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vari ous stormiat er soalrce control efforts

devie9%8h et Is currently difficult to assess the cost and benefit tradeoffs of
stormwater source controls. Watersheds typically have a management plan
developed based on a watershed study that provides a realistic and feasible
framework for overall watershed protection that includes combining watershed
controls like best management practices and land use management. Because these
studies, however, are conducted at a large scale, the effects of individual stormwater

management source control measures cannot be effectively evaluated. Without



BRI EF DESCRI PTI ON OF THE DRAW NGS [o0o07] Figure 1 is a

di splay page illustrating a high-1evel devel opnent
wale®sgssesn one enbodi ment. [0008] Figure 2 is BCHUSIIR4/031580

diagramillustrating conponents of the nodeling system
knewing tbRecfterto dif iBASE MeruuPsFitgardfigult tousirie @sbalance between
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the devel opment. [0012] Figure 6 illustrates icons

BRIEP DR IFToN OFersetph AN @$s that can be part of a

evel opment. [o0i 3] Figure 7 | ustrates an exanpl e of
a detailed design of a new residential devel opnent in
oneo@ibodFigne.1 [90afispiayupage illssiatificaleoghigtidevel development

|butes of a devel opnent design in one
deg%ﬁhéﬁé%bﬁ%ﬁﬂﬁ%@] Figure 9 illustrates the dial og box
f orjodobe r&ﬁgg.fré'?.‘ isoh Adcladi@rarndmisitatingdstriponkerss batRS modeling
the di al og box for evapotranspi ration of an area.
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|IIusrate oxes¥for an ov
corpittors. of[tbeldekeﬁpgnﬂms 3a-1 c il I ustrat e the dial og
boxes for soil jpfiltratio Fi gures 14a- 14d
i | 0Pk at E'QLH@ %lllaﬁﬁateéoaéﬂalpé b% raSRasHYing e gl types of the
dedd)Sshéntti gure illustrates a dialog box for the soil
© y%@l' ?0022] Figure 16 illustrates a display page for
t heomelt t i Frigwre Sadivsratieedh piabeg bok aummartizinigathencomposition of the

0023] Figure illustrates peak flow
are@ﬁot?g}qng “?‘?é ‘fon. -2-[0024] Figure illustrates

f1 ogesypol UF@L% @lllbét?étb@lédifsofé@ééé?ﬂlng[d?@é’r@ntﬁbﬁér@‘és that can be
19a- 190 are di al og boxes for the optimzation process.

part b2 elpveiogment20 is a flow di agram of the create
desh @l COPRRNEY ilst2& an example of a detailed design of a new

residential development in one embodiment.

[oo14]  Figure 8 is a dialog box illustrating attributes of a development design
in one embodiment.

oo1s]  Figure 9 illustrates the dialog box for the rainfall of an area.

[0016] Figure 10 illustrates the dialog box for evapotranspiration of an area.

[oo17]  Figure 11 illustrates the dialog box for the attributes of an impervious
area.

[0018] Figure 12 illustrates the dialog boxes for an overland flow plane.

[0019] Figures 13a-13c illustrate the dialog boxes for soil infiltration.

[0020] Figures 14a-14d illustrate the dialog boxes for media infiltration.

10021 Figure 15 illustrates a dialog box for the soil type.

[0022] Figure 16 illustrates a display page for the setting of watershed
protection criteria in one embodiment.

[0023] Figure 17 illustrates peak flow criteria information.



enbodi nent. [0027] Figure 2 1 is a flow diagram
illustrating the sinulate conponent in one enbodi nent.
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water flow (e.g., stormnater, point sources, and water
an impeniosaisctosuch amagpet@iettest or ation project is
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the ol ?Hﬁ@é ?an%ﬂéht 8f fR: ro%@oﬁ%gf RAlehPEmYdidERat i on,

runo coe I ent Sl ze evap otr anspl ration,
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fall t d ., .Ih fal.l
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hOL[édsX]) Oﬁﬁuré Zselfstaaﬂﬁwnﬁégr@ﬁw ﬂl@sﬁaﬂn@?@d‘é@éﬁrﬁ@ of T calculations
si nul ati on determ nes the 1nflow of er to each area

pertaithedle byr ienwgtemn balance| eamnpenent- ofathe spdr inditeaticn epject in one
£ ow may be fromrainfall, runoff from another
emg&zgﬁ&' and the outfl ow rmy be from runoff,
infil tratl on, evapot ranspi ration, groundwater
DETAILED DESCRIPTION

[0035] A method and system for modeling water flow (e.g., stormwater,
point sources, and water withdrawals) of a watershed restoration project is provided.
In one embodiment, the modeling system allows a user to create a graphical
representation of the different areas of a development site design. The graphical
representation shows the water flows between the different areas. The user may
also specify the attributes of each area, such as rate of infiltration, runoff coefficient,
size, rate of evapotranspiration, and so on. The modeling system can simulate the
impact of rainfall on the development design. The rainfall may be specified on a
user-defined time step (e.g., hourly) over a certain period (e.g., one month). The

simulation determines the inflow of water to each area and determines the outflow of



| osses, etc. The results of this sinulation can be
used to eval uate the devel opnent design and adjust the
waele®wsgsBesn achi eve the desired cost-benefit baP@rm&zooémnsso
t he wat ershed protection criteria of choice (e.
watqrdak eaal erea | zﬂma infiive maydes fregn ggistantungft féwbwath%@rrea etc.;

and %ﬁﬁiﬁ&tﬁl var fs %Q\A'g@wqﬁmﬁ%g&? CH/Q@‘Vot\%r}stﬂrdt%nh groundwater

loss¥&t &, arrd réswlts@ﬂ%@@lmmatl&h%ahﬂatemw ts petlemte the development
eval uat es, based on the sinmulation, whethe

desighi arg jasiiststhexdesigredo aghievm e q@@”@?s‘t’%ﬁhb@&g bedalapee of the
watég?%é@n%aétegﬁéﬁuﬁh‘tgpéwgﬁoﬁg % ;59%14 FFeri )Y J‘F@ modeling systemn
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evalgﬁfé%l o@é@s{b‘ ??e 'ﬁr‘?\g|éﬁ%ﬁs Wﬁé&hbp‘%l'éﬂ%rlrt&%rﬂ@@t bfteeded. The
mYer ci a S ac

tria and so on [ and parcel of
modeheg o@e@émpmtbmasedmoaml atasigus atygeasel aader Jlows including
tha can . be

storLev Lol el e otos o P ekt prvB AaPPoor <

dr joygyaysn adib r eedsdinddiel, PR/ pivdleBngasysieh Uﬂkﬁovm objects
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represerittgstiieopossiie SypeR i ateapswithigaRREh rﬂ@pﬁt%tscarhh@ part of a
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on. ilhudadrpdredlalflthe devélopment Gasean ﬁsoo;ateddbmmeusel aI’P(cBls divided
of water may include evapotransg i_stl on,

into reas hahCaBme RANKIOUEARR IBIReEUPU ?d@gea“%d@re% inglyde roofs,

F, r fa
d”Vé‘Mﬁ‘zﬁ %he gélrr%%n d r unof@r%aserg’lwén t eﬁs?é‘aecl'r 0 tn'gyards. The
modeting ,systesn anmupntovmfe olzectbdbt rocdsddrivewaysf foads, open spaces, and

vardio” B sHP GG YN AP0 P des ADIEIS IPTCRORES B RLSTEF of water.
Thetéﬂﬁl f’é%‘/ V\g\‘ glﬁ %aﬁﬂ@WdégraH”fﬁll d@ﬂ@@rd?é‘l%éeseté' afd theadiRks of water

water | nf bet ween he areas. Each
mayanelaldefewap@traes«@raipneat)ll mfu raiong emohEa@n phjeck prewdas @dmodel of

ts i LGSR pbi. B 2R el SYEIR dr of ruo

baséd ©f,th@RfkePofftR8 oG m @rﬂduhtftbfsrabﬁalr epides anictdc bfficient.
mul tiple icons. The roof, drlvevvay and road areas may

halPe37 r al @ aNOdBFﬂg OSVSIRED ralloust BUYSSTOVO \REPBER ph@raphlcal
repr}ég%r?t]a%ﬁaofa i B[lﬁl% ;He;}’)elodnqér{t.‘)%ﬁl nﬁgl tHrég tclfegr(]andenmes (i.e.,

ow, an a 1Tl Ona as '‘a Ssol

watevedifloivk @nd \gaien mﬂl\owbysbetvﬁen theoarebbkoiach drbe cofuhhefcﬂevelopment
outflow of alot is

ted to_an n space
maYd’é%eQ{aB*ﬁ'Q?'hbé@R/{@\%ﬂ“@aé’yr BRI o IRt of & RS %@“@fhf%ﬁvelopmem
mayt B@ régﬂfels%WtéH by '%‘:1ero%i°§ﬁaaS RABRvéRafBteR! 4 SARS aré\é]' éﬁ‘d ERYoad area
resented I ne connecting an icon
and ’thus be represented by multiple icons. The roof, driveway, and road areas may
have a rainfall inflow and runoff outflow, whereas the yard area also has a rainfall
inflow and runoff outflow, and additionally has a soil infiltration, water flow,
groundwater, etc., outflow. If the runoff outflow of a lot is directed to an open space,
then a dependency between the runoff outflow of the lot and the inflow of the open

space is established, which may be represented by a line connecting an icon of the



-4-1 ot and the open space. A dependency i ndicates that
water flows fromone area to another area. [0038] The
wore@elssge system al |l ows the user to specify atPeT/bs10e£031580

of. the areas and sources of water of the devel opnent.
lot ariskthet epérbapase. oA dgpassency padieatesdhainwgtar dlowsdaranp one area to

ize,  slope, soil type, and so on. The attributes of a
anofer afed| wat er source may be the hourly rainfall
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n
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certaimeintérvaksnt For iexdiviple,aif itba rabnfalk totalsdareohourly, Then the modeling
dependencjes define the order in which the .
sysEEl BV o Percaitiany BeresBnbeaghadntgrvals. The modeling
systef Edleulatds tHBtdal&el AflodnforfdichaarBa d2@8adareth0tainfall amounts
performed until the calculations for the areas that

andpiheviaiad wataraowiflowr ef £aektareal kages . rumhl eeriticiangs, infiliration

e B TSR ST BRI HPR RS qeytons for
each hebjgev alepmitrmedine Invggticoiar,syes eaicaldtions foneanserea are not
to change the attri butes and areas of the devel o

rent
periogMBH ANk be ACLRI QR 16T 16 Arqasdhanprovidedt Wata! 4R T caloulated.
_ 0 ) .
The!FL B I hop B OB TR s MIEGABHS400 vator fows anc
total whtsrrfiiw or eacht &nea(Withis the tdevelopuatent.n fldbvenmbidelin g system allows

the LEHEOIAGnapLRR ITIaY ca B Aeea L ing QowdpBEEN| i Sbze the effects

of dﬁm%‘f@r‘ntqgﬂ@ﬂbés oh®h& wekérehe@f the G 'S whose information
IS to e used by the nodeling system For exanple, if

a mese) deviel aEnembodisnard) bet raddelingesysi¢ra mayrbeavide aroingerface to

and attributes (e.q. ' fi the f h | QL.
a ERErE{ I ERER: PusteTheC @) it 0BG s ralER e Bing to the
devEiopnttat aiteftothe nitRidedd. NThesbesingl Bestemaahi losy 3t @ser to select
allows the user to nodify these attributes and specify

the develapreantar kis.weiiceroffihew&i!S [winasy infosRtiaib &P neatysed by the
moddiBaTRAR" F AR 50 BRI L Gieb R then the numoer

of l%t@?{\rﬂﬁhﬁ@blgsés a(le.go,bﬁee} gwme‘ arsztsiqomeawif lotrcaa biseetrieved from the
efi nes a devel opnent. design, the user specifies an .
GlISo#j¢ eiepd dofipifaize e fata PN ntqsi@ha%%wm-mf@e modeling system

allofiRh76 Lol Bty MesERatiblitds SXA Gy tHENHBRaRIPINAref Abws.

[0040] In one embodiment, the modeling system provides an optimizer that
identifies a development design that is optimal as indicated by an objective function.
After a user defines a development design, the user specifies an objective function
that rates the design. The objective function may, for example, define profit for the
development and thus rate the design based on amount of profit. The user also
defines various constraints of the development design. For example, one constraint

may be the minimum and maximum number of lots in a residential development, and
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devel opment and thus rate the design based on anount
of profit. The user al so defines various constraints
wotooshasesevel opment design. For exanple, one CRUBUSZN031580
may be the m ni nrum and maxi mrum nunber of lots in a
anothes icdeatraiat mmwé)leoth@mmm&tﬁ@ ansl gestrAem Bember Lf rﬂacwe&yof open

soel2 S B SRR RS FLBE B | PR it e

cons(t%nﬁis; Féﬁ@rrﬁ@ﬁﬁé s%d’ulhﬂ@n e hess parambters pend dhars ddhwlates the
simulation wth those paraneters, and then cal cul ate

objeetive dnetien.ve Fhenctystein an ﬁ@éqcé’?n e N pg@r@@tlegs,néwr?orms the
S AL B AR PR R, 0 sl yBien soecs

the Péﬁ' peranfEeTBhssd dmamétlwn thb edbjestiviehinclipeds iocmverging to an
unction is conver to an o S0l uti
optieR| KPGonn (e SKIG 1 e b ADP RS, MtorTous well-known

optlﬁpﬂa doh r’r8¥‘ﬂé 88&# mARbb feH%Pg;Uﬂ)‘ﬁ?&tﬁgiléeié%tlgﬁ%ﬁ gefbmeters. The

ect’i on of parameters he
systeﬂp&ajeam hhis provess suniintthe peaempterarfot dhe Highesthiated optimized

[ ated optim zed design is found. [0041] n one
desxgﬁg%gqq%{] t he nodel i ng system provi des a

COfE‘)BAWUOHﬁSd)ﬁ@”élﬁb@d]méﬁ@d@ie biseRlng a8\@edn Providues i dontinuous-
processes that occur within bio-retention facilities,

simulatien, anedelhaseddargsteen physitel, pranasses thet pegyrosthin bio-retention

famlglgls, \9%@%?@2{ %.A\ﬁélles,rﬁr %ﬁg@é gld lﬁfg r tr'n&lé @gglgﬁ% SQ# Wadi 88%ftects of
site ffingefdrirfipaeand iseh ddrapadction. Cﬁhégﬂbdelmg)éyd;tamj acw:.antsw@pr runoff
i ncl udi ng roadways, | andscapi ng,, and buil dj n

genQr@tlp@tfgprafaIIw@mng@sofdﬁ@d §gye;r|rtg),lﬁggldlrfgo;o s Ianeéscaplng, and
buﬂ@@é?la}éqe Ly gércﬁq%ﬁ &[Ee%g %cﬁ\/\géﬁies-r%r r?:%"3\93'deWal%pmen’[ and

emoptimzZ ance economc growt
redevetbpmagmeic shed protection. The nodeling system prow des
| east - cosf stor ter nagerpent sol ut

hat
wntteiBnedls GheRRlis SYREG STDges e PelbspeRENSEh economic
grovﬁg”%n?if v&éi@rs‘i’\‘éﬂerb‘rbt%btlé'ﬁes 'IQTe trh6ddRRe!syatent Provides least-cost

entify appropriate, sitespecific best 'managenment
storpmaten resagament sobiiahadha maet watesshad protection and quality-of-life

eSSt Rl s LB e 8 LYo bRomrate, s

speéitit BéstirhAhddnadritosraictifed it eiediilar thd sffectei siuablume-based,
oriented interactive tool that allows a w de range of

peals gw,c andl owater r qualidy aongrelsi gl hesimadeling| §Aé$’t§marﬂﬁveloped on an

c Y IR SRR SHHE Aol o o Sl orons

intefRSive moomh@tr@lo@véaadvmemangmmdhchh@m fromt die dEEIIgIWI, kite analysis
and?’gelre(\?vcIa%tdeputbllqlgtedblggngr? deling

[oo4s]  Figure 1 is a display page illustrating a high-level development
design in one embodiment. One skilled in the art will appreciate that the modeling
system can be used to model flow of water for any development design with different
areas and inter-area flow of water and with or without various best management
practices. The development design 100 includes a new development icon 101 and a
redevelopment icon 102, The new development icon represents a new residential
development that may include many lots and open spaces. The redevelopment icon

represents a commercial redevelopment. The lines between the icons represent
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system can be used to nodel flow of water for any
devel opnent design with different areas and inter-area
w0 b@d/osde3vat er and with or w thout vari ous besPCT/US2004/031580
managenent practices. The devel opnent design 100
flowi ofc Matkers and ribus dispendpneies. | Eon exarmle aline diiz Pepyrai the new

102. T
covd 53PeAhFral LD AR RABRE AT 0BE3BPRs ot oving
fronPPRNNERaAFSLE opHhent! 1O 0e ¢RAONEIESI overlaindr figw ef@md. S S&nllarly, line 106
commerci al redevel opnent. The |ines, between the ico

betweagsy ﬁl@erﬂdevelqnnaﬁmdf:om\dto@ra%wq FRIINgelRw dedrt 183, repEEsents the
i ABRG PhAT i SRR RER S n o St pBrEin 60 . The

agggarionf icon t‘rlm neyressres opombmmg) ‘dneclm:ﬂnehﬂlb'atlon of the new
overland flow p i M

develogewal 69%9@?“#6@6‘93?105 'TiuBbsdhe sall 'Hé]?rﬁiﬂew A rgdsvelopment
repré§é‘ﬁt§86@fwfﬁnéhfb8r %Mtfan ‘g\en Qgéfe‘q&‘té hr@fllfrﬁﬁ’&*{ ebofEEBbvelopment

annel or over ane. The aggregation
designonLih641 0% peprssents tbe rmoneif rigpnn Hilee gedevelapmen’r that de net routed.

cort L R PR R SOER e W b 15, 112, anc

113'6”'8)% éQ?Serr@té Wbk ahll Vi8R \Reieus GatrButed of tﬁeaﬁb@élobmbnt design.
devel opnent design. Line 109 represents the run

f
For fexampldretheeetai@noensalt candiionssicast 1 Ybif vged te st the rainfall and

evapcgtgr essp‘?r%i{ﬁa agtrrlgﬁf%wggﬁeagéll R{ogtsgg%ri 4 |§h§gd‘%@mﬁ\5’%ryj Y -y pes of

soil dbtiid byties ddveldpenatey eTlopnamd udesicom. 11Ebrs asead eaumrharlze the
envi ronnental conditions icon 111 is used to se

varieus Iandl ysemwithindpstdeyrianmenii(esh totalimpenggus ﬁﬁt@ss@rﬁach land
use* ypﬁ% bﬁ&p}énéc@vgﬁﬁﬁzépl §14)s tL%%dt’bbogﬁeafy §8h§tra|nts and the

mrent he I'a use 1 con -3
objective fumaionZer theoptmmzatm peovesss a'hevwatbrshetm;erotectlon orlterla 115
erv 0 cres for, ea

. deyel
s ubGha GOBPISHYE DU IS ot JRGERSH Petentian Sd 8 Bhakdipw, flow
volu‘%ﬁ’e SH8FatkY qedl ”'ﬁieﬁu§eraéb§c¥fié§ tABII8Fdl o onfatichs dfQevel s, and

e op tlmzatl process. The wat er shed protectlon
the madehng aystenub@hhgmsmaaxceéanm hasesd prikee simuation results.

or el or EILTY £° et e 3p BB Al ol B e modeling

sy st@ﬁm?h NGié Wb&dineay.el Theaﬁ@dbh? ryd&Irh negoraghsesma create design
ghli ghts any excedences based on the sinulation

comp@@@nt 01{ecﬂmyla¢¢ gampopent 282 pank _RNJPRIGPIZE component 203. The
ti e 0
crodh SHGE PERANERA 6o R BRSO create
desig@sc@npoosmorszalvezQiser iapst omiltiag Eplemmp@mtemt ic208,repregenti ng the
an optim ze conponent 203. The create de n, one
devplopgR iigindfal 3P GRS deSNG T A iScE) Bare 204. The
c:re.’:ﬁ?3(!1&5”?1 Bht %?o?@é ‘fﬁé dé%f’g’n innitid desighhstort QG?%@tthe user-
I cons representi
specified attribute in the attnbutes store 206. The create design component handles
the interaction with the user to place icons, connect icons, and set the values for the
various attributes. The create design component may also import areas of the
development and their attributes from a GIS. The simulate component simulates the
flow of water based on the development design as indicated by the design store and
the attribute store. The simulator component instantiates an object from object store

207 for each icon represented in the design store. In one embodiment, an object is
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devel opnent design. The user selects fromthe icons of
the icon store 204. The create desi gn conponent stores
W b@sazssgn in the design store 201 and the  PCT/US2004/031580
userspecified attribute in the attributes store 206.
definéthior @aehttgpd e iicon. cbapexampleh &eehdype bé area BRa@n @pject that is

o b R e BaBHO8Er, 2 B R Lo bR B nctuang

evap&ﬁﬁcbrﬂ ﬁré?%‘ﬁﬁ@ﬁ@ﬁ‘tariﬁiMﬂma%@nldwmgteaiihqm‘famin bhie simulation. The
devel opnent nd their attributes froma G'S. The

s.mu|aﬁemﬂrm@emrm@y1mok§|%e@@@@%ﬁ@ injtiglizePr m@rvaw@e%efore the

oGl IS SRERIBS 155060, B el achy, Hampdeninan aos

during eatiauteraicesofatheaimatdtiohrinrardjdee thasedron th@7ddpendeacies. The
Icon represented in the, deS|gn st ore,

resultsraidap rePLIZIER B Tered & OFDULFIHEE R THE QpYp@ayfinclude a
hlsto¢/ﬁ8ﬁ1thé: BlowP gﬁ%’gblor?%‘heéé/rp% ct AP e dbs jterhiidhi ecIthe Optlmlze

t 1's invok the sinulate conponent to cal cul ate
compbhentddéntifies atebof mrametemslfoumew@e\ealmmeat demgn that best fits an
transpirati ndlnf atlon duri.n terati.o
obiectyS {2 RECHRNCHAD A ESFBARR: ohd® Grgdton are
store@‘irhﬁ{e eBh&edift hﬁd'dﬁjédti@b' faBciin sipet2002! wRE dpih@ze cbR®onent
simul ation. The sinulate co onent invokes the objects
sets inidiph rearameta@ fon the eimulatiomyitsincihel eansirainis apd ther performs the

B R, 4 T ADBAELIBIRS, ion an

selecRO8. nel&ef Wi PHraffYers NRithidetha mr@tmmSome@pmmm component
i nformati on of each object for each |terat|on

repeasptthai @@ﬁ@m@n@htthedémwlﬁti@% and cqstahlispiIc Rt EP‘Q’ " pgrameters
repeq{t%ﬁxﬂfrﬁﬁltﬂ%@'% %'f‘ tﬁ? ? SRle ?dr\tc?ﬁoﬁncéf'pl‘e?iéé Y(? an optimal

| Ve fon and constrai
solutibh€e gptrhaxirite pmfm)e stored in the constraint and
functi on store 209. The timze co

obj ect [ nent
SBPST | 1 el e e YT GTaY HErLBR 1O 1 e Shem that
mcludé?;n%tt E@ht‘?éls phes AN LURRT frREMBN), hipsit TBEVRdsOe. gThﬁeyboard and

mze co ent then eval uates the objecti
pomtmgrdencms) ,a0gkpsie ldevicss a(exge,v\dlspllayodiewmsanem@rsgoragemavlces (e.g.,

e BTN P, 88 AT AR O LB pp e
may @@ﬁtél‘ﬁei%f@cﬁcﬁf&ﬁ‘ia@%iﬂleﬁﬁgm'thé o @limlgUiistem. dh dddition, the data

obj ective function converges to an optinmal solution,

struciugesy. ancheressags [StoCiures . Meo0Hs] staved npbdranfgnidipdt ¥ a data

trans@%{cﬁrﬁ%eﬁ@wggggn%uéﬁﬁ S ﬁa}e/gbfrﬂ@%ﬂléé(}efd\ﬂlég@ik ?The modeling

systekeyhpabd anglepmed ngsingwarss, wellipuivndsiidator (eofg., In one
di spl ay deV| cese"Hﬁ and storage devices, (e.q. Cié)ﬁ
emeﬂi’mQ"éts)t eTHROARNRE ySYBteMs i%r Hydedepiak Oy rBie Extend modeling

enwr?r%?ﬂﬁ %f]l%lﬁ%ﬂ?&%ﬁlb@%q e?élngshsﬁ%ée%&%@g‘}nb&?xgﬁﬁwr%ﬂ?nent" by
DavidlaKeahl, publlshed in the Proceedings of the 2000 Winter Simulation
Conference, which is hereby incorporated by reference.

[0046] Figure 3 illustrates dialog boxes for specifying the environmental
conditions of the development. When a user selects icon 300, the modeling system
displays dialog boxes 301 and 311. The rainfall dialog box 301 is used to specify the
rainfall amounts for the development. The rainfall amounts may be imported from a

spreadsheet that specifies the rainfall amount per period (e.g., hour). The dialog box
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structures and nessage structures may be stored or
transmtted via a data transm ssion nedi um such as a
W@ @sas366n a comuni cations |ink. The nodel i ngPGHESEN/031580
may be i npl enmented using various well-known sinul at or
is useidoinl speaifydhe leotiafi aedtformaief ibe eprerdshpst.cmiiesget data button

a02 i (RLEBEIEOS e Do B B0 MRS B0 SLIR TR g e halea
field &OWi T pnIRet enﬂibd@ﬁémd tKeafdinfal udrhosmedaia dseamed to be same
Proceedi ngs of the 2000 Wnter Sinulation Confere

throughteiut Hhe sdenalepryenic dPppekiled iBytheepdr wﬂbapp[meﬂﬂat different

e 0, RO HE R SITRIES s HCR M. For

example€h reeldential dewslogient bhe dmydsde of asmstmmrdnmyl Iamse a rainfall
i al og boxes 301 and 3 , The rainfall dlal%g %

amounts thatels didfesgriciren anesidentinafpvelRBLIN: orofng Gifer Site of the

mounfja‘?ﬁ(%&eggﬁh%eat Epﬁlc%abfqﬁﬁht#plé‘@i‘r‘l@élﬁ stE e\fvhlﬁ‘iﬁoétﬁ/eidpﬁﬁént or

a sprea specifi1es the ainf anmount per
watergtesd. oﬂfh(a evgpotranspiyationhdialdgdiosd Hospediiesattriades of the amount

of W&‘é)fe%g?éyl tégg%l (8:? {"’IB nr§an .pgr@eg&lrﬁ’gartpgte ??S readsgee%lporatlon or
transﬁ"adt'%f‘al lTI@?ﬁéﬂOd‘mCﬁplé s8d Bl %&ﬁfy‘ Bvap&F£hspitatiamharameters,

. n one enbodinent, the rainfall
elevatomuatisiday mlamumfa;nd mabmAtemper o BNd plearacteristics of the

locat i SECR R el e E Bl o2 B BeET i Hpylate the

evapditdrispirafién Randentefbddesl d@\tﬁé@rﬁammeﬂé@f, (e>ga,rrp$|ag the Penman-
residential devel opment on a de of a nountain

Monteiyeaationd ang dimlav “’éﬁrﬁiﬁﬁﬂn’tshﬁtﬁe?%3b$f ferent froma
n@éﬁ?em#@ﬁr ?{Y]ﬁls‘ﬂ%@% &80 ghﬁ?@f&%p&}gﬁ hé gﬁlll types of the

ain a cholrc

develsprehnwhen fhmu@ercmked:temwmomrthaﬂneddh@cbyﬁm dlsplays dialog
evapot r ans

di al 3 byt
o A PSPt W o PR BEEL UB U for e
exalm[:?_%r H%\/ Ho@ﬁ?%hobﬁ&\?éjsf?ee‘hf SBYEHIE: a‘bbﬁ)‘blﬁ 16t affuRiedapefibus, and

X I's used t0 Speci evapot ranspi ration
b|oret|eat|amret(mes sklée«é\watheoart Wllzluappt&mtertha'i anymanietstiseilifypes can

B TR R T T

hydrahﬁc Qﬁip@a@lt?tcﬁ ﬂﬂféesﬁﬂéé@tafnén%sumbéommum wdes edntym flood
hese paraneters ( I’&?flf using the Penman- Nbnt ei
1@

capacewuamitlog) peint \Waiepl ee@mmmraﬂ@n éngtiglier, [sewmpth and

e B8 dod SR 588 bt Bl onBRESL 10 debEnared s
having@®e dfQhResé b@n mpsl i ng system di spl ays di al og box 401

. The soil es di al og box 401 indicates that
t Ppes ofFigera gﬂlarstrﬂﬁseﬁa%pa QR R HRIRERNG, eC%eﬂS'tlon of the

areasSBPHd bBPeloBRiark OURnbAta ULBMEERCREfNIOUSe iUMI500, the modeling
system displays dialog box 501. The areas dialog box 501 indicates the pervious
and impervious size of each land use within the development. In this example, land
use 0 has a pervious area of about 3.5 million square feet, an impervious area of
850,000 square feet, and a total area of 4.36 million square feet.

[0049] Figure 6 illustrates icons representing different land uses that can be
part of a development. In this example, the icons represent the different land uses

imported from a GIS. Icon 601 represents a new residential development, icon 602
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bi oretention. One skilled in the art will appreciate
t hat any nunber of soil types can be sinulated by the
wor@selses2 system The attributes of each type BET/B82004/031580
i ncl ude hydraulic capacity of the surface and
represelﬁsuaf acenmaial niedsvelepmentnt isen, G03odeptagsats tg, commercial

TIRITR - A i T

repre@éﬁtg 0B tcH) e q rehiea d@V@me@ﬂﬂHeﬁgﬁl guses sgestdant ede icons
havi ng one of these soi 0048] Figure 5

and pqsnmrme@s o m%d@glayobeamﬁ@mczam th§p@@ﬁvb8§ fipgendencies

ol 50218, 2,15 BRI s 9803 G e

detail® @t ach landh@eptrragsast sdlags o lafdl usedmdaeeirovllded with a blank
pervi ous and_i npervi ous si ze of each | angl use w éhi n
displayhpage\aeapnehe. Uset s ReSIiISe O ird digpiayo PRYS 13e areas that

compﬁgé \‘h@YSng" . OfFg f%@@%gtﬂgqhéépﬂ}ag/gps&ange@ tic&ﬂglfor a roof,

nmpervi ous aréa o uare ,
dnvewaysaarm‘ ydrd36 raptdsenha sofu a«lmrh&texely [tﬁezt@tailé mn be 8nported from

NPT ot o e
depeh&%@‘g KPP USEEHay St didrf 801@BIv dfadiEh Lb%%sahdrﬁgﬁﬁ@cﬁ iff 1008 inflow

con 601 represents a new residenti al
of and’@mellmmethhe modelitY 2ystem tmredeaws adinhabvegmihe icons. The

modehgg:ﬁ\glg nrﬁr%‘d@écon 68?0 gf Earsqt%nbge$@@%d q%' ﬁllthln a land use.

One dk@RRYViel tﬁ@@ﬂbvou?w@bpre@@teﬁﬂ@t ede\esSesrheniadégigi @ﬁag/ spegify many
create a devel opnent design, a user selects use

differgrdoleyelnavihisithe oigraraleyn oFiOT [xaIRiQ| aydewwgpneei degign may
L bet

lncluote 2In%ﬁ@iré%lﬁgﬁﬁgﬁ@f’eﬁ@@ﬁ@@fe\%ipoﬁné‘ﬁrﬁ déergfam re&%beﬁopment at its

hlghesp@‘/lef y Thisenele tiavdl of afie easitiehtial davetprbdret mayrspeeilfyeh:rts open

s BB ARy B B
areasaéfqr:‘}éléﬂ"@ﬁcl‘?%ﬁ%éfsﬂr&é\ﬁaoﬁ ?or R éﬁ‘éjr exanpl e, the

ion an oof dri veway, and
y@osh] t 0 E:gpreezenﬂustaatem an Abxamplat meaydetalﬂedddeelgmsof a new

.,can, be inported fromthe I canth
reSId%rB@éi Apv ?IIQQ”F@geHHeWE‘? egnﬁogfrﬂ%mde& ﬂ?%pg@ﬁl?pn&em 700
correSleRREIeHCHewt BBVeI8pMeRRY! (Blel s CFigaife QUt fTI@é!V 1w Ofldvdl@ffient is
and connect it to an inflow of another icon._ The

reprea@mteldu g icopst Ei-Then Hoghdcan VDhedbedwaie itahé02.ciard.icon 703,

and r lcg)%dzé'} mﬁr%%%ﬁﬁﬁe %E%é%gegﬁ %ﬂrﬁv%kﬁéérf‘)r% e?a&:hlt E‘&eHﬁQﬁot The

develwphﬂeﬂt aleBigecicah ¢ 3t histusadde \spleopyrend atieibui@s ofetie psideftyal lots.
many di fferent | evels within the h| erarch

For eéﬁam,et cadenaleRrEpefes gl SNYh SREGITY mtdae?/eda%wo lots with the
certalgfasdle?é&e &bt G5 A RBIRY iAoy SRETBRE rBhd SRASRKGHARIRAL Icons

721 represent the total rainfall for each area. The user can select a rainfall icon 721
to view information about the rainfall for the area. Evapotranspiration icons 722 may
be selected by the user to view the evapotranspiration characteristics of an area.
Infiltration icon 723 may be selected by the user to view the infiltration rate of an
area. The aggregating icons 704, 708, and 710 specify that outflows from various
areas are to be aggregated. For example, aggregating icon to 710 indicates that the
infiltration for areas 703, 706, and 709 are to be aggregated into a total infiltration for
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hi ghest | evel. The next |evel of the residenti al

devel opnent may specify |ots, open spaces, and
wher@seswssr i on facilities. The next |evel of thBCT/U82§104/031580

may specify various areas of the lot, such as ro

the newi dmh;nmerdad’l’ham@lng‘nagdcom Oos0indiceigs thay a flewds rtatt@s divided

o SGETRAE °h, SRS Bocrast S5bdambiplitn cach

outﬂomg lﬁ&bé@tﬁ@ﬂfbﬁcérﬁag@w HeoR) PRERMO tié)prbvm‘edﬁbghamuxﬂow The
he new devel opnent is represented by icons 701 71

open R@acenm 706 repragenite AdleVioYs GREN SHEAGRI Of Hih %%'ODQ}%“ The

iore 5, 709 o EBRFSPA BB AR OBp A, Ay e one

skilled ilthesarua@iHaporesies tHat ahieustiiest malnagem‘ent heactices can be used
residential |ots

o st denal ot ot crarle, e el Spenl foet s
and s%"@ﬁ aghe'18 et ht?d?? fq@@%%ﬁﬁ%%as%béu%ted’ Adifhaf] é@apcﬁféﬂwsbﬁéﬁ’on and

Si zé contri |on represent the total
mflltrat-lnnéladinacfemsneac hThe dmesThennaaingctie Hsnectepiesentnthal yarious

wator s i, AL AR U e Gerag 2br ' Slmpl, e

b|oret%ﬁh§ﬁtf§§kntgfy rdddfvdds ﬁ!ndfpfr‘éh@\'bhé het evapeier @p@@lgp@beonThus the
characteristics of an area. Infiltration icon 72

bioretientior fagilitgds Hgpendenisur alf the pher @ieas wﬂhlntthatdayﬁlqmﬂ@ﬂ The

ooen 2yaB0 GhE ) BESHE BLEIAOT  Ien Y o ver v

of a |ofBEeaMLthe Fploffeamthe, roadsregabut 1dsd|medtky tblﬂhe bioretention
indicates that the infiltration for ar

facility Rd70Y t9r et ePese SaaRR-e JAtisd Wenong _megahmg Rrstet BpriaRnS the
sl o i e Y, PRI, Satlfibne s B0 vy,

ow S Into mul
and ydrd\weaﬁas@lpeﬁbrmgdfbejwem;e balcelatiens éort thgespen space, and the
aSSOCi wi th each outflow,to [

t h .
caloufRPRRnRs daeoPPP OGS Hie PETORESh ol i cePyRigns for the
bloret‘é‘t‘ﬁl&lx Cfﬁ’cnhy“e h"?ltocﬁ’fb gﬁﬂﬁﬂlr‘néﬁﬂ tﬁ@Gmro%@h@é epend A8y \drate the

pen spac evel oprrent The biorefention 1con
devel@pmenédemgerdwlr@ tbeamumronochfrawqamnlg, inihene s raigfall during an
ppent

teratioRs e L egRT B GO Bt opegapistly i B HildhS; grerole

the célb@bﬁﬂ@ RieCHSWRN thBGlorRs malyaietieatdaanio el whén eapacities are
basins, two-layer infiltration and so on. The

excegfiasket ention facility has associated rainfall,

Tﬁogﬁﬁ).t r "’\ﬂag £ n% %1 ‘&fblo@ﬁgx |IPJs'ttJaE|ﬁgta‘ttﬂBuféEQ{f C&&féléﬁméﬁt design

i nes
in onwadrabodihens. Whbh ra Ub@r d@eeﬂsaponrﬁocnmlde hmd&almg system displays

dielog BeERpas VimBeYeIPRBRIT e B OIRRg bORECa e CalssBat *ﬁ%@ttnbutes
o RPhGEREE] 2 1 bipopehEnnaant b dment (e,

acresyy e nmnetwwax@me obrelaphdepdhde:mshnchm andgdermitting costs as a
percednt of I\A?y\)alue tr}/e ’t&afa1 sddrce control and open-space costs, the typical
composition of each lot, and the types of source controls and bioretention facilities.
The modeling system calculates the profit, construction and permitting cost per lot,
and net profit based on the cost and the design of the development. In this example,
each lot is allocated a road area, a roof area, a driveway area, and an on lot pervious

(or yard) area. Each area may be assigned a fixed area size plus an area size per
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of a | ot because the runoff fromthe roads are routed
to directly to the bioretention facility and not to
W@ bh@sopsss2 space. Thus, when the nodeling syst erCT/US2004/031580
perfornms the sinmulation of the water flow for this
lot. F@xmphmle tthe totdl capds Nnmshave atfixedragn, ofgla, QQWU%Q]BG@" and

ccch McAos AP o Rl IR0 tR 6 Ofie WPef YoRL 88, e source

contrct PragHtias ernﬁ?ﬁﬁ@lﬁjﬂl@dabﬁf)@ét@nﬁdﬂe facllityubnad i other fbyst trhanagement
bi oretention facil %é n one enbodi ment, the

practiegst dherhigredentiont fgcil M@\Ra BpiRat WHB AR A FP@PA”H%%GW a
F
cost p%ﬁ %bﬁ g?ﬁ%rﬁaoéhgé’?ﬁﬁ i gr 5?8 ?%1%! kiRed 2b&l affe gﬁﬂé Eg%ce area

I cons may be s
may bieodeinal yaam ardss sxaepa h:est pxraarpbeand laetotabflmd obstt he

lc['a%gﬁl ? Fagiigs - 125&' Sﬁ?@)@ipgg% d l%\?chwglegltgnpolgons of a
devel§Ffeh ngéﬁpha&rb%v@étéa' b6 PlSEREMBRIERY KBS idine Tainfal

en a uSer selects icon 80 th
of anman@ | nﬁhsyatrﬂm dearpl s reprabenisbofik tig® Tmmotmie of ramfall for the

coro SR EEER, SHA 3R, 5o Sph o bl Ty 08 usea 1

indica#€ Y& hRAG o r&ﬁ%ll%@rﬁg?éaéﬂ“ﬁe@ﬁbﬁ' QNFfEﬁta I(aﬁfnfall icoris selected,
acres), the nonetary value of each |ot,

the modeking systeom dispiaysedisiag bex 9@6stEh%§“%0$>&0e<ed1§p|@vS tigg current
ralnfalf ﬁ{g‘f’e[ Wﬂ% gqo%ﬁrﬁ% élwéll‘:gtaﬁ?ﬁ'é@ghg IQQte@er%ﬁ %fotﬂéts?wulatlon

The m@tiél%g eosiehoupdatsd theobatremt raJnfallantaItdalatlm:h Teleanon and may
nodel i ng system cal cul ate constr

chan%wep@mfaumgb@%%q Opeeibet ik 'H 1 Proci §erffgh teration.
Flguré% lﬁl?SSIFatégq l'@i%l&ﬁ%‘o% Pfevéﬁtgr BN%'f”an Arelghi When a user

Pocat area, a roof
selec®r dﬁa ea!aﬁoirammlsatlanem:pnamﬁlomraseocnatﬂd mﬂwanuare(wrthe modeling

systelfy SRS Salaiice pos 300 Tha 13l o, 10T, e e curren

tPér%J r"a 8 TafPibripkear@dal | X88 ras@Aingf sykPe@Olb&Abane the current
evapc? pl eagh gt addsaan addi ti olr?gl %’g%oqg)%uare f eet

evapd)toartslwatlom abter aia@ia(d‘r darativhe Rouwreck! dostraiss thadialpghax for the

B Bl SLEEL O, b P g

repregﬁrﬁtbﬂ% i @ﬁVe@\Fayarc@ﬂ 1R0mandingoaiapom, 11@190Whe|®ea user selects
per area, cost per area, and a_ total

extherc@f]O mesweor@pmﬁ ﬁ'w@énaﬁya’f%wss@yééhe rdé%loa;b%ﬂ ﬁ)r?eaThe dialog

box 1;:0§dp8®dé8%tn Rreta fLidia Qg‘ff Lokt flegae‘ja féjlﬁftgo\ f\[ﬁﬁ(@%lotal and

_ ["UstT at €s "di al’'og boxe
currehh@aiet okuné fielddeurd @prw@ragmmrgxﬁ rateeflelell ected. Figure

aice)  THEOHE 14 AUsTees ol sloBieuss ot 20roeriandigihplane. An
overlé’rﬁd rﬂ%gfc‘)g%lgﬁ 3 f© F%B%ﬁt%ﬁ{a@? ﬁ’c,gﬂﬁgggo ar %enV\ﬁe@sé’rnSéIBbt%da water
channel icon, the modelmg system dlysplays the d|alog boxes 1201 and 1202. The
dialog box 1201 displays the attributes of the overland flow plane. For example, it
includes a total area contributing field, a width of flow path field, an average slope of
flow field, a Mannings's roughness field, a depression storage field, and a
convergence field. Dialog box 1202 displays the attributes of the volume, depth, and
flow on the overland flow plane. The dialog box includes an inflow field, a flow depth

field, and an outflow field.
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indicate rainfall or no rainfall during each

iteration. Wien a rainfall icon is selected, the
worp@elssse syst em di spl ays di al og box 901 . Theprdi/abmwg4/031580

box di splays the current rainfall rate i nput fromthe

rieosaf al IFigresil®a-the illugirateche siialog thexgs ifehset infilj@tion process

in & o o T BRaERn te PR HRAPRES rEEH by type of

pervidudi 1BhAldr it 688ePRBEER @BoIMRIdEH iaoyedaimitas exaaple, when a user
present for that iteration. Figure illustrates th
selecigi tieogoibaxfilfratioreiegsot BERs Hie mdqyﬁg&ysaﬁmaﬁ@alam@ﬁlog boxes

t
10011385, DB LIPS N EEAOR 560 Aipirpics of el
infiltrediofli i@ gnddade Ja(EhOlhﬂltr'ﬁuendan@kaofgeldpa rhafimurinspdradisg tdepth field, a
desighsad 19GRYT SR LD BHRR COPCIERE Tels r BIIOG RcTIQSatains fields

repre%@ﬁt‘n%nt ea\'ivﬁ é’?tbﬁﬁé it ﬂeaéélpgroﬂfé gghe dibldéshbRirRuddiea water

e attribute an | mpervi ous area. n
level t fiels, exmﬂm/l/eﬂetdaae fcnpeamoﬁusarad esaintalle ramor esuifiowd tglds for

evapcgtgqr@@trgtlgx,tcp]\gq?{] W, & rp@ggnt?q;{ﬂ%ng' ik 1inpﬁ é:ogﬂr?seﬁﬁ iFhata that
is useH |$|F3a%’lﬂaﬁrﬁ‘§?séﬂ AaRG 003! wilis isfilebden oy pheR The dlalog box

I ncl udes an area field, a runoff coefficient field
includesi asail typlei figld, saiuratechydistlic gapagity swifage aod gHe- -suHace fields,

o PRV BB g el g 2 o0

waterfHpwifelfi@ane. An overland flow plane is represented by
icon 1200. When a user selects a water chagnel

tﬁ@%dalgu@%vﬁm d“%?ir%?sm%éj'%%l bgxaso ek “ii%‘%il inyfgration.
Wher'{1 Qfser Hafodd ?l#%’ Hfﬁt@&t,g?ﬂr Bn2 ﬂd qﬁe%ééél%@%’cé}ﬁ displays

e overland ane
the diamgaboﬁé$a40bﬂt404b®lam@ boeldO1 a:omallm$1flefdsfbe\thepalnaracterlstlcs

N P G T Y -
field, ‘éoé% H%Btor{ fléhdan%@p%&aﬁ@%r&?dﬁzn@'ltﬁiﬁbﬂ@d hehd a void space

he v | ow on
ratio ’m@idr IIBuatbg‘ boxv1 éoammlud'é&eflelhdalfolgwb’cﬁ( baiamwwltahng afwajer level

SRR AT N MY T On S——

overilo®, a5 infiltffioh! rBikicybex 9468 Tonkaids $ieids foryesdia ts such as a
process can be used to simulate infiltration on

storagg peegiurpefioido@gdl gaturated Mydeadis waBREna falds %@ﬁﬁﬁ?e and
subs{ Tl S biebeh B2 9008 B, BARSRE St 4 8 hairu

effecilicatiggthlsixies misdd.- 1303. Di al og box 1301 has fi eI ds
|dent|fy|ngthe char acter | soil in trati

t #4861 i ncrigHE l@lmiuﬁfrﬂqsr%fjl%‘?g §P§§0rf9r%|| YPe4 VKT ﬁﬁ‘rﬁer selects a
soil t}@frggﬁyo%gﬁ@?ttﬁefm@#éimgasﬁg n Oséﬁggxtﬁjéaﬂtd‘oé i@kt 508NATRe dialog

coe cient tield 1302 cont ai ns
box iIijssEﬂadEs the soil type of the associated area.

[0057] Figure 16 illustrates a display page for the setting of watershed
protection criteria in one embodiment. The modeling system displays this page
when a user selects a watershed protection criteria icon, such as icon 115 of
Figure 1. When the user selects icon 1601, the modeling system displays a peak
flow criteria dialog box for the development. When the user selects icon 1602, the
modeling system displays volume flow criteria dialog box for the development.
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representing the water balance in the soil profile.
The di al og box includes a water |evel field, inflow
wo p@bas3esnr runof f and rainfall, and outfl ow fPer/tis20h4031580
evapotranspi ration, overflow, and infiltration.
WhenDitead ugelbeglebﬁﬂﬁzarbﬁﬁﬁﬁn&%mn¢dQll@gaSYStam tisplayedaiwater quahty

e SSHSHLE R %3 e, HBIoR 0 PPl 2 bl o 1By orers

lnforn?%ﬁﬁor\r G\Nﬁgnf’tﬁgr@@r is@lcetPRONt 1700/ ﬁfﬁ@@lﬁ)o@ﬁdg%&@téﬁ roisitays dialog
maxi rum water content field, a field

box 1aabaa'i"|eyj|alpg|bpx @r\mun(s.degymahtﬂow w@ig mfgﬁaataorggehds including a
oo Fb{erEbeon 8 aTalH pesadiis RHEM, AR (Rap aly fow fieto

A usétgsn apudsiey tﬁ@'d%@liyspéahe flordiztei arfd lthe dlt’mmuoncom tﬁdm:umber of
t he nodel i ng system di spl a e di al og

exced_emgs 1thas. can defllowed 11‘6‘.1%(:@‘?1 aMREURY eqhﬁs Cf'tﬁ”at b watershed
prote&ﬂ?{ ac{-ﬁ 'cﬁél' bRk EI'%% BRGNS thiY | nlﬂto"rrﬁéh&'i‘ t'o”?r‘uélctl)éb@)rtéﬂ to a

|on reaf reld, a maxi mum pondi ng depth
spreafdshé@t I%igwbo‘r&lges’rdarkeeﬁld\u edldmeaof mruammtnfcmnilorr atvihen the user

seleclioon 990, 42 doasel Bl sRars a0 s i Teng 8o box

contat! #e 'vf‘éf@ glﬁdé fiffs! RW fHee|d@$el@bnfe‘h'ﬂ%élutimga@dtarget runoff
rain , outflow fields of evapotranspl rat

percem/ef fdunﬁall featd thaif isl sateay aruseni altotg! atal Aigac.canetal Aol field,

and & efpl 3Rt DO aMAGR S UR, Sed RuREE JFalyBria fiay 1003

the rSothsiHgf rgemDiRbRYsbaxdidkiyt bernihat rmommwethapmllawetMBsuser to
such as the nmaxi mum effective depth of the med

SpeCl[)O@BiS]“mSgQﬂ etotatn nla@sﬁﬁtaé%s,atoaalan%@gsex totgt Sgépﬁn@%éed'mem

ype icon 1500, the
aquaﬁ%rgrgg S’y |s 1 r?(%{)hé di al og box 1501 . The
dicadspg gg%%nésllzm 194 e%ret hfialsgl bok@ﬁpe‘ooftheh@pasﬁzmmat g@docess.
ar ea. I gu 16 1] lustrates a e 1
These wéal@athqxﬁa a5 Sl h@a,qsr boxast P%'W'Qed Bﬁﬁ%ym?ﬁ%%ﬁﬁgﬁ system
such \%EJ‘?PQ ESRIMNG: EVAI6: RIS O itmisset 9?!&'@ 58k 2981 dpiaP®@ constraints

a user selects’a watershed protection criteria
or limitorfor sthehoa’smmahonlnlﬁtoara:l@edefqr thip eexampleusiowever, these

t del | d
consifaigty can bermadipa dpasord b i rLeRIthaEnl Safehérty 1902
spemﬁé@”tha‘%%é%.ﬁnb&%\‘ 15601, cdirraifstbtd Betwisest €00 dinglp Al s Equation
volune flow criteria dialog box for the develo ment .

1903- wmﬁeﬁhe bjedive fusrton.s In doif exaptRie, *thl@eo afé.ipri figction is the

maxwpﬁfnt t%kn% . e%l%g%wtlgﬁ&qﬁg‘a# flé ggh%g@g ?(ﬁ'ﬁrolhng the

optlrrﬁiatbﬂfpr@cesé omialogobox Woen disslays e mﬂmljm peafit dal@0ated for
the nodeling system displays dialo 1h701 hI
each gsi g} o WitRo At diffrEer apety Ob PRkaME rarle N8t Srarmpleo oW 1922

represbfitsdhe RSkHAIA réiit. The values of the constrained parameters for each
simulation can be viewed by scrolling to the right.

[0059] Figures 20-28 are flow diagrams illustrating the processing of the
modeling system in one embodiment. Figure 20 is a flow diagram of the create
design component in one embodiment. The create design component controls the
user interface for creating the graphical representation of the development designs
and setting of the attributes of the designs. In block 2001, the component creates a
land-use design based on user input. A user may select various land-use icons and
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nunber of excedences field, a total excedence ratio
field, and a nean daily flow field. A user can specify
w0 b@sdadcBy peak flow rate and the limtation oPCT/H82004/031580
nunber of excedences that can be allowed while still
placerteem orythehdisplalytpadesand theatiedisatedthpraanendeoaies dhe land uses.

o 0l 28, 5 2 L B 685 68, g contons,

such \e@! Hiifraff artd isvapbRansyietion! fortheVigvelbp@eHE erlnsisibelc 2003, the
icon 1 800, the nodeling system displays dial og box 1

compeoent a@vs;lm weerBeepesiy HeneossileslldyPenfaibe del\/@hoamen‘f In

blockgﬁf :ﬂﬁg gﬁ%ﬁpﬁg{{?&l{%\&§ﬁle@§é}% \9%81'%;8% éﬁ‘r%%t% ﬁ?ﬁﬁ&@nd uses.

set b
In blooks rH005-2008; | e corhsrednt lowyes electihgl eaghdand tuseadnd creating a

detailgdafeaign i (1herargep Wi 408! [AReUSAdn HgckyiBimthe component
selecfgoﬁ*r%l Relxt lénq'ﬁleogln :(slBr‘?tblci!?ﬁ‘)m‘(?1 6,4l ﬂtﬁé 'Iéﬂ’&sué{é@ hd¥&already

pecify thel sontota phdsp ates t ot
been melemigdn therptie consprTeie Cosgiétesne|seathmconmnent continues at

blookE0Y . - Irk Plocks S0, e poa BRgeTe Hebtest M dneiist AsEs absign for the

selec@@%%d%s@é Wh@%ﬁﬁaoweﬁt sl @nsl ar gbe 18 PacdarRsicBhe \Wnded display

by an optim zation Séct em such as the Extend
repregsgnting thenarieps Qf thersetacieddant atgebobhel 9sar interppriRects He icons to

indicaﬁ"ﬁﬁé?ﬂ%b@%ﬁ?@ciéa'ghmtV°Va1?2&g®£?'nﬁhé@é@%#@?ﬁgfﬁﬁ%%%nir?pemf'es

the alfbuiedi dfi ethdgrendThe comdonensa iy s00. bl ek 20RBPlgBlect the
row 1902 specifies that the nunber lots is

next lgpestseai ned to between 100 and 141 . Equati on 1 903

f | g8 .1 hi , .
SBEEL! | obER P Dotk JH0EI A o PP hforent
one e&ﬁﬂddmhwpl aye v@nponsntapttialires t‘r@rohqeuusrfor Itmmglmllﬂatlon and then
rocess.. Dialo t he

t bax
teratiygly Ak 814 EORRPRGN S leRG TRRERT Of 1 RBTATPRiipcy In block
2101 dihf f &rEpdn& R inSthnPaea e (%j t fBr EBEIS icREHRhE. derv@}@plrﬁ’é‘?ﬁ design.

represents the nmaxi mum p It. The val ues of the
In blankn%tﬁ%uthed:qmmcmmftt emmalizms wdfhobjech Ahednitiehzatlen of an object

aton. 5 Sogpbao s hleb o oG LOSFELLEA 3l 82005ation

For eﬁaﬁ'@lé @réﬁ%ﬁl%jéﬁ AP | RSB MforrrhigbH Qna%tcbr‘é ifirf &9Wrray in
di agram of the Create design conponent in one

memetybobii Eeeks 211|Q§ %T@attbed?@mme@bﬂﬁﬁﬂ%ﬁ@rf@@ﬁﬂﬂcﬁ@ht lF@aﬂon In

ook kLRGN o5, D S BB Bl Iy popign bk
21040f tid eématibpdsgbe shokntifvd titkesingnatior thewthe Eﬁﬁﬁaonenh@ompletes,

olse mepq?n'%saé@ééfoﬁz};eéétiﬂé’cﬁif@%ﬁﬁ Plhcke, 2058402 Shgpomponent
loops, %e‘ﬁcﬁ’epe éﬂsgberénphqﬂﬂéwn leRABSIAhdEREY ol it 9Rtfock 2105,

encies o uses.
the component selects the next object in dependency order. In decision block 2106,

if all the objects have already been selected, then the component loops to block
2103 to perform the next iteration, else the component continues at block 2107. In
block 2107, the component invokes a method of the object to perform its simulation
calculation. In one embodiment, the objects may be a classic object-oriented type
objects with a simulation method, an initialize simulation method, and so on. The
component then loops to block 2105 to select the next object.
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n bl ock 2002, the conponent allows a user to specify

the environnental conditions, such as rainfall and
wWE@aposIwanspi ration, for the devel opnent. n bPOLKS2004/031580

2003, the conponent allows the user to specify the

p[0®] bl digariel 22 igEetow diagram |Hwatmf@ﬁtopthﬁnlbe @@mpgoeat in one

erbolrio R SBhmB St B i SRREENes Mg syl ane
then SEHBAREIMe diRRRtIoRE! TBSd toGpBAEH: ihanccalearsadars bbjetiivegfumction,
detail ed design of the areas within that |and use.

n
resetshihecraraoBsers basedormptheeralue of 81 ebiertiverBinctipanand,performs the

B S T

convet?gmw N bpeeal souEsnatinbblock 22007 tha cbhmdneﬁﬂ@étnevm the user
nponent. creates the detailed a}rea desi n for

speciféad e@ﬂéfdamaﬁw&oru@@ SPRBZ8titborarit oak 12802, dheamragent sets the

initial 3#5]’% Wlt‘F\ﬂP?hé’ gngﬁamt RbA%KE CHHR RS, NIt BR)CW?@@B the
ected I"an he user 1 nterconnects th

componemtspertnrmsdhheammutdhendlmgsedobamtheemrrefnttplaeamtm fn blwck 2204,

the CPRSRENT FagUialgse thorRaRae THOMId dsetlo of Uid Tobds of the
snmul%lfbr?e\r?%m%fb% 5184t 2b@s Ay H%eres[lﬂ@@ﬁ]thg'(ﬂﬁ’écﬁwe féndtPoraconverges

diagramillustrating the simlate conponent in
on a sohetiamtbiben tencompheericrgmapleiss, Blsiet theldoreonant conjiruassat block

2206 G5, 2108 L A etk Y5 PP PAGHS 3 rsuts o

the oﬁ]e&i@ﬂﬁn&ﬁ@ﬂ and téh B a6 Btcki IR peren tie DMLRtion again.
for each_ icon of the devel opnent desi n bl ock 2102,

{ ReS2k orIEeIRe 4428 ke e OGEATBH leralingrgalcuidiions of example

object lfggér?% e%dﬁﬁe@g rﬁ@g%’?ﬁ% c%v?‘ﬁ?aquﬁ @D?ﬁ&tﬁ?@ i tdetiations

perfoﬁmew]!oaltall mﬂniaﬂcrrbjeotarftﬂeemwt @ ithne elmulabpremdmee theaxhinfall data
ona 6@’;—{5&43 baﬁllsgﬂgrp@a(zmon ag%hé%ﬁ%@ﬁgg@ (yp;ﬁl 4 %ﬁtrh%yme as a periodic
ba3|s|oé?fIr fl’%r Eélﬂﬂalle"’lﬁ 'attQL@t éé’rﬂ ofet! RaKevePthe trﬁiﬁfélpﬁﬁfb@ﬁf‘tfor the
or t enex iteration. n decision ck
currem]ﬁme anﬁ désignates itias haszdput fagnfath df dfe ohjectlwhm:fasewes as an

ovt 3P e Rl e, S E SRR AR Rltogi bass for
the réiﬁmﬂoé\‘énhoi fPsaRe! tesATng cbhﬁ)dh@n@ld sit@ﬂhé qainggc Bmounts to
ject in dependency order. bl ock 2105, the

correemmbmfdﬂe igtaredt d-artexanile, lbﬂ}ee@eno@ic@ae@w@femyawwelﬁ hourly,

C (g

ot LI P85 EAR ot bl PRy PRED 0 At kte e
rainfall Qo€ fdrasadht dg faentthé heuay ambuned.se the conponent

continues at block 2 07. n block 2107 e ﬁ ncP r}

i 90%kes FOHER 2bi éff‘OMh@'aSH]”@dlﬂU%t@t'BSrthS Galgylations performed by

I e

an mﬁ%&i‘%@é gﬁjcecgggl%g %[b Ié’%’tnt@?PQ&{ BB, therpUreet Setrieves
the rainfall in information for the mterval provided by the rainfall object. The rainfall

in information may be in total inches of rainfall for the interval. In block 2402, the
component calculates the runoff by multiplying the runoff coefficient by the rainfall by
the impervious surface area. In block 2403, the component adds the runoff to a
running total of the runoff for the area. In block 2404, the component sets the runoff
rate to the current runoff divided by the interval. In block 2405, the component sets
the runoff out for this object to the runoff rate and then completes.
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objects with a sinmulation nmethod, an initialize

simul ati on nethod, and so on. The conponent then | oops
Wa oooslogask2 2105 to sel ect the next object. -15-PO0633004/031580

Figure 22 is a flow di agramlllustratl ngethe optim ze

clevegbnerfigure 25(1'@ aftpwdligeram iliusiragpg the Icelﬂtﬂﬁaﬁé}wﬂ‘ormed by

a ol b S % A 1 o, B n SN HGR: e fow

in volall?eabhllehtmaf btfehumetngnoff mm]{severw lmpeamrglsealsafalsaslaoblonk 2502,
t he val ue o e objective i on, . and per

the campeaIicoPUFaFIne TANGDBRBER LY the "PuljechPRgStnt b Piogk 503, the

compBﬁ?M'é S ?Ifn Bﬂ?pl.ﬁ%f%ﬁ‘b?ockff%(f Meﬁ%&‘l% the &Hput depth and

T Gt ivon e conponent
the owtpﬂtﬂcarve?helm@nmenisﬁm d¢orapletemstrai nts for the

OB o LK, £202im NERORIRE RcB e rormea by
the ﬂéwn?a‘éléhd;@rbo dﬂew‘of 3RBZoutiRg S¥BEBOREBhHe RETBEIRNt.NEThe flow

st mul ati on based on the current "paraneters. n bl ock
balange component batwnemo the nuaflew ame oumtéﬂpwf@rﬂlnmham\el The

compgﬁ%rgtdloggaéhn%l ﬁivte?%%{”osﬁhg Os?a'lqm)gafo[g @gtf V\(flefqhsﬁl &( 2601 the

comp@ﬁéh‘t%@@ﬂw@@ol@n’fe%h&tﬂg@to theeuridme depnpmn-mttheqnmbw@ah times
| se the component conti nues at bl ock 2206. n blo

the ar@godn hlprk 26vHdhemompesent sehseth@aa\@mwgpwa@éae&wm depth
plus t@? WL&!;%%@': Pleébb k.Y El%ﬁb%(i@@ b dhsEh érﬁ%%gs ﬁh% flow area

oper ormt sirmulat’i on agal n.
to théifpw eddib3tidsatte faivemgda algpﬂ'rrmflthbushamtell ngln block 2604, the

compRAgir 4512474 Beh PETIBRL .%rg@aljeﬁﬁfﬁ RIS RS e TS the average
depth;?ginftﬁgélg :2@0 %E%Esﬁ cécﬂétééfﬁ%| o&ﬁ’b\ﬁcﬁaseah@n tHPManning

tiron i des the rainfall data on a
flow. plerh)lodk <26Bﬁs tm compboekt ealoulates the Heptisnadoardiog to a Newton-
terval .is.,the same as

Raphsdl A PdBfoR A T S BTBBRENANY disy PRURVene 1) jegisipp blook

2607 aMidYesiigs of e é?p&p”rbﬁimatbh%rﬂéﬁbééemmteﬁfomﬁorﬁwttrb@ms else
out put rainfall the object, which serves as an

the comporantdeopshi® H@%QGON ternatively, if the sinulation

O8] i 27350 YL BB, MBS FRCEResRI of e
calcul@ﬂbn@tpfertdbrr@dr by she rubilt mﬂttl‘mmnnb@mpahentFmr oaaaembedlrmént In

periodic basis of the rainfall is hour but
blockszm dhporPReReNSaletiavegaths, INRUL SRrameteHe Q%‘r?ﬂ@?'i’erf?'”?a” and

0 agy t e t c
evapdiPahsBfifiof.o HINIBHR' £7d2) i doiriicnehl! ol 188 briBénent to
calculditethieamaitén balenes.i g bidek 2808 uihat camgomantfatetioe oyt for the

ous ect c as a roof object. n block 2401
object g?ﬁ?é/ t gﬁ)é(kta'}de'qulltjré’\)gg the rainf aJI | in information
f@567§ he F@Hr‘ér o8|s RHBW dadrdh itlxeratinh rHr@ééssﬂﬁ @f?fhe ddieulations

raintfall Tn information nmay be in total inches of
perforragthfayl the ovatendaiancer camponenl of Khe4si, infieation object in one

embodiment. In decision block 2801, if there is no ponding and the inflow plus the
rainfall is greater then the hydraulic capacity plus the evapotranspiration, then the
component continues at block 2802, else the component continues at block 2803. In
block 2802, the component sets the change in level to the hydraulic capacity of the
surface times the interval minus the evapotranspiration times the crop coefficient.
The component also sets the overflow depth to the runoff in times the rise rate plus
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conponent cal cul ates the runoff by multiplying the

runof f coefficient by the rainfall by the inpervious
waesass3area. n bl ock 2403, the conponent addBCT/H82004/031580

runoff to a running total of the runoff for the area.

the rainfalberngs de levad enelit blosk 280k thamsmpengn sis the level
ohanbfe 6V HHE Lol ek P, el "hEE" e Dol minus e

evapobaﬁggblrdtl@nt fvees wrop fecostlicterdnand kets dwplvetiksv depth to zero. In
-16-[0064] Figure 25|ﬁaf,lowdiaramlIIl,(l_}i‘iratin_%h
decision bieakc28e4 i ibrike yatenlonsl ig@raates lﬂarhd djele ccapggidy then the

com;tﬁﬁgﬂ} FBWS at%l@él?%ﬁ)%,ﬁé?én% §he{)&§§pﬁ8ﬁ@ﬂ% mgg ai(t)@becﬁ 2806. In

ow I n vol une e runo
blocks 285, a1he| oqmpumeruscaicmates nebintikiiatipBOdepth hees treponiemtm of the

et AR R Pt el el R v
capat®y 6fhﬁ1é3k§u%he' 8E | iisDAadd & Aed RHE (ROAA. aFﬁH tﬂi'c]?ck 2806, the

out put fl ow. e conponent then conpl etes.
CompEingit @emsln‘ﬁﬁraéuOﬁldﬁanutaglemn ilm [dgsisien blagkt28907, if the water level

oo 8 B0 B OL Ry Rl gkt 8 0SSR b

blocko 21888 ¢ &l e EhpHredraneafiniuest & bldtku8bd owlmnslock 2808 the
output flow for the channel. The conponent | oops unti |

Comnqne@bﬁ:@é& e waiteraleyel 4@ itlod m@ﬂ”vﬁé orf thev. waitepllevel plegthe level
change GM tﬁgrmﬂi'ﬁ oﬁ’tet & REmhd al tﬁe mthﬁfat%w to zero.
985 ¢ 485 b

m nus  the i ni e ar ea.
In dezm bidock Zﬁmpdrﬂaetwatet $eﬁdh©lwvmrealgeeldﬁmdgd mlrtillsethe infiltration

d pl h | d h d d b .
deptth 5 SRE0 3001 16 SBibdRehl FeraniTiaerebmlsr te Median ponding
deptk&'tﬂ@’[} gtd%nﬁddﬁ%%t CBRtAYS éﬂﬁlo@ﬁ%ﬁﬁ OOfeléé“ﬁweCE&F‘lEShem”continues

| ock 260 r area

t he conponent sets eri net
at bleak 28%1.f Ihm\blwld.?&mzl’utne mmmpmnerﬂs:aﬂméataséhagn/edﬂxpﬂ fdepth as the

overfE)Hv (@ﬁ@%‘l\ﬂHﬁ tt he o%%ﬁ?ﬂbgglﬁé %/{g@ %ciﬂég %Bou% oM fxlﬂrastlon depth
minu$§ ah& Whaski fink h@/ecuwéﬂﬁm@ﬁra&rrﬂumgp@Mﬁg l‘é@mwn-w@ﬁawanem also

approxi mati on passing function and its derivative.
sets ecwates ievsl tﬂ:thezeemmum leved plussthietrsaxdmunmgonding. In block 2811,

tne SFRRERTRL L0 AR B53.c B AF SRR Tgh EhUBg s e
infiltr&fon depthf I Thwe chragorentithemsétuatis. ng t he processi ng of

t he cal Cél ations performad by the soil infiltration
cdpBnen®nen ssiededbodierent. Wil bRBRIECHEE® 1 thatt [Rlthough  specific

embFRFRAR]PH I RIOGBHRS sforn PR, RSP BEL IR halsh 1Bl purposes of
illustratiopowaitus utr)nmdlﬂeatmmw mrawtp)@mmde withoal deNiatirey frioen ted epirit and
n.blo

scopg §f T EveBfigR: Cne pilkd IN GocH RO WAPRied A5 ik hacBHations car
be performed based on a development design that may be specified with or without
a graphical tool. For example, the design may be specified by a user using a text
editor to specify the areas, attributes, and dependencies. One skilled in the art will
also appreciate that modeling systems can be adapted to include the modeling of
other flow components of water-related data, such as a sediment analysis and a
fisheries analysis. To perform sediment analysis, the sediment build-up and wash-
off of an impervious area can be modeled as described in Pitt, R., Stormwater

Quality Management, CRC Press, New York, 2000. The sediment generation of a
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[0067] Figure 2 is a flow diagramillustrating
processing of the cal culations perforned by the water
whadoanss3ronponent of the soil infiltrati on obP@UUS1004/031580
one enbodi ment. n decision block 2801 , if there is no
pervipum dreqy canda Modeled asvgsisadbedén CaWhfRichaidsogr €aReFoster, and

D.A. @?E@&E lﬁﬁ%%ﬁﬁfig{f ?ﬁgﬁﬁé%ggl u%&hgﬂnf%ﬁmqﬂﬁg " d |_[ansac’cions
%2@%%055%5 e‘taﬁg co ﬁneﬁggg?ﬁh?gﬁml?nand JC:

HayepeVigpsigs Hyerahgay a0di Sealapﬁ&@lpgydprtf‘w@a& Uealgbaentsre Academic
t

Presd, S BRSO THE8%) | KU R e ARy Mg en e

modefﬂ@i)blasé@ ohhe Vamerf f Sedimematiort BrgineseingaASQH Mainual 54, ASCE,

ai nf al | the | evel change. n bl ock 2803
New YHE‘ @&?éiné}ne shed ipHBeras, wil ARsagate that fae madsting system can
accorhhFefitd 'é‘ﬁg/ diS€ of ¥r8a RlrdRer tc'&ﬁsfd%‘ré‘tfﬂ frc%%@&r%? Watershed to a
evapotranspi ration tines crop coefficient
few achres aneaf homsuw@pidvempmmm antempmral cres@lunonk afDdpriate to the
mater reater th

evel | d .capagity,
probpfiche e fseie hEsE BT eE R PrarGes 08 diatagute the
retenGOPERRIEs S UAHBAHRR it IBéGﬁﬁp (e8P Orair¥al 9@%13&%510 En'@)‘?nde more
conponent calculates the infiltration depth as
realisk¢ rstimates of lefficaey e anteawwleria ntus:aiméat@brtmpasw y)nt nhmestatlstlcal

s o3 o RS, WS T o A T By e

appeihdat&afif6, the conponent sets infiltratlon depth to
zero. n decision block 2807, if the water |evel plus
the Il evel change is less than the field capacity, then
t he conponent continues at bl ock 2808, else the
conponent continues at bl ock 2809. n bl ock 2808, the
conmponent sets the water |evel to the nmaxi mum of the
wat er | evel plus the |level change and the wilting
poi nt. The conponent also sets the infiltration depth
to zero. n decision block 2809, if the water |evel
plus the | evel change minus the infiltration depth is
greater than or equal to the maxi mumlevel plus the
maxi mum pondi ng depth, then the conponent continues at
bl ock 2810, el se the conponent continues at bl ock 281
n bl ock 2810, the conponent cal cul ates the overfl ow
depth as the overflow depth plus the water |evel plus
the I evel change mnus the infiltration depth m nus
t he maxi mum | evel plus the maxi num pondi ng depth. The
conmponent al so sets the water |evel to the maxi num
| evel plus the maxi mum ponding. n block 281 , the
conponent sets the water |level to the water |evel plus
| evel change mnus the infiltration depth. The
conmponent then returns. [0068] One skilled in the art
wi || appreciate that although specific
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enbodi nents of the nodeling system have been descri bed
herein for purposes of illustration, various
worR@sN33saL i ons may be made without devi ating fPONUS1964/031580

spirit and scope of the invention. One skilled in the
art will appreciate that HMS nul ations can be
perfornmed based on a devel opnent design that nay be
specified with or without a graphical tool. For

| e, the design nmay be specified by a user using a

lmweﬁégﬁpedltor to specify the areas, attributes, and

dependencies. One skilled in the art will also

i ﬁf;’ |r Egéar%ﬁg’@t &bgf)%gw'wé@ %&%(St i Cang%ﬁgggﬁfvg ogfwa(%er of a site
havin#ﬁ@bﬁfcersedf%ée dag %rea%‘oéﬂaﬁé u§e§etﬁbrfﬁé‘thoa%n¥pﬂ§n@nd a

eries ana ysi s perform sedi nent analysis, the
sputivitimg objscksd remesmﬁmgaa@afsfof@‘laad usepeeaoh @m;acamra:alculatmg

can be npdel.ed a scribed.,in Pit St or

a1 PRy OF e ker et reanbdsedop &5 SR diLwater and
sedi neg}ﬁr,mggb@mé)@bg& a -18 pervious area can be

nodel ed as descri bec{ Ri chardson, G . Foster,

appvivling QNQC@ﬁtrepf'Gé@ﬂt“ﬂmSOMfﬂQﬁ oEMGEsTo Pachdeliost tn calculating

Da| Iy ctions of the ASAE 26(1
) : 153{%%5@3%%“’(@8@%@0; %eg{r‘?’ E}an BJ. Barfield, and

Jgéherddtigsa grajticalnrepystaritainn anhdofed) mltérotjeggndemnes of the
Smal | Catchnents," Academ c Press, San

(1994) aremsargLiRerEMCes ahwater: th @fde,i)e@gp{)p@gén@p@g)g; aR outflow
b d
Sl ol SPapSpitee igster | SREHARA B rog, g area and

One skwhterdouncd haviag tanvaddociped ebjeat;e t hat t he

iR AR B CEIdBRYIP g S S R LG Sekrae Ly eane site

in a hgygi ng devel opnent), a tenporal resolution
appropriate to the probl em bei ng addressed, best ]
npedornsgt a psimtdatoss Oél\@@tertfmgrt dor aebuok a miurality of time
retentig esses under different |oading (e.g.,

r ai nf a'lnlc?e'ﬁ‘aﬁ ttions to provide nore realistic

est i mafRskipl Bkl blsjasty assutihtea ottt anoth sotade of Adten® calculate
based on the statistical distribution of ?ar anmeters.
&

Accor di ngl yiher eigflowad fhatspuree pbwaiar it gt ismedperapyent; and
the appended &lLabE. aé‘%’c%téb NGt ég@h Clrdh al:co@ance with the
em 'i'ng

msthodlnaco ut'ér s or node owo

of a site hdapelgdamgs:'&scalbuhm e an’dlow ehthatfarbaridr that time
uses, the nethod conpr|5|ng provi di ng objects

represent i nCEE88L of a | and use, each object for
calculating the outflow of water for that area based

on an inflow of water and

2. The method of claim 1 wherein the areas include impervious and

pervious areas.

3. The method of claim 1 wherein the generating of the graphical
representation includes:

providing an icon representing each area and source of water; and

receiving from a user instructions on the placement and interconnection of the

icons, the interconnections representing the dependencies.
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attributes of the object; providing objects
representing sources of water, each object for
w@a006108382 ng the outflow of that source of watBCT/US2004/031580
generating a graphical representation of flow of water
dépend&heiresthofl af éaiax babieseit theatisibutesesf @1 aiga #clude size of
th t he dependencies indicating an outflow froman area or
©a&Burce of water to an inflow of an area, each area and
wat er source having an associ ated object; receiving
attributes describing each area and each source of
wat er ohetmethad ef caien pewheran e atyibdiesitafoa seurce of water

. ter flow by, r .each of a plurality of tine

'“C'UCY%V?W %f@f‘%rﬁ;&‘gﬁmg' the object associated with each
source of water to calculate the outfl ow of that
source_of water for that tine increment; and invoking
t e objibetmetbedaif slaim wwharaiaerttavemcludesssprafance
with the dependencies to cal culate the outflow of that
area for that tine increment. 2. The nethod of claiml

wher ei Thehgetabaas cldiel LaRetdim eUrionmcRridspsiapotaaspiration.
areas. 3. The nethod of claim1 wherein the generating

of the graphical representation includes: providing an

Booi VTG TRRRROR BB ROERITRRIREY IR MElon T

and i nterconnection of the icons, the interconnections
representing the dependencies. -20-4. The nethod of
cPai m Theteetbiod of istain t whegie oubtovainchides iniedliQe si ze
of the area. 5. The nethod of claim 1l wherein the
attributes of a source of water include periodic

r a0nf alfheanstotsof chaimMaharsihedti@w Hchideslgrebhadeater flow.
outflow includes run off. 7. The nmethod of claim1l
wherein outflow i ncludes evapotranspi ration. 8. The

TR e 7 e EroB AR ERUBME Ol i 1 her ei n out 1 ow
| psdainlag coneaihtnw.
receiving an objective function; and
repeatedly performing the simulation varying parameters within the received
constraints to optimize the objective function.

12. The method of claim 1 wherein an area represents multiple

occurrences similar areas.

13. The method of claim 1 wherein multiple outflows can be combined into
a single outflow.

14. The method of claim 1 wherein an outflow can be divided into multiple
outflows.

15.  The method of claim 1 wherein objects also calculate sediment

amounts.
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10. The nmethod of claim 1l wherein outflow includes
groundwater flow. . The nethod of claim1 including:

WO e@®ei08deByy constraints; receiving an obj ecti vePCT/US2004/031580
function; and repeatedly perform ng the sinulation .
vEByi nd rpathaceines SOMPUiEH Sysiem éveinpdeling Ao af water of a site

. optimze the ohjective functi T t oy
naving Pl & eardhian ah aniao iR bEWae Yo PR PE Cebrting:
\?\g@h’érhﬁﬁ‘@%ﬁ Féﬂﬁiéa@rre?f%ﬁtatibﬁ- off e revheidwatercdepandencies of
erein rrultgl | e outtl ows can be conbined into,a kK .
si ngl earasfanshsouraes Phwaiest oidhediites kg APRSNARNCEESINgicating an

outflo n LV [ Ll : JThe
et nodd WO R A 4iHE oAUl W el o GH| e pd Bredd
SeelEng apnbutas teseitiing @acih ames hnd dachaoucrepoft water; and
system for npdeling w of water of a site havi

.ng fl i ng,. .
SPOHGTEING e SHNWISHEN L T0HH P! SHRIEE Q. JPT 326 rOf 2 Urlity of time

met hod; I.Si Nng: generating a graphi cal
repr es@%fggﬁ(lg%tﬁ’ of the flow of water dependencies of
ar eas egldulstng tles oufflomabbeact sohecesot watartier that time increment

dependenci es indicating.an outflow from.an,area_or

Source of  vaRet vo s AT RS inEp i8R SRudt B

at tri bgheg|aleg ahd RIUNLVE 3¢ Radheareatdr efahirAd iicen®int based on
wat er; and performng a sinulation of flow of water

by, for eacthednflewpendatiribytass ofithabaieger enent s,
cal culating the outfl ow of each source of water for
that tinme increnent based on the attributes of the

seur ceTRé mRtdd AAndlafd! v6!l wheren tthe guhérhating obf elae hgraphical
area for that tine increnent based on the infl ows and

represgntefiouinedudss: t hat area. 17. The nethod of claim 16

Y‘ﬁ%{vﬁ% @g tang?cgr\f Fbj{r%%éﬂﬁlgoéa&h&e%rmgér sBﬁRfe‘l?] $ppt ation

an con trepresenting each area and
WedaBivis@ Urohe;a asdr ireteictiong div piacameserandnisterconnecton of the

on placenent and interconnection of the icons, the
i nt er cERRECIRIRSFUBIESHRAR f%eﬁﬁ%t'%\%‘@n%?@fj@gc'e&

18. The method of claim 16 wherein the attributes of an area include size

of the area.

19. The method of claim 16 wherein the attributes of a source of water

include periodic rainfall amounts.

20. The method of claim 16 including repeatedly performing the simulation
varying parameters based on user provided constraints to optimize an objective
function.

21. The method of claim 16 wherein the areas are pervious or impervious.

22. The method of claim 16 wherein an impervious area is a road.
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18. The nmethod of claim 16 wherein the attributes of

an area include size of the area. 19. The nethod of
W@b@sn33b82 wherein the attributes of a source OPCTHEHSI®N4/031580

i nclude periodic rajinfall anmunts. 20, The net hod ]pf

A% m e methasiehgjaine fhadeln JeRFNMIONS arR@ IS a root.

simul ati on varying paraneters based on user provided

constraints to optimze an objective function. 2 . The

et hodTied b whedlainm 1éhevieareins the egereraiingisofothe  graphical
i npervious. 22. The method of claim %er ei n.an
repreganation iogkidgs ®EOViding grhiggn foreacilypel IMMRERAHHREE ai m
wherein an inpervious area is a roof. 24. The nethod
of claim 16 wherein the generating of the graphical .
rEpr eSEd anbthod ot cidies 18 oviateing the gemmerafiog efadie graphical
type of inpervious area, 25. Th thqd of. claim 16
represgisatigminchisleg drieyiginoRn @Pntfwée%@?h&ﬁ%gmeﬂéﬁ%@é?ﬁ-at i on
i ncl udes providing an icon for each type of pervious
area. 26. A nethod in a conmputer system for nodeling

fdbew ofA methex iof aacanpeichaysten foreaedefingdow bhvatesef a site
and sources of water, the rretgod COnpri Sj

na; o
having areasel erRFh2pe Alskiard SOWReS CEWRIE; iy VBF{*}Q%eCC%'T‘%W'BQ-
i ' gep&idencies of
a8 S GRITICS Cpred RSN SRNISRS ob huater Sep@iidoncies o
an ar earems amulisowce$ ofavaier ofctharsiienthedependgnaies idicating an
receiving attributes describin .
sour ceCWfl oW Up angrga i SOy ﬂ]gwgt%g F%%f‘i’?‘.‘ﬁgég ﬁ%{? oW
Otectlifd aﬁﬁﬁ@c@s%s&ﬂl@in?tédch@#ééfand%cﬂmm@@ otiveserpaind
t he areas and source of water. 27. The net hogm?f clai.m

2perdbeviagn at Bimgetipni ohlflovemfeyaieanesadi Sngdherafiiyites and
et Al ! f
Che s, HepESites SR es FRORQDRRLGREEDD 2 PE® ©

graphi cal representation is generated by draggi ng and

droppi ng icons representing rainfall and evapotranspi .. .
27| onTheometined nelt KEIML 26 MISHE 86 i i@PRiceh representation is

gone SRR GEkod RSP I Bl A s s

28. The method of claim 26 wherein the graphical representation is
generated by dragging and dropping icons representing rainfall and

evapotranspiration.

29. The method of claim 26 wherein the graphical representation is

generated by connecting icons to indicate flow of water.
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