtoefficiently
executedonWindowsbasedcomputers:MSWindowsXP,Vista,andWindows7(32or64-bit).The
following revisions were included:

a. A revised user identification number system was initiated.
b. TheLOCATIONcommandwasrevisedtospecifyadditionalsitesforcustomprogram

properties.
c. TheCOMPUTERATINGCURVEcommandwasrevisedtoallowchannelsectionswith

vertical walls.
d. TheType12,13,14, 15, 16, 17, 20 and 21 rainfall distributions were added to the

RAINFALLcommand.Severalofthesedistributions addressed the requirement to use
tabulatedrainfallfromNWSNOAAAtlas14.Thetype1and2distributionswererevised
toprovideforspecificationofthedefaultdistributionbasedonthevalueoftheLOCATION
command.

e. TheROUTE MCUNGE command was rewritten to reduce use of Fread’s suggested
procedurefor routing coefficients in Muskingum-Cunge channel routing. The Fread
procedure reduced numerical instability but changed the computed celerity for the routed
hydrographs.Forcomplexwatershedsthiscausedlossofpeakflowrates. The use of
Ponce’ssuggestedproceduredidnotexperiencetheseproblemsbutsomenumerical
instabilityinhydrographcomputationsremained.Theremaininginstabilitywaseliminated
by allowing use of smaller computation time steps.
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f. Thecomputationofhydrographswaschangedtouse4000datavaluesinhydrographsand
rainfalldistributions. This revision allowed time steps forhydrographcomputationstobe
substantiallyreducedandeliminatednumericalinstabilitywhenusing Ponce’s suggested
procedure in Muskingum-Cungechannelrouting.Thisrevisionchangedmost subroutines
in the AHYMO source code.

g. ThecomputationoftheHYMOunithydrographwasrevisedtoimprovenumericalprecision
andeliminate numerical instability warnings that would occasional appear in some
hydrograph computations.

h. Majorsectionsofprogramcodewererewrittentousetheif/else/then,selectcase/case,and
do/end do constructs that are available with modern Fortran compilers.

i. TheprogramwasrevisedsoitcouldbecompiledusingtheIntel®VisualFortranCompiler,
ProfessionalEdition11.1forWindows(June2009).ThisallowedtheAHYMOprogramto
be used with the latest Microsoft Windows operating systems.

j. Datafiles from watersheds evaluated using earlier versions of AHYMO werere-executed
toverifythattheywouldrunonthenew AHYMO-S4 version. A new AHYMO97
designationwasaddedtotheLOCATIONcommand to simplify emulation of legacy
watershedanalyses.WatersheddatafromtheoriginalARSHYMOprogramcanexecuted
with AHYMO-S4.




