
....

..,,

· :.:.:.:.:.:.:.:.;.; .

:;:::;:;:::.:.:.:.:.:.:.:.:.:.:.;

Prepared by the

Special Projects Branch
Hydrology Division

Flood Control District
of Maricopa County



. .~.

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT FeD IN- /louSE /-IyO~OI.OCSY 7k4/N1N9 PAGE 1 OF __

DETAIL RAilONAL He/NOD .COMPUTED DATE __

_ -\-"'----'- "'-- CHECKED BY DATE __

A= 123ac

..

.../

l
\..

'" I /--'\ ...~ \ '

' ....... ,- ". "" I' .....~ ..................;;J
---- 7

. : ..... : .
. . ~. .....

~. .
.' .

.4 •• .' '. ~.. '''... : . .
'. . :. ~ ~

•• • ••4 :. • 4



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT PAGE 2 OF __

DETAIL RATIONAL t1€THOD COMPUTED DATE __

EXAttrle URBAN tv!A"'eRSHeD CHECKED BY DATE __

qUADA l.UPE RD.

TiS -Rt, £' - SEC, 11.

SCALE" ~ J1l~/OOO'

APA/{TMcNT
Cotff'lE'X

/" .,

\....-I-......,...---J-~

t·.'·: ...•...."..,••.{.•,. ?.""~'.', .•.. I If' "'",
,.•. ~ I n"o~./'

~:J:::;;D__----II:'-'" G/~(j

" I

ELLlor R.o,



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT PAGE ::5 OF __

DETAIL RATIONAL HETI-IOD COMPUTED ..,--__ DATE __

__- CHECKED BY DATE __

STep .:l :

c:

C OI'1F':II.EPHYSIC'AL PARArI£TcRS 1 COeFFICIeNTS, AND

RAINFALL····VALUES.

L= 2'Oof'r r /SOO" = '1100.ft ;: 0.777 ml
~> /

A
" .,.., .,i-"'{t/t';,.J,,'•. = 123/Qcres': 0./12~i...:~Cfi'}'

}/. .. (co (, ':;1/ ..' .
tu~{ S:. IJ ,(.,-117 ').77.7 ;r1!. =: 2~. S,c-YPii. '. lct?~

(~\(~'2'O")+('60"\(.· ··"\QitZ3).( {N)r/\1/ ··Jl,#1( //(. · .. ". -_.-'")"

IZ.,),. 123/ "()j +\..-n- .25 - • '4Uf TA81.~ 3.2 , r-3S

.. (TABLE3." .. AB.• 3.JJ.A??hC41IiMS.19-9/) .••• ·•.. .' ....•.. '.

PARK(t'100.VE9.);,9.c;~s (loj .123)+./~ =: d)f~ .

ApARrl1eNrs (urhQrt):L7~OO/r,ZS (loj/2..3)+ .Ol./ = tl)'').·'/:
'. .. . .. ..... ... ¥"). .

Url'-IlY~/'vV (~a.re :Jrou ~cJ):l':;/O/37~(/o9'23)"".08=:_~~_

J~f<b';'{.~~ )C01~ )'J.CIf;l?.)( ,tJi§Jl.( I ~~ ) ( ·lo.dr;~t) :!J
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STEP3:CAL(ULATE 7Z -r L" S J.{ ",52 5-. 3' L"-:38
Ie = /1. 'I 11"

L = \111 mt

5 :: ---,,2=~V(_\_>_ ftjTJ11.'

Kb = ,ass - C/,ofS
/""'

(),o1/;'

-:".38
tP, i"'1.-,?..i'H

.-,.""0""''',''''''''-'-'---• - ..' . I

,Choqs~qS !:artitJ!3yalue. fa rTc,sQJj '10n'1~·". ,Fro/"tFiJ' :?2,
.Ji/~~';"3.3,!L.·%;':@7C"=.40m/n;w:S Lr'lC eo u rwa te rsl,-ed . is outside.
,~he.?h()CI?I'XW€'T~OA rea. (i.n terMS ~{' rain fall) I tue. wl// Cldjust

.Jt.hera/.:n IIL'ni:cns(i:!j val«es USiVl~ e.'luat:i~n. 3.3:

It(:~~} ",' where "LIt10 =thedesiredintensil:j -{or,purqrr.Q .
i..p= the. Phx.. l'1e.-Cr~intensit':1 (Fij3.,)

i. ." ",'f) " .., " ..•....•.
flO = th(.h -h~ j.(.}(f!lr.~(f' t hf'oroyr<;t r<:o.

c. -- LJ • =.1,.. :? ( 2Ii.o17~) :;; "~.":,, .'7 "',, J/rcor Ie. =~/OlYlin: l/oo -'- ,v_r ,/11.

thenk/~o =( O.f~:'l) (3,03)"':38 = f,~ t,,( hi'S JJ\L« ~':I')
.,\":e.'- - ---:..;-

;,··"'t"1 {?"

Tc =- 30 min. : i.p :: 7:0 t.i7/hr J ['00 = u ( ;.07 )=,"","-.....'.,;.;..f
i1

in/hI"

t:h,n 74,,, = ( ,1',,$ )(.1 )"'. = ,J9l hr = ~"'i". oK !

STEP 4,:
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DETAIL l1uSl<lNftUM ROUTIN~

____________ CHECKED BY DATE __

PROBLeM Dew:./opHusk"n.JU1"l .~o"ti/}fJ PClral1?~ ters.;:'or

the.nqrural chant1e.1 £1'1 .subbas£n :# 2..

:rnfu t the.;>t? ra m<: r<::. rs L'n to t:h<!: #t=c-1
inp'l't;:,r~5ramdc:.l/e/()f'ed .,cor the- c lQrk

uni t: hyClrofJ raph.

" ",
; .. ' .._ : .'_ •...":.m_.".~.,~·"~.;,,._·i ...•

COMpile·chan"cddata fOr G\. re.presentat/ve.
s(.c.r/o/}o{' t:.he. chant1ell .such as A-A'.

..~$ ••••••• n •• •••·•••••·•·•·••••••••••••• ••••· •• • •••• ••••• •.•••••••••• jV .•....~
.~L\::'f x·~_d~2~5"':
Z;&;L •• 7#/>=7S" .~Yl:s.O$~IS =,O/3"t"'l"R

\~
..... ~.... f. 1.·..••.· .•.. ~.. ' I..·rr.·..·.;
~

. . . .

__ A, _Es_ti"1ate:thc_41/~rO:B~Yt!:/oclr!Jin th~ .p!qil} channel
crt j)anl-F'dlcondit:ions. ..z" rhis case., we U/~'II

ase Nannl'Y1'j's. ej'ua-t-io/l.

A = (b .... %Eel) 01:. (75'+ (J)(i1,.s-)?S'= /93.75" f't Z

p= b ... Zei (I+Zl)Yt. =7~+ 2(Z.5)(I + I") 'flo = 87-.07-Ft

R= Alp::. 193,75/82.07 :: 2.31:,/

V:: I~r! RZ/3 5 Yz :; (~;~) (2.3,,)2/.l(C)/39)Yz = (,,23 f'f/s

EST/HATE: FL.OoDWAve YE"~OC/TY(V,.,) :
/JsEt:lle adjust:Men-c Fa.ct.-ors Trom Seer/on 7.'.D OT] j7' 12.
Since. our wlde trape.zoiclcd channel b<:sr apFf"(Jximab:.s.
0. Wide rectan.:Jular chClnnel, choose V,.,/V:: /.'7

t=henVm :: I. C,7 V= (1.(.7)('.23) = 10, '1-P"C/sec
----=--_J

which iSi::he-F/tJadWOtvG velocity inrhe
main channel.
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c. Calculate j{:

D.

)( -L h,.
·3'-00 ':S

£sriMA rEX: c. :",:,;J.:/"

5iYlce.t:.J,iS is .•~~atlJraf, w"clc./shal/t:Jw.s-cr~aM,
c.. hoCJse. . X= ;0. 2.,,/ (S~<: Sec. 7. (,''/1 p. 9Z).

E. C H EC/< NS TPS<:

/Va •.<!i()Ol/ .'

··01<.

/3efh!!.r!

23
S (NsT}":»

.~Z56. ~G..!; 2.S

.~"2.5"~ 2."3·1:: 2. £"

. "25 ~/.S~.2.5

w/~hln the. Follow/n:J ran:Je.:

K x '0 != I
Atx~P.s.2X

HEC-.t. r/mt!s t:o/'~'J1/)'1i'nutesJ It? o<..trcase.

Ft:JR. NSTPS= I

rFORWSiPS=2'

FoR. .NS'T'"PS::: 3

WSTPS ··P1u.sr/Je

J L.

2(/7X)-

tvher~ .. A-I::L's-che.
{At:::. t;:m~n..

FO~ ihisexampfe.:

STE'P3: Ent:c:.r chc. C6Mplrt<::d I1vsJ:in,jum /:JClramet-ers
£;Jt-oaYlr!cC-/ L¥lpt.d: FlJ~ on t:he.RHct::ird.

. Tn .t-hiscasel-U€. lVitlu se. -ehein pu-tFi Ie..
8~n~y..a.tedr:or the Clark. .lIljdro3ro.phe~QyYJple...



LINE

HEC-1 INPUT

ID ••••••• 1••••••• 2••••••• 3••••••• 4•••••••5••••••• 6••••••• 7••••••• 8••••••• 9•••••• 10

PAGE

* *****************************************************************************

1

2

3

4

ID
ID

IT

10

FCD IN-HOUSE TRAINING - HYDROLOGIC DESIGN MANUAL

MUSKINGUM ROUTING EXAMPLE

5 100

3

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
21

22

23
24

25
26

KK SUB1

KM COMPUTE RUNOFF FROM SUBBASIN 1

BA 1.760

IN 15

PB 3.157

PC .000 .012 .018 .027 .040 .051 .061 .072 .083 .094

PC .107 .122 .143 .188 .274 .460 .684 .820 .887 .927

PC .948 .962 .974 .988 1.000

LG .220 .380 5.400 .190 39.000

UC .6 .22

UA 0 3 5 8 12 20 43 75 90 96

UA 100
* *****************************************************************************

KK R A-B
KM ROUTE SUB1 OUTFLOW FROM A TO BUSING) MUSKINGUM ROg,:\ING

RM J .384 .2_//!:~).··~;~·~" f~"

* *************************************;~*~~~***{*********~********************

KK SUB2

KM COMPUTE RUNOFF FROM SUBBASIN 2

BA 4.050

LG .260 .350 3.900 .320 9.000

UC .967 .357

UA 0 3 5 8 12 20 43 75 90 96

UA 100
* *****************************************************************************

27

28

29

KK

HC

ZZ

COMB

2

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** **

*



RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF

OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT

+ V SUB1 2171. 4.33 386. 282. 282. 1. 76

v#'
. .' \-.«.-......._.- ------....... (

ROUTED TO L
+ R A-B 1948. 4.75 385. 282. 282. 1. 76

HYDROGRAPH AT

+ SUB2 3285. 4.67 582. 424. 424. 4.05

2 COMBINED AT

+ COMB 5199. 4.67 967. 706. 706. 5.81

*** NORMAL END OF HEC-1 ***
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COMPUTED DATE __

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT PAGE 2 OF __

DETAIL KINEMATIC WAVE RoU7'lN6

____________ CHECKED BY DATE --

~~~=-_ A.s-.5(,1Meth.O-j: C\ chaVlYle I ,hasbee.fJconst:ruc t.e.d
-FroJ'YIp"inr Aro 1'0~nt-8 w,'t:huniFcr/t?

,d,'mensions aJOTl.9its /el?.:J th I 3Qtherchol?ne./data...

~ /Ai'r.o : Ai,'"
, 12S'

......

, .. _ ... ,._~ .. ,,_« C' '"~ __ "_~"'U'_w··· ·,· .. _ " .. '_ " •.<>,.".~

~'~

STEP 2:
LISTD4 TA Re'Q. U I R.C'D ;:'-OR, A'K

"~'~', .. j....LbI.2.·72.ini.x.S'~§JQ~t;nll:· ..;:. ",I¥'S'2'

2.S (2100'-1906)//~3b2'=0.0/31 f"tfft

0.030

CA=-6Io.rd<

S, SV\ap~,=TRAP

c:,. WD= 125'"

7. Z = 3.0

8. UP5TQ::- blank

INPUT RK PARAMeTE'RS INTOTrlE' C LAR.K

·'.I-IY.PROGj R A PHE'XAMFLF



LINE

HEC-1 INPUT

ID ••••••• 1. •••••• 2••••• , ,3,., •••• 4•••••.• 5 •••.•••6••••••• 7••••••• 8••••••• 9•••••• 10

PAGE 1

1

2

3

4

ID

ID

IT

10

FCD IN-HOUSE TRAINING - HYDROLOGIC DESIGN MANUAL

KINEMATIC WAVE ROUTING EXAMPLE

5 100

o

5

6

7

8

9

10

11

12

13

14
15

16

* *****************************************************************************

KK SUB1

KM COMPUTE RUNOFF FROM SUBBASIN 1
BA 1.760
IN 15

PB 3.157
PC .000 .012 .018 .027 .040 .051 .061 .072 .083 .094

PC .107 .122 .143 .188 .274 .460 .684 .820 .887 .927

PC .948 .962 .974 .988 1.000

LG .220 .380 5.400 .190 39.000

UC .6 .22

UA 0 3 5 8 12 20 43 75 90 96

UA 100

* *****************************************************************************

17
18

19

KK R A-B
KM ROUTE SUB1 OUTFLOW FROM A TO B

RK 14362 .0139 .030 TRAP 125.0 3.0

20

21

22

23

24

25

26

* *****************************************************************************

KK SUB2

KM COMPUTE RUNOFF FROM SUBBASIN 2

BA 4.050

LG .260 .350 3.900 .320 9.000

UC .967 .357

UA 0 3 5 8 12 20 43 75 90 96

UA 100
* *****************************************************************************

27

28
29

KK

HC

ZZ
2

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ****** *** *** *** *** ***



19 RK

ROUTE SUlll OUTFLOW FROM A TO B

HYDROGRAPH ROUTING DATA

KINEMATIC WAVE STREAM ROUTING
L

S

N

CA
SHAPE

WD

Z

DXMlN

14362. CHANNEL LENGTH
.0139 SLOPE

.030 CHANNEL ROUGHNESS COEFFICIENT
.00 CONTRIBUTING AREA

TRAP CHANNEL SHAPE
125.00 BOTTOM WIDTH OR DIAMETER

3.00 SIDE SLOPE
2 MINIMUM NUMBER OF DX INTERVALS

RUNOFF SUMMARY
FLO~ IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

OPERATION STATION
PEAK
FLOW

TIME OF
PEAK

AVERAGE FLOW FOR MAXIMUM PERIOD BASIN
AREA

MAXIMUM
STAGE

TIME OF
MAX STAGE

+

+

+
tl

~t\.·

l""~i

HYDROGRAPH AT

ROUTED TO
~.. '<J"(;A'!
"

HYDROGRAPH AT

SUBI

R A-B

6-HOUR

4.33 386.
.~,... ~

I
4.67 383.

24-HOUR

282.

278.

72-HOUR

282.

278.

1. 76

1. 76

+

+
1

2 COMBINED AT

SUB2 3285.

5437.

4.67

4.67

582.

959.

424.

702.

424.

702.

4.05

5.81

SUMMARY OF KINEMATIC WAVE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)

INTERPOLATED TO
COMPUTATION INTERVAL

ISTAQ ELEMENT DT PEAK TIME TO VOLUME DT PEAK TIME TO VOLUME

PEAK PEAK

(MIN) (CFS) (MIN) (IN) (MIN) (CFS) (MIN) (IN)

R A-B 3 .35 2170.31 277.07 2.02 5.00 2152.67 280.00 2.02

.038CONTINUITY SUMMARY (AC-FT) - INFLOW= 192.152 EXCESS= .000 OUTFLOW= 189.885 BASIN STORAGE= 2.194 PERCENT ERROR=
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5:00
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5:15
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2:30
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1:30
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROBLett: Ca/ct.l lat::e Gr~en ';AMPT less paralMctersbased
~() soilt c:: X i:'urt!!... .. t:l ncl I L+lIL Rpa,...o me t:ers ..... bas e.d
on rlgdr%f)/c .Jot:.Z lfrolfrS .,cor t:he. Wa. 1:<:: rsh~d on.
f'a:Je.1.. . Dat-a. and de:sCl"lpriOl1s a rG Fl"'Omrh e
Scs sot.'lst.lrve.B "Naric(J!'a. Counf!:jl ArizonC\ 
Central Part:".

. zs .

.35"

,35

./S'

:Z:A (,',,)
(TABlE' 1f./)

A

13
c

10 too

30 1,2'2.

22- 1.13

/7 '.07

VE'q. COVER X KSA or A oJ".
% •··FAt:.T"OR (Flq ..,.3)

Desert
[)t:St!r"C .

)-h'II.s/t)I't:$

Calet( 10. t~Bre~t'\f A Mpt. para M<. t:. e r.s f'(j reC\c h m~p
un(-t. XJ<SAT·value.s(For bare. 3round) can ·b~
rc.-ad rr"J'IIli:.he rabIes if) AFpen d/7<. C.

RS : Rock Ou tcrop - Ch~rio,,/ COM?/~;(, s-- '/0% S/?&::s

Note. -chat rht!. I?S cc/?/,/e~ is nt?r //st<:.d ~·nA'pl'endrJ::.C .
.. :r-t .. is t:hc t:Jn(:jsoil cOI'nj>/e J(. ~:n rhcSurve9"Arci:\t,c.Jl:-i::h
o..rockou t:-c.ro/, j7e rcen rClBe!J r~a re. f" ~ha" SO./?~f'er
t:or-JrcSo// $urv~9 -Por ~'npof"h1" t:ion on t:-he. Oossocia-i::t:.cl
Soi Is, a.ncl ,a/wags ch~cl< rhe mo? oni-t d<':.scr/lrr(ons
t:o~ee "faslg nir(cant: /,~('c~nc-a:J e of' rock 0 ut:cr"'p
e.x/s t:s. . ,

The RS dt:SCl"ijJi:-t'on /sas /"o//ows:

5"0 - ~S% Rock Ou-tcr0l'
20 -35X C#EI</ON/ SOIi.S

S-/o% 9ACIIAj)~ SOIL.S

I'1AP...UN'T.

;:/~sr: Collec.t: ;physIcal data. and 1I~:Jetatiol1 acljustm~nt

factors. Intht's ease, we. wl"ll assurn~t-hqt~acJ,

yYlap.uh{t:hasa.u~i2ue?J~.rcent~e.afyeCJ~t-47!1'or;
cover.

ST~p1:



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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DETAIL RAINFALL LoSSES COMPUTED DATE __

_____________ CHECKED BY DATE __

J:/15fJeclio/Jofour. j70 r f/c U /Qr
i:.iu:.h//1t7tv/n.:J ~erce n t aJ~s:

Map unir /eads. US .to

Rock Outcr0f> -~%)
CHtR/~N/.salL-.~
~ACHADO .sOIL- 10%

:En t:hiscase; ou~ve9~to.tIon a dj tlstment-£ac tar LS X00 1

~on6(J.d.just:J?1enr~:s,.r~2t://,...~d. .. .

:Carr;'7.0arav~U:J saV1d~ .IoaMI 0 -3%SI.()p~S
.XKSAT='-ll. 2) (-) :; ~2 lnlhr

J1/()rE,,/V(7V£rd'=TAr/oNAJ):r'-l5""hFNrr~,qSANJ'CR.L.eJA",YSANDSOILS

CHERION/; #.y'O billar

~ACJ.lA00 : .Ob in/ltr

CC\lculate. a wc::.j~htt:cI XJ<sAT .bast:cl ~Il ih(? SOl'/ ?erc~l1tages

on 1:J (~) ('1I0J+{W)(ot') =•315 i"!f1~

RA: P<!rr«:Jvn/eG,ra\Je.I/~L.{)aM; O-I%S/e:pes

X/<SAT=' (. ~o)(l.i3) ::.:i;s2~·~/hr·

STEP 2 : Dert:rP7t'ne. tht::. ;::,~rc~ni'a9~S oPeach soi/Map uniT
tJ i T:/J1 it') t:hesubhos ins. Co. leu fa t e.a we i~ h-ted
XKsAT, and intc:rpo/qre. the-ot:her qr<:t:n:.fAMp-f:
,Oar'lmc. rc.rs -rroM ...7Ci hie. .·..~2 .

For i'he example AJatersheclJ aSSUMe:.:

Subbasini : {,S% RS
35% Hl.C

Subbasin 2: /S"'% 1<5
/0% Ch
35% P~A

¥o% fiLe

HI.C :flARGUA -GuAJSIGI-ITCO/YPt.E""X, 0 - S~ St.opli'S

XK5AT = (.Ol.f)(I.OZJ :.O~3 t"n Ihr
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT PAGE~ OF __

DETAIL RAINFALL Loss£s COMPUTED DATE __

ForSubbqsin 2:

XKSA.T = (. "S)(.3'S) ~(35)(.O'l3J:. O. 22.i.(I/~r

pS I F ::'1. LJ i"

DII-IfTA= .37.Ln

XKSAT::. (.U;)(.3/S)r(./tJ)(I,2) + (,35)(. QSZ)+ (110) ( C¥3): O.3e..t it'llhr

PS/F::: ~O £n

OTHETA .~'. 35" in

IA = •2~ in
pTHeiA::.. ,35" in

P5j F =¥.O /11
X KSAT" •3'1 tlljAr

RTJrl P:; 9~

IA.:: .22 It'\

DTHETA= .37in
PS/F = If. 'It'(1

XKSAT=.22. il1/hr
RTJMP ='- 39%

SlJm/Ylar/z~ param~t~rSt'n t-Iu:.. orderrhal:
U}l', J been ~eredan t:he Lq cord: .

SUBBASIN 2 :

STEP 3 : CaIculat~p~rc~nt:rMperl/l"tlsn~ss (RTIJ'fP) and

SL.(Y'f~cel?ct:<tn.. t.·.• lW.~·'.·..-il()ss. (X... A... ·.) ,-for each sUblu:/sJ'n,
.e"~¢f~/. l"'~ Ctt,~,,",/!

SUBBASIN .i: RTlttP =: :-'S-(t,O%):; 3'/%
:LA:; .fpS(.:JS') +,3S"(. 15') :;",22,,;,

RTIHP::: ,lst~O%)=~%

!'A =.IS(.:lS)"' .• ¥S'(.js)-r,¥()t.JsJ=O.2't;~ .. : !
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5TEP~ :

IN/rIAL Lossl'/liS t/N/FOIV1 Loss RA/~ /'1'ETHoD
US/Nt:!t J.lYt>I?OL.e;~/C so//.. f9I?OUPS (1I.s~)

(L.ass Paramet'er.s-rroW) Table ~9)

A::.J I 8=2.
C=3, D=.JI

STep 2:

... i~te~p~l~.fc CNSTL. oVldJii.. frcmTabJe ~~ /'or
5uB.1.~CNsrL~./,,-[(,.s~ .os)6"SY =.085 In/IJr

XL: .5"- [C. S-. 0/)(. "s)] =.1135 il1
·1:':"_ P

Sua2 -ioCNSTl...::. .Z5- [(.ZS-.tS)(.fpo)] = .J~(·nllJr
XL.= 5' in .

STeP:5 .

Ccdc:ulo.i:~ ST&TLandAdjusr:eJ CNSTL. valu~5~re.ach subbasi'l

I. •STRTL :: ::CL + .TA J use..T4 \/a/li~s Frant step 1 a boue :

Sub ..1: S IRo TL .::. L/3S + .22 = O.'S'S'ifJ

CNSTl..:; . 08S[(.'-5)(1.0)1-(35)(1.07)}"' .. 087 ':nlhr
0:': f~><~

Suh 2: STRTL.:;. S in of- .2" 'n :; o. 7~ in
CNSTL. :: ./9 [(.ISXJ.oo) + (./0)(1.22)+ (35)( 1.13) -to (.l/o)(/.07)]

=.J'J ( I. 01') :: .208 i,,/;'r

Rc,..,el'1¥)/1(~r" Pera:ni ~m?t:rv/o("(SJ7~SS is rClI<t:n t'nT6 o.cco Ul'1t tt/heYJ Cl

HSG, is assljn~cl J so do FlO t: ure t:ht; RT/I'1P vqriab/(.
tv i i:h this TY)':= t hod. v,·,_~·--" .~__~.._._. ~ __,;, "~_~~··_--
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.. ':..:.. ..' .. .

}j's~/t.r
RItIl6£LItIJ!J

L13Gt6"rJ D

""..",.. ""It T~ R.. 5He. !:> 80LINbA Rot
... .... .. BASIN BOlArJOAi-1

~. 'LArJIJ I.He BoaNtJA".Y

.;,..:. •:. ...-.... .' ''-/fASt(· . . , .
, , .... ';'v':" :eii; ""TiD'" 1'1,.q,(.~~~, ':,.':
, - ' 'ISld' . P~ICC.E"i 7 ·L/1,.jJ UJ§' .,

..
,0,,, ••

'.'

I
V 1'10<'

; , '

',. eo. o ."

'.

,

',' ....

.~ ...! ).. .. I ..

,',! :, .

I 'J' io L

" .. o. e.

. "l'j:;'" . ,

., ··::··::t:··,:; ;'!" •,:' aA.lS......'-.-~.,-;---- ---." 11"''''
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_ELt--:>t' •.
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DA=

;;::: 35 (JO

1/
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"
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011) -
i

~ lI. &/0 ) T .. Za ::: C!p,'/~B)

:' I' ",. '
if ~'lo) + -15:: (;J.:;'J"'1)

I : : I :
1<0::: • ~ 5 (i/J!)'t ) -r ;' 3 5 ~ {),:'t?~), == ( 0~' (;~i )

. . !

I1tJutl7/tIN~ WI TH vcc"c TA TlON: ,-' 030 ~(;
I

. UPPER. BIlSII'f.

(J) FiAi/J K b I (TABLe 5·/:>i Fib ~ter: S. 5 ~ ~ I'l'l/(II-TI()1S P~.

: i .

. ~..; ,

: ; i,

,

,/) tt/~
,-::::. :--,.

vNT/+ AOJr,.l.Srl-le:-Jr-·

. !

/ "-1' 'A \.
;, l "'.'

'" / :i

I :::-
) f1 I~ - ( ;0 ') ff I~

\NIT~ Ab.rtAst'~

,

( {) (

=' t""

t10cJNTI"tIN5 WITH VEC,c?TIlTleJlI/: - .D30e~Oc:'1!j:~*~~O)+: '2.0
; i :

H(LL.5/..()f'c~ JI'IIITH Sdl'18 Vcr:".; ,(US ~( . *~<lo) -r
i

,,1'5 ::: ( ~

'. - i'OI31~ ~(, *lD,tJo) T ·o~ :::
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!
I :

I
I
i
I
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!
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\s 11 d··!T) ft /.,;,. ;

,
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A #l' ( ) 'nit

L-

A ~
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,--~-----------
--------------~
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RoM ~'tINFALL j)/.571l 1 .BtiT/IIN AI'I.A>SOIL .,-~s.s

TI/£' CLAI!.J( ?,eoC{.':::DU~Ej(Etfu/~ES ;jTiNEO;=:ClJIIICcI'lTIZA noA/.... :,
~ .: _ _ ;~: - ,':. ".',:.<:,. __ ,~:;-'-':' .-"-~-7""~~,~:,"",,c"::~·:-:~~';'":1"'r< ......~~""~ .: ;,:-".:-:,.:.p'.

Ie} ~ .. ,1'1 5 To £1\c,€.(:DlOFrJ <:1ENT;.(KL,/j~1J d£&~~Z.4i€1 ..i-A<:~,
·~,.~~".;,,-~,_.:'.'";-i"""~"--:-:'- ,,,,,,_..---"'--~-'-'->-'- - ,',:--- - - - -., - - ; ,,<-";"--c:--~-·_-~:"~~~_~~_~~T~-:=~ -

,,, _~' .. ': . _ ... _ _," .. "'_ .. _ ": ' .. : _c; ",'" < ._._.0·. ':. . •. ' ': .":. ,"

~.5'Lo~t.C-; .' /J N~RE51.J 7A/llCE COlfEEreIErlT.··

:TJ.·····.·..•.·.•

TNIS WILL G I Ve 'IoU TilE ExcE5SI2../JI/'IF/-Jl.L· cl)/.s.7R.18t.i7io/l/,

.:)3lAT.@~[·-~rs=¢~ANb ....·l\f</J.;,VH~4@SE THe MfA.'.·
"..~ .. - ~~ '. '. . "'",.=""'~. ....• '.' . . .. ..

"'0- _, _"_"' ""'_' ",' ,",

Io .. Rl/.N ·/-f)lE-c.~j-

@ {/SE rile /I1/F()~MAT(ON FI2(//'1 (j) AN./) 0/N'i/fc-Tc.{~

WOI!.K5f1EE-T Ar/iJ eAL Ct/LIt7£ Tc A#A 15 . .(}C"I UA f<€CoeD (p~.71·

@ . IHSE"I2.T TilE. NeW Tc.. AI'//J R PAf<IV1€Tcl?.5 11'I7f1C'./llFc..-l

Ad). I<tlN I r T6(},ET/';:/JK DI SC/fA.e 6,c". VAl



LINE

1
2

3

4

5
6

7
8

9

10
11
12
13

14
15
16

17

18
19
20
21
22
23

24
25
26

HEC-1 INPUT

10....•• 't~".i;.;,ij[ 3 4 ••••••• 5 6....•..7 8 9 10

10
10 ,A,

~lr~t

IT 5 100
10 0 /.

KK
KM SUB-BASIN~

BA 1.760 ~';I'
IN 15 0'$~i :

PB 3.157
PC .000 .012 .018 .027 .040 .051 .061 .072 .083 .094

PC .107 .122 .143 .188 .274 .460 .684 .820 .887 .927

PC .948 .962 .974 .988 1.000
I /" C

LG .220 .380 5.400 .190 39.000

uc it-. '. •.:(Z
UA o ) 3 5 8 ,12 20 43 75 90 96

UA 100

KK
KM SUB-BASIN A2
BA 4.050
LG .260 .350 3.900 .320 9.000

uc .,.,.-~~ r;

UA 0 3 5 8 12 20 43 75 90 96

UA 100

KK
HC 2
ZZ

PAGE.1



**********************************************************••*********••*•••**.*.*••• -**••••******••*••••••*.*••*****••••***••_*****

HYOROGRAPH AT STATION UfPER BASIN
.******.*.****.***************.*****.******.***••**.*****.******.***.**.*.************.***.*•••*••***.*****.**.*.*****••*.*.**.**.*

1"'1* ...:Y,'\
OA MON HRMN ORO RAIN LOSS EXCESS CO~pt ~}t I (i'i)VV OA MaN HRMN ORD RAIN LOSS EXCESS) CaMP Q

'i .... ,. -"v ()fi"V'*) c/

"'11 0000 1 .00 .00 .00 ";'/0. >.AI \\t/' 1 0410 51 .14 .03 eY 1551.

1 0005 2 .01 .01 .00 34. .(; * 1 0415 52 .14 .03 .12 1563.

1 0010 3 .01 .01 .00 67. * 1 0420 53 .07 .03 .04 1079.

1 0015 4 .01 .01 .00 67. * 1 0425 54 .07 .03 .04 593.

1 0020 5 .01 .00 .00 50. * 1 0430 55 .07 .03 .04 602.

1 0025 6 .01 .00 .00 34. * 1 0435 56 .04 .03 .02 416.

1 0030 7 .01 .00 .00 34. * 1 0440 57 .04 .02 .02 230.

1 0035 8 •01 .01 .00 42 . * 1 0445 58 .04 .02 .02 237.

1 0040 9 .01 .01 .00 50. * 1 0450 59 .02 .01 .01 179.

1 0045 10 .01 .01 .00 50. * 1 0455 60 .02 .01 •01 117•

1 0050 11 .01 .01 .01 62. * 1 0500 61 .02 .01 •01 117.

1 0055 12 .01 .01 .01 73 . * 1 0505 62 .01 .01 •01 98 .

1 0100 13 .01 .01 .01 73. • 1 0510 63 .01 .01 .01 78 .

1 0105 14 .01 .01 .00 67 • • 1 0515 64 .01 .01 .01 78.

1 0110 15 .01 .01 .00 62 . * 1 0520 65 .01 .01 .00 73 •

1 0115 16 .01 .01 .00 62. • 1 0525 66 .01 .01 .00 67 •

1 0120 17 .01 •01 .00 59 . • 1 0530 67 .01 .01 . 00 67 •

1 0125 18 .01 .01 .00 56. • 1 0535 68 .01 .01 •01 73 .

1 0130 19 .01 .01 .00 56. • 1 0540 69 .01 .01 .01 78 •

1 0135 20 .01 .01 .00 59. • 1 0545 70 .01 .01 •01 78 •

1 0140 21 .01 .01 .00 62 . • 1 0550 71 .01 .01 .00 73 .

1 0145 22 .01 .01 .00 62 . • 1 0555 72 .01 .01 .00 67 •

1 0150 23 .01 .01 .00 62. • 1 0600 73 .01 .01 .00 67 •

1 0155 24 .01 .01 .00 62 . • 1 0605 74 .00 .00 .00 34 .

1 0200 25 .01 .01 .00 62 . • 1 0610 75 .00 .00 .00 O.

1 0205 26 .01 .01 .00 62 . • 1 0615 76 .00 .00 •00 O.

1 0210 27 .01 .01 .00 62 . • 1 0620 77 .00 .00 .00 O.

1 0215 28 .01 .01 .00 62. • 1 0625 78 .00 .00 •00 O.

1 0220 29 .01 .01 .01 67 . • 1 0630 79 .00 .00 . 00 O.

1 0225 30 .01 .01 .01 73 • • 1 0635 80 .00 .00 .00 O.

1 0230 31 .01 .01 .01 73. • 1 0640 81 .00 .00 .00 O.

1 0235 32 .02 .01 .01 78 . • 1 0645 82 .00 .00 .00 O•

1 0240 33 .02 .01 .01 84 . • 1 0650 83 .00 .00 .00 O.

1 0245 34 .02 .01 .01 84. • 1 0655 84 .00 .00 .00 O.

1 0250 35 .02 .01 .01 101. .. 1 0700 85 .00 .00 .00 O.

1 0255 36 .02 . •01 .01 117 . • 1 0705 86 .00 .00 .00 O.

1 0300 37 .02 .01 .01 117 . • 1 0710 87 .00 .00 .00 O.

1 0305 38 .05 .03 .02 185. • 1 0715 88 .00 .00 .00 O.

1 0310 39 .05 .03 252 • • 1 0720 89 .00 .00 •00 O.

1 0315 40 .05 .03 252. * 1 0725 90 .00 .00 .00 O.

1 0320 41 .09 .05 369. • 1 0730 91 .00 .00 •00 O.

1 0325 42 .09 .05 526. * 1 0735 92 .00 .00 •00 O.

1 0330 43 .09 .04 600 . • 1 0740 93 .00 .00 •00 O.

1 0335 44 .20 .04 1378. • 1 0745 94 .00 .00 •00 O.

1 0340 45 .20 .04 2138 . • 1 0750 95 .00 .00 .00 O.

1 0345 46 .20 .04 2171 • • 1 0755 96 .00 .00 •00 O.

1 0350 47 .24 .03 2471. • 1 0800 97 .00 .00 •00 O.

1 0355 48 .24 .03 2765. • 1 0805 98 .00 .00 •00 o.
1 0400 49 .24 .03 2783. * 1 0810 99 .00 .00 •00 O.

1 0405 50 .14 .03 2168. • 1 0815 100 .00 .00 .00 O.

•
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***********************************************************************************************************************************
I

HYOROG~APH AT STATION LoweR BASIN
***********************************************************************************************************************************., )1

. ".- *
.'

OA MON HRMN ORO RAIN lOSS EXCESS COMI'\Q * OA MON HRMN ORO RAIN lOSS EXCESS COMP Q

: r:.' *

1 0000 1 .00 .00 .00 ,1.0 . * 1 0410 51 .14 .05 2777.

1 0005 2 .01 .01 .00 18. * 1 0415 52 .14 .05 2826.

1 0010 3 .01 .01 .00 36. * 1 0420 53 .07 .05 1730.

1 0015 4 .01 .01 .00 36. * 1 0425 54 .07 .05 630•

1 0020 5 .01 .01 .00 27. * 1 0430 55 .07 .05 664.

1 0025 6 .01 .01 .00 18. * 1 0435 56 .04 .04 399.

1 0030 7 .01 .01 .00 18. * 1 0440 57 .04 .04 .00 119.

1 0035 8 .01 .01 .00 22. * 1 0445 58 .04 .04 .00 119.

1 0040 9 .01 .01 .00 27. * 1 0450 59 .02 .02 .00 91.

1 0045 10 .01 .01 .00 27 . * 1 0455 . 60 .02 .02 .00 62.

1 0050 11 .01 .01 .00 33 . * 1 0500 61 .02 .02 .00 62.

1 0055 12 •01 .01 .00 39 . * 1 0505 62 •01 .01 .00 52 •

1 0100 13 .01 .01 •00 39• * 1 0510 63 .01 .01 .00 42 •

1 0105 14 .01 .01 .00 36. * 1 0515 64 .01 .01 .00 42 .

1 0110 15 .01 .01 .00 33 . * 1 0520 65 .01 •01 .00 39•

1 0115 16 .01 .01 .00 33. * 1 0525 66 •01 .01 .00 36•

1 0120 17 .01 .01 .00 31 • * 1 0530 67 .01 .01 •00 36 .

1 0125 18 .01 .01 .00 30 . * 1 0535 68 .01 .01 .00 39•

1 0130 19 .01 .01 .00 30 . * 1 0540 69 .01 .01 •00 42 •

1 0135 20 .01 .01 .00 31. * 1 0545 70 .01 •01 .00 42 •

1 0140 21 .01 .01 .00 33 • * 1 0550 71 .01 .01 .00 39 .

1 0145 22 .01 .01 .00 33. * 1 0555 72 .01 .01 .00 36 .

1 0150 23 .01 .01 .00 33. * 1 0600 73 .01 .01 .00 36.

1 0155 24 .01 .01 .00 33 . * 1 0605 74 .00 •00 .00 18•

1 0200 25 •01 .01 .00 33 . * 1 0610 75 •00 .00 .00 O.

1 0205 26 .01 •01 .00 33 . .* 1 0615 76 .00 .00 .00 O.

1 0210 27 .01 .01 .00 33 . * 1 0620 77 .00 .00 .00 O.

1 0215 28 .01 .01 .00 33 . * 1 0625 78 .00 .00 •00 O.

1 0220 29 .01 .01 .00 36 . * 1 0630 79 .00 •00 .00 O.

1 0225 30 .01 .01 .00 39 . * 1 0635 80 .00 •00 .00 O.

1 0230 31 .01 .01 .00 39 . * 1 0640 81 .00 .00 •00 O.

1 0235 32 .02 .01 .00 42 • * 1 0645 82 .00 .00 •00 O.

1 0240 33 .02 .01 .00 45 • * 1 0650 83 .00 .00 •00 O.

1 0245 34 .02 .01 .00 45 . * 1 0655 84 .00 .00 .00 O.

1 0250 35 .02 .02 .00 53 . * 1 0700 85 .00 .00 .00 O.

1 0255 36 .02·· .02 .00 62. * 1 0705 86 .00 .00 .00 O.

1 0300 37 .02 .02 .00 62 . * 1 0710 87 .00 .00 .00 O.

1 0305 38 •05 .04 .00 98 . * 1 0715 88 .00 .00 .00 O.

1 0310 39 .05 .04 .00 134. * 1 0720 89 .00 .00 .00 O.

1 0315 40 .05 .04 .00 134. * 1 0725 90 .00 .00 .00 O.

1 0320 41 .09 .08 .01 195. * 1 0730 91 .00 .00 .00 O.

1 0325 42 .09 .08 .01 255. * 1 0735 92 .00 .00 .00 O.

1 0330 43 .09 .08 .01 266. * 1 0740 93 .00 .00 .00 O.

1 0335 44 .20 .08 .12 2022. * 1 0745 94 .00 .00 .00 O.

1 0340 45 .20 .07 .13 3857. * 1 0750 95 .00 .00 .00 O.

1 0345 46 .20 .07 .13 4013. * 1 0755 96 .00 .00 .00 O.

1 0350 47 .24 .06 .17 4759. * 1 0800 97 .00 .00 .00 O.

1 0355 48 .24 .06 .18 5481. * 1 0805 98 .00 .00 .00 O.

1 0400 49 .24 .06 .18 5559. * 1 0810 99 .00 .00 .00 O.

1 0405 50 .14 .06 .09 4173. * 1 0815 100 .00 .00 .00 O.
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Executive Sm;~~ry
iii

The objective of the Hydrologic Design Manual of Maricopa County is to provide
technical procedures for the estimation of flood discharges for the purpose of
designing stormwater drainage facilities in Maricopa County. Two methodologies
are defined for the development of design discharges; the Rational Method, and
rainfall-runoff modeling using a design storm. For small,'urban watersheds, less
than 160 acres and fairly uniform land-use, the Rational Method is acceptable. Use
of this method will only produce peak discharges and runoff volume and this
method should not be used if a complete runoff hydrograph is needed, such as for
routing through detention facilities. For larger, more complex watersheds or
drainage networks, a rainfall-runoff model should be developed. The Hydrologic
Design Manual of Maricopa County provides guidance in the development of such a
model and the estimation of the necessary input parameters to the model. Although
not necessarily required, the use of the U.S. Anny Corps of Engineers' HEC-l Flood
Hydrology Program facilitates the use of the procedures that are contained in the
Hydrologic Design Manual of Maricopa County. (The Hydrologic Design Manual was
written to supplement the HEC-l Users Manual.)

The Hydrologic Design Manual can be used to develop design discharge magnitudes
for storms of frequencies up to and including the 100-year event. The design storm
is of 6-hour duration and that storm is to be used for the design of all stormwater
drainage facilities except detention and retention basins. According to the Uniform
Drainage Policies and Standards for Maricopa County, Arizona (February 25, 1987), all
development shall make provisions to retain the peak flow and volume of runoff
from rainfall events up to and including the 100-year, 2-hour duration storm falling
within the boundaries of the proposed development. Accordingly, the criteria to be
applied to the 2-hour storm is also provided in the Hydrologic Design Manual.

The rainfall-runoffmodelingprocedure that is contained in the manual is physically
based, that is, the procedures are based-to the extent practical-on the physical
processes that occur during the generation of storm runoff from rainfall. While the
basic procedure is physicallybased this doesnot assure that the rigorous application
of the procedures will, in fact, reproduce the actual rainfall-runoff phenomenon of
any storm that has occurred or may occur in the future. However, the procedure,

..................:.:-:-:-:.:.:.:.: - - :-:-:.»:.;. :-:.;.-.;...:.;.; :.;.»>:.: .; ;.:-:.:.: :-:-:.;.;.;.:-:.;.:-:.:.:-:.:.;
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when applied with good hydrologic judgement, should yield consistent results for
design purposes.

Throughout the development of the Hydrologic Design Manual three benchmarks
were continually applied in judging the applicability of individual procedures and
the overall methodologies; accuracy, practicality, and reproducibility. Accuracy is a
measure of how well the results of the procedure reproduc~ the physical process
being simulated. Although accuracy is highly desired, it is theoretically impossible
to achieve in an earth scieI!ce such as hydrology, and in a practical sense, accuracy
is not feasible to assess except for a few situations where adequate verification data
are available. Relative accuracy was assessed throughout the development of the
procedures in the manual through testing and verification against recorded data.

Practicality is a users decision regarding the best and most appropriate level of
technology to apply considering the information that is available: anticipated user,
consequences of error, and desired or required output. Whereas both simpler
procedures and more sophisticated procedures are available, the adopted
methodologies provide a compromise between these two extremes, and the best
practical level of technology is judged to be recommended in the manual consider
ing the state of current hydrologic knowledge of arid and semi-arid lands.

Reproducibilityis a characteristic that prOVidesa reasonableassurance that consistent
results will be achieved by all qualified users. Reproducibility is highly desirable
for a design standard in order to eliminate-to the extent possible-unnecessary
conflicts over the interpretation and application of the design method.
ReprodUcibility is achieved through clear and concise manual procedures and user
guidance. Every effort has been made toward this end.

A brief discussion of the contents of each chapter of the Hydrologic Design Manual
follows:

Chapter 1, Introduction: The introduction states the purpose, scope and limitations,
and general use of the manual.

Chapter 2, Rainfall: The characteristics of severe storms in Maricopa County are
documented as a setting for defining the design rainfall criteria. Procedures
and information are provided for the determination of depth-duration-fre
quency statistics ofstorms in Maricopa County. Theseare derived from NOAA
Atlas 2, Arizona, which is the most comprehensive and authoritative source of
such information. The limitations and potential inaccuracy of the NOAA Atlas
is recognized and until an equivalently accepted source of rainfall statistics is
provided, this source must be used. Recent reanalysis of the short duration
(less than 1-hour) rainfalls by the National Oceanographic and Atmospheric
Administration have been used as a supplement to the NOAA Atlas.

The temporal distribution of rainfall for the majority of design conditions is a
6-hour local storm. The 6-hour storm distribution is based on an analysis by
the U.S. Army Corps of Engineers, Los Angeles District, of the August 19, 1954
QUeen Creek storm. The Corps' distribution has been modified somewhat to
reflect the design rainfall criteria that is desired for use in Maricopa County,

...:,.-.:.:.:-;.;.:-;. .;.;.:-:-:.;.:-:-::-:-:- .
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and this modificatioIliIlcludes llSingthe hypothetical distribution for drainage
areas less than 0.5 square mile. The temporal distribution is a function of
drainage area and this is to reflect the spatial variability of rainfall intensities
that are known to exist with severe local storms in Maricopa County. A 2-hour
distribution is provided for use in the design of detention/retention facilities.
The reduction of rainfall depth with storm area for the 6-hour rainfall is
accounted for by a depth-area reduction curve based on the 1954 Queen Creek
storm.

Chapter 3, Rational Method: Use of the Rational Method is to be limited to areas of
up to 160 areas, and is generally limited to urbanized conditions. The water
shed should be of uniform land use for application of this method. Intensity
duration-frequency (i-d-f) statistics are to be obtained from the information
contained in Chapter 2, and an i-d-f curve for general use is contained in the
manual. An equation for the estimation of time of concentration is provided
which is a partial function of rainfall intensity. Values of the runoff coefficient
"C" to be applied to various land uses in Maricopa County are provided.

Chapter 4, Rainfall Losses: Several procedures are provided for the estimation of
rainfall losses. The preferred method is the Green and Ampt infiltration
equation with an estimate of surface retention loss. This requires the classifica
tion of soil according to soil texture, which is available for most of Maricopa
County. Adjustment of the loss rate is available as a function of vegetation
cover. Other methods are available to estimate rainfall losses if adequate soils
and/or vegetation data are not available. One alternative method is to use the
Initial Loss plus Uniform Loss Rate (IL+ULR) method, if only the hydrologic
soil groups can be estimated.

Chapter 5, Unit Hydrograph Procedures: The use ofunit hydrographs to route rainfall
excess from the land's surface is recommended and the procedures recom
mended to do so are either the Clark unit hydrograph or the application of
selected 5-graphs. The Clarkunit hydrograph is recommended for watersheds
or subbasins less than five square miles in size with an upper limit of applica
tion of ten square miles. Procedures are provided for the estimation of the two
numeric parameters: time ofconcentration and storage coefficient. Two default
time-area relations are provided; one for urban watershed and the other for
natural watersheds. Two regional 5-graphs have beenselected for use in flood
hydrology studies of major watercourses in Maricopa County. The Phoenix
Mountain S-graph is to be used in studies of watersheds that drain
predominantly mountainous terrain. The Phoenix Valley 5-graph is to be used
in studies of watersheds that have little topographic relief or urbanized water
sheds. A procedure is provided for the estimation of the 5-graph parameter,
lag.

Chapter 6, Channel Routing: General guidance is provided for the use of Kinematic
Wave routing and Muskingum routing. Kinematic Wave routing can be ap
plied to urbanized or artificial channels and closed conduits. Muskingum
routing is to be used for natural channels.

SepteDlber1,199O iii



Chapter 7, Application: General guidelines and some specific aids in the use of the
manual are provided in this chapter.

Appendices: Loss rate tables for soils in Maricopa County, Textural Class Diagram,
and blank figures and worksheets are provided in the appendices.

Examples: Detailed examples are provided that clearly illustrate the use of the
procedures in practical applications.

..:.:.:.:.:.:.:.:.;.;.:.:.: ; .
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The information, procedures, and recommendations that are presented in this
manual are mainly the result of previously published efforts of many diligent and
talented engineers and scientists. The authors of this manual have made every effort
to cite the original authors and researchers whose contributions to this manual, and
to the science of hydrology, are gratefully appreciated.

The authors of this manual are indebted to the many individuals and organizations,
including the staff at the Flood Control District, that have supported this effort
through recommendations, technical guidance, encouragement, and review ofdraft
sections of this manual. In particular, the following people have provided im
measurable assistance without which this manual could not have been completed
in this form. Those individuals, in alphabetical order, are:

Arthur G. Cudworth, Jr., Former Head (retired), Flood Section, Surface Water
Branch, U.S. Bureau of Reclamation, Denver, Colorado.

Leonard J. Lane, Ph.D., Arid Lands Watershed Management Research Unit, U.S.
Department of Agriculture, Tucson, Arizona.

Robin McArthur (deceased), Hydrologist, Soil Conservation Service, U.S. Depart
ment of Agriculture, Phoenix, Arizona.

Harry Millsaps, Hydrologist, Soil Conservation Service, U.s. Department of
Agriculture, Phoenix, Arizona.

Herbert B. Osborn, Ph.D., P.E., (retired) Arid Lands Watershed. Management Re
search Unit, U.S. Department of Agriculture, Tucson, Arizona.

John T. Pedersen, P.E., Supervisor Hydraulic Engineer, U.S. Anny Corps of En
gineers, Los Angeles District.
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of Agriculture, Beltsville, Maryland.
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U.S. Department of Agriculture, Tucson, Arizona.
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U.S. Department of Agriculture, Tucson, Arizona.

September 1,1990
... ;. .. ;. -: ;.;. ..;.:.;.:-:-:-:-:.:.;.;.:.:.:.:.:

v



1

Executive Summary

Acknowledgments

Introduction

Table of e~fif~nts

i

v

1

1.1 Purpose 1

1.2 Scope and Umitation 1
1.3 Using this Manual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.4 Application 3

2 Rainfall 5

2.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.1.1 General Winter Storms . . 5
2.1.2 General Summer Storms . . 5
2.1.3 Local Storms . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.2 Depth-Duratio;n-Frequency Analysis 6

2.2.1 Source of Data . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.3 Depth-Area Relation 7

2.3.1 Procedure for Depth-Area Adjustments 7
2.4 Selection of AppropriateDesign Storm . . . . . . . . . . . . . . . . . 9

2.5 Development of Design Storm Distributions . . . . . . . . . . . . . 25

2.5.1 2-hour Storm Distribution 25
/~:5~-2-6=nour"Storm Distribution 25

./ \
/ I

3 ./ Rational Method 31

3.1 GeneraL, 31

3.2 Rational Equation . . . . . . . . . . . . . . ; . . . . . . . . . . . . . 31

.••....•.•.•.............•.•.;.•.:.;..•:.;.;.;.;.;.:.:.:.:.: .••••••••.•••.•.•...•;.;.;.;.;.;.;.:-:.;.:-:-:-:.:.;.;.:-:<.;.;.;.;.;-:.:-:.;.;.:.:.:.:.;.:.;.:.:.:.'.:.;.;.".

Septernber1,199O vii



4

3.3 Assumptions
3.4 Limitations .
3.5 Application........

3.5.1 Peak Discharge Calculation
3.5.2 Volume Calculations

Rainfall Losses

.33

.34

.34

.34

.35

37

5

4.1 General . . . . . . . . . . . . . . . . . . . . . . . . . 37

4.2 Surface Retention Loss . . . . . . . . . . 41

4.3 Infiltration . . 41

4.4 Recommended Methods for Estimating Rainfall Losses . . 43
4.4.1 Green and Ampt Infiltration Equation .... . . 44
4.4.2 Initial Loss Plus Uniform Loss Rate (lL+ULR) .. 49

4.5 Procedure for Estimating Loss Rates . . 52

4.5.1 Green and Ampt Method . .'. . . . . . . . . . '" . . . 52

4.5.2 carLO~~'\\~US Uniform Loss Rate Method 53

Unit Hydtograph Pr~cedures 55

5.1 General . . . . . .) . . . . . . . . . . . . . . . . . . . . . . 55, /

5.2 Clark Unit Hydr6graph . . . . . . . . . . . . . . . 56

5.3 Limitations and Applications ..... . 62

·5A Development of Parameter Estimators . 63

5.5 Estimation of Parameters . . . . 63

5.5.1 Time of Concentration . . 63
5.5.2 Storage Coefficient ... . 67
5.5.3 Time-Area Relation . . . . 67 .

5.6 5-Graphs . 72

5.6.1 Limitations and Applications . . 73
5.6.2 Sources of 5-Graphs . . . . . . . . . . . . . 74
5.6.3 5-Graphs for Use in Maricopa County .. 75
5.6.4 Estimation of Lag . 79

6

viii

Channel Routing

6.1 _General . . . . . .

6.2 Kinematic Wave Routing

6.2.1 Collector Channel
6.2.2 Main Channel .,

................................, ;.:-:-:.;-:-:.:-:-::-:-:-;.;.;.;.:.;.".',",.'"

-r---

83

. 83

.83

.84
.. 84

September 1,1990



6.2.3 Parameter Selection
6.3 Muskingum Routing ...

6.3.1 Parameter Selection

· .84
· .85

.................... 85

7 Application

7.1 General . . . . . . . . . . . . . . . . . .

7.2 Notes on Design Rainfall .

7.3 Notes on Calculating Loss Parameters ..
7.4 Notes on Calculating Parameters for use in the Clark Unit
Hydrograph .

7.5 Notes on the Application of Kinematic Wave Routing .

7.6 Notes on Developing Muskingum Parameters

7.7 Notes on the Application of S-graphs .

References

87

.87

.87

.88

· 90
. ... 91

· .92

· 93

95

C.

D.

E.
F.
G.

H.

1.

Appendices

A. Aguila-Carefree Loss Rate Parameters
B. Eastern Maricopa/Northern Pinal Counties

Loss Rate Parameters .. . . . . . . . . . . . . . . . .

Maricopa County-Central Part Loss Rate Parameters
Textural Classes .

Tc and R Worksheet .

Precipitation Depth-Duration Diagram (6-24 hour) .

Rainfall I-D-F Relation (blank) . . . . . . . . . . . . .

Method Comparison .

Fortran Programs: MCUHP1 and MCUHP2 . . . . . . . .

Examples

September 1,1990

· 99

.111

.115

.123

.127

.131

.135

· .139

.175

183

ix



2.2 2-Hour Storm Distribution for Retention Design

2.3 6-Hour Distributions .

2.1 Depth-Area Reduction Factors
for 6-Hour Duration Rainfall

Tables

· .9

· 25

.27

3.1 Equation for Estimating Kb in the Tc Equation

3.2 C Coefficients for Use with the Rational·Formula

· 32

.35

4.1 Surface Retention Loss for
Variou~ Land Surfaces in Maricopa County .42

4.2 Green and Ampt Loss Rate Parameter Values for Bare Ground . 46

4.3 Initial Loss Plus Uniform Loss Rate Parameter Values
for Bare Ground according to Soil Texture Classification 51

4.4 Initial Loss Plus Uniform Loss Rate Parameter Values
for Bare Ground according to Hydrologic Soil Group 52

4.5 Published Values of Uniform Loss Rates . . . . . 52

5.1 Equation for Estimating Kb in the Tc Equation . . 67

5.2 Values of the Synthetic Dimensionless Time-Area Relations
for the Clark Unit Hydrograph . . . . . . . . . . . .. ... 71

5.3 Tabulation of Coordinates for the
Phoenix Valley and the Phoenix Mountain 5-Graphs .... 78

x September 1,1990



Figures

2.1 Depth-Area Curve for Maricopa County .8

2.2 Isopoluvials 2-Year, 6-Hour Precipitation 11

2.3 ISopoluvials 5-Year, 6-Hour Precipitation 12

2.4 Isopoluvials 10-Year, 6-Hour Precipitation 13

2.5 Isopoluvials 25-Year, 6-Hour Precipitation 14

2.6 Isopoluvials 50-Year,6-Hour Precipitation .. 15

2.7 Isopoluvials 100-Year, 6-Hour Precipitation 16

2.8 Isopoluvials 2-Year, 24-Hour Precipitation 17

2.9 Isopoluvials 5-Year, 24-Hour Precipitation 18

2.10 Isopoluvials 10-Year, 24-Hour Precipitation 19

2.11 Isopoluvials 25-Year, 24-Hour Precipitation 20

2.12 Isopoluvials 50-Year, 24-Hour Precipitation . 21

2.13 Isopoluvials 100-Year, 24-Hour Precipitation .. 22

2.14 Precipitation Depth versus Return Period for
Partial-Duration Series .......... .23

2.15 Precipitation Depth-Duration Diagram (6 to 24 hour) .24

2.16 2-Hour Mass Curve for Retention Design .26

2.17 6-Hour Mass Curves for Maricopa County .28

2.18 Area Versus Pattern Number for Maricopa County .. 29

September 1, 1990 xi



3.1 Resistance Coefficient Kb as a Function of
Watershed Type and Size . . . . . . . . 33

3.2 Rainfall Intensity-Duration-Frequency Relation
(Phoenix Metro Area) . . . . .. . . . . 36

4.1 Schematic Representation of Rainfall Losses
for a Uniform Intensity Rainfall 38

4.2 Simplified Representation of Rainfall Losses
A Function of Surface Retention Losses Plus Infiltration .. 40

4.3 Effect of Vegetation Cover on Hydraulic Conductivity
For Hydraulic Soil Groups 8, C, and 0, and for all Soil Tex
tures
other than Sand and Loamy Sand 48

4.4 Representation of Rainfall Loss According to the
Initial Loss Plus Uniform Loss Rate (IL+ULR) ....... 50

5.1 Conceptual Analogy of Linear Reservoir Routing to
Generation of a Storm Hydrograph by the Clark Unit
Hydrograph Method . 57

5.2 Definition Sketch of Clark Unit Hydrograph Parameters
from hydrograph analysis .. . . . 59

5.3 Example of Storm Hydrograph Generation using the
Clark Unit Hydrograph Method 60

5.4 Slope Adjustment for Steep Watercourses in
Natural Watersheds 65

5.6 Synthetic Time-Area Relation for Urban Watershed

5.7 Synthetic Time-Area Relation for Natural Watersheds

5.8 Example of an 5-Graph from Design of Small Dams

5.9 Phoenix Valley 5-Graph, Maricopa County ..

5.10 Phoenix Mountain5-Graph, Maricopa County

5.11 Lag Relationships . . . . . . . . . . . . . . . . .

5.5 Resistance Coefficient "Kb" as a Function of
Watershed Type and Size . . . . . . . . .. 66

.69

. 70

.72

76

77

.. 81

xii
.. :.:-:.>:.:.:.:.:-:.:.:-:.:-:- .

September 1, 1990



., .

••••••••••••••••••••••••••••••••••••••••••••••••••••••••

·············1··...........•......

•..~. h

IntrodJ~tibn

1.1. Purpose

.. .» In April 1985 a task force was fonned by the Flood Control District ofMaricopa County
to establish a common basis for drainage management in all jurisdictions within
Maricopa County. Among the goals of the task force were provisions for consistent
analysis of drainage requirements, reducing costs and staff time when annexing
County areas, and supplying equal and common protection from the hazards of
stonnwater drainage for all County residents. Additionally, developers would be
benefitted by having only one set of drainage standards with which to comply when
developing land within the incorporated orunincorporated areas ofMaricopa County.
The task force determined that these efforts would be achieved in three phases:

Phase 1 Research, evaluate, develop, and produce uniform criteria for drainage
of new development which resulted in the Uniform Drainage Policies and
Standards for Maricopa County.

Phase 2 Establish a Stormwater Drainage Design Manual for use by all jurisdictional
agendes within the County.

Phase 3 Preparean in-depthevaluationofregionalzainfalldataand establishprecipita
tion design rainfall guidelines and isohyetal maps for Maricopa County.

As a part of Phase 2, the Hydrologic Design Manual for Maricopa County will provide
the necessary data for the Hydraulic Design Manual.

iilll Scope and Limitation

iU: When using the procedures detailed in this manual, it is important to keep several
things in mind. First, this is a hydrologic design manual. The methods, techniques and
parameter values described herein are·not necessarily valid for real-time prediction
of flow values, nor for recreating historic events-although some of the methods
are physically based and would be amenable for uses other than design hydrology.

Second, the lack of runoff data for urbanizing areas of the County, for the most part,
precludes the use of flood frequency analysis for stormwater drainage design. For

.............................................. ' ;...;:.;.;-;,;.;. : ...•..... - ;.:.;:.:.:.:.: .
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those watercourses with sufficient record, flood frequency analysis may be accept
able. Similarly, for those watercourses with established regulatory floodplains, the
FEMA accepted flood frequency curves may be used for design purposes, unless
they are demonstrably inappropriate. The purpose of this manual is to provide a
means ofassisting in the prediction of runoff whichmight result from a design storm
of a given return interval.

Third, the design storm has no point of reference in terms ofa singular historic event.
Rather, it is intended to provide the best available information by utilizing historic
data as well as other precipitation design concepts. The design storm provides not
only the peak intensities which would be expected from a storm of a given duration
and return interval, but also the volumes associated with it. The tables describing
the temporal distribution of the design storm for use in a hydrologic model, i.e.,
HEC-l, are approximately equivalent to the graphs used to determine the rainfall
intensity to be used in the Rational Method. The net effect is that regardless of the
size of the area being investigated or the method ofanalysis, the same design storm
is used as the driving input.

Ifill Using this Manual

The use of the methods presented in this manual, even the rigorous application thereof, in
no way ensures that the predicted values are reasonable or correct. Hydrology is a
discipline which, in some respects, is much like music-quality requires not only
technical competence but also a feel for what is right. It often requires the exercise
of hydrologic judgement. The Flood Control District of Maricopa County does not
warrant or guarantee the reliability of the hydrologic methods, techniques, and/or
parameter values set forth in this design manual. The user of the Hydrologic Design
Manual has no right to rely or depend on the methodology, techniques, and/or
parameter values described herein. The user of this manual is thus directed to
validate the reasonableness of the predicted values by applying alternative
methods, suchas envelopecurves, regression equations, or otherchecks which have
been developed for this area. Failure to do so may result in erroneous values.

Section 7 of this manual is intended to provide some general suggestions for the
userattempting to solvea particularproblem. A number ofexamples were designed
to aid the user with the development of input variables and parameter estimation.

It is not the intent nor purpose of this manual to inhibit sound innovative design or
the use of new techniques. Therefore, where special conditions or needs exist, other
methods and procedures may be used with prior approval.

It is anticipated that, over time, as more data becomes available and/or more
appropriate techniques are developed, this manual will be revised. With the excep
tion of minor editorial corrections, such revisions will probably take place every
three to five years. If, in the intervening period, gross inadequacies/inaccuracies
are found with any of these procedures, they should be brought to the attention of
the Flood Control District of Maricopa County, or any other agency that might
subscribe to these suggested procedures.

.................................:.:.:.;':.:.:-:-: .;.;.:.;.; ;-:-:-:.; ...;-:.;.:.;.;.;.;.'.;.:.:.;.;.;.;.:.
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1\111 Application

Introduction

i.1 The contents of this manual, with the exception of Chapter 3 (Rational Method),
were prepared to supplement the HEC-1 User's Manual (U.S. Army Corps of
Engineers, 1987). Although the use of the HEC~l Flood Hydrology Program isnot
required in conjunction with the procedures in this manual, its use will greatly
facilitiate the execution of the recommended procedures that are contained herein.
To further enhance and simplify the use of the HEC-1 Program with the procedures
in this manual, the Flood Control District has written two HEC-1 input loader
programs, MCUHPI and MCUHP2, that interactively convert screen-prompted
keyboard input into a HEC-l input file. MCUHPI is written for use with the Clark
Unit Hydrograph option and MCUHP2 is written for use with the 5-graph option.

.;.:...>:.:-:.:.: ...;.:••... :.:.:.;.;.:-:.:.:.;.:-:.:.;.;.:.;.:.;-;.:.:.;.:.:.:.;.;.;.;
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2:1 1 General

Y Precipitation in Maricopa County is strongly influenced by variation in climate,
changing from a warmand arid desert environment to a cooland moderately humid
mountainous area. Mean annual precipitation ranges from about 7 inches in the
Phoenix vicinity to more than 25 inches in the mountain regions of northern
Maricopa County. Precipitation is typically divided into two seasons, summer (June
through October) and winter (December through March), and these seasonal rain
fall depths are about equal. The storm patterns are generally categorized into three
types, though any combination of the storm types is possible. Warm, moist tropical
air can move into Arizona at anytime of the year, but most often does so in the
summer months.

2.1.1 General Winter Storms
This type of storm normally moves in from the north Pacific Ocean, and produces
light to moderate precipitation over relatively large areas. These storms occur
between late October and May, prodUCing the heaviest precipitation from Decem
ber to early March. A storm could last over several days with slight breaks between
individual storms. Because of orographic effects, the mountain areas generally
receive more precipitation than the lower desert areas. These storms are charac
terized by low intensity, long duration, and large areal extent, but on occasion, with
an additional surge of moisture from the southwest, can contribute to substantial
runoff volumes and peak discharge on major river systems.

2.1.2 General Summer Storms
The Pacific Ocean north of the equator and south of Mexico is a breeding ground
for tropical storms. On the average, about two dozen tropical storms and hurricanes
are generated in thj.s area from June through early October. Most move in a
northwesterly direction. The remnants of these storms can be caught up in the large
scale circulation around a low pressure center in southern California and therefore
can bring a persistent flow of moist tropical air into Arizona. The storm pattern
consists ofa band of locally heavy rain cells within a largerarea of light to moderate

September 1,1990 5



Rainfall Hydrologic Design Manual
for Maricopa County

rainfall. Whereas general winterstorms cancover much of the state, general summer
storms are more localized along a southeast to northwest band of rainfall. They are
similar to winter storms in that higher elevations receive greater rainfall because of
orographic influences. The period of late September through October may have
storm patterns which are similar to both general summer and winter events.

2.1.3 Local Storms
These storms consist of scattered heavy downpours of rain overareas of up to about
500 square miles for a time period of up to 6 hours. Within the storm area,
exceptionally heavy rains usually cover up to 20 square miles and often last for less
than 60 minutes. They are typically associated with lightning and thunder, and are
referred to as thunderstorms or cloudbursts. While they can occur any time during
the year, they are more frequent during summer months (July to September) when
tropical moisture pushes into the area from the southeast or southwest. These
storms turn into longer duration events in late summer and may be associated with
general summer storms (see above). Local storms generally produce record peaks
for small watersheds. They can result in flash floods, and sometimes loss of life and
property damage.

ill11 Depth-Duration-Frequency Analysis

if:!:.. The commonly required precipitation parameters used in hydrologic modeling are
depth, intensity, duration, spatial distribution and frequency of rainfall. The selec
tion of a design frequency is often influenced by administrativ~ or economic
decisions as well as hydrologic ones. The duration of the design stprm is usually a
function of the size and topography of the watershed. In general, one should insure

. that the design storm is of sufficient duration to allow the entire watershed to
contribute to the flow at the point of interest.

Design rainfall in Maricopa County is difficult to develop because of the spatial and
temporal variation of precipitation and lack of long-term rainfall data. Regardless
of whether the desired output is a peakdischarge for sizing a conveyance structure,
or a volume for sizing a basin, or the overland flow from a natural watershed, the'
designer needs to know the total depth of the design precipitation event and how
it is structured both in time and space. However, selection of the appropriate criteria
is constrained by availability and quality of data.

2.2.1 Source of Data
The most comprehensive, available source of data for depth-duration-frequency
analysis is the Precipitation-Frequency Atlas for Arizona, published by the National
Weather Service (NWS), National Oceanic and Atmospheric Administration
(NOAA), (Miller and others, 1973). Until a more up-to-date data base becomes
available, the NOAA Atlas is to be used for all drainage design purposes within
Maricopa County.

6
;.:.:.:.:.:.:.:.:.:.:.:.:.:..... :.:.:.:.::-;.;.;.". :.:.:.:.;.;.;.;.:.:.:.... . .
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i:II~I!! Depth-Area Relation

Rainfall

!ii!.II!ii!I!.!!·.! The problem of spatial variability of rainfall is quite difficult to handle because of
an irregular, limited network of rain gauges. Work in the southwest by the United
States DepartmentofAgriculture, AgriculturalResearchService, indicates that high
intensity storms do not have large areal extent. Most runoff prodUcing
thunderstorms south of Tombstone cover less than twenty square miles.

The above argument supports development ofareal reduction curves which reflect
the nature of the thunderstorms in the southwest. However, drainage facilities
(storm drains, channels, and culverts) should be sized to handle the peak discharge
resulting from the design storm critically centered above them to create the worst
case discharge. Retention/detention facilities serving as an outfall for a small
contributing area of up to 10 square miles would not appear to justify areal
reduction of the depth. In all other applications, areal reduction seems appropriate
for runoff calculations of contributing areas of any size.

2.3.1 Procedure for Depth-Area Adjustments
The depth-area reduction curve was developed for the historic storm of 1954 over
the Queen Creek area (U.S. Army Corps of Engineers, 1974). This curve was
developed for a major peak producing event within Maricopa County and should
be representative of local conditions for design purposes. The following procedure
is used to estimate the equivalent uniform depth of rainfall for a watershed:

1. Determine the size of the drainage area, and decide if areal reduction is
necessary.

2. Use Section 2.4 to calculate depth for the design frequency.

3. If more than one isoline is shown over the drainage area, calculate average
depth.

4. Use Figure 2.1 and Table 2.1 to select the reduction coefficient.

5. Multiply average rainfall by the depth reduction coefficient.

...:.....:.::.;.:.;.:.: .;.;.:.
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Figure 2.1
Depth-Area Curve for Maricopa County

(To be used only with 6-hour duration rainfall and for all watersheds less than or
equal to 100 square miles. Canbe used for watersheds greater than 100 square miles,
depending on the other site-specific rainfall design criteria that is to be used.)
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Table 2.1
Depth-Area Reduction Factors

for 6-Hour Duration Rainfall

Area, Ratio to
Square Miles Point of Rainfall

0 1.0
1 0.987
5 0.96

10 0.94
20 0.91
30 0.89
40 0.87
50 0.B6

100 0.80
200 0.72
300 0.66
400 0.61
500 0.57

.::...~ ...~.~ j.~~...:.:.:.:...:...:...:.. :.:.:.::;;
...... :;:;:;:

Rainfall

1. Using Figures 2.2 through 2.13, read rainfall depths for 2-,5-, 10-, 25-, 50-, and
l00-year return periods for 6- and 24-hour durations, employing linear inter
polation between isolines when required. The numbers on the isolines show
tenths of inches of rainfall (Le., 23 =2.3 inches).

2 Plot the values from 1 for each dwation on a separate line on Figure 214, look for
any deviation from a straight line and make corrections to conform to the straight
line values. 1bis process will minimize any error due to transposition of values on
the maps. Also, any error due to reading and interpolating values between the
isolineswillbeminimized. Note that thesenumbersarealready in partial-duration
series, so there is no need for annual to partial-duration conversion.

.;.;.;.;.;.:.:.:.:.:-:.:.:.;<.;.;.:.;.;.:.;.:.; ......•. ::.:.;.;.;.;.;.;.... '. •••••••••••••••••••••••••••• ..", .. ; .••••• ,:.;.;:;.;.;::.;:;:;.;.:.;.;.;.:::.;.;.:.;.::;:;.;.;.;;;;;:;:;:;.:.;.;.;:;.:.::;:;:;.;.:.;.;:;.;:;.;:;.;.::;.::;:;.;.;:;.:.;.:.:.:::.;.:.;:;:;.;.;.:.;.;.::;:;.:.;:;-;.:.;;;.:.:.;.;.;.:.:
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3. At this point, the data should include 6-hour and 24-hour durations for all
frequencies from 2 years to 100 years.

4. A particular design may require a duration different from 6- or 24-hour. For
example retentiondesign requires a 10D-yearfrequency,2-hourdurationdesign
storm. Insuchcases thefollowing procedure (the established method in NOAA,
1973) is used. [Note: The only exception is the use of the values by Arkell and
Richards (1986) for durations of less than 1 hour.]

First the 100-year and the 2-year, I-hour depths are calculated as follows:

Compute Y2 =-0.011 + 0.942(XI)(XI/X2)

Compute YlOO = 0.494 + 0.755(X3)(X3/X4)

where:

Y2 = 2-yr, I-hr estimated value;

YlOO = lOD-yr, I-hour estimated value;

Xl = 2-yr, 6-hr value from precipitation-frequency maps;

X2 = 2-yr, 24-hr value from precipitation-frequency maps;

X3 = l00-yr, 6-hr value from precipitation-frequency maps;

X4 = 100-yr, 24-hr value from precipitation-frequency maps.

Then the 100-year, 2-hour, and the 2-year, 2-hourdepths, as well as depths for other
durations are calculated:

Compute 2-hrdepth = 0.341 (6-hr) + 0.659 (l-hr)

Compute 3-hrdepth = 0.569 (6-hr) +0.431 (l-hr)

Compute 12-hr depth, Figure 2.15, using 6-hr and 24-hr values

Compute 5-min depth = 0.34(l-hr)

Compute 10-min depth = O.Sl(l-hr)

Compute IS-min depth = 0.62(1-hr)

Compute 3O-min depth = 0.82(l-hr)

At this point the data includes alldepths for the 100-yearand the 2-year frequencies,
for all durations. Depths for 5-/10-/25-/ and SO-year frequencies will be estimated
by reading the corresponding values from Figure 2.14. A rainfall mass curve can
then be constructed by nesting around a desired duration, i.e., 1S-min, or 30-min
(see Example 3).

:.;.:.:.~ .:.;.;.:.;.:.:.;.;.;.;.; .;.;.;.;.;.:.;.:.;.;.;.:.;.;.;.:.;.;.;.:.;

10
:.;~:.:.:.:.:~;,.:;:.:.:;:.:.:.:.:.:.:.:.:.:.:.:.: .;.;.;.;.;.;.:-:.;.;.:.;.;.;.; .;.;.:.;.;.:.;.;.:.;.;.;.:.:.:.:.:.:.:.:.:.:.:.:.:-:.;~:.:.:.:.:.:::.:.:.:.:.:.:.;.;.;.;.;.::: .;.;:;.;.;.;.;.;.;.:.:.;.:-;.;.:.; .:.:.:.:.:.:.:.:.:.;.:.;.:.:~:;:.;.:-:.;.;.: ;;.:.;;:.:.:.:.:.:.:.; .:.;.:;:;:.:.:.:.:.:.:.:.:.:.;.:.:.:.:.

September 1, 1990

- -- ------,------------------ --- I



- e e
Rrow R9W R8W R7W R6W R5W R4W RJW R2W RIW Rr£ R2£ RJE R4£ R5£ R6£ R7£ R8E R9E RrOE RifE /(12£

N

Figure 2.2

nN

T6N

ns

T2S

21

RrfR2W RIWRJWR6W 1l5W R4W

1 3

12'1213 '1
RIOW R9W R8W1iJ

liS

TllH

T411

nos

os

TSI

TJH

T2H

1S2

T1H

T7S

nN

ns

111

~"c';C~""T" , 1ri.O ; -.-.-.-~--·-······1··-··---·-----·-·--·34
20 T7N 1

I,
~
!
i

T5N!
i

T4M I
!
i

~
i
! T2N
!

~2»;t '?6 '1'8' :>1~ I
..•..~~~ R~E5 RUlE RUE R12£ I

!
i

l
!
!
:

i
!

. i
12! 11 11 1

'. TJ5! 0 10 20 30 40 50
.. " , '.' . . . . RJC I R4£ fl5C R6£ R7E

1

'_--...----

~~~~fCC~;C~.C~..,.C,,'C.."C.;?C"'C:CC:::C,::--;-.-l-...-. .._._._.. ~_..__.__~_..__._~_. +--.-.~ __.__._L~'~E~
·····~······~·····~l····;·····~·····; : ; ~ ~..... ! MARICOPA COUNTY, IARIZONA

JIS I: : I :. . i i. . ! . res i !
.....; ; ;.j --: : : : ~..... ! ISOPLUVIALS 2 - YR 6 -HR i PRECIPITATION

: : ~ I : ~ : : . . : 13 175 I IN TEN TH OF INCH !
.................. '.' _ ~ ~.~.~..... TIJS I NOAA ATI.AS 2, Volume VIII I

! Prepared by U.S. Dept of Commerce I
195 ! Notional Oceanic " Atmospheric Administration !

! Notional Weather Service, Office of Hydrology !
: i

nos i Prepared for U.S. Dept of Agriculture, I
! Soil Conservation Service, Engineering DIvision !

112 111



RIOW R9W RBW R7W R6W R,5W R4W RJW R2W RIW RIE R2£ RJE R4£ RM R6£ R7E RBE R9£ RfO£ RifE 1<12E

N

Figure 2.3

nN
R12£

T6N

RaE RUlE RUE

ns

21

J'9$

nos

JS2

TJH

aN

laS

1414

TIN 19

T7H

TSI

nN

ns

11 1

r;·:::··;:·:·:..:··.i·:·:··:..:·:·),(, .~ ~.: .. ) .• : .•. ~,..~.0{ !~.~ + ·· ··· 34
26 nN l

!
i

~I
T4N I

,

~
i
, T2N

22,."'- > > .} ~ ix.V ~ _ ... _ __ 1'\,", (>./ ~

!
~,
i
!

· ~I.: ~: 12S I
... "" ":0 ~ or .. .. .. .. .. .. . i

T.JS .. I • • ,

· : . i : : .: . TJS 0 10 20 30 40 5017 .... '.' .. .. ..... ., ''','' .. I ..... : .. .. • • ... .:.... .... .. .... .. .. R4£ {('S£ R6£ R7£ ----t'---,----
145 :.: I :: ;'. 145 I I I I I I MILES

l3..······ ·:..:·:..:··+·:··:·:..:+···:..:·:··:··+·:/·:·:..:··:f··:..:·:":":'f":":':":":'; :.:..:..:.j :..:.:..:..:(:..:.:..:.:.j:..:..:.: ~ :.: :.. .. ·;;~·· ·..1· ·· ·..·..· ·..· · · · ·..· ·..t ··..· · ··· 33
.....:......~ .....~.!....;... ~ ... ..; :... :.... ) :..... ! MARICOPA COUNTY IARIZONA

~ : ~ I : ': : 165!' ' 1
.. ···:· .. ·..:.... ..;-l ....: .....:......:- ...~.. ~..... ! ISOPLUVIALS 5- YR 6 -HR IPRECIPITATION

T1S I: .:: /~,/ ~ "~" T75! IN TENTH 0 FINCHI
17~ : I / : :.....:.,/ ..: ; :.. ". l 1

laS ..... ~......~.....l-k:.~ L \.,.« ......~ ~ L.. ~ 19 filS I NOAA ATLAS 2, Volume VIII I
: i . . f' : . . ' i Prepared by U.S. Dept of Commerce i

· : : l '. .::. J'9S i National Oceanic" Atmospheric Administration 1
......: .... -' ......: .1.....: ......: ... j; ..... :..... ;..... ;..... ;..... i National Weather Service, Office of Hydrology i

~ : ~ I i---~ ~ ~ ~ ~ ~ nos I Prepared for U.S. Dept of Agriculture. I
18 . 19 . 20' 1 Soil Conservation Service. Engln~ering Division I

Plnw P9W R8W 1j7~ RFW 1?5W R4W RJW PlW PI'" RIE" 1i 2 1i 1

1 3

~f1.""""'b 10 19.,., 1 ~

) )



e e e
RIOW R8W RBW R7W R6W RSW R4W RJW R2W RIW RIE 1'2£ RJE RfC RSE R6E R7E R8£ R9£ RIOC RIt£ ;,(12£

N

Figure 2.4

TIN

R12E

T6N

R1IlE R11ERaE

ns
.......... , .

21

., ) ~- r_ .. ! _.. 19 125,

1'9S

n;s

17S

TJS

23 T8S

Rt£RIWfl2W

24

RJW1?5W R4W

'2~

RBW 1t~ R~WRIOW fl9W

J»S

nos

JBS

JS2

DS

TfH

l8S

T5H

TJN

DII

T7S 20~ --

T7H

1 3

~ JI.......... £1
...... r j "~ i ~

TIIN

111
!

:~ : 26 28 30 T8N l 34.. ::: : i ,..... , ( :c:::&. t·..·· ····· ·· ··· · ······ ·..·····..·..··..··
o !

T7N 1
:
!
:

!

T5N1
~

T4H I
:
:
i
:

~
i,
i T2M

'" ") ,. \ . }. . ;;fj I4 .. .., n.. "'~ ~

:
i
~
i
!
i
:
!
I

I
T~ L_. __ ~ ./l~·z·: : ~.: : I TfS ! R4£ £<5£ R6£ R7£ I 1, 10 I 4, iOM,LES

l3~·~r+· ..~·:·:..:·::·:..:~: ..1-:..:·:..:·~·:..:..:·:·)·:· :..:.~ :.:..:.!:.:..:..:.:..:.):.:..:..:.:..:.~:.:..:..:.:..~.:.:..: ..:.. · ·..·..·;;..· ·1 · ·· · · + 3 3
.....:......~ .....~1..;.....: ) :.....:.. :......:..... I MARICOPA COUNTY,IARIZONA

IlsoPLuvlALs 10-YR 6-HRI PRECIPITATION
! I

I IN TENTH OF INCH I
i :
i i
i NOAA ATLAS 2. Volume VIII 1

I Prepared by U.S. Dept of Commerce I
i Notional Oceanic " Atmospheric Administration !
! Notional Weather Service. Office of Hydrology !
: . i

nos ! Prepared for U.S. Dept of Agriculture. I
! Soil Conservation Service, Engineering Division !

112 111



RIOW R9w R8W R7W R6W R5W R4W RJW R2w RIW RIE R2E RJE R4E R5E. R6E R7E RaE R9E RIOE RilE HI2E

1 3

~A t:+:=f. jP ~~ \. .....
• • "0' •••• " •••• :•••••

T7H 26

1IH 28

T:IH 27

T4H

TJH

T2N

nH

ns

T.JS

illS

nos

T6N

TlN

N

Figure 2.5

R9WRIOW

18

R8W 1t~
)

R6W R5W R4W RJW R2W R'W RIE

)



- e e
R'OW Raw RBW R7W R6W R.sW RfW RJW R2w RlW RIE 1'2£ RJE Rf£ R.s£ R6£ R7E RBE R9£ R'O£ RilE: HI2E

N

Figure 2.6

TIN

T:W

T1H

J»S

nos

~4·-"·····. 'iv
"-'

TaS 30

nN

111
!

~ ,)0 i
r.":":-~~-""":"'''' ~·_-_······..·····..··_·!·~~······· ..··..··..·_·····..·..t:·_··_········_···..····__····..····.._..·_··..·_·_·.._·34

40 nN i
T6N i,I

I
TSN !

J
T4N i

i
I
I

~ ~

i
I T2N

~ ~
\=--~~~~~~~I

I TlN

..~~. RaE RIOE RlI£ R12£ I
I

TlS !

I
T2S

o 10 20 30 40 50
Rf£ 10:5£ R6£ R7£ I I I .1 I I MILES

MARICOPA COUNTY, ARIZONA
16S ISOPLUVIALS 50-YR 6 -HR PRECIPITATION.

J7S : . . . . : 32 T7S IN TENTH OF INCH
......... 0° •••• ,0•••••• °0 •• 0" _ ••• "

~ : :i: ;: ~ ~ ~ 185 NOAA ATLAS 2, Volume VIII
•••••:••••••:••• '••• ~ J..... : •.... :. •. '.•:....•.:....•.:..•...:.•..•.:....•

:. : : I . : : : : . : Prepared by U.S. Dept of Commerce
: : : i : : : : : :: 195 National Oceanic Ie Atmospheric Administration

......: •... _: ......: .I.....: ......: .. ..; ..... : ..... ; ..... i ..... ;. . . . . National Weather Service, Office of Hydrology: : : i: . : : . . :
: : : I: : : : : :: nos Prepared for U.S. Dept of Agriculture,

32' i .32 : Soli Conservation Service, Engineering Division
I

RIOW R9W RBW 1t~ RfiW /15W RfW RJW R2W PIW: Rlf" 1 1



RIOW R9W R8W R7W R6W R5W RfW RJW R2W RIW RIE R2E RJE R4£ R5£ R6E R7E R8E R9E Rl0E RilE HI2E

50

')

N

Figure 2.7

4020

T7N

R10£ RIlE Rl2E

10

ns

T2S

o

.~l!~. RaE

)

Prepared by U.S. Dept of Commerce
National Oceanic c!c Atmospheric Administration
National Weather Service, Offlce of Hydrology

Prepared for U.S. Dept of Agriculture,
Soil Conservation Service, Engineering Division

112
~

nos

T9S

res

18S

36 TlS

111
ir:: g . 36. 36~4~ .4,- T8N •••1. 34. ;.. i•:;,.....,.,.., ,.,........,.\...':,....11 : J • (I ( ...... . ;

I
T6N I

I
T5N !

I
T~t

I T2M

:~ . > ) 1\ > >P' I
...,- _. -- -- .- -- nN

1
I
I

3P

RIE

... ~ .....

38 38

RtiW f15W RfW RJW R2W RIW

36 . I

!
Rlnw pgw RBW1t~

)

nos

"s

lIIS 34r ; :~ j: ~ : ! :I :
. .; :..•.•.:...•..:. . ~ : :. . . .. : : 0: .

. . .
••••• •••• ..... f •••••••••

J8S

175 3 ......;......:... ..A· /2 ------' . ..' .. . : : :.~... .. "-.:, .......

.,.,.,

T:sH

T.fH

fJN

T2H

nH
• i ' i •• f;

ns

JS2 331

TJS



e e e
RfOW R9w RBW R7W R6W RSW R4W RJW R2W RIW RIE R2E RJE RfE R5E R6E R7£ RBE R9E RIOE RilE: HI2E

":4 ,... I Ill!...........'" i ( ! 4w:'

rTH

rtN

r!fH

rfN

fJH

f'2H

"H 15

"$

JS2

TJS

J8S

T7S

lIS

1 2

T6N
N

Figure 2.8

m

nos

R'OW P9W

I
RBW 1J7~ R6W RSW R4W

16

RJW

16

R2W RIW RIE



RIOW R9W RBW R7W R6W R5W R4W RJW R2W RIW RIE R2£ RJC R.£ R5E R6C R7E RBE R9E RIOE Rile kl2E

Figure 2.9

TlN

R12ERillE R11E

ns

T2S

.I!~. RaE

21
T.JS

lS2

Ins

nH

I

IlJH

T:SH

T2H

nIH 2
2

2

I
rfH

1 l7N
I

1 3 1 2 111

, 'I' ., J .... , .... J7'~""""'!~~'_'_" \_________ ' 3 4

T7N 1

\ N
T6N 1

i
;
1

T5N 1
~
!

T4N i
~

t
I T2N;

.;;;;,.'" ~~) (>-~i~ SPA ])8 "71'\ iE i

i
I
!
I
i

I
;

I
TJS ! 0 10 20 30 40 50. . .. , ; ....•..... ; \....... . . RJC I R.£ 1i5£ R6£ R7£ .

r4S ~: ~ I : ; ~ ; I ~ ~: 1.S I I I I I I I MILES

il3········ ·:·:··:·:··:f:··:·:··:·:··~·:·:_:··:· :~··:f·:·:··:·~···:·:··:··:·:·:-·: ···:·:··:·~·:··:··:·:··:·i:··:,;./··:·~:·:··:··:·:":·f:·: ..:..:.:..~.:.: :.:..: ··..··..···;~;·· ..·······i· ····· ··· ······ ···..··· -t-- 33
, 20 .....:......~ .....~.l... ;.....:... ..; ...// ....:......: I MARICOPA COUNTY IARIZONA
! ::: i . : . .,/: . .! ' 1

I

JIS
..... ~...... ~..... ;··!· .. ·~···;~-:':-T.... ·j· .. <······~··~~l .. ··· res IISOPLUVIALS 5 - YR 24-HR IPRECIPITATION

rs ::: 1 :/: : : :r :"", T7S i IN TENTH OF INCH i
I ••••• ••:•••••• :. ·1·· ..,.t' :.....•••..• : .f. ' ~. i !

IJIS :::}/': : : : ~I, :: 18S! NOAA ATl.AS 2 Volume VIII !
j :):--~i : : : : . .: !' i: .....:.....:......:·r .. ·; .. ···: ....:......:......~~.....:......:..... 23 ! Prepared by U.S. Dept of Commerce l
iJlS ::: I : : : :) ~ :. 19S I Nat~onal Oceanic Ie Atmospheric Administration !
, _~ > •• • •••••.•••••• : ••••• , •• '- •••••••• I .••.• \ • • • • • ! National Weather Service, Office of Hydrology i
! • ~. / '. •
!nos : I:: . : nos ! Prepared for U.S. Dept of Agriculture, I
I . 21 ~ '! 2 ~ ! Soil Conservation Service, Engineering Division !
I ,,2! oJ I 1

RIOW R9W RBW 1)7.) R6W 1l5W R.W RJW R2W RIW: RIC 11 2 111
)



e e e
RfOW Riw RaW R7W R6W R5W R4W RJW R2W RIW RfE R2C RJC ltifC R5£ R6E R7C RBC RiC RfOC RUE Hf2C

N

Figure 2.10

TIN

R12ERilE RIO[ RUE

ns

T2S

Prepored for U.S. Dept of Agriculture,
Soil Conservation Service, Engineering Division

Prepared by U.S. Dept of Commerce
Notional Oceanic Ie Atmospheric Administration
Notional Weather Service, Office of Hydrology

NOAA ATLAS 2, Volume VIII

nos

1'9S

T85

Rlff?2W f?'W

I .:•••••• 0 •••••

RJWR5W R4W

£~ 28

JJS

nos

lIS

TfN .

lS2

TJH

J2H

T5H

lIS

TIN

T7H

T7S

ns

nN

1 3 1 2 111
l

-br-.-:...,;;;,..-.'-".,.. .II.. ~:.-+.,-..-.:-..- ..-.:-.-..2~'j7"",,":2a3i'i--'--------':-'--"3"""'~c-,4;--.--.:,c... :..... :.36~~2
,. .---.--------''''-------- .. --J-- ..--.--------------34

: : I :/-~_.../ : : :~21 ~ : : ~ ~ 44 T7N I......'..n.1~~~t~~~f::-~t~~~-~'7--'-~~~~~<J·r" .....:..:.. ... .:\ ""TON \

26~' . I' • • • • '. ......27 . ' i........ ·:..~.. ·f····T····~·····~ ... ~ ..... ~ ......:.. .i .• ":' ... ~ ..... : ... ~ ••.• : T4H I
t
I T2N

. i

. i
"7 i

I
:

I
TJS I : _-..;-----:--t---~----:. : l: . : \: - 2~ 22 I

251------· .! . . . I. . . \ . TJS: : 50
.....: ':" .. --:- "1- ~ ~ : . "\" . -: : : \.. . . . RJC I R4C fc~C R6E R7C 0 10 20 3p 40__-,

~3········lc:c:)-'c:L:c::J:--L:_c:L::I:c:_:_:::_::::~:;~?__ :·~ L__________ " !_____L__ .. ~ ----L---~--------'--~~~~
1'5S .:: i : : /': : . : : 27 T5S . i 1

·····:······~·····~·l····~~/·~(~··f····;·····j······~· ..~~~>/ I MARICOPA COUNTY,IARIZONA
:! ,,/ : . : /'<----:-- : res 1 !

.....:....•.: ;..[/•.. ; ..; : /': : : :..... j ISOPLUVIALS 10 - YR 24-HR I PRECIPITATION,," . . . / . .: :

• • ;. 1 • • • /: • '. 175 1 IN TENTH OF INCH i

1 112 111



N

Figure 2.11

nN

,I
I

1~ 1

T5N
I

T4N I

..\J~
RIDE RItE Rt2E

ns

125

.~~. RaE

NOAA An.AS 2, Volume VIII

Prepared by U.S. Dept of Commerce
National Oceanic" Atmospheric Administration
National Weather Service, Office of Hydrology

I

II Prepared for U.S. Dept of AgrIculture,
I Soli Conservation Service, Engineering DIvision

112

nos

19S

TBS

'~2 ;34~- i . 36

PlOW P9W RSW 1J7~ Rl'W 1?5W R4W RJW P2W RIW Rlf

JIS

nos

JIS

J2II

152

JJH

1411

T7H

nlll

'mH.

RIOW R9W RBW R7W R6W R5W R4W RJW R2w RIW RIE R2E RJE RfC R5f R6£ R7E RBE R9E RIOE RilE HI2E

113 112 111. I I
I 46 I

32 .. '42 42 50 52.5 T8N I 34
~4 · -t ·1· .. : : : : ·4· ··..···· ·..·····..····..· ··..···~·····38· ·:· ..:··: ~:··:~·:·:··:··.t·:·:··: ..:·:~ ..: ': . . . .. . . :. . ··..·..··..·· ·..·· · · ·..······ i ··..··..· ..

. . y'l.!. : : '. :" . :: . T7N I. . . I . '. .' 5
• ,L..j '1-~ . I' . . ." .'. . '. .' 52 I

32~····""'··· ···········_·····_·····_·· .. - , . .;......... . ; ~ ,. .
.LY; : : I: : : : . : . :: :: :JlIH ••.••••. ..' . T6N

. .. ; : ~ . " ~ ~ ~ ~ ~ ~ ~ ':' . . .. :...... .

.... ~: ~~ ~; .1 ~: ~: ~: ~:' ~ ~~~.~.~2 .....~. . .. . . .. .. .~ ..... ~. . . .. .
· . . . . . . . (. " I·::::::: v·:::·:.... : : ~ : : = I.: ~: ..· . . I . . . .. I' .
: : ; : : : : . I: : : :

.•.........•..... ~.I..__-......:-.:.: 4 L .. : • .....................
: : ~~< : ~: : : I . : 28 .
: -:~: : :-::)':: : :

.......( ..........................•..~. :.. J.; .... .;... .•............;. ...· ~ ..
: , : : : : : : : : : . .· -_ .

)
, ...·..·..r····· :..(..;. .,."' ~.

: : : : : : : : : : ~-: I
ns 32 -. . . . . . . : : ~. :).....:......:......:.....:.....:......:......:;p......\.:- ..t.:.\ ..· 3A ..:.. J..

· : : : : . : . . \: \. . I
~ : : : ~ ~ : ~ ~. ~"""" : I". .....,.....,.....+..;.... ;.....;.....,....,.....,.:...."36 32 0 28 2B

: : :I : ; : :\ ' " ". f 0 10 20 t 40 50
145 .... ·~......~...... ~.. · .. ·~ .. · .. ~ .. · .. ~ .. · .. ~·I .... ~...... ~· .... ·~· .... 34 us RJEI R4£ rc~E R6E R7£ I I I I I MILES

33··..·· .:.:..:..:.:~: ..:.:..:..:.:j.:..:.:..:..:.:~: ..::..:.:..:.~..:.:..:..:.:.~.:..:..:.:..:.~.:..:..:..;~!.: ..:.:..:.~:.:..:..:.:..:~:.:..:..:.:..~.:.:..:..:.:..: 1. + · ·· · ·..· · ·33
J5S :::::: ./: : :: T~S IliON

·· .. ·:......~· ....~·I.... ~ .. · .. : /·· .. :· ....:.... ··:· .. · ..:.. ···· MARl COP A COU NTY I ARI Z A: : :1' :/.: .' 34 'JIS •... ...or..... res..... ~....<....<.....~(~.. ~...... ~ ..... ~..... ~...... ~..... ~..... ISOPLUVIALS 25- YR 24-HR I PRECIPITATION
T7S ;:; ,/: : : : : :: T7S IN TENTH OF INCH.....; ';'" '.;.> ., : ; : : ; ~.: .

~ ~(... ~ ~ ~ : ~ :................. '.' '1' : : '.' ;. .
: : :. : : : : :: . I' : : : ..... ':' ././; : ; '~""":""':' '/"':'
: : : : : : : :

'I
J J



- e -
N

Figure 2.12

TIN

T6N

T7N

RIOE RItE Rt2E

R10£ RIl£ RI2E

ns

T2S

R8f R9£

..~~. RaE

R6£ R7£R5£RfCRlf R2£R'WRJW R2WRfWR6W R5WR10W R9W

36

TfH

36
JJS

JJH

T5H

TfIN

DH

lS2

T7H

JlJS

T7S

ns

nN

R8W R7W

113

34.......... 36 I
• t_ i . ! ~

111
l

c.: U 46 46--55 60 T8N I .3~: \............ .
. . I I I I , , - i

~
i;
i
i

!.
'TSN i

T4H I
I"
i

iJN
i
!
! T2N

,._- -> ,) \ \ $ >} ii ioj _ _ .. _ ... ~~ cw;}1

•
I
!

!
i
I
i
i

I
· : : i >... : j : \- . ': -- i !: : :I : -:.... : i: : TJS I 0 10 20 JP 40 50

•••• '.' •••• '.' '.' 1 I : -:, • • • • • • • ••••••••••• RJ£! Rf£ ff'J£ . R6£ R7£ t

· . . ! . . . . . '.! I I I I I I
T4$ I : : :I : : : :1 : :: US! MILES

~-- .........;-~~···~l-W;-'"~,~,~~~l:;,)","',-,~; -~'~""------~--+---------------------------------------------1------------------- 33
·· .. ·~· .... ·~ .... ·~l·· .. ~/<~~~ .. ..; .... · .... .;......;.. .. ··~..... I MARICOPA COUNTY, \ARIZONA

· . . i , . . .: 40: i

,...... ~......:..... .q./~~ ..... ~..... ~ .....(~~~>~ ..-l...-~.-:-~< 16S IISOPLUVIALS 50-YR 24-HR IPRECIPITATION
: : _4: : : ~ : 17S i IN TEN TH OF INCH l• ./-.1 . • • ., i :..... ·:.. ··/':'......d·· .. ~ .... ·:.... ··~ .. ·.. ~ .. ·<· .. ~..... ! !

laS I /-: :! : : ::' : lBS! NOAA ATLAS 2. Volume VIII !
36r... .. J. . : • • • ). • i i.....-:.;.;.1'•••••• •••.••. '.'." '. ..........: .:: . :i : : : /-::: ! Prepared by U.S. Dept of Commerce .i

'" ~ : : : l : : l : :. 19S! Notional Oceanic " Atmospheric Administration !
36 ......: ......: .....: !.....:......:..... i\..... ;.... . ~ Notional Weather Service. Office of Hydrology !

: . :I'l'-,: . :I • 1 !
nos ::: i ~__";__-J : nos ! Prepored for U.S. Dept of Agriculture. i

38 ·40 4Q 42 I Soli Conservation Service, Engineering Division I
RIOW R9W R8W1i~ R6W R5W RfW RJW R2W R'W: Rlf 1i 2 1i 1



\

)

Figure 2.13

nN

TJS

T4H

TJH

lIS

TIN

T:IH

RIOW R9W RBW R7W R6W R5W R4W RJW R2W RIW RIE R2E RJ£ R4E RSE R6E R7E RBE R9C RIOE RilE HI2E

113 112 111
: I I

1 5~ 55 !
~4········ :"f:1: : ..:,: ':" i : : ,:.1.~ : ~ :.: ;..:.:?;..:::..: ~:.. :..:..:::':":' ~? ~~. 6.0 .:~.5 !~~ + ·· · ·..·..·3 L

T7H 40 .).y. / . I' ; . "'1 . 65 T7N II
J-:l-\. ;........ :.: . . :: N}, ~ ! _ _..... .; :... I

. I . . i . I

. 1 . . .: T6N I

r· .... ~ .. ·.. ~ ..I.. ·! .. ·.. ~ ..... j..... ~ ..... \..... ~ .....;. . I
. . . I. . . . . . " ..' T5N I

.... :•.... :...... ~ ..j... :..... :..... :•.... :...... : .....:...~. 4.1· .. ·· .: ......I.....:..... ; ..... ;...... .... !
• • I • • • • : :,. • . I .'. or !
· . . I . . ., ",'" , I

..... ~ ..... ~ ..... j.I····~·····~·····~ .. ···V:4..2·.j···/~ ..... ~... ~ .... ~ . tl
· . . I . . . . : I: . . : 38

aN ,·····11·······;···:·· y. ... .-- .. f" , i. I""
nH I·····!··· ··!···~Jl~1·····i~~~·+~~·~+;,/\;>1~ ~~ ~ 'j ·····1········ .. ;..... :.... AI[ ... RIllE RUE RI2£ I
•.. ..... .....•.....•.,'" " '1' - ..~ t· '.' . . . . . '.' . . .. . . . . . I

· . ( . . . . '. " .ns :; \ ; ,. ; : : : r : : ':: ns
.....: :..\ :.., : : ~ ~ / ..: : : : : t ~.. . I. ......J. . ' . !

JS2 411 : : : i~-~:"",: : / ..-:-: :' . ~ : T25 1

'~~-:-~:-:-:-:-:-'?-:-:-:-:~'I""J" ..~~< ... ~r.. j.... ~ ..... ~......~.. 46 41 '8 II
· . . :--.... .,.I' '.

: : : : ,~-) :" : : :: TJS I 0 10 20 3b 40 50...• '.' ...• '.' .... '.' .: ..;.....- : . : •....•• , .. -:.. . .. :.............. • . • • . RJ£ R4C ft:5C RaE R7C ,. _

~3~~=~~IF~~,~~L4.)- c~:c,'c'c'c,'~"c.c-.-;..-l-..--.--..---.--.-----.-.~-- ..---~_. .~. .I .. _~=.....=......=.....=.....=..~.~~~E;
·····~······~·····~T~;>~<~·~/'~;· ~ : ~ ~..... MARl COP A COU NTY, I AR IZON A

· . . y '41"· . . . . . .

..... ~ j )/j ~ ·.. ·~ t ·~ ~ \ i 46
165

I ISOPLUVIALS 100-YR 24-HR I PRECIPITATION
m 40l~~T:-:<~.:.LL.nL m 'IN TENTH OF INCH ,

I lIS I : : :! : : : : : ( : I : TBS NOAA An.AS 2. Volume VIII "

JJS I" ..r ';' d" ..( ( )" r ~')" T./ ..~. .... TJS I ~~~::~ t:e~I~' ~~~mo:sp~:I~~~~lnlstration ,

.....:: :: ;: 'Ii.. ..;: : i· : ;.... ;./... ;.. ... II National Weather Service, Office of Hydrology i
" ;/" Inos I : : :. I: . : : ". ': nos I Prepared for U.S. Dept of Agriculture. I

. 2" Soil Conservation Service, Engineering Division I
4 I 46 47: I

RI(lW P9W RBW 1J7~ PfW I1SW R4w RJW P?W P/W RlF 11 2 111
)



7

6

~ 5
(/)
W
:c
u
z
-.....J

4
:c
t-
o..
W
Q

Z 3
0
t-«....
a..

2U
w
a::
a..

1

a

Hydrologic Design Manual
for Maricopa County

Rainfall

2 5 10 20 50 100

•
RETURN PERIOD (YEARS)

PARTIAL-DURATION SERIES

Figure 2.14
Precipitation Depth versus Return Period for Partial-Duration Series
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IIDevelopment of Design Storm Distributions
';';':";:':::':::':;:;:::::::;:

j:!j!:li.i!I!!!I!jiiji:!~!·· The design storms for use in Maricopa County will be either a 2-hour or a 6-hour
distribution. The 2-hourstorm is used for detention and retention design purposes,
as mandated by the Uniform Drainage Standards and Policies. The 6-hour storm is
for all hydrologic analysis for areas ofup to 100 square miles. For watersheds larger
than 100 square miles, the selection of design rainfall criteria must be performed on
a case-by-ease basis, by a qualified hydrologist.

2.5.1 2-hour Storm Distribution
If the Rational Method is used for retention/detention design, there is no need for
a time distribution. The selected depth should be used based on the procedures in
Chapter 3 of this manual If a time distribution is required, Le., rainfall input for
HEC-l, the dimensionless 2-hour cumulative rainfall distribution of Table 2.2
should be used. These values are for direct input into HEC-1, assuming a 5-minute
intensity rainfall time step. Figure 2.16 illustrates the graphical form of this distribu
tion.

2.5.2 6-hour Storm Distribution
The 6-hour rainfall distribution contains 5 dimensionless rainfall patterns. Pattern
1applies NOAA Atlas procedures to data at the Phoenix Airport. Patterns 2 through
5 were developed from the information provided by the Corps of Engineers (1974)
and are based on the historic event of August 19, 1954 over the Queen Creek area.
Pattern distributions are intended to provide variability of rainfall intensity as a
function ofdrainage area. A rainfall pattern can be selected from Table 23 for direct

Table 2.2
2·Hour Storm Distribution for Retention Design

Time (minutes) % Rainfall Depth Time (minutes) % Rainfall Depth

0 0.0
5 1.1 65 60.1

10 1.8 70 74.3
15 2.3 75 86.3
20 2.8 80 90.1
25 3.2 85 93.0
30 4.6 90 95.4

35 7.1 95 96.2
40 10.0 100 97.0 .

45 13.7 105 97.7

50 17.6 110 98.2

55 23.2 115 99.2

60 32.7 120 100.0
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input into HEC-l, once the size of the drainage area is determined. Figure 2.17
illustrates the dimensionless rainfall patterns. Use Figure 2.18 to select a rainfall
pattern between 1 to 5 and interpolate as necessary for watershed areas of up to 100
square miles. Alternatively, programs MCUHPI and MCUHP2 can be used for this
purpose.

As mentioned earlier, any watershed larger than 100 square miles should be
analyzed on a case-by-case basis to determine the design rainfall criteria for the
critical storm event considering watershed size, location, and other factors includ
ing rainfall depth, duration, and temporal distribution.

Table 2.3
6-Hour Distributions·

Time
Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5(hrs)

0:00 0.0 0.0 0.0 0.0 0.0
0:15 0.8 0.9 1.5 2.1 2.4
0:30 1.6 1.6 2.0 3.5 4.3
0:45 2.5 2.5 3.0 5.1 5.9
1:00 3.3 3.4 4.8 7.1 7.8
1:15 4.1 4.2 6.3 8.7 9.8
1:30 5.0 5.1 7.6 10.5 11.9
1:45 5.8 5.9 9.0 12.5 14.1
2:00 6.6 6.7 10.5 14.3 16.2
2:15 7.4 7.6 11.9 16.0 18.6
2:30 8.7 8.7 13.5 17.9 21.2
2:45 9.9 10.0 15.2 20.1 23.9
3:00 11.8 12.0 17.5 23.2 27.1
3:15 13.8 16.3 22.2 28.1 32.1
3:30 21.6 25.2 30.4 36.4 -40.8
3:45 37.7 45.1 47.2 50.0 51.5
4:00 83.4 69.4 67.0 65.8 62.7
4:15 91.1 83.7 79.6 77.3 73.5
4:30 93.1 90.0 86.8 84.1 81.4
4:45 95.0 93.8 91.2 88.8 86.4
5:00 96.2 95.0 94.6 92.7 90.7
5:15 97.2 96.3 96.0 94.5 93.0
5:30 98.3 97.5 97.3 96.4 95.4
5:45 99.1 98.8 98.7 98.2 97.7
6:00 100.0 100.0 100.0 100.0 100.0

·Pattem represents percent Rainfall Depth.
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RationalMI_~d

ii:)):::)).·:.:. The Rational Method was originally developed to estimate runoff from small areas
... and its use should be generally limited to those conditions. For the purposes of this

manual, its use should be limited to areas of up to 160 acres. In such cases the peak
discharge and the volume of runoff from rainfall events up to and including the
100-year, 2-hour duration storm falling within the boundaries of the proposed
development are to be retained. If the development involves channel routing, the
procedures given in Chapters 4 through 6 should be used, since the peak generated
by the Rational Method cannot be directly routed.

-':'-':':".;.;...:...:.;..:::.-

i::I)~1 Rational Equation

::i:!ii!!!!.j·j The Rational Equation relates rainfall intensity, a runoff coefficient and the water
............... Sh~eraled peak discharge. The following shows this relationship:

/ Q=CiA ) (3.1)
\ /'"

witerg~ ._~---

Q = the runoff (cfs) from a given area.

C = a coefficient relating the runoff to rainfall.

i = average rainfall intensity (inches/hour), lasting for a Tc.

Tc = the time of concentration (hours).

A = drainage area (acres).

The Rational Equation is based on the concept that the application of a steady,
uniform rainfall intensity will produce a peak discharge at such a time when all
points of the watershed are contributing to the outflow at the point of design. Such

.....:.:.:.:.;.;-:.;.:.;.:-:.;.:.;
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a condition is met when the elapsed time is equal to the time of concentration, Tc,
which is defined to be the floodwave travel time from the most remote part of the
watershed to the point ofdesign. The time of concentration should be computed by
applying the foI.!~WIDg.~ationdeveloped by Papadakis and Kazan (1987):

~. ,.,."". "-

/' '\
//Tc= 11.4 LOSKbo.52SjPlt.-()·38 (3.2)
. //

\, ..//

where~~~--"

Tc = time of concentration in hours

L = length of the longest flow path in miles

Kb = watershed resistance coefficient (see Figure 3.1, or Table 3.1)

S = water course slope in feet/mile

i = rainfall intensity in inches/hour'"

..It should be noted that i is the "rainfall excess intensity" as originally
developed. However, when used in the Rational Equation, rainfall inten
sity and rainfall excess intensity provide similar valu~ because of the
hydrologic characteristics of small, urban watersheds which result in
minimal rainfall loss. This is because of the extent of imperviousness as
sociated with urban watersheds and the fact that the time of concentra
tion is usually very short.

Table 3.1
Equation for estimating Kb In the Tc Equation

Kb =mQog A)+ b. ,
Where A Is drainage area, In acres

Equation Parameters
Land Classification m b

(1 ) (2) (3)

Urban -0.00625 0.04
Bare or nearly bare ground -0.01375 0.08

(bare, agricultural land. desert rangeland)
Rough and/or moderate vegetation -0.025 0.15

(hillslooes. alluvial fan)
Very rough and/or dense vegetation -0.030 0.20

(mountains)

.................: : :.:.:.:.;.;.:-: .;.;.::;.:.:.;.:.:.:::.:.:.:.:-:.:::::.:::.:.:.;.: ; .

32
.;.:.;.:.;.;.:.:.:.:.:.;.:.;.:.:.:.:.:.;.'. .;.:.:.;.;.;.;;;.;.;.:-:.;.:.;;;.:.;.;.:. :.;.;.;.;.;.;.;.; .

September 1, 1990



0.05 0.05

0.04r---------1~U~rb~a~n!--- LJ 0.04
0.03 0.003
0.02 0.02
0.01 0.01
0.00 0.00

1 10 100 160

Hydrologic Design Manual
for Maricopa County

0.20

0.15

0.10

Bore A •0.08.-__ gr1cutural Fi I
~-__~ lIe ds Desert

Rangeland

Rational Method

0.20

0.15

0.10

WATERSHED SURFACE AREA, in Acres

Figure 3.1
Resistance Coefficient I<b as a Function of Watershed Type and Size

III Assumptions
::\ill.. Application of the Rational Equation requires consideration of the following:

1. The peak discharge rate corresponding to a given intensity would occur only
if the rainfall duration is at least equal to the time of concentration.

2. The calculated runoff is directly proportional to the rainfall intensity.

3. The frequency of occurrence for the peakdischarge is the same as the frequency
for the rainfall producing that event.

4. The runoff coefficient would remain the same for all storms for a given water
shed.

.:.:.:.:.....:.:.;.:.",..:.:.;.;.: .:.:.'.:.;.:-:.:- ................................................•, .;.:.:.:.:.:.:.
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i Application of the Rational Method is appropriate for small watersheds. This is
. based on the assumption that the rainfall intensity is to be uniformly distributed

over the drainage area at a uniform rate lasting for the duration of the storm.
.:.:.:-:.:."::-:.:.:-:.:.".,.-,

;~I Application
l.:. The Rational Method can be used to calculate the generated peak discharge and

H'" runoff volume for small drainage areas.

3.5.1 Peak Discharge Calculation
1. Determine the area within the development boundaries.

2. Select the runoff coefficient, C from Table 3.2

3. Calculate time ofconcentration (see exarnple4). This is to bedonebyan iterative
process. Select a duration from the I-D-F curves, Figure 3.2. This value should
not be longer than two hours and normally it will be less than an hour.
Determine the maximum rainfall intensity indicated on the I-D-F curve for a
frequency that includes the lOO-year. The intensity value of the corresponding
Tc in the above is for the Phoenix Metro area. Use ip in the following equation
for estimating i for other areas:

6

\::

_. (P 10)
t-tp 2.07

where

i = the d~sired intensity for a given duration and frequency.

(3.3)

the intensity for the Phoenix Metro area.

the lO-year, 6-hour precipitation depth at the point of interest.
(Can be read from Figure 2.4.)

4. Use the adjusted intensity in Equation 3.2 to calculate time of concentration.
Repeat this process until the selected and computed Tc values are reasonably
close. For more details see Example 4.

5. Determine peak discharge (Q) by using the above value of i in Equation 3.1.

34
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3.5.2 Volume Calculations
Volume calculation should be done by applying the following equation:

V=C(~)A

where

V = Calculated volume in acre-feet

C = Runoff coefficient from Table 3.2

P = Rainfall depth in inches

A = Drainage area in acres

(3.4)

•

In the case of volume calculations for retention/detention design, P equals the
lOa-year, 2-hour depth, in inches, from Section 2.4.

Table 3.2
C Coefficients for Use with the Rational Formula

Streets
Asphaltic 0.70 - 0.95 ---
Concrete 0.80 - 0.95
Gravel roadways & shoulders 0.40 - 0.60

Industrial Areas
Flat commercial (about %90 impervious) 0.80
Heavy 0.60 - 0.90
Ught 0.50 - 0.80

Business Areas
Downtown 0.70 - 0.95
Neighborhood 0.50 - 0.70

Residential Areas

Lawns - flat 0.05 - 0.15
- steep 0.15 - 0.35

Suburban 0.25 - 0.40
Single family 0.30 - 0.50

Multi - unit 0.40 - 0.60
Apartment 0.50 - 0.70

Parks, Cemeteries 0.10 - 0.25

Playgrounds 0.20 - 0.30-

Agricultural Areas 0.10 - 0.20

Bare ground 0.20 - 0.30

Undeveloped Desert 0.30 - 0.40

Mountain Terrain (slopes> 10 percent) 0.60 - 0.80

..... . ;.:.;.: :.: ;.:;::.;.....•...; ;.; -; :.;.;.;.:.::::::::::: .:.;:;.:.:.:.:.:.:.:::.:.;;;.:.::;::.;.;::;:-:.:::-;:;::::.;.:.;:;:;.:.:.:.:.;.:::::.::;::-: .:.:.-.:.:.;.:.:.:.:.:-:.;.:.;.:.:
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Rainfall losses are generally considered to be the result ofevaporationofwater from
the land surface, interception of rainfall by vegetal cover, depression storage on the
land surface (paved or unpaved), and infiltration of water into the soil-matrix. A
schematic representation of rainfall losses for a uniform intensity rainfall is shown
in Figure 4.1. As shown in the figure, evaporation can start at an initially high rate
depending on the land surface temperature, but the rate decreases very rapidly and
would eventually reach a low, steady-state rate. From a practical standpoint, the
magnitude of rainfall loss that can be realized from evaporation during a storm of
sufficient magnitude to cause flood runoff is negligible.

Interception, also illustrated in Figure 4.1, varies depending upon the type of
vegetation, maturity, and extent of canopy cover. Experimental data on intercep
tion have been collected by numerous investigators (Linsley and others, 1982), but
little is known of the interception values for most hydrologic problems. Estimates
of interception for various vegetation types (Linsley and others, 1982) are:
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Vegetation Type

hardwood tree
cotton
alfalfa
meadow grass

Interception,
Inches '

0.09
0.33
0.11

0.08

Rainfall Losses

•

No interception estimates are known for natural vegetation that occurs in Maricopa
County. For most applications in Maricopa County the magnitude of interception
losses is essentially 0.0, and for practical purposes interception is not considered for
flood hydrology in Maricopa County.

Depression storage and infiltration losses comprise the majority of the rainfall loss
as illustrated in Figure 4.1. The estimates of these two losses will be discussed in
more detail in later sections of this manual. Three periods of rainfall losses are
illustrated in Figure 4.1, and these must be understood and their implications.
appreciated before applying the procedures in this manual. First, there is a period
of initial loss when no rainfall excess (runoff) is produced. During this initial period,
the losses are a function of the depression storage, interception, and evaporation
rates plus the initially high infiltration capacity of the soil. The accumulated rainfall
loss during this period with no runoff is called the initialabstraction. The end of this
initial period is noted by the onset of ponded water on the surface, and the time
from start of rainfall to this time is the time of ponding (Tp). It is important to note
that losses during this first period are a summation of losses due to all mechanisms
induding infiltration.

The second period is marked by a declining infiltration rate and generally very little
losses due to other factors.

The third, and final, period occurs for rainfalls of sufficient duration for the
infiltration rate to reach the steady-state, equilibrium rate of the soil (fc). The only
appreciable loss during the final period is due to infiltration.

The actual loss process is quite complex and there is a good deal of interdependence
of the loss mechanisms on each other and on the- rainfall itself. Therefore, simplifying
assumptions are usually made in the modeling of rainfall losses. Figure 42 represents
a Simplifiedsetofassumptions thatcanbe made. InFigure4.2, it isassumed that surface
retention loss is the summation of all losses other than those due to infiltration, and
that this loss occurs from the start of rainfall and ends when the accumulated rainfall
equals the magnitude of the capadty of the surface retention loss. It is assumed that
infiltration does not occur during this time. After the surface retention is satisfied,
infiltration begins. If the infiltration capacity exceeds the rainfall intensity, then no
rainfall excess is produced. As the infiltration capacity decreases, it may eventually
equal the rainfall intensity. This would occurat the time ofponding (Tp) which signals
the beginning ofsurface runoff. As illustrated in both Figures 4.1 and 4.2, after the time
of ponding the infiltration rate decreases exponentially and may reach a steady-state,
'equilibrium rate (fc). It is these simplified assumptions and processes, as illustrated
in Figure 4.2, that are to be modeled by the procedures in this manual.
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A relatively minor contribution by interception is also considered as a part of the
total surface retention loss. Estimates of surface retention loss are difficult to obtain
and are a function of the physiography and land-use of the area.

The surface retention loss on impervious surfaces has been estimated to be in the
range 0.0625 inch to 0.125 inch by Tholin and Keefer (1960), 0.11 inch for 1 percent
slope to 0.06 inch for 2.5 percent slopes by Viessman (1~67), and 0.04 inch based on
rainfall-runoff data for an urban watershed in Albuquerque by Sabol (1983). Hicks
(1944) provides estimates of surface retention losses during intense storms as 0.20
inch for sand, 0.15 inch for loam, and 0.10 inch for clay. Tholin and Keefer (1960)
estimated the surface retention loss for turf to be between 0.25 to 0.50 inch. Based
on rainfall simulator studies on undeveloped alluvial plains in the Albuquerque
area, the surface retention loss was estimated as 0.1 to 0.2 inch (Sabol and others,
1982a). Rainfall simulator studies in New Mexico result in estimates of 0.39 inch for
eastern plains rangelands and 0.09 inch for pinon-juniper hillslopes (Sabol and
others, 1982b). Surface retention losses for various land-uses and surface cover
conditions in Maricopa County have been extrapolated from these reported es
timates and these are shown in Table 4.1.

:::::.:.. :1::":1:1,.::.1·::: Infiltration is the movement of water from the land surface into the soil. Gravity
........ and capillary forces drawing water into and through the pore spaces of the soil

matrix are the two forces that drive infiltration. Infiltration is controlled by soil
properties, by vegetation influences on the soil structure, by surface cover of rock
and vegetation, and by tillage practices. The distinction between infiltration and
percolation is that percolation is the movement of water through the soil subsequent
to infiltration.

. :-: -: .;-: .':.;.:-:.:-:.:.;.;.:-:-:.;.; ~:: ;.;.:::::.;::.:.:.:::.;.;.:.::;:;.:.;.;::.;.;.;.;.:.;.;.:.::;::.;.::;:;:::;:;.;.:.;.;.; .:-: :';';';';':';';:;';';';';:;':';':'. ;.::;.;.::::;::::-:.;.::;.:.:.;.;.;.;:;.:-::;:;::::.::::;.:::.:::::;:.::::;.:.:.:;:.:.:.:.:.:.;;;;:;;-:;:.: .;.:;:.:.:.:.:.:.;~:;:.;.;. . ;;.;.. ;.;.; ; ';'.';',; ," . .' '.' , , , .. ' .,
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Table 4.1
Surface Retention Loss for

Various Land Surfaces In Maricopa County

Surface Retention
Land-use and/or Loss
Surface Cover lA, Inches

(1) (2)

Natural
Desert and ranoeland, flat slope 0.35
Hillslopes, Sonoran Desert 0.15
Mountain, with vegetated surface 0.25

Developed (Residential and Commercial)
Lawn and turf 0.20
Desert landscape 0.10
Pavement 0.05

Agricultural
Tilled fields and irrigated pasture 0.50

Infiltration can be controlled by percolation if the soil does not have a sustained
drainage capacity to provide access for more infiltrated water. However, before
percolation can be assumed to restrict infiltration for the design rainfalls being
considered in MaricopaCounty, the extent by which percolationcanrestrict infiltra
tion of rainfall should be carefully evaluated. SCS soil scientists have defined
hydrologic soil group 0 as:

"Soils having very slow infiltration rates when thoroughly wetted and consist
ing chiefly of clay soils with a high swelling potential, soils with a permanent
high water table, soils with a claypan or clay layer at or near the surface, and
shallow soils over nearly impervious material."

This definition indicates that hydrologic soil groups A, B, or C could be classified
as 0 ifa near impervious strata ofclay, caliche, or rock is beneath them. When these
soils are considered in regard to long,juration rainfalls (the design events for many
parts of the United States) this definition maybe valid. However, when considered
for short,juration and relatively small design rainfall depths in Maricopa County,
this definition could result in underestimation of the rainfall losses. This is because
even a relatively shallow horizon ofsoil overlaying an imperviOUS layer still has the
ability to store a significant amount of infiltrated rainfall.

Forexample, consider the situation where only 4inches ofsoilcovers an impervious
layer. If the effective porosity is 0.30, then 1.2 inches (4 inches x 0.30) of water can
be infiltratedand stored in the shallowsoil horizon. Fordesign rainfalls inMaricopa
County, this represents a significant storage volume for infiltrated rainfall and so
when developing loss rate parameters for areas of Maricopa County that contain
significant areas classified as hydrologic soil group 0, the reason for that classifica
tion should be determined.

;.:.:.:.:.:.:.;.:.:.;.;.;.:.: .....;.;.:-:.:.;.:.:.:.;.;.;.;.:.:.;.;.;.;.;:;.:.;.:.:.:
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Hydrologic soil group Dshouldberetained only for:

» clay soils,

» soils with a permanent high water table, and

» rock outcrop.

,~
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Hydrologic soil group D should probably not be retained in all situations where the
classification is based on shallow soils over nearly impervious layers; site specific
studies and sensitivity analyses should be performed to estimate the loss rates to be
used for such soils.

Many methods have been developed for estimating rainfalliossesi five are listed as
options in the HEC-1 Flood Hydrology Package. They are:

1. Holtan Infiltration Equation

2. Exponential Loss Rate

3. SCS Curve Numbers (CN) Loss Rate

4. Green and Ampt Infiltration Equation

5. Initial Loss Plus Uniform Loss Rate UL+ULR)

Of these five, however, only two-Green and Ampt and IL+ULR-are recom
mended for estimating rainfall losses in Maricopa County for the reasons discussed
below.

The Holtan Infiltration Equation is an exponential decay type of equation for
which the rainfall loss rate asymptotically diminishes to the minimum infiltration
rate (fc). The Holtan equation is not extensively used and there is no known
application of this method in Arizona. Data and procedures to estimate the
parameters for use in Maricopa County are not available. Therefore, the Holtan
equation is not recommended for general use in Maricopa County.

The Exponential Loss Rate Method is a four parameter method that is not exten
sively used, but it is a method preferred by of the U.S. Army Corps of Engineers.
Data and procedures are not available to estimate the parameters for this method
for all physiographic regions in Maricopa County, but Exponential loss rate
parameters have been developed from the reconstitution of flood events for a flood
hydrology study in a portion of Maricopa County (U.S. Army Corps of Engineers,
1982). However, adequate data are not available to estimate the necessary
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parameters for all soil types and land uses in Maricopa County, and this method is
not recommended for general use in Maricopa County.

The SCS CN method is the most extensively used rainfall loss rate method in
Maricopa County and Arizona and it has wide acceptance among many agencies,
consulting engineering firms, and individuals throughout the community. How
ever, because of both theoretical concerns and practical1imitations, the SCS CN
method is not recommended for general use in Maricopa County.

As mentioned previously, the two recommended methods for estimating rainfall
losses in Maricopa County are the Green and Ampt infiltration equation and the
initial loss and uniform loss rate (IL+ULR) method. Both methods, as programmed.
into HEC-l, can be used to simulate the rainfall loss model as depicted in Figure
4.2. (For a full discussion of these methods, seeSections 4.4.1 and 4.4.2.) The IL+ULR
is a Simplified model that has been used extensively for flood hydrology and data
are available to estimate the two parameters for this method. The Green and Ampt
infiltration equation is a physically based model that has been in existence since
1911, and has recently been incorporated as an option in HEC-I.

The preferred method, and the most theoretically accurate, is the Green and Ampt
infiltration equation. Procedures have been developed to estimate the three
parameters of the Green and Ampt infiltration equation. The IL+ULR is recom
mended as an alternative if it is not possible to estimate the Green and Ampt
equation parameters, or for other valid reasons. It should be realized, as explained
later, that the use of the Green and Ampt equation and parameters, as defined
herein, will probably result in lower peak discharges and runoff volumes than the
use of the IL+ULR.

Other methods should be used only if there is technical justification for a variance
from this recommendation and ifadequate information is available to estimate the
necessary parameters. Use of rainfall loss methods other than those recommended
should not be undertaken unless previouslyapproved by the FloodControl District
and the local regulatory agency.

.4.4.1 Green and Ampt Infiltration Equation
This model, first developed in 1911 by W.H. Green and G.A. Ampt, has since the
early 19705, received increased interest for estimating rainfall infiltration losses.
The model has the form:

f-Ks(1+~) forf<i (4.1)- F

f=i forf~ i

where

f = infiltration rate (LIT),

i = rainfall intensity (LIT),
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I<s = hydraulic conductivity, wetted. zone, steady-state rate (LIT)

'I' = average capillary suction in the wetted. zone (L),

8 = soil moisture deficit (dimensionless), equal to effective soil
porosity times the difference in final and initial volumetric
soil saturations, and

F = depth of rainfall that has infiltrated. into the soil since the
beginning of rainfall (L).

A sound and condse explanation of the Green and Arnpt equation is provided. by
Bedient and Huber (1988).

It is important to note that as rain continues, F increases and f approaches Ks, and
therefore, f is inversely related to time. Equation 4.1 is implidt with respect to f
which causes computational difficulties. Eggert (1976) Simplified. Equation 1 by
expanding the equation in a power series and truncating all but the first two terms
of the expansion. The simplified solution (Li and others, 1976) is: .

F=-{J.5 (2F - Ks M) + 0.5 [(2F - Ks ill)2 + 8KsM (8", +F)]1,1 (4.2)

where

~t = the computation interval

F = accumulated depth of infiltration at the start of ~t.

The average infiltration rate is:

dEf=
ill

(4.3)

Use of the Green and Ampt equation as coded in HEC-1 involves the simulation of
rainfall loss as a two phase process, as illustrated in Figure 4.2. The first phase is
thesimulationofthesurface retention loss as previouslydescribed; this loss is'called
the initial loss (lA) in HEC-1. During this first phase, all rainfall is lost (zero rainfall
excess generated) during the period from the start of rainfall up to the time that the
accumulated. rainfall equals the value of IA. It is assumed, for modeling purposes,
that no infiltration of rainfall occurs during this first phase. Initial loss (IA) is
primarily a function of land-use and surface cover, and recommended values of IA
for use with the Green and Arnpt equation are presented in Table 4.1. For example,
about 0.35 inches of rainfall will be lost to runoff due to surface retention for desert
and rangelands on relatively flat slopes in Maricopa County.

The second phase of the rainfall loss process is the infiltration of rainfall into the soil
matrix. For modeling purposes, the infiltration begins immediately after the surface
retention loss (lA) is completely satisfied, as illustrated in Figure 4.2. The three
Green and Arnpt equation infiltration parameters as coded in HEC-1 are:
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» hydraulicconductivity at natUIalsaturation (XI<SATI equal to Ks in Equation 4.1;

» wetting front capillary suction (PSIF) equal to '{I in Equation 4.1; and

» volumetric soil moisture deficit at the start of rainfall (DTHETA) equal to
9 in Equation 4.1.

The three infiltration parametersare functions ofsoil characteristics, ground surface
characteristics, and land management practices. The soil characteristics of interest
are particle size distribution (soil texture), organic matter, and bulk density. The
primary soil surface characteristics are vegetation canopy cover, ground cover, and
soil crusting. The land management practices are identified as various tillages as
they result in changes to soil porosity.

Values of Green and Ampt equation parameters as a function of soil characteristics
alone (bare ground condition) have been obtained from published reports (Rawls
and others, 1983; Rawls and Brakensiek, 1983), and average values of XI<SAT and
PSIF for each of the soil texture classes are shown in Columns (2) and (3) of Table
4.2. The values of XI<SAT and PSIF from Table 4.2 should be used if general soil
texture classification of the drainage area is available. References used to create
Table 4.2 can be found in the Documentation Manual.

Table 4.2
Green and Ampt Loss Rate Parameter Values for Bare Ground

5011 Texture XKSAT PSIF DTHETA'
Classification Inches/hour Inches Dry Normal Saturated

(1 ) (2) (3) (4) (5) (6)

sand 4.6 1.9 0.35 0.30 0
loamy sand 1.2 2.4 0.35 0.30 0
sandy loam 0.40 4.3 0.35 0.25 0
loam 0.25 3.5 0.35 0.25 0
silty loam 0.15 6.6 0.40 0.25 0
silt 0.10 7.5 0.35 0.15 0
sandy clay loam 0.06 8.6 0.25 0.15 0
clay loam 0.04 8.2 0.25 0.15 0

silty clav loam 0.04 10.8 0.30 0.15 0

sandY clav 0.02 9.4 0.20 0.10 0

silty clay 0.02 11.5 0.20 0.10 0

clay 0.01 12.4 0.15 0.05 0

1 Selection of DTHETA:
Dry = Nonirrigated lands, such as desert and rangeland;

Normal = Irrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.

46
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The soil moisture deficit (DTHETA) is a volumetric measure of the soil moisture
storage capacity that is available at the start of the rainfall. DTHETA is a function
of the effective porosity of the soil. The range of DTHETA is 0.0 to the effective
porosity. If the soil is effectively saturated at the start of rainfall then DTHETA
equals 0.0; if the soil is devoid of moisture at the start of rainfall then DTHETA
equals the effective porosity of the soil.

Under natural conditions, soil seldom reaches a state of soil moisture less than the
wilting point of vegetation. Due to the rapid drainage capacity of most soils in
Maricopa County, at the start of a design storm the soil would not be expected to
be in a state of soil moisture greater than the field capacity.

However, Maricopa Countyalso has a large segment of its land area under irrigated
agriculture, and it is reasonable to assume that the design frequency storm could
occur during or shortly after certain lands have been irrigated. Therefore, it would
be reasonable to assume that soil moisture for irrigated lands could be at or near
effective saturation during the start of the design rainfall.

Three conditions for DTHETA have been defined for use in Maricopa County based
on the antecedent soil moisture condition that could be expected to exist at the start
of the design rainfall. These three conditions are:

» "Ory" for antecedent soil moisture near the vegetation wilting point;

» "Normal" for antecedent soil moisture condition near field capacity due to
previous rainfall or irrigation applications on nonagricultural lands; and

» "Saturated" for antecedent soil moisture near effective saturation due to
recent irrigation of agricultural lands.

Values of DTHETA have been estimated by subtracting the initial volumetric soil
moisture for each of the three conditions from the soil porosity.

The value of DTHETA "Saturated" is always equal to 0.0 because for this condition
there is no available pore space in the soil matrix at the start of rainfall. Values of
DTHETA for the three antecedent soil moisture conditions are shown in Table 4.2.
DTHETA "Dry" should be used for soil that is usually in a state oflow soil moisture

. such as would occur in the desert and rangelands of Maricopa County. DTHETA
"Normal" should be used for soil that is usually in a state of moderate soil moisture
such as would occur in irrigated lawns, golf courses, parks, and irrigated pastures.
DTHETA "Saturated" should be used for soil that can be expected to be in a state
of high soil moisture such as irrigated agricultural land.

The hydraulic conductivity (XKSAT) can be affected by several factors besides soil
texture. For example, hydraulic conductivity is reduced by soil crusting, increased
by tillage, and increased by the influence of ground cover and canopy cover. The
values of XKSAT that are presented for bare ground as a function of soil texture
alone should be adjusted under certain soil cover conditions.

.......:.: :.:.;.:.:.:.:.;.;.: .:-:.;.:.:-:-:.:.: .
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Ground cover, such as grass, litter, and rock will generally increase the infiltration
rate over that of bare ground conditions. Similarly, canopy cover-such as from
trees, brosh, and tall grasses-can also increase the bare ground infiltration rate.
The procedures and data that are presented are for estimating the Green and Ampt
parameters based solely on soil texture and would be applicable for bare ground
conditions. Past research has shown that the wetting front capillary suction
parameter (PSIF) is relatively insensitive in comparison with the hydraulic conduc
tivity parameter (XKSAT); therefore only the hydraulic conductivity parameter is
adjusted for the influences of cover over bare ground.

Procedures have been developed (Rawls and others, 1989) for incorporating the
effects of soil crusting, ground cover, and canopy cover into the estimation of
hydraulic conductivity for the Green and Ampt equation; however, those proce
dures are not recommended for use in Maricopa County at this time. A simplified
procedure to adjust the bare ground hydraulic conductivity for vegetation cover is
shown in Figure 4.3. This figure is based on the documented increase in hydraulic

o 20 40 60 80

Vegetation Cover, %

Figure 4.3
Effect of Vegetation Cover on Hydraulic Conductivity

For Hydraulic Soli Groups B, C, and 0, and for all Soli Textures
other than Sand and Loamy Sand
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conductivity due to various soil covers as reported by investigators using rainfall
simulators on native western rangelands (Kincaid and others, 1964; Sabol and
others, 1982a; Sabol and others, 1982b; Bach, 1984; Ward, 1986; Lane and others,
1987; Ward and Bolin, 1989). This correction factor can be used basedon an estimate
of vegetation cover as used by the Soil Conservation Service in soil surveys; that is,
vegetation cover is evaluated on basal area for grasses and forbs, and is evaluated
on canopy cover for trees and shrubs. Note that this correction can be applied only
to soils other than sand and loamy sand. .

The influence of tillage results in a change in total porosity and therefore a need to
modify the three Green and Ampt equation infiltration parameters. The effect of
tillage systems on soil porosity and the corresponding changes to hydraulic con
ductivity, wetting front capillary suction, and water retention is available (Rawls
and Brakensiek, 1983). Although this information is available, it is not presented in
this manual, nor is it recommended that these adjustments be made to the infiltra
tion parameters for design purpose use in Maricopa County, because for most flood
estimation purposes it cannot be assumed that the soil will be in any particular state
of tillage at the time ofstorm occurrenceand therefore the basecondition infiltration
parameters, as presented, should be used for flood estimation purposes. However,
appropriate adjustments to the infiltration parameters can be made, as necessary,
for special flood studies such as reconstitution of storm events.

4.4.2 Initial Loss Plus Uniform Loss Rate (IL+ULR)
This is a Simplified rainfall loss method that is often used, and generally accepted,
for flood hydrology. In using this Simplified method it is assumed that the rainfall
loss process can be simulated as a two-step procedure, as illustrated in Figure 4.4.
First, all rainfall is lost to runoff until the accumulated rainfall is equal to the initial
loss; and second, after the initial loss is satisfied, a portion of all future rainfall is
lost at a uniform rate.

According to HEC-1 nomenclature, two parameters are needed to use this method;
the initial loss (STRTL) and the uniform loss rate (CNSTL). The initial loss (STRTL)
is the sumofall losses prior to the onset of runoffand is made up ofsurface retention
loss (IA) and an initial amount of infiltration (IL); therefore, STRTL= IA + IL. Values
of the infiltrationcomponent (IL) ofSTRTL for bare ground according to soil texture
classification are shown in Columns (3) through (5) in Table 4.3. These values have
been derived from the Green and Ampt infiltration equation and parameter values
that are shown in Table 4.2.

The value of IL "Ory" should be used for soil that is usually in a state of low soil
moisture at or near the wilting point for vegetation. This is a reasonable assumption
for most nonirrigated lands in Maricopa County because of the infrequency of
rainfall and because of the rapid drainage of these soils after rainfall. The value of
IL "Normal" should be used for soil that is usually in a state of moderate soil
moisture such as occurs for irrigated lawns, turf, and permanent pastures. The
value of IL "Saturated" is used for a soil maintained in a state of high soil moisture,
such as in irrigated agricultural lands.
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INITIAL LOSS (STRTL) = SURFACE RETENTION LOSS +
INITIAL INFlLTRATION LOSS

w
~ UNIFORM LOSS RATE (CNSTL) = fc
l-

I--Z
:::>
a:::
w
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~
fb RAINFALL
o EXCESS

..
uJ
~ 1 _
a::: f c

INFILTRATION
INITIAL INFILTRATION LOSS

SURFACE RETENTION LOSS

Figure 4.4
Representation of Rainfall Loss According to the

Initial Loss Plus Uniform Loss Rate (IL+ULR)
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Values of IL for bare ground that have been classified according to hydrologic soil
group are shown in Table 4.4. These values within each hydrologic soil group have
been derived from the data in Table 4.3 for the various soil texture classifications.

The uniform loss rate (CNSTL) represents the long-term, equilibrium infiltration
capacity of the soil. The values of CNSTL shown in Column (2) of Table 4.3 for soils
classified according to soil texture are equivalent to the hydraulic conductivity at
natural saturation (XKSAT) as determined for the Green and Ampt equation (Table
4.2). The values of CNSTL for soils classified according to hydrologic soil groups
are shown in Table 4.4. These values within each hydrologic soil group have been
selected from inspection of XI<SAT values in Table 4.2 for the various soil texture
classifications. Values of CNSTL shown in Table 4.4 are consistent with general
information available for estimating CNSTL as shown in Table 4.5.

Table 4.3
Initial Loss Plus Uniform Loss Rate Parameter Values

for Bare Ground according to 5011 Texture Classification

Initial LO~, Inches
5011 Texture Uniform Loss Rate IL

Classification CNSTL Dry Normal Saturated
(1) (2) (3) (4) (5)

sand 4.6 1.3 1.3 0
loamy sand 1.2 0.8 0.8 0
sandy loam 0.40 0.7 0.6 0

loam 0.25 0.8 0.7 0
silty loam 0.15 0.6 0.5 0

silt 0.10 0.6 0.5 0
sandy clay loam 0.06 0.6 0.5 0

clay loam 0.04 0.5 0.4 0
silty clay loam 0.04 0.6 0.5 0

sandy clay 0.02 0.4 0.3 0
silty clay 0.02 0.4 0.3 0

clay 0.01 0.3 0.2 0

1 Selection of IL:
Dry = Nonirrigated lands such as desert and rangeland;

Normal = Irrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.

September 1,1990 51



Rainfall Losses Hydrologic Design Manual
for Maricopa County

Table 4.4
Initial Loss Plus Uniform Loss Rate Parameter Values
for Bare Ground according to Hydrologic Soli Group

Hydrologic Soli Uniform Loss Rate
Initial Lo~, Inches

IL
Group CNSTL Dry Normal Saturated

(1) (2) (3) (4) (5)
A 0.4 0.6 0.5 0
B 0.25 0.5 0.3 0
C 0.15 0.5 0.3 0
D 0.05 0.4 0.2 0

1 Selection of IL:
Dry = Nonirrigated lands such as desert and rangeland;

Normal = Irrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.

Table 4.5
Published Values of Uniform Loss Rates

Hydrologic Soli Uniform Loss Rate, Inches/hour
Group Musgrave (1955) USBR (1975)1 USBR(1987f

(1 ) (2) (3) (4)

A 0.30 - 0.45 0.40 0.30 - 0.50
B 0.15 - 0.30 0.24 0.15 - 0.30
C 0.05 - 0.15 0.12 0.05 - 0.15·
D 0-0.05 0.08 0-0.05

~ Design ofSmall Dams, Second Edition, 1975, Appendix A.
. Design ofSmall Dams, Third Edition, 1987.

:::::::::::::::::::::::::::::;:

[i~I::: Procedure for Estimating Loss Rates

a~111:: Green and Ampt Method
A. When soils data are available:

1. Detennine the soil texture classification. Soils reports such as those of the
Soil Conservation Service can be used if available, or laboratory analysis
ofappropriate soil samples from the drainage area can be used ifadequate
documentation on the samplingand laboratory procedure is providedand
approved.

:.:.;.:.:.:.:.:.;.:.;.;
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2. Estimate the hydraulic conductivity (XI<SAT) for bare ground from Table
4.2 if general soil texture classification is available.

3. If appropriate, adjust the value of XI<SAT for the influences of vegetation
cover using Figure 4.3.

4. Estimate the wetting front capillary suction parameter (PSIF) from Table
4.2 if general soil texture classification is available.

5. Estimate the value of DTHETA from Table 4.2 if general soil texture
classification is available. The value of DTHETA must be selected based
on the appropriate antecedent soil moisture condition: "Ory" for nonir
rtgated lands such as desert and rangeland; "Normal" for soil that would
be expected to be near soil moisture field capacity such as irrigated lawn,
turf, and permanent pasture; and, "Saturated" for irrigated agricultural
land.

6. Determine the land-use and/or soil cover for the drainage area and use
Table 4.1 to estimate the surface retention loss (lA).

B. Alternative methods:

Asan alternative to theabove procedures, Greenand Ampt loss rate parameters
can be estimated by reconstitution of recorded rainfall-runoff events on the
drainage area or hydrologically similar watersheds, or parameters can be
estimated by use of rainfall simulators in field experiments. Plans and proce
dures for estimating Green and Ampt loss rate parameters by either of these
procedures should be approved by the Flood Control District and the local
agency before initiating these procedures.

4.5.2 Initial Loss Plus Uniform Loss Rate Method
A. When soils data are available:

1. Determine the soil texture classification and/or the hydrologic soil group.
Soils reports such as those of the Soil Conservation Service can be used if
available, or laboratory analysis of appropriate soil samples from the
drainage area can be used to classify the soil if adequate documentation
on the sampling and laboratory procedure is provided and approved.

2 Use values of CNSTL and IL from Table 4.3 if the losses are to be based on
soil texture classification.

3. Use values of CNSTL and IL from Table 4.4 if the losses are to be based on
hydrologic soil group.

4. Determine the land-use and/or soil coverand use Table 4.1 to estimate the
surface retention loss (IA).

5. STRTL = IA + IL.
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II General

iiiiii:.ii.i.i.i·!.i·.~i.::::! Rainfall excess can be routed from a watershed to produce a storm discharge
hydrograph at a downstream location (concentration point) by one of two methods:
1) hydraulic routing involving the complete or some simplified form of the equa
tions of motion (i.e., the momentum equation plus the continuity equation); or 2)
hydrologic routing involving the application of the continuity equation. Kinematic
wave routing, as available in HEC-l, is an example ofSimplified hydraulic routing.
Hydrologic routing is usually accomplished by either direct application of the
equation of continuity (Equation 5.1), or a graphical procedure such as the applica
tion of the principles of the unit hydrograph.

1-0= ~;
(5.1)

•

Examples of hydrologic routing by direct application of the equation ofcontinuity
are the ClarkUnit Hydrograph (Clark, 1945), the Santa Barbara Urban Hydrograph
(Stubchaer, 1975), and the Single Linear Reservoir Model (Pedersen and others,
1980). Both the Santa Barbara Urban Hydrograph and the Single Linear Reservoir
Modelare simplified (one parameter) versions of the Clark Unit Hydrograph (three
parameter) procedure (Sabol and Ward, 1985). Examples of unit hydrographs that
require a graphical procedure are the SCS Dimensionless Unit Hydrograph,
Snyder'sUnit Hydrograph,5-graphs, andunithydrographs that are derived direct
ly from recorded runoffdata. Graphicalor tabularmethods ofrouting rainfallexcess
by unit hydrographs are very amenable to hand-ealculation methods commonly
used before computers became readily available. Direct mathematical solution of
the equation of continuity, such as the Clark Unit Hydrograph, is more efficiently
conducted with computers and appropriate computer programs.

The recommended procedures for routing rainfall excess in Maricopa County are
either the Clark Unit Hydrograph or the application of selected 5-graphs; these two

-:.;.::::::-::.:.:.:.::;::.:.:::::::::::.:::: ":.; . ':.::':.: :.: .. :.. :'.: .. : : : :: :.: :.' ':"': .. :"':', ';'-".;';;.::;:;::.:;:.::;:;.::;::.:.;.:.;::::.:.;.:'."
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methods are collectively referred to as the Maricopa County Unit Hydrograph
Procedure <MCUHP). The Clark Unit Hydrograph procedure, as described herein,
is recommended for watersheds or subbasins less than about 5 square miles in size
with an upper limit of application of 10 square miles. The application of 5-graphs
is recommended for use with major watercourses in Maricopa County.

A unit hydrograph is a graph of the time distribution of runoff from a specific
watershed as the result of one inch of rainfall excess that is distributed uniformly
over the watershed and that is produced during a specified time period (duration).
Theduration ofrainfall excess is not generally equal to the rainfall duration, because
a unit hydrograph is derived from or is to be representative of a specific watershed.
A unit hydrograph is a lumped parameter and reflects all of the physical charac
teristics of the watershed that will affect the time rate at which rainfall excess will
drain from the land surface.

The principles of the unit hydrograph were introduced by Sherman (1932) who
observed that for a watershed all hydrographs resulting from a rain of the same
duration have the same time base, and that ordinates of each storm hydrograph
from the watershed are proportional to the volume of runoff if the time and areal
distributions of the rainfalls are similar. The principles that are applied when using
a unit hydrograph are:

1. For a watershed, hydrograph base lengths are equal for rainfall excesses of
equal duration.

2. Hydrograph ordinates are proportional to the amount of rainfall excess.

3. A storm hydrograph can be developed by linear superposition of incremental
hydrographs.

Applicationof theseprinciples requiresa linear relation between watershed outflow
and storage within the watershed, S = KO. However, Mitchell (1962) has shown tha t
nonlinear storage, S = KOx, is a condition that occasionally occurs in natural
watersheds. A method has been developed by Shen (1962) to evaluate the linearity
of the storage-outflow relation for gaged watersheds. Mitchell (1972) developed t~e

model hydrograph for use in watersheds that have nonlinear storage-outflow
characteristics. Presently no method has been devised to evaluate the linearity ofan

I ungaged watershed, and the assumption of linearity is a practical necessity in
J virtually all cases.

/1 Clark Unit Hydrograph

1ff~~oar.n':J~~::~k~:~~r::~;.=~:r~l~':.~~~
j;~·t· Figure 5.1. The inflow hydrograph, called the translation hydrograph in the Clark
.J! ir method, is determined from the temporal and spatial distribution of rainfall excess

el ' over the watershed. The translation hydrograph is then routed by a form of the
equation of continuity:

:.: .:.:.:.:.:.:.; .:.:.:.:.:.:.:.: .:.:.:.;::::.:.:::::.;.:.:.:.:.:.:.:.:.:.:;:.:.:.:.:.:;:.:.:.:;:;:.:.:.:.:.:.:;: .:.:.:.:.:.:.:.; .:.:.:.:.:.:.:.:.:.:-:.: ..' .....':':':';'.'.'.'•.....;.....'. .:~:.:.:.:.:.:.:.:.:.:.;.:.:~:~;. :.:.;.:;:.;.;.:.;~:.:.:.:.:.:.:.:.:.:.:.:.;.:.;.:;:::::::.:.:.:.:.:.:.:.:.: -: .:.: .:.:.:. :.:::::;:.:.:.:.:.:::::.:.:........... :.:.:.:.:.:.:.:.;.:
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Unit Hydrograph Procedures

Oi = Cli + (Ii +C)Oi-l

where

C= 26t
2R+M

Hydrologic Design Manual
for Maricopa County

(5.2)

(5.3)

Oi is the instantaneous flow at the end of the time period; Oi-l is the instantaneous
flow at the beginning of the time period; Ii is the ordinate of the translation
hydrograph; dt is the computation time interval; and R is the watershed storage

.. coefficient. The Clark Unit Hydrograph of duration, dt, is obtained by averaging
two instantaneous unit hydrographs spaced 6t units apart:

Oi =0.5(Oi + ai-I)

where Oi = the ordinates of the Clark Unit Hydrograph.

(5.4)

The Clark method uses two numeric parameters, Tc and R, and a graphical
parameter, the time-area relation. The first parameter, time of concentration (Tc) is
the travel time of water from the hydraulically most distant point in the watershed
to the outflow location. Clark (1945) defined this time as the time from the end of
effective rainfall over the watershed to the inflection point on the recession limb of
the surface runoff hydrograph as shown in Figure 5.2. In practice, for ungaged
watersheds this time is usually estimated by empirical equations since runoff
hydrographs from the watershed are not often available.

The second parameter is the storage coefficient, R, which has the dimension of time.
This parameter is used to account for the effect that temporary storage in the
watershed has on the hydrograph. Several methods are available to estimate R from
recorded hydrographs for a basin. As originally proposed by Clark (1945), this
parameter can be estimated by dividing the discharge at the point of inflection of
the surface runoff hydrograph by the rate of change of discharge (slope of the
hydrograph) at the inflection point as shown in Figure 5.2.

Another technique for estimating R is to compute the volume remaining under the
recession limb of the surface runoff hydrograph following the point of inflection
and to divide the volume by the discharge at the point of inflection. Both of these
methods require the ability to identify the inflection point on the recession limb of
the runoff hydrograph. This is difficult if not impossible for complex hydrographs
and flashy hydrographs such as occur from urban basins and natural watersheds
in the Southwest. A method to estimate R by a graphical recession analysis of the
hydrograph has been proposed (Sabol, 1988) and this method provides much more
consistent results than do the previously described methods. The parameter, R,
should be estimated by the analysis of several recorded events; however, in most
cases recorded discharge hydrographs are not available and R must be estimated
by empirical equations.

The time-area relation, a graphical parameter, is necessary to compute the transla
tion hydrograph. The time-area relation specifies the accumulated area of the
watershed that is contributing runoff to the outlet of the watershed at any point in

58
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Figure 5.2
Definition Sketch of Clark Unit Hydrograph Parameters

from hydrograph analysis

time. Procedures to develop a time-area relation for a watershed are discussed in a
later section of this manual.

The application of the Clark Unit Hydrograph method is best described with a
simple example. A watershed is shown in Figure 5.3(a), and a rainfall hyetograph
and rainfall excess distribution are shown in Figure 5.3(b). For the example water
shed and given intensity of rainfall excess the time of concentration is estimated at
25 minutes. An isochrone interval of 5 minutes is selected and the watershed is
divided into five zones by isochrones as shown in Figure 5.3(a). The areas within
each isochrone zone are measured and the dimensionless time-area relation is
developed as shown in the table and depicted in Figure 5.3(c). The translation
hydrograph of the time rate of runoff is developed by considering each incremental
unit of runoff production that would be available as inflow to a watershed routing
model. For example, at the end of the first 5 minutes of rainfall excess the runoff
that is available at the outlet of the watershed is the product of incremental area AI,
and the rainfall excess RI.

II = (AIRI) x :t
where c = 60.5 cis/acre-inch/minute, and L\t =5minutes.

.:.;.:.:.:.:.;.::.:-;.;. :.:.:.:.:.;.:.;.:.;.:
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Rainfall

R1 0.10 inch
R2 0.55 inch

RJ 0.30 inch

R4 0.15 inch
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Example of Storm Hydrograph Generation using the Clark Unit Hydrograph Method
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It = (8acres)(.10 inch)(60.5 cfs/acre-inch/minute) / (5 minutes)

= 9.7 cfs

At the end of 10 minutes the available runoff is

c
I2 =(AIR2 + A2Rl) x Llt

=[(8)(.55) + (24)(.10)] x 6~.5

=82.3 cfs

At the end of 15 minutes the available runoff is

c
13 = (AIR3 + A2R2 + A3Rl) x M

=[(8)(.30) + (24)(.55) + (38)(.10)] x ~.5

=234.7 cfs

At the end of 20 minutes the available runoff is

14 =(AIR4 + A2R3 + A3R2 +A4RI) x ~t

=[(8)(.15) + (24)(.30) + (38)(.55) + (32)(.10)] x 6~.5

= 393.5 cfs

At the end of 25 minutes the available runoff is

c
IS =(AIRs +A2R4 + A3R3 +A4R2 +ASRI) x Llt

=[(8)(0) + (24)(.15) + (38)(.30) + (32)(.55) + (18)(.10)] x 6~.5

=416.2cfs

Notice that, for this example, all incremental rainfalls equal 0.0 from R5 onward.
At the end of 30 minutes the available runoff is

16 = (AJR4 + A4R3 +AsR2) x ~

=[(38)(.15) + (32)(.30) + (18)(.55)] x 6~5

=304.9 cfs

61
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At the end of 35 minutes the available runoff is

c
17 =A4R4 + AsR3) x !1t

= [(32)(.15) + (18)(.30)] x ~.5

=123.4 cfs

At the end of 40 minutes the available runoff is

c
Is =(AsR4) x 

~t

= [(18)(.15)] x 6~5

=32.7 cfs

Hydrologic Design Manual
for Maricopa County

After 45 minutes (rainfall excess of 20 minutes plus travel time of 25 minutes) the
available runoff is

19 =0 cfs

The translation hydrograph (Ii) is shown in Figure 5.3(d). This theoretical
hydrograph has the correct volume of runoff from the watershed, however it does
not reflect the effects of routing through the watershed. The translation hydrograph
is then routed and averaged using Equations 5.2 through 5.4 resulting in the final
runoff hydrograph. For this example, assume that R = 15 minutes, and the runoff
hydrograph 13 shown in Figure 5.3(d). Notice that the Clark Unit Hydrograph itself
was never developed per se but that the three principles of the unit hydrograph
were applied directly (mathematically) to the rainfall excess without performing
graphical superposition of ratios of a unit hydrograph. Computationally, this
process can be completed very quickly and conveniently with a computer program
such as is done with HEC-l.

i!:!::::!!!,: There are no theoretical limitations governing the application of the Clark Unit
Hydrograph; however, thereare some practicallimitations that shouldbe observed.
The method that is used to estimate the parametersm~ydictate limitations in regard
to the type or size of watershed that is being considered. U the parameters are
estimated through an analysis or reconstitution of a recorded rainfall-runoff event,
the parameters would beconsideredto beappropriatefor thatparticularwatershed,
regardless of type orsize. This is the preferred method of parameter estimation, but
there will be limited opportunity for this approach because of the scarcity of
instrumented watersheds in Maricopa County. The parameters could be estimated
by indirect methods, such as a regional analysis of recorded data. In this case,
application of the parameter estimation procedures should be applied only to those
ungaged watersheds thatare representative of the watersheds in the data base. Most
often, the parameters are estimated by generalized relations that may have been
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developed from a relatively large and diverse data base. The parameter estimation
procedures that are recommended herein are of this last category.

The OarkUnit Hydrograph parameter estimation procedures that are presented in
this manual have been adopted, modified, or developed from an analysis of a large
data base of instrumented watersheds, controlled experimental watersheds, and
laboratory studies; therefore, the application of these procedures is considered to
be appropriate for most conditions that occur in Maricopa County. The types of
watersheds for which the procedures can be applied include urban, rangeland,
developed and natural alluvial fans, agricultural, hillslopes, and mountains.

Watershed size should be 5 square miles or less, with an upper limit of application
to a single basin of 10 square miles. Watersheds larger than 5 square miles should
be divided intosrnaller sub-basins for modeling purposes. Many watersheds
smaller than 5 square miles should also be divided into sub- basins depending on
thedrainage networkand degree ofhomogeneity of the watershed. Thesubdivision
of the watershed into near homogeneous units should result in improved accuracy.
Subdivision rnay also be desirable or required to determine discharges at concentra
tion points within the watershed.

il!§'~I::1 Development of Parameter Estimators

:ii:i!i'i~i·::;:.:;+i:·: The procedures for parameterestimation are based on available literature, research
results, and analysis of original data. For example, the Tc equation is based on the
recent research of Papadakis and Kazan (1987). A large data base of recorded
rainfall-runoff data was compiled and analyzed in developing and testing the
procedures. These data are for instrumented watersheds in Arizona, New Mexico,
Colorado, and Wyoming. A discussion of the development and testing of these
procedures is contained in the Documentation Manual that is a companion to this
Hydrologic Design Manual.

........;.:.::...; ;:;.

::::::::::::::.... :::::::::~r

iS~Si:: Estimation' of Parameters

:!;!.:·:·~:i·i: The following procedures are recommended for the calculation of the Clark Unit
.... Hydrograph parameters for use in Maricopa County. Other general procedures, as

previously discussed, can be used, however, these should be approved by the
jurisdictional agency prior to undertaking such procedures.

5.5.1 Time of Concentration
Time ofconcentration is defined as the travel time, during the corresponding period
ofmost intense rainfall excess, for a floodwave to travel from the hydraulically most .
distant point in the watershed to the point of interest (concentration point). Note
especially that Tc is not the travel time taken for a particle of water to move down
the catchment, as is often cited in engineering texts. The catchment is in equilibrium
when Tc is reached because the outlet then "feels" .the inflow from every portion of
the catchment (Bedient and Huber, 1988). Since a wave moves faster than a particle

:.; .....:.: .. -:.;.:-:.:.::.;.;. >:.:.;.:.:.:.;.:-:-:.;.:.:
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of water, the time ofconcentration (and catchment equilibrium) occurs sooner than
if based on overland flow or channel water velocities. An empirical equation for
time of concentration, Tc, has been adopted. with some procedural modifications
from Papadakis and Kazan (1987):

(5.5)

where Tc = time of concentration in hours

L = length of the flow path for Tc in miles

Kb = representative watershed resistance coefficient

5 = watercourse slope in feet/mile and

i = the average rainfall excess intensity, during the time Tc,
in inches/hour.

Watercourse slope, 5, is the average slope of the flow path for the same watercourse
that is used to define L. The magnitude of 5 can be calculated as the difference in
elevation between the two points used to define L divided by the length, L.
Watersheds in mountains can result in large values for S-which may result in an
underestimation of Tc. This is because as slope increases in natural watersheds the
runoff velocity does not usually increase in a corresponding manner. The slope of
steep natural watercourses is often adjusted to reduce the slope, and the reduced
slope is used in calculating runoff travel times. The slope of steep natural water
courses should be adjusted by using Figure 5.4.

The selection of a representative watershed resistance coefficient, Kb, similar in
concept to Manning's n in open-channel flow, is very subjective and therefore a high
degree of uncertainty is associated with its use. To diminish this uncertainty and to
increase the reproducibility of the procedure, a graph is provided in Figure 5.5 for
the selection of Kb based 0t.' watershed classificationand watershed size. interpola
tion can be used for a given watershed size and mixed classification. Equations for
estimating Kb are given in Table 5.1.

The value of i in Equation 5.5 requires the knowledge of both the distribution of
rainfall excess intensityand the time ofconcentration, whieb is, ofcourse, unknown.
Therefore, Equation 5.5 must be solved in a trial-and-error procedure. First, the time
distribution of rainfall excess must be estimated for the design rainfall distribution
and a graph of average rainfall excess intensity versus time prepared. Then a value
of Tc is assumed and the corresponding value of i is read from the graph. Equation
5.5 is solved with that value of i. If the calculated value of Tc is reasonably close to
the value that was assumed for i then the solution is finished; if not, then assume a
new value ofTc, recalculate i, and reCalculate Tc with Equation 5.5. The solution for
Tc should converge within three trials.

A worksheet has been prepared that facilitates the calculation of Tc. Appendix E is
a copy of this worksheet and the Examples section of this manual shows how it is

64
.......•....•.•:.;.: :.:.:.;.;.;.;.;.:.;.;.;.; ;..•...:...•.: ;.;.;.:.;.;.:.;.:.:.;. ........:-:-:.:-:.:-:-:-:..-:;;;;;:.;-: ; ';';':';':':';':':':<':';':-:':-:';':':';';':'. .;.:-:-:.; .. '-:.:<.:-;.;.: .

September 1, 1990



Hydrologic Design Manual
for Maricopa County

Unit Hydrograph Procedures

LaJ
..J

~
t-
lJ...
Z
0

400F«
..J
:::>
U
..J«
u

t2
300

z
LaJ
(/)
:::> 200
ct:
0u..
LaJ
CL
0
..J 100(/)

0
~.
(/)
::')..,
0 0«

0 100 200 300 400 500 600

MEASURED WATERCOURSE SLOPE, FT/MILE

Figure 5.4
Slope Adjustment for Steep Watercourses In Natural Watersheds

(Source: Drainage Criteria Manual, Urban Drainage and
Flood Control District, Colorado, May 1984.)

.;.:.:.:-:.:.:.;.:.:-:.:.;.;.;.; .;.;.;.;.;.;.;.;.; .;.:.;.:.:.;.;.;.;.:.;.;.;.:.;.;.;.;.; .;.;.;.;.;.;

September 1,1990 .
;.;.;.;.;.;.;.:.;.; ...................•.•.....;.;.:.;.;. :.;.;.:.;.

65



~~~.

iff

:t
'&
c8
D1

't:J
:r
"U

I
C
CiJ
~

c:
::J
;:;:

::J:
'<a.
"_2-

00
"co
==:n-
~c
-'C'Dn cn0

't:JCO
I»::J

~i
C::J
::JC
-I»'<-

0.20

0.15 ;;0
fTl
(J)

Vi
~z
()
(T'J

0.10 g
(T'J
."

0.08 ~

iTi
~

0.05 A

0.04 CT

0.03
0.02
0.01
0.00

10,0001,000100

Fie/ds,l Desert

10

0.05 ~
g:gl tUrban t -~
0.02

0.01 I I I I
0.00 1

1

0.20

WATERSHED SURFACE AREA, in Acres

Figure 5.5
Resistance Coefficient "Kb" as a Function of Watershed Type and Size

..Q

~ 0.15
~
LU
U

l::
LU
o
U

LU
U

if o.oar ---lao,"
Iii _
in
LU
0::

~::

1
~....
~o

)



Hydrologic Design Manual
for Maricopa County

Unit Hydrograph Procedures

Table 5.1
Equation for estimating Kb In the Tc Equation

Kb =mJog A)+ b
Where A Is drainage area, In acres

Equation Parameters
Land Classification m b

(1) (2) (3)

Urban -0.00625 0.04
Bare or nearly bare ground -0.01375 0.08

(bare, agricultural land, desert rangeland)
Rough and/or moderate vegetation -0.025 0.15

(hillslopes, alluvial fan)
Very rough and/or dense vegetation -0.030 0.20

(mountains)

used. Alternatively, program "MCUHP1" can be used which will also provide the
necessary HEC-l input file.

5.5.2 Storage Coefficient
Very little literature exists on the estimation of the storage coefficient (R) for the
Oark Unit Hydrograph. Clark (1945) had originally proposed a relation between
Tc and R since they can both be defined by locating the inflection point of a runoff
hydrograph (refer to Figure 5.2). TheCorps of Engineers has discussed the develop
mentofregionalizedrelationsforTcandRasfunctionsofwatershedcharacteristics
in Training Document No. IS (U.S. Army Corps of Engineers, 1982b). According to
Corps procedures, Tc and R are estimated from relations of Tc + Rand R/ (Tc + R)
as functions of watershed characteristics. These forms of empirical equations indi
cate an interrelation of Tc and R, and such dependence was observed mthe data
base, as discussed in the Documentation Manual. The equation for estimating R for
Maricopa County is:

(5.6)

where R = storage coefficient in hours

Tc = time of concentration in hours

A = drainage area in square miles, and

L = length of flow path in miles.

5.5.3 Time-Area Relation
Either a synthetic time-area relation must be adopted or the time-area relation for
the watershed must be developed. If a synthetic time-area relation is not used, the

.:.:.:.;::
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time-area relation is developed by dividing the watershed into incremental runoff
producing areas that have equal incremental travel times to the outflow location.
This is a difficult task and well defined and reliable procedures for this are not
available. The following general procedure is often used:

1. Use a topographic map of the watershed to trace along the flow path the
distance from the hydraulically most distant point in the watershed to the
outflow location; this defines L in both Equations 5.5 and 5.6.

2. Draw isochrones on the map to represent equal travel times to the outflow
location. These isochrones can be established by considering the land surface
slope and resistance to flow, and also whether the runoff would be sheet flow
or would be concentrated in watercourses. A good deal of judgement and
interpretation is required for this.

3. Measure and tabulate the incremental areas (in an upstream sequence) as well
as the corresponding travel time for each area.

4. Prepare a graph of travel time versus contributing area (or a dimensionless
graph of time as a percent of Tc versus contributing area as a percent of total
area). The dimensionless graph is preferred because this facilitates the rapid
development of new time-area relations should there be a need to revise the
estimate of Tc.

Synthetic time-area relations can be used such as the default relation in the HEC-1
program:

..

A* =1.414(r*)1.5

1-A* = 1.414(1- r*)1.5

O~ r* ~0.5

0.5 ~ r* ~ 1.0

(5.7)

68

where A" = contributing area in percent of total area and

T" = time in percent of Tc.

Equation 5.7 is a symmetric relation and is not recommended for most watersheds
in Maricopa County.

Two other dimensionless time-area relations have been developed during the
reconstitution of recorded rainfall-runoff events as described in the Documentation
Manual. These dimensionless relations for urban and natural watersheds areshown
in Figures 5.6 and 5.7. Each of these figures show a synthetic time-area relation and
a shaded zone where the time-area relation is expected to lie. For an urban water
shed, the synthetic time-area relation of Figure 5.6 is recommended, and for a
natural (undeveloped) watershed the synthetic time-area relation of Figure 5.7 is
recommended. Ifa time-area relation is developed from the watershed map, which
is generally recommended for unusually shaped watersheds, then the resulting
relation should lie within the shaded zones in either Figures 5.6 or 5.7. The HEC-1
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N-D is the synthetic
natural time-area
relation.

Shaded zone shows
where the time-area
relation for natural
watersheds is expected
to lie.

The HEC 1 default time-area
relation is shown for
comparison .

HECl default
(Equation 7)
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default time-area relation is shown for comparison in each figure. Tabulated values
of the dimensionless time-area relations are shown in Table 5.2.

The computation interval (NMIN) on the IT record of HEC-l must be selected to
correspond to the time of concentration for the unit hydrograph. This requirement
is necessary to adequately define the shape of the unit hydrograph. From Snyder's
unit hydrograph theory, the unit rainfall duration for a unit hydrograph (computa
tion interval) is equal to lag time divided by 5.5. For the SCS Dimensionless Unit
Hydrograph, the unit rainfall duration is to equal 0.133Tc, and although small
variation in the selection of computation interval is allowed, the SCS recommends
that the duration not exceed 0.25 Tc. Although there is not a rigid theoretical
limitation to how small the computation intervalcan be, from a practical standpoint,
too small of a NMIN could result in excessive computer output. Therefore, as a
general rule the computation interval should meet the follOWing:

NMIN= 0.15Tc (5.8)

Equation 5.8 is preferred, however, as a general requirement NMIN should fall in
the range indicated in Equation 5.9.

0.10Tc ;s; NMIN S O.25Tc (5.9)

>{/..' \ .

cj
!

NMIN is normally selected as a multiple of five minutes. This may require that
watersheds with significantly different sub-basin sizes be m~deled with some
sub-basins run separately and the outflow hydrographs from these separate runs
read:a.irectly into the multi-basin model.
,,0&1.4'

{

'i.'.IJ'·!C";' ,,;';'1-/ . t~ ,.
it

Table 5.2
Values of the Synthetic Dimensionless Time-Area Relations

for the Clark Unit Hydrograph

Time, as a percent Contributing Area, as a Percent of Total Area
of Time of Urban Natural HEc-1

Concentration Watersheds Watersheds Default
(1 ) (2) (3) (4)

0 0 0 0.0
10 5 3 4.5
20 16 5 12.6
30 30 8 23.2
40 65 12 35.8
50 77 20 50.0
60 84 43 64.2
70 90 75 76.8
80 94 90 87.4
90 97 96 95.5

........ :-...•...........- :.;.'.:.:.:.:.:.;.:.;.:.;,:-:
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Ultimate discharge is the maximum. discharge that would be achieved from a
particular watershed when subjected to a continuous intensity of rainfall excess of
1inch perduration (~t)uniformly over the basin. Ultimatedischarge (QuIt), in cubic
feet per second (ds), can be calculated from Equation 5.10:

Q 1
- 645.33A

ut- !:t.t

where A = drainage area in square miles, and

~t = duration of the 1 inch of rainfall excess in hours.

(5.10)

•

5-graphs are developed by summing a continuous series of unit hydrographs, each
lagged behind the previous unit hydrograph by a time interval that is equal to the
duration ofrainfall excess for the unit hydrograph (~t). The resulting summation is
a graphical distribution that resembles an 5-graph except that the discharge scale is
accumulated discharge and the time scale is in units of measured time. This graph
is terminated when the accumulated discharge equals QuIt which occurs at a time
equal to the base time of the unit hydrograph less one duration interval. The basin
lag can be determined from this graph at the time at which the accumulated
discharge equals 50 percent of QuIt. This summation graph is then converted to a
dimensionless 5-graph by dividing the discharge scale by QuIt and the time scale
by lag.

In practice, 5-graphs have generally been developed by reconstituting observed
floods to define a representative unit hydrograph and then converting this to an
S-graph. Prior to the advent of computerized models, such as HEC-l, flood
reconstitution was a laborious task of rainfall and hydrograph separation along
with numerous hand-cranked simulations to define the representative unit
hydrograph. Modem 5-graph development generally relies on use of optimization
techniques, such as coded into HEC-l, to identify unit hydrograph parameters that
best reproduce the observed flood.

Although an S-graph is completely dimensionless and does not have a duration of
rainfall excess associated with it as does a unit hydrograph, its general shape and
the magnitude of lag is influenced by the distribution of rainfall over the watershed
and the time distribution of the rainfall. Therefore, the transposition of an 5-graph
from a gaged watershed to application in another watershed must be done with
consideration of both the physiographic characteristics of the watersheds and the
hydrologic characteristics of the rainfalls for the two watersheds.

5.6.1 Limitations and Applications
5-graphs are empirical, lumped parameters that represent runoff characteristics fo1."
the watershed for which the 5-graph was developed. 5-graphs that are developed
from recorded runoffdata from one watershed can beapplied to another watershed
only if the two watersheds are hydrologically and physiographically similar. In
addition, a recent study for the Flood Control District of Maricopa County (Sabol,
1987) has demonstrated that the shape of5-graphs is significant!y affected by storm
characteristics, particularly the maximum intensity of the rainfall. Therefore, it may

.:.;.;.:.:.:::.:.:.:.;.;.;.:.-.:.;.:.:.::;.:.; .:.;...• :;..:;:;::.:.:-:.:.:::-:.;.;.:.:.:.:.: : :::-:.;.:.:.:.;.: : :.:.:.:.:.;.:.:.:; ..
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not be advisable to adopt 5-graphs that have been developed from one hydrologic
zoneand to apply these to watersheds in other hydrologic zones because of possible
differences in rainfall characteristics in the two zones that may affect the shape of
the 5-graph. Application of 5-graphs requires the selection of an appropriate
5-graph and the estimation of the one parameter, basin lag. Two 5-graphs have been
selected for use in Maricopa County and a method to estimate lag is provided.

The USBR has revised the Flood Hydrology Studies chapter of Design ofSmall Dams
(USBR, 3rd Edition, 1987), and it has identified S-graphs for application in six
generalized regional and physiographic type of watersheds. Recently, the USBR has
issued a Flood Hydrology Manual (Cudworth, 1989) that contains extensive discus
sion of flood hydrology in general, and 5-graphs in particular. Both of these
references should be consulted before using S-graphs. The 5-graph has been
adopted as the unit hydrograph procedure by Orange County and San Bernardino
County, California, and selected 5-graphs are presented in the hydrology manuals
for those counties. The 5-graphs in those hydrology manuals have been selected
primarily from S-graphs that previously had been defined by the U.S. Army Corps
of Engineers, Los Angeles District from a rather long and extensive history of
analyses of floods in California.

An 5-graph can, in theory, he used in any application for which an unit hydrograph
can be used. In practice an 5-graph must be first converted to an unit hydrograph,
and this can be done by one of two methods. First, The 5-graph can be converted to
an unit-hydrograph manually; or second, the 5-graph can be converted to an unit
hydrograph by use of the LAPRE1 program. The LAPRE1 program is a HEC-l
preprocessor program that converts a psuedo- HEC-l input file containing input
for an S-graph to a valid HEC-l input file. The LAPREI program outputs the HEC-l
input file with the 5-graph converted to an unit hydrograph, and the unit
hydrograph is written to the HEC-1 input file using the ill (Given Unit Graph)
record. The use of LAPREI greatly facilitates the use of 5-graphs.

Although the 5-graph is completely dimensionless and does not have a rainfall
excess duration associated with it, the unit hydrograph does require the specifica
tion of a duration. In general, the same rules and recommendations apply to the
S-graph as were made for the Clark Unit Hydrograph; that is, the duration (com
putation interval, NMIN) selected for the development of the unit hydrograph from
a S-graph should equal about 0.15 times the lag. A duration (NMlN) in the range
0.10 to 0.25 times the lag is usually acceptable.

5.6.2 Sources of S-Graphs
5-graphs for Maricopa County have been selected from a compilation of 5-graphs
for the Southwestern United States that was recently completed (Sabol, 1987). The
sources of5-graphs for that compilation were reports and file data of the U.S. Army
Corps of Engineers, Los Angeles District, and the USBR That compilation included
55 individual 5-graphs and 18 regional5-graphs. An individualS-graph is one that
can be identified with the watershed from which data was used to develop the
5-graph. Regional 5-graphs are those that are graphical averages or modifications
of individual 5-graphs to produce an 5-graph that is representative of a specific
physiographic type of watershed.

:....-::.:.;.:.:.:.;.:.:.;.;.;.;.:.:.::;.:-;-;.:.:
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5.6.3 S-Graphs for Use in Maricopa County
Two regional 5-graphs have been selected for use in flood hydrology studies of
major watercourses in Maricopa County. These two are referred to as the Phoenix
Mountain and the Phoenix Valley S-graphs. The Phoenix Mountain5-graph is to be
used in flood hydrology studies of watersheds that drain predominantly moun
tainous terrain. It should be used for the Agua Fria River above Rock Springs, New
River above the Town of New River, the Verde River, Tonto Creek, and the Salt
River above Phoenix. Although the Corps of Engineers developed a separate
5-graph for Indian Bend Wash, it is nearly identical to the Phoenix Mountain
5-graph which is also appropriate for Indian Bend Wash.

The Phoenix Valley 5-graph is to be used in flood hydrology studies of watersheds
that have little topographic relief. For example, this 5-graph should be used for the
Agua Fria River below Rock Springs, New River below the Town of New River,
lower Skunk Creek, lower Cave Creek, and urbanized watersheds.

These two 5-graphs are shown in Figures 5.9 and 5.10, and the coordinates of the
graphs listed in Table 5.3. These same two 5-graphs have been selected for similar
use in Maricopa County by the U.S. Army Corps of Engineers (1974and 1982a). The
justification for the selection of these two 5-graphs is provided in the Documenta
tion Manual, and a more comprehensive presentation of 5-graphs for Maricopa
County is provided in the S-Graph Study report for the Flood Control District of
Maricopa County (Sabol, 1987). It is possible that 5-graphs other than the two that
have been recommended for general use in Maricopa County be selected. The
selection of 5-graph should be made based on a comparison of the watershed of
interest to the watershed(s) used to develop the various 5-graphs.

Therefore, either one of the two recommended 5-graphs should be selected or the
selection of otherS-graphs, such as from Design of Small Dams (USBR, 1987), should
be approved by the jurisdictional agency before proceeding.

.:.; .;;;.;.;;:.;.:.;;;.;.:;;.::;.:.;.;.;.:.:.;.;;;.;:;.;.;.:,:.:.:.:.:.:.::;:;:;::.::::;:;:::;.:.:.;.;.;::.;.;.;:;.:.;.;.;.;.;:;.:::;;.;;;:;.;.;.;.:.;.;.; .::;:;::.:.:.:-::;:;.:. ;.;.;.;.;....•..;.;:;.;.;.;.;:;.;.;.;:.•.•.••••.......;.:::.;.;.;.;.;.;:;;;:;.;;::;.:.:.:.:.:.:.;.;.:.; ;::.;::;:.:-:.:.:::.:.::;:.:. :.:.;.:.:.:.:.:.;.:.:.:.:.:::::.:.:.:.:.:.:.;.::;.:.;.;.;.:::.; .:.:.; -:.;.:.:.;.

September 1, 1990 75



U
ni

tH
yd

ro
gr

ap
h

P
ro

ce
du

re
s

H
yd

ro
lo

gi
c

D
es

ig
n

M
an

ua
l

fo
r

M
ar

ic
op

a
C

ou
nt

y

D
IS

C
H

A
R

G
E

IN
P

E
R

C
E

N
T

OF
0

...
~

a
g

0
0

0

i\..
" "

.....
. ""

"-
r
-

r-
- t

--
8

"
--

t-
-

U
LT

IM
A

TE
D

IS
C

H
A

R
G

E
~

Cf
l!l

.. o

\
:
:
:
l
"
'
~
-
+
-
-
-
1
-
-
+
-
-
-
+
-
-
i
-
-
+
-
'
-
-
+
-
-
t
-
+
-
-
+
-
+
-
-
+
-
-
-
-
1
I
-
-
-
+
-
-
+
-
+
-
-
+
-
~
-
1

~8
\

\
"'U 1""

1 ~.
'-
-I
--
+-
f-
--
+-
-+
-f
--
-+
--
+-
f-
--
+-
-+
-f
--
+-
-+
-:
f-
--
t-
-+
--
-1
f-
--
t-
-1

1""
1

Z -
t o "T
l

r ~8
~-

+-
--

+-
--

I-
+-

-+
--

+-
f-

--
+-

--
+-

--
j1

--
+-

-+
--

+-
f-

--
t-

-+
-;

-+
--

t-
-i

8
1
-
-
+
-
+
-
-
+
-
-
+
-
-
+
-
-
+
-
-
+
~
-
f
-
-
-
+
-
+
-
-
+
-
-
-
t
-
-
t
-
-
+
-
t
-
-
-
l
r
-
+
-
-
+
-
-
i

F
ig

u
re

5.
9

;.;
.;.

;.:
.;.

;.;
.:.

;
.;.

;:;
:;.

;.;
.;.

:.;
.;:

;;;
::.

;.;
.;:

:;;
.;:

;.;
.;.

;.;
:;.

;.;
.;.

::;
.;.

;::
.;.

;.;
.;.

;.:
.;.

:.;
.;.

;;;
;;.

;.;
.;.

;.;
.;.

;.;
.;

:;.
;.

;.;
.:.

;.:
.;.

;.
;;;

:;.
::;

.;.
:.:

.;.
;.;

.;
.;

::
.:

.;
.;

.;
.;

.;
.;

.:
.'

'::
.

:..
:..

:.:..
:

,
:

:
;.

;:
.:

:
:.:

....
•..:

;.:
.::

.::
:':

-:
;

;.;
.;.:

.;.;
.:.;

.:-
:::

.:.;
.;.;

.

76
S

ep
te

m
be

r1
,1

99
0

\



H
yd

ro
lo

gi
c

D
es

ig
n

M
an

ua
l

fo
r

M
ar

ic
op

a
C

ou
nt

y
U

ni
tH

yd
ro

gr
ap

h
P

ro
ce

du
re

s

o
.. o

D
IS

C
H

A
R

G
E

IN

l!r
l!l

-"
""

""
-

8
t-
-+
--
-;
-+
--
+-
+-
-t
--
-i
r-
-f
r-
--
-t
'-
;;
::
::
",
,-
+=
::
::
::
-+
--
t-
-+
--
-;
-+
--
+-
-+
--
+-
--
;~

--"
r--

-...
r--.

...

"-
::

:l
N

I-
--

+
--

--
I-

+
--

+
-+

--
t-

--
ir

-+
--

+
-+

--
+

--
f-

-+
--

-;
-+

--
+

--
o

fl
T

--
+

--
lr

--
l

~
8

~
rt

"I
1

--
+

--
--

I-
+

--
+

-+
--

t-
--

if
--

+
--

+
-+

--
+

--
t-

--
l-

--
1

-+
--

+
-+

--
+

--
ir

--
f

[\

r ~
8

I-
--

+
--

-+
-+

--
+

--
-l

-+
--

+
-l

--
-+

--
+

-+
--

+
--

-f
-+

--
+

--
"f

--
+

--
+

-+
--

H
, \

F
ig

u
re

5.
10

S
ep

te
m

be
r1

,1
99

0
77



Unit Hydrograph Procedures Hydrologic Design Manual
for Maricopa County

Table 5.3
Tabulation of Coordinates for the

Phoenix Valley and the Phoenix Mountain S-Graphs

Percent Ultimate TIme In Percent Lag
Discharge Phoenix Valley Phoenix Mountain

(1 ) (2) (3)
0 0.0 0.0
2 23.0 23.0
4 30.0 31.0
6 36.0 37.0
8 41.0 42.0

10 45.7 46.0
12 50.0 49.8
14 54.1 53.4
16 58.0 56.8
18 61.7 60.0
20 65.2 63.1
22 68.5 66.1
24 71.6 69.0
26 74.6 71.8
28 77.5 74.4
30 80.2 76.8
32 82.7 79.1
34 85.0 81.2
36 87.2 83.2
38 89.0 85.1
40 91.1 86.8
42 92.9 88.8
44 94.6 91.0
46 96.3 93.8
48 98.1 96.8
50 100.0 100.0
52 102.0 103.4
54 104.1 107.0
56 106.3 110.8
58 108.6 114.7
60 111.0 118.7
62 113.5 122.9
64 116.1 127.3
66 118.8 131.9
68 121.6 136.7
70 124.5 141.7
72 127.5 147.1
74 130.7 152.8
76 134.1 158.8
78 137.7 165.5
80 141.5 172.9
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Percent Ultimate
Discharge

(1 )

82
84
86
88
90
92

Unit Hydrograph Procedures

Table 5.3, continued

Time In Percent Lag
Phoenix Valley Phoenix Mountain

(2) (3)

145.5 181.6
149.9 191.0
154.6 201.0
159.6 212.0
165.6 226.0
173.6 244.0

94
96
98

100

186.6
200.6
223.6
298.6

265.0
295.0
342.0
462.0

5.6.4 Estimation of Lag
The application of an ~graph requires the estimation of the parameter, basin lag.
A general relationship for basin lag as a function of watershed characteristics is
given by Equation 5.11: '

(5.11)

where Lag = basin lag in hours

L = length of the longest watercourse in miles

Lea = length along the watercourse to a point opposite the centroid in
miles

5 = watercourse slope in feet per mile

C = coefficient and

m & P=exponents.

The Corps of Engineers often uses C = 20Kn where Kn is the estimated mean
Manning's n for all the channels within an area, and m = 0.38. The USBR (1987) has
recommended that C = 26Kn and m = 0.33. Both sets of values in Equation 5.11 will
often result in similar estimates for Lag. Traditionally the exponent, p, on the slope
is equal to 0.5.

It should be noted that Kn is a measure of the hydraulic efficiency of the watershed
and it is not necessarily a constant for a given watershed for all rainfall depths and
rainfall intensities. As rainfall depth and/or rainfall intensity increases the efficien
cy of nmoff increases and I<n decreases. Therefore, some adjustment in I<n should
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be made for use with rainfalls of different magnitudes (frequencies). Generally, Kn
is the smallest for extreme floods such as PMFs and increases as the frequency of
event increases.

Several graphical relations are available for estimating basin lag. One such relation
(U.S. Army Corps of Engineers, 1982a) is shown in Figure 5.11. Several other
relations that should be consulted when using 5-graphs are contained in Design of
Small Dams (USBR, 1987) and the USBR Flood Hydrology Manual (Cudworth, 1989).

When estimating basin lag the following steps should be used:

1. From an appropriate map ofthe watershed, measure drainage area (A), and the
values of L, I...ea. and S.

2. Calculate the basin factor LI...ea/ (So.\

3. Usedata in Figure 5.11 or the tables in Design ofSmall Dams or the FloodHydrology
Manual to attempt to identify watersheds of the same physiographic type and
similar drainage area and basin factor. Make a list of watersheds with similar
drainage areas and basin factors, and tabulate the estimated value of Kn for
those watersheds, and the measured lag.

4. Estimate Kn for the watershed by inspection of the tabulation, step 3.

5. Estimate lag by Equation 5.11. Use values of C and m corresponding to the
source (U.S. Army Corps of Engineers or USBR) that was used to estimate Kn.

6. Compare the calculated lag with the measured lag for similar watersheds (step 3).

The use of measured values of Kn from hydrograph reconstitutions of similar
watersheds will provide the most reliable estimates of Kn and basin lag.

80
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Channel ROgDg
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:·~w~:· General

ii! Channel routing involves generation of an outflow hydrograph for a reach where
an inflow hydrograph is specified. A reach is either an open channel with certain
geometrical!structural specifications, or a pipe with open channel flow. This type
ofapplication assumes that the flow is not confined, and that surface configuration,
flow pattern and pressure distribution within the flow depend on gravity. It also
assumes that there is no movement of the bed or banks. In addition no backwater
effects are considered.

:::;:1: :1::!!)!:· The Kinematic Wave Routing as described in HEC-l can be applied for routing of
. . ..... overland flow, collectorchannels and the main channel. However, for the purposes

of this manual the overland flow option of the Kinematic Wave will not be used.
The overland flow analysis will be performed using the Maricopa County Unit
Hydrograph Procedure (MCUHP), described in Chapter 5 of this manual. Once a
hydrograph is generated through the MCUHP, it can be used as the inflow
hydrograph for an urbanized open channel or a pipe where an outflow hydrograph

...............•... . :.;.;.;.;.:.:-:.:.:.:.:.; .
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is required. These reaches can be treated as collector channels or the main channel
as the case maybe.

6.2.1 Collector Channel
Modeling of flow at a point where it becomes channel flow to a point where it enters
the main channel is done as a collector channel element. It is assumed that the flow
along the path of the channel is uniformly distributed. This is a proper assumption
for a case when overland flow runs directly into a gutter. It is also a reasonable
approximation of the flow as it passes through a storm drain system from a catch
basin and the collector pipes along the collector channels.

6.2.2 Main Channel
The main channel element can be used to route inflow from an upstream subbasin
or a combination of inflows from collector channels along a subbasin. The flow is
assumed to be uniformly distributed, which appears to be a reasonable assumption
when the flow is received from collector channels at several locations.

6.2.3 Parameter Selection
The data requirement for channel routing include surface drainage area, channel
length and slope, channel shape and geometry, Manning's n, and the inflow
hydrograph. The designer is referred to the HEC-1 manual for the proper selection
of these parameters.

When working with the Kinematic Wave Method, it is important to be familiar with
thecomputational procedures inherent in the model. Inorder to solve the governing
equations which theoretically describe the Kinematic Wave Method, proper selec
tion of time step and reach length are required. The designer will specify a channel
reach length and a computational time step for the inflow hydrograph. This time
step could very well be different from the one selected by the computer for
computational purposes. Furthermore, the computer will use this information to
select distance intervals based on the given reach length.

The computational process could unrealistically attenuate the outflow peak. It
appears that a longer reach length would cause more attenuation. To overcome this
problem, the December 1988 version of HEC-1 will calculate the outflow peak by
applying both the time step selected by the designer as well as the one selected by
the computer. If the resulting peaks are not reasonably close, the designer can
modify the selected time step or the reach length to improve the calculations. It
should be noted that the computer will compare peak flow values for the main
channel and not the collector channels.

84
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iii Muskingum Routing

Channel Routing

•

li!!.!!.!.!:..!!i.:.·:·! Flow routing through na~al channels can be accomplished by applying the
Muskingum Routing technique. The main characteristic of natural channels with
respect to routing is that the outflow peak can be drastically attenuated through
storage loss, a process which is simulated by Muskingum routing.

6.3.1 Parameter Selection
Application of Muskingum Routing requires input values for parameters X and K.
Parameter X has a range of values 0.0 to 0.5, where 0.0 represents routing through
a linear reservoir and 0.5 indicates pure translation. ParameterKindicates the travel
time of a floodwave through the entire routed reach. There areseveral methods
which can be used to estimate K such as average flow velocity adjusted by a celerity
factor, the time difference between peak inflow and peak outflow, or by using
stage-discharge relationships. For more details the reader is referred to the HEC-l
manual and Chapter 7 of this manual. Once again, since the computational method
within HEC-l may result in an unstable solution, parameters K, X, and NsTPS
(number ofsteps) must be checked to insure that an adequate number ofsubreaches
is used. .

In those rare situations that observed inflowand outflow hydrographs are available,
K, X, and NsTPS can be calibrated by trial and error to enable reproduction of
outflowhydrographs. Chapter 5of the U.S. BureauofReclamation'sFloodHydr%gy
Manual (Cudworth, 1989) is an excellent source of Muskingum routing information.

. :.:.: : :.:::.:.:::.:.: .
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lii::I~li!! General

:'~{::::: :i:l:il':lili: The methodologies presented in this Manual are" for the most part, standard
........ procedures and practicescommonlyused inhydrologic analysis. However, the user

of the manual may not always be familiar with these ~echniques because of a
different previous experience or interest. A number ofexamples were developed to
familiarize the user with the presented methods as well as the details of parameter
estimation. In addition, this Chapter should provide some general suggestions to
facilitate particular applications.

.....:.;.:::;:.:.;.;.

::::.;::.:;:;:;:;:::.;;::::::::;

)/;::::::<: Examples 1 through 3, respectively, illustrate the development of a Depth-Dura
tion-Frequency (D-D-F) table, an Intensity-Duration-Frequency (I-D-F) table, and a
rainfall distribution for a particular site. The user does not necessarily have to
redesign the rainfall distributions since those presented in the manual are adequate
for all of Maricopa County. Chapter 2, Table 2.1, and Pattern 1 of Table 2.2 contain
thosedistributions, which were developed from data at Phoenix Airport.'Ifdifferent
distributions are needed, Table 2.1 and Pattern 1 of Table 2.2 can be redeveloped.
However, Patterns 2 through S are appropriate for all locations without modifica
tion.

A particular site might have orographic features, resulting in a 100-year, 6-hour
rainfall depth, which differ significantly from the Phoenix Metro area value. In that
case, the short duration part of the rainfall such as the IS-minute depth may be
different from the oneby Pattern1. This will give a different peakoutflow, justifying
the design of a new distribution.

As a note to developing D-D-F table, the user can alternatively use PREFRE, a
computer program by the National Weather Service (USBR, 1988). PREFRE will
produce the D-D-F table.
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"//' 1. Since many of the soil groups contain horizons of different textures, the top
horizon mayor may not control the total volume and rate of infiltration. The
decision of which soillayer controls the infiltration rate is based on soil texture,
horizon thickness, and the accumulated depth of water during the initial
low-intensity period of a design storm. As a general rule, sandy and loamy
sand soils less than 2 inches thick will not act as the controlling horizon during
a 100-year design storm.

2. Percent Sand & Gravel: Sand is defined by the SCS as that percentage of the
soil matrix between 0.05 and 2.0 mm. in diameter. The SCS Soil Survey books
list a percentage of each soil type passing sieve #200/ which has openings of
0.074 mm. It can therefore be assumed as an estimate that the percentage of
particles retained by this sieve are sand size and larger. It will also be assumed
that soils with particle size between 2.0 mm and 3.0 inches (gravel) have
infiltration rates greater than or equal to sand. This is necessary because Green
& Ampt and IL+ULR loss parameters have not been developed for cobbly,
gravelly, channery, etc. soils.

When choosing the value for percent sand and clay/ choose the median value
from the range listed in the "Engineering Index Properties" and "Physical and
Chemical Properties" tables. For example, if a range of 10 to 35 percent clay is
listed, choose 22.5 percent. On rare occasions, the sum of the median values
for percent sand and clay will be greater than 100 percent. In this case, adjust
both values equally until they total 100. With a known percent sand and clay,
enter Appendix D to determine the textural class for that particular soil. Then
choose Green & Ampt loss parameters from Table 4.2 or IL+ULR parameters
from Tables 4.3 and 4.4.

3. Most soil map units consist of major and minor soil areas, as listed in the
"General Soil Map Units" sections of the Soil Survey books. The descriptions
will list the percentage of each of the major soils, and one or more percentages
for the minor soils (usually 2 to 4). When calculating weighted averages for
the minor soils when only one percentage is listed, assume an equal contribu
tion from each. For example, if a minor group makes up 20 percent of the map
unit and consists of 3 soils, then each group member contributes (20/3)=6.67
percent. A weighted value of bare ground XKSAT can be used to estimate
corresponding values of PSIF and DTHETA from Table 4.2.

4. HydrologicSoilGroups: It is oftennecessary tocheckthe hydrologic soil group
classifications against the textural infiltration rates and the controlling
horizon. In some cases, "c" and "D'/ soils may be so designated because of an
underlying hardpan, but it may be at an unreasonable depth given a two or
six-hour design storm. In many cases, "D'/ soils are so designated because of
a large percentage of exposed, impervious rock outcrop. When using the
IL+ULR loss rate method in HEC-l with hydrologic soil groups in this situa-
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•

tion, do not usethe~/D'{soillossrateparameters with the impervious cover
value (RTIMP), or severe underestimation of losses will occur.

5. Use caution when applying impervious cover percentages using the RTIMP
variable. Remember that RTIMP will directly convert the assigned percentage
of areal excess rainfall to runoff. If the SCS soil description lists a soil group as
having 25 percent rock outcrop, 25 percent of the area will contribute direct
runoff to the outlet only if the rock outcrop areas are hydraulically connected,
which is rarflly the case. This situation also exists in urban areas, where the
impervious areas are streets and driveways rather than rock outcrop. Good
judgement should be used to assess flowpaths and the infiltration charac
teristics of soils adjacent to impervious areas when using the RTIMP variable.

6. Hydrologic soil groups can be weighted in the following manner:

A=1 B=2 C=3 0=4

Say a particular soil group is 20 percent B, 25 percentC, and 55 percent D. Then
the weighted value is:

(.20)(2) + (.25)(3) + (.55)(4) = 3.35

Since 3.35 is less than 3.5, round down to 3.0, and choose "C" group loss
parameters for this soil group.

7. Textural Classes: Textural class descriptions, as used in this context, contain
only adjectives from the three primary textures: sand, silt, and clay. To deter
mine the textural class, calculate the percent sand and clay for the soil, then
use Appendix D.

8. When using the IL+ULR loss rate methods, remember that the variable STRTL
in HEC-l is composed of two parameters: IL, the initial loss due to infiltration,
and lA, the loss due to surface retention. STRTL = IL + lA.

9. Examples 5 and 6 and the loss rate parameters in Tables 4.2A.3, and 4.4 are for
bare ground only. In areas where vegetation cover influences are significant,
the saturated conductivity parameters (XKSAT and CNSTL) should be ad.
justed using Figure 4.3.

10. As an option to the methods of loss parameter calculation presented in the
examples, Green & Ampt and IL+ULR (by soil texture) loss parameters have
been calculated for Maricopa County soils and are presented in Appendices
A, B, and C. Choose the parameters for each soil type within a Map Unit, then
calculate a weighted average as in Step 3 of Example 5.

11. There are currently three Soil Survey volumes available for Maricopa County
and adjoining areas, generally in the central, eastern, and northern regions.
Copies of the Soil Surveys can be obtained from. the Soil Conservation Service
Field Offices.

.;.;.;.;.; .:.;.;.;.;.;.;.;.:.;.:.:.;.:.;.;.;. ;.::;::.;.:.;::.:.;.;.>::
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Notes on Calculating Parameters for use in the
Clark Unit Hydrograph

1. Tc represents the time for a floodwave to travel from the hydraulically most
distant point in the watershed to the outlet during the most intense period of
rainfall excess. The flow path length (L) represents the hydraulic length
corresponding to Tc. Fora naturalchannel, Lis the length of watercourse from
the outlet to a point defining the hydraulically most distant point. Foran urban
basin where flow is mainly in streetsand no primary channels exist, an average
flow path should be selected, such as a line parallel to grade from the outlet
to the upper watershed boundary.

2. Excess Rainfall Values: When developing the peak period of rainfall excess on
the "Calculation of Tc & R" worksheet (Appendix E), start at the largest depth
for the ~t used, then choose the largest value above or below the peak, then
the value above or below those two, and so on so that a contiguous grouping
results. Do not list the depth values in a strictly descending order unless they
are contiguous. Example:

Time Excess(in) Rank Sorted

1415 0.21 6 0.40

1420 0.28 5 0.35

1425 0.35 2 0.32

1430 0.40 -> 1 -> 0.33

1435 0.32 3 0.28

1440 0.33 4 0.21

1445 0.18 7 0.18

Alternatively, program ''MCUHP1'' can be used to calculate Tc and R. This
program will also construct the basin HEC-1 input file for immediate application.

3. Worksheet: The worksheet allows a maximum of eight excess rainfall values to
be entered, and this is sufficient in most cases. As a result, if ~t =5 minutes
(where ~t is hydrograph time step), then Tc should be less than (8*5)=40
minutes. For ~t = 10 minutes, Tc < 80 minutes, and so on. Remember that in no
case should Tc be less than ~t for computational stability.

::: .:.:.;.:.:.:.:::::.:.
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4. Remember that Tc is a function of excess rainfall intensity and must be recalcu
lated when the duration or frequency of a design storm is changed. If multiple
frequencies are desired for a given duration, it may be acceptable to construct
a graph of Tc vs. Frequency, when the peak producing portion of the distribu
tion is maintained. In such a case plot the 2, 10, and 100 year Tc values on
semi-log paper, and interpolate intermediate values.

5. When calculatingTc for natural watersheds with overall slopes greater than 200
feet/mile, use Figure 5.4 to adjust the slope.

6. In cases where more than one basin roughness exists in a watershed, the basin
roughenss factor (Kb) should be weighted in the following manner:

Say a 3.75 square mile watershed is 35 percent "nearly bare ground"
and 65 percent "rough." Calculate Kb separately for each roughness
category, then weigh accordmg to percentages, i.e.:

Nearly bare ->
Rough >

Kb=

-0.01375 (log 3.75 x 640) + 0.08 = 0.034

-0.025 (log 3.75 x 640) + 0.15 = 0.065

(.35)(.034) + (.65)(.065) = 0.054

•

Notes on the Application of Kinematic Wave
Routing

The computational procedure of the Kinematic Wave Routing Method may un
realistically attenuate the outflow peak. It appears that a longer reach length would
cause more attenuation. To overcome this problem, the more recent versions of
HEC-l will calculate the outflow peak by applying both the time step selected by
the designer as well as the one selected by the computer. If the resulting peaks are
not reasonably close, the designer can modify the selected time step or the reach
length to improve the calculations. It should be noted that the computer will
compare peak flow values for the main channel and not the collector channels.

When working with Kinematic Wave Routing, channel capacity must be checked
to assure proper conveyance of flow prior to the HEC-l run. Otherwise, if the
channel is undersized, the model will automatically extend channel boundaries to
contain the flow.

September 1,1990
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I!I~II!I Notes on Developing Muskingum Parameters

1. The following parameter estimation procedures apply primarily to natural
stream channels which convey a significant amount of flow in the overbank
areas during design-frequency events.

2. NSTPS: The choice ofa number ofsubreaches for a particularstream reach can
be checked for computational stability using the follOWing equation from the
HEC-l Manual:

1 < K < _1_
2 (1 - X) - NSTPSdt - 2 (X)

whereK =

x =
dt =

the travel time through the entire reach in hours

Muskingum 'X'

the computational time step (hrs),

NSTPS = the integer number of subreaches. .

3. K: K is the travel time of the floodwave peak through the entire reach.
Calculation using Manning's equation is usually an appropriate method for
estimating the floodwave velocity, Vm, with the following provisions:

A. Use an average channel area and wetted perimeter for the reach
assume bankfull conditions.

B. Choose an 'n' value representative of the main channel only-do not
include the overbank roughness in a weighted average.

C. Calculate an average flow velocity for the reach (V).

D. Use the following ratios (Cudworth, 1989) to estimate Vm, the velo,city
of the floodwave:

Channel Geometry
Wide rectangular
Wide parabolic
Triangular

VmjV
1.67
1.44
1.33

The value of K is then estimated by dividing the reach length by Vm.

4. X: For wide, shallow channels with low to moderate slopes and significant
overbankflow during the design flood being modeled, choose X= 0.15 to 0.25.
For steep to very steep, narrow, deep channels with little overbank flow,
choose X= 0.25 to 0.40.
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il!i~iiil Notes on the Application of S-graphs

::JJ:l:~::::: The recommended 5-graphs for Maricopa County, Le., Phoenix Mountain and
......... Phoenix Valley S-graphs, should only be applied to large, natural watersheds. The

Phoenix Valley S-graph can also be applied to large, urban basins. This is in part
due to the fact that the original data base in Arizona applied the methodology to
large watersheds. As a lower limit of application a watershed area of 5square miles
can be considered, although that should be used as the absolute minimum size.

The manual discusses two slightly different methods of Lag computation, one by
the U.S. Army Corps of Engineers and one by the U.S. Bureau of Reclamation.

Program MCUHP2 can be used to convert an 5-graph into a unit-graph. This
program, while similar to LAPRE1 (Section 5.6.1), shall provide the necessary basin
HEC-l file with the appropriate rainfall pattern distribution.

September 1, 1990 93



·J. ;;:;;;;~;: ;i;•.~.:.:.·.;:.•.~;~;•.;~,.,;•.:.••,~,••,·.~.'.,•.:.: .'.•.•:.••,•.•.~.•
)~ f~~~r

.I!II!I!:::!

ReferEles
:::::::::;: .~.'.~.:~..:~..:~.'.~ :::;:;:;:: .
:-::.::.: ,':';':-:' .';::.:;:.';'.';:'.;;;.'.:;.::.::.::

'.~;~.;,~..'...:.•'.:.[.~..;..... ::.;:::;:::: ";:::::::::;:;:;:;:;:;

Arkell, RE., and Richards, F., 1986, "Short Duration Rainfall Relations for the Western
United States," Conference on Climate and Water Management-A Critical Era and
Conference on the Human Consequences of 1985's Climate, August 4-7, American
Meteorological Society, pp. 136-141.

Bach, L.B., 1984, "Determination of infiltration, runoff, and erosional characteristics of a
small watershedusing rainfall simulatordata" unpublished master's thesis, Depart
ment of Civil Engineering, New Mexico State University, Las Cruces, New Mexico,
69p.

Bedient, P.B., and Huber, W.C, 1988, Hydrology and Floodplain Analysis, Addison-Wesley
Publishing Company, 650 p.

Clark, CO., 1945, "Storage and the unit hydrograph," Trans. American Society of Civil
Engineers, Vol. 110, pp. 1419-1488.

Cudworth, A. G., 1989, Flood Hydrology Manual, U.S. Bureau of Reclamation, Denver,
Colorado, 243 p.

Eggert, KG., 1976, "Modeling the unsteady infiltration process," unpublished master's
thesis, Colorado State University, Ft. Collins, Colorado.

Hicks, W.I., 1944, "A method of computing urban runoff," American Society of Civil
Engineers, Trans., Vol. 109.

Kincaid, D.R, Gardner, J.L., and Schreiber, H.A., 1964, "Soil and vegetation parameters
affecting infiltrationundersemiaridconditions," lASH Bulletin, Vol. 65, pp. 440-453.

Lane, L.J., Simanton, J.R, Hakonson, T.E., and Romney, E.M., 1987, "Large-plot infiltration
studies in desertand semiarid rangelandareas of thesouthwesternU.S.A," Proceed
ings of the International Conference on Infiltration Development and Application,
Water Resources Research Center, University of Hawaii at Manoa, Honolulu,
Hawaii, pp. 365-376.

:;::.:.:.:-:.::;.; .:::.:.:.:.: :.:.:-:.:.;.;.:.:::.;::::::;::;.:.::;.;:;.;:; ;.:.;:;:;.:.;:::;.:.;::.;.;:; ..; :;: :.;:;.;:::::;:;.;.; .;.;.;.;.;

September 1,1990
::-:::-:::.:;;.:.; ;

95



References Hydrologic Design Manual
for Maricopa County

Li, RM., Stevens, M.A., and Simons, D.B., 1976, "Solutions to Green-Ampt infiltration
equation," American Society of Civil Engineers, Journal of the Irrigation and Drainage
Division, Vol. 102, No. IR2, pp. 239-248.

Linsley, RK., Kohler, M.A., and Paulhus,J.L.H., 1982, Hydrologyfor Engineers, Third Edition,
McGraw-Hill Book Company, 508 p.

Miller, J.F., Frederick, RH. and Tracey, RI., 1973, ''Precipitation-Frequency Atlas of the
Western United States" VIII: Arizona; NOAA Atlas 2. National Oceanic and Atmos
pheric Administration, Silver Spring, Maryland.

Mitchell, W.O., 1962, "Effect of reservoir storage on peak discharge," U.S. Geological
Survey, Water Supply Paper 1580-e.

Mitchell, W.o., 1972, Model Hydrographs: U.S. Geological Survey, Water Supply Paper
2005.

Musgrave, G.W., 1955, "How much of the rain enters the soil," in Water, the Yearbook of
Agriculture, p. 151-9.

Papadakis, C.N., and Kazan, M.N., 1987, "Time of Concentration in Small, Rural Water
sheds," Proceedings of the Engineering Hydrology Symposium, ASCE, Wil
liamsburg, Virginia, pp. 633-638.

Pedersen, J.T., Peters, J.c., and Helweg, O.J., 1980, "Hydrographs by single linear reservoir
model," American Society of Civil Engineers, Journal of the Hydrology Division, Vol.
106, No. HY5, pp. 837-852.

Rawls, W.I., and Brakensiek, D.L., 1983, "A procedure to predict Green and Ampt infiltra
tion parameters," Proceedings of the American Society of Agricultural Engineers
Conference on Advances in Infiltration, Chicago, Illinois, pp. 102-112'.

Rawls, W.J., Brakensiek, D.L., and Miller, N., 1983, "Green-Ampt infiltration parameters
from soils data," American Society of Civil Engineers, Journal ofHydraulic Engineer
ing, Vol. 109, No.1, pp. 62-71.

Rawls, W.J., Brakensiek, D.L., andSavabi, M.R., 1989, ''Infiltration parameters for rangeland
soils," Journal ofRange Management, Vol. 42, No.2, pp. 139-142.

Sabol, G.V., 1983, "Analysis of the urban hydrology program and data for Academy Acres
for the Albuquerque Metropolitan Arroyo Flood Control Authority," Hydro
Science Engineers, Inc., Las Cruces, New Mexico, pp. 5-7.

Sabol, G.V., Ward, T.J., and Seiger, A.D., 1982a, "Rainfall infiltration of selected soils in the
Albuquerque drainage area for the Albuquerque Metropolitan Arroyo Flood Con
trol Authority," Civil Engineering Department, New Mexico State University, Las
Cruces, New Mexico, 110 p.

96 Septemberl, 1990



Hydrologic Design Manual
for Maricopa County

References

Sabol, G.V., Ward, T.J., Coons, L., Seiger, A.D., Wood, M.K., and Wood, J., 1982b, "Evalua
tion of rangeland best management practices to control non-point pollution," Civil
Engineering Department, New Mexico State University, Las Cruces, New Mexico,
102p.

Sabol, G.V., and Ward, T.J., 1985, "Santa Barbara hydrograph with Green-Ampt infiltra
tion," Proceedings of the Watershed Management in the Eighties Symposium,
American Society of Civil Engineers, Denver, Colorado, pp. 84-91.

Sabol, G.V., 1987, S-graph Study (report for the Flood Control District of Maricopa County),
Phoenix, Arizona, 29 pp. plus appendices.

Sabol,G.V., 1988, "Clarkunit-hydrographandR-parameterestirnation," American Society
of Civil Engineers, Journal of the Hydrology Division, Vol. 114, No.1, pp. 103-111.

Sherman, L.K., 1932, "Streamflow from rainfall by unit-graph method," Engineering News
Record, Vol. 108.

Shen, J., 1962, "A method of determining the storage-outflow characteristics of nonlinear
reservoirs/' U.S. Geological Survey, Professional Paper 450-E.

Stubchaer, J.M., 1975, "The Santa Barbara urban hydrograph method," National Sym
posium on Urban Hydrology and Sediment Control, University of Kentucky,
Lexington, Kentucky, pp. 131-141.

Tholin, A.L., and Keefer, G.J., 1960, ''Hydrology ofurban runoff," AmericanSociety of Civil
Engineers, Trans., Vol. 125, pp. 1308-1379.

U.S. Army Corps of Engineers, 1974, Gila River Basin, Arizona, New River, and Ph:oenix
City Streams, Design Memorandum No.1, Hydrology Part 1, Los Angeles District,
51 p.

U.S. Army Corps of Engineers, 19813, Gila River Basin, Phoenix, Arizona and vicinity
(including New River), Design Memorandum No.2, Hydrology Part 2, Los Angeles
District, 59 p.

U.S. Army Corps of Engineers, 1982b, "Hydrologic analysis of ungaged watersheds using
HEC-l," Hydrologic Engineering Center, Training Document No. 15, 122 p. plus
appendices.

U.S. Army Corps of Engineers, 1987, HEC-l Flood Hydrograph Package, Users Manual,
Hydrologic Engineering Center, Davis, California, 32 p. plus appendices.

U.S. Bureau of Reclamation, 1987, Design of Small Dams, Third Edition, Denver, Colorado,
860p.

U.S. Bureau of Reclamation, 1988, PREFRE, Computation of precipitation frequency-duration
values in the Western United States, Program User Manual, Flood Section, Surface
Water Branch, Earth Sciences Division, Denver, Colorado, 16 p.

September I, ~990
.:.:.:.:.:::.;.:-:.:-:.: .................................•....... ..;.:.:.;.:.:-:.:.;

97



References Hydrologic Design Manual
for Maricopa County

Viessman, W., Jr., 1967, "A linear model for synthesizing hydrographs'for small drainage
areas," Forty-eighth Meeting, American Geophysical Union, Washington, D.C.

Ward, T.J., 1986, "A study of runoffand erosion processes using large and small area rainfall
simulators," Water Resources Research Institute, Report No. 215, New Mexico State
University, Las Cruces, New Mexico, 71 p.

Ward, T.J., and Bolin, S.B., 1989, "Determination of hydrologic parameters for selected soils in
Arizona and New Mexico using rainfall simulators," Water Resources Research In
stitute, Report No. 243, New Mexico State University, Las Cruces, New Mexico, 84 p.

98 September 1, 1990



Apdl.A
Aguila-~'!'ree

Loss Rate Parameters

.;::-:::-:.::;.;.;.>:-:.;.:-: ..-:.: :;::.:.:.:::.:-:::-::.;.;.:.:.;. .' ',' .......•...•;.;-....:;,';.;;.-.;.". :-:.:.>;.:.~.:.:.:.;.:.:;;.:.: .:.:.:.:.:::.:.:-:.:~:.;::-:.:.: .;.;.:.:.:.:.:.:-:.;.: :::.;.::::;.:;::;.:.:::.;::.....:.;.:<.::; ;.;.:.:.:.;';';:;";':'.•.:.':; :- ..;.;.'.".:.:.:.;.;.:.:-:-:.:.:.:.;;:::-:.;::;;:;.:-::;:;::.:;:.;::.:.;.;.::::'';'.••.:::.:>: ':'.' ,"."." . . . . . .. ..

September 1/ 1990 99



e e

Aguila-Carefree Loss Rate Parameters

e

Fragments XKSATI IL(ln) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Unit # Soil Name (Control Horizon) mm,% Clay, % (Appendix) (Infhr) (In) (Dry) (Normal) (Too Horizon) H.S.G.

1 Antho Sandy Loam (0-3) 65 10 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

Calc. &Non.

2 Antho Gravelly Sandy Loam (0-3) 75 10 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

Calc. &Non.
r-

3,4 Antho Sandy Loam (0-3) 65 10 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

Carrizo Very Gravelly Sand (0-28) Sandy 92.5 5 Sand 4.60 1.9 0.35 0.30 1.3 1.3 A

Maripo Loam (0-18) 65 10 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

5 Anthony Very Gravelly Sandy Loam (2-40) 80 7.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B

6, 7 Anthony Very Gravelly Sandy Loam (2-40) 80 7.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B

Arizo Very Gravelly Sandy Loam (1-8) 85 12.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A

8 Arizo VeryCobby Sandy Loam (1-8) 70 12.5 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 A

9 Beeline Sandy Loam (1-9) 57.5 17.5 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 0*

Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 0*

10,11 Brios Gravelly Coarse Sand (2-60) 87.5 8.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A

Carrizo Coarse Sand (2-60) 92.5 2.5 Sand 4.60 1.9 0.35 0.30 1.3 1.3 A

12 Carefree Cobbly Clay Loam (0-1) 35 35 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 0*
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Agulla-earefree Loss Rate Parameters, continued
Page2of9

Fragments XKSATI IL (in) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Unit # Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (TOD Horlzonl . H.S.G.

13 Carefree Cobbly Clay (0-1) 25 47.5 Clay 0.01 12.4 0.15 0.05 0.3 0.2 0

Beardsley Cobbly Clay Loam (0-2) 37.5 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 C

14 Carrizo Gravelly Coarse Sand (1-60) 92.5 2.5 Sand 4.60 1.9 0.35 0.30 1.3 1.3 A

15 Carrizo Gravelly Sandy Loam (0-5) 75 10 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 A

Gunsight Very Gravelly Loam (1-60) 80 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

16, 17 Cellar Very Gravelly Sandy Loam (0-3) 80 17.5 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 0*

18 Cherioni Very Gravelly Sandy Loam (1-10) 87.5 12.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 0*

19,20 Chuckawalla Extremely Gravelly Loam (0-2) 77.5 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

Gunsight Very Gravelly Loam (0-3) 77.5 20 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

21 Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 0*

22,23 Contine Clay Loam (0-2) 22.5 36 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

24 Continental Clay Loam (0-1) 37.5 27.5 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

25 Continental Clay (0-1) 22.5 45 Clay 0.01 12.4 0.15 0.05 0.3 0.2 C*

26 Continental Cobbly Clay Loam (0-2) 40 31 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

27 Continental Clay Loam (0-1) 37.5 27.5 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

Mohave Sandy Loam (0-2) 65 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B
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Aguila-earefree Loss Rate Parameters, continued
Page 3of 9

Fragments XKSATI IL(ln) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Unit # Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.

28 Continental Cobbly Clay Loam (0-2) 40 31 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

Ohaco Gravelly Loam (0-2) 52.5 23.5 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 ...... C

29,30 Denure Fine Sandy Loam (0-2) 65 10 B
Momoli Gravelly Sandy Loam (0-10) 75 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6;.. B
Carrizo Gravelly Sandy Loam (0-10) 75 10 A

31,32 Dixaleta Extremely Channery Sandy Loam (1-8) 83.75 16.25 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6" D*

33,34, Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6·..... C*

35

36 Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 C*

Continental Clay Loam (0-1 ) 37.5 27.5 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

37,38 Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 . C*

Continental Clay Loam (0-1) 37.5 27.5 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C
"

Cave Loam (1-14) 50 12.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 D*

39 Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 C*

Nickel Gravelly Loam (1-10) 65 20 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B
Cave Loam (1-14) 50 12.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 D*
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AguU8-Carefree Loss Rate Parameters, continued
Page4of9

Fragments XKSATI IL (in) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Unit # Soli Name (Control Horizon) mm, % Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G..,

40,41, Eba ' Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 C*
42,43 Pinaleno Very Gravelly Clay Loam (0-1) 65 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*

44,45 Eben Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 C

46 Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 C
Contine Clay loam (0-2) 22.5 36 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

47 Eben Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 C
Gunsight Very Gravelly Sand loam (0-3) 85 12.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B
Cipriano Very Gravelly Loam (0-8) 72.5 20 Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 D*

48,49 Eben Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay loam 0.06 8.6 0.25 0.15 0.6 0.5 C
Pinampt Extremely Gravelly Sandy loam (0-3) 88.75 11.25 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B

50 Estrella Loam (0-21) 40 17.5 loam 0.25 3.5 0.35 0.25 0.6 0.5 B

51,52 Gachado Very Gravelly Sandy Clay loam (2-8) 77.5 22.5 Sandy Clay loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
Lomitas Very Gravelly Sand loam (2-17) 80 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 D*

53 Gadsden Clay (0-3) 15 52.5 Clay 0.01 12.4 0.15 0.05 0.3 0.2 D

54 Gila Fine Sandy Loam (0-2) 42.5 15 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

55,56 Gilman loam (0-5) 35 23.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

57 Gilman Clay loam (0-11) 25 32.5 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B*
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Agulla-earefree Loss Rate Parameters, continued
Page50f9

Fragments XKSATI IL(ln} IL(ln}
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Unit # Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.

58,59 Gilman Loam (0-2) 35 23.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 8
Momoli Gravelly Sandy Loam (0-22) 75 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 1'8

Denure Gravelly Sandy Loam (0-9) 75 12.5 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 I: 8

60 Glenbar Loam (0-6) 25 23.5 Si"yLoam 0.15 6.6 0.40 0.25 0.8 0.7 8

61,62, Gran Very Gravelly Sandy Clay (1-12) 66.25 33.75 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
63,64 Wickenburg Very Gravelly Sandy Loam (1-12) 77.5 20 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 I,. D*
65 Grey Eagle Very Gravelly Loam (0-5) 67.5 14 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 D*

Continental Loam (0-2) 37.5 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 C

Nickel Very Gravelly Loam (0-5) 70 17.5 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 8

66 Grey Eagle Very Gravelly Loam (0-5) 67.5 14 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 D*
Sun City Variant Clay Loam (2-9) 50 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*

67 Guest Clay (0-2) 15 45 Clay 0.01 12.4 0.15 0.05 0.3 0.2 D

68,69 Gunsight Very Gravelly Loam (1-60) 81.25 18.75 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 8

yipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 D*

70, 71 Gunsight Very Gravelly Loam (0-11) 77.5 20 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 8

Rillito Gravelly Loam (0-12) 60 14 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 8
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Agulla-earefree Loss Rate Parameters, continued
Page6of9

Fragments XKSATI IL(ln) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Unit # Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (in) (Dry) (Normal) (Top Horizon) H.S.G.

72, 73 Lehmans Very Gravelly Clay Loam (0-2) 70 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*

74 Luke Very Gravelly Sandy Clay (1-28) 63.75 36.25 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 C

Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 D*

75,76, Mohall Loam (0-7) 25 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

77, 78, Loam (0-7) 32.5 22.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

79, Clay Loam (0-2) 25 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

Clay Loam (0-6) 32.5 35 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B"

Clay (0-12) 20 45 Clay 0.01 12.4 0.15 0.05 0.3 0.2 B"

ao,81 Mohall Loam (0-2) 25 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

Tremant Clay Loam (1-5) 45 32.5 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B"

82,83, Mohave Clay Loam (2-20) 25 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

84,85, Loam (0-2) 30 23.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

86 Loam (0-2) 35 17.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

Clay Loam (0-6) 25 35 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B"

Clay Loam (0-2) 27.5 33.5 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B"

87 Mohave (Noncalc) Clay Loam (2-20) 25 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

Mohave (Calc) Loam (2-20) 35 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B
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Agulla-tarefree Loss Rate Parameters, continued
Page7of9

Fragments XKSATI IL (in) IL (In)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Unit # Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) . H.S.G.

88 Mohave Clay Loam (2-20) 25 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B
Guest Clay Loam (0-2) 20 35 Clay Loam 0.04 B.2 0.25 0.15 0.5 0.4 0

89 Mohave Clay Loam (2-20) 25 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B
Tres Hermanos Gravelly Loam (0-2) 40 17.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

90 Momoli Gravelly Sandy Loam (0-3) 75 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B
91,92 Momoli Very Gravelly Loam (1-60) 77.5 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

Carrizo Very Gravelly Sandy Loam (0-11) 85 10 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A

93,94 Nickel Gravelly Loam (1-10) 65 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B
Cave Loam (1-14) 50 12.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 0*

95 Ohaco Clay (2-27) 27.5 40 Clay Loam 0.04 B.2 0.25 0.15 0.5 0.4 C

96,97 Pinaleno Gravelly Clay Loam (1-12) 60 35 Sandy Clay Loam 0.06 B.6 0.25 0.15 0.6 0.5 B*
Tres Hermanos Very Gravelly Clay Loam (2-22) 47.5 25 Sandy Clay Loam 0.06 B.6 0.25 0.15 0.6 0.5 B*

Very Gravelly Sandy Clay Loam (1-28) Sandy Clay Loam
.

B*98,99 Pinamt 76.25 23.75 0.06 B.6 0.25 0.15 0.5 0.4

Tremant Gravelly Loam (0-5) 65 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

100 Quilotosa Extremely Gravelly Loam (2-14) 88.75 11.25 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 0*
Vaiva Very Gravelly Loam (0-3) 67.5 12.5 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 0*
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Agulls-Carefree Loss Rate Parameters, continued
Page 80f9

Fragments XKSATI IL (In) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Unit # Soli Name (Control Horizon) mm,% Clay,% (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.

101,102 Rillito Loam (0-24) 57.5 14 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 S
Rillito Gravelly Loam (0-14) 60 14 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 S

103 Gachado Very Gravelly Sandy Clay Loam (1-7) 73.75 26.25 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 0*

104, 105 Lehmans Very Gravelly Clay Loam (0-2) 70 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 0*

106, 107 Sal .Very Gravelly Clay Loam (2-20) 71.75 27.75 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 0*

Cipriano Very Gravelly Sandy Loam (0-20) 72.5 20 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 0*

108, 109 Schenco Very Channery Loam (2-11) 70 21 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 0*

110 SunC~y Clay Loam (1-9) 45 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 0*
Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 0*

112, Tremant Gravelly Sandy Loam (0-9) 65 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 S
113,114 *

115 Tremant Gravelly Sandy Loam (0-9) 65 15 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 . S
Antho Sandy Loam (0-3) 65 10 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 S

116,117 Tremant Clay Loam (2-26) 45 32.5 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 S*

Gunsight Very Gravelly Sandy Loam (0-10) 85 12.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 S*

RilI~o Gravelly Loam (2-60) 55 20. Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 S
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Agulla-earefree Loss Rate Parameters, continued
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Fragments XKSATI IL(ln) IL(ln)
Map U.S.D.A. 5011 Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Unit # 5011 Name (Control Horizon) mm, % Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.
-,

118 Tremant • Gravelly Sandy loam (0-9) 65 15 Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 B
Rillito Gravelly loam (0-12) 60 14 Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 B

119 Tremant Gravelly loam (0-9) 65 15 Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 B
Sun City Clay loam (2-12) 45 30 Sandy Clay loam 0.06 8.6 0.25 0.15 0.6 0.5 D*

120 Tres Hermanos Very Gravelly loam (2-22) 50 32.5 Sandy Clay loam 0.06 8.6 0.25 0.15 0.6 0.5 B*

121 Tres Hermanos Very Gravelly Clay loam (2-22) 50 32.5 Sandy Clay loam 0.06 8.6 0.25 0.15 0.6 0.5 B*
Anthony Very Gravelly Sandy loam (2-40) 80 7.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B*

122 Vado Gravelly Sandy loam (0-60) 80 13 Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 B

123 Vaiva Very Gravelly Loam (0-3) 67.5 20 Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 D*

124 Valencia Sandy Loam (0-20) 67.5 12.5 Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 B

125 Vint loamy Fine Sand (0-60) 70 7.5 Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 B

* WARNING: Hydrologic soil group does not accurately represent soil texture characteristics. Check soil description for rock
outcrop, cemented hardpan, soil group associations, percent course fraction, etc.
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Eastern Maricopa/Northern Pinal Counties Loss Rate Parameters

e

Fragments XKSATI IL(ln) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Symbol Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.

Af,Ag Agaull Loam (0-27) 45 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

Am Alluvial Land Gravelly Sand (0-60) 5510100 - Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A

AnA,·AnB, Antho Sandy Loam, Gravelly Sandy Loam 72.5 9 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B
AoB (0-46)

Av Avondale Clay Loam (0-13) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B*

Ca,Cb Carrizo Fine sandy Loam, (0-15) &Gravelly 57.5 - Sandy Loam 0.40 4.3 0.35 0.30 0.7 0.6 A*
Loamy Sand

Cc Cashion Clay (0-28) 10 - Clay 0.01 12.4 0.15 0.05 0.3 0.2 C*

CeC Cavek Gravelly Loam (0-10) 50 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 0*

Co Coniine Clay Loam (0-12) 30 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

. Es Eslrella Loam (0-26) 35 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

GI,Gm Gilman Loam (0-13) 27.5 Loam 0.25 3.5 0.35 0.25 0.6 0.5 " B-
Gn Glenbar Clay Loam (0-14) 15 - SikyLoam 0.15 6.6 0.40 0.25 0.8 0.7 B

Gr Gravelly Very Gravelly Sandy Loam & Loamy 90 - Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A
Alluvial Land Sand (0-60)

LaA, LaB, Laveen Loam (0-14) 30 - SihyLoam 0.15 6.6 0.40 0.25 0.8 0.7 B

LeA
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Eastern Maricopa/Northern Pinal Counties Loss Rate Parameters, continued
Page2of2

Fragments XKSATI IL (In) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Symbol Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.
•

MO,Mv Mohall . Loam (0-15) 40 21 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B
Pm Pimer Clay Loam (0-15) 15 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B*
PnA, PnC Pinal Gravelly Loam (0-5) 50 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 D*

Po Pinal Variant Loam (0-9) 45 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 C
PvA, PVC Pinamt Gravelly Loam (0-13) 85 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B
R1A, R1b RiII~o Gravelly Loam (0-13) 62.5 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B
RO,Ru RockLand 50 - 70"10 Rock Outcrop, Shallow - - Use Sandy Loam For Pervious 0.40 4.3 0.35 0.25 0.7 0.6 B

Areas of Clay Loam, Sandy Loam, Areas
and Gravelly Loam.

TrS Tremant Gravelly Sandy Clay Loam (1-15) 60 - Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*

Tx Trix . Clay Loam (0-14) 15 - Siny Clay Loam 0.04 10.8 0.30 0.15 0.6 0.5 B*

Va Valencia Sandy Loam (0-13) 65 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

Ve Vacant Clay (0-14) 15 48 Clay 0.01 12.4 0.15 0.05 0.3 0.2 C*

Vf Vint loamy Fine Sand (0-12) 80 - Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B*

WARNING: Hydrologic soil group does not accurately represent soil texture characteristics. Check soil description for rock
outcrop, cemented hardpan, soil group associations, percent course fraction, etc.

September 1, 1990
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Loss Rate Parameters
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Maricopa County-Central Part Loss Rate Parameters

e

Fragments XKSATI IL(ln) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal).

Symbol Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.

Aa Agualt loam (0-27) 40 - loam 0.25 3.5 0.35 0.25 0.6 0.5 B

AbA,AbB, Antho Sandy loam, Gravelly Sandy loam 77.5 - Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 B

AdA,AdB, (~60)

Ae,AfA,

AfB,AGB,

AHC,AkB,

Al,AM,Ac

An Avonda Clay Loam (0-13) 25 - Clay loam 0.04 8.2 0.25 0.15 0.5 0.4 B*

AO,Ap Avondale Clay loam (0-12) 25 - Clay loam 0.04 8.2 0.25 0.15 0.5 0.4 B*

BE Beardsley Clay Loam (0-10) 25 - Clay loam 0.04 8.2 0.25 0.15 0.5 0.4 C

Br, Bs, Bt Brios Sandy loam (0-14) 70 - Sandy loam 0.40 4.3 0.35 0.25 0.7 0.6 A*

CA2 Calciorthids loamy Sand To Clay loam - - Sandy loam - 0.40 4.3 0.35 0.25 0.7 0.6 B

Cb,CeD, Carrizo Gravelly Sandy loam (0-5) 75 - loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A

CF

Cg,Ch, CasaGrande Clay Loam (1-22) 49 15 Loam 0.25 3.5 0.35 0.25 0.6 0.5 C

Ck,Cm

Cn Cashion Clay (0-27) 12.5 - Clay 0.01 12.4 0.15 0.05 0.3 0.2 D
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Maricopa County-Central Part Loss Rate Parameters, continued
Page2of5

Fragments XKSATI IL (In) IL(ln)
Map U.S.D.A. 5011 Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Symbol 5011 Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.

CO Cherioni Very Gravelly Loam (1-6) 77.5 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 D*

Cp,CrB, Coolidge Sandy Loam (0-13) 70 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

CS,CV

On Dune Land - - - Sand 4.60 1.9 0.35 0.30 1.3 1.3 A

EbD, EPD Ebon Very Cobbly Clay Loam (2-13) 62.5 - Sandy Clay Loam 0.06 8.6 0.25, 0.15 0.6 0.5 C

Es. Et Estrella Loam (0-24) 30 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

GA Gachado Very Gravelly Clay Loam (0-1) 67.5 - Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*

Gb,Gc,Gd Gadsden Clay (0-10) 15 - Clay 0.Q1 12.4 0.15 0.05 0.3 0.2 D

Ge,GgA, Gilman Loam (0-36) 52.6 10.6 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B.
GgB,GM,

GN,Gf, .
Gh,GL,

Go3

Gp Gilman Variant Loam (0-3) 30 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 C

Gr,Gt,Gv, Glenbar Clay Loam (0-15) 30 - SihyLoam 0.15 6.6 0.40 0.25 0.8 0.7 B

GS,Gu

September 1, 1990



- e e

Maricopa County~entral Part Loss Rate Parameters, continued
Page30f5

Fragments XKSATI IL(ln) IL(ln)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Symbol Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (N?rmal) <Top Horizon) H.S.G.

GWD, Gunsight . Gravelly Loam (0-60) 82.5 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B
GxA,GxB,

GYD

HAB,HAC, Harqua Gravelly Clay Loam (0-14) 37 37 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

HLC,HM,

HrB

La La Palma Very Fine Sandy Loam (0-7) 41 6 Silty Loam 0.15 6.6 0.40 0.25 0.8 0.7 C

Lb, LeA, Laveen Loam (0-6) 52 13 Loam 0.25 3.5 0.35 0.25 0.6 0.5 B

Le, Ld, Ll

Ma Maripo Sandy Loam (0-13) 65 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

MO,Mp, Moh~1 Clay Loam (0-12) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B*

Mr,Ms,

MTB,MV

Pa, PeA, Perryville Gravelly Loam (0-9) 63 18 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

Pb, PeB,

PRB
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Maricopa County-central Part Loss Rate Parameters, continued
Page 4015

Fragments XKSATI IL (In) IL (In)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Symbol Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.

PsA, PsB, Pinal Loam (0-8) 50 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 0*

PT, PvB,

PWB

PYD Pinamt Very Gravelly Sand Loam (2-6) 77.5 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

RaA, RaB, Rillito Gravelly Loam (0-60) 65 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

RbA, RbB,

RhB, ApE

- Sun City Clay Loam (0-13) 35 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 0*

Ta Toltee Loam (0-28) 32.5 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 C

Te, TB, TO Torri- Cobby Sandy Loam - - Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A

le, TfA, Tremant Clay Loam (1-8) 57.5 - Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*

lIB, Tg,

Th, TPB,

lrA,lrB, .

ISC

Tt Trix Clay Loam (0-10) 22.5 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0,4 B*

Tu, Tw Tucson Loam (0-14) 32.5 - Loam 0.25 3.5 0.35 0.25 0.6 0.5 B
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Maricopa County-Central Part Loss Rate Parameters, continued
Page 5of 5

Fragments XKSATI IL (In) IL(in)
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I(Normal)

Symbol Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G.

Va,Vb,Vc Valencia Sandy Loam (0-10) 70 - Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B

Ve, VI Vecont Clay (0-15) 17.5 - Clay 0.01 12.4 0.15 0.05 0.3 0.2 D

Vg, Vh, Vk, Vint Loamy Fine Sand (0-27) 80 - Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B'
Vn, Vr

Wg Wintersburg Clay Loam (0-12) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

• WARNING: Hydrologic soil group does not accurately represent soil texture characteristics. Check soil description for rock
outcrop, cemented hardpan, soil group associations, percent course fraction, etc.
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_____________ CHECKED BY DATE _

DETAIL COMPUTED DATE _

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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Calculated by:
Checked by:

CALCULATICN OF Tc & R

Date : _
Project: __

W'atershed : _
Rainfall Frequency: - yr Duration: - hr. Pattern #: __

Rainfall Loss Method:

Tabulate Period of
Peak Rainfall Excess
Clock Time Increm.
@ end of Excess
Increm. in.

] Green & Ampt Method
[ ] IL + ULR by soil texture
[ ] IL + ULR by hydrologic soil group

Rearrange I~cremental Excesses in
Order of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Ti~e Excess Excess Intensity
hr./min. in. in. in./hr.

A sq.mi. A
L mi. v
S = ft/mi. e

r
Kb m [log(A * 640)]+ b a
Kb ( ) log ( *640) + ( g
Kb = e

.50 .52 -.31 -.38
Tc 11.4 L Kb S i E

-.38 x
Tc = i c

e
Trial Tc i Calc. Tc s

s

I
n
t
e

ITe hr. I n
s
i
t

1.11 -.57 .80 Y
R .37 Tc A L

i

I hr·l
n• R /
h
r

I

Time (Tc) (hr./min.)
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Method Comparison

The Flood Control District staff has conducted a comparison of different hydrologic
methods for tutorial purposes. The results from these comparisons support a major
objective for developing the Drainage Design Manual of Maricopa County: the stand
ardization of drainage analyses. This alleviate problems that occur after a
developed parcel is annexed. The comparisons are summarized below.

Three separate applications were considered for making a comparison of
hydrologic analyses. The first looks at a small urbanized watershed using several
different methodologies, but primarily the Rational Method, and is summarized in
Table 1.

Table 1
Peak Discharge from aSmall Urban Watershed

1 2 3 4 5
Maricopa Co. Phoenix Maricopa Co. Phoenix Phoenix

Tr* years Rational, cfs Rational, cfs U.H.P.**, cfs Computer, cfs SCS***, cfs

2 29 29 11 20 7
5 48 41 21 44 17

10 60 48 32 61 26
25 78 57 48 86 42
50 93 67 79 105 53

100 110 74 103 126 68
*Tr = Return Frequency.

**U.H.P. = Unit Hydrograph Procedure.
***SCS = Soil Conservation Service.

For virtually all return periods the Maricopa rational method generates higher peak
discharges than that being used by the City ofPhoenix. However, in most instances,
these figures are not overly conservative when compared to recorded data. The
significance of this difference depends on which retUrn frequency is used and for
what purpose.

.:.:.;.: :.:.:.:«.:.:.:.;.;.:.:.:.:.:.;.;.;.:.'
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The second application compares retention requirements for various cities with
those outlined in the Hydrologic Design Manual, and is summarized in Table 2.

Table 2
Comparison of Retention Requirements

City Method Maricopa County Method
City Q100 *, cfs V**, aCoft Q100, cts V, aCoft

Chandler 188 13.19 144 7.38
Glendale 105 7.74 150 6.91
Mesa 144'" 11.34 147 7.29
Phoenix 138 7.74 154 7.88
Scottsdale 208 10.23 189 7.68
Tempe 138 15.80 147 7.10

'One-hundred Year Peak Discharge.
··Volume.
"'Fifty Year Peak Discharge.

There is a 50 percent difference in discharge values between municipalities, as
compared to a 24 percent difference using the Hydrologic Design Manual; and there
is an 51 percent difference in volumes between cities, as compared to a 12 percent
difference using the Hydrologic Design Manual. The significance of the difference
becomes important when the runoff from one jurisdiction impacts another.

The third comparison looks at the application of hydrologic methods on a large
watershed for floodplain delineation purposes, and is summarized in Table 3. This
table indicates that current methodologies may be too conservative, thereby sig
nificantly reducing the amount of potentially developable property when delineat
ing floodplains.

Table 3
Comparison of Flow Frequencies for aLarge Watershed

10 Year 50 Year 100 Year
Method of Analysis Discharge, cts Discharge, cts Discharge, cfs

Hydrologic Design Manual 18,455 26,801 29,790

SCS Methods 20,601 32,975 36,841

Flow Frequency 9,000 22,000 28,000

If a further understanding of the results is needed before a decision is made on
whether or not to accept the impacts from these differences, please contact us. The
Flood Control District will make every attempt to present the Drainage Design
Manual~ a comprehendable format.

.............:.:.:.:-:.:.:.:.:.:.:.:.:.:.;.:-:.:.;.:-:.: :.:.;.. -:.:-:.»>: :.:-:.:.:-:.:.:.;.;.;.:.:.:.:.:.:.:.:.:.:.
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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_____________ CHECKED BY DATE _

AN I./R84# IVArr~Sh'GP KrM 1// rAi AVF. AN/) .PnA'l-4 HAS .8£EN
DGL//YIAT4"P ON rlt$v~r.f.~ 19V4' N4'?"NbPS M~~ ~r USc/) 1?J

CALC-Lll.A r£ ,AfIN.TI- FR£QI./rNCY PEM PISCNM<;Gs Ar TNE OUTi..T=
I. r#c HARlctJPA Ce::). ~~~~

2. 7"HE" C/rY OF .PM'4"NI'X 1?A:rIONAL H£7¥()/J
3. TIl£" I"tARfCOPA Ct>. 1./1'/1/ #t1J«X$/iAPH /'R:JC£"IJ"~£ ,c~,t~ (/;f#r #),,~~J'A}w)
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2- 'fcAIl PEAl(. P/SCHAME
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TII£'N Qr = (. 'Itl) ( I. SIS) (83.2) = fS CPS

10- YEAP; PeAK DlSC}(AIf§E"

TTf n = .7$ItI'5J £'0 -= 1.c=tS ,'rt/""
1e1O .. /.0'11. (1.'St·318 = 0.808 Irr -+ Ai't:I t:iotd

Tid TC : •8/7 !Irs I t.lt> == t fO MIA,.
"'!C/O': io+,z (1.80)-·38 =.833 --4 01(

THF¥ G,O = (."/0)(1.80)(83.2) = hO c..-s
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT I1ETHOD C OHPARISON

DETAIL YO'lN§TDWIV W'ATE~SHt:D COMPUTED DATE _------=:..

_____________ CHECKED BY DATE _

ZS"-YEA R PeAt< PISC"'A~F

TRY Ie. =.7/7 /,rs: i.::. 2. f<:' %
ka& = /. 04/2 (z. Yt1)-.• :. O. 7~7 Ar -+ ~ tiatJp

TI?Y ~:= • 7S-h~: ~.IS' = 2..JS" UI/..
7C. =l.of2 (2.35')-'" =O.7S3 IJr --. a('

-no/EN Gu ~ (. foJ(Z.~)(83.2.) = '18 crs

so -Y£41L PEAK OtSCM41i!§E

TRY 7C: - .6$() !IrS: L..so::' 2.9S t:n/J",.
T~::' /.O'lZ(Z.ctS)-.38 = O.~I b --I ~ ($rJ()D

r.ft 7C =.7e:::t7 III'S : ~~:. 2.80 too/lJr
~. /.t:Jf/2 (2.,,,r-~· = O.70S- hr -4 o~

7MDo/ Qs~ = (. '10) ( z.80) ( 63• .2. ) = 1..3 C:~

IOO-YeAR, P£AK [)ISCNA/iIS&

TAY 7C.::: •~33 hf'S : ~;«>::. 3. '10 ",fir
7C.,":=. ;'Ol!Z(3.ClO)-.38

':!1l O./'s"'YJ'-S ---+ ;If't> qccJ
TR. ." 7i: =.~7 I,rs: L_:' 3.30 41/;".

kltJf)= ~O+':J. (~.30)-.:J8 = 0.'62- Ad
7HcN Q,... (.ib)(.3.30)(83.~)= //0 cFS

Q.CLA~

® Clrr Ore/lOcN/X RA710NAL &Er#oJ)
AppLJCAB4E BAsIN PABMe7.r.es:

ARE"A· 83.2 QC.

OVERL-AND fi()IA/ IF#cf1'H (-"e. ALuY m S1ke.T) ::I /JO~
11M. (J"rllwr ,&Uw L~,H: .5T1C~

S::. .001 o/,q.
C::. O.¥S (lESIDENTIAL AR~, Av~.~.~

CALCl/i.ArE 7C ~ Sum oF Ollerr/QIJJ ~ Gft.r/h.~ /7cll1V
ti. =.ot/.ra Cj.;C)"1 L/~' J.. = L V =/.'5~ @ S~Cd cud j.0..5 '

(.1)' a. 7./ "'~II ~t: ",,\I I

fJ: = .sw~cC'-s) = hI.' ,.,i"
7iI£A/ k = ~7 'I- ~/. ~ ::: 66.3 MUt

~ 1. (%r)
2. .78
S" 1.0'
/0 I.Z'
25' /.$'2.

Sb 1.78
/00 /.~
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT He-THOD. Ce:;/-"IPA R.I SON

DETAIL YOUNGTOWN ~T£"RSHE"D COMPUTED DATE __

____________ CHECKED BY DATE __

URBAN

AReA = 0./3 mil
S =s:8 f''Y""c:
L:. ;. 023 ml.:
Kb:' 0.028
TiHE- ARE"'A Curve.:

RU.NOFF MtJP£"L• .' #EC-1

LOSSES BY ~R€G'N i AMPT dC-THO/):

MAP UA/ITS: S'Oj6' Le A. 35/6 ~ A, c;u,J IS~ VF
PTI-IETA: (so)(.3S) T- (.35)(.35") + (.IS)( 18) = ~..3Z i/J

PSI F = (. so) ( 4. II) +- (. 3S) (3. 7) .,.. (. IS) ( /I. 1./) =s: 2 "I\.

X "SAT' :. (.50)(. 2S) +- (.35)(.38) -t- (.IS)(. 04/) = O. ZG, i~/hr

IA = (.so)(. zo).,.. (.5'0)(./0) :; C). IS i" (S~% Desert L4"d$t:apt~ a~c1 SO~ !qtuns)
f(TIMP :: 2S% (cD~'l~t:ted i'tllrerVIOuShess)

@ /'1AR ICOPA COulVry UNIT f!YI>RO~R.APH PROC€Dt.JRc

APPLICABLE BASINPARAI1€TERS"

2. 5 10 ZS SO /00

D (in) .3./5

R (hr)

/.50 I. ~o I. 30 1.10 . gy.3. ..
I. '/1 I. 'I' I. " /. 3'/ I. as

.800

liB 71 103

(i) Clry OF PHOENIX scs He-rHo&>

ApP'-ICABL~ BASIIV PARAH£T€,R,S:

I":' .. '18 '-I A Gl
~p - Tp-

lJht:re.: Qp = Peak. DISC harje (c fs)
A =- Drttinltje A r<:a. (Mil)
Q = St:orfY/ RunoFf" ein )
7P = 71'n1c z:o A4A' (hr)

A = • /3 Me: Z := 83.2 Gte.

L =- S:'SO ·Pt:.
-5 .:: 0.01 Ft/f't (""'if!. on A vs-. k ,jmpl.J
W.:: (,4l,S'ox 83.Z)/5670: '3~ft

INf = I. 10
-r;. :: /.O'llJrJ 71; 7:. Wi- ::;·1./4'1 hr

SOIL qroup B, CN=8'-1 (Rl-~)

• Tr Ctlears) 2- S- ID 2S' 50 ICO

RTt" (ill) .88 1.30 1,(,,1 2.02- 2.35 2.bb

QY" (irt) .• IZ. •.31 • LIB .77 ,'17 1.23

QJ; (cf.s) 7 /7 2& '/Z 53 '8



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

_____________ CHECKED BY - DATE __

PROJECT HeTHOD COMPARISON

DETAIL n,UN97"C>WN IVATE"RSJ-JE'D

PAGE~ OF S

COMPUTED DATE _\

IIo CITY OF /'H'O£'/VIX "CaHPUTE~ C$ENE"Ii:.AT€D ANALYSIS PI?()Cef)U~e

CURVE NUI'18ci:,: .8S~ 8 So,,'1 (<as)(B'I) +(/S)(9tJ) = 8~
/5"% D Soi.l

LA§ TIM€': -,;: = 0.' 7Z

Tc :: "'.3 l"1i". -f,.o~ C.oP Rat-iona.J Her/',J Cales.

T;. = ~., (,,~. 3) = 39. B "",in :: O. ~'3 hours

RAINFALL: 2L/-hour f}~.pthsi Dtstribution Fro/"l1 p.I'
of t:he ~Stor...,.. Dr4t.·n Des J'gn Han ua'"

Ru NOFF /'100cL: I-Ie-c - 1

R~SULT5 : ~ (~eQrs) DEPTH (in) PEAK. DJSCJ.lA RG,E (cf's)

2 I. '-ILl 20
S 2./0 44
/0 2..S3 (PI
2S' 3. 12- B'
SO 3.57 lOS

100 "I. 0 L/ /2"

SUMMARY TABLE' : P~AK DISCHAR~£S Ltl cfS

TR. 1- 2- 3 i- S
(~e.ars) MARICOPA Co. C,TY OF PHX. MARICopA Co. e tTY 0 P P/04)( CITY OJ:" PH'

RATIONAL METHOO RATIONAL. HarJo/OD U.H.P. scs C.OMPUTE'R.
2 2q ZCf 1I 7 20

5 48 '-1/ 21 17 '-1'1
10 f.DO 1..{8 32. 2" (.,1

2S' 78 57 48 4'l 8"
SO Cf3 '7 79 S3 /O~

/00 I/O 7'/ /03 "8 12~



____________ CHECKED BY DATE _

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT t'1ErHop COMPAg\SON

DETAIL 'rOUtJ~TOWN t4rERSI.U:D

PAGE S-OF-L

COMPUTED DATE _

•

ReCORDeD DA TA :

,lit!. (/. s.~. S. o~r~ reJ Q Stl"'eQI"1 / preCtpL rQ i:i.cn 9ClUj~*
GtC -the ou-e/e-l: or -the. 'rOun~l'town Wa-te..rshed -pro".,., ~rch 19"/
ih~o3h Sef'-beMbt!.r /968. A sUMMary oF -thiS data fO Ilows ;

RANK (m) AM\lIIAL JlAXI~N PARTIAL-lJuJeltTION GtR'tJCio~N G,RIN4oRTEN
SERJE'".S (cR) SeRlE'S ref's) -r~ t!JR) P (%)

I 73 73 13.7 7.3
2. 2J zl S.l 1'1. S-
3 11 2.0 3.2. 31,3

~ ,I:, 17 Z.J ",. ,
S" , " 1.8 ~.2.

~ 8 IS" '.S' ~S.S-

7 7 /'1 1.2. BO.'
B It, /3 L. I Cit. "

71,~ Partt'a/ DURAT/t:JN Se.t"Lt::..s p/lJ#d £.'1 .AsC:~'ge - F~tlve/1c.;J
ForMat: (h!1. .3) SU:fj~sts a. 2 -.:Jr. rei-urn period disc har:J~ uP
/7 c.fs and a S=-.:II', ~ 2.5cr.s. £'xrppo/at:l.on OeJond ~=.s-

!Jear.s Allil /'-K~& re;ult 1.1/ i.n valid dis<.haf'3e e.s-ti.IfIIQ-t-~.s .6ecouse
-i:he 73cIS velille. a,PpeeI'S to be. an ouilit!~ (i.e. U kq jret::tt'e-,.
Ynvri/ 'perlad -ihat1 /.$ id~'CQt~eI~ t.'tf; ~/ot'b.'vJ:J~·t~"J. .

# ~AU£iE:#: 9-5137 f ACJ~ ;:RIA m&lrAIfY AT YouAoCf~w~ "StlRFACc WATeR SlAPPLY
OF "THE a.s.: ~tt:('" !I«trs '1-&5'" t "-70/ PARTCf I VPL,. 3 ~ US~
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SEE MAP OF YOUNGTOWN , ARIZONA
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PART 1



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT I1ETf./OD COMPARISON PAGE __ OF __

DETAIL YOUNGTOWN hl'ATcRSI-IED COMPUTED ----.- DATE __

F/<ill~'e 2 CHECKED BY - DATE __

D/5Ct-IARG,E" - Ftf'£QUCNCY CLJRVe-S: H£rNODS 1. - s-

ol-----_.L- ..&.- .1-. ....&.-__--10__........L. _

1.; I'1A~/COPA COUNTY RATIONAL I1E,/IOO

2: CITY' of PflOENIX RATIONAL HE"TI-/OD

3: MARICOPA COUNTY U,U. A

4: CITY OF PHOENIX SCS HErNa£)

s: CITy' OF ?r.'OE"NIX COI'1PUT=/~ GeNeRATeD

,,: ;::RoM FKcQUcNCY DisTRIBUTION

/0

0
0

130 A

r::J

IlO ~

a
110

100

""'
e~ '0

lu 80
~
~
~

:t 70
\J
III-Q

toO
~

~
Cl so

• z s 10 zs so 100



3

4

2

9

..+=1 -- 8

- :t::i -r '
, I -

t:~ . "-

f'
- .....:.!-

, ,,'-t-!-j-I-

.t1:i.::i- r:jt:t
- -+ ' ~ -t-

1·~3
Z S-

70 60 50 .~ J~

IJUi ' , i, '

I
-I'

i '1-:1:'

-,..-......

----

1=++
BIL.

7tL_

6

5

L

1~-

I

U+ ·1--H++I-+l+H+H+++-+-+-+-l-+-.-1f++-H-f-+++++-+-+-++--++++++-l-+-+---i
~!··++t++-ttl+I+t+H+t-H-H'-+-+--++H+-t+Hr++++-;-+-t+++++-+-t--t---;
II

! I!

5

6

1---

,1=1'-3ti-;:: _:_~
.........;

7

I I!I

--

2

---t-

:1:
-I-=-i-~ -- ~I'"

-+ ~_. -=+=~ t -+ ~-t-.t:-fm";r-J+'H+---+-I~.L .! 1 foi-
I 1- ': i :
+---I·~ I,.!.,). :

10

3_,•.

" I

2. -:f -I

5

1<'\ ,

9

8

7

I:



97

0.195

2.958

94

0.170

2.898

90

0.148

2.835

84

0.120

2.592

CLARK UNIT HYDROGRAPH,

77

0.094

1.153
3.150

25.
65

0.6~;)

0.0690.044

0.400
3.112

.27
30

0.028
0.337
3.078

5.24
16

0.016
0.277
3.040

.32
5

ID MARICOPA COUNTY UNIT HYDROGRAPH PROCEDURE
ID YOUNGTOWN WATERSHED: 6HR - 100 YR RAINFALL.
ID GREEN & AMPT LOSSES. URBAN TIME/AREA CURVE
IT 5 100

10 0

KK SUBI
BA .13
IN 15

PC 0.000

PC 0.236
PC 2.999

LG .15
UA 0

UA 100

UC 0.717 0.833
ZZ

.004 .008 .013 .018 .022 .026 .031 .035 .040

.048 .053 .057 .062 .066 .071 .075 .080 .093

.120 .140 .170 .50 .830 .860 .880 .893 .907

.924 .928 .933 .937 .942 .947 .951 .956 .960

.969 .973 .978 .982 .987 .991 .995 1.00 1.00

85

P'2 ) "J

1-',..
'...J' :

I-IEC-J.

Jl/J/, (' /._ ... r>/'
/ -/,...,. , ... ,J!'-

KP

ID MULTI-FREQUENCY RUN FOR YOUNGTOWN WATERSHED

ID USING CRITERIA ESTABLISHED IN THE CITY OF PHOENIX

ID STORM DRAIN DESIGN MANUAL
IT 10 250

10 3

JP 6

KK YOUNG

BA .13
IN 30
PB 1. 44

PC 0

PC .044

PC .107

PC .920
PC .964

LS

UQ .663
KP 2

PB 2.1
3

PB 2.53
KP 4

PB 3.12

KP 5

PB 3.57

KP 6

PB 4.04

ZZ

•
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY,
PROJECT I'1ET#t1~ Ct'H,PAKIsaN

DETAIL RG"/'IIr/~A/ &<SU.lIHEHEAlTS COMPUTED DATE _

______________--'- CHECKED BY DATE _

N

-......
"'r '".": <

",

:> ~

" t

~/.L"WIN<i IS A C()HPA~/SON 0' rh'e
l\f£rNtJ,(>"~()t;/tS !lsG'/) BY SIX /)1P';="E/fENT
crT/tr$ I'AI /'fARJ~oP4 ct:>u""ry To CAlJCt.I~Ar£

R,re.ll/r/t:JN Vt>/.UHIF~ anD TNE" ~ARI<:oPA

COc.lNTY H4'TNCD AS APPilGp 705'Pe'CI'~/t::

t.ocAr/OAl,s I'AI .AaI C/TI". A 845/AI III/LeT

C(JLvEllr W/~t. At.SO, Bt: SIZ6'P tiS/141ft, TN.

IDO - 1SAR, ,e~4"41t.1GWcy STORM FO~ G"ACH

Jt.f~'S01<: r/oll/ WNn£ !"~S"SI"&F.

P0R. cASE" 0,.,:' C",",PAllisoAl, T,tI'G" ytJlIAIt$TOwN

WATGlfSHE!J WILL 06" use-I) I'AI $Ut/NTl.y

/'foO/F"I'Gp FOR,.,,:
A;I 0.13 't"li,& :: 83.2. QC,

ZOAI/A/<f: RI-" (f'HJd, RI-7 (ScoH..da./c)
LAND USE: !ftJOF"$ - Ie %

PAV'/vINr - /0"
DESI""" ~AND$CAP'- YeN
"AWNS - 30H
8AIt, 4A'DUIIID -1'''''

SOil_ TYPE: VARI'S '"I/lrN /.tJCATIOAl

AV6RA4S" OV~/H4~" F'~()1fI ~rNI$TN ~ 13D'

2.5'
,iCL==.:;::;o~,"=====-'1\.. ..•

CD CliY OF CI(ANPI.£/f.
SOURCe: CI ry OF C.vANPL4'1l r~NIt/It:A(' i)es/f!;AI HANUAL -3 - 5761(1'1 ORAINA<;,e-

S'fS rEM /U"S/tJII/ ,"7

C'iY HcrHoa: !?Artell/AI- EtRUArtON

BASIN OUil.c( LtJcAr/oN.. WARtV4'A' ROo AT ARIZONA AilE

G = D."'5 (PETACNEP S/N4i.E' ,cAMILY)

RAINFALL SOUI1.CE: USW(j HAPS IN ADor />RAINAt:.F HANtlAL

fJ~~ =3.0a 4'" 10,)1
... p I (/7.. ~ 1./9 .1300 =3. +'0 in -+ rlfl. 1:. '!'If' +. 7SS" D&II ::; ~,'7 /.11r,..

1C::J ti. ~ tt -LL' S • o"~.3 (/3 tJ)"71
'I; ----=-:.:-=:,.::::--: Z. SOS Mi.,.,

(.S)"·

Us~ tllIlJlJlII'jS' EQ.

A:; .S'(lS')Yz ='.Z5 ft"
P=~S'+/.S'&'I'2S& • Z5':~05"rt'

R:: A/P '" . Z'IS'

V:# .~/7 {1'l5'J'1(oosr~ = Z 75* It/s
tt. ~ %a \I = 5S~~bC (:l.7S-) :; 33.S'~ Mitt



-------- CHECKED BY DATE _

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT ft1En';()J) COI1PAIlJSO",

DETAIL ~cTtFNT;'ON Re~(J,~£,ye"IVT.f

PAGE .£ OF~

COMPUTED DATE __

ZG"
.5 L====A:::=,::"::=.=::25~/t;ia-

CIT'}" CF CNAND'4"'~ coAlrIIVV~{)

Ar 7e = 3'-./3 ""'tn. dna

RcJ = 2.4./1 ~:'1, i =J. tiS' ,'n/hr

VOLL/HE: V = /./ [CA 'if]
/1.~ It. .3'11 (8':) ~. '51 (~.;) = 2. '" ~/1

V = t I [r'S)(1J.Z) ( 2;:' )J: /3./1 QC- ft

NAIf! 'OP'A ItFT#tJP r()~ CllANPI.£~

C =0, ¥~ (S/I1!Jltl Feu.,,,,!! Rt:'s,dud"Ci/)

7G = II. ¥ L·.$'"It.. ·8'2 S~.311..' -.3' L = 1.0Z3 Mi

K~· ~OQ6ZS 0o, ,,s,2) '1'.01/· O.OZg
rc. =.,,'/, i. -:31 5 = 27. or I't/Mi

R.' = I. 87 ~/J
T/(Y 7(0 =20 /fuA, " =5:1 '''/hl', i,.. (~J)( /. 87)/tl.07 #I iI. bl ,'iI/""

n = .'''' (~,,,)~JI: 21." t!f ",,14..... N" ~tJC'1)

rAY 7C:: 23 ,..i." t:,= '1.7,,,,/1,1', i,.:: (~7)(/.tl)/2.07= KZ.s-",,/J,1"
Tc = . ~~" (~.l5'Y~':; 22. SI ,..":,,

rAY Ie ~ 22. tot; it, ~/ = "/. g iii/hI" , i,,,.:1 ('/.,)( 1,'7) /2,C7 : ~3S1 in/"'I"

Tc. :: ,'l/&. (4/.31./) -:-Jf = 22.2. ...i... . M..
Q"JO = (. "10)('1.34 )(83.2.) = /~'1 cFS

V()LUH£: 't1= CA (~) f?.t • . .3'11 (t>-6) +. '~'1 (p~) = 2,(,(, in

V· (. '1(1 )(8J.2)( Z;~' ) = 738 Of;- f'r

SOt.lrce: Clry OF t$~FNJ)AI.E Pe"S'IGN (j[,/IPI"i.INCS rOil SirE"

OEVE"tL)PI1FNT A,vD .r;:I1A&rRtlCrU~6'COAlSrRu(,l1OA}-I9<fO

BASIN OU1",~r LOCA ,/~N: "Ah~7H6"IlNAT '7 n., AVE.

eire ttrnloo: RArION'AL ttJIuATJON

C = (),1f5 (Ire,,", C1t.!J tI~ PJK. /ft,,,lI4/)

7G = t,,: .,. tt +' /~ mi.l) 6·= ,fllfE9:!> (lJ~f7 :: 2.5.)hit'"
, . {,),s.~

tt:: Q II; • s, (;;~)(()OS)Yz(5)~:=: 2tJ,78 eroS

'1= Q/A =' 3.33 CF'S

tt =- 0", v : S5.v~o (3.3~J· 27. 73 PUn

7G ::. 2.5.5" + 27. 7.3 + /0 = Y"a 3 ~~Il:11



PAGE 3 OF 1•
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT I1ETI-/()O Cot1PARISON

DETAIL Rrr~NrlOIII RE'QUIR./!'H£'NTS" COMPUTED DATE _

______________ CHECKED BY DATE _

C I r'l' IJ F' t$1.Dt/I'A t. F <tJlVr /Itltil'J)

A,. 7C = .y~. 3",i1lJ t.~•• :r Z.8 b'l/itr

Q ,fJ#:: (.¥S)(Z.B)(83.2.) =

VOLLufE: Vr:: 72(JO A~ C I

( (..IS WB - Cd!) tJ' PAx #.",u41 )

/oSt::f's

Co =. +'S
A.. :: 83.2 c:1c, :: 3,Gtl't, \CJ%. ;e
I. = /. 26" i,.,jhr

Vr c 1. 1'-1 at:- f r
I1AR.IcoPA cot/wry ttrrNO() rPR c/ry or: G£ENDALE

r; = II. 'I (/. 023)'1(.OZ8)"51 (Z7.(JIlJ1 l-·1I P,; :: /.ctS itt

Ie G. ''', ,':1'
TR.Y Tc·.22 Itt,." L, = '1.1 ';,,/IIt> J it.. = (~.,)( /.C/S)/?'07 • ~5Z i"/,,r

Ie. ~ . 0'/" (¥. S'2 f'· = 2/. 'is" PII"n 01(

Q ,eo = (,,~)(~SZ)(83. ZJ= /50 C:I'S

VOI..UME: 1:.: := • '/91/ +. 755 (2.-'5) ( t;~) = 2.ZS i.1I

~.: ~ . 3'11 (2~9S)'" . 'S9(Z.zs") = 2."19 ill

V'S CA ( ~~):: (.1(0)(83.1.) (2;~t:t):: '.?/ aGe ft

P,'; : 2.CfS'';"

p~'f : 3. 7rill

S=.oos "%-~
2~'

sou~ct': /"fe-SA EItI4IN£I'IlIAltj PRtJeI'~R" Hif#IIIft. J~1IJr I "3 ~ AU4. 1187
BASIN tJurt.ET t~~A77f)N: /'It:tJ~lUiI'" AND R£CKFR Rd.
CITy l'IE"r/'lDD .. RArlOIVAI. IFtltJATIIM/

ID% ~""$ (.IS>, /fJ% PAV~l'frltlr (.'S), ~~" p,.,s,.",r LIIIIIIJse..p, (.70),

IO~ 8AI.E ~1tt>t.lND (.GO?) J ~"4'RASS L.AAII>~A'" (. ~S")

C ~ .zo(.,S)"'. '/#(.7~).;..I(J(.S'O).,..30(.I$'):: a.soilS'

, ( ,\,.77t . = .0+'$'9,3 /30/ = 2. S'S' Mill
~- (.S)·u&·

~ "C:

t:t = /l S" <:f.s/s-ide ('ItJMtJ,I'lfPJ,; .sL
V::. o/A : Z. 'Z%', tt:l SS-+'~O (Z.U) =31.~Z ""itt .

7G = 2.SS + .31. ~2 = 31{.2 "",it)

@1C=3"1.2. f'I'\':tJ, is(J. 3.17 ,'''/Ar (no I~O..,rCurt'~ QVt:l,i.l4J,/~)

Q StJ :: (.S''1S)(3.17)(gJ.Z)::r. /'1'1 CFS

•



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT tlcTHOO COI1PARISON PAGE !f... OF~

DETAIL !?Gr'-Nr/tJN RFtSlUIRE'I'f4"N;f COMPUTED DATE _

______________ CHECKED BY __'--- DATE _

VOLUH4' = (.2S)CA = (.Z5)(.S'tS-)(83.2) = 11.3'-1 4<:'- ft:.

MARICOPA COUNT"! I1£THcD for CI1"'Y~": H£'sA .

~ =11.1/ (1,~Z.3)'S'(. ()28)·SZ(~7.08r:"i. -:1'

r;.=.'L/~ t:-: 31

P,::: /.10 il1
Pit. :: 3.ao i~

~: = 3.50 i.n

T~y te. I: 2'2. "".,." i p : ~11.·nAr, t.,~= (4f.8)(I.cro)/Z.o7· I{.£(/ i."/~,.

Tc.= .,'" (I/,lI,y-3B: 22.05 ""'11 01<

QI.. = (. I/o) ( ~ 1./ I ) ( 83. 2.) = /0/ 7 c,-s

V~LlJI1E:
RtJ: I: • '19'1"'. 7S5 (3.00)( :..;~) =2. '11./ i."

P,': = .31./' (3. DO) r. 'S9 (2.1/4) = 2. ('3 ~''1

V- CA(fi):: (.4(O)(83.2)(~~<'.J) = 7.21ac-tt:

/38 CFS
118'1 (.13)( /.25) I:

.s'a
Q ~r

SoU('C~: C, t';j of' 1''';( . .s~R'" D/II,4IN /)G:S'/fiAlI'tIifAJuo,/, JULY 1'188
BASIIV O"r~Fr ,,,cATION: RAY RD. ~ $'0 TN S'17

CITV HETHOO: SC$

C:I. vS (RI-" ~NI#G)

5: .00S it/'t I H~OltOLOGIC StJU ~relAp I3 I CN 13&.1
W:' AIL:I '1JS,O)( 82.3 / S"S'S'~ = '5,/' I W',c= /./0

~:I tf. r tt' r-J.' = .(JI'N.J (130)'77 _ 2 L"''S .
(.5).386 - . ;:). JtI"JI

t:t: V= 3.ZS- I~ (f,..,., 1'.33t t:.t' :: ¥"~V = .rfJ"%tJ(.J.2S) =Z8. '1/ PIt;'

-r;. = 2.5S + 28. '1/ == 3/ Mi.n I -r;P = -,;)(M' =3~ / ""b, = . 5"'-8 !Irs:

p,.,: :: 2.' ~ i.ta, Q = I.2r ,on

•:: '1.'1'1 QC-.f't

V= 7200 CIA, C ==. 'IS

I- /.2S" "o/hr
A=~3.Z~c:.

V· 7Z00 (. 'Is) ('.z's) (83.z)
'I3,S'O

vat.u,.,£: :



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PAGE SOF~PROJECT ;tIC-THOD C (JI'1PARISON

DETAIL RaFIVTloN RE"QUIf(c11E"Nr.s COMPUTED DATE _

____~ CHECKED BY DATE _

Cl'rY OF PHtJcNIX CONTINUeD:

MARICOPA Co"llIry I'1rrl-/OD F"~ Clry OF PI-/IIFNIX p,,l- = 2.00 ill

( ).6"( ).&3 ( )~JI .-:.i, . -:3' p,~ =3.30 i"7C: I/. Y I. dlJ •"Z' 27. OS i. = .,"" '- AI" :# 3 00 .
,.. • I Ion

~r' 7C:= 22 Mln, '-;':: 'I. B lrhr I '-~. It (2.DO)(4I.B)/Z.07:' ~'o/' (.'~,..

7C = ,~II' ('l.i»o/r
Ja = 21.'3 ",il1 01(

QlOO = (.40)(~'If)(83.2.) ::. /5t' CF'S

VOL.UME: V:: CA c~~t) R~ :: .1/9'1+. TSS (J.'A) (3.3,h.,) • 2. '0 1.4
Rol :: .3'// (3.3) +. /,S7 (2.,0) = 2.81./ (.'"

V =(. '10)( 83.2 )(2.8'02) = 1 B8 ac - f't

c/ry OF sc~7T5PALE"
SOURCE': t::.lry "I=" SCI'JTf'S'IJALE DC'S/tiN PlltJCEDlIRFS A/llp

G/it.TIiR.IA, SEC,N1N 2., JtlLY I'BG

BASIN OUTi.6'r "dCAr/ON: :TiJHAX AT J3' Til Sr.

clry I'1ETI-/D/J: !lAT/tJNAL EeJUATio/\/

ZON/Nf4 : RI·" H'IDIUJt.tJt$/C Sf)/~ 4lt.tXlPB, CN·'2 I Cp:l O.,*S"

-';":: ti. + tt:: il::' o'lS,/.J (J30y7' ~ 2 s.'~ . . y= S~S'rz (," CI.lJe.S) ~ 3.82 F%
(.s}'" . ~ pt~" J, '

rt' = 2~17""", k. = 2.5'S + 2t1./7 = 2'.7Z mill

AT 7C = 2~. 72 Ml.n AND ;:J"J :: 2.21 L'n ,. "'1_ ~ 3. BS ~;,AI"
GI•• • (. '~)(3.'lS)(83.z):# 208 cFJ'

V- CpA ( ~t) c (.'5")(B3.2)(Z.202):: /O.Z3 ac·.ft

OPT/ONAL SCOT'TSOALE HETNtJD: TECHNIQUES USE'{) /N THe "tStE'NE'RAL.
RlINOFF: KINeMATIC WAvr OItAIN4~E /'I.AN FOR. I\IORTfi sea rrs I>IA. L.~, Alltlz"

.LoSSE'S: Sc:.s CURVE' NtlH4E'S

RA/NFAt.I..: SCS 2'1~HCUIe TYPF JZA
711£" N£"C-I ,¥()P~~ f.;£N£'tfAre-/) A PC-AK. PISC#ARqc OF ZZS- cf's AA}D A

RUNOFF VOLl.lHc CF' lB. If ac-Pt L/SIAIt$ rilE rOt.t.()J,V1Ntf IlIIplIr:

IT S 200

10 J
KK
PB I/.S'
PC Tt-PFSA

L.S 711 9S
1.11< 130 .OOS" .zao ,S'
we Sf) .01 .075" 3S'

RK '2O, .ooS' . oza .0/0' TitAP ~O•

RJC 1/(,/>- • DOS .02S ./3 rltAP sa



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT He-rHO£) CCHPAR IUjN PAGE ~ OF~

DETAIL RETENTICN Rc~LlI~E'l1cNT.s COMPUTED DATE _

_____________ CHECKED BY DATE _

~ • . 1.'1' (S:3,r:J '=- 20.S2 M.:I'I

r~ 'I 7(;:: 2tJ min, ,,~= s:/ ~'n/lt", "~DO = .s:, 7 ~'J1/~r

7::. =,~~~ (S:~7r·J' -= lO.oS- #It'll OK

Q,.. : (. II~)(5:~7)( fl3. 2.) :: /81 CF,S

VOLl/HE: /f..' = • 1/1"1 f', 75'S (3.&.1 ~) (J. '12/~SS) = 2. i./JS' /.'/1

Pto: ~ .3"11 (3,lfZ) + , ~S9 (2. 'liS) = 2.77 if)

V • (. '/0)( g3. Z) ( Z. 7"'//2) & '1.' t at: - Ft

S4urce: f'u/Jue W~IlJ(S' tJepT:- PAll/ATc j)£V£Lo,PHFNr
DeSIGN CteITIFl/i.JA I JUAJr /987

[jAS,pJ <='UTL.£'T '-tJ~AT'OAJ: PIrIt:E'" <R .sQ"rl-l~R'"

Clry /"IFrI'''''P: RAnOA/A'- EaJUATION

·c·; I()~ /(()()FS (.'S'), ItJ'" "AII'Fh£NT' (.,s)~ 1"0% jlFS£~T I.A,vPS'C'Af'F (.70)/

/~~, ,BAlM' ~/U)ItNI) (.Z5') ~ 30" Ave. sl?ed ~C1MAtJS (,2~)

t: • • to (. ,s) + , lit!) (.70) ~ ,/~ (. ZS-) -I',.r~ (.2eJ) &I ~.S"

At' Tc = ¥~, Min, i,tJo : 2.17 in/AI', Q_= (.S'){Z.'7) (f3.2)= /.38 CFS

VOlUH£: V = -fr AC = 2j;O (t3.2) (1S); /~ 8 Clc..ft •
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Ro' = '.90 t'"

Ro~ ': 3. a ill

p:.". 3. 7 ,'')

•

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT nETHDD COHPA~/5fJN

DETAIL RcTE'NTlfJA) RFQUI R..E"cHG/IITS COMPUTED DATE _

_____________ CHECKED BY DATE _

CITY OF TrI'fP~ Ct:JII/TINUFD

7C:: 11.'1 (/.D13)'S' (.tJZ.)'S'L (Z7.()g);JI i .. JI

7C..:I • ~~, "a -~ If

TAY ~ = 22 ",~'A, i, = '1.8' il1/hr, l~~. =(1/.1)(/") _
. Z D7 - ¥. 9/ "'11;1.4,.

U. ~ ,61.{" ('I.'I/j-.Jr:= 22.a5' ",,1''1 !Y5. .

G I •• : (. 'IfJ) (1./.1./ I) ( B3. 7. ): /J/7 crs
VOLUHE': ,qll~::' '1'~ 'f'. 75'S (3.0)/3.7 = 2.33 ~:I)

A.~ : .3l1/(3.0) -1-. ~S"9 (2.33) = 2.S" ,'t)

V C CA ( ¥) = (. +,1J)(BJ, 2) ( ~i~) = 7: /0 ac- F~

SUMMA~i TAC3L£

(:ITY I1ETI-IOD !'IARICOPA C()LIIl/r~ I'ItTNo{)

Q IClp (els) tv etc-It) Q..(cfs) V (o.c--Ft:)

I. eflAND L E'R 188 /3./'1 I+'~ 7:38

2., GLFIt!/)ALE lOS' 7.7'1 ISO ,."
3. HE'SJ4 1+"1 (Gs,) /I.3L/ /£/7 7.2ct

1/, PH(}cNI'J( /38 7.7'1 /s'{ 7. 88

s: ScoTr.>DALE . 208 10.23 181 '7. b8,. TFI1PE /38 IS: 80 /'17 7./0
~



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT __-DHL;'tr.....1>~&dlO.s.L..JI.O..YGrIt.!/.!.c..~.....:a~~..S~/6ol!..<"'!L-.J.t1~AiJ..tIll:l£JUCLAtLL' PAGE L OF~

DETAIL COMPUTED DATE _

_____________-'--_ CHECKED BY DATE _

•

5'C"C'll/,4~ID: THIS C)(IfI'1Pt.E C4MPAR.FS r/lt: Ae TN'b,!" (JUTLIA/FU /,y 7He j-lYI>A..f-Ofltt,

DcSlf3lN /'1~A/(II9t.. WITH 711e CtJl"'lItII'Rty t.I!~j) 7GclliVl'iUtFS:I /. e'3 -n/C

S CS I16TH4./)'s/ hI< APPJlUfTIOI4/ -n i.AIU.F~ "';ATU~If,-w,f-"&eS~~. ?ild"~

TNE I?I1.5fJLT5 ARe C.o14tolffl.6/) WITH' JJI,jCH"I(61~ Fi!.~"U6N''f AIt'If( 'ISIS,

L6lATt'N, {,/PPt:~ C,t."8 CA.eeK IN'A7tFIC.SHelJ

« Z
])1l.4'''',H,,6 II~~A: I~ 4 ,-"

/11& el4r/8 e.~e:t'1<. lA/"'Ul(s/(r-b loS (!IIAIUt~T~£1 'te:b ar tiettlG.<IIlL t S7c-cf>

.5'tol'l:Al6t ,A~~It.s WIT}! ~,,-rlfe~ LJGN56 YG41r/lnvE tbll~-'l AII/O I~",u",~

C""'~Nt:l. .s •

THIS S7lAt>y WILt.. t!.6""I'At.i 7He. (J,~"'F~ItTt!D f>~"'1C lJ'S('HlfIf4~ I/A"l.ies (1,1"

If) - '/~J4f1.:J 5"' -'tIJA~:J A",/j /D6 -'1~"~ rlt{,fJu L'C'1II e't;; S /f.*-iJ..><c. Tile r/lJ!.~t::

t1tfTII,b,S tJtF$a~/8GI> cAtLJct!., Ttl/! (J,eNeA.ItT6lJ .BAS/II! fr'llJ4tJ "~APflS

A~c A-]>/JFj) ,4J1J> WHeN NCC~.sSAIt'/" ~(JIIT~j) TII.tlDU4H rll~ CAlle (.eIFel<..

wA S)(. THE NNA£ 'ptA/< );1.5 CH,UI,4" v'A'-uc- IS CIIMPIATi:1J AT r#c cK7~~""c

SOu 7/1 wG~T L.CIl-r'6N or rile: Wit Tc~$HFA III/NElttF A- e"I"1PAIlISD# or

VAf-uC'.s IS I'1AOG (50:6" cA/~t.DSGj) . HA~) •



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT tI'(()~OL.04l(. IJt?S/~d eMNU/fL PAGE ~ OF~ -

DETAIL COMPUTED DATE _

______________ CHECKED BY DATE _

HtD~,t.o G,I' IIt'P/II.7' (!~m:.tIA

114 Til,/) of ~It!'" F /9Li. I'1c TIlt1D (J F" IItp,qo6t~PH R.DuT/",,,, 6l'1Puu~

CtJI'IPfATA ttl" ~1l1 reR.l~ '-o's (!.I"fPfATltrt,,, Gr'1(61Ut 71011I l'Ui'TIID.6 ?~AAfoI)

11'/IJf{IJJ.O CAI'- 1",-'I~/Vt, ~ -fftJUI( 'N'TIIIL. 4tI"'/~~ ('DIfPS "p ell/t..
Mu SIc/Mfa.II, #£c-/

best,.", l'1"litJAt. PIr1T6IfJ i> I$TA' &41'_ UJ$S HGrll,.J OS - e:.AAP,*S

S Co S 'IJO' 161411, ,.,,-)hulf
Cult,,& ~"/III4''''s

5~S
-r/{-'2.0

116 rllea oS S CS 'l tflF It ,,~, T· '~APH MIA" 1c'''~.M

8A.5 ,III g,/>, 10 - '"/~If If 5" - yc,,1t 10D -Y£1'I1l.
'S/'a~ File,./( ~/" F'IILl- ,e.It,I'i )C'"ALc.. It"/~ FAu

8b·Z.'i .<615 'il'5( 2'S) :2.oa{ .WIS (3·3) :'2·610 .IIi \S (of .(,5) .:l·'"

3Ai. !. ." '8i t 1.5) ... 2·20 • '3~ ( l-1) =z·~2. .n (3.40 )=.3.,Zo

~.3' •<:tiD .qC,(Z·5) ~2.'Itl .cU, (3.2) ~ 3.07 .'1# (3.411 )-,./1"

~.Sl ,cn ,el7 (z·s) ::.%.043 ." 7 (3.1.) =$.)0 .tn (3.1..) =3.'R

.5' I'D 1'0 (z-~) =2-50 1'0 (3,2.) =3.Z.. "O{3.,.)=3-'CI

lJ~eA (!"I" ~ ) gt)·z.i 3~.i" It·J~ 4·~1 o·5'i

IIl/ITt"L '-IJ~ (J'7$ o· 7S" 0-7$ 1)'7r O' 7::-
UN/FIJIl.~ LtJ$S o· /2. 0·/8 0- , ~ o·z.o 0-1. 0



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

DETAI~-,-- -,-- COMPUTED DATE _

_____________ CHECKED BY DATE _

t.® A/l.EIi = .~D .2~ "Mi , L -:: /I!I/{,I) Pi ;J LCD.:= 712(,0 tt .J :n := .05

l.

® AecA :: 3'';' 'gfJ, ~ ~ /.. = '-I'!2.fIJ Ft.J L Co. '::: 2.~1121J /1 J n:::' tJr-

~ol't:: 3"~4 - ~tJ ';0 := /52. ft/·JHi..J .$A's/d 7ACTd~:-
4QZ&D!S2SQ .3f

--?" L~ G. .:: Z rJ (.1) f") ( If '7-V ::= ;. 7'1 II(JU~$

Z.
t./1z.itJ X2 'If'1z tJ) 'j'"1.f4 = ~2 'Iofl, ) liz.,

1-® j4~£'A.::'.3 ~ ~ ) L::: 33-11/0 IT :1 LCA.. = / r,,,, II'.) J?::= (1. tJ S:.-

SLOPt::: z. ,dO -/900 _ 91'7 !t;I~ ....BASIJ'/ F?1CTtJl!.:: (33</'/Q X /'t4':tbt~J.-.:: 2.. 2 'l.
3J'It/O/S;,<id - .) ,yy ('9'1'7) Y.z.-

_?-= LA r. = ZO (, 0 S" )( (J .2') :: IdS f4t1~s

j...
(i) I1l~A:: ~;.~/ '"J1IA..• .) L = J/r~" f". ) L tA. :::.t 1/6 (0 fr) ";'";..1) 'IS'

S'-dt'£:" 3/(/0 -2/D'!...

ll'llu/Sl·i4

-==;:=:=-- LA 6.

.L.-
A~fA := .. S'1 }'H(, ? L:: 15""11 II 1t-.7 L l'A = ..)p" 1'.1,1 n = . ()¥/'"

5UJfE:: 2.IUJ - /1/1 -:: ! 3- (I' /,nt: ) ...8/15// F1lCTpR -: (/[(ltI(/X S-("')~f"z..-.:
1S'1l'''!jJ.fd - . (~3)!lJ,.-

·3~
-=-~ "-II b ::: 20 (- o'fr )(,2t:t) = ,56 Hll/lts .

c--



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJ ECT ....J/L!f~'I~()~.b=.!o'->.SI!.D~fn....L(k'----Il>o.u.:.F..;l..su.If:,I.LAlLl---LM':LJtf:a:..!!j"'Lr..UU;Au.L_ __ PAGE .!:L OF~

DETAIL COMPUTED DATE __~

______________ CHECKED BY DATE _

S"t/Ca ,4 C!olfl'a=rc LJ"UI1~"'TJllrT{.N I?F rHe /977 STt/I)'! ~;= Tile 'CII"/f" C.ec:~1C WATt1'~Slltf:j)

wAs ND 7 AI/AILIf8t.t' , (JIlIl. 'I 711£ I'flll.Al"1e rtF~ ~Gsc~lI::.rltlAl ,."a 7H~ 1(t::,sULTS 8 Y
rll~ fR.-Zoe p"-'&1l.1f1l1 ,I'1R.E /A/CLt/Ot?O. TillS /I'INII.M,47/oA! /A/Ct.IJCFS S't!""t.l?CrID#

of e"ltt/e NtI/i'I&:=~~ HI( LDSS CoMPtA.TltT/DJliS!) /..~"~TH of R.IJUt'/N"" /?E.+<:-H6S, AN~

TII,;- £.eSlll.TINU. })ISCHA~'t- VA Ll,f.rS •

30 YEll/ts c F »IrTA 0/11 ANAJuf4t. ~ 4.Sc..IiA~lIC: WIltS A"/iU.. A&tF N~ TilE I>FAIIJ/J (JF

f'js-r- fQi7· T"/~ /N'&'~~1f7/()It/ WAS (,1.5 iFl,) TiJ CST/MItTe Tile led - YtFIM. 7:>1,sC.HIU!.("G

51 THE We/&tlLt.. 'PDSlfl,lIIltlt:. neTI/f)/) ("'t:=,.~ PA4,f S How~ THe INlJly//)tJAl. Alllb TIll

j?ANKc.D IIJfLIl6'S. 711e-I'/ ~"'TA WA.s A~"'6tej) .8AS~1J cl'i we/But/.. p,,Sm./I AI'I/> }1tlTTt:..()

(JN F~ tpaF"'Y 'p,4PG( Hit. AN 8.sT/tt1IfoT/1A1 dF A .lJCSJA!.e:/J 7=ie.E'tl.t:lAlG'/.



•
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT L.l.tI~'1'-ol./)L:~~o!""-t.-'Z..O ~(.u(L_))I.J.J£G.u..Su.l/t;.I.L:NL..Ln:LJ.· "l:U"':JU(J;uA~L~__ PAGE 5. OF~

DETAIL COMPUTED DATE _

CHECKED BY DATE _

l>ltr/..~ OF bl.s CHI9~r,.~ RANI'{ WFldl#;~
WltfeR

F"LtJW (CFS) 'PbS/fIll 'leAR..

/2.- l't- '7 /2. c.I '-' D I ,31 log

Id - z., -5' ~S-70 z. 157; ~o

3 - z. - 7'1 7)"0" 3 10·3 7i
12.-/,/-7'1 &1p1J q 7·7(' 7t:f

IZ-ll-td' (,p,u" 5 /;.z- t.,(g

't- /l -Sf .)"6'10 III S·2- 58
q-11-71. 3 tPJj-tl 7 4· LI

7l

II) -I tf-71... ;,?S-tl ~ 3.'t 73
5'1

8'- 5-5' 3 S'JP 9 3·'"
fJ-Z-~L{ 312fJ /0 3· I

/04
Q-S--70 27u 4 . I / z· go 70

tj-b-1I7 1 yo 1/ It- 2·{, u7

'$-6-(,3 I rIO /3 2,..1.{ (,5

3 -3 - g J /'-!zP It.! z..z.. ~3

1·S-7l! / J '1() IS' z.. , 7'1

;-22 - sf, 13 )(J /(P /.'1 <it,

2-'-7(, /2.(,0 /7 ,- g 7~

II}-Z- ft /2.(1 tP /1 /·7 ~z..

/2.-27·1'1 q,tJ If J. (p g'5

/1-2-7'1 ~5 (, Zt!' ,. S"f' 71-

'1-/7-(,1 ~"r, 2../ , 'S" ~ /

7-161-/,$ ~/() zz.. ,-" tJ{'
,

2-"1-71 J ~c.1 2.3 /-3 7/

11. -I{,-/,/ .2. So 2'" J • Z'I fpL

g - '1...1'/ / £oj # zS- /.lA g"

/q ''1 (!) ZfJJ / .2.
,q

'til77 0 z-7 /. / 17

I~V I 0 2.i' / . I g/

/'117 0 z..., / of' 7 <67
NflO 0 3" I .,.3 Sip

@ wEtBuLL PoSIT/oM

aF DATA ) ~ n. 15



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT __---LJllw>'uL).LJ&P~L'"_'Qu&...../'""'(,~Ou.E::.;$l..£Iu.I• .A"'t......J.I1':..u::J.A~"'u.'u.I"UL PAGE -iL OF~ ..~

DETAIL COMPUTED DATE _

______________ CHECKED BY DATE _

(ol'fPIM.I$ ON t7F IDO· Yc~1t /)15 C.HIf/t&E AS ,4 FuN'TIt"" "F AJ!.c-'f

})1eA,1I//tf:.e /llelt (MI') DIS CHIlIt.",c 8 'I II!>",,@ }),.sc.HAR~e 8'1 Sc.s
(c.F'S) ( c. F5)

.5ct " g~ 7caO

-"i'! I 33~' 3C\!1
(.,38 4'1"13 "-l~ 71

34(. it. " 75et \8'(0'1
go.2~ 1'1 'i71 2.3 G,oej

12lQ.e::t2. 2.'f 7'10 3(,~""

('IJJl!PIUl.'SDN 4 F b/.sCdlftt.~ VALcU'.s WITH FlAw rA!!£t1~'icy

If) - 'I~ DI$t:1IfC64 s.. 'fit. b,sc.""•.c '...'ilt. l),,sc.M/tlt.E

(US) ( Cl=s) (CFS)

Hi b/l'LO~":.. 6t=SI&r1ll I g '-/!"t"" .1.lDfJ 8 / 217C/O
H~NU./H..

SCS ~Ertl4AS ZtJ4/fJ 3Z'7S" 3t.i4/J
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• • •
SUMMARY TABLE 1

ALT. STORM 10 DA RAIN AMC DElTA-T TZERO PRECIP PRECip PEAK-Q PEAK- PEAK- RUNOFF CSH
SQ.-HI. TBlE HRS. HRS. IN. DURATION CFS TIME ELEV IN.

1 1 1 80.28 1 2 .20 0.00 3.29 24.00 13212.43 14.69 0.00 1.61 164.58
1 1 28 80.28 1 2 .20 0.00 3.29 24.00 13187.85 14.90 0.00 1.61 164.27
1 1 28 34.86 1 2 .20 0.00 3.33 24.00 10746.21 13.27 0.00 1. 75 308.27
1 1 28 115.14 1 2 .20 0.00 3.33 24.00 19643.48 13.90 0.00 1.65 170.61
1 1 29 115.14 1 2 .20 0.00 3.33 24.00 19577.37 14.22 0.00 1.65 170.03
1 1 29 6.38 1 2 .20 0.00 3.10 24.00 2377.49 12.57 0.00 1.32 372.65
1 1 29 121.52 1 2 .20 0.00 3.10 24.00 20129.47 14.18 0.00 1..63 165.65
1 1 30 4.81 1 2 .20 0.00 3.10 24.00 1928.89 12.43 0.00 1.26 401.02
1 1 31 4.81 1 2 .20 0.00 3.10 24.00 1828.84 12.77 0.00 1.26 380.22
1 1 31 .59 1 2 .20 0.00 3.10 24.00 376.51 12.06 0.00 1.27 638.16
1 1 31 5.40 1 2 .20 0.00 3.10 24.00 1914.15 12.75 0.00 1.26 354.47
1 1 32 126.92 1 2 .20 0.00 3.10 24.00 20610.58 14.13 0.00 1.62 162.39
1 2 1 80.28 1 2 .20 0.00 4.42 24.00 21480.38 14.66 0.00 2.56 267.57
1 2 28 80.28 1 2 .20 0.00 4.42 24.00 21414.28 14.85 0.00 2.56 266.74
1 2 28 34.86 1 2 .20 0.00 4.41 24.00 16668.87 13.25 0.00 2.68 478.17
1 2 28 115.14 1 2 .20 0.00 4.41 24.00 31428.40 13.88 0,00 2.60 272.96
1 2 29 115.14 1 2 .20 0.00 4.41 24.00 31301.63 14.20 0.00 2.60 271.86
1 2 29 6.38 1 2 .20 0.00 4.20 24.00 4065.01 12.54 0.00 2.20 637.15
1 2 29 121.52 1 2 .20 0.00 4.20 24.00 32182.89 14.15 0.00 2.58 264.84
1 2 30 4.81 1 2 .20 0.00 4.20 24.00 3347.66 12.41 0.00 2.12 695.98
1 2 31 4.81 1 2 .20 0.00 4.20 24.00 3172.77 12.74 0.00 2.12 659.62
1 2 31 .59 1 2 .20 0.00 4.20 24.00 649.57 12.05 0.00 2.13 1100.97
1 2 31 5.40 1 2 .20 0.00 4.20 24.00 3315.77 12.72 0.00 2.13 614.03
1 2 32 126.92 1 2 .20 0.00 4.20 24.00 32975.39 14.10 0.00 2.56 259.81
1 3 1 80.28 1 2 .20 0.00 4.70 24.00 23603.94 14.65 0.00 2.81 294.02
1 3 28 80.28 1 2 .20 0.00 4.70 24.00 23527.20 14.84 0.00 2.81 293.06
1 3 28 34.86 1 2 .20 0.00 4.80 24.00 18864.46 13.24 0.00 3.03 541.15
1 3 28 115.14 1 2 .20 0.00 4.80 24.00 35000.54 13.86 0.00 2.87 303.98
1 3 29 115.14 1 2 .20 0.00 4.80 24.00 34854.32 14.18 0.00 2.88 302.71
1 3 29 6.38 1 2 .20 0.00 4.70 24.00 4871.41 12.53 0.00. 2.63 763.54
1 3 29 121.52 1 2 .20 0.00 4.70 24.00 35906.32 14.12 0.00 2.86 295.48
1 3 30 4.81 1 2 .20 0.00 4.70 24.00 4028.78 12.40 0.00 2.54 837.58
1 3 31 4.81 1 2 .20 0.00 4.70 24.00 3818.32 12.73 0.00 2.54 793.83
1 3 31 .59 1 2 .20 0.00 4.70 24.00 780.38 12.04 0.00 2.55 1322.68
1 3 31 5.40 1 2 .20 0.00 4.70 24.00 3988.80 12.71 0.00 2.54 738.67
1 3 32 126.92 1 2 .20 0.00 4.70 24.00 36860.94 14.07 0.00 2.85 290.43

TR-20 OUTPUT FOR CAVE CREEK WATERSHED



****.************************************

*• FLOOO HYDROGRAPH PACKAGE (HEC-1) *

*
* FEBRUARY 1981 *

*
* REVISED 05 DEC 88 *

*
* *

*
* RUN DATE 01/10/1990 TIME 16:01:06 *

*
* *

U.S. ARMY CORPS OF ENGINEERS

THE HYDROLOGIC ENGINEERING CENTER

609 SECOND STREET

DAVIS, CALIFORNIA 95616

(916) 551-1748

*

*
*****************************************

x X XXXXXXX XXXXX X

X X X X X XX

X X X X X

XXXXXXX XXXX X XXXXX X

X X X X X

X X X X X X'

X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS ~EC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARO WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPT~ONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:REAO TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



HEC-1 INPUT PAGE 1

LINE 10....... 1....... 2....... 3....... 4....... 5....... 6....... 7.......8....... 9...... 10

1 10 TEST OF COMPARISON: HYDROLOGY MANUAL METHODS VERSUS MOSTLY USED METHODS
2 10 APPLICATION TO LARGE WATERSHEDS
3 10 UPPER CAVE CREEK WATERSHED
4 10 ORIGINAL ANAYLSIS IN 1977, THIS ANAYSIS BY DDK, DEC. 1989.
5 IT 20 120
6 10

7 KK
8 KM UPPER CAVE CREEK BASIN
9 PB 2.97

10 IN 15
11 PC 0.000 0.021 0.035 0.051 0.071 0.087 0.105 0.125 0.143 0.160
12 PC 0.179 0.201 0.232 0.281 0.364 0.500 0.658 0.773 0.841 0.888
13 PC 0.927 0.958 0.965 0.976 1.000
14 BA 80.29
15 LU .73 .12
16 UI 695. 1410. 2571. 4072. 6090. 8011. 10016. 10120. 11202. 11202.
17 UI 11202. 8727. 7811. 7156. 5831. 5454. 5325. 3846. 3638. 3451.
18 UI 2677. 2543. 2430. 2327. 2232. 2119. 1470. 1416. 1366. 1299.
19 UI 718. 695. 674. 654. 687. 687. 383. 372. 362. 353.
20 UI 344. 335. 327. 320. 284. 169. 166. 162. 159. 1552
21 UI 152. 149. 93. O. O.

22 KK 1
23 KM ROUTE TO ANDORA HILLS CONFLUENCE
24 RM 1 .25 .20

25 KK
26 KM MIDDLE BASIN
27 PB 3.168
28 IN 15
29 PC 0.000 0.018 0.027 0.040 0.058 0.074 0.089 0.106 0.122 0.137
30 PC 0.155 0.174 0.201 0.249 0.331 0.485 0.665 0.786 0.856 0.901
31 PC 0.937 0.967 0.978 0.988 1.000
32 BA 34.86
33 LU .75 .18
34 UI 1028. 3486. 7373. 9720. 10463. 8065. 6085. 4896. 3441. 2683.

35 UI 2683. 2263. 2104. 1353. 121? 656. 614. 440. 337. 319.

36 UI 349. 160. 152. 145. 139. 1. O.

37 KK
38 KI1 ADD HYDROGRAPHS
39 HC 2

40 KK
41 KM ROUTE TO LOWER WATERSHED

42 RI1 2 .70 .25



43 KK
44 KH LOWER BASIN
45 PB 3.456
46 IN 15
47 PC 0.000 0.010 0.016 0.025 0.039 0.051 0.062 0.073 0.085 0.097

48 PC 0.110 0.125 0.146 0.191 0.277 0.461 0.682 0.817 0.885 0.926

49 PC 0.957 0.980 0.985 0.988 1.000

50 BA 6.38

51 LU .75 .20

52 UI 304. 1136. 2119. 2422. 1771. 1248. 896. 630. 512. 399.

53 UI 399. 297. 151. 137. 80. 74. 73. 36. 34. 32.

54 UI O. O.

55 KK
56 KM ADD HYDROGRAPH

57 HC 2

58 KK
59 KH BASIN ALONG CAREFREE HIGHWAY

60 PB 3.49

61 IN 15
62 PC 0:000 0.009 0.014 0.023 0.036 0.046 0.057 0.067 0.078 0.089

63 PC 0.101 0.116 0.137 0.181 0.268 0.457 0.687 0.825 0.890 0.930

64 PC 0.961 0.982 0.987 0.989 1.000

e 65 BA 4.81

66 LU .75 .16

67 UI 204. 745. 1431. 1724. 1406. 986. 734. 518. 386. 386.

68 UI 355. 222. 174. 105. 87. 56. 53. 50. 26. 24.

69 UI 23. 2. .0

70 KK
71 KH ROUTE
72 RH 2 .58 .25

73 KK
74 KH SHALL LOWER BASIN

75 PB 3.60

76 IN 15
77 PC 0.000 0.005 0.009 0.014 0.022 0.030 0.038 0.047 0.054 0.062

78 PC 0.075 0.088 0.107 0.127 0.205 0.366 0.823 0.900 0.920 0.939

79 PC 0.952 0.965 0.977 0.988 1.000

80 BA 0.59

81 LU .75 .20

82 UI 212. 484. 239. 114. 52. 22. 13. 13. 6. O.

83 KK
84 KH ADD HYDROGRAPH

85 HC 3

86 zz

•



RUNOFF SUMMARY
FLOW IN CUBIC FEET -PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
+ 19971. 7.00 12977. 4138. 2504. 80.29

ROUTED TO

+ 19712. 7.33 12959. 4138. 2504. 80.29

HYDROGRAPH AT

+ 16759. 5.33 7284. 1884. 1140. 34.86

2 COMBINED AT
+ 27089. 6.00 19609. 6022. 3644. 115.15

ROUTED TO
+ 26753. 7.00 19426. 6022. 3644. 115.15

HYDROGRAPH AT

+ 4443. 5.00 1568. 397. 240. 6.38

2 COMBINED AT
+ 27886. 6.67 20586. 6419. 3884. 121.53

HYDROGRAPH AT
+ 3361. 5.00 1255. 318. 193. 4.81

ROUTED TO
+ 3125. 5.67 1250. 318. 193. 4.81

'HYDROGRAPH AT

+ 986. 4.33 152. 38. 23. .59

3 COMBINED AT
+ 29790. 6.33 21845. 6775. 4099. 126.93

*** NORMAL END OF HEC-1 ***



Ii.I.I.1.1.1.1.!.I.I.1.1.I.I.I.'.I. I,,)~_wj

'.:-:.:-:.".:-'.:-:.:.:.;.:.;.;.;.:.:.:.;.:.:.;.;.:.:.;.;.;.;.; :.: : : .

September I, 1990
;.;.;.;.;.:.:.:.:-:.;.;.:.:.;.:.;.;.;.;.;.;.;.;.:.:-:.;.;.;.;.;.:.;.:.:.;.;.;.:.;.:.:.:.:.:.:.;.;.;.;.:.:.;.;.:.;.;.:.; :.;.;.:.:-:.:.:.;.;.:.:.:.;.;.;.;.:.;.;.;.;.:.:.:.:.;." .

175



TO: Hydrology Manual Users

RE: FORTRAN Programs; HCUHPl and MCUHP2

FROM: Davar Khalili

Programs MCUHPl and MCUHP2, Maricopa County Unit Hydrograph Procedures 1 and 2
were developed to facilitate the use of the methodologies outlined in the
Hydrologic Design Manual for Maricopa County.

MCUHPl will provide the necessary parameters for the Clark Unit-hydrograph
option of HEC-I. These parameters include Tc, time of concentration, and R,
the storage coefficient. In addition, the Hydrologic Design manual also
requires a rainfall pattern distribution. MCUHPI will provide all of the
required information in the form of a HEC-l input file for immediate
application.

MCUHP2 will provide the required parameters when working with the S-graph
techniques as outlined in the Hydrologic Design Manual. MCUHP2 will develop
the necessary basin unit-graph from the indicated S-graph. It will also
provide the required rainfall pattern distribution. All calculations will be
provided in the form of a HEC-l input file for immediate application.

The user is encouraged to read the Hydrologic Design Manual before using these
programs.

The following shows how you can run MCUHPl and MCUHP2:

*

*

*

Place the diskette in drive A. Copy Programs MCUHP1.EXE &
MCUHP2.EXE into the HEC-ldirectory of your PC computer.

If using the Clark Unit-graph Method, type MCUHPl. If
using the S-graph Methods, type MCUHP2. The screen will
respond via a menu driven procedure which can easily be
followed. Remember that in either case a HEC-l file will
be built for your immediate use. If you are doing a
multi-basin analysis, all information will be stored in a
single file named by you.

The constructed input file can be viewed or edited as
desired like any other HEC-1 file. All you need to do is
to go to your MENUl of HEC-1 and recall your input file ..

If you have any comments/questions, call Davar Khalil! at 262-1501.



A:\>MCUHP1
----- 5/22/1990 -----

******************************************************************************
*
*
*
*
*
*
*
*
*
*

PROGRAM MCUHPI

THE MARICOPA COUNTY HYDROLOGY MANUAL

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
3335 W. DURANGO, PHOENIX, ARIZONA 85009

*
*
*
*
*
*
*
*
*
*

* Program MCUHP1, Maricopa County Unit Hydrograph Procedure 1 computes Tc *
* and R as required by the Clark Unit-Hydrograph option of HEC-l. It will *
* also provide the rainfall pattern distribution. Output will be a HEC-l *
* input file for immediate application. *
******************************************************************************

ENTER NAME OF OUTPUT FILE:
TEST.DAT

Enter 1 if single basin, 2 if multibasin design:

1
ENTER THE SUB-BASIN NAME:
SUB-A

ENTER PHYSICAL CHARACTERISTICS OF THE BASIN:

*Note limit basin size to about 5 square miles,
and/or Tc to less than 1.50 hours.~

BASIN AREA (square miles)
1. 89

FLOW PATH LENGTH (miles)
.45

54.6

ENTER METHOD OF SOIL LOSS COMPUTATIONS:

1 = Initial/Uniform, 2 = Green-Ampt
2

Enter lA, DTHETA, PSIF, XKSAT, RTIMP (0-100)
.15 .25 3.5 .4 10

ENTER SELECTED RAINFALL DISTRIBUTION:

Enter 1 for the 6-hour MCFCD Distribution
Enter 2 for the 2-hour MCFCD Distribution
Enter 3 for the 24-hour SCS TYPE-II distribution

1



ENTER POINT RAINFALL DEPTH OF A DESIRED FREQUENCY (inches):
3.4

ENTER ONE OF THE FOLLOWING (for the UA record):
(1) - for an urban watershed
(2) - for a natural watershed
(3) - for manual input

1
---------------------------------------------~-------- -------------------------

DATA INPUT FOR SUB-BASIN: SUB-A

Drainage Area= 1.890 Channel Length= .450 Kn= .045 SLOPE= 54.6
IA= .15 DTHETA= .25 PSIF= 3.50 XKSAT= .40 RTIMP= 10.00
Rainfall Depth = 3.40 Areal Reduction= .98
Rainfall Distribution input is 6-Hour Pattern # is 1.77

HEC-1 INPUT IS STORED IN FILE: TEST.DAT
----------------------------------------------------------------------'---------

TC = .283 hours, which is = 17.000 minutes

stop - Program terminated.

R = .034 hours.



A:\>MCUHP2
------- 5/22/1990 -------

******************************************************************************
*
*
*
*
*
*
*
*
*

PROGRAM MCUHP2

THE MARICOPA COUNTY HYDROLOGY MANUAL

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
3335 W. DURANGO, PHOENIX, ARIZONA 85009

*
*
*
*
*
*
*
*
*

* Program MCUHP2, Maricopa County Unit Hydrograph Procedure2 provides the *
* Unit-graph from the Phoenix Mountain or the Phoenix Valley S-graph. *
* It will also provide the rainfall pattern distribution. Output will be *
* presented in the form of a HEC-l input file for immediate application. *
* *
******************************************************************************

ENTER THE NAME OF THE OUTPUT FILE:
TEST.DAT

ENTER 1 IF SINGLE BASIN, 2 IF MULTIBASIN DESIGN:
1

Enter the sub-basin name:
SUB-1

Enter the basin area (Sq. Miles):
16.3

ENTER SELECTED RAINFALL DISTRIBUTION:

Enter 1 for 6-hour MCFCD distribution
Enter 2 for 2-hour MCFCD distribution
Enter 3 for 24-hour, SCS TYPE-II distribution

1

Enter the point rainfall depth for a frequency of interest (inches):
3.4

ENTER METHOD OF SOIL LOSS COMPUTATION:

1 = Initial/Uniform, 2 = Green-Ampt
1

Enter STRTL, CNSTL, RTIMP (0-100)
.75 .15 10

**S-GRAPH CONVERSION TO U-GRAPH (CODE BY T.W. HIEB, 12/89)***

e



Enter 1 for the Phoenix Valley S-graph, 2 for the Phoenix Mountain S-graph:

1

Enter the basin LAG time (minutes):

34.0

Enter hydrograph time step (minutes):

30.0

TIME
(min. )

o.
30.
60.
90.

120.
150.

DISCHARGE
(cfs)

o.
7816.

11632.
1400.

o.
o.

TIME
(min. )

DISCHARGE
(cfs)

TIME
(min. )

DISCHARGE
(cfs)

VOLUME OF CALCULATED HYDROGRAPH (Inches)= .99

INPUT DATA FOR SUB-BASIN: SUB-1

Area= 16.30, Point rainfall depth= 3.4, Reduction coefficient= .92
Rainfall distribution 6-hour, Pattern Number: 3.01
STRTL= .75 CNSTL= .15 RTIMP= 10.0 '
Phoenix Valley s-graph was selected.
Lag Time = 34.0 min., Hydrograph Time Step= 30min.

HEC-1 INPUT IS STORED IN FILE: TEST.DAT

stop - Program terminated.
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT ---JHL!.L.It¢~~~()~'~O<i!oL!.!!IC.~AcE'_'!!:.s~/t.[.!:"'L._If.!Ja'IIM~'U!£jA::!.IL"____ PAGE L OF~

DETAIL __.!!:o.E:~XIfDlI1.:!.!A~~~€----l!:.*.....::/ COMPUTED __-'-- DATE _

______________ CHECKED BY DATE _

•

EXIfl"lPU! =If I: bC:tltft.oPltfblT #r j)FPTIf-~{J~I1t1#N-rif.rtPuel({.Y 1,,8ur.

iDCA r,fJ#.' eAPr~~ ;!,,-f,,-r /1:7 7t.~, #f4c, .stf'~ ~ft,.

(j) US"fl/6 rI6"~.5 2·2. To 2./3) I?~~D LD'Art./!! IlA"'FA(~ 2Jcpr#.5;

&'TUft'" 'FAC,,,,,,u,y t, - H(Jl.I~ ))tI~TLO"" lJeprH .J. ,,- )/0(,/I( l>u It.A 1/ Dill ()cP711

(IN'JlGS) (,NOlES)

z- 1tFA~ /.S"r' Z,ot)

zyt{ @
S- ifFl41/.. 2." fJ Z,"fI

10- tc/M. Z•.11J ~ 3./o(i)

2.[- tFAIl. yfl z..~{/iJ ;/0 3.5"O(j)

sO - tt:A~ 3·/0 "/. Z. ()

I'"~ - (tAil.. . J. tlO 1/. 70

'fz.: - ·Oil + .q~z. (XIX )(,/'1.1.)

1"'0: . 'H4 .... ·75$ (X3) (X,!XI/)

y,•• : ItJ, -'(£AR..) 1- Ho,,~ DePTH;

XI =Z - YEP/ft." '-HO/J~ /)FPTII.;

X t :: 2 -rclHt, 24- ~it ])ePTH j

X3 ': 100- YGAA ') ,- HO(J~ 'b€PTMJ

X+ ~ /tJo - YeA It , J '1- H()(J~ 1)EP TH •

~ 't"l.::: _ .OII-l-.CJt/2.(I.SS)(I.SSjlptJ) = './z.

'(I":: . "q", -+ '7»)(3.4')(3'''/0/'''7') =2.·35



PAGE -2.. OF _S_

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT f/'I,!>RDLQ{,,1l. IJES/t.N t1ANtJeI

DETAIL EXAMPLE' 4t t COMPUTED DATE __ _

_____________ CHECKED BY DATE _

@ ?i.6T Yt Al'/iJ 'ft"o 6"/ Fi6U~t!" 2.1'/ A,;A FiNIJ tJ~prHs AJI( OTflc:te

F~tFf1U6N(/1F5 ~

~ s- 'i~IIR.) I-H4C1~ })eprtl = /·35
If) ~ Y~,4~, I-/l,"te ()elJ'TlI :: I· S t
2.5-tFA~.1 I-/{PUR. j)GI'TH = I· gL.

56 - 1C'i4~, /- Hou~ ~cl'Til :: 1.. I L

® l'IeJCT Tile 2 -lItlu~ OcP711S II~E CAl c.ul,l17elJ ~

Z"1GA~) 2-II,CI~ J)t!'PTH = -3etl( 2.-yelf~, ,-HtltI<) + ·fI,S,( 2. -ISIII(, I-H,ulf)

=·J-II ( /.S~) +. t.S'1 (/.12.) = /,27

l~tI· 'leAR. ;) z. -fl(J(/~ j)~fJTH =- .Jvl(14' -'I~If'(.) '-H(J(J~) +. (,,'5'( I'. -'Iclf~) 1-If(1ti~)

:: .3~/(3''If)) +.'StJ(Z o35) =2'7/

"jJLfJ'T ABoVe lJeIJTH..5 ON FiGtllH.E 2./'1 A";.JJ ;:;N~ /)eIJTII-S A~ 07,1/c~

ri~Q"tcAlCJ cs :
=os> 5- 'leAR.;) 2-HtlUIl »cPTII:: 11~z..

/0 - '1GA~) 2 -lItId/. DEI' Til =/117

25"- tEA~) 2-1hI~ })efl711 =. 2·/2..

50 - tcA~, !-f!fJI/t ~~IJTil=- .2·o/b

@ NeY,TII,; 3-1!I1J~ lJe=IJTtI.s A~e CAl.. (.tI',1 reF,/):

2-yGAR., 3-11""( PC:I'TI!.= .Si,1(2-ycAR., (,-I-IOtJt)+1t/31(2-'1eAI'(:; l-tftJUI?)

-=- .5''7(1.$5') +.'IJI(/"Z) =I·.J~

If), -Y4"AIf, 3-}ltJ"/i DEPTH = .S/,1(1()'·tEA~ ~ 61-lfCJd~ -t' 411(1t1I1-tCj4At., I-Hf1fJ~)

:: . 5",(3.¥o) -I- .I/JI(z.J5) ~ Zoo'S'

fLOT A8tJI/~ PFPTII-S ON A6r(/~~ loly ,4lt'lJ rl,.JJ Oe;tJTIIS rote arll~/2 F="ec=q.:

;5 S-tCIlR., 3-140(/(. £>ePTH.: 1~7t./

II) - 'lEAR., 3 - H(J(,[~ iJep rtf = 2·0~

25'- '/GAR., 3-JlIICI~ DEP7H = 2·3~

0- - '/e/H(, ~ -1-I(Ju~ DEP 1N = z·, r;-



DETAIL

·FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT LLII:+;'!IJ"'~Ilo.IDtkI.SLd..l..Ol(lWIlr....---,}J~C-!W-S.ut.a.(,Na:. ----L:.t1r.LI1r£lNUlUUJlIl.I..L PAGE -.J.. OF _5_

EMI1PI.E :# I COMPUTED DATE _

_____________ CHECKED BY DATE _

(i) I./j/r/(" H6ultc 2. IS- Etr/1:J T/l6' 1;-;lfJul< ,c-ec(j)u~"" 'I ~,:::::,o TII~· T/I/$

15 }JoNE 131 ]>1!/fWIAl6 A Sr~AI6,flr LII'/c SFTWt:=C'" TII~ ~-H6"te IJI'/J

Tlfe /2- Hou!2. /)E"PTIIS ;=Oil. Al'- FletFt/>uel!/uc:s!

===>- 2- 'IeAt.;, 12-HtHtR ])ep rtf .: "go

S'- 'leA R) I Z - Houfe. 1)eP Ttf = 2.·30

10- 'fGA R) 12.- Hou( 'f)EPTff :' 2· 70

2.5-1GA~ , Il-Hou'l ])ePTH = ~dtl

5" - 'lISA R. :> I z.-Hotl( )~PTH :- 3·(g5

100 - 'IC'AR.;') /2- HouR.. IJC~rll = J/,/fJ

(2",/EAtc, 3o-M'N DEPTH):. 82.(Z-'16Af<J 1-11't/~)= .i2.(I.,2.) .=.~2.

(11O-1€Aft.) 30-.M/N DCPitl) -= .ft( IC(J-'f£A~, 1-}fIIJI.) =.'62.(2..35).:= \.q.3

'PLoT THe AAotle v'AL.ue.s al( A6,u~c 2,11/ A"../J Rl'll> 'IFPrIlS ;CD t..

(J1I1c!l n£t;>uGNC./~S.'

5- 'IEA~~ S(J-I1/N ~t:PTII ~ I·IS

Id- 'Ict4lt, SD-I'IIN' /)e:prll:: 1,3,[

2j- yEA~, .$d-l'1l-" ~GtJT,I/ ::. I·St)

$0- "Iclff<, 3D-111A1 /)eP7H =1'7(

® /s- MIll! /)EPTf!$ AIU' C:.5TI'-"IfT,,:j) R,~ Tifti' rOLL. 0 w/AlII :

(Z-1GA R..,IS'-I'1IN bIFPTH)::."2(Z-'fCl4tt., 1-"'f)U~) =- lP1

(loo-YG'AR, I~-MI'; bEPftf) .::.(,2.(loo-'1EAft , \-ttDlItl) = l'4~

=+= PIJJT A8fl/£ .)~lJr~ ON FI6IJAF 2./'1 /IN" AJI/./) f)ePTII.$ Folt. (7TNcli!. 'Fittrtp. :

5- YcF4(~ 15-"1111I bC:PTH = . i7

I()- '1cfH(, \'5- MIN Dt=(3 TH ::
"" 0

2S- 'leAR, I CS- MIN bSPTH --= /·15

!So - 'ftFPtR, \'S-M.tj DePTU ::: \ ·2 'g



DETAIL

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT ..J-Jl.L..,....t//)loLb~L.:!!.(J6lo1..t'-'c'-'-. JI.,A..c;;:E'....:::aScuf(zu,v!!....-..<t1t....L!J.daW..w,UAa.......L PAGE ~ OF~

Of#l1/'l.E Tt , COMPUTED -'--_ DATE __. _

_____________ CHECKED BY DATE _

(2~,,/t'AR, (O-MIN beaPTH) = -SI (2"'/EAR,I-HOUtl ):'5"1 (I"l.) ~IS7

(IDf/-YEAR, tD-t'll'" lJePTH) -::. ·5'1 (IO"-'/EAR, I-HoClt) =·SI(Z.·3S) =\'lO

~ PU~ T A/lIyE /)FI' TII~ 011 FiGulU' 2.lq filll}) AAI> tJcP Til.! ,J:"(J('

OitlEt. nc~ueNc"iS !

s- '!~IJ~) 10- }I1IN OC:P 7r1 .:- ' 7D

10- 'lEAR.) IO-MIN lJtiP 711 :: ·13

2.S- yG19R., 10 -/1/-al JliPTH ~ ,92-

SfJ- yFAR.., /~-tf?I'; ~f1P Til :: 1·/ fJ

(2-,/~AR., 5- ~IA/ lJtiprn) =. 3~ (z -'1cAR.) 1- H(f\l~ ) := • :?it{ I,ll) = .~ ~

( 10' ~"EA Il.) 'S. 11'''' beP rH ) -= ,1 " ( I(}O -'{EAR. > 1- HDlli ) = .:3tr( z, 3.$') ::: • ~0

'~,>-- 7'£07 AlJovt: .t>~'"TII$ &'# /'"I(,qq 2.1'" A tV./J ;:i"y.J lJC:PTII5 AIL

orllc~ ~ctP"6"'''GS..

s- ytA~" S-I'IIN );C:-Pill =·sO

I~-ICA~] '5-1'11# JC:IJTII = ,5~

2;- '/EAR..) 5-1111'/ JEIJTI/ .:- .&'2

'5() - yGAIl ) OS -I"!I~ ~cPTil .= • 73



PAGE 5 OF~

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT fI'/I>~OLO(,I' kS/flA! I1A~tlI9L

DETAIL nAflIl'l.c #= I COMPUTED DATE _

_ ~ CHECKED BY DATE _

Z~"'EAfl.. 5-'/EAR lo-'fEAR. 2. '5 ~ fGFtR. ~o -'I~M. 100 ~ 'feffR.

5-YlI'" -38 ·50 I ~ fs ·~2 '7.3 . go
-

/fJ-I1,H ·~7 '70 ·1.1 ."11- I-ID /'20

15"-1'1/# '(,9 -87 I,Of) I'/S' 1'1..1 I'';~

3D ~MI'" • if;.. /,/) 1'3S' I·!"/) /./) /,113
~
()

~
/-!loUIl. /'/2 /'3{ /'5"1 /,12 Z..IL z ..J{'

~
~

~ 2 -rio"Il. /'27 1'~1 /·17 2. '/1- 2-'1&/ 2'7/

3- f!lIull. /-36> 1'7'1 ·2'05 z·3o 20'''5 z·tfj

, -ff(J(/« I')~ 1.,00 2·30 2'~D "10 3,1/0

12- !Iofl~ I,fa 2.)0 t·7d 3./0 3,{,~ 4·/0

z,!- /Ioul- z',tJo Z .110 ,,10 J·SS '{.l.D ~'7fJ
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT __-J.J-1~'tb~,l~,LIoJjQ'-la'.u.I(---".aeo!!iO-i:...olS.u./(,u"tll£........;/1.~'A=M:.!.I."":z.J.L"'-- PAGE .1- OF~

DETAIL __ElIoo.£.l.IJAL.L!M'.-IJPL...!Lo...!o£"o..-...L.J.:#~z..:::::.-.. COMPUTED DATE _

_ ~ CHECKED BY DATE _

eX/1MPI.t::# z,: !>SVcLoPI1EI'/r aF INTcN$/T'f - bU~ATloN- rR,c(/)Uell/C y TAILC 4 (J.,i.APH

Lo CAT/MI.' ell~i= FUe AIIl.hlt.T AI T~I't/, Hl/£~ SFC 3(p.

'Tilt j)F/)TII-1JuMTloN-r~e'"~IlJ'i' TA8t.F t:Jr cXftMPl.e :# f WILL 8£ l/JFb.

Tile TA8Le (N~ EXA""I't.c:#1 WILL. Be C(J",y~~,.t:='J) ~ /;VT~N51T't

VAllies (I/{II/,():

2- je"~ ~FtpUENC! : .3~ (/1'1) X ~f)(Jlfutl):::: .;. 5(p /N/H~
5-;1/11/ lilt

5 -~i4~ r-~F'fi,"'Ct: .'56 (1/11) X (,6 -ll'?,'/): ,." rJ /iV'/II.(.
5-""11/ Hit.

/tJ- icA~Re~~II~NGY: .S8' (/~) )( tp,(1114) ='.9'1 I,;/t!~
~-~'/II HI(

2.5- 16M f'keQJuFMe.!': ·'Z(IN). )( (,(Jc;~N) =7·Y'! /h'/II~
. 5'-/'1,"/

S" - fE,4~ rllEf U6"4'!:
·71 (11'/)

~ 40,[:1#J :::: f·76J /1'1!HI(
5-"'4

lOe - j£M ~~~UFAI'Y:
.g4 (,/I) ,., ~I) (1f1iV'1 -= 9·flD /11III~

" .11I,,/ II~

'bf(IJt'))( (,fJ(HUV) _ 2.7(" /dke
1.)-11/11/ 1I1f-



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT PAGE ~ OF _3_

DETAIL COMPUTED DATE __.._

--'-- CHECKED BY DATE ---,,-__

(-II~(J« ~"Il,4TIDAI ()c,oTIIS: @

/,11 (IJYl X ~D(H/~) -:. /./1. /#IIII!.
(p () .1"11111 rIn..

2- H(J(J(. )f.I~1t711J1'I J)cl'rrls .. @

2. - 'lEAR. ;:;eFt)flEAlCV: to;.7 (II(L)( 6J D(~/"')- t 1#r IN'IH-t
I 12 f1 1'111'1 H~-

?- /{null lJ/I&/+ 7/t1ll Dt:"PTllf .. @

2,I G'~!- nE~u~"" '/ : / 'J6 (I"; ) X.
I~O "'N

1,- t6v~ J"IJ.ItTI()N J)FI''TII.s: (iI

2-tG'AI{ PC~q.t=N{'!: ISrll,.;))( ~()f:;''''L ,211 IN/He.
3'()""'~

2(- !Iotl~ j)"~"'TI()N JFPTIII' @

2·"(/~) )(
IIf¥IJ nlN

(!) V,4'-,,(.~s N/I. 0 ,Hefl. F~tPuf"AJ(./(:S (j- '(4'A-R.) /fJ-'Ie:AIt , err..) CAN lie

~At. C.UI..A760 /1'1 A- Sll'flt.A'- wAy AS rile 2-,/€AIl.. /-1l€<PCle:NC'I.



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJ ECT ....z.II.L..·~'/b_&!i:<!t1u.LJLJQt.l.lLJlu.,~lJlUoIc:."",;s"......I(;,ILC,,;~I't~J4=NIUoULc:Au.L,----_ PAGE -3. OF L-

DETAI L -'---"E.....X"-LAu..tIJ.....P.-.lE""'---"=#....--.:=:2-~ COMPUTED DATE _

____________ CHECKED By DATE _

~~Qt.i.F"'G'I

2-,/1<. ~-~f{ lo-'1~ 2S -'I,q, '5D-'I1l. L1)f1.,/R.,

5-Hl'" i./·56 (,.fJO &>,11~ 7,1/1/ 8·7(, 9'~fJ

/0 - MIll! 3 .tit J./.2fJ 4-'11 ~S2. !.#·UfJ 7,ZtJ

I.f"-HI'/ 2·71, '3.'18 ~.D() 4.(.1>0 ~'I}" s;'·it/

30-1I/~ /,g~ 2.·31) Z·7tJ 3·DI :J,SD .3.~(,

1-I"Dt.l~ /'/2 / •.15' /·5"1 /,81- 'Z'IZ, 2·35

2-f/,ul. ·(,1 ' y / ,91 l·ofp 1,23 1<514

3-tl()l/~ -tiS "S"t '(,3 -77 ·f1 "93

,- tIo(J~ .1. (, -33 -38 ,1./3 '15"), - S'7

/2-114ul "/f ., '1 '2J ·2tp -30 ·3-/

2 "-II"f/ t. .08 "/1 ./2- '14/ '/7 -/7
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJ ECT ...LII;~'I/)~/l~'L~O~&!.!/.!.=c...:........AA:.t.lti=:..:SO!!..!/'J.It,U!A!L-L.n~A~MC!J<I..'ULt.A.J.L,,-- PAGE L OF~

DETAIL _.;i!!E'~XlLAZ!..!'1.!J.t~I..~~.........:#~3z- COMPUTED DATE _

______________ CHECKED BY DATE _

Ultl1PLe #' i-A!. j)E.s/~4 A ID"-'IG,4A.~ /'-H4U~ ,eAINF;f(.t.. lJ/.sTIt.18«iIO";

Fo~ II ".2. /1,1. $AS/'/ IN 'TI/£ eA~~FHc ~u.Pd,e.r /I~(A.

'PRoct!/)'iI.t5': SiAl'F rillS IS A SM,.f.L ~AS/~~ M ;4~/AL PbalTloI'I IS NN:4tfl).

AI-Sf)" Sht/CC Till' BAS/N 1.$ lF$S 711~"" p·r ",.;) 175 1'IA..s S (J"/Ufl

W,t/I./) &E 5"·""AR.. TfJ THt:- ?A7rcAAI 4f 1 I'1ASS e(/~~G c,r- 7i-IE

I1A~tI/tL' 5(7 TIIGSA,+/e ?;lIlC~/)IHlES (NtJAA) WI'/. ~E tis./).

@ C/JI.CUt.ATe lilt: HI6tIlt!Sr 1$-/'11" £AIN,e'Al.L OcPill. 7,111,5 /.1 .l>4N~-8Y tI.II.v6J

THE /HF"~MATllull/ FA.,,,,,, EXIfI1Pt.G'.:It 1:

IJ-1"11"JPFPTII:: (l3~HIN)"(I'!d1'N)lJc(lr#= j·'13-1·'III--o·t.(7·

7#1$ VAlUE IS eON.$I/)C/t.:D to 8e rll~ J1"..s 7 /N7t=IIIS4' Pf)~r,(># dJ:' Tl'lc- A!/fIAlFA(.L

/)1.JT~/8ur"N AN/) TIf(J~ I'1fJ! l' gG Ptll-c~1> fi r 1#4' (,~I TICAL i..oC" TI,M' 0,1:' TH~

HASS C-tJII.rE. tJ,eNt=Mt.ty /.,. /..$ 1Jt./+c~lJ ,4r T/I~ ec:;{r£~ ()j: rllt:- HASS C,,~V'e.

FoR TIk: PUi.P6'/tPS t;F rillS &XII',;,Pti'j) IAle WIt.L. Pt./fCt?' 1 T 7fJ TilE' 1(1 c,,11 r. T#I$

WILt.. tJE IN ,<U,,,l.o,.,""F WITH rll6.- IlAII'I""tt.. 'pA-7Tt!~I'I/.$ /N 1'1/,; Jf1ANtlAt." /lu. I.7r
Wille-II ALe SlIlFTeD if) THG .e/~IIT 8t 'Ij- MIA/fiT'; s. THEoN) P'A~t: Tile: Ir- /"II'"

PEIfK Ptuiu.cIAlf4 I/Al-Ilt! A r li-"fE ~:d" of (He bc:sl"", T'*&F.

{'At It./t.ATt Tile II&Hes7 31J-HI.III VALlie fit"'}; Coli/riA/US ,,'" I'" TIlII l' FASI(J~:

3C-HIN /)~PTII: ({JHOU~) - (3(JHI"))/)~P711 =(Z'JS-/JI3)/z = ,'2./

1111$ VAl.tI& ~'L..IG Pt.AlE.IJ A7'7i"'~.s 3:3tJ AN/) ~:/S'"'

{- t/fJg~ I;tfI'TtI =' «( tH(J"'~) - ( t Hdd)) /)c:'PTJ.I :: (1..7/- 2 ,35)14 :: 10 tt
TII/~ V~Ll.lt I~ PlAC.e'./) liT 7t~FS 3:(16" 3:1'.J J1:3o." A"'~ ~:4'5.

1- Hd(J~ l>c,o rI! = « 3 HCI"~) - (z H'UR)) /)trfJTJI :: (Z.<ir' -'2 .11)/~ = .0 (P

-rillS VALt.JE /.5 Pt ~,e:b fi T 7il'fc.s z :30:J 2: 45, to: DQ .J Af'/t> 5: JS.

3-t6ull. I>eprll =((6> H'(I~) - (3 }lout)) lk-PTII = (3.'-IfJ-Z.1S)!t2. :' 16 31r'

7111S Vl9t£lc IS Pt.AC/?,l) /97 7iH€.$ 1:60 rtJ Z:If" ~fl/Jj 5:30 To (,:4~'



· FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT PAGE ...K OF -=S-'--~

DETAIL COMPUTED DATE _

____---------- CHECKED BY -'--_ DATE _

5'111t.~ rile- Ir-HIA/ Pt1L. 71DN "F 'TIfG l>IS 1~/8u TicAl WI1S SIfI,e-rC:b 8 y 4 S 1l111l1C1T'~.s.~

-rile '-AST .3 #UI'18t!RS Wll.L ~t1 8c,/tJA//) ~: OD • i#l$ IS 7AKe'" (!AL.~ (IF S r
Pt.~C.I"'t. TIIG$G AlilI186RS ;::-(J~ 7iMFS (JUr' TCJ a: tiS WHICH ~U~ItC:"'T''I ,IAVI'

fila Nf/tfBIf'R5 IN THen.

@ Tilt: r;,liNE~IfTtf1J NClI18E'!!.S (JAN Nt1w 8e /R,el'£CScIll7t..=j) //1/ "THe: C"""U/.,47/1/(i'

HI1.I'1 WH/Cf{ e~~ BtE i>/~FCT(''1 r.lSC-:u Foil. 11cc-( I/IIPUt.



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT ,;'1I/A.1l ( Co eA ell, 'I /-6lit>Li"C'J '7I'2A "'«4-( PAGE 3 OF ~ 2
DETAIL qtrHet,f .;#= 3 -A COMPUTED DATE _

____________ CHECKED BY DATE _

})t?.>If.AI ~AI",t:',4,t.. "lJJ.SrJ!.J8u.r/();J
\I\8I.E

I\Me ( ~al.l~~) RA/I'IFAI. '- (III/~I) t:u H· KAIlIf"AI.( 0,((NJ)

0: 0 0 ().()f) 0." C

0': '5 '037)' '()37J

0:30 .()J 75' ,[)7)

0: '"is ,o11:! "/ItS

t~()O -b)7[ ./J
h \5 .OJ7( ./f75
\ :.30 .oJ?] ".,tz;)

P t.fS' ·o3?! ,Zflt.{

2.: 0 a ,OJ?! .. Jo
2.: \5 ,oJlf .J]?)

z: 30 tJ·()(p oJ 9?1'

2: "'15 d.o ~ ·~J7.f

j:O() d. ~ q . ·SJ,f7J

3: \5 o·()"1 '411.('

c3: 30 O·ZI ·g~7.f'

.3: "J5 &·'17 /·3J 7)"

""( ~ &' () /. ~~ z· 77'7S

.I-J \J S e,,'Z.1 2'9'g'lf'

Jo) \ 30 0'0,'1 3.077}'

"J ~ 1.15 ""o·t; '1 ].//,q 7)

5! () 0 tJ·()f9 3.l1.75'

5'.'5 o· 0 tI ;3.2, ~7J

5:30 • tJ3J{ 3·,3J.~

S :'15 ' d.J7f 3.3"2.'5

f.s, ~ D() · (;)7.1' 3· ti~
•
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT fI'//),.eOLQ(;,U. ~Slf:,ti I1AIW./AL

DETAIL EXel1Ptc #3 COMPUTED DATE _

______________ CHECKED BY DATE _

be:Sf6N 1/ IDI-tli/lIC, /"-HfJClt. IfAII{P!f.(.L .DIST/(.18"7,~1I/ Nil..

11- '5.0 1'1,.1. VlATEIl.~lItS.D 1/1 rile 6fI!.FF~t: fi'~P'IlT A~!A-,

l
SINCe 7111S WATcASIIG/) IS /./lIl.6.lrR. TtlIII'/ 0·5 11/ , /1' ~tF~ull!rS

,4x,f,At. Re:/>IJt.TlDN. (BINI. Fi~,,~tF 2., 'FA.bl'J ,rle nIlN'''H. , /1

Fc~q'TlON F/JCTD/l. 0,:' o.,r,S- IS tI.5a:!>. TII15 WU.L- 12c=sUL 7 /N'
.• filS' (J. 'If)) ::: 3.2g 111I.7 wHC:~i? 3· '10 IS rile: 1(}I-iv,41<. ~

/'-lloUK. PIJlAlT /2,,*'/'1,:'141.' 0Jl.lJ 6"J ('6/11'" Tt:?D IAI #'XltJlfp,e- -# I.

Hol'1 ~/6, "I.E' 2./1-, rile PllrrGt.IV /)/.,5 Til/BunDA! ;:::'tJ'- THIS IJ e,=/f

/~ ~rwc6N PIJT1c~A/ =/f:z. 1'1-/111> PI17rCI!##'s. 711e:- e(.CJS~S7

VI1't.lc WOUL/) ~t 2.)1/ ~ WIII'/l We WIU.. KtFFtIl. 10 AS

?1J-77tF'1t,y:# 2. ..3y.

TO a.c7 rilE 6J1l.~E.sA~tJlIt/6 ~/US C"/l.t/t?",) VAl.t.I~S 7='"'l,,Nj I'ArrcbU.:Itl.

AI!E At>/Jel> 7"0 3'1 ~ of 711t" /)/rrc~tF"A/!c 8ETVVtFC="I Tile VAt. ,,~S

~f:" J>"''''Tc~II/:l2. AN'I> ?IfTTtf'~N .#3" WHICII /I,etS' ,e~A.D r~()""

i/9BJ.E 2.;"·

d/fC€ ;;>,4 TT6'~/'I =# 2. .j4/ /5 CIN'.5/itI((.rt?1:> ~ 175 C~E~t=N7S Aec

/'ftli.7IPI.16}J ~t Tile /(A/,yrm.I.. (5.2.i IN) ) AI'I,}) 7/1c4 rl!~/

tAN 8~ t./.5Ej) ;4.5 biLFt.r /l'Il'tJ7 /N70 /-I£C.-I /31 /)/1//JJ/It/6t

'THtF E"t.cl'1c:1l/75 8'1 /od.



•
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT MtctJfJr4 CorbIT! I!tO/U''''i'l 1'//P/IIU/fL. PAGE) OF~
DETAIL !5rAI'1;Ptt! # 3 COMPUTED DATE _

_ ----, CHECKED BY DATE _

-ririe.': *2-- ::#3 'Jr(#'J-th}
C'

:Ir 2- Jil /lAINrAI.c..

0.' Or) 0.0 (/. () C?o o· () {}. 0

0: Ii (), (p /·S "'3 0''1 ,o3 fJ

o : Jf) /.;. Z·o 0·3 I·) • 0 "1
(j-t Iff Z·(J 3'0

./

(J'3 z. ..J .071

o ~ {go 3 ·f J.f '8 (J.e, 3'7 ./ z, I

, : If 3,~ &'03 ~. g '1-7 - ( 5" 1./

I:J~ ~!' 1 7,' 0-' 5·t .. ( '10

,.' ,-/) 5'7 9'0 ,. I ti,t . 213

l-:(J() (,'7 If) ,i ('3 1,t> ·2&z.-..

,Z.:I{ 7·(, 1/·9
.. 1, I .lete{I'j

2 ,'Jo g. 7 1)0{ /. fJJ /0') ·J3(;
l :..;r (fl· " JJ,2 I f ~ II' 8 ·3«7
):0' /lID 17,; (. tt IJ·~ - 'fits,

3: If 111·) ll..1:- ~D /f·J • fa' 0

3.'/0 2S·/- 3()·t./ /. 7 2(,,' 'ff Z--

3:"f '15./ 1.17' 'L d'l #5tt j')d 1-

'i.' (Ja 1..1·{ ~·l. 0 -f)'7 fJ 1"'; 2. L ..j

1:/{ 13'7 79'{P -I,y ~l·3 2·70

,,:j() 'fd·d .~~, f -/,/ 3'1'1 2- d? J,

1: liS t/j.g- 9/·2 -0'9 qz.'j 3'o{

5: "0 9"7 qtf·~ -0 '7 fj(P.o .3. ,(

5:/)" 11:.5 '17· 'I -(J.y 99'·/ .1. z2-

S .''/fJ '11,' fl·(/ -0' J 9Y'7 J.2.</

5 ~{.s r9·1) 11' 7 _t)./ 17" 3.z,'1t./

~ :dQ '''0'0 /0". " ()·o ! 1"°' () 3·2fl ;

•

•
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT J.!YDROt.oq/C DES/tiN MANUAL. PAGE -.1 OF~

DETAIL UAI1PI..c YI' 1/ COMPUTED DATE _

RATIONAl. ,A-(£TNtJO CHECKED BY DATE ---

A RETENTION 8AS/N /S TO BE PES/~NIF() ~Ol<.

AN URBAN WATeRSHED WI-IIC::/-i HAS 'INC'
F~1.1.0WIN~ PrlYSICAI.. CI-IARAcTFl<lsrlcs:

C.AR~FREE I

I+,O 0.<= r"e:s
LOCATION -------+0-.
AReA --------....
n.Ow' PATH Le'N~TH -..... /.23b IYIl.

AVcRA<4€SG.OP£ .. 3'3 Ft/M'
L.Af'JO USE' III 70% SIAlqLc F':4HU.Y Rt;SI'l)cNTIAI-

30% L I 4Hr IAJOUS-rRIA L..

E~r/f1ATc THt: P£AK [)ISC#AR~E" AT rH£" PASIN /NI.t:T AND
Tile' vot.Ut'fc OF RUNOFF n:;. Be- ,e6'TAINEt>.

STEP.1 : P4'T£tfMINK rile' !?tlNt:JFP' COG'rrIC/cNT "c" (TA~l.E' 3.2.)

70% R~$II)e-NTIAL .. o. 1(0

30% LI<.jHT I,v/)L4STR'AL......o. ~S'

(..70) (. '(0) +' (.30) (. "5') :II o. ~7S-

STEP 2,: CA L. C U L.ATe -r;.

L :: /. 23~ mi.
Kb: 0.027 C
S :& 33 -f"i:/,.,i.

.so v .sz S~ll .•./1
7C. ~ I/.'( L AI> L

PL.lI~ IN rrla KAlt'wN' VARIABLeS: .

).so( ).SZ )i31 -;387C::; II. 'I {/.2.3~ .OZ7 (33. (i)
-,;. = o. '55' 1.. -: 3'

CHOOSE" A 5TARTINq VAL-tiC' PCJR -r; I SAY 30 min. AT' Ie
:# 30 min., TH'E /~o - YeAR RAINFALL- INTt:/VSlry IS i<OO in/hr.
(I-D-;:: Cf..lR.V$S, Flq.3.2). SINCE' TNI' WATERSHE'D IS OUTSIDc

THe PHOeNIX AA'e"'A, 'TN£' /Nre-tVslry VAl.lIE'S #(./5'8E'" AOJ usTED
U$IN4 THE 4:QUATIOA/ //11 SFC,/olV 3. s: I. 3 :

. . IU
1. = 1..1' 2.07

wf/£R,E' i.,P /$ 'THe 1,v,e-NSlrr VAI.Ue- THOI*( rl<$. 3.2. AND 1'15 is
THE' 10- YR I 6 -HR PC/NT RAINFALL.. PEPTH rRO/Vf r/~. 2.. "I .



COMPUTED DATE _

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT ---'- PAGE ~ OF _2_

DETAIL E'XAMPLc # 4
______________ CHECKED BY DATE _

IN THIS CAS E : ip II ¥. 00 t.'n/",. 1 Ptt#" =2.30 J..:11

i/H- 'I. dO (::;~ ) = <I. 'Itt i~r
-:31

AT to,e.:' ~~f'4A/Ar : 7C =d,'SS ('IJIII) :or 22.3 ,.,in

TRY 7C = 20 /l'Ji,,: l~ = s:/0 In/hr

l'H:: s:10 (;..::) = s-. '7 t:n/hr
. r (. )73'AT '-I•• = oJ."? in/ltr .. 7C =a."ss S:'7 :: 20.3 ""in

So 7C;•• =20 PII.:;" ~/I1{' = .5:'7 i~,.

STEP,3: CALCULATE" PeAK {)ISCI-IAR~E:

G pK = C t.',~ A =(.1175)(.s:,7)(1'10) = 377 cfS

01(

STEP If: CALCULATG' RETeNTION VOI.UHE (v)

V a C(7t)A
WHeRe I?': 1.$ ,HE Z-H()"~ , I()()- 'Ie-Ale. PtJlNT /(AINPAI.L DePTH (in).

A<1tAltJ, SINCe- THE }v'ArF~S#F" IS OUTSIDE" THE" PNOFNIX A~E'A 1 A,s Ht.lsr
BE CALCUl.ATED F/?OM THe OURAT/ON CONVc/lSICN FGuATfoNS IN

SE'CTION 2. '{. ~:
'(,00 =- 1. - #tJU~ , /()~ - Ye'AR PblNT ~AIN,&"ALL (in)
'(,00 = 0.1.(''''' + O.7S'~ ()(3) (XJ / )( It)

wfotER, X3:: ~ -Hif , IDO YEAR pC/NT" /(AIAJJ:'ALL • 3. '10 i" (P/~ 2.7)
Xli: Zl/-HIl, /00 YEA~ POINT RAINF"Al.L = ¥. 70 in CF,It::, 2.13)

So: ~oo =0.41''1 +-0.755' (3.4/)(3.L//~7)::23S i.n

Xl. = 110: =0.31f1 (X.J) + O. '5" ('(,00)
=O. 3'f I (.3. q) + D.'St1 (.2.35) = 2.7/ Ltl

FIA/ALLY: V = Q 1./75" ( ~'J.' ) /¥O ac = 15:02 at:.-fr
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WAT£R.SUEO 8OWIDAR.Y
SUBBASIN BOUNDARY
WATEItGOU RSE
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~..vr1lATI0N, "'NT

ScCONDAII.'( FLoW PAws
PRIHAR..Y FLow' PA TH
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PROJECT flYDROL.O~/C DrS/tiN /'1ANYA L

DETAIL Ej(AMPLeW.AT~S"'ED COMPUTED DATE __

~----------CHECKED BY _--'- DATE __



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT HY/J8ot.OGIC DC-SigN MANUAL PAGE ~ OF~

DETAIL eXAMPLE" \A!ATERS'HG'J) COMPUTED DATE __, _

_____________- CHECKED BY DATE _

su8BAS'N CIIAR..ACTERIST/CS

SLOPE'
);#: ( ".i.' (~ LcN~n, 'N) (rt/Me.

.1- /.sz 33 2..t,S' /10. '10% ;¥Ul.rI - (.11.1I'C A,(fE'AS

(,0% APAfI,.TMOVT AReAS

Z 2./7 2.1 /.8S' 30.S" 100% S/t.lCiLE' FAM/1.Y
~FSIDE/tITiAL.

3 0.9' ~2 1.13 /0"1. sa~ L IliHT IN OllST~IAL

so% /)oW1V71JPN AI1EAS

1- 0.8" CJ /00"
-

/·¥f &37. "/1/DEVEI.O/V"O

f)e:s.rt l¥ouNTAIN'

WATERcouRSES

SUBBASIN DESCRI PTIoN ~EoMET~
AvE'. AVE:. SIDE.' MANfII'NqsBOTTOM DEPTH:1= WIDTH (ft) SL.OPE' ' n'
(ft)

I 50/L. Ce-hEN'r
T~AP. ZS"' S- 2:/ .0/8

'-'All'/)

2. ORE04EP&rJl I<ecr. /S- - .022-

3
CONC,I(E"T/F ,RAP. 35"' 3: I . o/S"

LINIP

1 NA7UAAL.
TRAP. 15' 2 2: I . tJytJ

DESERT
STREAM



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

COMPUTED DATE _

CHECKED BY DATE _

PAGE ..L OF _2__MANUALPROJECT f/VDROLOlfIC .L)e-SI($I'I

DETAIL EXAHP/,C :# S-
GREEN i AIfP, Loss #£7"#00

SCENARIO: CA Leu LATE' TN. GtR.EEN AND AMPT to OSS PA~AI1ET£ItS FOR.

SUBBASIN ~.y ",. r#c cX~HPLE"' WATE'~~H.D. ASSlIl'1E
tHAT 'THE' WATE'RSHE'D IS L.OCATE"D WITHI'" ,HE
BOUNDARieS' OF' T'NG" 'f S()/~ SUIlv'4'Y OF AC$U/LA 

CAft.liFII..fE ARe"A I PAR,TS OF' I"IA~ICOPA AIVD P/NA L
COUNTieS, ARIZONA OJ. ASSLIHE ,He- J)FSIq>A/ 3"'0./1
/t) Bli A ~ - #,1(, /00-'(1( EveNr 0': .3. S; ~o ~tJ I NCHFS.

/'tI(JIf~FI/S Aile' ;&6t4Nb .DN ,HFSt'lt.

SURVEY HAPS AND IAID/CATE' .5{')/i.

HAP lIHlrs.

• srEP 1 Pl.ANIf1E'TFR /"lAP lIllNr ARFAS

",,/I r/'lllV r#/F Stl8SASIN. ASSf.lNE'
POR r#l-s CA~E:

PERcENT TOTAL. A~E'A

ZS%
3~%
~O~

100 "

NorE: RG'FFR to Of NoreS OIV CALC"LA-rIN.~O$S PARAH~Te-RS" IN' CHAPTeR.,

7 ANt) API'5'DIGE3 A - D t='()~ ADVICE' ON COlVsrRUGT"ION t:JF ,He
FOt.GCW/Nq rA"LE.

STeP 2.:
HAP ~..
UNIT liAr
.. UNIT

COlllsrRuCT A TA15LE" SIt1lt.AR, To 7"Jle" rOU,OWIN/4:

so,L. ""~TlJ~AI. DTurrA . PSI F )(kSAT
NAMe CL,i\SS c.:,,) Cc:,,) ",,/ h..)

80 CONTINE Cl.A'i . IS' 12. 'I .01
22. [CAItEP'1t1'l Cl.A'l' .IS 12. " .01

20 f!aON SANO'! t:.LA'( LtlAH .ZS- 8." .D'-
HOHALL Sll..T'( LOAH • '10 I..' .IS-

I/O CEllUlae FIlii' SAND" 'of}"''' 1 .35" 3.S';so ~HOLI G.AV,."r SAN'Y 1.6A1f .1(0Z, 20 CARIUZO 5MvtLLY SAIl" J.(JMfGILMAN 1.004M .35' "1.3 .25
10 14R'PO SAIIIC)yl.OAM .35" 3.S' . vO

~ItRI'ZO SAND .35 /.., .".••0

20 LE"HIfA/rJ$ SANDY CI.AY LOAH .2S' 8." .06fARiza SAN D'f 1..0AI1 .3$ 3.$ • ~(J
/04 20 /iliA SANlJY LOAM .3$ 3.S • ~(J

PINAL('NO SANDY CLAY .ZD '.'11 .oz.
'0 Roa Or.ITCR" - - -



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT ~ PAGE ~ OF ~_

DETAIL F)(Af1PL.e S COMPUTED DATE __1_

-- CHECKED BY -'--_ DATE _

STEP 3 : CAL.CULATE WE'/<iH,G"D PARANETE"RS FOR eAcH NAP uNlr

UNIT 22: OTI-4ETA = .80 (.15') +. tJ'7(. JS)+.0'7 (.zs) 1-. ()",(.1I0) = .17 Lt'\

PSI F ~ . Bo (lz."') of- • 0'7(IZ.II)+. 0'7(1.') .,.. 0'7 (~") = 11.8 Ltl

X'(SAT:: .'0 C· 0') .,. .0'7 (.0') +. oe.7(.0') +.0'7 (.IS) =.oa i.n/hr

UN,T a,: Di~E'TA;:.35 ion

PSI': = .'/0(3.S) + .O.13('i.S)+.~.33(3.S") .... OJ3('.Cf) = 3.5 L.f!

Xt<.SAT = .'0 (.1(0) +.033(.ZGJ+. 033(.4'c:J)+. OS! (4/,,,) ::. • S'.3 '-o/IPr

UNIT 10"/: OTt-lETA = .So t. 2$').,.. "7 (.35)1-. "7(.3~)+.1"7 (.20) = . 28 '"
PSIF = .SO(8.I.)+'.1"7(3.S)+."7(3.S)+."7(?iI)· lO ,."
XKSAT II .$~ (.ot.) +. 1t.7 (. ¥o) + . It. 7 (.1./0)+ . I&. 7 (. Oz}::. .17 '-',,/;'r
RTIMP= ,0%

STEP 'i: CALGULA.TE:' WEItr,J.li£t> PAP.A.f1E"TER.S Fo~ THe
SUB8AS/N BY Pe-~CENTA<i£' (!:;F sO/£. HAP UNITS

DTHrT'A. = .25'(.17)+ .JS'lJ 5') -to .lIO (.Z8) : .28 in
PsIF = .ZS(t1.8)+.3S' (3.5') .... yo (7.0):: 1:0 in *
XI<SAT • .2$ (.02)"'.35 (. $'3) ~. "10 (./7) =.2" in/II'
R,TIMP = . 'YO (~O) :: ZIf %

srcp S AOJUST XJ<SAT FtJR PERCENT VE"~GTArlol\l
COVER. liS/Nt:; nc,URc J/.IO

ASSUHE' 2S'% AVE~A<$E VFt$G'rAi'lON COVG"1e oVE~ tNE" BASIIV, rNEN

XK5AT =.2b (1.17) = 0.30 in/",.

STEP" : SeLE'CT A SURFACE ,f'GrEIV,/O,y t.oss (IA) FO~

TH£" SUS8AsIN FRal1 TA13LF 'SI./.

FOR. TI-#'S EXAHPI. E J AS,sUHE'

SS" /I".I.SI.Ol'6.5 ---+ . /5 ~:11

/.5% l1~uNrAIN ---.. ZS' l"

IA= .KS(.IS) or .15(.2S) = 0./1 Ul



COMPUTED DATE _

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PAGE ~ OF _2__MANUALPROJECT I-/YDRO'-O~JC DES/~N

DETAIL ':XA M F'L.E #,
_ --'='Z=I._+_U_'t.....;.R.-"-- CHECKED BY DATE _

:&NITIAL LOsS PL.US UNIPaR.M L.OSS RATE
8Y SOlt Tcxrt../I1.E AND HYDROI..O~/C SO/I.. ~RoUP (HSC$)

SCENARIO; CAL.CULATE THE' INIrlAL AND UNIPDI(M L.OSS RAT'
P,4,R.AHETE"R.$ FaR.. SUBBASIN #"1 OF ,HE E~AMPLc

WATeR.SHE'D. ASSUME THAT THe WATE"R.SHEO IS

LOCATE'D WitHIN THE B~UAlOAR.ICS OF THe" SOIL.

SUR.VEY OF AqUI L.A - CAR~F1I!.QE AR.EA, PAItTS OF
MARICOPA 'AND PINAL COUNTIE'S, ARIZONA. ". ASSUME'

TflE Dc~/~N STCRH Ta /IE A '-I-I~, I()O- Y&"'AR.

EVEN., OF 3.5' Co 1': 0 IAlCHE"S.

NorE:: R€'F'E"R. TO « NorE'S'ON ,CAl..CULATINq t,oss
PARAMcTE'R.S II IN CHAPrE'ler AND APPE'NOICcS
A-O FaR. ADVICE' ON cololsrRuc.'/ON OF rH~

ro(.u,wIAI<f TABLE.

ST£'P j, •
---=-' PLANIH4"r4"~ NAP UN/T A,feAS

WI,N/N rAtF S(/8~AS/A/. AS$tlhE'

r()~ r#/s CASE':

HAP UNIT PERC.tiNT r"rAL A2E'A
2~ 2~~

2~ 3S~

/of.( I/0"
/00."

STEP z.: CONSTRUCT A TABLE:

MAP -/0
UNIT MAP SOIL TtXTU itAL

.. UNlr N"'M~ Gt.ASS

H
S
~

SOl!. Ttl(TlAltlr'

I IL ct.ls-n,.l
'I.·n) (" i.tt/ft,.)

NUH&FRS AU' FOUN/) ON
THE SOIl. SUR,VI'Y I1APS
AND INDiCATE SOIl

HAP UNITS.

HSGt

CiVSTt.1
Cion; ht')

•

80 CONTI"''' CLAy .3 .01

Zz. fCA Itrrlfut CLAY C .3· .01 .S- .I.>zo E6<JAI SANOr etA-Of t.~AI'I ." .0'"/10NALL SILTY LOAH .4t .I$'

110 pENUICE rINISAND'f 1.0A/1 130 MO/'1D/.I .....v61.4y .5AJ(,y~~Nt .7 • liO
Z9 10 CAUIZO IIIAVI'U' $Alflr 'OA" B .S .ZS

10 (ill. MAN lOAM ., .ZS
I'1A RJ PO SAtJDY jOAJf .7 • 'to

CACRlZD SAN /.3 .,.r.o

20 I. 6HHANS SAAlD'( CtAY ,"OMt ." .01»

/0'1 fARIZO SANDY LeAM 0 .7 .1./0
.'1 •oS"10 E4A SANDY LOAH .7 • &/0

PINALENfJ SANDY Cl.AY ."4 .02

'0 RQeJ( OUTC~OP - - - -



/~

COMPUTED DATE __I

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT ~ PAGE ~ OF~

DETAIL £XAM PLe # b

----------- CHECKED BY DATE _

STeP 'I: CAL.CULATE: WEIGHTED PARAMeTERS FOR E"ACH HAP t/lVlr
NOTE:: SKIP THIS SrFP IF tlSIAlt:$ THe ~CJSS PARAh'ere~

FOR #YPRCI.OQ/C SOIL qROU PS

UNIT 22.: It.:: .80(.3).,..0'-7(.3) ..... 0'7(.')+.0'7 (.'):.3Lf i"
CIIISTL & .BD (.0/) +. 0'"7 (. 0') +.0"7(."')+.0'-7 (.IS) = .02. i.t}/A;-

UNIT 2': IL: .'0(.7)+.033(-')+.033(.7)+.033(1.3) = .72 i"
CNSTL. = .10 (. tlo}.". oJ3 (.2$)'" . a.s... (. .,oJ.,.. o13(¥.,o) = ..$".3 ,.:,,/A,.

UNlr /4'1: IL = .ro(. ,) .,. .1t.7( .7} +: 1"7 (. 7) +'. I'" (. 'I) :: . ,"0 i"

GNSrl.. =.$'0 ( .06)+ .1'7 (. ,,~).; .1'-7(.'10)-1>.1(.7 (. oll:: .17 ~:"/I,,'

//TII1P. ~o"

STeP S': C.AL.CUt.ATE WCIt$rElJ PAR.AHe-r'ms FI:'~ THE SUl!1!JASIN
131 P£~ccNrA~E o,&:' SeJll. /"fA.P UA.Jlrs

ro~ sell.. TG"xrtJll£:
II..::' .lS(.3 '() -I- .35"(.72)+. rot. 60) =.$'8 ,:"
cit/ST!. 1: • Zso (.02 J.,... :3 5'(. S.J) +. ",0 (./7) :: .2' ,,,/;,,.
RrIHP= . '10 ('0) :: 2'1"

FOR NYiJ/l()La<;,IC salt. ti/lCi.lps:

It.:' .25'(. s).,.. 3£ (.s).;. '10 (.,,) = . '1'- 4,'"

e.AJST(. = .21: (./5).;. 3S(. 25') 1". 1/()(.0S') =./S'" ,,·,,/Ir,.
NoTe: IJ" Nor /NCLUPI A VAtU. pel: R7//1P WNEN t/SIII/<j HS4'.s.

SELEC.T A .suR.FACE" R£TENrloN toss CIA) PRC/'1 TABLE ~/
AND CALCUI.ATE STRTL:

F't:;~ rWls FXA 11". E ;
70" NII.(,~(."pe-s---+ . IS-I.'"
30 % I'/'tJtllllrAIN' • • loS" i."

IA = .7(.15)+.3 (.ZS)=.I8i"
Ft:J1( 5 OIL rrxruRE : S'fRTL:. 58 ~'" +. /8 I." = •u. /.'"
F'o/f NYP,fOI.O"'IC SOIL ~ROUPS: ST~r,-·.ii'"',, "'./6 I.'" # • ''I tit

STEP' :

STeP r : SElEc.r A V5"CiErAT/d,vc.OVq'R AOjUS"Tl1cNr r:4<:ToR
F"~ ,HE"' BASIIV FROH r/t;t/~C' ~/tJ.

ASsu!f4' 2S'" AVE"RAGtE" Vc~E'TA'-IOAl covE~ F()!e TN'S- 4"Ifff'IRE' BAS/All "'THeN

rOI2 stJu. r.xr",~E"" eNS7L = .2'- (1./7)= .30ln/hr

FOil. IIY/)/(Cl.O<';IC 5011. cfHCtJPS: aNsr,: ./S( /./7) = •/8 ,,,IIt;-
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SCE'NARIO:

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT 1I~[)ROt. O§/C DeS/tiN /'fAAl UAL

DETAIL EXAMPL.E" :#7 COMPUTED DATE _

CLA~K UNIT J-/YDROt1t!lAPH (tJRI5AH) CHECKED BY DATE _

OGve-~()P THe CI.ARI< UIIJI, /?,Y/)/C'OG,IlAPH INPUt PAleA ftcTE"RS

F~~ SUBBASIN #2 OJ:" TN£' ~XAI'1PLE' WATE"~SHijJ).

STEP.J. : ASSG/1"t.6" I'HY.s'/CAL BASIN CHA~AGrE~/.sT/~S:

ARE'A :& 2./7 Mi'. 13S~QC SLOPe (5) =.30.~ -F¥IIIl

F~()W PATH (J.) C /. 8'5 ",,' " .IHPc,qV/O(JS#~S ~ 21

STEP 2 : CALCULATE" THE BASIN RB/SiANCe- ~CcFr'I<:/cNT" K6 USO'4

FIt:,. S:S, tABlE" 5:/, e>1l rN£ "7;; IR WORI<5H£",r" (A'Pfi'NQIX E).
SINCE rH/5 IS AN Uif~AN BAS/All #}:& ~ 00'-25" Alit> b=. ()'1

KIJ =M (/OJ A) +6 ~ ~ tlo"zr (/D.!J /38') +.01/ = 0.020

STEP 3 : CALGt.It.ATE .,; AS A FtlNcr/I'hY 0': .i :
Norr: RE,r~~ ro rHI' tt/~~KSIle-4"rPtlIlIN~ rilir R£HAININ<? sriF'.ps, OR,

USe ,He- F()1i7~AIII P~Ot$R.AI'1 HCUI-IP:J.. EX•.

.,;:& I/. ¥ L''''~ ·rl5 -:JI i .. J~ 7C: It~(/.8S)'~' (.020)'1'1(3o.sf"t,· -: J' 7C =.703 l -.38
~

•

STE"P -¥:

STEP S-:

S'cP~ :

srFP7:

srt:ps;

CNr£~ RAINFALL I t,()SS I ANI) C~ARI( PAR-AlterE'/( PArA
INr() AN Nrc -1 IA/PV, "reI< I Wn"H 7C. F R S'F7' £dHJA L rc

%G'~t:J. RUN TO <E,.IVIT~ArE'A RAINFALL -I.CSS - £'¥C4"S$ rABLI:.

US/Net Til£'" Jt/()~K5HFFrAND THF l?eSU~rs c",. .sre-p ~
C,OIfPtl,.F "1'11" Al/E"A'A&E" 6'KC£,.$S /NrFNS/rIF,S ~c.c A rll"14"

PFltloO t$ltrATcl!. THAN -re..

CALCUI.ATF 7C IJ'( .:rrlrItA r/CN. "/.'" VALUeS A~E" ~E"AD PROM

/,J,IG' ~RAPI"I. CALClI£ATt: ~.

aN"-E/< rH£" 7e I/? I/AI.UG /,yra THe' He-c-J. /NPur P£C.,l(.
SE"t..E"cr A ,/~F- A~E"A Rtrt.AT/~N I IN' ,1'115 cASI ca~VNN

Z OF 'TABLe- 5:2. RUA/ ,He NEC-:/' P,(lCt.;/tAH. (St:e rhe.
.f'Dllu//", oSahlp/t!. #FC-.t. ~'A,P"t- ~"" t!Jutp,rc'.)



CALCULATION OF Te & R

Calculated by:
Checked by:

Date :__-=- ---;::=---_
Project: EXAMPLE" ~

'Watershed: EXAMPLE w'ArERS#£"/), Subht:fsin. # 7
Rainfall Frequency: /00 - yr Duration: " - hr. Pattern #: I.BS-

Rainfall Loss Method: [ ] Green & Ampt Method
[XI IL + ULR by soil texture
[ ] IL + ULR by hydrologic soil group

Tabulate Period of
Peak Rainfall Excess
Clock Time Increm.
@ end of Excess
Increm. in.

Rearrange Incremental Excesses in
Order of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Time Excess Excess Intensity
hr. Imin. in. in. in. Lhr •

0335 . /'1
031.(0 ./"'1
03"1£ .I<J
0350 .28
03SS .28
O~OO .28
0'/05 .13
011/0 . /3

S .29 .28 3.3"
Lo .Zi .5' .3.3'-
IS .28 • 8&/ 3.3'-
20 • 19 1.03 3.0~

2.S . 1'1 1.2.2- 2.<=13
30 · /1 /.4/ 2.1l2.
3~ · /3 /.54 Z.~o/

L./O .13 /. (.7 2.5'1

IR ... 170 hr ·1

A .. c./7 sq.mi.
L __-:/:-._8-::5""..- mi.
S os 30.S ft/mi.

Te (0.703) i

3.0

~.I

3.3

3.2.

2.7

2."

2..5
~o3f30t5

....
:--...

~

'" ............
:.......

r-......
~

...... r......
.......

t....

r-......

i
n

/
h

x
e
e
s
s

r

I
n
t
e
n
s
i
t

Y

A
v
e
r
a
g
e

E

. ¥.7

• 7'73

Calc. Tc

* 640)]+ b
log (2.17 *640) + (.0'1)

.52 -.31 -.38
Kb S i

-.38

i

2.82.
2.8'1

1.11 -.57 .80
.37 Tc A LR

ITC ... 0/73 hr. I

. '1/7
. SOD
. L/70

Kb .. m [log(A
Kb os (-: oo.ZS)
Kb = 0.02

.50
Te 11.4 L

Trial Te

Time (Tc) (hr./min. )-



LINE

HEC-1 INPUT

ID ••••••• 1••••••• 2••••••• 3••••••• 4•••••••5••••••• 6••••••• 7••.••••8••••••• 9•••••• 10

PAGE

* *****************************************************************************

1

2

3

10

10

ID

SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE
HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

EXAMPLE #7 - CLARK UNIT HYDROGRAPH
* *****************************************************************************

* *****************************************************************************

4

5

6

7

8

ID
ID
ID
10

ID

RAINFALL: 6-HR, 100-YEARPOINT RAINFALL DEPTH OF 3.25 INCHES
HYDROGRAPH: CLARK - Tc AND R FROM WORKSHEET
URBAN TIME-AREA CURVE
LOSSES: IL+ULR BY SOIL TEXTURE
BASIN AREA: 2.17 SQUARE MILES, PATTERN # 1.85

* *****************************************************************************

9

10
IT
10

5 07JUL90
o

0000 85

11

12
13
14
15
16
17
18
19
20
21
22

23

KK BASIN2
KM COMPUTE DISCHARGE AT THE OUTLET OF SUBBASIN #2

BA 2.17
IN 15 07JUL90 0000

PB 3.182
PC .000 .009 .016 .025 .034 .042 .051 .059 .067 .076

PC .087 .100 .120 .159 .247 .440 .715 .848 .905 .940

PC .952 .964 .976 .988 1.000

LU .650 .200 21.000

UC .473 .170

UA 0 5 16 30 65 77 84 90 94 97

UA 100

ZZ

EXAMPLE" ;#:. 7
SAM PLE: RUN



****************************************************************************************************************************'-~***

HYDROGRAPH AT STATION BASIN2

*****************************************~************ ****************************************************************************

*
DA MON HRMN ORD RAIN LOSS EXCESS COMP Q * DA MON HRMN ORD RAIN LOSS EXCESS COMP Q

*
7 JUL 0000 1 .00 .00 .00 o. * 7 JUL 0335 44 .20 .01 .19 515 •

7 JUL 0005 2 .01 .01 •00 1. * 7 JUL 0340 45 .20 .01 .19 958 •

7 JUL 0010 3 .01 .01 •00 5. * 7. JUL 0345 46 .20 .01 .19 1533 •

7 JUL 0015 4 .01 .01 •00 11. * 7 JUL 0350 47 .29 •01 .28 2104 •

7 JUL 0020 5 .01 .01 .00 18. * 7 JUL 0355 48 .29 .01 .28 2667.

7 JUL 0025 6 .01 .01 .00 22. * 7 JUL 0400 49 .29 •01 .28 3237 •

7 JUL 0030 7. .01 .01 .00 25. * 7 JUL 0405 50 .14 .01 .13 3650 •

7 JUL 0035 8 •01 .01 .00 26. * 7 JUL 0410 51 .14 .01 .13 3710.

7 JUL 0040 9 .01 .01 .00 27. * 7 JUL 0415 52 .14 .01 .13 3447.

7 JUL 0045 10 .01 .01 .00 29. * 7 JUL 0420 53 .06 .01 .05 3054.

7 JUL 0050 11 .01 .01 .00 30. * 7 JUL 0425 54 .06 .01 .05 2600.

7 JUL 0055 12 .01 .01 .00 31. * 7 JUL 0430 55 .06 .01 .05 2100.

7 JUL 0100 13 .01 .01 .00 32. * 7 JUL 0435 56 .04 .01 .02 1657.

7 JUL 0105 14 .01 .01 .00 33. * 7 JUL 0440 57 .04 .01 .02 1304 •

7 JUL 0110 15 .01 .01 •00 33. * 7 JUL 0445 58 .04 .01 .02 1010.

7 JUL 0115 16 .01 .01 .00 32. * 7 JUL 0450 59 .01 .01 .00 781.

7 JUL 0120 17 .01 .01 .00 32. * 7 JUL 0455 60 .01 .01 .00 594.

7 JUL 0125 18 .01 .01 .00 31. * 7 JUL 0500 61 .01 .01 .00 425.

7 JUL 0130 19 .01 .01 .00 32. * 7 JUL 0505 62 .01 .01 .00 291.

7 JUL 0135 20 .01 .01 .00 32. * 7 JUL 0510 63 .01 .01 .00 197.

7 JUL 0140 21 .01 .01 .00 32. * ? JUL 0515 64 .01 •01 .00 137 •

7 JUL 0145 22 .01 .01 .00 32. * 7 JUL 0520 65 .01 •01 .00 97 •

7 JUL 0150 23 .01 .01 .00 31. * 7 JUL 0525 66 .01 .01 .00 74.

7 JUL 0155 24 .01 .OL .00 31. * 7 JUL 0530 67 .01 .01 .00 61.

7 JUL 0200 25 .01 .01 .00 30. * 7 JUL 0535 68 •01 .01 .00 54 •

7 JUL 0205 26 .01 .01 .00 30. * 7 JUL 0540 69 .01 •01 .00 49 •

7 JUL 0210 27 .01 .01 .00 31. * 7 JUL 0545 70 .01 •01 .00 47 •

7 JUL 0215 28 .01 .01 .00 31. * 7 JUL 0550 71 .01 •01 .00 46 •

7 JUL 0220 29 .01 .01 .00 32. * 7 JUL 0555 72 .01 .01 .00 45.

7 JUL 0225 30 .01 .01 .00 34. * 7 JUL 0600 73 .01 .01' , .00 45 •

7 JUL 0230 31 •01 .01 .00 35. * 7 JUL 0605 74 .00 .00 .00 44.

7 JUL 0235 32 .01 .01 .00 37. * 7 JUL 0610 75 .00 .00 .00 39.

7 JUL 0240 33 .01 .01 .00 40 • * 7 JUL 0615 76 .00 .00 .00 30.

7 JUL 0245 34 .01 •01 .00 42. * 7 JUL 0620 77 .00 .00 .00 21.

7 JUL 0250 35 .02 .02 .00 45. * 7 JUL 0625 78 .00 .00 .00 14.

7 JUL 0255 36 .02 .02 .00 49. * 7 JUL 0630 79 .00 .00 .00 9 •

7 JUL 0300 37 .02 .02 •00 55. * 7 JUL 0635 80 .00 .00 .00 5.

7 JUL 0305 38 .04 .03 .01 63. * 7 JUL 0640 81 .00 .00 .00 3.

7 JUL 0310 39 .04 .03 .01 76. * 7 JUL 0645 82 .00 .00 .00 2.

7 JUL 0315 40 .04 .03 .01 93. * 7 JUL 0650 83 .00 .00 .00 1.

7 JUL 0320 41 .09 .07 .02 114. * 7 JUL 0655 84 .00 .00 .00 1.

7 JUL 0325 42 .09 .05 .05 159. * 7 JUL 0700 85 .00 .00 .00 O.

7 JUL 0330 43 .09 .01 .08 271. *
*

****************************************************************************************************************************; *,



e TOTAL RAINFALL • 3.18, TOTAL LOSS • .88, TOTAL EXCESS - 2.30

PEAK FLOW TIME MAXIMUM AVERAGE FLOW

6-HR 24-HR 72-HR 7.00-HR

+ (CFS) (HR)
(CFS)

+ 3710. 4.17 534. 459. 459. 459.

(INCHES) 2.289 2.293 2.293 2.293

(AC-FT) 265. 265. 265. 265.

CUMULATIVE AREA •

1

2.17 SQ MI

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

OPERATION STATION
PEAK
FLOW

TIME OF
PEAK

AVERAGE FLOW FOR MAXIMUM PERIOD BASIN
AREA

MAXIMUM
STAGE

TIME OF
MAX STAGE

+

+

HYDROGRAPH AT
BASIN2 3710. 4.17

6-HOUR

534.

24-HOUR

459.

72-HOUR

459. 2.17

e *** NORMAL END OF HEC-l ***
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SCcNAR 10 :

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT f/YOI?OL.Oq/C DF.s/~N HANUA L

DETAIL EXA H PI.. E' . .t: 8 COMPUTED DATE _

CLARK UNIT !lYIJlffJ4RAPI-/ (IIATlJIAL) CHECKED BY DATE _

DE'VFL.()P ,H' Cl.ARI( UNlr f'/YIJ!f:0<iRAPH /IVPt..tT
PARAMETeRS r()~ SlJBIJAS/N #~ tt),tI:' ,He"

EXAI1PLE WArF~SHc/).

srcpt: ASSFH8LG' 'HYSICAL pAS/N CiVARA<:'C:RIsrlc.s:

AReA: O.S' Mi.'- • S"S'd. 'I ac SLape" (s) = 310.0 ftj""i (AlJJLlsTFD /.loS/Nt;

Ft.aM/PAr,."., ~£Nf""H (I.) =/. L/9 mI.' F/4· G:·41)
°/0 .I'hPi£Av/tJtls/VGSS: ASSUHE" NYD~OlO~/C

soa. CitR.t>uPS ('vE"/(E' use-I) ;0 04t.C Ut.ATe

LfJ~$ PAltAHFr~~S, so (}~/r

STCP Z. : CAL.<:L4I.ATC rl-lE' 8AS/N ~£S/~rAN~F CIJFP;:'/~/FNr .K~ u.s/Alt:;
FIt$. 5:5' I TASI.F 5.1, fJA riVe" u ; ,f W"~KSNrFr ( APprNPIK c J.
ASSUHI' THAT ruE' I3A51IV 1$ S'()" "IIIIJ.Sl.cprs III ANt> so% "1V~f.lNrAIN~

M:a (-. t>2~ +- ~ tJ30)/2 :: -. 027& I h II (.IS'I>. zo)/z = .17S"

X,,::. M (lfJ!1 A ) + b = -. 0275' (10' SSO. LJ) -t-. 17S- = O. 100

STEP 3: CAlCGlLAr£, 7C AS A F'tlNCrl()N OF I,: :
NOTE': ~EFE~ To r/-le WtJAK.SHFcT' L)tI~/N($ T/-/e R~H,4ININq STE"PS,

OR USE: THE P'O/(TR.AII/ PROG,RAI'1 HCUHP,1.. FXe.

TG = I/. 'I L .S'tI X,·8'Z S~J' i. -..1t = //.'I (/''1,)·$(J(.Ij'GI (310P.J1 1. ~J8, 7C;: O. rIO i. ~3S

S,CP "I: cNnr/l. RAINFALL, L.OSS, AND CI.AIlI( PARAHE'TE"R. DATA /NTO

AN HEe - j, INPUT' /)e-t:~ WI rH 7C f ~ .scr e:-QUA L. ra 'Ze-HO.

RUN TO GeNellATE A RAINFALl.. - LOSS - EXCE"SS TAGI.E"'.

STeP S-:

STE'P6 :

S/cp7:

STEPS:

LASIAl~ TJ-/c wa~J(SHc£lAND THE"' /(IE'SUt. TS c,&' srFp ~,

cOI1PUTE" rHE AV~~A<$E £"XCCS'S INre-s/rl':S FOR A
71HE P£~/t:)" (;,REATG"R THAN -n.

.' • II
<::ALCUL..ATF' 7G BY .:rTE"R.ATIOA!. l. VAL.UE"S ARE'" !?eAD
F~OH THE <S teA PH. CA L.c, U L.A,.. c «..)
cNrEIl. THe 7G f R VALl./CS INTC ,He- #£C-1 INPUT pr~K.

scLFcr A 1/1"1£- ARE"'A RE"LAT'ION, IN nilS CAS£" COLt/Hili

3 OF rAGI..E .5:2. RUN ,/-IE #eC-1 P,{'(Jt4RAH AtflAIN WI17f

iJlrN~h/ CL.ARK. PARAHcrt~S. (s~e the. F~II~w/".J sa~l'l(.

II£C-~ L'''l'ur at'ldc'-I't.put).



CALCULATION OF Tc & R

Calculated by: Date: __
Checked by: Project: _

Watershed: £'"XAHPl€ II 8/ SUlJBAS/A/ #j"
Rainfall Frequency: /00 - yr Duration: 2 - hr. Pattern I: NI-4

Rainfall Loss Method: [ ] Green & Ampt Method
[ ] IL + ULR by soil texture
OG IL + ULR by hydrologic soil group

Tabulate Period of
Peak Rainfall Excess
Clock Time Increm.
@ end of Excess
Increm. in.

Rearrange Incremental Excesses in
Order of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Time Excess Excess Intensity
hr./min. in. in. in. Ihr.

0100
010&
0110
OilS
0/20
O,2.S-
0130
0/35

.2.0
.72.
.37
• 31

.0"
•OS"
o

s
'0,s

2.S
.30
3S
'10

.72
.37
.31
.20

.0"

.OS
o

.72.

/.75
I.ro
1.20

'.S'I
5."0
I{. 80

3.50

1.11 -.57 .80
R = .37 Tc A L

A = __O.,....~8=" sq.mi.
L /. q, mi.
S 3'0. ft/mi.

m [log(A * 640)]+ b
(~.US ) log ( • 8" *640) + (. 17$')

• lao

z.

7

"'-

'" " i', ....,
.......

........

r--...... .....
I""-- r-....

....... r--...
r---. ......

x
c
e
s
s

I
n
t
e
n
s
i
t

Y

A
v
e
r
a
g
e

E
-.38
i

ZS:O

Calc. Te

-.31
S

-.38
) i

i

l/.22.
3.5'0

.50 .52
11.4 L Kb

ITe = • till hr. I

30

Kb

Kb 
Kb

Trial Tc

Te = ( .1/0

Tc

IR = .210 hr .\

30

Time (Tc) (hr./~.)



1~******~*~********~~**~******************

*****************************************

"
"~I

"
"
,'I

,'r

P:OOD 9Y9ROGRAPH PACKAGE
FEBRUARY ~981

REVISED 05 DEC 88

R'JN DA:'E 12/07'/1989 TIME

"
(HEe-l) *

*
*
*

11:31: 11 *
*

x X XXXXXXX XXXX.X X

X X X X X XX

X " X X X,.
x..XX-XXXX XXXX X XXXXX X

X X X X X

X X X X X X

X X XXXX.XXX xx.XXX XXX

*
* U. S. ARMY CORPS OF EliG ::IEE
" THE HYDROLOGIC El1GINEERIllG C
* 609 SECGtlD STREET
* DAVIS, CALIFORNIA 95616
* (916) 551-1748

*
******************************~

T9IS 'PROGR&~ REPL;C£S ALL PREVIOUS VERSIONS OF HEC-I KNOWN AS HECI (JAN 73), HEC!GS, HEC1DB, AND HEC1KW.

THE DEFI~ITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTU
THE DEFINITION OF -&~SIC~- ON ~~-CARD WAS CHA.~GED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
!'lEW OPTIONS: DAY.BREAK OUTFLO'l SU3:1ERGENCE , SINGLE EVE!'lT DAMAGE CALCULATION, DSS: ITRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT lNFILTRATION

KINEl!AT!C ~AVE: NEW FINITE DIFFERENCE ALGORITHM

i\J;
f I--" ., ~) r", rJ ~..~-.J!..... ' I
, '"

r--
x. .:.\ (Vi -.;+." C'

! t C
f -



LINE

HEC-1 INPUT

10 •.••• ;.1 ••.•.•• 2.•.•.•• 3••••••• 4••••••. 5••••••• 6•.••••• 7••••••. 8..••••. 9••.•.. 10

PAGE

1

2

10
10

SAMPLE HEC-1 RUN USING TECHNIQUES PRESENTED IN THE
~~RICOPA COUNTY HYDROLOGY MANUAL

* *****************************************************************************

3 10 EXAMPLE #8 - CLARK UNIT HYDROGRAPH, UNDEVELOPED SUBBASIN
* *****************************************************************************

4

5

6

7

10

10
10
ID

RAINFALL: 2-HR, 100-YEAR. POINT RAINFALL DEPTH OF 2.70 INCHES
HYDROGRAPH: CLARK - Te &R FROM WORKSHEET, NATURAL TIME-AREA CURVE
LOSSES: IL+ULR BY HYDROLOGIC SOIL GROUPS
SUBBASIN AREA· 0.86 SQUARE MILES

* *****************************************************************************

8

9

IT
10

5 05SEP89
o

0000 40

10
11

12
13
14
15
16
17
18
19
20·
21
22

* ******************************

KK BASIN4
KM COMPUTE DISCHARGE AT OUTLET OF SUBBASIN 4
IN 5 05SEP89 0000
PB 2.70
PC O. 1.1 1.8 2.3 2.8 3.2
PC 17.6 23.2 32.7 60.1 74.3 86.3
PC 97. 97.9 98.2 99.2 100.
BA .86
LU .67 .20
UA 0 3 5 8 12 20
VA 100
UC .417 .210
ZZ

4.6
90.1

43

7.1
93.

75

10.
95.4

90

13.7
96.2

96



***************************************************************************************************************************

HYDROGRAPH AT STATION BASIN4

***************************************************************************************************************************

*
DA l10N HRMN ORO RAIN LOSS EXCESS COMP Q * DA MON HRMN ORO RAIN LOSS EXCESS COMP

*
5 SEP 0000 1 .00 .00 .00 O. * 5 SEP 0140 21 .02 .02 .00 1232
5 SEP 0005 2 .03 .03 .00 O. * 5 SEP 0145 22 .02 .02 .01 917
5 SEP 0010 3 .02 .02 .00 O. * 5 SEP 0150 23 .01 .01 .00 658
5 SEP 0015 4 .01 .01 .00 O. * 5 SEP 0155 24 .03 .02 .01 457

5 SEP 0020 5 •01 .01 .00 O• * 5 SEP 0200 25 .02 .02 .00 317

5 SEP 0025 6 .01 .01 .00 O. * 5 SEP 0205 26 .00 .00 .00 223

5 SEP 0030 7 .04 .04 .00 O. * 5 SEP 0210 27 .00 .00 .00 161
5 SEP 0035 8 .07 .07 .00 O. * 5 SEP 0215 28 .00 .00 .00 118
5 SE? 0040 9 .OS .OS .00 O. * 5 SE? 0220 29 .00 .00 .00 83

5 S:;P 0045 10 .10 .10 .00 O. * 5 BEP 0225 30 .00 .00 .00 55
5 SEP 0050 11 .11 .11 .00 O. * 5 SEP 0230 31 .00 .00 .00 30
5 SEP 0055 12 •15 .15 .00 O• * 5 BEP 0235 32 .00 .00 .00 17

5 SEP 0"00 13 .26 .06 .20 11. * 5 SEP 0240 33 .00 .00 .00 9

5 SEP 0105 14 .74 .02 .72 73. * 5 SEP 0245 34 .00 .00 .00 5
5 SEP 0110 15 .38 .02 .37 248. * 5 SEP 0250 35 .00 .00 .00 3
5 SEP 0115 16 .32 .02 .31 705. * 5 SEP 0255 36 .00 .00 .00 2
5 SEP 0120 17 .10 .02 .09 1416. * 5 SEP 0300 37 .00 .00 .00 1
5 SEP 0125 18 .08 .02 .06 1883. * 5 SEP 0305 38 .00 .00 .00 1
5 SEP 0130 19 .06 .02 .05 1882. * 5 BEP 0310 39 .00 .00 .00 0
5 SEP 0135 20 .02 .02 .00 1599. * 5 SEP 0315 40 .00 .00 .00 0

*
***********************************************************************************************************************~***

TOTA:. RAINFALL - 2.70, TOTAL LOSS - .88, TOTAL EXCESS - 1.82

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 3.25-HR

+ (CFS) (HR)
(CFS)

+ 1883. 1. 42 310. 310. 310. 310.
(INCHES) 1.818 1.818 1.818 1.818

(AC-FT) 83. 83. 83. 83.

CUMULATIVE AREA - .86 SQ MI

*i", NORMAL END OF HEC-1 ***
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***********************~*****************

~*****************************************
* *

***************************************

***************************************

*

**

* U.S. ARMY CORPS OF ENGINEERS *
* THE HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 551-1748 *

*

*
*

*
16:00:17 *

*

(HEC-1) ** FLOOD HYDROGRAPH PACKAGE
* FEBRUARY 1981
* REVISED 05 DEC 88

* -
* RUN DATE 07/11/1990 TIME

*

x X XXXXXXX XXXXX X

X X X X X XX

X X X X X

XXXXXXX XXXX X XXXXX X

X X X X X

X X X X X X
X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED· WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK-ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



LINE

HEC-1 INPUT

ID ••••••• 1. •••.•• 2••••••• 3••••••• 4•••••••5 ••••••• 6••••••• 7••••••• 8••••••• 9•••••• 10

PAGE

1

2

ID
ID

SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE
HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

* *****************************************************************************

3 ID EXAMPLE #9 S-GRAPH APPLICATIONS

* *****************************************************************************
4

5

6

7

ID
ID
10

ID

RAINFALL: 6-HR, 100~YEAR POINT RAINFALL DEPTH OF 3.40 INCHES
UNIT GRAPH: DERIVED FROM PHOENIX MOUNTAIN S-GRAPH
LOSSES: IL+ULR BY SOIL TEXTURE
BASIN AREA: 5.19 SQUARE MILES, PATTERN 12.35, AREAL REDUCTION· 0.96

8

9

10
11
12
13

14
15
16

17
18
19

20
21
22

* *****************************************************************************

IT 10 11JUL90 0000 50

10 0

KK BASIN
KM COMPUTE DISCHARGE AT BASIN OUTLET

BA 5.19
IN 15 11JUL90 0000

PB 3.26
PC .000 .011 .017 .027 .039 .049 .060 .070 .080 .091
PC .104 .118 .139 .184 .270 .458 .685 .822 .889 .929
PC .949 .962 .974 .988 1.000

LU .75 .25 3.00
UI 373. 1308. 2472. 3570. 3110. 2107. 1703. 1327. 963. 799.

UI 556. 438. 336. 266. 183. 183. 72. 72. ' 72. 72.
UI 72. O.
ZZ



~ ***********************************************************************************************************************************
HYDROGRAPH AT STATION BASIN

***********************************************************************************************************************************

*
DA MON HRMN ORO RAIN LOSS EXCESS COMP Q * DA MON HRMN ORO RAIN LOSS EXCESS COMP Q

*
11 JUL 0000 1 .00 .00 .00 o. * 11 JUL 0410 26 .30 .04 .26 3360 •
11 JUL 0010 2 •02 .02 .00 O. * 11 .JUL 0420 27 .22 .04 .18 4368.
11 JUL 0020 3 .02 .02 .00 1. * 11 JUL 0430 28 .15 .04 .11 4770.
11 JUL 0030 4 .01 .01 .00 3. * 11 JUL 0440 29 .09 .04 .05 4569 •
11 JUL 0040 5 .02 .02 •00 5. * 11 JUL 0450 30 .07 .04 .02 4026.

11 JUL 0050 6 .02 .02 .00 6. * 11 JUL 0500 31 .04 .04 .00 3389.
11 JUL 0100 7 .03 .03 .00 7. * 11 JUL 0510 32 .03 .03 .00 2731.
11 JUL 0110 8 .02 .02 .00 9. * 11 JUL 0520 33 .03 .03 .00 2131.
11 JUL 0120 9 .02 .02 .00 10. * 11 JUL 0530 34 .03 .03 .00 1645.
11 JUL 0130 10 .02 .02 .00 11. * 11 JUL 0540 35 .03 .03 .00 1252.
11 JUL 0140 11 .02 .02 .00 12. * 11 JUL 0550 36 .03 .03 .00 963.

11 JUL 0150 12 •02 .02 .00 12. * 11 JUL 0600 37 .03 .03 .00 740 •
11 JUL 0200 13 .02 .02 .00 13. * 11 JUL 0610 38 .00 .00 .00 573.

11 JUL 0210 14 .02 .02 .00 13. * 11 JUL 0620 39 .00 .00 .00 .429.

11 JUL 0220 15 .03 .03 .00 13. * 11 JUL 0630 40 .00 .00 .00 325.
11 JUL 0230 16 .03 .03 .00 13. * 11 JUL 0640 41 .00 .00 .00 241.

11 JUL 0240 17 .03 .03 .00 14. * 11 JUL 0650 42 .00 .00 .00 195.
11 JUL 0250 18 .04 .04 .00 15. * 11 JUL 0700 43 .00 .00 .00 160.

11 JUL 0300 19 .05 •04 .00 16. * 11 JUL 0710 44 .00 .00 .00 119 •
11 JUL 0310 20 • 10 .09 .00 18. * 11 JUL 0720 45 .00 .00 .00 83 •
11 JUL 0320 21 •14 .14 .00 22. * 11 JUL 0730 46 .00 .00 .00 47 •
11 JUL 0330 22 • 19 .08 .10 67. * 11 JUL 0740 47 .00 .00 .00 28 •
11 JUL 0340 23 .41 .04 .37 306. * 11 JUL 0750 48 .00 .00 .00 14 •
11 JUL 0350 24 .45 .04 .41 925. * 11 JUL 0800 49 •00 .00 .00 6.
11 JUL 0400 25 .49 •04 .45 2013. * 11 JUL 0810 50 .00 .00 .00 3•

*
***********************************************************************************************************************************

TOTAL RAINFALL • 3.26, TOTAL LOSS· 1. 28, TOTAL EXCESS • 1.98

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 8.17-HR

+ (CFS) (HR)

(CFS)

+ 4770. 4.50 1100. 810. 810. 810.
(INCHES) 1.971 1.975 1.975 1.975
(AC-FT) 546. 547. 547. 547.
CUMULATIVE AREA • 5.19 SQ MI

RUNOFF SUMMARY

FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF

OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-H'OUR 72-HOUR

e HYDROGRAPH AT
BASIN 4770. 4.50 1100. 810. 810. 5.19

*** NORMAL END OF HEC-l ***
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P~/"'T(.!t) WJt6 CALCUL/ITIFO N~ $tl8-8;!JSIN @. TII15 t:KAHI'I.G'

WILL. t./!c Kil'ltFI'1AT/C. wlh'G l!?t>urt.-.lf:l Tile' 1.13 ,411.~ ltJN6 J'fEA-C.tt

To CA-I.(.UL;!J re TH~ PE~K AT eiJll/(~NTLAr,(/'-I PUNT("1J.

~----35' ------i"1

I

-015

35 FEeT

'~ICS r"'/fr

AvG'· 1)cPTH: ~ FEET

51PE SLoPE: ()·75: ,.00

I1AIIININb,' s n:
eo TrOM WIDTil:

C IIhllll'lcL 'jLoPli:

57C=P/ : t!fJLI-EC., Nt::Cl?$S"~Y )),fTIf FOIt.. THE ell/lIllN'FL!

T'fPc: eaN(.fETE" LING" TIlAP" i!OlbAL

LE=Nl.it-t: '·13 M,L.e



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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DETAIL __-"E",-,X~A:!.LtIJ..L!P-"L...."i~#",,---,/-.::::O:.-- COMPUTED DATE _

____________---'-_ CHECKED BY DATE _

® SINce K'l'k=;'A ne WJJ"e l?6uT''''~ hc~.s h6T ~Hec.x. FoA!. (!1I19#Nc-1. eAPACI TY:)

btF's I r.1I PI9~Al1eTellS ,A1.i.IS T Be ~11/?(;.i(iP.b To A5.sullE' J'A'cPEit ('ONVG(A-NCtr

7I1te(J(lf4ttl rrl~ /lE'19-c.rI· C17Ht~WIStf"~ 7116" ,l'?4t>F~ WILL AUTOI'1A 71C19(..L1 C.fTcr./.!>

Tile e !fAN"';' I3tH'NIJA~/t:·5 To (!4N r;fNV Tilt: I-~ow.

® Tile rlolU /<,;:'e:NiVG'~SIDNS 0 P /Ic-c-I (111 f AND 8 a t,,,,/)) 1/ (Coull/7 NL 7f1G

plltJptFIl. StFt.ec. TloN OF' ConPu.TA TIONAL 71rie 5re:/J 70 j4S.fl./l!.c Ili/!.,. T#E

R"urc~ PC-14K /S.NDT (/1'I.ec,+(./sr/~,fu.'I I'1TrtFNtlArcrJ).



***************************************** ***************************************

***************************************** ***************************************

* u.s. ARMY CORPS OF ENGINEERS *
* THE HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 551-1748 *

*
* FLOOD HYDROGRAPH PACKAGE
* FEBRUARY 1981
* REVISED 05 DEC 88

* r
* RUN DATE 07/11/1990 TIME

*

*
(HEC-1) *

*
*
*

17:36:29 *
*

x X XXXXXXX XXXXX X

X X X X X XX

X X X X X

XXXXXXX XXXI X XXXXX X

X X X X X

X X X X X X

X X XXXXXXX XXXXX XXX

*

*

*

*

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEC1GS, HEClDB, AND HEC1KW.

THE DEF~NITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATlON, DSS: WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

•



LINE

HEC-l INPUT

10 ••••••• 1. •••••• 2••••••• 3••••••• 4•••.•••5••••••• 6••••••• 7••••.•• 8••••••• 9•••••. 10

PAGE

1

2

ID
ID

SAMPLE HEC-l RUN USING TECHNIQUES OUTLINED IN THE
HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

* *****************************************************************************

3 10 EXAMPLE 110 - KINEMATIC WAVE ROUTING
* *****************************************************************************

4

5

IT

10

5 07JUL90

o
0000 85

6

7

8

9

10
11

12
13
14

15
16
17

18

19
20
21

22

* *****************************************************************************

KK. BASIN2
KM COMPUTE DISCHARGE AT THE OUTLET OF SUBBASIN #2

BA 2.17
IN 15 07JUL90 0000
PB 3.182
PC .000 .009 .016 .025 .034 .042 .051 .059 .067 .076
PC .087 .100 .120 .159 .247 .440 .715 .848 .905 .940
PC .952 .964 .976 .988 1.000

LU .650 .200 21.000

UC .473 .170
UA 0 5 16 30 65 77 84 90 94 97
UA 100

* *****************************************************************************

KK. ROUTE
KM ROUTE THROUGH DOWNSTREAM BASIN USING KINEMATIC ROUTING

KO 1 2

RK 5966.4 .018 .015 TRAP 35. .75

ZZ



**************

18 KK
*
*
*

*
ROUTE *

*

20 KO

21 RK

**************
ROUTE THROUGH DOWNSTREAM BASIN USING KINEMATIC ROUTING

OUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 2 PLOT CONTROL
QS-CAL O. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

KINEMATIC ~AVE STREAM"ROUTING
L

S

N

CA
SHAPE

\olD

Z

DXMIN

5966. CHANNEL LENGTH
.0180 SLOPE

.015 CHANNEL ROUGHNESS COEFFICIENT
.00 CONTRIBUTING AREA

TRAP CHANNEL SHAPE
35.00 BOTTOM WIDTH OR DIAMETER

.75 SIDE SLOPE
2 MINIMUM NUMBER OF DX INTERVALS

***e COMPUTED KINEMATIC PARAMETERS
VARIABLE TIME STEP

(DT SHOWN IS A MINIMUM)
ELEMENT ALPHA M DT DX PEAK TIME TO VOLUME MAXIMUM

PEAK CELERITY
(MIN) (FT) (CFS) (MIN) <iN) (FPS)

3 1.51 1.59 .28 745.80 3709.14 251.95 2.29 43.73

CONTINUITY SUMMARY (AC-FT) - INFLOW- 265.358 EXCESS- .000 OUTFLOW- "265.159 BASIN STORAGE- .141 PERCENT ERROR- .022

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

3 1.51 1.59 5.00 3685 :83 250.00 2.29



****************************************************************************************************************************** ,*

HYDROGRAPH AT STATION ROUTE

***********************************************************************************************************************************
* * *

DA MON HRMN ORO FLOW * DA MON HRMN ORO FLOW * DA MON HRMN ORO FLOW * DA MON HRMN ORO FLOW

* * *
7 JUL 0000 1 O. * 7 JUL 0150 23 32. * 7 JUL 0340 45 606. * 7 JUL 0530 67 88.

7 JilL 0005 2 O. * 7 JUL 0155 24 32. * 7 JUL 0345 46 1179. * 7 JilL 0535 68 7l.

7 JUL 0010 .3 0 •. * 7 JUL 0200 25 3l. * 7 JilL ,,350 47 1805. * 7 JUL 0540 69 60.
7 JUL 0015 4 O. * 7 JUL 0205 26 31. * 7 JilL 0355 48 2403. * 7 JUL 0545 70 54.
7 JUL 0020 5 O. * 7 JilL 0210 27 31. * 7 JUL 0400 49 299l. * 7 JUL 0550 71 49.
7 JilL 0025 6 O. * 7 JUL 0215 28 30. * 7 JUL 0405 50 3482. * 7 JUL 0555 72 47.
7 JilL 0030 7 O. * 7 JUL 0220 29 30. * 7 JUL 0410 51 3686. * 7 JilL 0600 73 46.
7 JUL 0035 8 3. * 7 JUL 0225 30 3l. * 7 JUL 0415 52 3553. * 7 JUL 0605 74 45.
7 JilL 0040 9 23. * 7 JUL 0230 31 32. * 7 JUL 0420 53 3219. * 7 JUL 0610 75 45.
7 JUL 0045 10 25. * 7 JUL 0235 32 33. * 7 JilL 0425 54 280l. * 7 JUL 0615 76 44.

7 JilL 0050 11 27. * 7 JUL 0240 33 35. * 7 JilL 0430 55 2337. * 7 JUL 0620 77 39.

7 JUL 0055 12 28. * 7 JilL 0245 34 37. * 7 JilL 0435 56 1884. * 7 JUL 0625 78 33.

7 JUL 0100 13 30. * 7 JilL 0250 35 39. * 7 JUL 0440 57 150l. * 7 JUL 0630 79 26.
7 JUL 0105 14 31. * 7 JilL 0255 36 42. * 7 JUL 0445 58 1189. * 7 JUL 0635 80 20.

7 JUL 0110 15 32. * 7 JUL 0300 37 45. * 7 JilL 0450 59 934. * 7 JUL 0640 81 15.

7 JUL 0115 16 33. * 7 JilL 0305 38 49. * 7 JUL 0455 60 731. * 7 JUL 0645 82 11.
7 JilL 0120 17 33. * 7 JUL 0310 39 56. * 7 JUL 0500 61 562. * 7 JilL 0650 83 8.

7 JilL 0125 18 32. * 7 JilL 0315 40 66. * 7 JilL 0505 62 413. * 7 JilL 0655 84

7 JilL 0130 19 32. * 7 JilL 0320 41 82. * 7 JUL 0510 63 295. * 7 JUL 0700 85

7 JilL 0135 20 31. * 7 JilL 0325 42 103. * 7 JUL 0515 64 212. *
7 JilL 0140 21 32. * 7 JilL 0330 43 143. * 7 JilL 0520 65 155. *
7 JilL 0145 22 32. * 7 JilL 0335 44 266. * 7 JUL 0525 66 115. *

* * *
***********************************************************************************************************************************

PEAK FLOW TIME MAXIMUM AVERAGE FLOW

6-HR 24-HR 72-HR 7.00-HR

+ (CFS) (HR)

(CFS)

+ 3686. 4.17 533. 458. 458. 458.

(INCHES) 2.286 2.289 2.289 2.289

(AC-FT) 265. 265. 265. 265.

CUMULATIVE AREA • 2.17 SQ MI



STATION ROUTE

o.o.o.. o.4000.

o 1

I

1.0

3500.

Io

.1 0
o

3000.

I

I

o

o

2500.

I

I

o

o

I

o

.1

I

o

o

.....

I.

.'

(I) INFLOW, (0) OUTFLOW

1000. 1500. 2000.

I

I O.
o

I

o

500.O.
DAHRMN.PER

70000 11---------.---------.---------.---------.---------.---------.---------.---------.---~-----.---------.---------.---------.

70140 21. I ••

70235 32.1

70240 33.1

70245 34.1

70250 35.1

70255 36.1

70300 37.1

70305 38.1

70310 39.01

70315 40.01

70320 41. I

70325 42. 01

70330 43. 0 I

70335 44. 0

70340 45.

70345 46.

70350 47.

70355 48.

70400 49.

70405 50.e 70410 51.
70415 52.

70420 53.

70425 54.

70430 55.

70435 56.

70440 57.

70445 58.

70450 59.

70455 60. I

70500 61. .1.0.

70505 62. I 0

70510 63. I 0

70515 64. 10

70520 65. 10

70525 66.10

70530 67.10

70535 68.1

70540 69.1

70545 70. I.

70550 71.1.

70555 72.1

70600 73.1

70605 74.1

70610 75.1

~ 70615 76.1

., 70655 841



RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD. BASIN MAXIMUM TIME OF

OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT

+ BASIN2 3710. 4.17 534. 459. 459. 2.17

ROUTED TO

. + ROUTE 3686. 4.17 533. 458. 458 • 2.17

ISTAQ ELEMENT DT

SUMMARY OF KINEMATIC WAVE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)

INTERPOLATED TO
COMPUTATION INTERVAL

PEAK TIME TO VOLUME DT PEAK TIME TO
PEAK PEAK

VOLUME

(MIN) (CFS) (MIN) (IN) (MIN) (CFS) (MIN) (IN)

ROUTE 3 .28 3709.14 251.95 2.29 5.00 3685.83 250.00 2.29

CONTINUITY SUMMARY (AC~FT) - INFLOW- 265.358 EXCESS

*** NORMAL END OF HEC-l ***
.000 OUTFLOW- 265.159 BASIN STORAGE- .141 PERCENT ERROR- .022

•



PAGE _' OF 2-

- FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT flYO~I.O~/C DcS/~N HANUAL

DETAIL EXAMPLE #' II COMPUTED DATE _

____..,--. CHECKED BY DATE _

HUSK JN9UM I?OI./T/N(j

ACTUAL C~ANNEL LEN~TH® \, F~OI1 A 'Co 8: I.ZS- M~·.

~ " 12SO'..----.---.. \ / .

~--~
l~ .. -,-.. ___

" ®,
I

. ,

scENARIO: DE'Vtt~,D HUSKIN~UH RtJ1.I71Nq PARAMEteRS FOR
iNC' ,PR/H.4RY CHANNE'1.. IN SUB8ASI/V -# 2, USE:
/-IE'C -1 ro GENERATE A F~ac/) NYJ)RO~RAPH Ar
COI\/C£lVrRATloN POINT A ,TIIE'/'I If~UTG' I r F~OH

P~/AlT A T~ POINT B.

STE'P j. : DEVELOP HtlSKIN($UM PARAJ1trTGRS

ASSUMe: AN AVE'~A~E' .CNANNEL x.-s~cr/clV F"~ rH'€" PI<IHARY
CI-IANNcL. IN SUBBASIN ::#' 2 :

•

A. CALCUL.ATE' THE AVE'RA§E:' Vt:L.OCITY USIN<S HANNING'S CQN:

A= (b+2}j)!:J::: (ZS'r(l)(Z»2 = S~ /~z

P = b -to 2~ (J to i!2)Yz. ::. 25"+ (2..)(2) (J + J !)YI. = 30.'~ Ft-

R = A/p :: S~ oFt' / 3tJ. ~~ ~t: = I. 7b I -/"e.
5:: (I2.S0'- //9(l) / (1.2S fY1.L x 5'280 f'Ymi) :; 0.0091 ·Pt#c

n:: O.O~O

V" /.~' Ro/.)SVz ~eo~:)(/.7",t(OO'1lz= 5:/8 F%



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT -'--' PAGE ~ OF~

DETAIL /:)(AI'1PL E' :II" II COMPUTED DATE _

_________~ CHECKED BY DATE _

6. cSTIHATE P'LDODWAVc- VGL.OCITy" (V",,):
SINGE A WIDE rI<AP£ZtJIOAL. CHANA/EL. 1.$ oe-..sr APPRt:"~/MAT£J)

Oy A INID£ RECTAN<$UL.AR. CHANNEL I cwtJ(J.$E" VM/V:' /., 7 ,e"~OH

TNE rA/JL.c IN SECrlt:JAI 7.'. D.
V... ~ I.' 7 V = I., 7 ( s: 18 F~):, 8."s;- F,!

c. CAt.CUt.A rE" K:
)( ... /.zs- ~£ X 5280 t! )( 8.~S' f~ X 3'~O * = O. 2/2. J"r.

D. cSTIMATc X:

SINCE Tt'-/IS IS A ;'///)E"I SHALt-OW CI-/ANN€L w/rN
A L.OW SL.Opt: I CNoOSE" X = 0.2.0

;VSrp-SNt..IST BE WITHIN TN€" FCJLL.OWING LIM ITS: e
I ~ (AI1SKK)(60)~ -.L NHIN ~ S /"Int/arES

2( I-X) - (NHINX NSTPS) - 2X J

TRY NST,PS = I : I ~
2(1-.2) -

.212. x '0 !::: __'_

(S)(I) 2(.2)

Tky ;f!ST;PS:: 2 :
:::. 1.27) .'2S~ I. Z7 ~ 2.5 /' OK !

STE'P 2 : e-NrE~ TH~ CAL.CUl.ATep/y(/.sJ<IN~UI'1 rARAHcTe!eS
lAIrd AN' #EC-.1 P'/i.e ON TNi:' RM CARD, AS IN
THe F"L.{.OWIN~ EXAMPLE. HAND CAL.CUL.A TION

PI?OCS-lJtlRG"S FCJ~ rl-liS Ht:r!-ltJP CAN Be- rOc/A)/) IN
HtJST )-/YJ)R~l..a<!lY T~xrBt)oKS.

•



***************************************~*****************************************
* * * *

*****************************************

* RUN DATE 07/12/1990 TIME 09:59:28 *

* FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* FEBRUARY 1981 *
* REVISED 05 DEC 88 *

***************************************
**

* U.S. ARMY CORPS OF ENGINEERS *
* THE HYDROLOGIC ENGINEERING C~NTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 551-1748 *

*

*

*

*

x X XXXXXXX XXXXX X

X X X X X XX

X X X X X

XXXXXXX XXXX X XXXXX X

X X X X X

X X X X X X

X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HECIKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION·
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATiON INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



LINE

HEC-l INPUT

10 1. 2 3 4 5 6 7 8 9 •••••• 10

PAGE

* *****************************************************************************

* *****************************************************************************

1

2

3

ID

10

10

SAMPLE HEC-l RUN USING TECHNIQUES OUTLINED IN THE
HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

EXAMPLE III - MUSKINGUM ROUTING

4

5

6

7

8

9

10
11

12
13
14

15
16
17

18

19

20
21
22

IT 5 12JUL90 0000 75

10 0

KK INFLOW

KM COMPUTE INFLOW HYDROGRAPH

BA 2.}50

IN 15 12JUL90 0000

PB 3.413

PC .000 .009 .016 .025 .034 .042 .051 .059 .067 .076

PC .087 .100 .120 .163 .252 .450 .695 .838 .900 .938

PC .950 .963 .975 ' .988 1.000

LG .200 .350 4.300 .250 6.500

ue .400 .205

UA 0 3 5 8 12 20 43 75 90 96

UA 100
* *****************************************************************************

KK ROUTE
KM ROUTE INFLOW HYDROGRAPH THROUGH A ROUTING REACH

KO 1 2
RM 2 .212 .20

ZZ

•



~ *** *** *** *** *** *** *** *** *** *** ****** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***
**************

6KK
*
*
*

*
INFLOW *

*

8 BA

**************
COMPUTE INFLOW HYDROGRAPH

SUBBASIN CHARACTERISTICS
TAREA 2.75 SUBBASIN AREA

PRECIPITATION DATA

10 PB STORM 3.41 BASIN TOTAL PRECIPITATION

14 LG GREEN AND AMPT LOSS RATE
STRTL .20

DTH .35
PSIF 4.30

XKSAT .25
RTIMP 6.50

STARTING LOSS
MOISTURE DEFICIT
WETTING FRONT SUCTION
HYDRAULIC CONDUCTIVITY
PERCENT IMPERVIOUS AREA

15 UC CLARK UNITGRAPH
TC

R

.40 TIME OF CONCENTRATION

.20 STORAGE COEFFICIE~T

16 UA ACCUMULATED-AREA VS.
.0 3.0

100.0

TIME, 11 ORDINATES
5.0 8.0 12.0

***

20.0 43.0 75.0 90.0 96.0

189.
419.

605.

277.

2046.

184.

CLARK
SNYDER

4185.
122.

UNIT HYDROGRAPH PARAMETERS
TC- .40 HR, R-

TP- .34 HR, CP-

UNIT.HYDROGRAP!i
16 END-OF-PERIOD ORDINATES
4534. 3290. 2178.

8!. 53.

.. 20 HR

.88

1442. 955. 632.

***********************************************************************************************************************************

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***
CUMULATIVE AREA - 2.75 SQ MI



**************

* *
18 KK * ROUTE *

* *
**************

ROUTE INFLOW HYDROGRAPH THROUGH A ROUTING REACH

20 KO OUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 2 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

21 RM MUSKINGUM ROUTING
NSTPS 2 NUMBER OF SUBREACHES
A.~KK .21 MUSKINGUM K

X •20 MUSKINGUM X

***********************************************************************************************************************************
HYDROGRAPH AT STATION ROUTE

***********************************************************************************************************************************
DA MaN HRMN ORO FLOW * DA MON HRMN ORO FLOW * DA MON HRMN ORO FLOW * DA MON HRMN ORO FLOW

* * *
12 JUL 0000 1 O. * 12 JUL 0135 20 13. * 12 JUL 0310 39 20. * 12 JUL 0445 58 24_
12 JUL 0005 2 O. * 12 JUL 0140 21 13. * 12 JUL 0315 40 23. * 12 JUL 0450 59 19
12 JUL 0010 3 O. * 12 JUL 0145 22 13. * 12 JUL 0320 41 26. * 12 JUL 0455 60 1502.
12 JUL 0015 4 O. * 12 JUL 0150 23 13. * 12 JUL 0325 42 32. * 12 JUL 0500 61 1124.
12 JUL 0020 5 1. * 12 JUL 0155 24 13. * 12 JUL 0330 43 40. * 12 JUL 0505 62 814.

12 JUL 0025 6 2. * 12JUL 0200 25 13. * 12 JUL 0335 44 57. * 12 JUL 0510 63 575.
12 JUL 0030 7 4. * 12 JUL 0205 26 13. * 12 JUL 0340 45 93. * 12 JUL 0515 64 398.
12 JUL 0035 8 6. * 12 JUL 0210 27 13. * 12 JUL 0345. 46 178. * 12 JUL 0520 65 270.
12 JUL 0040 9 8. * 12 JUL 0215 28 13. * 12 JUL 0350 47 355. * 12 JUL 0525 66 181.

12 JUL 00.45 10 9. * 12 JUL 0220 29 13. * 12 JUL 0355 48 685. * 12 JUL 0530 67 121.
12 JUL 0050 11 10. * 12 JUL 0225 30 13. * 12 JUL 0400 49 1184. * 12 JUL 0535 68 82.

12 JUL 0055 12 11. * 12 JUL 0230 31 13. * 12 JUL 0405 50 1775. * 12 JUL 0540 69 56.

12 JUL 0100 13 12. * 12 JUL 0235 32 13. * 12 JUL 0410 51 2375. * 12 JUL 0545 70 40.
12 JUL 0105 14 12. * 12 JUL 0240 33 14. * 12 JUL 0415 52 2925. * 12 JUL 0550 71 31.
12 JUL 0110 15 13. * 12 JUL 0245 34 15. * 12 JUL 0420 53 3348. * 12 JUL 0555 72 25.
12 JUL 0115 16 13. * 12 JUL 0250 35 15. * 12 JUL 0425 54 3550. * 12 JUL 0600 73 22.
12 JUL 0120 17 13. * 12 JUL 0255 36 16. * 12 JUL 0430 55 3499. * 12 JUL 0605 74 21.

12 JUL0125 18 14. * 12 JUL 0300 37 17. * 12 JUL 0435 56 3254. * 12 JUL 0610 75 20.

12 JUL 0130 19 13. * 12 JUL 0305 38 18. * 12 JUL 0440 57 2879 .• *
* * *

***********************************************************************************************************************************



STATION ROUTE

o.o.o.o.

I

4000.

. I

I

.0

o

o

I

3500.

o

I

O.

o

3000.

I

I

o

2500.

I

••• 0

I

O.

o

I

o

I

I

o

o ...

I

o

I

(1) INFLOW, (0) OUTFLOW
1000. 1500. 2000.

o

I

.0

o

I

o

500.

• I

I

O.
DAHRMN PER
120000 11---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.

120315 4001
120320 41. I.

120325 42.1
120330 43.01
120335 44.0 I

120340 45. 0

120345 46. 0

120350 47.
120355 48.

120400 49.
120405 50.
120410 51.
120415 52.

120420 53.
120425 54.
120430 55.
120435 56.

120440 57.

_120445 58.
.120450 59.

120455 60.
120500 61.
120505 62.

120510 63. I

120515 64. I

120520 65. I 0
120525 66. I 0
120530 67.10

120535 68.10.
120540· 6910

120545 7010
120550 7l10.

120555 7210
120600 731

120605 741
120610 751---------.---------·---------·---------·---------·---------.---------.---------.--~------.---------.---------.---------.

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

OPERATION STATION

BASIN
AREA

MAXIMUM

STAGE
TIME OF

MAX STAGE

+

e HYDROGRAPH AT
ROUTED TO

+ *** NORMAL END OF HEC-l

INFLO\l
ROUTE

***

2.75

2.75




