
.... 

~ 

~oo~~ ::P~U\U\ o !.L~!.IA.l 

~00~~-ooo~~ l!lU U\ l!lU oo;:p~ ::P~U\U\ o '!.IA.l 
'·l~·~C. nc-~::t:tn WLY.m.~!u,.uLr.. M.w.nr·m ;::g ,, r~LI1B1 tU1L.t-UtU.,'-WI&&.IIa 

• ... "' ..!. .. tt13~Ut~~n.tA.:;W1Jf':llr1.:;L!.~1tutLL~ 
tLIA11t.L.U.O.Lt~,Q-Qf1 k!.LUiLa.t:tlt'GL II :"' • -,.. • 

(ttJ'-Ltl.f1l14ttlJWl ~ft.!\ll[lt'l.tl) 

4J()!J= 13Ufl.tLttLt~~l!l~TII3~ ~ ,.. 

fl.L!.IA.l!l!.nlf3M. 1 Lttf\11!. 1 ~IS I • I"' ,.. "' 

11t~Ltt~~~~~rtlbll!ll1 ~1 :;!JilL!. l!lk ~~~ ~1 ~Lr 13f\13Jl.tL~ 1rtlt~fl.k~l»rtl3~l!lt 11 ~~ 

n.tA.:;!.U l:m~:;L!.~1 ~!.LUtLLN~ L!.tL U. t cm~1 LP,I1 ~1 ~rtG~l!lt 11 t-~n.IA.:;WIJf':lfl.@ISt!.WttLWl!l~!.LU!.WLrt:;IJ11 rtl3~l!lt 11&-~ 

fl.IA.:;WIJf':l~UJ11:;1J11tL,Vt-13Q.!.LU!.WLI'trtLW~Q[l.!.LUt-!.~1~13~L]l1 l!l,VL,\'1 UJ~U~I311A.~~n.~LI1l!l1 l!l,VL,\'1 UJ~U~I31 

tA.~~mGn. ur.l!lG~S~!.L~LG:;tJ11 nLt-U,t\L~!.L~LGt-Lk~G~ r.Lu t-!.~1 rtG~l!lt ,, ~ ~n.IA.:;w tJf':l~:;Lr.~, ~r.Lu nLt-11 L!.tL L 

!.LUt-!.~1l!ll1f31:;1JI1L!.t-IJn 11tLI11Jn 1!.LUtLL~I1L!.fl.I3Jl.tLII1. 1rtlt~il1., Wrtrt L.!.LUfuLtLLJl.~!.LUI't!.W:;ru~ ;o;::>;::>U\ rt~LVI.~LS Ll!l • 1~ jb'1• p ,..ft~ F' 011 =-
IA.f'Ltf3m ;o;:Jl;:JlU\/~ll IA.t-!.~rtlJ.:;r,n !.LUtL, :;1J11 Lrtl!.LISM.!.LU tLGW tLil.fl.l!lLIJI'tLlil Lrtl!.L ISM. tLJl.rtll.!.LU!.fl.:;IJ11 tLl!liA. F' n p jD' ~ I" l, ~ ~ n o W;;7 ._.. -..f'" 

!.!.~l!l~!.LU !.L~LI3tLL~ttB~l!lt11~~n.IA.:;!.UIJf':l~:;L!.~1~!.LUtLLt-11L!.Lru!.LIS~!.LUfuLtLL,!lo~!.LUI't!.!.U:;ru~G~tL~Ut-~ 

tLLt-11L!.I3tL~1 Lp.:;JJ11 Lrtl!.LIS~~t rtl3 ~l!lt. 11 t-~ :;1J11 ~ Lll.lb!.!.k!W Ll1 M.k IA.f'Lf':l11 :;m1 11 Lf\111 tLtLL~U ,t\L~ 

tLL~I1L!.Lrtl!.LIS~!.LU 

nGwn8"n.~L~rtLW!.LUtLt} 1 L~ L. 11 Lf\111 nnL~U,ttL~~ L n~uLtt~t L_!1fl.~1 u_v n.kt-G!.:;IJ11 M.Ll1£1A.~~!.[l.!J~ L 13~ 1 

~_rr:-e.ru1.Gf1!.lilLtt~fl.~IJm~Lnn.r:-~Jfl. 1m11~f\ 1Bf!.l1l!l1 1:.wm~L!.Lw O;:Djlll'U\Gl !.L~LGn LI1Ll111G~_s. ~nrt: nLr:-u,ttL~ 
. . lbi3!.M.U!.l!li31SIA.!.L~LI3:;1J11 !.Wm~L!.Lbl ;:pjlll·;oll!loo';o !.L~LGtL, 11Ll11113~Jl.1 IA.tLM.tt MUUf'LLU!.L~LG tLLt-Uf'LLUJ:.L~LG II I" I. 11iof'.f' .. ,.t;-,.t;-

IA.lJ1 :;r,n !.LUt-!.~1nn. 1 !.~tLLIII.IbM.IA. 1 t-lu n :;Ut-Lfl.W~ 1 ULI'tlr1.till.t-t~ 11 ~;:Dll!l IA.Il.IJ1 IA.~Gt-lil U!.l!li31SIA.iL~Lf3:;1J11 tLLt-UtLL~ 1• t,; I~ n F' fP1 ~ , f" ,. o 

!.L~LBI:'Lk~G!J !.LUt-!.~1l!lll~1:;1JilU.t-IJ[l.11tLI1~!11!.LUtLLt-11L!.GtL~1~t l!l,VL,\'1 LlJIJUIJI311A.~~n. 11t~ 

I 

ll!:.l!li31S~!:.L~Lf3:;1J11 tLLt-U ,t\L~!:.L~LI3t-Lk!J13!J !:.LU t-!:.~1 

rtG~t. 11 t-~n.IA.:;tu tJf':l~:;L!.~1 ~J:.Lu nLt-11 L!. n LJ:.Lu ~ !.~ll!lll ~, :;tJil L!.t-IJ [l. ,, n11 ~fl., !.Lu n.Lt-11 L!:. llt~Ltt~~~t-~ 

!.~tLLVI.IbM.IA. 1&-lU!.LUJl.L!.Lt~ f\11!. 1 o II F 

.l!l,VL,\3 UJ~UIJI311A.~~fl.t-13~ U!:.l!li31S~!:.L~LI3:;1J11 M.Lt-U,t\L~!.L~LI3t-Lk~13~ !:.LUt-!:.~1 

tti31Jl!lt 11t-Uf1.1A.:;!.U1Jf':llr1.:;L!.~1 t!:.LUM.Lt-IIL!:.M., !.LU t-!.~ll!\11131 :;IJ(I L!.t-IJn 11f'LI11Jn 1!.LUtLLt-IIL!.Lrtl!.LISM.!.LUIJf':lt-M1 t-13!:. 1 11 ~ , -l. p;=:. I. F',. -II p 

• 

.. 

;o;::>;::>Ci[ rt~Lill.~~ p 
OO.J)OOO L.M.IA.1t-lU IA.tLfuM.bl~l 

rLLtLIJ1rtL!Jt-t~11 ~ ~rtLJ:.:;J:.M.tLtLU 

rtB~l!lt 11 t-~:;1J11~Lll.rt!.!.k!WL11M.k1A. 

tLf':l11:;1J11flLfl.ll1 n.n.Lt-U,t\L~ f; ~ (d 0 f) ;;:p·;ooooo IJIA. ~ 



• 
ca1 EJ~1'1.Jn1'n 'IJ~ EJ'Wbb '1Ja~ca1 ~:.~a~ b~ 1:.1~ b\Pl"a~ n1ca 

1 uca1 EJ~1'W n1ca1 b\Pl"a1 ~~~a nca~'VIu~~ bb 1 ~r;l enJ b\Pl"a~n1ca 

~el-:1 

U~,;VI beJfiH1~fl1 ~1tl(91 

.. - •'-•- --~-----~-·----·--



• • ~ ' 
I ' 

I Le:Jn<nmuil -· . ~ 

I 
I 

I 
! 

iD 

01 

~m~vi Lli;fllJLfifi1Jfl111m !ijmJUli~411!1~~Lflf!!Mf!'>>n1l 

LR1~m1nail~1~1~lJU1~1J1mi'1ui'I~U!l 
111h~J1 Ul!n.1ail~i1111 

el'~ll')l11ULfi'Hn11 

- u~1l1~1L1Jn11t'i'mnuJ1e.iiJ bctb.ID~ au.IJ. 

oii?11ls1um111U?sJ1 ., 'lfl!. 

"' G ' "' u - 'l!1J11>mmnu'l!asuewn m1~ Cilo.~ m. ~11 
ID~.o m. iin ID.~ m 

- '11il~1R1~ilf1~•·i?ulia\Juti1r.Ju.li?ut'i'mnu 
ua ~uailu L tlu L1'11~i11'1>flaun~1111?1Jt'i'u • 

- Lfl1~i11'1~ll?\JnJ1nnuiuJ1 l'leun'1111 
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M1lJ~ u%YJ1mm~m 1hri~ 11>'111~1~1~ u~,;'YJ L'il LL!l'U.i LB'W 1'1!l'W'li'<~u.YJ'Wv'i <J1r'i'~ 
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" "' . 
!l11'11'l ~~'l1!J~1'Ull<ti'lilvi1:ff'Ub ~!Jt.i'l~n!JtJti1'l!l11'1!1M'il1nn1~L 'Vl'VllJ1.11'UI'1'l r'i11.11Jii1Liil!J 'VI. 'l.tJ. l'i~o~'ilJ 
U.<l~~n'"'11'1!lJ111'Vl~~bb11illl!llJbb'1-1~'ll1~ 'Vl.f'l.l.,~m~ !J1M'l1 ..:'<> !J11>1'l1 ..:rrl bb<l~lJ1M'l1 ..:.: • 

• ·"' r, •JI.J, ~ T () .,) ll1'lfl11J10l1.11u'llJ10l'U1 '1.1<l'IJ!J~ ''IJ'Vl'IJ'Vlnil'IJf11'l'Vlllll'IJ1 bl'1'l~ 111-:i Qn•u 

.!1 ,J1 ~· I .col <LI "f 4 

~f11'Vl'Vl'U'Vl lil'l~ll1'l'VI~1.1!Jiil ~,G'i<iloc M1'l1~LlJm n!l'UlJil1'l'Vlllll'U1 bl'1'l~ll1'l bL<l~!J 

'l~ EJ:I'Vl1~ 'il1n'il li11n <l~lilii~" lil-:i~u1ml1<~~vi!l'l~tJ1EJJ1~1\'i1'lru:~ tJ'U'lf!l EJ'l1!Jfl1 LL 1.1~ ., b i1 FJ11lJ EJ11'l1!J . . ' 

n. fi1li'lJt.i'l~li'VIGf11'l11.1<J'U!l~'ll!l~J1u'U1111ii'U (C) 'li!J~Lm~f11'l = o.m 

'll. 1'111!JbiilJi:J'IJ (I) 

fl. 'l~!J~L1<11'l1!J~1'li!J~J1 (Tc) Lvi1rl1.Jb1<n~J1111~1J1'11<l'l1lJ~1<l~vi!l 'll'\.11~ 0 

o. bo LlJM'l tJ'IJ'lfiltJ'l1!Jfl1LL'I1~ "'"' LliltJ~'l::!J~ n<l1~J11111ii1J 1 1.1<l'l1lJ~1<~~~LL1.1<i~J1 L vi1nu !.,t>.~o 
'U1Vi 

v ·' ~ .,J ,., 
l'I!Jf11'l1'111!JL'li!JH'U ~m'Un~~L'Vl'VI"1 1'111.JI'111!J(l ~ u 

= [rrl,~oo/(Tc+..:o)] - m..: 

fl11'111!JL iflJi:J'Utl!Jtl~lllltl1 (I) 

= <::o.l.,"' !J!J)'li!J. 

~~J'U t.i'i!J1cuJ11 1.1<~1J!J~ 1'W~t1~ n!lt~il m'l~llll'U11m~ m'l 

= 

= 

. ·--------· 

·b 
o.l.,rrl<::XG>o X CIA 

·b 
o.I.,G'it;iXG>O X o.<n X <::o.!.,"' X~,rrlG>OC.o 

o.om<:: <l1.J.!J./11J1VJ 
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) . ·"" "1 .Jd~ u y 1<1. fi1"l"fi1'U'l!l.IVI1u"l":IJ1!\J'U1 Vlfil'Uil~ b'U'VI'U'VIVI~Hfi1-:i'VIIOI'U1 bf'l'i"~fl1"l" <0.0,) 

n. Fl1ftlJth~ii'VltlnT>hmu<J~'11<J~"!huu1hMu (C) '11<J~Lfl"l"~n1"l" = o.m 

rh CLil~a = o.lrlo 

'11. fl11lJL oiJlJ~'lJ (I) 

";J1fl Tc • i!:>i!:>.oo 1J1Vl 

?llJn1"l"fl11lJLoiJlJ~lJ l'lmiim~LVIVf'1 fl11Jfl11lJ~ ~ iJ 
' 

I = [Oll,~oo/ CTc+G::o)]- on<>: 

Fl1fl11lJL oiJlJ~1Jn<J'U"I\'1011J1 (I) 

I = ~~.~~ lJlJ./'lllJ . 

.r~Ju u1lJ1!l.ltl11 1.-muu~ 1 u~u~lm~ fl11VIli'~il nm1'1011J1 

·o 
= o.i!:>Oll~ X G>o x CIA 

·o 
= o.i!:>Oll~ X G>o x o.<TI x ~~.~~ x ct,<rl<SJG::.o 

= o.o.,:~ \11J.lJ./ilJ1Vl 

.r~Ju ell1111n11'l~1J1~tl1nil1JWIOI'U1bfl1~n1'l COnu") Lvhti'u o.om~ \11J.lJ./ 

'lu1Vi uu~n-.hei'i11'l1n111~1J1CJtl1Vili'~m'lW\011J1Lfl1~h11(0 • .r,) Lvhti'u o.o.,:c;:; au .lJ.!iu1Vi (u~u1ru 
tl1~'U~~<l~VIU1~tl111lmu~u~fl1~fl11 = .,:b.o ~nu1f'iflLU1111/i!:>b.~o 'lu1Vi) LL9i~<J~VIU1~tl1H~ .., 

-i1Ll-l~ ~~1um11~U1ml1<J<Jfl'innlm~m1 tl1vl~~fi1umnhu111 fi1uviu1~1J1~"lh:t1u11l1.1~'111J1lil 0 
• 1 .... .... d ~ "" 01!11 o.bo LlJI1111JlJ'l!<J!J'l1Ufl1LLVI~ l!:>b lil!JlJ<JI1111n111~1J1tJVI o.o~oc \1fl1J1flflLUI11"l"/'lJ1VI Vl"l"<J o.ooo.,: 

" ' !i ~ ' ' ~ .~,. 1 ' 1 ~.j ~ ·' d ~fl1J1fiLlJ111"l" 11J1VI ~1'UVI<J'111J1lil (Z) <>: 'U1 'VIOJ~ lJLL'lJ'l'llil~'Vlil G>:<SJooo 1Jfl1llJVI~'lJ\llfl 'U10J'UVI'l~1J1~ 

il<JfllJ1'il1fl<J1fl1"l"LL\1~tJ1~1J~I11fli11!J blJ 1 Vl\11'llJtl1Jfi1'Uvi<J1~U11'Jtl1 '1l'U1lil0 o.G::o LUI11-:i l.m)~~VIU'l~ 
tl1 L ~<J'11~ailtl111 'icrm 'lvru'l ~J1~u 111.u~uYl Lii 1Jtl1 ~u luYlvru1 ~tl1ilu~lJ1 ruiim .Yu~vh m"l"LnuJ 1 

'l~1J1CJtl1<Jilfl'il1flYlVIU'l~tl1Llili'J b oiJLfl~il~i1Utl1'111J1lil <SJ.oco l'lfl1J1f'iflLlJ1111/1J1Vl ,)1'U'l'U 1!:> Lfl~il~ W-:f<JlJ 
" '\J '\J " 

ti'u (ei'm1n111~U1CJ"l11n<I'Wn11W1011J1Lfl-:i~m1 0= o.o01~ ~nu1f'iml-lm!iu1Vi ei'm1n111~U1~"111 

vrli'~fl11WIOI1J1Lfl"l"~fl1"l" 0= o.o.,:~ ~fl1J11'i'ml-lm!iu1Vi) 

l"'hu1ru 1~";J1fl?llJfl11 

0 = 
blil~Yl 0 = 

c = 
= 

A = 

o.lo<ri~CIA x <SJo 
·o 

ei'm1tl1b"VI\11Jmuu~1\!~~lil (Peak runoff) 

Fl1ftlJ'lh~iiVI~f11-:i 1 VI\1'1Jmtl11JlJ~'lM1J 
v v .j 

fl'l1lJL'1llJ'111JLil\1tJ lJlJ./'11:1!. 
J'd \' ,..., 
'WlJ'V11~1J1!!1J1LVI1flU b,01G><rl.o 111'l.lJ. 
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Ji.J1 ~ 1.-.1 ..... 
<lll1Vfi11JVI l'l'l~n1'lVI~'VI:W\11 b,<n<il<'ll.o ll11'l1~L:Will'l fleJ1J:Wn1'lVMJ1J11m~n1'l 

LL<J::ih~CJ~V11~~1fl~i111~<1\ji11fi~~lil'l~'U1CJ1hWvieJ'l~'U1 ml1<11ll1'lW~'i11J1 \11 o. bo :W. 'U1J'1!eJCI'l1:W Fl1 LL 'VI~ 
lob =®b<n.~ L:WM'l~~UlJ 

fl. fhii':wtl'l~iiVJITm'l1 'VI<J1JEJ~'ilmJ1uuil"l~1J (C) 'ileJ~ 1m~m'l = o.<n 

'il. l'l"l1:WL'Ii':W~1J (I) 

'l~CJ~L1<11'l"l:Wili'"l'ileJ~J1 (T cl Lvhti'uL "l<I1~J1il"l~1J 1 'VI<I'l"l:Wili'"l<~~viv '1!1.!1111 0 

o. bo L:WM'l 'U1J'1!eJCI'i"1:Wfl1LL 'VI~ lob 1111CJ~'l~ CI~L1<11~J'1iJ"l~1J1 'VI<I'l"l:Wili'"l<J~~~L 'VIil~J1 L vi1tl'U <il<il.~O 
d 

1J1Vl 
II al "'"' ..,f ..,.i] 

<I:Wfl1'll'l"l1:WL'ii:Ww1J <11111Jfl~~LVI'I1"1 A1'UA"l1:Wtl ~ 

I = [<lli,~oo/(Tc+<I:o)] - <n<I: 

A1A"l1:WL-!i:W~1Jri<J1J~\l!J1J1 (I) 

I = "'"''"-~"" :w:w./'I!:W. 

·b 
= o.lo<lli~ x ®o x CIA 

·b 
= o.lo<lli~ X <ilO X o.<n X <il<il<n.~<lli X ~,<lli®OC.o 

= o.o~c;; "<1'U.:w./iu1Vi 

fl. A1ii':WU'l~iiVIITfl1'l1'VI<J1J€l~'ileJ~J1'U1Ji1"l~1J (C) 'ileJ~1A"l"~fl1'l = O.<n' 

1"11 CLtl~tJ = o.~ct 

'1!. m1:wL o!i:w~u o> 

= [<lli,~oo/(Tc+<I:o)]-<noc 

= "'"'"'-~..::W:W./'I!:W. 

~~Ju m:w1ruJ1hmu€l~1u~uvTim~fl1'l'VI~~ijfl1'l'li'M.11 
-b 

= o.lo.,;c;; X <ilO x CIA 
-b 

= o.lo<IJ/c;; X <ilO X o.rri X <il®O(~OC X ~,<lli®OC.O 

= _o.o"'c;; <I'U.:W.fi1J1Vi 



i1(~,!1Jellll~1n1~~~'U1CJJ1nutl'Yi11m~m~ (Q00,) bVhtl'U o.o<fc:i <1n'll11'1tlL:Will~ . " 
~il'i1J1Vl Uili:Jn·;hillll~1n1~~~'U1EI'l11nil1J'I19U1J1Lm~m~ co •• ,) Lvhilu O.Ol<'i<n <1n'U11'1tlL:Wm~il'i1JTVJ 
liiu~'l-l'lh~'l-rl u«uffim~m~ ; .,o.o <tn'U11'1tlL:WIII~/<fo u1Vi) LL~vn~1fl"l~m"l~·~l"l11J1rui11:w~ ~~1u 

"' ., ... ' '1,1 • 

n1"l"l~'ll1 tJU1ililn~1 n 11'1-,~m"l llTVi~Vi~1um-,1hu Ill LL!\'1~ ~"l~'ll1 t1 ililm1viu"l~'ll1tJ'li1J11ll 0 o. bo L:Will~ . . " 
'li1J'lliltl"l1:Wfl1LL'I-1~ ielb Llllt!ilm"l"l~'U1CJU1Vi~-;1 o.ob<f ~n'll11'1nL:wm~il1J1Vl '1-l~il o.oo.,.,<tn'll11'1tl . " 
L:Will"l~!l'iu1Vi ~11Jvlil'li1J11ll 0~ u11!ii~u 1!ii~1Jfi11:W<111llblltJ~'llil~viu .,: Olooo J11'J1J-;1"l~'ll1tl!liln 
~1nil11'11"l LL<1~,J11'Juvllll nmt~1u 11'1-,~m~~~ 1 'l-l<t"l1:wilw:.huvi!l"l~'U1 tJ,J1 'li1J1!il o .~o L:Will~ ml'i~-;1 
wtl1~,J1L Ylu'll~<t!lJ1 HtJ-;~:w1ru ., i11:w~ 'iiim>'I-1111~,J11'1u 111 u~u-;1wtl1~J1iltl1:w1ruii~.,~ili'uvh11 
n1"lLn'Utl n I'Ju~~l1 m~'U1tlilil mn n-;1'1-1U1~J111ll t~1 iLI'I~!l~li'UJ1'li1J11ll o. oc:ib<f <1 n'll11'1 n L:W lll~~il'i1J1Vi 

" " " 
'il1u1u., Lfl~u~ vi1~11J'I1~u:wilu Blll'l1m~-;~u1tJ,J1riuum-;'I\'1'!Ju111'1-,~m~ o.oo"'"' <~n'll11'1nL:wlll'i~u 

" ... ... ..... t' ..... .... 'i " j• ... <01 

11J1'Yl LL<1~!llll'i1n1'i'i~'U1CI1J1'1-1<1~n11'111'!J1J1bl'l'i~n1'i Q ; O.<>l<'i<n fln'll11'10b:Will'illlil11JTYI 
" .. ' • ' ~ .J ~' 1 ~.J., ~ ·' ../ 

'll~ bl'l1~n111llil~n11'1-11J1~1J1'Vl "' 'lJ1 b:W~ umru'Vlw1Jilln1J1w1J'Vlil11'111LL<l~ 

~ .I ..j 1 .!/ ..j .J ~.I• ~ .I ..J v ' 1"·' ~ T 1J1w1J'Vllllnfl1 El 1J'I11J'Vl !l11'111'Vl ~illll~ll:W u 1:W1W1J1w1J'Vllll!l~\11J1~ 1 u'i~mru ~ 'lJ1 b:W~ LLfl ~!l11'111 
0 U 1 I..,. ... t' .Jv I ,f u .t t' dv 1 

<111Jn~1u '1-l:W :wtl"l:w1ruu11'11J'Vllll!l~\11J1~tl-;~:w1ru ielOlb.o <1n'll11'1m:wm lll~uum:w1ru1J1'Vlfl"iH'IIl'Y'H 
" Vii..!/""' ' ..J ~t ..J T 'l"o '!Jl'i'!J'Vl bl'l"l~nT; =bmo.o <tn'll11'10b:W!ll'j" 'IIJ .. '!f'UN 'l1~'11J1~ bf!'i"~01'i" 0'VI1n1'j"'l-11'li1J1!lll'l11:W~ 

" ., v eff.cll 'lld 
1 

b<fb.l<!cl:' ~Ol.J11'10b:W!ll'i(n11~ ®O.<f: L:W(;)')" I:J11l<!<f:.o b:W!il'i <tni<:J.cl:'b:W\U ~ VI l<J.Oll-@<'i:bb"ii~HLL'I.J'I.J 
d I t' d t' 1St ~ Y ... <Oll I t' '[!:"f ..f "" I t' <01 .,._ ~ 

'I!CJ11:J'VI'!Il'Y1~1J1l L YiiJ'II~<tiJ1J1 1U'i~:!d1ru @ '!!1 b:!H 15n1'i'I-11J1~1J1l'11J 1 b1J'I11J'Vl\11J1~1J1l.IU'i:W1WI1~ 
u.Jo .::;tV~ ..J I ~"i d f tl I 

-;~ lliU'Vl'Vl1 m 1Lnu n nu1~~11 m~'li1CJiJ iJn~1 n'Yl\11J1 ~1J1 •Ill mfl'iiJ~<'lU1J1 'li1J11ll .,.~o <1 n'll11'1 m:w lll~!ll il 
" " " .., >=Jo d o 1.1 ""..., t' tl '""'.,.. u 

11J1'Vl "il11J11J iel Lmil~ 'VI1~11J'W1iJl.ln1Jillll'i1m'i'i~U1ti1J1 iel.c:i ~n'li1P!ml.lm!ll!l11J1'VI "l1l.liJill"l1n1'i 

'i~U1CJJ1~~.;1 ~11J01'iU1'UiliLL<t~J11'11J~!ll n 1u~uvi1m~ n1'iL vl1tlU iel.c:i <1 nml'ln Ll.Jill"l~iJ'i1J1oVJ L fliJ 
" 

tlu~ilu lu'l Vfm~~1 L u1J~11J'lliJ~ 11'1-;~m~ niJ 1 Vi LiillltJ<t m~'Ylu ~il'Jl:W'llu 1uu~L 1 ru'l!ilt!'i1l.lfl1 Lm~ iel b 

"il1 n n1 1fi n~11'111l.J L 'l-l:W1~<1l.J LL<l ~iliJ nLL UU~~UU'i~U1 t1J1 Lb<l~'I-1U1~J1 'lJ il~U~,;'IIJ 1 illltllli11 

'il1 tllll iJm-;fi n~1iJiJObb U'U~~tJ <tn<1~1~ 1 '1-luvitl 'i~ nuu!if1 tlil1f'l1~<11.JJ1 Lli t1 LL<1~ il1 f'ITltiilt1U1 ~J1 Lb<l ~ 
" " 

L fliJ 1 Vl'i~UU'll iJ~~~<'liJ~il11'11'iYi1~11J ~1l.J nu~ ~tJ~ n11~1~ L~l.J il ci1~iJtJ~~~V!Gfl1VI 1J iJn"il1 n'l::::Yi1 n1"l nn 

LnU,j'11'J1JLLll1 vitJ1 n~1"'1 ei~Yi'l1"lW1 LLtl nJ1l'J1JiJ!ln"il1 nJ1 LlitJ~f1!JiJ11'11"li1JnJ1 Llii:J Yi"il 11W11ivJ!l 

"l1U"l1l.IJ1Llim~u'll!l~ u~,;'VI1il<'ltJ<~m 'il1nlll ~~Ltluvi!l11U"l1l.l (Combine) 1mJiu1n~~1111111t~ilm1 
tl~utJ·p~~tl~n<1~1~ b~:WU1~<i1u rlil<1~1~ 1 \1U'VIIll Lb 'V11J'llil~ L~:WU1~ci1u <i1uJ11'J1J-;1vi1l.loV~ mruviiJI'Julll n 

mJn .;1tJ101!f1"1 nU1l.J1Yi'l1"lW1iJiJObLUU ~uvll'i'~ mh1il~ LnilUL vl1nU"l::::l'i'uJ1'VI~L<1 n1'i"'i:t:U1tJJ11'J1J 
" 

!l!ln~1n~u-;1 u1,;VJ 1iJ<'ltJ<~m 'il1n111 Ji1mL -;~ 1 uu~.,~~~LU1JL~!l~-;1~~1:l1n 1uVJ1~tl~u~ ~~ilnwVl'l1'iru1 
1-ifLf'l~m<'luJ, LL<t~Un1'ifl11J1 W'1-11U~:W1ruJ11'i'~,j' 

" 

0 _, fl t" .... ' ·c l ... n1"li'I11J1tu'l-11u'il.J1tu1J1 '1-l<llJiJ~ 1JYi1J'Vln!l1Jn1'iYi9111J1bl'l"l~n1"l Ono" 

M1V1~1J~11'1'i~n1'i~~\1l.J\11 <f,<'i<il~ lli1~1~Ll.Jill'i rl!l1JiJm~'I\'1'!J1J1LI'I'i"~nTi LL<1~iJ 
'i~ti~'Vl1~"il1 n"il111LnM111ii~'Jm~U1 t1J1<t~vlil'i~U1 !JJ1<111i1"lru~ U1J'll!ltl'i1l.lfl1 LL '1-1~ iel b ill'l11l.l !J11 'i1l.J 

' ' ' 

--------·--··---- -· 



. ' 
.. 

• 1'11il'l.I1.J~::i1vn5rm1VI~'Utl~'11ti~J1uur:h~u (C) '11t1~hmm~ 
• ~::EJ::L1'il1~1l.llil1'11ti~J1 CTcl L'VhtlUL1~1~J1ib~'U 1 Vl<l~1l.lli11Mvitl 
• 1'111l.ILifl.I~'W (I) 

G),i) fi1~l.I1.J~::i1'1'1~n1~LVI5\J'Wth~'W (C) Oti'Wn1~~~1J1 
..,f..,J,..., ~.f.,Jv, ,...,~., 1 t' 

<'itn'WVIIJ'Vlflti'Un1~'W(;)J'IJ1LU'WVI'W'Vl~m1~11~L1.Jm {;l~'U'Un1VI'Wrlfl1 C = o.m (LnW"' 

LL 1J::-J1 flTi"tltlfl LL \J\J'i"::UU~1\J ~1l.IJ1 ~'U LL~:: 1 ~~1.J~U1.J ~~I'IWI11'W1hl1l.l'!f'U i:'ll.l1 fll.l'il'11m~l.l~~ LL 1{;) !i' til.l , , , J 

LL 'l<i~1.J~::L 'VI I'lL 'VI EJ, l<>~<I'o) 

)
.!I.J .;, .J ( ' • 

<il 'W'W'Vl€111'11~ + 'VI11~ 'Vl'iltl{;l~llLL~::()'IJ'IJ C = o.vi) (LOW"'LL'U::'IJ1n1~tltlnLL\J\J 

~::U1.J11\J~1l.IJ1~'WLL~:: 1 ~~1.J~u1.J~~ f1Wtn'WJ1'11l.l'!f'U, i:'ll.l11'1l.l'il'l1m~l.l~~ LL 1{;l<i'til.l LL 'l<i~1.J~::L 'VI I'lL 'VIEJ, • • • 
l<>~<I'o) 

= <£,ol<>l<> 1111~1~Ll.l\!l~ 

= <llo.m~ % '11ti~~'Uffifl~~n1~ 
.Jf.J~401 If 0 ~al 

l<>) 'W'W'Vl . .,L'11EJ1 (C = o.l<>~) (LOW"'LL'IJ::'U1n1~tltlnLL\JU~::\J\J~1\J~1l.I'U1w'WLL~:: 

h~1.J~u1.J~~f1Wtn'VIJ1'l!l.l'!f'U, i:'ll.l11'1l.l'i 1'11n1~l.l~~ LL 1{;l<i'til.ILL ,j~1.J~::L VI I'lL 'VI EJ, l<>ct<I'o) • • • 
= .., '"'"'!<> 
= I<>"'."' l<>% 

1111~1~Ll.llil~ 

'lltl~~uml'l~~m~ 
I ..,j .,f d <V Q.l 

1'11 c LilaEJ'11mW'U'VIVImm~'W(;)J'W1 = [(o.<ll X <llo.m~) + (o.l<>~ X l<>"'.bl<>)]/ <i!OO 

::::: o.'t>o 

~::1J::L1~1~1l.lli11'llti~J1 (Tc) Lvhti'una1~J1~1~'ULV1a~1l.l!i11~~vit1 'll'W1\!I 0 o.bo Ll.llil~ uu 

'11tiEJ~1l.lrhLLVI~ ®b 1{;\EJ~1::m~L1~1~J1i11~'ULV1a11l.lli11~~~LLVI~~J1 

~1 Jf~ t', .... 
"'·"' L1~1'W1 1115\J'WVI'IJ'Vl';::\J1EJ'W1 fl"il'Wfl1'~VIIili'W1 

L1a1nTS11l.lli11'11B~J1 (tel = L1mJ1'l111~\J'U~'W~~::U1EJJ1 <'11l.l1~!lr'i1'W1W'V11fi1 (tel 

1~{;) EJ'L11-iiBl;j~~ t'i1VI'W{;l u. 'Vl'Wfl11 'U Nomograph 1{;) 1J m ~1111L 1~1 n1111l.lli11'11"il~J1ih ~'W rlB'W 1 111~ B"il n 
.K.J ~d AMvou.X 

'il1fl'W'W'Vl1::\J11J'W1 '11~<'1~1H\!Iri~'W • 

Bare Surface. Modernately = o.loo 

------------.. ------~ .. 



,. 

' 

.., )/ .J q ' ·' 1 "' ' .J 1 v L'U!l~'l1fl'I'I'U'VIlJf111l.W11l.J1fln11 "'rr"' LlJill~ vn 1-HlJi'l1lJ1~tl'VI'l~ 'IJ Nomograph 

ll1 n ~ilmL<W t '\J ~LLmlJ m~ Fi1 'U1 ru~'U~'IJ~<1 ml1 (i'lmuu"i,J EJi'ltm :m 1 ~ .'\ !llJ~\41<1~ lmWlJV11'iVJEJ1li' tJ, 

iorf:oclil) Hlil fl1~LL 'U~'I111 m .;r L 1 <11fl1 ~~1lJiii'1'llmJ1il1 ~'UU'U~'U~ ll'Uf]';h'i) ~lJ1V~'l~i'lf;l'Vhti rimJJ11:b~'U 
•• '1 .Jt..j ~ ' ~ ..,. 

ll~ I 111<1!l!lflll1fl'VI'UVI~~1.J1 tJ'U1<1~i'I~~1.J1.J~~1.J11J'U1i'l1i'i1~ru:;. ioo 'U1VI 

... ~ 
~ 

~~1.J1ti'U1 

" 

[ lo/on L (n/s) ] 

• 
t, = L1<11fl1~~1lJiii'1'll!l~'l11 

~ d .A' d 
L = ~~EJ~VI1~VILfl<1VI~~'ll!l~VI'UVI~::1.J1EJ, LlJill~ 

.... .!1 .l .. 
s = 1'111lJ<11~'1J'U'll!l~VI'UVI~1 

n = ?ilJ'\J~~ii'VI~'ll!l~m~ilf1'Ufl1'iL111<1 
i'lf11VI~'U~~~1.J1EJJ1'llmLm~m~\11'U1VIqj~!l ~'U~h~~TU!lllli'I1VIfl>~lJ tl'U'ULL<1~~1l!lmtl 

v 

!1{~\J'U 

v 

ri1V1'U1Mh n <i1111'i'U Impervious Surface 
)/ 

fl11lJm~'ll!l~VI'Utl'U'U "' : <roo 

ri1VI'U~ 1 ~·~ Lfl<1i'l~lJ1ci~vi!J'l::1.J1tJJ1ih~EJ::VJ1~ • • 

~~ti't.J 

o.olo 

o.oolo 

L1<11m~1111<1TilJI'i1'li~J1 <tJ = [ lo/on X <>4J.on (o.olo/o.ooio)] 
0
_, 

= lot'li.ococon'UTVi 

~1 .. .., " ... ... L 1a1'U1 VlatJ'lJ'I'I'lJ'VI'i::tJ1tJ'lJ1 Vla~m~'l'llill'lJ1 

na1m~~1lJI'i1'tl!l~J1 (t,) = na1J11V1a1.J'U~'U~~~u1EJJ1 + mn~J1LV1a1'Wvi!l 

na1J11 111auu~'U~~::u1EJJ1 <U = [Jolon L (ri/s) ] o.""" 
v 

nmm~~1lJI'i1'll!l~'l11 

L = 
... _, Jf.J 

~:;EJ~\'11~\'1 Lfl(1VJ~~'ll!l~VI'U'VI~~1.J1tl, LlJ Ill~ 
.... .K d ... 

s = fl11lJ(11Ili'IJ'U'IJ!l~VI'UVI~1 

n = ?ilJth::i1VJB'll!l~m~ili'1'Ufl1~ 1 VIa 



, 
' 

' 

... ~ 

i'lm~vl'u~'l~'U1ml111!l~ Ll'l'l~rn.,ihu 1 'VIqj~!l vl'um .,~~1\J'l lll.l11'VIm'lu (1\JlJLLfl~~'il!l\ll'l(l 
v 

j;)~,j'lJ 

ti1'V!1Jilll'h n li1'VI1'U Impervious Surface = o.oi<> 
.:: 

!'111lJfl1\ll1/!l~~lJ(11JlJ "' : cE:oo = o.ooi<> 

fi1'V!1Jill11-i''illll1fl<li'!llllJ1eJ~vJ!l'l~'U1tJ1l1ih~!J~V11~ = .,,;: LlJ\ll'l 'VI~!l,.:-'.i<>"' vJ,Ill 
' ' ~ ::; 

\ll~lJlJ 

L1<11fl1'l1'VIfl'l1lJiii'111~tl1 (t,) 

fl11lJL-1flJe.i'U (I) 

= [ i!:v'<n X ,.:-'.1<>"' (o.ol!:v'o.ooi<>)] ~ 

= "'~·"'-'"'1J1Vi 

fi11'111lJL -1fu~'Url!l'UWIOJ'U1 i'llJfl1'lfl11lJL oUlJ~'U i'lmUflj~ LVI~"1 Fn'U!'I11lJ~ ,;: 

u 
I., 

I"' 

I., 

I"' 

= 

= 

= 

= 

Onuu = 

= 

= 

= 

-b 
o.i<J<nl~x"'o x CIA 

·b 
o.i<JG'i~x.,6 x o.<no x ~i<>.<'ioooo<: xc;:,.,;.,,.:_o 

o.o<no<:,.: fl'U.lJ./1'U1Vi 'V!~!l 

.,,.:.,.~~"' fl'U.lJ/'!!lJ. 

-b 
= o.i<J<nl~ X @JO x CIA 

= o.i<J<nl~ X 
-b 

@JO X 0.00 X o<:<n.<r-'~"' X 

"' - 4 = o.o~-'1<> fl'U.lJ.t •'U1VI 'V!'l!l 

-·--· --· . - ......... " .. ._ ______________ _ 



' ' ~·· 

~~Ju li'm1mn~u1ml1rl'111Ji1\1!11J1Lfl~~m~ {Q""") Lvhnu o.o<n~(( <1u.:u.!iu1Vi 

U!lml'l1lllll11n1~~~1J11J1l1'\.lll~f11~W\1!11J1Lfl~~m~(Q •• ,) ~i1fi1LVhnu o.oQo(l!J <11J.l.J./ilJ1Vi 

LV!tl'Wil1~ru1<i'f1'\,jUJ~<1m~m~1,.,r~'llmJ11'U~lJ~~i1Lil'ULfl~~m~ LV~~fi11J1ru1J~:u1ruJ1 
'\.1<11 f1'\.1~'111J~l.J1 ruJ1 ~'U 1 '\.l<I'U '11~ LL<I~fi11J1 Wl'l11l.J b <ii':u~u (Rainfall lntens ity) ~~ 1 iii !ll.J<I<i~ ~J1~1Jl.J1 
'iLf\~1~'1-h YI'Eim<il.Jf11~~b '\.ll.J1 ~<1l.Jbb<lTU1 fl1fl11l.J L <ii:u~lJ 11Jfi1'U1 UJ'\.11fl1lllll11 m ~ 1 '\.1<1!)!) ~ LL 1J'U o,hm'ill 

Rational Method..f~\l' LVI ~i1,.,!\'n nw;h li'V~~1n1~ 1 '\.1<1\Jm~'l'Uvi L ~:u:ff'U,.,!\'~1!1 n m~W\1li'U1Lfl~ ~ n1~1.1.<i'1 
ll:i.'lmiJn,,_h~,~!lnm~u 111.llumm11 '" ~11:u~~~<1:um~ 

Qdesign = 
o. = 

0.- o. 
!lomm~ 1 '\.l<I'Um rl'EilJ m~WI'!J'U1Lfl~~m~ 

!lom m~ 1 '\.l<I'U'EI~VI<i'~ f11'lW\1li'U1Lfl~~m~ o. = 

~~~ 1(;\'mmV~'l'llll~U'Eimb~J1 = 

<1jDN<If11'i"fl11J'lUJ'V!1!i'lll'l1f11"i'l::'U1VJ1n'111JbLfl::VI!i'~n1-m'I'!JlJ1LlllV<11:U1'lllD'l::bjj'U . ~ . 
Vl1m:u1ruthvuli''EI~nmiiu1uLL~<~::u~L'lru1(;\'ti'~il 

1J~:u1ruJ1~~'11~nmiiu = <o • .;,- Q""") x '" 'll:u. 

= (o.oQ~l!J - o.o<n~<() X '" X <nboo 

' = <t:mG'JI.QCS: \jf1'U1flf1b:Ulll'l 

J1 ~ lJ~ 'l:i'U 1 ~ '11 '11 f1l.J1'il 1 f1 !J 1 f\1 'l Lb<l :iJ 1 ~ lJ~ lll f1 t11 I'J 1u 1 '\.1<1 'l'l lJ n lJ ~ 1\JyJ !J ~:i 'U 11'JJ 1 

'll'U1lll 0 o.((o Ll.Jlll'l l.J1V~~mJ1~J1LYlll'll:ifl!JJ1H 'illm'l'\.ltl1~J1~1J11i.'U~'U~ ~~Lfl'!~n1'>.'1'1J~f11'i" 
• 1:' .... d t ""' t' d 1 .K d d .... A~ lJ: d 

M'Y 1 ~ u 1l'U n 'HlJ'V! !hJ!;l n 'U 1 ~'U'Vl !11 fl1'!LL<I ::u 1 H'U'V! 0 nm VI'U'W 'UVI m fl1'U'!Il !llll 111 :U'U 'i":U1 ruy1 H'Ul'/ 
S1 •'Ill .,:,"i' ov .,,...,....., 1:' dSI 
llf!l~VI'U'l~ L'lth::;nru w '!I'H!N Uiil;!!J1fl111il1'Uf1~11J LVI:IJ ll\l1lJ1fl.!'lJ1~'UVII>I!J~HlJ?~tJ1::;!11UJ 

tf ........ I 1:' "' 'I !Mf Jf ...1 I t ... A~ "" U .., Q ~ "' t' 
stmG'li.C::cr <1 n 1J1 fl n rn 0 '> ? ;; f11"iVI'U 'H'U1 w'U • 1 ''U'W'U'V!VI'U'H'U 11Jm 1J 1 ru tl ~ '>:: fl\J'V!Y/1 f11"i Lf11J n n'U 15l:: 

~ d I t~ 4 t 
\)fi1::1J11HJ!l05l1f1'VIVI'U'l~'U1 blil V bfj'i"iH~'U'U1 

~1.]~ f1'1~1, 1.1 !l !l f1 Lb 'U'U f11'l~1 L U'U f11 ~ rl!l <1-r1~ L vl!lvh f11 ~ n f1L liu J 1 ~u1u1J'i:u1 run f1 Ln'U 
< ~ 1vJf ..,1 .. 1.1 IJ' .J... I 1.1 1 I .oo~J/ d,l 

<t<nVJI.C::!( ~nm!!Ob:Uf/1 bliltl 'll~lJ'VI'U'lL'lrulii1'U'\.llJ1'VIl.Jf11~f1!l<1~1~'111fl1~ '\.1:11 B l.J~lJ'VIu~::l.J1ru 

mo.loo x cs:b Ll.Jlll~ (lll1:U.fl1'W~ ., .. .,) ~1J'in~1 1(;\'vhm'l!l!lnLL'U'U H 1o LL\J1VI1~ ti'~il 

. . ... ....... ~ .. .., ~-- ... . . .... - ··------------· .. ···--- '" ... 



.. ' . 

.. 

l'lil'Wfl~l'l<l1l.mr:ri'uLL 1~81'11ill L'iJuBci1~~ 1 'W111'111iiB·wt.bervl~1 ~~Ju'i~ L tJu'i'<~l'lvl L VllJ1~ . " ' 
<i'1VI'i'u1m~<l'i'1~Vi'i'uLL1~VI1~LL'W11ii'~ Bci1wdu ~:>I'!J~LLfl~L<I1 l'.lmi'u Pre-stressed Concrete LLlb 
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