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""// Yy ( ??’?) ( ,Q&&) gu ) l—/ao ,;Q .‘?_?. Lm
.,"»:L.,_; n?‘?( M}} = .

h,»y"fr‘ijane we szf‘/// //aw: i‘wo umé/vocuns zehe. é?aaz.‘/on masi- be
'.'ff[SO/Vt‘;d bj Li-crafzon 5

‘“‘“;:‘;.i“’;é"‘"’ “"33 ‘%r é’ T L/O mm Smce our Wai'ersfrzecl LS ouf:sade .m‘
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PROQLE‘M Deuclop Mus,('mjum /?oaz.‘mg qua/nc ters fbr
the natural channel in subbasin * 2. |
',"In/vu't Zhe parameders into the HEC-1

(nput program. c/cvc/a,oec/ Far z‘/)e. Clqu
‘ umt /)f/drogra/ah '

STEPi V'FCOMPI/C,H“ Channc.l a’afa ‘7(:9!‘ Q" rﬁPr¢$¢nfd£/.Vé'

Secron of the channel, such as A-A’

5?75"‘: . ’\n= 050, 5- 0139 "/Ft

3 Fsz‘/maz‘c féc aVCf‘ajc- VC/oczfj 4’7 Z%é Mamcéanne/
az‘ Dbankfull conditions. Tn z_‘/;/s CaSe, ce ‘w[// e
ase /‘/anmng's e;aaz’*m/z ST S S
| A= (b+ad)d = (75+ (1)(25))25‘- /93.75 /f
P= be2d (1+2)% = 7850 2(25)(1+19) % = 82,07 £+
R= A/P = /93.75/82.07 = 2.3¢l

Ve "/‘F?‘?R%Syz = /"7)(2341) (0139) .' 623 f/S

X Ae]

8. VFST/MATE' Froodwave vezociTy ( Vm) ~ :
' UYsE the adjustment Factors from Sec tion 7.6. D on /7 72
Since our wide #rapezoiclal channel best approximates .

R \\ o wide rectangular channel, choose Vm/V = /67
MAUV&/ then Vm=[L7 V= (.¢7)(é.23) = /a.quyse'c)
Ry ade ﬁ/‘f - which s the floodwave velocity in the
o g/f o main channel. : s -
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c. Ca /cu/a fc K:

£t 1 s
| }( 272 me xszso-,;r X e x b .g..
. o o L ‘.’? o S | ’l:?’)" \
‘D. E STimA r: X L vl R s '
Smcc i:l'us Ls Aq\nai-ur‘al wide. sha//awsz.‘rcam,
'wchoosc X 0. 2. 7 (Sec Sec. 76 4 P ‘72) v

E CHE‘C.K /VST’PS e |

/\/STPS mz/.sz‘ ée w/zf/;m f/)c fo//owzng r*ang¢

1 L - ‘KXéo " ,_~*l

Z(I-X) At x ASTRS T 2% e :
wherc A-b zs :éﬁe. /-/E'C’-_Z z"/meszi'e/o on m:nufcs, n oar‘ case -
‘ 23 :

F‘O/" Z.L/NS EXQMPIC 625 < 5'(/‘/577”5) -4— 25‘ i
Fag A/STF5 / :   ', ¢.25< y(, 25 /Va 60001
~For ~NSTPS = 2 lezsz 23 ,25‘ ok |
/‘oe /vsnos 3 3 ]».'c,zs"- 1.5 425 5¢#<_rl

ST‘&V‘P‘S_; Fnter #he compufcd /%/S/émjum /Dczr*amcz‘crs
. Lnfo an HEC-1 nput £fele on the RM card.
" TIn #his case we will use. the inpuk file
9cncrafed f’or‘ Zhe Clark z‘/ye/ragraph example_




" o . HEC-1 INPUT PAGE 1

LINE TDevevesaluvenneeZecossasdeoseinsshoceneeaderecaebeceneralernseeeBiieensden. 10
1 ih FCD IN-HOUSE TRAINING - HYDROLOGIC DESIGN MANUAL
2 D MUSKINGUM ROUTING EXAMPLE
3 IT 5 100
4 I0 3

R L D R R TR R R R AT T R a2 T S e e e e Rt R e

3 KK SUB1
6 KM COMPUTE RUNOFF FROM SUBBASIN 1
7 BA  1.760
8 IN 15
9 PB  3.157 :
10 PC  .000  .0l12  .018  .027  .040  .051 .06l  .072  .083  .094
11 PC  .107  .122  .143  .188  .274  .460  .684  .820  .887  .927
12 PC -948 .962 .974 .988 1.000
13 LG «220 .380 5.400 .190 39.000
14 uc .6 .22
15 UA 0 3 5 8 12 20 43 75 90 96
16 UA 100
* xanxnnnnunuwnnnannaxxnxnunnnnnknnxnnnxxxxnnnnnnunanxannanxxnnnnxunnuunxnaukk
17 KK R A-B
18 RM ROUTE SUBL OUTFLOW FROM A TO B USING, MUSKINGUM ROUTING
19 RM 3 .384 .2 TRy v A
Fe hRNTTREETTRERIEKIH LTI RKTXKITREEANTRREERIRRRELIREREEHRIECABLAARALRRXRARTRRRTARE
20 KK SUB2
21 RM COMPUTE RUNOFF FROM SUBBASIN 2
22 BA  4.050
23 LG  .260  .350 3.900  .320 9.000
24 uc  .967 357
25 UA 0 3 5 8 12 20 43 75 90 96
26 uA 100
e e vestevere e ve sk s dede e e v de e v v b e Rk e e dede e e de e dede ke ek ke de ek ke dede ek e kekdededededededededede ke ddedededededodede oo
27 KK CoMB
28 HC 2
29 22

defek Tk ddesk kke Fkk ke ek kdk Rk SRk kdkdk dedek bk Rk delkk dekk Rk Rk dekek ek Yekde Sekd dekde tdde dedek dedde ek kbk dewk wkd kkk dekk ke

*




RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEARK 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
+ W SUB1 2171. 4.33 386. 282. 282. 1.76
L [
ROUTED TO Z
+ 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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: ,’,‘.;.T%STEPii ;- Assume fﬁa‘lf a channel has becn consi'ruczfcc/
g RS 1Cr‘0m pa/ﬂzf' A fo jﬁazﬂzf 5 wz "£h umFarm
o al:mcns:ons alon_cj u."s /6/7_71:‘/) ga i'hcr C/)annel a/ai'q

o . . i '1251 R . . )

SLOPE oow fl%«‘rf 0 ooso ol '7’0 ' mazximum e

STEP 2

Lzsr DATA R&‘aums'o Foxz /?K CARD //v Hs‘c .'L
L 2 72 m:v x 5230 ﬁ%m = /5/342 | 3

(2100 - /706)//1/362 b 0.0137 ¥t
f‘[;/v o. oso

A/ank

j“Shape:- TRAP

WD = 125

Z=30

ifUPSTQ blank

S TEP 3

.L/v,oaT ,?/{ PARAME’TERS //vro 77/5 CLARK
,-..,_/T/VOROGRAPH“EXAHPI.E',, S




LINE

SN

LX< TN N -

10
11
12
13
14
15
16

17
18
19

20
21
22
23
24
25
26

27
28
29

ke dkd NkE kkk kEkdk ke Fkd Kk Sh% dkdk kdd %kdk fdk Fedek skvek Sk ddket kdedr dedkd ek ek ke ek ke dekt KRk Rk ekt dekdke ke NeR Rded

HEC-1 INPUT

8 1 . . N N L O L I I

1D FCD IN-HOUSE TRAINING ~ HYDROLOGIC DESIGN MANUAL
m KINEMATIC WAVE ROUTING EXAMPLE

ir 5 100

I0 0

E R L e e S R s e e e st

KK SuUBl
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 2122 . 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

L L R T e g s s e e S R s s Tt L2

KK R A-B
KM ROUTE SUB1 OUTFLOW FROM A TO B
RK 14362 - .0139 .030 TRAP  125.0 3.0

% Fededededek Rk d ek vede e R R R R kRt dede Rk ek kRk Rtk ek ke dded kR ikdetedeinb dekkdede ekt ek

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
B T T L L L L L e R L e e e e s e e

KK
HC 2
27

PAGE 1



ROUTE SUB1 OUTFLOW FROM A TO B

;

HYDROGRAPH ROUTING DATA

19 RK RINEMATIC WAVE STREAM ROUTING
L 14362. CHANNEL LENGTH
s .0139 SLOPE
N .030 CHANNEL ROUGHNESS COEFFICIENT
cA .00 CONTRIBUTING AREA
SHAPE TRAP CHANNEL SHAPE
WD 125.00 BOTTOM WIDTH OR DIAMETER
z 3.00 SIDE SLOPE
DXMIN 2 MINIMUM NUMBER OF DX INTERVALS
RUNOFF SUMMARY
PLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAR TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN
OPERATION STATION FLOW  PEAK AREA
+ 6-HOUR 24-HOUR .  72-HOUR
HYDROGRAPH AT
+ - R ) SUB1 386. 282. 282. 1.76
B ,ff'*gy %y
o VB 4
L , ROUTED TO
N aﬁxﬁ“‘ R A-B 383. 278. 278. 1.76
Lt
& HYDROGRAPH AT
+ SUB2 3285.  4.67 582. 424, 424. 4.05
2 COMBINED AT
+ 5437.  4.67 959. 702. 702. 5.81
1
SUMMARY OF KINEMATIC WAVE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPOLATED TO
, COMPUTATION INTERVAL
ISTAQ  ELEMENT DT PEAR TIME TO  VOLUME DT PEAR  TIME TO
PEAK PEAK
(MIN) (CFS) (MIN) (IN) (MIN) (CES) (MIN)
R A-B 3 .35 2170.31  277.07 2.02 5.00 2152.67 280,00

CONTINUITY SUMMARY (AC-FT) - INFLOW= 192.152 EXCESS= .000 OUTFLOW= 189.885 BASIN STORAGE=

MAXIMUM TIME OF
STAGE MAX STAGE
VOLUME
(IN)
2.02

2.194 PERCENT ERROR=

H

.038
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. _Prosrer:  Calculate Green # Ampr [oss paramcters based

| i ~ on soil texture and IL+ ULR paramecters based.
R on Hgdrologrc sSoc/ 6f0l{f5‘;far~ Zhe wa fcr‘.s‘/ma’ on
. page L. "Data and descriptions are from the

S “"Maricopa, County, Arizona -

. 'sls soil sarvey "
~C€n'£’:f'in ;Paf’f""- D

FIRST : Collect physical data and vegetation adjustment
. facters. In this case, we will assume that each
map unit has a unique percentage of vegcZaZion
. ecover B RS o
 MAP UNIT  LAND DESCRIPTION  VEG. COVER XKSAT ADY. _ Hs§_  ZA (in)
T R U S B IR R M FAcTOR (Fig 43) (App.C) ~ (TAsiE 4.1)

;jﬂffxaa . ﬂw.foQQif'}ZSx

RS Mountain . 10
b Desert 30 22 A s
- PA . Desert o 22 C a3 . 3'5' 5o 35

HLC o illshpes g e e s

Sterd:  Colcalate Green £ Ampt parameters for each map
R untt. XKSAT values (for bare ground) can be .
read from the tables in Appendix C. o '

Note that Zhe RS complex /s ot Jisted on Appéﬂ//i C.

ot (S 2he only soil Complex ¢n Zhe Survey ‘Arca ewrith
reater Zhan S0. Kefer

& rock outcrop percentage g
For information on the associated

%o Zhe Soc/ Survey :
soils, and always check the map unit descriptions

; ‘,ffo‘_‘.see. tfasignificant percentage of rock outcrep
- The RS o/escn}o%zbn (S as Follews:

AR 50-¢5% Rock Outerop

20 - 35% CHERION/ Soits

5= 10% GACHAPO Sois

B
‘ . | | | |
~ RS: "~ Rock Ou terop = Cherion/ Complex, §-70% Slopes =
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Iﬂfpccz‘/an oF our /aarzéfca/¢r ma,o amezf‘ /c.’adj‘ us 2o

t/)c ﬁ//awuzy fer‘ccn z_‘ages Rock OuZ‘cr‘ap"‘.%%
S B S CHERION! SOIL = 0%

: GACHADo SolL — lO_A, ‘
IE;A/D XI(SAT far :él;c fwo sorls : RS S o
‘  CHMERION/ i O infar
G,ACHA bo oe nfhe

- Calculaie. a weig hf'cd XKSAT bascd cn f/:c 50:/ pcrcenz‘ages
o () ) (8)( 09 - a5 e e

- In z.%/S case; ‘our’ vcgcf:m’::on adJusz‘Meﬂz‘ fc'rcz.‘ar s /00
 so 0. ac{;usi.-meﬂt s f<:f<//rea/ SUL T

:‘ Cb Carm-z.o 3mv¢llﬂ sandg loam 0- 3/ .S'MPeS i

/Wfé‘ wno VEGEfAr/aA/ ADJ"LIST/‘/E/VI‘ Fdﬂ sAans og LaAHL,J SAND song e

PA Pcrﬂj\/l”c Gra\le.”ﬂ Laam, O // S'/o,ocs ‘
| XKSAT~ (‘/o)( /. /3)- Y52 jn/hr

HLC: HAmuA GUMS/GHT‘ COHPAFX 0-8% SMP‘"‘S o |
SE xKsaT = (04)(107) = 043 infbr

STEP 2:  Determine the /Jcrcenz‘agcs of each soil map unit
o Cwithin the subbasins. Calculate a weighted |
XKSAT, and an_‘cr‘loo/qfc the athcr‘ @rccn £ Amp‘t |

- parameters From - 7able 42 . |
For z‘/)e example 4iatershed, assume:

- Subbasin 1: 65% RS

; ; 35% HLC

Sabbasin 2: /5% RS
/0% Cb
35% FPA

Y07 HLC




FLOOD CONTROL. DISTRICT OF MARICOPA COUNTY

PROJECT _ pacE 4 __ oF
DETAIL _KAINFALL LoSSES COMPUTED DATE

CHECKED BY DATE

. PSIF = /7”7/ in
BT ORI W , ‘DTHETA~ 37 in SRR N .
| For Subbqsm 2: XKSAT ¢ 15)( 3!5)+(ro)(/z)+< 35)( vsz)*‘( '/0)( ovs)= 0 34 m/hr -
PSIF= 4.0 én | | T |
DTHETA = .35 in

»:}"ﬁST’E'p 3 Calcula'b:_ ,Dercemf Im'per'l//at/sncss (RTIMP) and

 Surface /chin /'f"‘"w/o:s (IA) 7£ar eac/: saéﬁa.ﬂn
jl” 2 " ) v?'vt Lo ,(4,/ : N -

SuBBASMI 1 RT/ﬂP z 65‘(60%) = 39% PR Pkt CANRR N
O S LA = .65(a8)+.35( /s') azz R R R
,1SUBBAS/N 2 RT‘/HP =, /.5'(4,0/,) 2% EERRaRiEars
EES R S | TA = .5(a8)r. s (35) +. ‘/o( /5) 0. 24, in

F/NALLY ~ Summar/zc /oaramefcr‘s n z‘éc. order‘ z"éaz" z.‘/rc_f/
T o w:/l be enzfcred on thc: 4(5 cara’ v

L 7;5uBB.A$/N P - IA =.22in
| ‘ . DTHETA=.3Tin-
/75/F 44en
AXKSAT =,22 in/hr
RTIMP =397 o

SusBasiv 2:  TA:.26in e
' ~ DTHETA=.35/n
PS/FNl/'om
‘ XKSAT"‘ 34 m/hr
RTIMP= 9%

T e ” . .
. For Subbasin _Z  XKSAT = ( 65)( 315) +(. 35)( 043)~ 0.22 «.n/hr -
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT PAGE _ 5 oF
oeTall _ Rawnraiwt L osses COMPUTED _____ DATE
CHECKED BY DATE

. TwirraL Loss plus (lwirorm Loss LPATEe /TETHOD
o  USING HYDROLOGIC SOt GROUFS (HSE)

‘(Loss Parame ters from Table S Y

SrEPliv.jiﬂf - — -
 Determine a *weighted ' HSG for cach subbasin: Azl B=2,
O : . C=3, D=7

 SubL i .¢8(H4).35(3) = 3.65
| . © | G
Sub 2. 45(Y)+ .20 (/)‘ +.35(2) +. 40(3) = 2.€0

gy

step2:. o s -lce-poel g | e
Interpolate CWSTL and IL from Table 1¥ for cach subbasin:

. Sust __, CNSTL = _.f/.f'-:[(i 154.05)(-4,5'2],,:.,085 ‘:‘n//)‘r‘ -
| S IL = L E- [:('5_'4)(_65)] = 435 [n
sTe = z25-[(25-,15)(.00)] = .19 infhr

-~ Sup2-—* cN

IL= .5in
TL and ,f“AAjusécJ CANSTL values for ¢ach subbasin

 Calculate SR
[ STRTL = ZL+ ZA,
| ’Sub 4:

use ZA4 v\/a/‘c"/ebs fr‘ém Step 4 _abooc :

STRTL = 435+ ,22 = _0.L55 in |

CNSTL = .085[(.65)(1.0)+(35)(1.07)]=.. 087 én/hr
RNt ‘ ,

Sub2: STRTL = .5 in 7‘—;26 in = _0.76 ¢n
cANSTL = 19 [(.15XL00) + C10)(1.22)+ (35)( 1.13) * (. c/a)(/,a7)]

=.19(/.0%6) % .208 infhr

Faken ints account when a

Remember: Percent impervioysness LS
RT/MP variable

HSG is assigned, So do noZ wuse the

with this_method.
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- Caad
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T ek A
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oy
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7—’720/\4 KA/NFALL ﬁ/j //u&lr/m/ /W_A So/L Lon

//-//5 wirte én/e 9/04/ ///t: Excess ﬂf)m/i—"ﬂa. b/smma To/v.

@ /SE T, //E //\/FaRMAT/DA/ J~Ro M @ /M/.A @ //\/ 77/e 72,4 R

WaKKSh‘EL’T AA/A C’/}LCt/Lﬁzc TC AA/,A /{’ GCT uA Rccoe_)(Pgﬁ

@ INSERT THE /\/Ew/' Te Avd R PA@AMc TER.S /N 7Wc /‘/E'c—

GET PEAK DISCHARGE \/,Aé,afs P

o w‘;/-)/‘/A CRUM 1T TO




LINE

S UWN =

17
18
19
20
21
22
23

24
25
26

1D..

ID
ID
1T
10

KK
KM
BA
IN

. PB

PC
PC
PC
LG
uc
UA
VA

KK
KM
BA
LG
uc
UA
UA

KK
HC
4

HEC-1 INPUT

..... 1.....ééf:......3.......43..;...5....4..6.......7.......8.......9
ﬁ}égtfw
N
aant
5 100 R
e
el &
SUB-BASIN A1 st
I (2
1.760 IM‘/ff s
R4 5
15 @M
3.157 _
000 .012 .018 .027  .040  .05%  .0&1 .07z .083
107 .122 143 .188  .274 460  .684  ,820  .887
948  .962  .974  .988 1.000 e
220  .380 5.400  .150 39.000 S
f,’-T C»in&q
o 3 5 8 .12 20 43 75 90
100
SUB-BASIN A2
4.050
260 .350 3.900 .320 9.000
SR co '
o 3 5 8 12 20 43 75 90
100
2

...... 10

.094
.927

96 -

96

PAGE

A




*******t******************ﬁRt***t**x**********t*t*t*****t*******t*t*t*ﬁ*****kﬁt********ttt*tt***t**t**t!t****ﬂtt****tt**kt*t*tt**t*

HYDROGRAPH AT STATION (/PPER BAStA!
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™~ , R
N e ‘;

/2* A
i
[(*; . DA MON HRMN ORD RAIN LOSS’ EXCESS’ COMP Q

N [

Ay
A
’

DA MON HRMN ORD RAIN LOSS - EXCESS ' C0[‘ll’-‘{r Q‘}!

AT Sk .

1 0000 1 .00 .00 .00 o Cgéfﬁ 1 0410 51 .14 .03 QJJ/ 1551.

—- 1 0005 2 01 - .01 .00 36, | < x 1 0415 52 4 .03 2 1563.

1 0010 3 .01 .01 00 67. * 1 0420 53 .07 .03 .06 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.
i 1 0045 10 .01 .01 00 50. * 1 0455 60 .02 .01 .01 17,
| 1 0050 11 .01 .01 .01 62. * 1 0500 61 .02 .01 01 1.
1 0055 12 .01 .01 .01 73. * 1 0505 62 .01 .01 .01 98.

1 0100 13 01 .o .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 T4 .00 .00 .00 34,

1 0200 25 .01 .01 .00 62. * 1 0610 75 .00 .00 .00 0.

1 0205 26 .01 .01 .00 62. * 1 0615 76 .00 .00 .00 0.

1 0210 27 . .01 .01 .00 62. * 1 0620 77 .00 .00 00 0.

1 0215 28 .01 .01 .00 62. * 1 p625 78 .00 .00 00 0.

1 0220 29 .01 .01 .01 67. * 1 0630 79 .00 .00 .00 0.

1 0225 30 .01 .01 .01 73. * 1 0635 80 .00 .00 .00 0.

1 0230 31 .01 .01 .01 73. * 1 0640 81 .00 .00 .00 0.

1 0235 32 .02 .01 .01 78. * 1 0645 82 .00 .00 .00 0.

1 0240 33 .02 .01 .01 84. * ] 0650 83 .00 .00 .00 0.

1 0245 34 .02 .01 .01 84. * 1 0655 84 .00 .00 .00 0.

1 0250 35 .02 .01 .01 101. . * 1 0700 85 .00 .00 .00 0.

1 0255 36 02 .01 .01 17. * 1 0705 86 .00 .00 .00 0.

1 0300 37 .02 .01 .01 117. * 1 o710 87 .00 .00 .00 0.

1 0305 38 .05 .03 .02 185. * 1 0715 88 .00 .00 .00 0.

1 0310 39 .05 .03 .02 . 2s2. * 1 0720 89 .00 .00 .00 0.

1 0315 40 .05 .03 .02 252. * 1 0725 90 .00 .00 .00 0.

1 0320 41 .09 .05 .04 369. * 1 0730 91 .00 .00 .00 0.

1 0325 42 .09 .05 .04 526. * 1 0735 92 .00 .00 .00 0.

1 0330 43 .09 .04 .05 600. * 1 0740 93 .00 .00 .00 0.

1 0335 44 .20 .04 716 1378. * 1 0745 94 .00 .00 .00 0.

1 0340 45 .20 .06 .16 2138. * 1 0750 95 .00 .00 .00 0.

1 0345 46 .20 .04 .16 2171, * 1 0755 96 .00 .00 .00 0.

1 0350 47 .24 .03 .20 2671. * 1 0800 97 .00 .00 .00 o.

1 0355 48 .24 .03 .20 2765. * 1 0805 98 .00 .00 .00 0.

1 0400 49 .26 .03 1.20 2783. * 1 0810 99 .00 .00 .00 0.

1 0405 50 4 .03 . 2168. * 1 0815 100 .00 .00 .00 0.

»
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HYDROGRAPH AT STATION L oWER BASIA
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Lo b
S

| DA MON HRMN ORD  RAIN  LOSS EXCESS COMP, @ * DA MON HRMN ORD  RAIN  LOSS EXCESS COMP Q
‘ 1 0000 1 .00 .00 .00 1 0. * 1 0410 51 4 .05 .09 2777,
| 1 ooos 2 .01 .01 .00 18. * 1 0415 52 14 .05 2826.
! 1 0010 3 01 .01 .00 36, * 1 0420 53 .07 .05 1730.
g 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 o035 8 .0 .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 .oer. * 1 0455 60 .02 .02 .00 62.
1 0050 11 .0 .01 .00 33. * 1 0500 61 .02 .02 .00 62.
1 0055 12 .01 .01 .00 9. * 1 0505 62 .01 .0 .00 52.
1 0100 13 .01 .01 .00 9. * 1 0510 63 .01 .01 .00 42,
1 0105 14 .01 01 .00 }6. * 1 0515 64 .01 .01 .00 42.
b ] 0110 15 .01 .01 .00 33. * 1 0520 65 .01 .01 .00 39.
1 o115 16 .01 .01 33, * 1 0525 66 01 .01 .00 36,
1 0120 17 .01 .01 31. * 1 0530 67 .0 .01 .00 36.
1 0125 18 .01 .01 30. * 1 0535 68 .0 .01 .00 39.
1 0130 19 .01 .01 30. * 1 0540 69 .01 .01 .00 42,
1 0135 20 .01 .01 31. * 1 0545 70 .01 .01 .00 42.
1 0140 21 .01 .01 33, * 1 0550 71 .01 .01 .00 39.
1 0145 22 .01 .01 33, * 1 0555 72 .01 .01 .00 36.
1 0150 23 .01 .01 33, * 1 0600 73 01 .01 .00 6.
1 0155 24 .01 .01 33, * 1 0605 T4 .00 .00 .00 18.
1 0200 25 .01 .01 33, * 1 0610 75 .00 .00 .00 o.
1 0205 26 .01 .01 33, “* 1 0615 76 .00 .00 .00 0.
1 0210 27 .01 .01 33, * 1 0620 77 ".00 .00 .00 0.
1 0215 28 .01 .01 33. * 1 0625 78 .00 .00 .00 0.
1 0220 29 .0 .01 36, * 1 0630 79 .00 .00 .00 0.
1 0225 30 .01 .01 39. * 1 0635 80 .00 .00 .00 0.
1 0230 31 .01 .0 9. * 1 0640 81 .00 00 .00 0.
1 0235 32 .02 .01 52, * 1 0645 82 .00 00 .00 0.
1 0240 33 .02 .01 45, * 1 0650 83 .00 .00 .00 0.
1 0245 34 .02 .01 45. * 1 0655 84 .00 .00 .00 0.
1 0250 35 .02 .02 53, * 1 o700 85 .00 .00 .00 0.
1 0255 36 .02.- .02 62. * 1 0705 86 .00 .00 .00 0.
1 0300 37 .02 .02 62. * 1 o710 87 .00 .00 .00 0.
1 0305 38 .05 .04 98, * 1 o715 88 .00 .00 .00 0.
1 0310 39 .05 .04 134, * 1 o720 89 .00 .00 .00 0.
1 0315 40 .05 .04 134, * 1 0725 90 .00 .00 .00 0.
1 0320 &1 .09 .08 195. * 1 o730 91 .00 .00 .00 0.
1 0325 42 .09 .08 255. * 1 0735 92 .00 .00 .00 0.
1 0330 43 .09 .08 266. * 1 o740 93 .00 .00 .00 0.
1 0335 44 .20 .08 2022. . * 1 0745 94 .00 .00 .00 0.
1 0340 45 .20 .07 3857. * 1 0750 95 .00 .00 .00 0.
1 0345 46 .20 .07 4013, * 1 0755 96 .00 .00 .00 0.
1 0350 47 .24 .06 4759. * 1 0800 97 .00 .00 .00 0.
1 0355 48 .24 .06 5481. * 1 0805 98 .00 .00 .00 0.
1 0400 49 .24 .06 5559. * 1 0810 99 .00 .00 .00 0.
1 0405 50 .14 .06 1 0815 100 .00 .00 .00 0.
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'J53=waté;sﬁed" . o
) Rainfall Frequercyg_l5ZL ~yr Duration:

Calculated by°_-

CALCULATICN OF Tc & R . ’

Date:

Project:

- hr. Pattern #:

L o

7

[ ] Grzeen & Ampt Method
{ ] IL + ULR by soil texture
SO { ] IL + ULR by hydrologic soil group
Tabulate Period of - Rearrange Incremental Excesses in
a zces ‘Oxder ecreasi erage tens
Clock Time . Increm. ‘Accun. Increm. Accum. Avg. Excess
‘@ end of Excess Tipe Excess _Excess Intensity v
Increm, in. hr./min. in, in. in./hc.
0339 el - :
0340 b ] ;e i) 5
0345 b ' vz
0350 Z0 o e
03 55 120 i i
oHoo <20 L L
o405 11 i A —
o4l 1 _uy ]
a=_ 17 sqai A+
L= L L% mi. v
s = __ gy fr/mi. e
r
Kb = m [log(A * 640)]+ b a
Kb = ( »mx) log ¢ *640) + ) |8
Kb = 1o Tk a
.50 .52 -.31 -.38
Tc = 11.4 L Kb S i ' E -
-.38 L x
te = (227 ) 4 i, e
e
Trial Tc i s.
9.4 /7 ¢ ‘zﬁ s s
2 f'\;{? 52\ I
"-ﬂ P Kt ,3‘” n =
W [ pb s t b i S B S -
N pb S et b el e
?
/ Tc = pé”ﬁ?f’? hr. 8
i
t
1.11 -.57 .80 Yy
R = .37 Tc A L
i
n
/
h
r




CALCULATICN OF Tc & R A8

hCalculated by: Date:
Checked by: ‘ Project:
Watershed:

Rainfall Frequency: - yr Duration: - hr. Pattern #3

{ ]} Green & Ampt Method
{ } IL + ULR by soil texture
{ ] IL + ULR by hydrologic soil group

Rainfall Loss Method:

Tabulate Period of Rearrange Incremental Excesses in
Pesk Rainfall Excess Order of Decreasing Average Intenslity
Clock Time Increm. Accum. Increm. Accum. Avg. Excess
@ end of Excess Tinme Excess . _Excess Intensity
Increm. in. hr./min. jn. .~ __in. __in./hx.
0340 213
o34S “13
0350 ari
0355 A%
0400 N oY 3
0405 +09
o 410 <09
oS o
odzo 02
aro 2.2 WP P4 Yol
0% 3 0 Oz
A= . sq.mi. A
L = < e comdl v
S = - ft/mi. e
_ I 4
Kb = m [log(A * 640)]+ b a
Kb = ( ) log ¢ *640) + ( ) |g
Kb = 2 e
.50 .52 -.31 -.38
Tc = 11.4 L Kb S i E
' -.38 x
Tc = ( y 1 °° c
e
.Trial Tc i calc. T¢ s
. ‘ s
1 .
n
t
e
- n
Tec = hr. ]
i
t
1.11 -.57 .80 y
R = .37 TIc A L -
i
n
R = _hr. -1/
.

e . . |

, -bime (Tc) (ﬁr./min.)

LR
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What an observer
on the bank sees

A kinematic wave appears as uniform, unsteady
flow; water surfaces and bed are parallel to

A dynamic wave appears as gradually
each other and to the energy grade line.

varied, unsteady flow; streamlines and
water surface profiles cre not parallel.

gy y. S ¥ 8 A
= 3Af—= = ___t=346t o B
t= 28t—— c=\gD t=20"%— < —z
e R o =
t=0 - — t=0 v :
\ —> /| \ —> /
\\ P \ - 7/
\ 7 \\ s
\ . /// \ //
\ g/ Na/
Observer Observer

FIGURE 4.9

Visualization of dynamic and kinematic waves.

KInNEMATIC WAVE
ROUT /NG

1l

w—perym—

DYNAMIC WAVE . / Fawe Saint- Venant £quations
2. Effects of Lnertia, Pressure,
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Executive Summary

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. Army Corps of Engineers’ HEC-1 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-1 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-runoff modeling procedure thatis contained in the manual s 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 procedureis physically based this does notassure that the rigorousapplication
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 reproduce the physical process
being simulated. Although accuracy is highly desired, it is theoretically impossible
to achieve in an earth science 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 provides a reasonable assurance 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 of storms in Maricopa County. Thesearederived 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 modification includes using the 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 of unit 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 S-graphs. The Clark unit hydrograph is recommended for watersheds
or subbasins less than five square miles in size with an upper limit of appiica-
tion of ten square miles. Procedures are provided for the estimation of the two
numeric parameters: time of concentration and storage coefficient. Two default
time-area relations are provided; one for urban watershed and the other for
natural watersheds. Two regional S-graphs have been selected 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 S-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 S-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.
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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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Introduction

In April 1985 a task force was formed by the Flood Control District of Maricopa 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
stormwater 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 or unincorporated areas of Maricopa County.
The task force determined that these efforts would be achieved in three phases:

Phase1 Research, evaluate, develop, and produce uniform criteria for drainage
of new development which resulted in the Uniform Drainage Policies and
Standards for Maricopa County.
Phase2 Establisha Stormwater Drainage Design Manual for use by all jurisdictional
‘ agencies within the County.
Phase3 Prepareanin-depthevaluationofregional rainfall data and establish precipita-
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.

Scope and Limitation

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 of assisting in the prediction of runoff which might resuit froma design storm
of a given return interval.

Third, the design storm has no point of reference in terms of a 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 froma 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-1, 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 of analysis, the same design storm
is used as the driving input.

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, such as envelope curves, regression equations, or other checks 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 tosolvea particular problem. A number of examples were designed
to aid the user with the development of input variables and parameter estimation.

[t 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 approuval.

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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Application

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-1 Flood Hydrology Program is not

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, MCUHP1 and MCUHP?2, that interactively convert screen-prompted
keyboard input into a HEC-1 input file. MCUHP1 is written for use with the Clark
Unit Hydrograph option and MCUHP2 is written for use with the S-graph option.




General

2,11

2.1.2

Precipitation in Maricopa County is strongly influenced by variation in climate,
changing froma 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. Precipitationis 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.

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.

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 this 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 of a band of locally heavy rain cells withina larger area of light to moderate
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rainfall. Whereas general winter storms 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.

Local Storms

These storms consist of scattered heavy downpours of rain over areas 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. ,

Depth-Duration-Frequency Analysis

2.2.1

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 administrative 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 peak discharge 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
itis structured both in timeand space. However, selection of the appropriate criteria
is constrained by availability and quality of data.

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.




Hydrologic Design Manual Rainfall
for Maricopa County

Depth-Area Relation

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 Department of Agriculture, Agricultural Research Service, 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 of areal 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 (US. 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 Figure2.1and Table 2.1 to select the reduction coefficient.

5. Multiply average rainfall by the depth reduction coefficient.

september : ’1 e ‘ 5
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(To be used only with 6-hour duration rainfall and for all watersheds less than or
equal to 100 square miles. Can be 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, Ratlo 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 0.86
100 0.80
200 0.72
300 0.66
400 0.61
500 0.57

Selection of Appropriate Design Storm

The design hydrologist must specify the appropriate rainfall frequency, duration,
depth and the corresponding time distribution for any design purposes which
require calculation of runoff volume and peak discharge. Application of the Ration-
al Method does not require a time distribution. The Hydrologic Design Manual
applies the NOAA procedures which led to the 100-year, 6-hour mass curve for
| small areas up to 0.5 square miles. This mass curve is also known as Pattern #1, and
i will be discussed later. If a particular application requires that a specific mass curve
‘ : other than Pattern #1 should be developed, the following procedures (NOAA) or,
| alternatively, a program referred to as PREFRE by the U.S. Bureau of Reclamation
(1988) can be used:

1. Using Figures 2.2 through 2.13, read rainfall depths for 2-, 5-, 10-, 25-, 50-, and
100-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 (i.e,, 23 = 2.3 inches).

2. Plot the values from 1 for each duration on a separate line on Figure 2.14, look for
any deviation from a straight line and make corrections to conform to the straight
line values. This process will minimize any error due to transposition of values on
the maps. Also, any error due to reading and interpolating values between the

‘ isolines will be minimized. Note that these numbers arealready in partial-duration
‘ series, so there is no need for annual to partial-duration conversion.

September 1, 1990 9
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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
exampleretention design requires a 100-year frequency, 2-hour duration design
storm. Insuch cases the following 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, 1-hour depths are calculated as follows:

where:

Compute Y2 =-0.011 + 0.942(X1)(X1/X2)
Compute Y100 = 0.494 + 0.755(X3)(X3/X4)

Y2 = 2-yr, 1-hr estimated value;

Y100 = 100-yr, 1-hour estimated value;

X1 = 2-yr, 6-hr value from precipitation-frequency maps;

X2 = 2-yr, 24-hr value from precipitation-frequency maps;
X3 =100-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-hour depths, as well as depths for other
durations are calculated:

Compute 2-hr depth = 0.341 (6-hr) + 0.659 (1-hr)

Compute 3-hr depth = 0.569 (6-hr) +0.431 (1-hr)

Compute 12-hr depth, Figure 2.15, using 6-hr and 24-hr values
Compute 5-min depth = 0.34(1-hr)

Compute 10-min depth = 0.51(1-hr)

Compute 15-min depth = 0.62(1-hr)

Compute 30-min depth = 0.82(1-hr)

At this point the data includes all depths for the 100-year and the 2-year frequencies,
for all durations. Depths for 5-, 10-, 25-, and 50-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., 15-min, or 30-min

(see Example 3).
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Developmené of Design Storm Distributions

2.5.1

2.5.2

The design storms for use in Maricopa County will be either a 2-hour or a 6-hour
distribution. The 2-hour storm s 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 of up to 100 square miles. For watersheds larger
than 100 square miles, the selection of design rainfall criteria must be performed on
a case-by-case basis, by a qualified hydrologist.

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, i.e., rainfall input for
HEC-1, 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. : ' :

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 of drainage area. A rainfall pattern can be selected from Table 2.3 for direct

e A B o R R B L Rt e

Table 2.2
2-Hour Storm Distribution for Retentlon 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

September 1, 1990 25
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input into HEC-1, 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 MCUHP1 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*

-(I;"';? Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern §

0:00 0.0 00 - 0.0 0.0 0.0 |
0:15 0.8 0.9 15 2.1 2.4 .
0:30 1.6 1.6 2.0 35 4.3 |
0:45 25 25 3.0 5.1 5.9

1:00 3.3 34 48 7.1 7.8

1:15 4.1 42 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

*Pattern represents percent Rainfall Depth.
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Rational Me

General

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.

Rational Equation

The Rational Equation relates rainfall intensity, a runoff coefficient and the water-
sheytcythege\nerated peak discharge. The following shows this relationship:

7 Q=CiA 3.1)

Q = therunoff (cfs) from a given area.

C =  acoefficient relating the runoff to rainfall.

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

A = drainagearea (écres).

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 of design. The time of concentration should be computed by
applying the following equation developed by Papadakis and Kazan (1987):

TC 11405 K052 S—/(}.sl 038 (3.2)
whe;ékM;’” <
Tec = timeof 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 values 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 = m{log 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
(hilislopes, alluvial fan)
Very rough and/or dense vegetation -0.030 0.20
(mountains)
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Figure 3.1
Resistance Coefficient Kp as a Function of Watershed Type and Size

Assumptions

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. Thefrequency of occurrence for the peak discharge 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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Limitations

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.

Application

The Rational Method can be used to calculate the generated peak discharge and
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. Calculatetime of concentration (see example4). Thisis tobedoneby an 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 100-year. The intensity value of the corresponding
Tc in the above is for the Phoenix Metro area. Use iy in the following equation
for estimating i for other areas:

(3.3)
i = thedesired intensity for a given duration and frequency.
ip = theintensity for the Phoenix Metro area.
Poyg = the 10-year, 6-hour precipitation depth at the pdint 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.
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3.5.2 Voluine Calculations

Rational Method

Volume calculation should be done by applying the following equation:

P
v=C (12) A

where

v N <
[

=  Rainfall depth in inches

A = Drainage area in acres

= Calculated volume in acre-feet

Runoff coefficient from Table 3.2

3.4

In the case of volume calculations for retention/detention design, P equals the

100-year, 2-hour depth, in inches, from Section 2.4.

Table 3.2
C Coefficlents for Use with the Rational Formula
Streets
Asphaitic 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
Light 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 (siopes > 10 percent) 0.60-0.80
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General

Rainfall excess is that portion of the total rainfall depth that drains directly from the
land surface by overland flow. By a mass balance, rainfall excess plus rainfall loss

equals precipitation. When performing a flood analysis using a rainfall-runoff

model, the determination of rainfall excess is of utmost importance. Rainfall excess
| integrated over the entire watershed results in runoff volume, and the temporal
| distribution of the rainfall excess will, along with the hydraulics of runoff, deter-
. mine the peak discharge. Therefore, the estimation of the magnitude and time

distribution of rainfall losses should be performed with the best practical technol-
ogy, considering the objective of the analysis, economics of the project, and conse-
quences of inaccurate estimates.

Rainfall losses are generally considered to be the result of evaporation of water 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: '

September 1, 1990 N 37




RATE, DEPTH PER UNIT TIME

Rainfall Losses

Hydrologic Design Manual
for Maricopa County

ACCUMULATED LOSS UP TO TIME OF PONDING
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Figure 4.1
Schematic Representation of Rainfall Losses
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. : ~Interception,
Vegetation Type inches
hardwood tree 0.09
cotton 0.33
alfalfa 0.11
meadow grass 0.08

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 initial abstraction. 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
including 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 4.2 represents
1 a simplified set of assumptions thatcan be made. InFigure4.2, it isassumed that surface
f 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 capacity 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 occur at the time of ponding (Tp) which signals
\ the beginning of surface runoff. As illustrated in both Figures 4.1and 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
i in Figure 4.2, that are to be modeled by the procedures in this manual.
|

September 1, 1990 39




Rainfall Losses Hydrologic Design Manual

(;’t/ ot o %ﬁﬁ A for Maricopa County

-

e T
LK C(»HVﬁ) ) L] ’

z NG - L /f': b }
ol B
’ {‘ \ \,,,»’,,@\'{.Q\ {E“ti‘»—v;r /,, bt /‘
LI W T [
é\'ﬂ . tw"‘ Q@ﬁ;} - y

INFILTRATION CAPACITY CURVE

\ RAINFALL
EXCESS

RATE, DEPTH PER UNIT TIME

77 fe

Ts !
INFILTRATION

SURFACE RETENTION LOSS \((
A R ( A

A :‘“fv"‘fiw‘; [

£

Figure 4.2
_ Simplified Representation of Rainfall Losses
A Function of Surface Retention Losses Plus Infiitration




Hydrologic Design Manual Rainfall Losses
for Maricopa County

Surface Retention Loss

Surface retention loss, as used herein, is the summation of all rainfall losses other
than infiltration. The major component of surface retention loss is depression
storage; relatively minor components of surface retention loss are due to intercep-
tion and evaporation, as previously discussed. Depression storage is considered to
occur in two forms. First, in-place depression storage occurs at, and in the near
vicinity of, the raindrop impact. The mechanism for this depression storage is the
microrelief of the soil and soil cover. The second form of depression storage is the
retention of surface runoff that occurs away from the point of raindrop impact in
surface depressions such as puddles, roadway gutters and swales, roofs, irrigation
bordered fields and lawns, and so forth.

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 (1967), 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. :

Infiltration

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 IA, Inches
(1) (2)
Natural
Desert and rangeland, fiat siope 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
| Agricuitural
Tilled fields and irrigated pasture l 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 Maricopa County, the extent by which percolation can restrict infiltra-
tion of rainfall should be carefully evaluated. SCS soil scientists have defined
hydrologic soil group D 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 D if a near impervious strata of clay, caliche, or rock is beneath them. When these
soils are considered in regard to long-duration rainfalls (the design events formany
parts of the United States) this definition may be valid. However, when considered
for short-duration and relatively small design rainfall depths in Maricopa County,
this definition could result in underestimation of the rainfall losses. This is because
evena relatively shallow horizon of soil overlaying an impervious layer still has the
ability to store a significant amount of infiltrated rainfall.

For example, consider the situation where only 4inches of soil covers animpervious
layer. If the effective porosity is 0.30, then 1.2 inches (4 inches x 0.30) of water can
be infiltrated and stored in the shallow soil horizon. For design rainfalls in Maricopa
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 D, the reason for that classifica-
tion should be determined.
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Hydrologic soil group D should be retained only for: ‘ ‘ v/ s

» clay soils, /‘ Q& = e

» soils with a permanent high water table, and ;/ m‘ r{‘} S ';;.‘.z’, &

» rock outcrop.

Hydrologic soil group D should probably ot 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. '

Recommended Methods for Estimating
Rainfall Losses

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

1. Holtan Infiltration Equation

2. Exponential Loss Rate

3. SCSCurve Numbers (CN) Loss Rate

4. Greenand Ampt Infiltration Equation

5. Initial Loss Plus Uniform Loss Rate (IL+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 fora 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 practical limitations, 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-1, can be used to simulate the rainfall loss model as depicted in Figure
4.2. (Fora full discussion of these methods, see Sections 4.4.1and 4.4.2.) The [L+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-1.

The preferred method, and the most theoretically accurate, is the Greenand 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 if adequate information is available to estimate the
necessary parameters. Use of rainfall loss methods other than those recommended
should not be undertaken unless previously approved by the Flood Control District
and the local regulatory agency.

Green and Ampt Infiltration Equation

This mode], first developed in 1911 by W.H. Green and G.A. Ampt, has since the
early 1970s, received increased interest for estimating rainfall infiltration losses.
The model has the form: :

f=Ks(1+3;_.9-) forf<i

4.1
f=i forf2i
where
f = infiltration rate (L/T),
i = rainfall intensity (L/T),
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' Ks = hydraulic c‘onddétivity, wetted zone, steady-state rate (L/T)

b 4 = average capillary suction in the wetted zone (L),

e = 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 concise explanation of the Green and Ampt 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 implicit with respect to f
which causes computanonal 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=—05(2F - Ks Af) + 0.5 [(2F - Ks AB® + 8KsAt By +F)]72 4.2)
where
’ At = thecomputation interval
F = accumulated depth of infiltration at the start of At.
The average infiltration rate is: |
f='AAtF— 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
thesimulation of the surface retention loss as previously described; this loss is called
the initial loss (IA) 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 Ampt 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 modehng purposes, the infiltration begins immediately after the surface

retention loss (IA) is completely satisfied, as illustrated in Figure 4.2. The three
. Green and Ampt equation infiltration parameters as coded in HEC-1 are:
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»  hydraulic conductivity at natural saturation (XKSAT) equal to Ks in Equation 4.1;
» wetting front capillary suction (PSIF) equal to ¥ in Equation 4.1; and

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

Thethreeinfiltration parametersare functions of soil 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 XKSAT and
PSIF for each of the soil texture classes are shown in Columns (2) and (3) of Table
4.2. The values of XKSAT 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
Soll Texture XKSAT PSIF DTHETA'
Classification |inches/hour| Iinches 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 clay loam 0.04 10.8 0.30 0.15 0
sandy clay 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

! Selection of DTHETA:
Dry = Nonirrigated lands, such as desert and rangeland;
Normal = Irrigated lawn, turf, and permanent pasture;
= |rrigated agricuitural land.

Saturated
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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 County also 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:

» “Dry” 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 isusually in a state of low 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, brush, 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

2.0 _
e
ﬂ —
o 5,
23 _
52 1.5 ]
28
[ =
(2]
83835 -
oeg
S v
s -
2
20 11
©
(1 4
0 20 40 60 80 100
Vegetation Cover, %
Figure 4.3

Effect of Vegetation Cover on Hydraulic Conductivity
For Hydraulic Soll Groups B, C, and D, and for all Soil 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 based on 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 of storm occurrenceand therefore the base condition 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.

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 sum of all losses prior to the onset of runoff and is made up of surface retention
loss (IA) and an initial amount of infiltration (IL); therefore, STRTL = IA + IL. Values
of the infiltration component (IL) of STRTL 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 “Dry” 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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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 XKSAT 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 Soil Texture Classification

Initial Los?, Inches
Soll 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 = lIrrigated lawn, turf, and permanent pasture;
Saturated = lIrrigated agricultural land.
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Table 4.4
Initial Loss Plus Uniform Loss Rate Parameter Values
for Bare Ground according to Hydrologic Soil Group

Initial Los?, inches
Hydrologic Soil Uniform Loss Rate IiL

Group CNSTL Dry Normal | Saturated
(1 ) (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 = lIrrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.
Table 4.5
Published Values of Uniform Loss Rates
Hydrologic Soil Uniform Loss Rate, inches/hour
Group Musgrave (1955) USBR (1975)' USBR (1987)°

(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 of Small Dams, Second Edition, 1975, Appendix A.
Design of Small Dams, Third Edition, 1987.

Green and Ampt Method

A. When soils data are available:

Procedure for Estimating Loss Rates

1. Determine the soil texture classification. 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 if adequate
documentation on the sampling and laboratory procedureis provided and
approved.
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. 2. Estimate the hydraulic conductivity (XKSAT) for bare ground from Table
4.2 if general soil texture classification is available.

3. Ifappropriate, adjust the value of XKSAT 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: “Dry” for nonir-
rigated 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 (IA).

B. Alternative methods:

Asanalternative 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/orsoil cover and use Table 4.1 to estimate the
surface retention loss (1A).

' 5. STRTL=IA+IL.
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| Procedures

General

. Rainfall excess can be routed from a watershed to produce a storm discharge
hydrograph at adownstream 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-1, is an example of simplified 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.

_ds G.1)
I-0= dt

Examples of hydrologic routing by direct application of the equation of continuity
are the Clark Unit 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
Model are 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’s Unit Hydrograph, S-graphs, and unit hydrographs that are derived direct-
ly from recorded runoff data. Graphical or tabular methods of routing rainfall excess
by unit hydrographs are very amenable to hand-calculation 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 S-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 S-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 of rainfall 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.

Application of these principles requires a linear relation between watershed outflow
and storage within the watershed, S = KO. However, Mitchell (1962) has shown that
nonlinear storage, S = KO, 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 the
model hydrograph for use in watersheds that have nonlinear storage-outflow
characteristics. Presently no method has been devised to evaluate the linearity of an
ungaged watershed, and the assumption of linearity is a practical necessity in
/ virtually all cases.

Clark Unit Hydrograph

Hydrologic routing by the Clark Unit Hydrograph method is analogous to the
Ffrouting of an inflow hydrograph through a reservoir. This analogy is illustrated in
+ Figure5.1. The inflow hydrograph, called the translation hydrograph in the Clark
7 " method, is determined from the temporal and spatial distribution of rainfall excess
t over the watershed. The translation hydrograph is then routed by a form of the
Wi equation of continuity:
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Oi=Cli+(Ili + O)0ji—1 (5.2)

where
=24t (5.3)

=2R+At

Oi is the instantaneous flow at the end of the time period; Oj-1 is the instantaneous
flow at the beginning of the time period; Ij is the ordinate of the translation
hydrograph; At is the computation time interval; and R is the watershed storage

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

Oi=0.5(0i + 0i~1) (5.4)
where Oj = the ordinates of the Clark Unit Hydrograph.

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 areavailable 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

TN



Hydrologic Design Manual Unit Hydrograph Procedures

for Maricopa County
() | oss +— |
RAIN
EXCESS 4, Te
4=
POINT OF
INFLECTION
-Q
R =
4Q AQ/ At
DISCHARGE
\
At \
TIME
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
thatis available at the outlet of the watershed is the product of incremental area A1,
and the rainfall excess R1.

_ £
It = (A1R1) % AF

‘ , where ¢ = 60.5cfs/ acre—inch/ minute, and At = 5 minutes.
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Example of Storm Hydrograph Generation using the Clark Unit Hydrograph Method
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I1

" (8. acres)(.10 inch)(60.5 cfs/acre-inch/minute) / (5 minutes)

9.7 cfs

At the end of 10 minutes the available runoff is

— £
Ip=(A1R2 + A2R1) % A

= [(8)(.55) + (24)(.10)] x @s'é

=823cfs
At the end of 15 minutes the available runoff is

In = (A1R3 + A2R2 + A3R1) X £

At
= [(8)(.30) + (24)(.55) + (38)(.10)] x _Q_OS_S

=234.7 cfs

At the end of 20 minutes the available runoff is

Is = (A1R4 + A2R3 + A3R2 + A4R1) X Z"‘;

= [(8)(.15) + (24)(30) + (38)(.55) + (32)(.10)] x 9%—5

=393.5cfs
At the end of 25 minutes the available runoff is

5= (A1RS + A2R4 + A3R3 + AgRo + ASR1) X -

= [(8)0) + (24)(15) + (38)(:30) + (32)(.55) + (18)10)] x 232

=416.2¢fs

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

lo=(A3R4+ A4R3 + ASRD) X -7

= [(38)(.15) + (32)(.30) + (18)(.55)] x 6_Oé§

=304.9 ¢fs
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At the end of 35 minutes the available runoff is

I7=AdRa + ASR3) X

= [(32)(.15) + (18)(:30)] X @Sé

=1234cfs

At the end of 40 minutes the available runoff is

= £
Ig=(AsR4)x =

= [a8)15)] x 532

=32.7cfs

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

Io=0cfs

The translation hydrograph (I;) 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 is 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 witha computer program
such as is done with HEC-1.

Limitations and Applications

There are no theoretical limitations governing the application of the Clark Unit
» Hydrograph; however, thereare some practical limitations that should be observed.
The method that is used to estimate the parameters may dictate limitations in regard
to the type or size of watershed that is being considered. If the parameters are
estimated through an analysis or reconstitution of a recorded rainfall-runoff event,
the parameters would be considered to beappropriate for that particular watershed,
regardless of type or size. 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 watershedsin 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 Clark Unit 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 into smaller sub-basins for modeling purposes. Many watersheds
smaller than 5 square miles should also be divided into sub- basins depending on
thedrainage network and degree of homogeneity of the watershed. The subdivision
of the watershed into near homogeneous units should result in improved accuracy.
Subdivision may also be desirable or required to determine discharges at concentra-
tion points within the watershed.

Development of Parameter Estimators

The procedures for parameter estimation 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.

Estimation of Parameters

. 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 of concentration is defined as the travel time, during the corresponding period

of most 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 of concentration (and catchment equilibrium) occurs sconer 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):

where Tc = time of concentration in hours
L = length of the flow path for Tc in miles

Kb = representative watershed resistance coefficient

S = watercourse slope in feet/mile and
i = theaverage rainfall excess intensity, during the time Tc,
in inches/hour.

Watercourse slope, S, is the average slope of the flow path for the same watercourse
that is used to define L. The magnitude of S 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 on watershed classification and watershed size. Interpola-
tion can be used fora glven watershed size and mixed classification. Equations for
estimating Kp are given in Table 5.1.

The value of i in Equation 5.5 requires the knowledge of both the distribution of
rainfall excess intensity and the time of concentration, which s, of course, 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 iis 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 of Tc, 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
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Figure5.4
Slope Adjustment for Steep Watercourses in Natural Watersheds
. (Source: Drainage Criteria Manual, Urban Drainage and
Flood Control District, Colorado, May 1984.)
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‘ Table 5.1
Equation for Estimating Kb in the Tc Equation
Kb = mlog A+ b
Where A is drainage area, in acres
Equation Parameters
Land Classification m b
(1 ) 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-1 input file.

5.5.2 Storage Coefficient

Very little literature exists on the estimation of the storage coefficient (R) for the
| . Clark 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). The Corps of Engineers has discussed the develop-

ment of regionalized relations for Tcand R as functions of watershed characteristics
in Training Document No. 15 (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 in the data
base, as discussed in the Documentation Manual. The equation for estimating R for

Maricopa County is:

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* =1.44TH? 0<T <05 5.7)
1-A"=1414(1-TH? 05<T" <10
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 watershedsareshown
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. If a 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

September 1, 1990




A* Contributing Area as Percent of Total Area

Hydrologic Design Manual Unit Hydrograph Procedures
for Maricopa County

100 T
0T AT HEC1 default
e (Equation 7)
80 + 4
70 + Shaded zone shows
where the time—area
relation for urban
60T Uu=nD watersheds is expected
to lie.
50 +
U-D is the synthetic
40+ urban time—area
relation.
30 + The HEC1 default time—area
relation is shown for
20 + comparison.
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T* Travel Time as Percent of T
/,\/’” T T
e
Figure5.6 ~ >
Synthetic Time-Area Relation for Urban Watershed .~
e
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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-1 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 0.133T¢c, 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 interval can be, froma 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 =0.15T¢ 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 < NMIN £0.25T¢ (5.9)

NMIN is normally selected as a multiple of five minutes. This may require that
watersheds with significantly different sub-basin sizes be modeled with some
sub-basins run separately and the outflow hydrographs from these separate runs
‘ . read:/fc/iirectly into the multi-basin model.

z,fzf/ {/}M . *{j? N |
P A Table5.2 = Vv
D R Values of the Synthetic Dimensionless Time-Area Relations
v o - for the Clark Unit Hydrograph
Qe Time, as a percent Contributing Area, as a Percent of Total Area
of Time of Urban Natural HEC-1
Concentration Watersheds Watersheds Defauit
(1) (2) (3) (4)

0 0 0 0.0

; 10 5 3 45

| 20 16 .. 5 12.6

] 30 30 8 23.2

i 40 85 12 35.8

| 50 77 20 50.0

| 60 84 43 64.2

i 70 90 75 76.8

80 94 90 87.4

90 97 96 95.5
|
|
|
|
\
|




Unit Hydrograph Procedures Hydrologic Design Manual

for Maricopa County

S-Graphs
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An S-graph is a dimensionless form of a unit hydrograph and it can be used in the
place of a unit hydrograph in performing flood hydrology studies. The concept of
the S-graph dates back to the development of the unit hydrograph itself, although
the application of S-graphs has not been as widely practiced as that of the unit
hydrograph. The use of S-graphs has been practiced mainly by the U.S. Army Corps
of Engineers, Los Angeles District, and the U.S. Bureau of Reclamation (USBR).

An example of an S-graph from Design of Small Dams (USBR, 1987) is shown in

. Figure5.8. The discharge scale is expressed as percent of ultimate discharge (Qult),

and the time scale is expressed as percent lag. Lag is defined as the elapsed time,
usually in hours, from the beginning of an assumed continuous series of unit rainfall
excess increments over the entire watershed to the instant when the rate of resulting
runoff equals 50 percent of the ultimate discharge. The intensity of rainfall excess
is 1 inch per duration of computation interval (At). An equivalent definition of lag
is the time for 50 percent of the total volume of runoff of a unit hydrograph to occur.
It is to be noted that there are numerous definitions for lag in hydrology and the
S-graph lag should not be calculated by methods that are not consistent with this
definition. :

] et
//'
A
)
/
/|
.
// FLORIDA RIVER NEAR HERMOSA, COLO.
JULY 1957 EVENT
/ DRAINAGE AREA=69.4 SQUARE MILES
4

50 100 150 200 250 300 350 400 450 500 S50 600 650 700 7S50 800 850 900

Figure 5.8
Example of an S-Graph from Design of Small Dams (USBR, 1987)
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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 per duration (At) uniformly over thebasin. Ultimate discharge (Qult), in cubic
feet per second (cfs), can be calculated from Equation 5.10:

_ 645.33A (5.10
Quit= At
where A = drainage area in square miles, and

At = duration of the 1 inch of rainfall excess in hours.

S-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 of rainfall excess for the unit hydrograph (At). The resulting summation is
a graphical distribution that resembles an S-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 Qult 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 S-graph by dividing the discharge scale by Quit and the time scale
by lag.

In practice, S-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-1, flood
reconstitution was a laborious task of rainfall and hydrograph separation along
with numerous hand-cranked simulations to define the representative unit
hydrograph. Modern S-graph development generally relies on use of optimization
techniques, such as coded into HEC-1, 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 S-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

S-graphs are empirical, lumped parameters that represent runoff characteristics for
the watershed for which the S-graph was developed. S-graphs that are developed
from recorded runoff data from one watershed can be applied 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 of S-graphs is significantly affected by storm
characteristics, particularly the maximum intensity of the rainfall. Therefore, it may
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not be advisable to adopt S-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 S-graph. Application of S-graphs requires the selection of an appropriate
S-graph and the estimation of the one parameter, basin lag. Two S-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 of Small 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 S-graphs in particular. Both of these
references should be consulted before using S-graphs. The S-graph has been
adopted as the unit hydrograph procedure by Orange County and San Bernardino
County, California, and selected S-graphs are presented in the hydrology manuals
for those counties. The S-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.

AnS-graphcan, in theory, be used in any application for which an unit hydrograph
can be used. In practice an S-graph must be first converted to an unit hydrograph,
and this can be done by one of two methods. First, The S-graph can be converted to
an unit-hydrograph manually; or second, the S-graph can be converted to an unit
hydrograph by use of the LAPRE1 program. The LAPRE1 program is a HEC-1
preprocessor program that converts a psuedo- HEC-1 input file containing input
foranS-graphto a valid HEC-1 input file. The LAPRE1 program outputs the HEC-1
input file with the S-graph converted to an unit hydrograph, and the unit
hydrograph is written to the HEC-1 input file using the UI (Given Unit Graph)
record. The use of LAPRE1 greatly facilitates the use of S-graphs.

Although the S-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 (NMIN) in the range
0.10 to 0.25 times the lag is usually acceptable. '

Sources of S-Graphs

S-graphs for Maricopa County have been selected from a compilation of S-graphs
for the Southwestern United States that was recently completed (Sabol, 1987). The
sources of S-graphs for that compilation were reports and filedata of the U.S. Army
Corps of Engineers, Los Angeles District, and the USBR. That compilation included
55 individual S-graphs and 18 regional S-graphs. An individual S-graph is one that
can be identified with the watershed from which data was used to develop the
S-graph. Regional S-graphs are those that are graphical averages or modifications
of individual S-graphs to produce an S-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 S-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 Mountain S-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
S-graph for Indian Bend Wash, it is nearly identical to the Phoenix Mountain
S-graph which is also appropriate for Indian Bend Wash.

The Phoenix Valley S-graph is to be used in flood hydrology studies of watersheds
that have little topographic relief. For example, this S-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 S-graphs are shown in Figures 5.9 and 5.10, and the coordinates of the
graphs listed in Table 5.3. These same two S-graphs have been selected for similar
use in Maricopa County by the U.S. Army Corps of Engineers (1974 and 1982a). The
justification for the selection of these two S-graphs is provided in the Documenta-
tion Manual, and a more comprehensive presentation of S-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 S-graphs other than the two that
have been recommended for general use in Maricopa County be selected. The

‘ selection of S-graph should be made based on a comparison of the watershed of
interest to the watershed(s) used to develop the various S-graphs.

Therefore, either one of the two recommended S-graphs should be selected or the
selection of other S-graphs, such as from Design of Small Dams (USBR, 1987), should
be approved by the jurisdictional agency before proceeding.
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Tabulation of Coordinates for the
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Phoenix Valley and the Phoenix Mountaln 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
5555555555555 AT
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' | Table 5.3, continued
Percent Ultimate Time in Percent Lag
Discharge Phoenix Valley Phoenix Mountain

(1) (2 - (3)
82 145.5 181.6
84 149.9 191.0
86 154.6 201.0
88 159.6 212.0
90 165.6 226.0
92 173.6 244.0
94 186.6 265.0
96 200.6 295.0
98 223.6 342.0

100 298.6 462.0

5.6.4 Estimation of Lag

The application of an S-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:
. m (5.11)
® Lag=C |
s
where Lag = basin lag in hours
L = length of the longest watercourse in miles
Lca= length along the watercourse to a point opposite the centroid in
miles
S = watercourseslope in feet per mile

C = coefficientand
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 runoff increases and Kn decreases. Therefore, some adjustment in Kn 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
(US. Army Corps of Engineers, 1982a) is shown in Figure 5.11. Several other
relations that should be consulted when using S-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.

6.

From anappropriate map of the watershed, measure drainagearea (A), and the
values of L, Lca, and S.

Calculate the basin factor LLca/ (SO‘S).

Usedata inFigure 5.11 or the tables in Design of Small Dams or the Flood Hydrology
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 tabuilate the estimated value of Kn for
those watersheds, and the measured lag.

Estimate Kn for the watershed by inspection of the tabulation, step 3.

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.

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.
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General

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. :

A routing technique is normally required for a multi-basin design where flow ’s to
be moved through time and space from one flow concentration point to the next.
For the purposes of this manual two types of open channels, natural and urbanized,
are considered. Kinematic Wave Routing is to be applied for urbanized channels
since the routing process involves minimal attenuation. Non-pressurized pipe flow
will also be through Kinematic Wave Routing procedures. Muskingum Routing is
to be used for natural, undeveloped channels since the method simulates outflow
peak attenuation resulting from storage in the system. Both Muskingum and
Kinematic Wave Routing methods are options in HEC-1 whichis again the principle
modeling tool of the Hydrologic Design Manual. The Modified Puls method which is
typically used for routing through a structure or a detention basin is discussed in
- detail in the Hydraulic Design Manual.

Kinematic Wave Routing

The Kinematic Wave Routing as described in HEC-1 can be applied for routing of
overland flow, collector channels 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 ora pipe wherean outflow hydrograph
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6.2.1

6.2.2

6.2.3

for Maricopa County

is required. These reaches can be treated as collector channels or the main channel
as the case may be.

Collector Channel

Modeling of flow at a point where it becomes channel flow toa 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.

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.

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
the computational procedures inherent in the model. In order 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.
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Muskingum Routing

Flow routing through natural 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
alinearreservoirand 0.5 indicates pure translation. Parameter K indicates the travel
time of a floodwave through the entire routed reach. There are several 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-1
manual and Chapter 7 of this manual. Once again, since the computational method
within HEC-1 may result in an unstable solution, parameters K, X, and NSTPS
(number of steps) must be checked to insure that an adequate number of subreaches
is used. ’

In those raresituations that observed inflow and outflow hydrographs are available,
K, X, and NSTPS can be calibrated by trial and error to enable reproduction of
outflow hydrographs. Chapter 5of the U.S. Bureau of Reclamation’s Flood Hydrology
Manual (Cudworth, 1989) is an excellent source of Muskingum routing information.
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General

The methodologies presented in this Manual are, for the most part, standard
procedures and practices commonly used in hydrologic analysis. However, the user
of the manual may not always be familiar with these techniques because of a
different previous experience or interest. A number of examples 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.

Notes on Design Rainfall

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
those distributions, which were developed from data at Phoenix Airport. If different
distributions are needed, Table 2.1 and Pattern 1 of Table 2.2 can be redeveloped.
However, Patterns 2 through 5 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 15-minute depth may be
different from the oneby Pattern 1. This will givea different peak outflow, 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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Notes on Calculating Loss Parameters

Since many of the soil groups contain horizons of different textures, the top
horizon may or may not control the total volume and rate of infiltration. The
decision of which soil layer 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 notact 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. HydrologicSoil Groups: Itis often necessary to check the 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-1 with hydrologic soil groups in this situa-
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10.

11.

tion, do not use‘the “D” soil loss rate parameters with the impervious cover
value (RTIMP), or severe underestimation of losses will occur.

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 rarely 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.

Hydrologic soil groups can be weighted in the following manner:
A=1 B=2 C=3 D=4

Say a particular soil group is 20 percent B, 25 percent C, and 55 percent D. Then
the weighted value is:

(2012) + (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.

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.

When using the IL+ULR loss rate methods, remember that the variable STRTL
in HEC-1 is composed of two parameters: IL, the initial loss due to infiltration,
and IA, the loss due to surface retention. STRTL = IL + IA.

Examples 5 and 6 and the loss rate parameters in Tables 4.2,4.3,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.

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.

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. Tcrepresents 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. For a natural channel, L is 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, anaverage
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 At 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 strlc:tly 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 At = 5 minutes
(where At is hydrograph time step), then Tc should be less than (8*5)=40
minutes. For At = 10 minutes, Tc < 80 minutes, and so on. Remember that in no
case should Tc be less than At for computational stability.
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4. Remember that Tcis 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 calculating Tc for natural watersheds with overall slopes greater than 200
feet/mile, use Figure 5.4 to adjust the slope.

6. Incases 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 according to percentages, i.e.:

Nearly bare —>  -0.01375 (log3.75x 640) + 0.08 = 0.034
Rough > -0.025 (log 3.75x640) + 0.15 = 0.065
Kb= (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-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.

When working with Kinematic Wave Routing, channel capacity must be checked
to assure proper conveyance of flow prior to the HEC-1 run. Otherwise, if the
channel is undersized, the model will automatically extend channel boundaries to
contain the flow.
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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 of a number of subreaches for a particular stream reach can
be checked for computational stability using the following equatlon from the

HEC-1 Manual:
1 < K < 1
2(1-X) = NSTPSAt = 2(X)
whereK = the travel time through the entire reach in hours
X = Muskingum ‘X’
At = 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.

Calculate an average flow velocity for the reach (V).

D. Use the following ratios (Cudworth, 1989) to estimate Vm, the velocity
of the floodwave:

Channel Geometry Vm/V
Wide rectangular 1.67
Wide parabolic 1.44
Triangular 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
overbank flow during the design flood being modeled, choose X =0.15 t0 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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Notes on the Application of S-graphs

The recommended S-graphs for Maricopa County, i.e., 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 5 square 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 S-graph into a unit-graph. This
program, while similar to LAPRE1 (Section 5.6.1), shall provide the necessary basin

HEC-1 file with the appropriate rainfall pattern distribution.
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Aguila-Carefree Loss Rate Parameters

‘ Fragments XKSAT/ IL (in) IL (in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |[(Normal)

Unit# | Soil Name {Control Horizon) mm, % |Clay, % (Appendix) (in/hr) | (in) (Dry) |(Normal)| (Top Horizon) | H-S-G.

1 Antho Sandy Loam (0-3) 65 10 Sandy Loam 0.40 4.3 0.35 0.25 0.7 06 B
Calc. & Non.

2 Antho Gravelly Sandy Loam (0-3) 75 10 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 B
Calc. & Non.

3,4 Antho Sandy Loam (0-3) 65 10 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 B
Carizo Very Gravelly Sand (0-28) Sandy 92.5 5 Sand 4.60 19 0.35 0.30 1.3 1.3 A
Maripo Loam (0-18) 65 10 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 B

5 Anthony Very Gravelly Sandy {.oam (2-40) 80 75 Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 B

6,7 Anthony Very Gravelly Sandy L.oam (2-40) 80 75 Loamy Sand 1.20 24 035 0.30 0.8 0.8 B
Arizo Very Gravelly Sandy Loam (1-8) 85 12,5 Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 A
Arizo Very Cobby Sandy Loam (1-8) 70 12.5 Sandy Loam 0.40 4.3 0.35 0.25 0.7 . 0.6 A
Beeline Sandy Loam (1-9) 57.5 175 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 b*
Cipriano Very Gravelly Loam (0-6) - 725 20 Sandy Clay L.oam 0.06 8.6 0.25 0.15 0.6 0.5 D*

10,11 | Brios Gravelly Coarse Sand (2-60) 875 85 Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 A
Carrizo Coarse Sand (2-60) 925 25 Sand 4.60 19 0.35 0.30 1.3 1.3 A

12 Carefree Cobbly Clay Loam (0-1) %5 35 | ClayLoam 004 | 82 0.25 015 | 05 04 D’
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Aguila—Carefree Loss Rate Parameters, continued

Page20f9
Fragments XKSAT/ I (in) | IL(in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |(Normal)
Unit# | Soil Name (Control Horizon) mm, % |Clay, % {Appendix) (in/hr) | (in) (Dry) {(Normal)| (Top Horizon) ‘| H.S.G.
13 Carefree Cobbly Clay (0-1) 25 475 Clay 0.01 12.4 0.15 0.05 0.3 02 D
Beardsley Cobbly Clay Loam (0-2) 375 275 Loam 0.25 35 0.35 025 06 05 C
14 Carrizo Gravelly Coarse Sand (1-60) 92.5 25 Sand 4.60 19 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 07 06 A
Gunsight Very Gravelly Loam (1-60) 80 15 Sandy Loam 0.40 43 0.35 0.25 07 06 B
16,17 | Cellar Very Gravelly Sandy Loam (0-3) 80 175 Sandy Loam 0.40 43 0.35 0.25 07 06 D*
18 Cherioni Very Gravelly Sandy Loam (1-10) 87.5 125 Loamy Sand 1.20 24 0.35 0.30 08 08 D*
19,20 | Chuckawalla Extremely Gravelly Loam (0-2) 715 15 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
Gunsight Very Gravelly Loam (0-3) 775 20 Sandy Loam 0.40 43 0.35 0.25 07 06 B
21 Cipriano Very Gravelly Loam (0-6) 725 20 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 05 D*
22,23 | Contine Clay Loam (0-2) 225 36 Clay Loam 0.04 82 0.25 0.15 05 04 c
24 Continental Clay Loam (0-1) 375 275 Clay Loam 0.04 82 0.25 0.15 05 04 C
25 Continental Clay (0-1) 25 45 Clay 0.01 124 0.15 0.05 0.3 02 c*
26 Continental Cobbly Clay Loam (0-2) 40 3 Clay Loam 0.04 8.2 0.25 0.15 0.5 04 C
27 Continental Clay Loam (0-1) 375 275 Clay Loam 0.04 8.2 0.25 0.15 0.5 04 Cc
Mohave Sandy Loam (0-2) 65 15 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
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Aguila-Carefree Loss Rate Parameters, continued

Page3of 9
Fragments XKSAT/ IL (in) IL (in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|{DTHETA| (Dry) |(Normal)

Unit# | Soil Name (Control Horizon) mm, % |[Clay, % (Appendix) (in/hr) (in) (Dry) |(Normal)| (Top Horizon) | H.S.G.

28 Continental Cobbly Clay Loam (0-2) 40 3 Clay Loam 0.04 82 0.25 0.15 05 04 C
Ohaco Gravelly Loam (0-2) 52.5 235 Sandy Clay Loam 0.06 86 0.25 0.15 06 0.5 c

29,30 | Denure Fine Sandy Loam (0-2) 65 10 B

| Momoli Gravelly Sandy Loam (0-10) 75 15 Sandy Loam 040 | 43 0.35 0.25 07 6. .| B

Carrizo Cravelly Sandy Loam (0-10) 75 10 A

31,32 | Dixaleta -Extremely Channery Sandy Loam (1-8) 83.75 16.25 | SandyLoam 0.40 43 0.35 0.25 0.7 06 D*

33,34, |Eba | Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 43 0.35 0.25 0.7 06.. c

35 "

36 Eba Very Gravelly | oam (0-3) 75 13 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 c*
Continental Clay Loam (0-1) 37.5 275 Clay Loam 0.04 82 0.25 0.15 0.5 0.4 C

37,38 | Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 43 0.35 0.25 0.7 06 ° c*
Continental Clay Loam (0-1) 375 275 Clay Loam 0.04 8.2 0.25 0.15 05 04 C
Cave Loam (1-14) 50 125  |Loam 025 | 35 0.35 0.25 06 05 | D

39 Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 43 0.35 0.25 0.7 06 c
Nickel Gravelly Loam (1-10) 65 20 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 B
Cave Loam (1-14) 50 12.5 Loam 0.25 35 0.35 0.25 08 05 D*
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Aguila-Carefree Loss Rate Parameters, continued

Paged of 9
Fragments XKSAT/ iL(in) | IL(in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|{DTHETA| (Dry} [(Normal)
Unit# | Soil Name {Control Horizon) mm, % |Clay, % (Appendix) (infhr) | (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 06 cr
42,43 | Pinaleno Very Gravelly Clay Loam (0-1) 65 35 Sandy Clay Loam 0.06 86 0.25 0.15 0.6 05 B*
44,45 | Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 86 0.25 0.15 0.6 0.5 C
46 Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 86 0.25 0.15 06 05 C
Contine Clay Loam (0-2) 225 36 Clay Loam 0.04 8.2 0.25 0.15 0.5 04 C
47 Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 86 0.25 0.15 0.6 0.5 C
Gunsight Very Gravelly Sand Loam (0-3} 85 125 Loamy Sand 1.20 24 0.35 0.30 08 08 B
Cipriano Very Gravelly Loam (0-8) 725 20 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 D*
48,49 | 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
Pinampt Extremely Gravelly Sandy Loam (0-3) 88.75 11.25 | Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 B
50 Estrella | Loam (0-21) 40 175 Loam 0.25 35 0.35 0.25 0.6 05 B
51,52 | Gachado Very Gravelly Sandy Clay Loam (2-8) 775 225 Sandy Clay Loam 0.06 86 025 0.15 0.6 05 D*
Lomitas Very Gravelly Sand Loam (2-17) 80 15 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 D*
53 Gadsden Clay (0-3) 15 52.5 Clay 0.01 124 0.15 0.05 0.3 0.2 D
54 Gila Fine Sandy Loam (0-2) 425 15 Loam 0.25 35 0.35 0.25 0.6 0.5 B
55,56 | Gilman Loam (0-5) 35 235 Loam 0.25 35 0.35 0.25 06 0.5 B
57 Gilman Clay Loam (0-11) 25 325 Clay Loam 0.04 82 0.25 0.15 0.5 04 B*
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Aguila-Carefree Loss Rate Parameters, contihued
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. Fragments XKSAT/ IL (in) | IL(in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) [(Normal)
Unit# | Soil Name (Control Horizon) mm, % |Clay, % (Appendix) (in/hr) (in) (Dry) |[(Normal)| (Top Horizon) | H-S.G.
58,59 | Gilman Loam (0-2) 35 235 Loam 1025 35 0.35 0.25 06 0.5 B
Momoli Gravelly Sandy Loam (0-22) 75 15 Sandy Loam 0.40 43 0.35 0.25 07 0.6 ]
Denure Gravelly Sandy Loam (0-9) 75 125 Sandy Loam 0.40 43 0.35 025 0.7 06 B
60 Glenbar Loam (0-6) 25 235 | SityLoam 015 | 66 040 | 025 08 07 | B
61,62, | Gran Very Gravelly Sandy Clay (1-12) 66.25 33.75 | Sandy Clay Loam 0.06 86 0.25 0.15 0.6 05 D*
63,64 | Wickenburg Very Gravelly Sandy Loam (1-12) 715 20 Sandy Loam 0.40 43 0.35 0.25 07 06 b
65 Grey Eagle Very Gravelly Loam (0-5) 67.5 14 Sandy Loam 0.40 43 0.35 0.25 07 06 : D*
Continental Loam (0-2) 375 2715 Loam 0.25 35 0.35 0.25 0.6 05 G
Nickel Very Gravelly Loam (0-5) 70 175 Sandy Loam 0.40 43 0.35 0.25 07 0.6 B
66 Grey Eagle Very Gravelly Loam (0-5) 67.5 14 Sandy Loam 0.40 43 0.35 0.25 07 06 b*
Sun City Variant  { Clay Loam (2-9) ' 50 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 06 05 D*
67 Guest Clay (0-2) 15 45 Clay 0.01 124 0.15 0.05 03 0.2 D
68,69 | Gunsight Very Gravelly Loam (1-60) 81.25 18.75 | Sandy Loam 0.40 43 0.35 0.25 07 0.6 B
Cipriano Very Gravelly Loam (0-6) 725 20 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 D*
70,71 | Gunsight Very Gravelly Loam (0-11) 715 20 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
Rillito Gravelly Loam (0-12) 60 14 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
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Aguila-Carefree Loss Rate Parameters, continued

Page6of 9
Fragments XKSAT/ iL (in) iL (in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF {DTHETA|{DTHETA| (Dry) |{Normal)
Unit# | Soll 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 06 05 D*
74 Luke Very Gravelly Sandy Clay (1-28) 63.75 3625 | Sandy Clay Loam 0.06 8.6 0.25 0.15 06 05 C
Cipriano Very Gravelly Loam (0-6) 725 20 Sandy Loam 0.40 43 0.35 0.25 0.7 06 D*
75,76, | Mohall Loam (0-7) 25 275 Loam 0.25 35 0.35 0.25 06 05 B
77,78, Loam (0-7) 325 25 Loam 0.25 35 0.35 0.25 0.6 05 B
79, Clay Loam (0-2) 25 275 | Loam 0.25 35 0.35 0.25 06 05 B
Clay Loam (0-6) 325 35 Clay Loam 0.04 82 0.25 0.15 0.5 04 B*
Clay (0-12) 20 45 Clay 0.01 12.4 0.15 0.05 0.3 02 B*
80, 81 Mohall Loam (0-2) 25 275 Loam 0.25 35 0.35 0.25 0.6 05 B
| Tremant Clay Loam (1-5) 45 325 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*
82,83, | Mohave Clay Loam (2-20) 25 2715 Loam 0.25 35 0.35 0.25 0.6 05 B
84, 85, Loam (0-2) 30 235 Loam 0.25 35 0.35 025 0.6 05 B
86 Loam (0-2) 35 175 Loam 0.25 35 0.35 025 06 05 B
Clay Loam (0-6) 25 35 Clay Loam 0.04 8.2 0.25 0.15 05 04 B*
Clay Loam (0-2) 275 335 Clay Loam 0.04 8.2 0.25 0.15 05 04 B*
87 Mohave (Noncalc) | Clay Loam (2-20) 25 215 Loam 0.25 35 0.35 0.25 06 05 B
Mohave (Calc) Loam (2-20) 35 275 Loam 0.25 35 0.35 0.25 0.6 0.5 B
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Aguila-Carefree Loss Rate Parameters, continued

Page7of 9
Fragments XKSAT/ IL(in) | IL(in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |(Normal)

Unit# | Soil Name {Control Horizon) mm, % |Clay, % (Appendix) (in/hr) (in) (Dry) |(Normal)| (Top Horizon) | H.S.G.

88 Mohave Clay Loam (2-20) 25 215 Loam 0.25 35 0.35 0.25 0.6 05 B
Guest Clay Loam (0-2) 20 35 Clay Loam 0.04 8.2 0.25 0.15 05 04 D

89 Mohave Clay Loam (2-20) 25 275 Loam 0.25 35 0.35 0.25 08 05 B
TresHermanos | Gravelly Loam (0-2) 40 175 Loam 0.25 35 0.35 0.25 0.6 05 B

90 Momoli Gravelly Sandy Loam (0-3) 75 15 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B

91,92 | Momoli Very Gravelly Loam.(1-60) 715 15 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
Carrizo Very Gravelly Sandy Loam (0-11) 85 10 Loamy Sand 1.20- 24 0.35 0.30 0.8 08 A

93,94 | Nickel Gravelly Loam (1-10) 65 15 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
Cave Loam (1-14) 50 125 | Loam 0.25 35 0.35 0.25 0.6 05 D*

95 Ohaco Clay (2-27) 215 40 Clay Loam 0.04 8.2 0.25 0.15 05 04 c

96,97 | Pinaleno Gravelly Clay Loam (1-12) 60 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 05 B*
TresHermanos | Very Gravelly Clay Loam (2-22) 475 25 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 05 B*

98,99 | Pinamt Very Gravelly Sandy Clay Loam (1-28) 76.25 23.75 | Sandy Clay Loam 0.06 8.6 0.25 0.15 0.5 04 B*
Tremant Gravelly Loam (0-5) 65 15 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B

100 Quilotosa Extremely Gravelly Loam (2-14) 88.75 11.25 | Loamy Sand 1.20 24 0.35 0.30 08 08 D*
Vaiva Very Gravelly Loam (0-3) 67.5 125 Sandy Loam 0.40 43 0.35 0.25 0.7 086 D"
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Aguila-Carefree Loss Rate Parameters, continued

Page 8 of 9
Fragments XKSAT/ IL (in) IL (in)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA{ (Dry) |(Normal)
Unit# | Soil Name (Control Horizon) mm, % |Clay, % (Appendix) (in/hr) (in) (Dry) {(Normal)| (Top Horizon) | H.S.G.
101, 102 | Rillito Loam (0-24) 575 14 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
Rillito Gravelly Loam (0-14) 60 14 - Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
103 Gachado Very Gravelly Sandy Clay Loam (1-7) 73.75 26.25 | Sandy Clay Loam 0.06 8.6 0.25 0.15 06 05 D*
104, 105 | Lehmans Very Gravelly Clay Loam (0-2) 70 30 Sandy Clay Loam 0.06 86 025 0.15 06 05 D~
106, 107 | Sal Very Gravelly Clay Loam (2-20) AL 27.75 | Sandy Clay Loam 0.06 8.6 0.25 0.15 06 05 D*
Cipriano Very Gravelly Sandy Loam (0-20) 725 20 Sandy Loam 0.40 43 0.35 0.25 07 06 D*
108, 109 | Schenco Very Channery Loam (2-11) ' 70 21 Sandy Clay Loam 0.06 8.6 0.25 0.15 06 05 D*
110 Sun City Clay Loam (1-9) 45 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 05 D*
Cipriano Very Gravelly Loam (0-6) 725 20 Sandy Loam 0.40 43 0.35 0.25 07 06 D*
112, Tremant Gravelly Sandy Loam (0-9) 65 15 Sandy Loam 0.40 43 0.35 0.25 07 06 B
113,114 -
| 115 Tremant Gravelly Sandy Loam (0-9) 65 15 Sandy Loam 040 | 35 0.35 0.25 07 06 | B
Antho Sandy Loam (0-3) 65 10 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
116, 117 | Tremant Clay Loam (2-26) 45 325 Sandy Clay Loam 0.06 8.6 0.25 0.15 06 05 B*
Gunsight Very Gravelly Sandy Loam (0-10} 85 12.5 Loamy Sand 1.20 24 0.35 0.30 08 08 B*
Riliito Gravelly Loam (2-60) 55 20. Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
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Aguila-Carefree Loss Rate Parameters, continued
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Fragments | XKSAT/ iL(in) | IL(in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |(Normal)
Unit# | Soll 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 43 035 o0‘25 07 | 06 B
Rillito Gravelly Loam (0-12) 60 14 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 B
119 Tremant Gravelly Loam (0-9) 65 15 Sandy Loam 0.40 43 0.35 025 0.7 0.6 B
Sun City Clay Loam (2-12) 45 30 Sandy Clay Loam 0.06 86 025 0.15 0.6 05 p*
120 Tres Hermanos | Very Gravelly Loam (2-22) 50 325 Sandy Ciay Loam 0.06 86 0.25 0.15 0.6 | 0.5 B*
121 Tres Hermanos | Very Gravelly Clay Loam (2-22) 50 325 Sandy Clay Loam 0.06 86 0.25 0.15 06 0.5 B*
Anthony Very Gravelly Sandy Loam (2-40) 80 75 Loamy Sand 1.20 24 0.35 0.30 0.8 08 B*
122 Vado Gravelly Sandy Loam (0-60) 80 13 Sandy Loam 0.40 43 0.35 0.25 07 0.6 B
123 Vaiva Very Gravelly Loam (0-3) 67.5 20 Sandy Loam 0.40 43 0.35 0.25 0.7 06 b*
124 Valencia Sandy Loam (0-20} 675 125 Sandy Loam 0.40 43 0.35 0.25 0.7 0.6
125 Vint Loamy Fine Sand (0-60} 70 7.5 Sandy Loam 0.40 43 0.35 0.25 07 0.6 B

“WARNING: Hydrologic soil group does not accurately represent soil texture characteristics. Check soil description for rock

September 1, 1990

outcrop, cemented hardpan, soil group associations, percent course fraction, elc.



Eastern Maricopa/
Northern Pinal Counties
- Loss Rate Parameters

September 1, 1990 111




Eastern Maricopa/Northern Pinal Counties Loss Rate Parameters

Fragments XKSAT/ IL (in) IL (in)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |(Normal)
Symbol | Soil Name (Control Horizon) mm, % |Clay, % (Appendix) (in/hr) (in) (Dry) [(Normal)] (Top Horizon) | H.S.G

Af, Ag Agault Loam (0-27) 45 - Loam 0.25 35 0.35 0.25 0.6 05 B

Am Alluvial Land Gravelly Sand (0-60) 5510100 - Loamy Sand 1.20 24 0.35 0.30 0.8 08 A

AnA,-AnB, | Antho Sandy Loam, Gravelly Sandy Loam 725 9 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B

AoB (0-46)

Av Avondale Clay Loam (0-13) 25 - Clay Loam 0.04 82 0.25 0.15 05 04 B*

Ca,Cb Carrizo Fine Sandy L oam, (0-15) & Gravelly 57.5 - Sandy Loam 0.40 43 0.35 0.30 0.7 06 A

Loamy Sand

Ce Cashion Clay (0-28) 10 - Clay 0.01 124 0.15 0.05 0.3 02 c*

CeC Cavelt Gravelly Loam (0-10) 50 - Loam 0.25 35 0.35 0.25 0.6 05 D

Co Contine Clay L.oam (0-12) 30 - Clay Loam 0.04 8.2 0.25 0.15 0.5 04 | C
-1 Es Estrella Loam {0-26) 35 - Loam 0.25 35 0.35 0.25 0.6 05 B

Gf, Gm Gilman Loam (0-13) 275 - Loam 025 35 0.35 0.25 0.6 05 B

Gn Glenbar Clay Loam {0-14) 15 - Silty Loam 0.15 6.6 0.40 025 0.8 07 B

Gr Gravelly Very Gravelly Sandy Loam & Loamy 90 - Loamy Sand 1.20 24 0.35 0.30 08 08 A

Alluvial Land Sand (0-60)
LaA, LaB, | Laveen Loam (0-14) 30 - Silty Loam 0.15 6.6 0.40 0.25 08 0.7 B
LeA
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Eastern Maricopa/Northern Pinal Counties Loss Rate Parameters, continued

Page20f2
Fragments XKSAT/ iL{in) { IL(in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF (DTHETA{DTHETA| (Dry) |(Normal)

Symbol | Soil Name (Control Horizon) mm, % |Clay, % (Appendix) (in/hr) (in) (Dry) [(Normal)l (Top Horizon) | H.S.G.
Mo,Mv  |Mohall | Loam(0-15) 40 21 | Loam 025 | 35 | o035 | o025 | o6 05 B
Pm Pimer Clay Loam (0-15) 15 - Clay Loam 0.04 82 0.25 0.15 05 04 B*
PnA, PnC | Pinal Gravelly Loam (0-5) 50 - Loam 0.25 35 0.35 0.25 0.6 0.5 D*
Po Pinal Variant Loam (0-9) 45 - Loam 025 35 0.35 0.25 0.6 05 C
PvA,PvC | Pinamt Gravelly Loam (0-13) 85 - Sandy Loam 0.40 43 0.35 0.25 07 0.6 B
R1A,Rib | Rillito Gravelly Loam (0-13) 62.5 - Sandy Loam 0.40 43 0.35 0.25 0.7 06 ‘ B
Ro, Ru Rock Land 50 - 70% Rock Outcrop, Shallow - - Use Sandy L.oam For Pervious 0.40 43 0.35 0.25 07 06 B

Areas of Clay Loam, Sandy Loam, Areas

and Gravelly Loam.
TB Tremant Gravelly Sandy Clay Loam (1-15) 60 - Sandy Clay Loam 0.06 86 0.25 0.15 0.6 05 B*
Tx Trix . Clay Loam (0-14) 15 - Sty Clay Loam 0.04 10.8 0.30 0.15 06 05 B*

Va Valencia Sandy Loam (0-13) 65 - Sandy Loam 0.40 43 0.35 0.25 0.7 0.6 B
Ve Vecont Clay (0-14) 15 48 Clay 0.01 124 0.15 0.05 03 0.2 c*
vi Vint Loamy Fine Sand (0-12) 80 — | Loamy Sand 120 | 24 0.35 0.30 0.8 08 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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Maricopa County—Central Part Loss Rate Parameters

Fragments XKSAT/ IL(in) | IL(in)

Map . U.S.D.A. Soil Texture »0.0074 Textural Class CNSTL| PSIF |DTHETA|DTHETA; (Dry) |(Normal).
Symbol | Soil Name (Control Horlzon) mm, % |Clay, % (Appendix) (in/hr) (in) (Dry) |(Normal)| (Top Horizon) | H-S-G.
Aa Agualt Loam (0-27) 40 - Loam 0.25 35 0.35 0.25 06 05 B
AbA, AbB, | Antho Sandy Loam, Gravelly Sandy Loam 775 -~ Sandy Loam 040 43 0.35 0.25 0.7 06 B
AdA, AdB, (0-60) ‘
Ae, AfA,
AfB, AGB,
AHC, AkB,
AL, AM, Ac
An Avonda Clay Loam (0-13) 25 - Clay L oam 0.04 82 0.25 0.15 05 04 B*
Ao, Ap Avondale Clay Loam (0-12) 25 - Clay Loam 0.04 82 0.25 0.15 0.5 04 B*
BE Beardsley Clay Loam (0-10) 25 - Clay Loam 0.04 8.2 025 0.15 0.5 04 C
Br,Bs, Bt | Brios Sandy Loam (0-14) 70 - Sandy Loam - 0.40 43 0.35 0.25 07 06 A"
CA2 Calciorthids Loamy Sand To Clay Loam - - Sandy Loam ; 0.40 43 0.35 0.25 07 06 B
Cb,CeD, | Carrizo Gravelly Sandy Loam (0-5) 75 - Loamy Sand 1.20 24 0.35 0.30 0.8 08 A
CF
Cg,Ch, | CasaGrande | ClayLoam(1-22) 49 15 | Loam ' 0.25 35 0.35 0.25 06 05 c
Ck,Cm
Cn Cashion Clay (0-27) 125 - Clay 0.01 124 0.15 005 | 03 02 D
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Maricopa County—Central Part Loss Rate Parameters, continued

Page20f5
Fragments XKSAT/ IL{in) | IL{in)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|{DTHETA| (Dry) [(Normal)
Symbol | Soil Name (Control Horizon) mm, % |Clay, % (Appendix) (in/hr) | (in) (Dry) [(Normal)| (Top Horizon) | H-S.G.
co Cherioni Very Gravelly Loam (1-6} 775 - Sandy Loam 040 43 0.35 0.25 07 06 D*
Cp, CiB, Coolidge Sandy Loam (0-13) 70 - Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
Cs,CV
Dn Dune Land — - - |Sand 4.60 19 0.35 0.30 13 13 A
EbD, EPD | Ebon Very Cobbly Clay Loam (2-13) 62.5 - Sandy Clay Loam 0.06 86 0.25 0.15 06 0.5 C
Es, Et Estrella Loam (0-24) 30 - Loam 0.25 35 035 0.25 06 05 B
GA Gachado Very Gravelly Clay Loam (0-1) 67.5 - Sandy Clay Loam 0.06 86 0.25 0.15 06 0.5 bD*
Gb, Ge, Gd | Gadsden Clay (0-10) 15 - Clay 0.01 124 0.15 0.05 03 0.2 D
Ge, GgA, | Gilman Loam (0-36) 52.6 10.6 | Loam 0.25 35 0.35 0.25 06 05 B
GgB, GM,
GN, Gf, -
Gh,GL,
Go3
Gp Gilman Variant | Loam (0-3) 30 - Loam 0.25 35 0.35 0.25 06 05 Cc
Gr, Gt, Gv, | Glenbar Clay Loam {0-15) 30 - Silty Loam 0.15 6.6 0.40 0.25 08 0.7 B
Gs, Gu ’

September 1, 1990




Maricopa County—Central Part Loss Rate Parameters, continued

Page 30f 5
Fragments XKSAT/ iL(in) | IL(in)

Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA{DTHETA| (Dry) |(Normal)
Symbo! | Soil Name (Control Horizon) mm, % |Clay, % (Appendix) (in/hr) (in) (Dry) (Nf)rmal) (Top Horizon) | H.S.G.
GWD, |Gumsight | GravellyLoam (0-60) 825 ~ | SandyLoam 040 | 43 | o035 0.25 07 06 B
GxA, GxB,

GYD

HAB, HAC, | Harqua Gravelly Clay Loam (0-14) 37 37 Clay Loam 0.04 8.2 025 0.15 05 04 C
HLC, HM, '

HB

La LaPalma Very Fine Sandy Loam (0-7) 4 6 Silty Loam 0.15 6.6 0.40 0.25 08 07 C
Lb,LcA, | Laveen Loam (0-6) 52 13 | Loam 025 | 35 035 0.25 06 05 B
Le, Ld, Lf

Ma Maripo Sandy Loam (0-13) 65 - Sandy Loam 0.40 43 0.35 025 07 0.6 B
Mo, Mp, Mohall Clay Loam (0-12) 25 - Clay Loam 0.04 8.2 0.25 0.15 05 04 B*
Mr, Ms,

MTB, MV

Pa, PeA, | Pemyville Gravelly Loam (0-9) 63 18 Sandy Loam 0.40 43 0.35 0.25 0.7 06 B
Pb, PeB,

PRB

September 1, 1990



Maricopa County-Central Part Loss Rate Parameters, continued

Page4 of §
Fragments | XKSAT/ iL{in) | IL(in)

Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL| PSIF |[DTHETA|DTHETA| (Dry) |[(Normal)
Symbol | Soil Name (Control Horizon) mm, % |Ciay, % (Appendix) {in/hr) | (in) (Dry) |(Normal)| (Top Horizon) | H.S.G.
PsA, PsB, | Pinal Loam (0-8) 50 - Loam 0.25 35 0.35 0.25 06 05 D*
PT,PvB,
PWB
PYD . | Pinamt Very Gravelly Sand Loam (2-6) 775 - Sandy Loam ' 0.40 43 0.35 0.25 07 06 B
RaA, RaB, | Rillito Gravelly Loam (0-60) 65 - Sandy Loam 0.40 43 0.35 0.25 07 06 B
RbA, RbB,
RhB, RpE

—_ Sun City Clay Loam (0-13) 35 - Clay Loam . 0.04 8.2 0.25 0.15 05 04 D*
Ta Toltec Loam (0-28) ' 325 - Loam 0.25 35 0.35 0.25 06 05 o}
Te, 1B, TD | Torri- Cobby Sandy Loam - - Loamy Sand 1.20 24 0.35 0.30 08 08 A
Te, TiA, Tremant Clay Loam (1-8) 51.5 - Sandy Clay Loam 0.06 8.6 0.25 0.15 06 05 B*
T8, Tg,
Th, TPB,
TrA, TiB,
TSC '
T Trix Clay Loam (0-10) 25 ~ | ClayLoam 004 | 82 0.25 0.15 05 04 B
Tu, Tw Tucson Loam (0-14) 325 - Loam 0.25 35 0.35 0.25 0.6 05 B

September 1, 1990
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Maricopa County-Central Part Loss Rate Parameters, continued

Page5of 5
Fragments XKSAT/ IL(in) | 1L(in)
Map U.S.D.A. Soll Texture »>0.0074 Textural Class CNSTL | PSIF |DTHETA|{DTHETA| (Dry) |(Normal)
Symbol | Soil 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 43 0.35 0.25 0.7 06 B

Ve, Vi Vecont Clay (0-15) 17.5 - Clay 001 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 24 0.35 0.30 08 08 B*

Vn, Vr ‘

Wy Wintersburg Clay Loam (0-12) 25 - Ciay Loam . 0.04 8.2 0.25 0.15 05 04 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.

September 1, 1990



Textural Classes




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

proJECT _MCFCD HYDROL OGY MANUAL PAGE __ OF
DETAIL COMPUTED i DATE
CHECKED BY DATE
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Tc and R Worksheet




CALCULATICN OF Tc & R
Calculated by: Date:
. Checked by: Project:
Watershed:
Rainfall Frequency: - yr Duration: - hr. Pattern #:
Rainfall Loss Method: I ] Green & Ampt Method
{ ] IL + ULR by soil texture
{ ] IL + ULR by hydrologic soil group
Tabulate Period of Rearrange Incremental Excesses in
Peak Rainfall Excess Order of Decreasing Average Intensity
Clock Time Increm. Accum. Increm. Accum. Avg. Excess
@ end of Excess Time Excess Excess Intensity
Increm. in. hr./min. in. in. in./br.
|
A= sg.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
Tec = ( ) 1 c
‘ e
Trial Tc i Calc. Tc s
' s
I
n
t
e
n
Tec = hr. s
i
t
1.11 -.57 .80 y
R = .37 Tc A L
i
n
'I’ R = hr. /
h
r
Time (Tc) (hr./min.)




Precipitation Depth-Duration
Diagram (6-24 hour)
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Method Comparison

The Flood Control District staff has conducted a comparison of different hydrologic
methods for tutorial purposes. Theresults 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 a Small Urban Watershed
1 2 3 4 5
Maricopa Co. Phoenix Maricopa Co. Phoenix Phoenix
Tr* years Rational, cfs | Ratlonal,cfs | UH.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 of Phoenix. 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.




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*, ac-t Q100, ¢fs V, ac-t

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 a Large Watershed
10 Year 50 Year 100 Year
Method of Analysis Discharge, cfs Discharge, cfs 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 in a comprehendable format.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

3 PROJECT _ METH0O Comparisov PAGE L OF 5
K DETAIL __Youa/§7ory/ Warsesvies COMPUTED DATE
CHECKED BY DATE

AV URBIN WATERSHED NEAR IWMIT% AVE, AND FEORI4 FAS BEEN
DELINIATED ON FI/EURE L. [IVE METHOOS atl Bé& USED 70
CALCULATE MUKTI~FREQUENCY PEAK DISCHARGES A7 THE OUTLET:

l  THE MARICOAA Co. LpranAl /E7760

THE Cr7Y OF APAOENXX RATIONAL METHOO

THE MARICOPA Co. UMIT MyoROGRAPY FROCEDURE ((ClARK UMT 4pAeoGLAPK)
THE C/77Y OF FHKOENIX SCS NMETHOD

THE CI7TY OF PHOEN/X COMPUTER GENERATED DRAINAGE ANALYSIS (ROCEURE

fGrubd

@) _MaR/copA CounTY RATIONAL METHOD

APPLI CABLE BASIN PARANET7ERS :
AREA: 0.13 m(* = 832 ac
LAND USE: SINGLE FAMLY AREA —» C= 0.40
L= 1023 me
‘ S= 58 fymi

Ki= —o0é25 (/983.2) +.04 = ,028
_2-YeAR PEAK DISCHARSE

Te= ity o Sh s
Te s Cn4)( 1023)( 028) = (58) %! &)
Te,= /1.042 ™38
TRY Te,= [0 HOURS : (2= 0.3 infhr
Ter= 1.092(.93)" %= L01/ hes — Mo S0

TRY TC;_'—' /.10 fours : l:z'-'-' 0.88 "ﬂ/‘f
Tr= £092 (8B ® = L0V hr —> OK

THEN  Ga=ciA = (.)(88)(832) = 29 css

5~YEAR PEAK DISCHARSE

TRY Tz =T HouRS + s = /Y5 nfhr
Tes= 092/ 95) ™ = . 905 hs —> OK
THEN Qg = ( 70)(1¥5)(832) =_48 ces

[0 YEAR PEAK_DIScHARSE
TRY Te = .75'19/‘.5, L-/p':/-?s-c.n/hp

= /. 092 (175)"®=0.808 hr —> No God

o TRY T =.8/7 hrs, Lo = L8O infhr
To= Lov2 (480)"% = 833 — 0K

THEN Qo= (¥0)(1.80)(83.2)= 60 ces




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT /4€THOD C orMPARISON PAGE 2-0F _ 5 |
DETAIL YOUNSTOWN IWATERSHED  coMPUTED DATE
CHECKED BY DATE

25-YEAR PEFAK DiScHARGE

TRY Te =. U7 hrs: Log= 2.90 “Vhr
Towc = /0Y2 (2.90)™3¢ = O.747 hr — N6 Gaob

TRY 7= .75 hrs : a5 =235 infher
Tex= L0942 (2.35)"% =2 0,753 hr — XK

THEN Qs = (.90)(2.35)(83.2) = 78 cear

50 -YEaR FrAK DyscMARGE

TRY To = .50 brs: L= 2.95 “Vhr
Tep= A0¥2(295)7® = 0.CA i — M Goop

TR 7Z=.700 b5 isgp = 2.80 cnfhr
Tespe rov2 ( 2.80)% = 5.706 hr — OK
7ev Qso= (.%0)(2.80)(83.2)=_73 ca

[00-Year [fEAK DISciaRsE
TRy Te=.633 hrs : 2,0= 3.40 4’»//»'
Terws = 1042 (3.490)" 0= 0.65% 4 —> No Good
TRY Te = .61 hrs: Zxo = 3.30 infhr
Tow= A0¥2 (330) % = 0.662 Ars
TN Qoo = (%0)(3.30)(832) =_//O cFs

@ CITY OF SHOENIX LATIONAL ME 740D Fron c/r:”oﬁ ,«mmx rgéa DrAn

L} BASIN IETERS ¢

AREA = 832 ac
OVERLAND Fiow Lensyt (Ave. Ausy 76 stecer) = /30°

MAX. Gutter Fiow Leng7#: S330O7

S=.00! %R
C= 0.5 (RESI0ENTIAL ARBA, AVERAGE Fomun§)

LCYLATE 7o — Samof OVO"’GIIJ#%r ST

. 77 ,
£ = 'o‘/;%‘ 20) . 47 men tp = —-W y V=/f% @ S=od ard j’o'-;
' te = STV So(s) = .6 min
THeEnw Te= 47766 = 66.3 min
7R i (“Yhr) Qe €£5)

2 .78 29

Q= CLA — 5 1.09 41

/0 /.29 48

25 /.52 £$7

S0 /.78 61

100 /.99 Vé 4



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
prOJECT _METHOD CortPARISON | PAGE _3 _of _&

oeTalL YOUNGTOWN WATERSHED compUTED
CHECKED BY

DATE

DATE

() Maricora Coun7Ty UUNIT [/YpROGRAPH FPROCEDURE
APPLICABLE BAS/N PARAMETERS . AREA = O.13 mi?
S =48 'p’-‘/mi
Meoper : ~— = £ 023 m¢ ;
RunorFF HEC—1 Ko~ 0.028 5

Tim& - AreA Curve: URBAN

LOSSES BY GREEN £ AMPT /1T HoD:
Map Uwirs: $0% LA, 35% RA, and (574 \VF

DTHETA = (59)(.35)+ (35)(35)+ (15)(18)= ©0.32.n
PSIF (- So)(H.4)+ (35)(37) + (1s)(N4) = §.2 in

XKSAT = (.50)(.28) + (35)(.38) +(.15)(.04) = 0.2 in/hr
IA = (.50)(.20)+ (s0)(. 10) =0./5 én (50% Desert Landsmpg and $0% /awns)

RT/MP 25 % (connected cmpcrv:ousqess
G- 2/our RAaINEALL Deprus (adjusted) € To, R (from McUHP_EXE)

"

5 [0 26 &S0 /00

Tr_(yrs) 2

D (in) [l LLO 195 231 280 3.5

Te (Che) /.50 /§0 130 (/0 .8%3 300
- -3~

R ( hr) .97 189 lLel L34 [0S .94
21 32 48 79 /03

Peak Discharge (ch) !
x assumed maximum Tc & R
@ CITY OF PHOENIX SCS _IMETHOD
APPLICABLE BASIN PARAMETERS: A=.13mi*= 832 ac
L= 5650 £¢t.

Qp = Y84 A Q \
P — 75 : S = 0.01Ftft (min. on Avs, Tc graph;
= - 39
where : = Peak Discharge (c £s) ‘,V://f-fq/gl/?ox ss2l/sern: Carfe
R Wl S ks i
Solt 6/‘04—4)) B, C/\/"" 84 CRI‘Q)

Tp = 77me Lo Feak Chr)

. 77 (years) 2 s (0 25 S0 /(00
R™ (in) 88 130 L6l 202 235 2.66

31 .48 .11 .97 1.23
7 17 26 42 53 68

Q" (in) 12
Q;Z (c¥s)




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

prOJECT METHOD C oMPARISON PAGE _ 7 oF 5
DETAIL Joungronas WATERSHED _ compUTED e
CHECKED BY DATE

Q) _Ciry oF [osnix "ComPUTER GENERATED ANALYSIS (ROCEDURE

CURVE MNumBER: -85% 8 Soc/ 84 0) = 8§
e D oasy  (38)(e¥)H/5)(70) = B85

LAG TIME : 7. = 0.6 7
Te = 6b.3 min. from C.0P Rational Methed Calcs.
7e = 0.6 (66.3) = 39.8 min = 0.663 hours

RAINFALL : 24~ hour Depths £ Distribution from p. /6
of Zhe “Storm Dracn DCSISV) Manwual”

- Run~norr Mopetr @ Hec— 1

RESULTS : 7R (years) DeprH (in) Peak Disc#aRGE (cfs)
2 1.9y 20
Y 2.10 Hy -
/0 2.53 Gl
25 3.12 86
50 3.57 /05
100 o, 04 /26
SUMMARY TABLE : PeAK DISCHARGES in cfs
TR 1T 2 3 4 S
. MARicoPA Co. CiTY OF Pux Ciry oF Pr
Coars) || MRS S o treruon |t~ T T5es T “compurer
2 29 29 [ 7 20
5 48 Hi 2l 17 4y
0 60 48 32 26 A
25 78 57 Hg H2 86
50 93 7 79 53 /05
/00 /10 ' 74 /03 68 /26




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

proJecT _ METHOD ComMPARSON PAGE S oF _ 5
DETAIL YouNGTowN MTERSHED COMPUTED ‘ DATE
CHECKED BY DATE

RECORDED DATA:

The U.5.6.8. operated a stream [precipi tation gauge™*
at the outlet of the Youngtown blatershed from farch T19¢]
through September [968. A sammary of ths data follows :

Rank (m)  AswuaL Maxiemr1  PARTIAL- DURATION  GRINGORTEN — GRINGORTEN

seres (<f3) SERIES (<fS) Tz (yr) P (%)
1 73 73 13.7 73
2 2 21 5.1 1.5
3 17 20 3.2 31,3
& 6 | 17 2.3 43,9
5 9 16 . 1.8 56.2
é 8 5 L5 é8.5
1 7 79 1.2 80.6
g 6 /3 L1 92.6

. The Fartial DuraTron’/ Serics ,a/a#«/ in Drschargqe — Freguency
format (Fiq. 3 ) suggests a 2-yc return period discharge of
17 ofs and a S=yr. of 25 cfs. Extpapolation beyond T& =3~
Years aJil/ likely result in in valid /éschargc estimates pecause
the T73cofe valae appears fo be an outl/ier (le. L& hasa greater
return period Zhan (3" indicated by i plotting position)

| X GAUGE 9 9- 5137 : AGUA FRIA TRIBUTARY AT Youn7Bwa), * SURFACE WATER SUPPLY
oF THEU.S.", water yaars 6I-65 £ &70, PART, Vor. 3, US§S
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DETAIL YOUNGToWAN WATERSHED _COMPUTED

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

provecT _/METHOD C 0MPARISON BAGE

FIGURE 2 CHECKED BY

e Obpbo e

1: MARICOPA COUNTY RATIONAL METHOD

2: CITY OF PHOENIX RATIONAL METHOD

3: MARICOPA CouNTy U H PR

4: CITY OF PHOENIX SCS METHOD _
S: CITY OF FHOENIX COMPUTER GENERATED
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MARICOPA COUNTY UNLIT HYDROGRAPH PROCEDURE

YOUNGTOWN WATERSHED: 6HR - 100 YR RAINFALL, CLARK UNIT HYDROGRAPH,

GREEN & AMPT LOSSES, URBAN TIME/AREA CURVE
5 100
0
SUBL
.13
15
0.000 0.016 0.028 0.044 0.069 0,094 0,120
0.236 0.277 0.337 0.400 0.6:%  1.153 2,592
2.999  3.040 3.078 3.112 3,150
.15 .32 5.24 .27 25.
0 5 16 30 65 77 84
100 '
0.717  0.833

0.148
2.835

90

0.170
2.898

94

0.195
2.958

97

ID
1D
ID
IT
10
JP
KK
BA
IN
PB
PC
PC
PC
PC
PC
Ls
ub
KP
PB
KP
PB
KP
PB
KP
PB
KP
PB
27

MULTI-FREQUENCY RUN FOR YOUNGTOWN WATERSHED
USING CRITERIA ESTABLISHED IN THE CITY OF PHOENIX
STORM DRAIN DESIGN MANUAL
10 . 250
3
6
YOUNG
.13
30

0 .004 .008 .013 .018 .022 .026
044 .048 .053 057 062 066 071
. 107 . 120 . 140 .170 .50 .830 860
.920 .924 .928 933 .937 942 947
.964 .969 .973 978 .982  ,987 .991

85

.031
075
.880
«951
«995

,/:7135/X?£‘ ﬁz

.035
.080
.893
.956
1,00

.040
.093
.907
960
1.00

=
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

~—qfugz.2’
FoLLOowING /S A COMPARISON OF T7H&E
IMETHODOLOGIES USED BY SIX DIFFERENT
C/TIES /N MARICOP4 COUNTY 70 CALCULATE
RETENTION VO&UH&'S, anp 7THE ”ARICQPA
COUNTY HMETHOD AS APPLIED 7O SP&C/F/C
LOCATZONS /A EACH Cr7)y. A GASIN INLET
CULVERT W/l ALSO BE SI2ED USING THE
100 - YEAR FREQUENCY STORM FOR L ACH
JURISDICTION WHERE FdssiBLE.

FOR EASE OF COMPARISON, THE YOUNGTOWN
WA T ERSHED Wittt B& USED /N 54/¢”rLy =
MOOIF/EP LORM:
A3 013 mi?= 832 ac
Zoning: RI-6 (PHx), R(-7 (Scottsclale)
LAND USE: ,QOOFS; /07
Dtsawr l4N03€APf" Yo%
LAWNE - 30% \ Y
BARE GROUAND ~ /0% » ;/
SOIL TYPE: VARIES WiTst LOCATION v &V
. . ’ CuLVeRT ~* | Jx 130.0
AVERAGE OVERLAND FLOW LENBTH : /30 . m — RETENTION
Basw

_CITY OF CHANILER
SOURCE &= CITY OF CHANDLER TECHNICAL DESIGN MANUAL #*3 — SToRM DRAINAGE

SYSTEM D&ES/GN 1987
CITY METHOD :  RATIONAL EFQUATION
BAasiN OuTLET LocArroN . WARNER RO AT ARiZona Ave‘

G = 0.65 (PETACKED SINGLE FariLy)

RAWFALL SOURCE . USWB AMAPS /N ADOT DRAINAGE frANUYAL

ﬁoa 3.00 41;_ (P“)
22 =23.90in —* Foe ® I/7¢+ 755 pw = 2.499 cn

s Lo p .77
Zitle 4. ‘“":5()./;;:) . 2.85 min
te: Use Manmngs £Q. ﬂ___’___o';_s_l___-———-——
) ne, .
= s(25)h = ¢.25 ft' |
P=.5+/.§%+28% = 25805 F¢
R= Ap = . 2¢5

‘/’ 2,17 (245) T (00s)” = 275 44

= Y%ov = 55‘”/50 (2.75) = 33.58 min

PROJECT _ /MM ETH IO CorPARISON oack / of _F
DETAIL /eé'z ENT 7oA /@'@U/PF/Y{/VZ'S' COMPUTED DATE -
- CHECKED BY DATE




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT MeTwoo ConPARISoON PAGE __2__ OF Z
DETAIL Rerenzron AEQUIREMEN TS COMPUTED ' DATE |
CHECKED BY DATE
CI7°Y OF CHANDLER CONTINUED 7— Z # Z‘: 36.13 min
AT 72 = 36./3 min. and
Pod = 2.47cn, £ =3.98 infor Qoo = ((6S)(3.48)(83.2) = /88 ces

Vocume : V= 1/[cA '9‘:]
| Rl 39/ (BE)+. 652 (Pl) = 2.66 cn

V= z/[(-éé‘)(ss.z)(“‘)]- /3.19_ac-ft

/MARICOPA [IETHOD FOR CHANDLER
C=0.40 ( Single Family Pesidlen flb{)

Te= YL A TES™ L= /023 m
—3 Ki= 00625 (10983.2)+ 04 0.028
Je = .6% ¢ S= 27.08 F/mi
Pt = 187

TRY 7¢ = 20 min, l-/ flcn/hr, Lreo 2 (.5'/)(/87)/207 z Y6/ nsfhr
Te = 696 (#61)7%= 2069 min. - wo gooo

TRY Te 2 23 min, £p= 4Tinfhr, lne® (47)(187) /207 = /25"»/4»

Te=. 6% (438) 7« 22. 4 mun
TRY Te = 22 min, ¢p= 48 infhr, lsee = (42)(/87) /207 2 Y39 infhr

Te =646 (434)73%= 22.2ia, = 2K |
Quo = ( ¥0)(434)(83.2) = /4¥ cFs

Vorume : V= CA(%-:) Al= 390 (Re) + 659 (Pl)= 2.6C in
V=(90)(832)(%e) = 738 ac- £t

@ CiTY oF GLENDALE Source: CITYOF GLENDALE DESIEN GLIPELINES FOR SITE
— DEVELOPHENT AND ZFRASTRUCTULRE CoNsSTRUCTION- 1790

BASIN OurieEr LOCAT70N. ANGRTHERN AT 6771 AVE.

CITY MHETHOD?! RAT/ONAL EQUATION
C= 0.95 (from City or Phx. /Hanaal )

Te = 0+ £e + 10 min A= .06’?‘?) {'/30)'" = 255 min
' YA 25
ki Q.5 (E2)(005)" ()%= 20,78 cos g 7

Vz &/A = 3.33 crs
te= L/gov = S5V (3.33) = 2773 run

Te = 2855 +2773 + /0 = %0.3 men



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT MeETHOD Co/PARISON PAGE 3 oF _7

DETAIL LeTaENTION KEQUIREMENTS  COMPUTED DATE

CHECKED BY DATE

CITY 0F GLENMDALE ConT/NUED

AT 72= 40.3 min, e ® 2.8 infhe  (USWB - City of Pix Hanual)

Rros = (45)(2.8)(83.2) = _/05<¥s

VoruMme: Vr® 7200 Aa C I . 45
o Ag- 832ac.-3t.z~c 192 £t°
Vs 7200 (832)(.45)(1.25) L= /25 cn/n

| Y3 5¢0 ftlac
Vr = 174 ac-ft

MARICOPA COUNTY fMETHOO Forg CITY OF GLENDALE

7e= /Y9 (r1023)%5(.028)° (2108) ;" Pl = 195 in
Te= . 6 76 < 7'_"
‘ TRy Tc=22mn, ¢p= 48 infhr, Coe® (w.8)( 195)/207 = 452 infhe

Te=. 696 (452)"= 21.85 min ok
Q100 = (‘/0)(“52)(83.2)"' /850 cers

- . - 95 Y _ . Pl = 2.95:a

VOLUME . Al = Y9y +. 755 (2.95) (—g—.}?—- = 2.25 ¢n 2 2 3,78n
R = 391 (295) + e5P(2.25) = 2.49 in '
Pe ) = 4T -

1 V= ca ( Be)e (wol(832) (Z82) = 9] ac- FE

|

| -

® ciryer /TESA SOURCE: MESA ENGINEFRING PRICEOURE MANUAL JUNE /983, AUG. 1989

BASIN OUTCET LOCATION: PTeQowste AND RECKER R,
CITY NETHOL : LATIONAL EAQUATION

"C" 1 10% Resrs (.85), /0% Paverenr (.8S), ¥0% LDesent lawoscare (. 10),
J0% BARE GRouno (.501), 30% Srass Lawpscapes (./5)
C = .20(.88)r.ve(.70) # 10{50)+ .30(./5) = O.5¥5

Ry
72 . zf‘*"= 0"‘7:)(:’3:) = 288 min ' /
Z¢ = (7.5 efsfside (nomograph) SL,,.//
o | Ve a = 292, ten o (292)+ 31.62 min aren

7<= 2.55 + 31.62 = 34.2 min
@ Tc=34%2 min, [g = 317 injfhr (no 100-yr Curre av«ailable)

50 = (,5’«/5)(3./7)(83.2) = /Y crs




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

proJECT LMETHOD ConpPARISON PaGE 4 oF _7‘
DETAIL RET!NT’/WV /PE’QUIREH&'A/TI COMPUTED DATE

CHECKED BY : DATE

CITY O0F /IESA ConT/r/UED

Voeusme = (25)CA = (25)(.s45)(83.2) = /134 ac- £t

MagicoPA County [/METHOD for Ci7y oF [1ESA

Plo = /.90 ¢n

o -52 =<2 .=
7z = w4 (Loas) ( 028)”°(ar.08) "' % £E = 3.00 in
Te = 646 ¢ & = 3.50 in

TRY Te = 22 min, 1.,- ‘/3 infhr, Lie= (‘48)({‘70)/207' 4491 infhe
Te= 696 (4. 41)°* = 22.05 min ok
Quo = (. 40)(%.41)(83.2) = _[Y7 cas

VOLume :

Bod = . 49 +. 755 (3.00)(322) = 2.44 in |
Pus = .341 (3 00) +.657(2.4%) = 2.63 ¢n | , | ‘
V = cA(BE) = (v0)(83.2)(22) = 729 ac-f¢

@ ity _oF Puoswix . |
£ Source: Cityof Phx. SToRn DRAW DEs/Gn [/Tanvual, Jucy (788

BASIN Ourcer LocaTioN @ RAY Ro. @ Yo TH s77
CITY METHOD : Sc§

C=.95 (RI-6 Zowing)

S= .005 ft/ft , HvworoLoeic Seil Greup B, <~ BY

we A/L = y356ox 82.3 /5EY0 = CSY’, Wf= L/0

- . ' - 77
Te = 2(+ 22 | % .arn:sg./f‘g = 255 min

bt V2 3.25 1% (from p.33), 2s2 Lfsov s F1o(325) = 28.4/ min
Tc= 285 +28.4/ = 31 min, Tp= Texvff = 3%/ min = .S5G8 4.
Ped = 266 in, Q= /25 cn

. 8y (13)(12
Qp+ HLCBNIE) . /35p

VotuMe ;. V= 7200 €ZA , C=.45
L=/ 25 “”Ar
A= 3.2 ac

V= _7200 ((45) (125) (832) | Lo . .

43,560




prOJECT _MeTHoD C 0r1PARISON PAGE 5" oF _7#__
DETAIL ReTenTroNn REQUIREMENT:S COMPUTED DATE
CHECKED BY DATE

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

CITY OF PHOENIX CONTINUED :

MARICOPA Counry METHOD FOR CITY OF PHIENIX B = 2.00 én
i .5 ) <y =38 _ . =38 Peé = 3.30 in
Te= ¥ (1023) (028)™" (2708) ;7 = .é96 ¢ pEY = 3.90 in

TRY Tc=22min, [p= 48 Whr, L= (200(¥8)/2.07 = 4% infhar
Tz 646 (469 %= 2063 min _OK
Qo = (40)(%6%)(83.2) = /5 cFs

VOLUME © 172 ca (-&) Bl = 499 +.755 (3.3) (33 /20.9) = 2.40 ¢
Bo2 = .34 (3.3)+. 659 (2.60)= 2.89 ¢n

V= ‘10)(83-2)(2'3%2)= 7 88 ac- fFt

@ _CITY OF SCOTTSPALE.,  (pipce: ciry oF SCOMSDALE DESIGN PROCEDURES AND
' CRITERIA, S&crr7om 2, JULY 1988
BASIN OUTLET LOCAT/ON . ToMax AT I136TH ST.
. | CITY METHOO: RATIONAL EFQUATION
20NING : RI-1, HYDROLOGIC SO/ GROUP B, cN= 2, Cps 0.65

Tes Ci* e : 4= 0Y593 )(lao) 54

s
Le = 2417 min, Te=285+2417= 26.72 min

AT Te=26.712 min AND Pad = 2.27 én, <00 ™ 3.85 nfhbr
Gies * (65)(3 ?.5')(83 Z) 3 208 cer

Ve CoA ( ) (.65')(832)(2'2%2) = /0.23 ac-ft

2255 mia ; V= sysh (6" Curs) = 3.82 Ff/s',

OPTIONAlL SCOITSDALE METHOD: TECHNIQUES USED /N THE "GQENERAL
RUNOFF : KINEMATIC WAVE DRAINAGE PLAN FOR NORTH ScormrspALe, Ariz'
LOSSES ! SGS CURVE NUMEERS '

RAINFALL X SCS 2Y-HouR TYFPE ZA
THE HEC-) MOOEL GENERATED A FPEAK D/SCHARGE OF 225‘ cfs AAND A
RUNOFF VOLUME oF (8.4 ac-ft USING THE [FOLLOLING INFUT :

iT 5 200

1o 3

KK

Pa 45

PC ... TYPEIZFA )
' LS 74 [y

WK 130 .008 200 5

uK S50 .0l .078 3s
RK 20, .00S .020 ,0l08 TRAP 40.
RK #4158 .008 o028 I3 TRAP s,




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

 prOJECT _METHOD ComPARISON PAGE _6 oF _F
DETAIL RETENTION LERUIREHENTS _ COMPUTED DATE

CHECKED BY . DATE

CIiTY OF _ScerrsDALE ConTINUED

MARICOPA _County [TET#E0 [Fag Crry oF Scol7SDALE

T2 = py (1023)% (028) %% (2203)"3'4. - 32 Pl= 230 ca

Te= .69 (=% P = 3.42 in

TRY Te= 22 min, cp= 48 cr/he. L x Ceias) »,.‘.’= Y85 in
” L—L—‘z 5= = 833 in/pe

Te= 696 (533)3%= 20.52 men
TRY 7Tec= 20 min, 4;93 S/ c'n//,r, tioo = S.67 4'”/4/‘
Te =.64¢ (561)"% = 20,05 men oK
Qo= (, ¥0)(567)(93.2) = /87 ces

Yotune : Lol 2 499 1. 755 (3.42) (3.42/958) = 2435 in .
Pol= 341 (3.42)+.659 (2435) = 277 in

A ( 4yo0)( 83.2) (2'77/12) = 768 ac-f¢

@ i1y OF JEMPE — Source: PuBiic WORKS DEPT. = PRIVATE DEVELOPIHENT
DESIGN CRITERIA , June (987 -
BASIN OUTLET locATion: FRICE B SouTHERN
CITY METHOD : RATIONAL ERUATION '

%3 0% Roors (.I5), 10% PavENENT (3S), Y0% DEscRr LlawpscApe (.70),
/0% BARE Grouwd (.15), 36% Ave. Steped laums (120)
Cr .20(.95)+ yof )+ . r0(.25)+ 20(20)% D.5¢

= é* N T = A'.?? = =3 ¥
Terdiwte s Eus KL < ASTU) L 09

Pes V= 279, fie Yheov e FT%%o(2.79) % 33.70 min
Te= .9+ 337= %96 min

AT Te = 9.6 min, Ci0% 2.97 cnfhr, Quo® (SE)N297)(33.2) = (38 ces

12

VOLUME : V:",%AC = 210 ($3.2)(._7$)= /5. 8 oc-ft | : '




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT MerHoo Comparison ' PAGE £_OF _*T
peTAIL RETENTION KEQUIREMENTS _ COMPUTED DATE
CHECKED BY DATE

CITY OF TEMPE CONTINUED

MARICOPA Counzy /TEriod For Cyry oF JE/PE
T = 1Y (r023)° (028)%¢ (2708 ) ;0 T Rf = 190:n

) = 6/ ._33: Ro: = 30 l:h
Te= .6%6 ¢ P » 3.7 in

(TRY Te = 22 min Lp= 48 /he, lue = 54;0204719) « LY insar
Te= . 6496 (441)" 7" = 22.05 min ok
Qe = (¥0)(441)(83.2)= /47 <cf5

VOLUME :  Flod = . Y94 *. 755 (3.0)’/3,7 = 2,33.n
Pt = .341(3.0) +, 657 (2.33)= 2.5¢ cn

V< cA(B2) = (v)(352) (258) = Z/0 ac-f2

—SurMnARY TABLE

‘ o _CITY METHOD MARICOPA COUNTY METHoOD
Qma(ﬂ’zz (V aé-{'t) , &.,(C*Fs) V (ac-ft)

[, CHANDLER 188 13.19 (1YY 7.38

2. GLENDALE Xy | 774 /80 .l 6.1
3. MESA /¥4 (Qs) 11.3Y 47 729

Y. PHOENIX /38 7274 /5Y 7.88

S ScomspDALE 208 /0.23 /89 768

6. TEMPE /38 /5. 80 /497 7.10




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT HZ DRo Lo letc :21:,5/(-_4/ Manus PAGE L_oF _lo

DETAIL COMPUTED DATE

CHECKED BY DATE

//6 740D  CorPARISON ¢ Arteicarion 7o LAges, AATurar NMATERSHGOS

5 Conpra:  THIS EXAMPLE ComPARES THE HMETHIDS UTUNED /N THE /7 VDRecotnic
]
DESian 1IANuAL WITH THE Comminey LISED TECHNIOUES 5 /.., THE
SCS HMerHedS, For APPLLATION 70 LARGE ; NATURAL WATERS4EHS . THEY,

THE RESULTS ARE COMFARED WITH DISCHARGE [REPUENCY ANALYSIS .

WATERSHED DiScriPTioN :

LoCATION s  UPPER CAVE CREEK WATERSHED
.2
DoaminnE ARGA: (26 M

. ,2 ) .l » 2 2 K
INDIVIOUAL BASINS: o .28M/ 3 34:ReM L 3T M5 481 M é .52 M

THE CACE CRECK WATERSHED /5 CHARACTERIZED By Gencrmy S766P
SeoPtalts AREAS WITH RATHER DENSE VEGETATIVE CoVER AN IRREGune
CHAMNE( S o

STl QUSTERIP Tio AL
THis STupy wiee CoMPare THE GENERATED LPEAK DISCHARG & VAwes CF
10~ YEAR , §0 =YEARS> AND /f06 ~YEAR Féaauc=~ &S ﬁ..vc;-.w. THE THEES
METHIOS JESCRIBED EALLICR. THE GENERATED BASIN /YOR0 GRAPH S
ARE Abos) AMD WHEN NECESSARY, RouTed THRouGH THE CAVE CRESK
WAS#. THE FikAL PEAK DISCHARGE VALUE 1S CoMPUTED AT THE EXTREME
Séa TH WEST L(eCATION OF THE whA TERI.SHF.A‘ wHERs A ComMPariIson/ OF

VALUES 1S MADE (Se:c‘ ENCLSED _/IAP).




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT YO RoLoGIe DEStanl MANUAL PAGE Z oF &
DETAIL COMPUTED DATE )
CHECKED BY DATE

. _ HYDReloGIC /WPAT CRiITELIA
METHOD ofF RAIN FrALL METHed oF HYDRoaRAPR | RouTint | CorPuter
CoMPATAT 4N CRITER\A L03S CorfPUTATHN qu”;MT,pM METHo D L. PRoGRAM
HYORoLoGIE 168~YEARS b ~HouR | INiTiAL § uniFoer) Corps oF Enlta. MuskiwGauy HEC-1
DESlan MANUAL | PATIERA DISTRIBUTRN| LoSS METHOS S - GlRAPHS
S¢S 100- YEAR 3 29~ HouR ses
ME THOD S Ses 1yPE I Curvs rlumsens UNI T- GRAPR MuSkiiieart] TR-20
[o [{YRocoate DEStan [lAnuAL
A = CALCUtATION OF RAFAa. DEPTHS:
BASIN |Reo. 10-EAR S0 - YEAR 108 - YEAR
s128 |FPAR|  Raww FALL RAIN FALL RAIN FALL
go-28 |.¢s .gls(z-s)gz.oq 815 (3.3) =260 |-815(3:65) =297
34.86 |33 .88 (25) a2-20| + 8% ( 3:0) = 2.%2 -89(3:40)=3.12
©.3% |.96| <Ak (25) =240| -q6 (3:2) =307 | - (342)=34y
4.8 971 a7 (2:8)=243| 47 (3'2) = 30 A7(3:64) 2349
.89 10 10 (z‘s) =2.60| 10 (3:2) z3.20 1o(3.66)=3 6o
B~ SELECTION 6F LosSsS PARAMETERS :
Area (M%) 80.2% | 34.56 | 438 4.8l o059 -
INITIAL LosS 073 0.7 | o715 | e7r 075
UNIFOIRM LosS 6:/2 0.8 ol 020 c-20




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT _____ [A/DRosateic DEStonl MAnuse  PAGE 3 OF _b
DETAIL ____ o _ COMPUTED DATE
CHECKED BY DATE

C- CaccatarioN oF BAswl LAss:
T : —
P Area = €021 i 5 L= libi4o Fro 5>  Lea= 79200 (1 , M = .05

Spoer = Ade0 =202 - 45 Ff/wé 5 BAs Facme = (o rppdoans, 3,5
(lbo/s280 (105 )7

= LAG = 20 (05)(32 3) = 3.7 Houks

2
® Aeca = 34836 me 5 [z 49280 fr, Lca =29920 f2 , n =08

Sz0fs = 3460 - 2070 = /52 f/mc .ZA.S//J FAcme - [«/-nfaxzma)ém 429
49280 [s280 (152 ) '7r

—_— ‘46»-20 (05)(42‘7) /77///M£$

® Area = 438 i , L= 33440 5 Lea= IPsed £, n= 00

) .
Siops = 2590 1500 _ 94.7 /r/m'/- BASIW FARCTIR = (35"’"“"5"’"}%11{__ 2,27
33440 /5280 49 | (9¢7) /=

—--é?—' lﬂ& Zo ('05—)(0'26,) = /35 /6/4?‘5

- Ay

@ Aeea = ‘/f/w s L= ffors £7 Za. z#éﬂf'/ N = 045

SLops = 3097207 _ 0 /’f/m(, 3/95/4/ FACTOR = {/7”'/2"’6“’)430 3251

L/‘/Itv/ﬂfﬂ (/20) /s
— {ha "20(07/5)(.3 )f) = ) Sb HourS
R

@ AecA = -59 > L= /500 0 fr 5, Lea = Svet fF n = 09"

Seofs - 2110 - /580 _ £3 ff/m) jﬁfm//rﬂ(/‘af (/Jioaxfam)/zio__, 29
15009 [526 0 (%3)%

3%
. ,===>— LA A "20{ 043 )( ZQ) = .56 //I(IRS .




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT loscote DESinnl Manua  pace 4 oF Lo
DETAIL COMPUTED _ DATE
CHECKED BY DATE

2. Ses MertdS

Siuice A GHAETE DSCUMENTATION OF THE (977 STuby OF THs CAvE Cecek WA Taesied
WAS MoT AVAILABLE 5 ONLY THE FARAME TER DESCRIPTIoN) AND THE RESuULES 8y
THE TR-20 PReGRAM ARE /NCLUdED. THE snFormpriont /NCLUDES ﬂascno,«/

0F CurvE AuMBERS ZoR LosS CoMPATATIONS 5 LEAGTH oF kou.t'ml(» /?EA-cHe.-S 9 AN.D
THE ZESULTIA G DISCHARGE \VALUFS .

3. D/SCHARGE — FREQuancy ANALYSIS

30 YEARS oF DATA ON ANNURL DISCLHARGE WAS AVAWLABLE F3R THE PERed oF
1458~ 1937 THIS INFoRmATION WAS USED To ESTIMATE THE /00~ YEAR DISCHARGE
BY THE WEIBULL PosiTieNiNG METHs ) (Nsx-r PAGE SHows THE (NDIVIDUAL AND THE i
RANKES VALWES. THEN DATA WAS AlrANGED BASED oN WEiIBuce Pismied Anp Puorred
ON FXL& QuENCY PAPER ForR AN ESTImATION OF A DESIRE) FREPusacy,



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT _ MYDRetntaic DEStan! MAnuse _ PAGE D oF _bo

DETAIL COMPUTED DATE _

CHECKED BY DATE

DATE OF | Discarene | pank | wesua WATER
Frow Cerms) PdS/f/M/® EAR
J2-19-67 ]| /2400 ! 31 734
16-29-597| §570 2 IssS ko
3-2-7%| 250v 3 /0.3 7%
/12-18-7% L2070 4 7:7§ 19
[12-22-06) bov? 5 b 2 bl
9-12-5% | s6%0 b <2 58
a-17-72 | 3957 7 4y 72
10-195-72 | 3957 g 3.9 5773
%-5-59 | 3590 9 3.4
S-2-64 3120 {0 31 o
, Q-5-70 | 27079 R 2- & 7o
, 9-6-67 | /807 1 2:b 67
@ $-4-063| 1510 /3 2o ¢
3_3__g3 /17/20 . /’i 22z 3'3
7.5-74 1290 /3 2+ 74
7-22-86 | /350 /b /-9 gt
2-9-76 | /260 7 18 ’e
10-2-§/ /200 /3 17 gz
j2-27-3¢| e | (7 I £5
[1-2-7¢ g5¢ 2o 1S 78
G-17-6¢ 496 2/ I 6!
7-16-45 | _ 410 22 /Y vs
2-4-71| 34 23 /3 7!
/2.-/&—(0/_ 280 2¢ /.29 bt
3'_17’7’/ /4o 25 /.24 g4
19¢9 0 26 12 69
1977 0 27 /-1 ;7
1491 0o 2f Ny, l
G ‘ /07 g7
//4207 % 231 103 yo
‘ n+i _ -
@ WEIBucL PoSITion T = o WHEee M = RANK

OF DATA, n 1S ToTAL MurMBsr oF DATA Fornrs.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT /YD Rrototic DNES164] LANUAL

PAGE o OF _b
DETAIL 'COMPUTED DATE -
CHECKED BY DATE

(oﬂm&l.cu/ AT DISCHALLE YALUES ¢

CoMPARISON aFF [00-YEAR DISCHARGE AS A Function oF ARSA

2 @
ea (Mi°)| DiscHARGE BY HOM DiScHARGE By 5Scs
DrAINAGE Area (Mi7) s 8, e, 8
- 59 286 7%0
{31 ' 33kI 3989
@38 4443 4 7]
3486 16759 18864
go0.28 1997 23 6oy
12-92 29790 3,84
@ Hrpeotaaie ) EStaN MANUAL

CoMPARISON 6F DISCHARGE VALUES WITH Fuaw /<BsQuency

10~YR DiScusad So- IR Discunrse| los-1r Discunres

Ccrs) (crs) CCFs)

HYbRriLoGie SESIGA /8¢4sS 2bo8! 29790
‘ MANUAL

SCS METHELS

20bt0 32975 36%4)
Qooo0 2 2000 2%007

Feow) X7 REQuENLY




9-179b

Extreme log data plot

April 1955

Magnitude and frequency of b.&hn\gbnﬁu\ﬂgh\\\\mgQi\mﬁgmﬂ.J on §“§MPQM%0WW\NW @4

. mi. Period

UNITED. STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

Drainage area
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9-179b UNITED STATES DEPARTMENT OF THE INTERIOR
Extreme log data plot GEOLOGICAL SURVEY File ...
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RUNOFF
REACH

RUNOFF
ADDHYD
REACH

RUNOFF
ADDHYD
RUNOFF
REACH

RUNOFF
ADDHYD
ADDHYD
ENDATA

o N N e N N e - - e
PO P WE SR WS WS

END OF LISTING

28
28
28
29
29
29
30
31
31
31
32

STANDARD CONTROL INSTRUCTIONS

]

[< 0~ B E, - )

AL OOt

80.2800
6200.0000
34.8600

14100.0000
6.3800

4.8100
15000.0000
.5900

TR-20 DATA INPUT FOR:
CAVE CREEK WATERSHED

82.0000
.8800
83.5000

.8800
80.0000

79.0000
.8800
79.0000

4.45000
0.00000
2.21000
0
0.00000
1.10000
0
.90000
0.00000
.35000
0

0

CO0COO0OO0OO0O0OOO0OCO
OO0 O0O0OO0OO0CDOO0OOO0OCOC

OO OO0 O0OO0OOOOO0OCO

OococCcoo0OOOO0OO0OO
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SUMMARY TABLE 1

{

ALT . STORM ID

28
28
28
29
29
29
30
31
31
3
32

28
28
28
29
29
29
30
3
3
31
32

28
28

29
29
29
30
K|
3
31
32

a.—i_\—\_)aa_\_a_\_a_b—\_b—\a_a_\_la_h_\_h_b_\.-\.a—l—\—‘—l_\_I._\_\_\

UJUJMUMNNMWWWWNNNNNNNNNNNN—‘—‘—\—'—\-A—\—IA—I—:—D

28

DA

S&-MI.

80.28
80.28
34.86
115.14
115.14

121.52

126.92

80.28 -

80.28
34.86
115.14
115.14

121.52

126.92
80.28
80.28
34.86

115.14

115.14

121.52
4.81
4.81

.59
5.40
126.92

Qg T T R I I g

RAIN
TBLE

AMC

DELTA-T TZERO

HRS.

.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20

HRS.

0.00
0.00

- 0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

PRECIP

J‘-I\J-\G‘&#bhb&d‘&-&\#bbbbbb#&b#‘uuuuuuuwwwww

IN.

.29
.29
.33
.33
.33
.10
.10
.10
.10
.10
.10
.10
.42
.42
.41
Y
.41
.20
.20
.20
.20
.20
.20
.20
.70
.70

80
.80
80
70

.70
.70
.70
.70
.70
.70

PRECIP
DURATION

24.
24,
24.
24.
24,
24,
24.
24,
24,
24.

24

24.
24,
24.
24.

24

24.

24

24.

24

24.

24
24

24.

24

2h.
24.
24,

24
24

24.
26.

24

ss§888888888888888888888888888888888

NN
-~

PEAK-Q

CFS

13212.
13187.
10746.
19643.
19577.
2377.
20129.
1928.
1828.
376.
1914.
20610.
21480.
214%%.
16668.
31428.

31301

32182

4871

‘ TR-20 OUTPUT FOR CAVE CREEK WATERSHED

43
85
21
48
37
49
47
89
84
51
15
58
38
28
87
40

.63
4065.

01

.89
3347.
3172.

649.
3315.

32975.

23603.

23527.

18864.

35000.

34854 .

66
[£4
57
4
39
94
20
46
54
32

.41
35906.
4028.
3818.
780.
3988.
36860.

32
78
32
38
80
94

PEAK-
TIME

14.
14.
13.
13.
14
12.
14.
12.

12

69

a7

22

57
18
43

77
12.
12.
14.
14.
14.

13.
13.
14.
12.
14.
12.
12.
12.
12.
14.
14.
14.
13.
13.
%.
12.
14.
12.
12.
12.
12.
4.

75
13

85
25
88
20
54

41
74
05
72

65
84
24

53
12
40
73
04
7
o7

PEAK-
ELEV

 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 .
0.00
0.00
0.00
0.00
0.00
0.00

RUNOFF
IN.

.61
.61
.75
.65
.65
.32
.63
.26
.26
.27
.26
.62
.56
.56

.58
.12
.12
.13
.13
.56
.81
.81
.03
.87

.63

.54
.54
.55
.54
.85

CSH

164.
164.
308.
170.
170.
372.
.65
401.
380.
638.
354.
162.
267.
266.
478,
.96
271.
637.
264 .
695.
659.
1100.
.03
259.
.02
293.
541.
.98
302.
763.
295.
837.
793.
1322.
738.
290.

165

272

614

294

303

58
27
27
61
03
65

02
22

47
39
57
74

15
84
98
62
97

81

15

71
54
48
58
83

67
43



AR RN TR RN AR RN AR AL ANR A A AR AR ARSI

* - . *

‘ FLOOD HYDROGRAPH PACKAGE (HEC-1) *

L3

® FEBRUARY 1981 *
*
* REVISED 05 DEC 88 *
*
® *

»

% RUN DATE 01/10/1990 TIME 16:01:06

* x
®

AR RRRRRRARRARA KRR AR KRR RARREARAXRRARRRARRRS

X X XXXXXXX
X X X

X X X
XXXXXXX  XXXX

X X X

X X X

X X XXXXXXX

* U.S. ARMY CORPS OF ENGINEERS

* THE HYDROLOGIC ENGINEERING CENTER

. 609 SECOND STREET
* DAVIS, CALIFORNIA 95616
. (916) 551-1748

- XXXXX X

x X x X X
&
>

XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS AEC1 (JAN 73), HECIGS, HEC1D8, AND HECTKW.

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

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LOSS RATE:GREEN AND AMPT . INFILTRATION



LINE

VNN -

O W N

10

11

13-

14
15
16

17 -

- 18
19
20
21

22
23
24

25
26
27
28
29
30
3
32
33
34
35
36

37
38
39

40
41
42

HEC-1 INPUT
ID....... Tenn.. 2000,  JU boiiin, 5., bornnt. T 8.ouin.. - S 10
ID TEST OF COMPARISON: HYDROLOGY MANUAL METHODS VERSUS MOSTLY USED METHODS
10 APPLICATION TO LARGE WATERSHEDS
D UPPER CAVE CREEK WATERSHED
10 ORIGINAL ANAYLSIS IN 1977, THIS ANAYSIS BY DDK, DEC. 1989.
T 20 120
10
KK
KM UPPER CAVE CREEK BASIN
PB 2.97
IN 15 _
pCc  0.000 0.021 0.035 0.051 0.071 0.087. 0.105 0.125 0.143 0.160
PC 0.179 0.201 0.232 0.281 0.364 0.500 0.658 0.773 0.841 0.888
PC 0.927 0.958 0.965 0.976 1.000
BA 80.29 ,
L .73 A2 :
Ul 695. 1410, 2571. 4072. 6090. 8011. 10016. 10120. 11202. 11202.
UL -11202. 8727. 7811. 7156. 5831. 5454, 5325. 3846. 3638.  3451.
Ul 2677. 2543. 2430, 2327. 2232, 2119. 1470. 1416. 1366. 1299.
Ut 718.  695. 674,  654.  687.  687. 383,  372.  362.  353.
UI  346. 335. 327. 320. 284.  169. 166.  162.  159. 1552
Ul 152, 149. 93. 0. 0.
KK 1
KM ROUTE TO ANDORA HILLS CONFLUENCE
RM 1 .25 .20
KK
KM MIDDLE BASIN
PB- 3.168
IN 15
PC  0.000 0.018 0.027 0.040 0.058 0.074 0.089 0.106 0.122 0.137
PC  0.155 0.176 0.201 0.249 0.331 0.485 0.665 0.786 0.856 0.501
PC 0.937 0.967 0.978 0.988 1.000
BA 34.86
Ly .75 .18
Ul  1028. 3486. 7373. 9720. 10463. 8065. 6085. 4896. 3441. 2683,
UL 2683, 2263. 2106. 1353. 1215,  656. 614, 440,  337. 319,
Ul 349. 160. 152.  145.  139. 1. o.
KK
KM ADD HYDROGRAPHS
HC 2
KK
KM ROUTE TO LOUER'NATERSHED
RM 2 .70 .25

PAGE 1



43
44
45
46
47
48
49
50
51
52
53
54

55
56
57

58
59
60
61
62
63

65

&7
68
69

70
4
72

73
74
75
7%
77
78
79

81
82

83
84
85

KK
KM
PB
IN
PC
PC
PC
BA
Lu
Ul
Ul
Ul

KK
KM
HC

KK
KM
P8
IN
PC
PC
PC
BA
Ly
Ul
ul

vl

KK
KM
RM

KK
KM
PB
IN
PC
PC
PC
BA
LU
V)¢

KK
KM
HC
22

LOWER BASIN

3.456
15
0.000
0.110
0.957
6.38
.75
304.
399.
0.

0.010 0.016

0.125 0.146

0.980 0.985
.20

1136. 2119.

297, 151.
0.

ADD HYDROGRAPH

2

0.025 0.039
0.191  0.277
0.988 1.000
2422. 1771,

137. 80.

BASIN ALONG CAREFREE HIGHWAY

3.49
15
0.000
0.101
0.961
4.81
.75
204.
355,
23.

ROUTE

0.009 0.014
0.116 0.137
0.982 0.987
)
745. 1431,
222. 174,
2. .0
.58 .25

SMALL LOWER BASIN

3.60
15
0.000
0.075
0.952
0.59
.75
212.

0.005 0.009

0.088 0.107

0.965 0.977
.20

484, 239.

ADD HYDROGRAPH

3

0.023 = 0.036
0.181 0.268
0.989 1.000
1724. 1406,

105. 87.
0.014 0.022
0.127 0.205
0.988 1.000

114. 52,

0.051
0.461

1248.
74.

'0.046
0.457

986.
56.

0.030
0.366

22.

0.062
0.682

896.
73,

0.057
0.687

734.
53.

0.038
0.823

13.

0.073
0.817

630.
36.

0.067
0.825

518.
50.

0.047
0.900

13.

0.085
0.885

s12.
34.

0.078
0.890

386.
26.

0.054
0.920

0.097
0.926

399.
32.

0.089
0.930

386.
24,

0.062
0.939



OPERATION STATION
HYDROGRAPH AT
ROUTED TO
HYDROGRAPH AT
2 COMBINED AT
ROUTED TO
HYDROGRAPH AT
2 COMBINéD AT
HYDROGRAPH AT
ROUTED TO
HYDROGRAPH AT

3 COMBINED AT

*x%x NORMAL END OF HEC-1 ***

PEAK
FLOW

19971.

19712.

16759.

27089.

26753.

4443,

27886,

3361.

3125.

986.

29790.

FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

TIME OF
PEAK

7.00

7.33

5.33

6.00

7.00

5.00

6.67

5.00

5.67

4.33

6.33

RUNOFF SUMMARY

AVERAGE FLOW FOR MAXIMUM PERICD

6-HOUR
12977.
12959.
7284.
19609.
19426.
1568.
2058§.
1255.
1250.
152.

21845.

24-HOUR

4138,

4138,

1884.

6022.

6022.

397.

6419,

318.

318.

38.

6775.

72-HOUR

- 2504.

2504.

1140.

3644.

3644.

240.

3884,

193.

193.

23.

4099.

BASIN
AREA

80.29

80.29

34.86

115.15

115.15

121.53

.59

126.93

MAXIMUM
STAGE

TIME OF
MAX STAGE



September 1, 1990

- Fortran Programs:
MCUHP1 and MCUHP2




TO: Hydrology Manual Users FROM: Davar Khalili

2

FORTRAN Programs; MCUHP1 and MCUHP2

Programs MCUHP1l and MCUHP2, Maricopa County Unit Hydrograph Procedures 1 and 2
vere developed to facilitate the use of the methodologies outlined in the
Hydrologic Design Manual for Maricopa County.

MCUHP1 will provide the necessary parameters for the Clark Unit-hydrograph
option of HEC-1. These parameters include Tc, time of concentration, and R,
the storage coefficient. In addition, the Hydrologic Design manual also
requires a rainfall pattern distribution. MCUHP1 will provide all of the
required information in the form of a HEC-1 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-1 input file for immediate application.

The user is encouréged to read the Hydrologic Design Manual before using these
programs.

The following shows how you can run MCUHP1 and MCUHPZ:

* Place the diskette in drive A. Copy Programs MCUHP1.EXE &
MCUHP2.EXE into the HEC-1 directory of your PC computer.

* If using the Clark Unit-graph Method, type MCUHP1. 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-1 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 Khalili at 262-1501.




A:\>MCUHP1
‘ ----- 5/22/1990 =—==--

KHKEAKKKAKAEKAAEKAAHEKANAKEAEKNKIKEKKKEKRAKNKEKEAAKEKIKIEKEKAAARNLEAAERNAKRKRTKE KK AR KKK KK KKK KKK, HK KRN

PROGRAM MCUHP1

THE MARICOPA COUNTY HYDROLOGY MANUAL

* *
* *
* *
* *
* *
* *
* - FLOOD CONTROL DISTRICT OF MARICOPA COUNTY *
* 3335 W. DURANGO, PHOENIX, ARIZONA 85009 *
* ’ *
* %
¥ *
* *
* x
* *
* *

Program MCUHP1l, Maricopa County Unit Hydrograph Procedure 1 computes Tc
and R as required by the Clark Unit-Hydrograph option of HEC-1. It will
also provide the rainfall pattern distribution. Output will be a HEC-1

input file for immediate application.
AAKKAA KA RE KA AKE A AR AT AEAKNAKARARAAKLAKRAAAAAAKAAAERAKKRTAAALARKRNKEKE AN KEKRKAEARAARR KK NK K Khhdkk

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

) RESISTANCE COEFFICIENT, Kb

.045- .

SLOPE (feet/mile)
54.6 ‘

ENTER METHOD OF SOIL LOSS COMPUTATIONS:

1 = Initial/Uniform, 2 = Green-Ampt

ro

Enter IA, 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 MCECD Distribution
Enter 3 for the 24-hour SCS TYPE-II distribution




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

e S R D R O D WS G MWD R G e S M M e Y G P G Mt M - D D A, M T W W R G A A D S Y S A e - ——— - —— - -

Drainage Area= 1.880 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

- W D W G P v ST G e S S D R M R S SR MR G M R A Em G S S S WD NS SEL G 4N R M e S D W T M A TR G N D I G D A N S D R D GE CD ED W A Em e G oy o - -

TC = .283 hours, which is = 17.000 minutes R .034 hours.

Stop - Program terminated.



A:\>MCUHP2
------- 5/22/1990 =====n-

*******************************‘k7‘:‘k**************‘k*****************************

PROGRAM MCUHP2

*

*

N .

* THE MARICOPA COUNTY HYDROLOGY MANUAL
* .

*

%
*
*
*
*
*
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY *
3335 W. DURANGO, PHOENIX, ARIZONA 85009 *
*

Y

*

*

*

*

*

*

*

*

* 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-1 input file for immediate application.

*

x*

**********************‘k**********************‘k***********‘k***v***************

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 (Sgqg. 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-Aampt
1 . '
Enter STRTL, CNSTL, RTIMP ({-100)
.75 .15 10

**S~GRAPH CONVERSION TO U-GRAPH (CODE BY T.W. HIEB, 12/89)%xx




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 DISCHARGE TIME DISCHARGE TIME DISCHARGE
{min.) (cfs) (min.) (cfs) (min.) {(cfs)
0. - 0.
30. 7816.
60. 11632.
90. 1400.
120. 0
150. 0
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 dlstrlbutlon 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.

Stop - Program termlnated







FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYpRotoG e DESlaN [1ANuAL PAGE / _ OF _S
DETAIL EXAMPLE 3# 1 COMPUTED , DATE
. CHECKED BY DATE

EXAMPLE # | 1 DEVELaPMENT OF DEPTH-DurATIoN - FREPUENCY TABLE .

Locatrion © CAREFesE Antier AT ToN s RIE 5 SEC 36

@ UStAls Floures 2-2 To '2-/3, READ LocATion RAw/ FAL DEPTHS ;

@ ProT DATA ON FIGURE 214 AND DrAW LiNG OF BEST FIT 3

Krrurn ;.';ee—é“,wcy b-HouR DdueAtioN DEPTH |2d-HouR DupATioN DEPTH
' (ineHES) ' _ (NCHES )
2- YFAR Nss ' 2.00
@
5. YEAR 2.00 - 2.70 2:.60
[0~ YEAR 2.30 3465 3~/o@,
‘ | | 25- yEAR z/ﬁ 2.60® y/o 3.50®
So~ 7€AR 3.10 420
loa - YEAR T340 Y 70

@ CorLscTED UALuE FRoM Flours 2-1Y.

@ THEN y DEPTHS FRoM OTHER FAREQUENCIES AND DuRATIONS ARE c’ucacé TED
Y, = — -0l 4942 (X ) X2 /%)
Yoo = .H9q + 755 (X3)(X3/xy)
| WIERE: Yo = 2-YEAR 5 |-HouR DEPTH ;

Yoo = |00~YEAR, 1~ Houk DEPTH

Xy = 2= YEAR, b-Hour DEPTH
Xy z 2- Yenr > 24~ Hue DePTH;
X3 = 106~ YeAR 5 G~ Hou DEPTH;

. | : X4 = 100-YEAR, 29~ Hour DEFTH .
== Yz = - ~on+~‘ML(I-SS)(!-SS/”.,) =Wl

Yoo =+ 494 + ‘7ff(3'4‘>(3""°/‘/‘7') =2:35




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT ____ AYDRototic DESIeA  1ANiAL PAGE 2 OF 5
DETAIL ‘ EXAMpLE i COMPUTED DATE ’ _-
CHECKED BY DATE

@) 70T Ye AND Yivo 6N Fisuse 2.1§ AND Find DePTHS [oR OTHER
FREQUENCIES !

=S 5- Y€AR, /-HouR DEPTH = /35
10~ YEAR, [-MouR DePTH = (-SE
25-YeaR, 1~ HouR DEPTH = [+ &2

56« JEAR 5 /-HouR DEPTH = 2.12

@ NEXT THE 2-tHouk O6PTHS ARE CALLULATED:
2- YEAR, 2-tour DEPTH = 341( 2-YEAR 5 4-Hour) + -659( 2 ~YerR, /-Hour)
= 3(/55)+651(112) =127

(00 - YEAR 5 2 -Hur Derrw = -3‘//(100 ~YEAR , 6 -HouR ) +-65‘7( l1oe-YEAR I-}‘/aug)
= +34/(340) +.659(2:35) =2.7/

PeoT ABoVE DEPTHS oN FIGuRE 219 AND Find (ePTHS FoR OTHER
FREQUENCIES ! | ‘ '
5~ YEAR 5 2-Hour DEPTH = /62
(0~ YEAR , 2~Houk DEPTH = /:87
25~ YEAR ) 2-MHme DeP7H = 2./2
S0~ YeAR, 2-Houk DepTH = 246

@ NEXYT Tie 3-HwR DEPTHS ARE CALCUATED: ,
2-YEAR , 3-HouR DEPTH = S69(2-VEAR 5 lo-Houe ) 31431 (2~YEAR 5 /= 1HouR )
= +565(1.55) +421(112) =34
100 ~YEAR 5 3-HouR depP7H - .‘5’67( 100~YEAR 5 G -IicouR) 1-«4/3/(/00—1/:,42 > /-Haaz)
= +569(3.40) +.931(2:35) = 295"
PLorT Above DEPTAS oN Fleure 20y AND Fidd DEPTHS FoR OTHER FFesq.
=S 5-758R; 3-Houk DePTH= 174

10- YEAR 5 3- Houk DepTH = 20S
25- YEAR, 3-/ouk Dep7H = 2:3°

Se -~ YEAR, 3- Houe DEPTH = 265



'FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HipLoLo tric.  DESIhal MANYAL PAGE -3 oF _5
DETAIL LXAMPLE # | COMPUTED DATE
CHECKED BY __ DATE

@ UsinG  Figure 2.15 FiNd THE [2-HouR Fes@uency DEPTHS « TH/S
1S DoNE BY DRAWI/NG A STRAIGHT LINE FeTrweEsw THE l-HouR And
THE 72- Hour DEPTHS FoR ALl FREQuEMCIES:

= 2-YEAR , 12-Houk DePTH = 1180
§-YEAR, |2-HouR DerPTH = 230
16- YEAR, 12-HuR D&PTH = 2:70
25-Y&ARy 12-Hour DePTH = 310
Bo-YEAR> 12-HouR DdepTH = 3.65
(00 - YEAR 5> 12~ HouR DePTH = 4:/0

o | Z0= N JEPTHS ARS Fouwd Fuem THE FotlowiniG!

‘CZ-YEAR; 3o~ Mv Deﬂrﬂ) = . 32(2—75AR, l—/fouk) =82 (,.,z) =.92
UN-‘!EAR; 30-Ml DepTH) = +82 ( loo-yeAR, 1-Haur ) =.%2 (’zxss) =143
PuoT THE ABovE VALES ON Figuee 29 AVD Find pep7HS Foe
OTHER FREQUENCIES:

5. yEAR s Zo-mmd DEPTH = 1S
/9~ YEARs Zo-mw DEPTH = /'35
26— YEAR> Sa-M DEPTH = /5O
So- YEARS 36-~Mial DeEPTH =775

@ /S=-MiN DEPTHS ARE ESTIMATED FRoM THE FoLLOWING !

(2-VEAR 5 1S-rtidd DEPTH) = . 2 (2-{EAR 5 I-Hour ) =+ L1
(loc-YEAR, 1S-MiAd DePTH ) = .62(100-YEAR, 1-HouR) = L4

= PLoT ABEVE JEPTHS ON FIGURE 2:14 AND FiNd DEPTHS rFoR O THER FRED.

| S- YEAR, I1S-Min DEPTH = + 7
‘ Jo- YEAR, \3-MIN DEPTH = |00
25- YeAR, 1S-MIW DepTH = 15
50— YEAR, 1S-Miy DePTH = \:28




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT Ay Desiotic DESIGN HIANUAL paGE 4_oF 5

DETAIL Expmple # | COMPUTED . DATE o

CHECKED BY DATE

10-Min DEPTHS ARE Foumd From 7Hs Fottowints:

(2-yeaR, (0~ Min DePTH) = -5/ (2-y&AR 5 1~Hour )= 51 (112) =.57
(100 -YEAR 5 (0 ~MIN derTh ) = 51 (!ba-\{sm, I-Hour) =.51(2.35) =V.20

| i 6T ABavE DEPTHS ON FiGuRe 214 AND FiNd DEPTHS FoR
OTHER FREPUENCIES !

S- YEAR, 10-miN DEPTH = « 70
10-YEAR, (0-MIN DERPTH =  §3
‘92
10

U

15- YEARS [0-Mid JEPTH

"

Su- YEAR, (O-PMid DEPTH
@ 5. MiN bfprks Ale Found ~Rem THE Fottowsn/é
(2-76AR; 5-MiN DePTH) =. 34 (2-YenR, 1~ Hour ) = - 34 (1112) = .5 3
(100 ~YEAR ; S~ M DeeTH) =394(100-Y&AR 5 (-HouR ) = -34(2.35) =. %0
e FL0T ABoVE DEPTHS oM Fléues 219 AND FiND DeprHs Fuk
' OTHER FREPUENCIES ! '
5-YEAR> S MW DEPTH = SO
(0-JEAR 5 S-M N IEPTH = . 5%
25-VEAR s S-Mid JepTH = bl
so-yEAR, S-Hu DePTH = 73



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

- PROJECT PAGE 9 oF _5

Ho/DRoLoGic DESIG) FIANUAL

DETAIL __LXAMALE _# [

VﬁEPr//,- DUrATIon- FREQuENC / TABLE foR:

Cpre Free Ampoer

COMPUTED

CHECKED 8Y

Duration

FREQuEnCY
2-ERR | 5-YEAR |10-{EAR |25-Y6AR | B0 ~Yerr | 100 - YeRR
S-MW «3% 50 'S% 62 +73 | +8o
10-11W 57 170 83 92 /10 /'2,0
/S-Mm/ b9 87 | -z 1/5 /28 /b
s0-m | a1 | ey | 135 | 450 | ror | 193
/=~Hour | (12 /35 | 1S58 | 182 202 | 235
2 ~HouR 127 Y’y 787 22 29 | 2:7/
3-Hour | 136 | 174 | -z05 | 2.30 | 265 | 295
b-HuR | ;57 | 200 | 2230 | 20460 | 300 | 34°
12-How | 190 | 230 | 270 | 3uo | 345 | 40
2+f- //;uz 2:00 240 3.10 3.55 o 20 o 70




PRECIPITATION DEPTH (INCHES)

//)?f
/ci//
V// /"//
/ /////K
/
e I
/ /_,//'
/ // //
Y
/‘//
o |
. / ,//- 1
—— [
/q’-ﬂ“—
—
2 5 10 25 50

RETURN PERIOD (YEARS)
PARTIAL—DURATION SERIES

- Figure 2.14
Perclipitation Depth versus Fletum Perlod for Partlal-Duration Serles

100



Precipitation Depth (Inches)

12

Duration (Hours)

Figure 2,15

Perclipitation Depth-Duration Diagram (6 to 24 hour)

24




PROJECT M DRoLasic DSian ITANUAL | PAGE I oF 3
DETAIL EXAMPLE # 2 COMPUTED DATE
CHECKED BY DATE

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
\
1

EXAMPLE H# 2: DEVELOPMENT OF INTENSITY - DURATION - FREQUENCY TABLE § GRAPH
Lo CATIon ;. CAkE FEEE ARAIRT AT TeN ; RYE , SEC 36,
THe DEPTH- DurATION -FREQuTNCY TABLE OF EXAMALE # | Wi BE us#),

THE TABCE 0F CEXAMPLE #) wne BE Comwverrey 7o JNTENS! ry
vaLues (i fHR) :

5-Min_ Duesrion Pepras:

B3 () bty 54 /i

2- 75)m FREQUENCY

s_MN HR
. 5-Year FeEPuewcy: 80 () _ y odttl). 4.00 v/
‘ S-rrn R '
' 1o~ YeAR FrEuswcy ’5;(;;”’)‘/ X 60(/‘4'4’Z= 6.9y IN/ e
/

25~ JeAR FRe@uewcy: o ) 4 o =74/ Z
: 5o0- JeAr FREQuSNCY: _‘745___(,%3_; _ég%&d =876 //Mvg
(0o - JEAL FR ' <38 (M/L bo (M) = 9.0 /4////&

0o - JEAM FREQuENCY S T

10-Mif Duprriod ﬁé’ﬁ/‘//j 2 ®

.57(/4/))( /oafmd___. 3.4 /ﬂ/ﬂe

2-EAR FREQUENCY :

10-Mtal HR
[ M DuRATiond  DEPTHS: ®
2~ YEAR FREQUEACY: 62(m). 6olt) . 2.76 1 /e
. 15~ /e AR

39—t DurarioN DeP7y: ®

. 2-7EAR F@F¢ufﬂ€/; +92 (/A/})( bolmmw) = /.54 /A//¢‘

30 -MiN HR




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PAGE Z OF 3 _

PROJECT
DETAIL COMPUTED DATE

CHECKED BY DATE

| = Hour DurATiod pEPTHS:®

[02(d)  botrw)_ /v
2L, b)) 7z

2-YEAR FREQuENCY :
2-Houk _DuRATIoN _DEPTHS: ®

2 - /&'ﬂ/e Féé‘am—‘n/(/: _ C’fzi"’:’%x »6:;:/4’/: -6‘/ ////VQ

_3- /our_QueATign DeEr7HS: @

L360y) y bolrw) |y s e
/20 M HR ‘

L= [our DurATio DEPTHS: @

/t.ff//ad 60(”//'/) . 26 /"//Y(
Jbo M HR

2-JEAR  FREPuUswY !

2-YEAR /Tl_eé'@dsvc/:

J2- fhuk  DurATiod DEP7HS @

/8o(1w) éd(ﬂ/// /A
720 PN X /1R 1S /y <

2-)EAR FREQusNC J&

| 24- fouk  DurATion ﬁfﬁf,z.g ®

2oolw)  bolthd) _ 45 1 e
1949 1w/ e

2-YEAR FREQuENCY

® VALUGS For OTHER [REguencEs (5-YEAR) j6-YAR » ETL) CAN R&
CALCUATED /N A SiMILAR wWAY AS THE 2-YEAR FREQuENCY,




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT ___[Zm,e_aau_wu&é__ PAGE 3 0F3
DETAIL ___EXAMPLE # Z COMPUTED DATE

CHECKED BY: DATE

INTENSITY - DURAT 10N - FREQUENCY TABLE FoR:

Ches Frec Amrprt

FREQuencY
z-yR | B-YR | lo-YR | 25-fR | To-IR | loo-YR

S-MnN | 456 | boo | 695 | 244 | 87 | Fo

[(0-Mt | 342 | 220 | 498 | 52 | Go | 720

it | 276 | 398 | 400 | 4o | Sz | s-FY

\:., 30-#w | /84 | 2.30 | 270 | 3.00 | 3.50 3.96 |
N ' '
( .
§ /~oaR | )42 | 135 | /58| /82 | 2wz | 235
A |
| 2-MHouk | by | . FI 19/ | toe | 123 | /36

3-HmuR | s | 58 | 65 77 | <88 | <98

b-Houk | <206 «33 38 1o/3 252 | <87

j2-Hoae | w05 | 19 | 123 20 | 30 | -3/

‘ ' | 2o-Hour| 08 -1 2 oy 7 /7

Nerr Pros Stows THE CorrcsPor/inly GeAPH.




RAINFALL INTENSITY (INCH/HR)

5min. 10 15 20 30

100 200 300 500 1000 min.

10 r Y
h ) v
T = n
1 N—N +
S—HHEITSSSIS :
4 N S TN : .
3 ~ \\\\ : :
\l'\\ ;\\‘\i\\‘ o : Ji
2 ™~ :'\\\ NURN 4
N \‘N \\:\ § f zE?-‘ 7 ¥
\ \\ 2 ~\~\ '/-‘ M )e q p 7
2-"/& \\ sL:\ : —-ﬁ‘f‘f ;’
1.0 51K P THL : 197
\r\ - AN :
.5 N h N N ,'
2 N N
. N .
4 t TR H
3 : AN :
: A :Lu‘k H
2. MUN:NINS
N \\\\
.\\‘ Y
A I
s
08 :
.04 k L

RAINFALL INTENSITY—DURATION—FREQUENCY RELATION

5min. 10 15 20 30

i 100 200 300i 500 ; 1000 min.
1hr 2 3 6 12 24'hd
DURATION




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYDR oG JESIA HIANUAL PAGE L OF S
DETAIL __EXAMPLE # 3 COMPUTED DATE
' CHECKED BY DATE

éXgNPLE # 3-4" DESIGN A  [00-Y6AR > (- HouR PAwFAc. D/S7rRIBaTION
' FoR A o2 MrY Basit tn THE Caecres ArrparT AREA.
LRocedU S SIME THE IS A SmAaw BASIs No /iRéac EEducTion IS AE60ED.
Aes0, Sivce THis BASIN /S LESS THAN 0.5 ”,,2., 175 AASS Cuevc'

Wewd RS SrmnAr Tg THE PATTCRN 1 [fIASS Catie of 774
MaihL So THE SAME PRocDURES (NoAA) Wit BE 4SED.

@ DESIGA A TABLE OF IS-tin Time INTERVALS Fok A  b-Heuk lonle Dueatin

@ CALLULATE THE HibesT 1S-rin RAWFALL DEPTH. THIS 18 Doale BY USiNG
THE (NFORMATION FRomMm EXAMPLE H#1: ' '
' ' (5t _pzerd = ((30 M)~ (:s»m/)) oeerd = /93196 =0.47.
THIS Vacus 15 CoNSIDERED To BE THE MoST /NTENSE PokTwoN oF THE RAMNFALL

DiSTe1BuTIsN AND THuS MUST BE PLACED AT T4& CRITICAL LoCATION OF THE
MASS CARVE . G EnERALLY 7 /8 PLAcEd AT THE CewreR oF THE MASS CuRVE-
[oR THWE PuRPISES oF THIS EXAMPE, WE Wie PeAcE | T To THE Ri6HT, THIS
Wi BE Ial RCORDANCE wWiTH THE RAWNFALL LRTTERNS /N THE MANUAL 3 /e o/~
WHICH ALE SHIETED To THE LIGHT By 5 MMUTES . THEN, FPeAce THE I5- hw
PEAK PRoDUCING AcuE AT TiME /200 OF THE DESten) THBLE -

(ALCUATE THE HGHEST 30-Mm VALUE AHD CONTINUE oN N THAT FASIA:
30 < MN DEPTH = (( IHouR ) - (39#/4))&5/’7‘// =(z.35—/. 73)/2 =.,2]
THIS VAtuE Wit e PLACED AT 7imeES 3230 AND o:/5-
(= HoUR éfﬁzf/':(( zHour) —~ (1 Houk)) DEPTH = (2-7!-2'35)/4 =109
THIS VALUE 1S PLwcED AT Times 3iod) 3115541305 AND 4:45.

[~ HouR DEPTH = ((3 Haur) - (2 Hodﬂ)) DEPrTH = (2-4§—Z~7/>/¢‘ =006
. : THIS VALUE /S PehAccd AT Times 231305 2145, Sioo , Avd S5:1S.
3~ Hour 2PTH =(( 6 Houe) = (3 noue)) Deerh = (3.40-2.95) /jz = + 6 375

THIS VALue /S PLAcEd AT TiMeS /160 70 2:/S AND 5:30 To 09




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT

PAGE Z oF S__
" DETAIL ' . COMPUTED DATE

I'4

CHECKED BY DATE

Sinee THE IS-MIN PokTioN OF THE DISTeiButioN WAS SKIFTED 8Y 4§ Mnates,
THE LAST 3 NMaMBERS Wit Go BESoND (100 . THIS 1S TAKEN CARS ar 8 y
PLACIN THESE MUMBERS [FoR TIMES 0:15 TO O0:4S WHICH CURRENTE Yy 1/avE
No NUNBERS /o THEM.

@ THE GENERATED AMuMBERS CAN Now/ BE 25%5;54753 IN THE CumMutATIVE
ForM WHICH CAN & bresctey /SEO FoR  [HEC~( (APUT.



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT _ PAGE ~ 30ofF . S
DETAIL __ LXANAE =4 3 -1 COMPUTED DATE
CHECKED BY DATE
Desien) RAmraL DiSTriBuTwA
“TA8LE
Time (“ou& s) LANFALL ( /Mab‘s) K UM RAFAL (/ww:)
Qo0 ' 0490 0.09
oS 0375 037§
o 30 : 0375 075
0: 45 '0373/ ,//z{
(100 037§ i
1115 6377 1875
1:30 | 0375 225
1145 0375 2625
' 2:00 0325 , - 30
2: 15 037§ 2375
2:30 O-0b ‘3971
2:45 7.0 b 575
3: o0 a.69 A 428
3115 G009 : Gyos”
330 o021 8475
3:45 a-Y7 143775
4ra0 /46 2. 7775
S ARE] o021 2:987y
430 009 ' 3-077fv
4145 009 3.467)
500 006 32225
515 000 3.287
3‘ 5:70 L3/ 3327
P L 637y 3.3425
‘ b 200 6375 3.40




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYbRoLote DESIeN /TANYAL PAGE <. oF S -
DETAIL ___ FXAMPLE # 3 COMPUTED DATE
| CHECKED BY DATE
EAAMPLE R : DESton A /l0a-YEARS Llo-~Houg RAUNFALL DISTRIBUTION [2R.

A 5.0 Mt WATERSHED IN THE Caeerecs Anmer Aeea

PRocEDURE,  SINE THIS WATERSHED (S LARGER THAN 0.5 m‘z, /7 REQuUILFS

AREAL BEDUCTION . siNG FlbGute 2.1 FRoMm THE riAvusc , A

PEdUCTIoN FATOR OF 01965 15 ¢s&Ed. THIS wiel RESULT o0/
945 (3.90) = 3.2V 5 WHERE 3.0 IS THE loo-/cAR,
lo-HotuR PotNT RAIWNFALL VALUE) CoMPUTED 1/ EXAMPE #.(,
FRoM FlouRs 2-18, 7HE PATTERN D/STRiBurion Fog THIS Aes
1S BETWEEN PATICEN #2 AND Parrees #3. THE Ciosés T
VALUE Wavucb 8¢ 2.39 , wHicH wWE wice RerFsR 7o As

FRTTERN # 2.3

T0 GET THE QRRESANNNG HMASS CuRVE 5 VALues FRor FPATZcRAH#L
ACE ADDED To 34 Y oF THE Difrseswcs CETWEEY THE VALUSS
OF PATTCRN # 2 AND PATTERN # 3, WWHICH ARSE RAD FRoM)
TABLE 2.2 | |

ONCE PATTERN = 2.34 /S ConSTRUCTED 5 /75 ELEMENTS AeE
NHuTIPLED BY THE RAmi#e (3.28 IN) , AND THEN THEY

CAN BE USED AS Maser INPAT INTo HEc-I BY Divisinle
THE ELEMENTS 8Y /oo .



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT /‘74/?160/”4 _/owﬂ/ //fb@ua&/ 2Monlus
DETAIL - [AartPe # 3

PAGE J_ OF 5

COMPUTED DATE

CHECKED BY DATE

DESten TBaniFhw Wit /Rsre Repuction]

PATISANI  TRTTERA Pattcen  DEsion/

‘3Y(#5-#2) # )34

TrrE #L #3 RAIN FAcC
| orov 0.0 o9 o9 ¢~0 o0
oty 6-G /s 2:3 09 030
‘ O 30 /2 - 03 /5 049
; ot 4y 2.0 30 03 23 077
01 6o 3/ 48 VG 37 el
[ /5 3.9 43 0§ 4.7 5y
(130 49 7:6 07 sof <190
[:d5 57 40 Y 68 223
Lo 647 1645 /3 g0 262
2ty 7:6 /7 /5 4. ( AL
Z:30 5.7 /35 /6 pz | 338
PALLS (09 452 1§ /8 377
bl 20 175 (-7 139 -56
223 o3 2Lz 20 /83 b2
330 25.L 30.4 17 2619 gr e
324y 5./ 472 67 5§ /5o
AL G2/ 679 =0:7 63 2. ed
s §3.7 796 ~ 1 g2 3 z2.70
4150 9.0 8.8 =// g9 | 29~r
445 93.5 92 ~0:9 92-5 3.0y
500 96 .7 956 -0°7 96.0 3.5
Sih 28-S 479 -0y 98./1 J22
5! 70 99 950 -0°3 957 329
545 79.0 997 ~-0f 987 3244
& 100 /000 /00,0 o0 /009 3.2¢




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
prOJECT __ M YDROLOGIC LDEFSIGN AManuAL pace L oF 2

petalL _Exanpre ¥ , COMPUTED DATE
RaTionvar Merwoo CHECKED BY ’ DATE
SCENARIO * A RETENTION BASIN [S 70 BE DESIGNED FOR

AN URBAN WATERSHED WHICH HAS THE
Follonw/NG [FHYSICAL CHARACTER/ST/ICS

LOCATION > CAREFREE , TeN - RYE
AREA > /40 acres
- Frow FaTH lE/vc-;TH—» 1,236 md.

AVERAGE Stopt ——» 33 Film
LANVD USE » 70% SINGLE Famiey E;smz—wr/Al.
' " 30% LigHT TwOUSTRIAL

EST/IMATE THE PEAK DISCAHARGE AT THE FASIN [NLET AND
THE VOLUME OF RUNOFF 72 8& RETA INED,

STEP 4 : DETERMINE 7THE RUNOFF COEFP/CIENT “C* ( msi.e 3.2)

70% [RESIQENTIAL ———— 0, HO
30% LIGHT ZWNMDUSTRIAL>0.65

(.70)(. 40) + (.30)(. 6S) = o. 475

STEP 2: CALCULATE Te, 0 ,, .52 -8l 738

e 4y LK S L

wberc. L= 1236 mi.
Kb= 0.027 ( TaBLs 3.l or FiGURE 3‘1)

S 35 4*/»:;.

PLusg IN 7HE KNoww VARIABLES : =3 -3
| Je= sy (r236) 6027) (33.) 7 (Z)
Tz = 0.655 [

CHOOSE A STARTING VALUE FOR Te, say 30 min. AT Tc
2 30 min., THE 700~ YEAR RAINFALL INTENSITY (S 400 éi/hr,
(I-D-F Canv&‘s F1G, 3.2). SINCE THE WATERSHED IS OUTSIDE
THE PHOENIX AREA, THE /NTENSITY VALUES MUST 8& ADJUSTED

USING THE EQUATION /N SECT/70M 3.5./.3 ¢
3

" WHERE A/, IS THaE INTENSITY VALUE FROM F/G. 3.2 AND /Dn"; /5
THE /0-YR, 6=MHR pPOI/NT RAINFALL DPEPTH FROM [F/§ 2.4.

~




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT - PaGE & oF _2
peTalL _ExampLe  # Y COMPUTED DATE _A_
CHECKED BY DATE
IN THIS CASE : Lp = 400 infhr , P =230 o
L2 400 j:f;) LAY infhe
AT Lyw= %Vyz'n/ér C TE 0658 (49%) % 22.3 min b Gaed
TRY 7c = 20 rin : = /0 nfbr
Lies= 510 <j;;’) 567 infhr
AT Lie= SE€7cnfhr : 72 =0.655 (.5'67) e 20.3 min | oK

S50 7c,e® 20 min, 0= 567 “he

STEP S : CALCULATE PEAK DISCHARGE

GPK"’ CL‘IMA = (-‘/75)(567)(/‘/0) =377 cts

STEP 4 : CALCULATE RETENTION Vorume (V)

Bos )
V=c 1z A
WHERE  Flab 1S THE 2-~MOUR , [00~YEAR POINT RAINFALL DEPTH (in).

AGAIN, SINCE THE WATERSHED IS OUTSIOE THE PHOENI/X AREA, P MUST
BE CALCULATED FROM THE DURATION CONVERSION EQUATIONS /N

SECTION 2.4. 4 :
Yoo = 1= sour, 100-Year po/nr RAINFALL (in)

Yoo 2 0.494 + 0.756 (X3) (Xs/Xu)

WHERE X3 3 G-=HMHR , /00 YEAR Povr RAINFALL = 3.40 in (F16 2.7)
Xv ® 294-HR, 100 YEAR POINT RAINFALL = 4.70in (FIG 2.13)

S0: Yoo = 047w +0.755 (3.4)(3.4/417) = 235 in

2 ® ol = 0.3491 (X3) + 0.659 ( Yeos)
= 0.341(3.4) +0.659 (2.35) = 27! in

FiNaLLy: V= 0‘/75'(27')/6’0ac = /5.02 ac-ft




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

prosEcT A/YDROLOGIC D&SIGN MANUAL pagE | oF _&
DETAIL EXAMPLE  W/ATERSHED _ compuTeD DATE
CHECKED BY DATE

LEGEND

e WATERSHED BOUNDARY
—ww=" SUBBAS/N RBOUNDARY
"= WATERCOURSE
SUBBASIN NUMBER

COMCENTRATION pBINT

A
—>  SeconpARY Fiow FATHS
PRMARY Flow’ PATH




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

prosEcT HYDROLOGIC DESIGN MANUAL paGE 2 of _ 2.
DETAIL EXAMPLE WATERSHED COMPUTED DATE -
- CHECKED BY DATE

SUBBASIN CHARACTERISTICS

SUBBASIN  AREA  IMPERVIOUSNESS Fiow FATH  SLOPE LANp uUs€
3 (mid (%) LENGTH (me)  (Ft/me) »
1 /.52 33 2.68 /70, Y02% SHuLri- Ut AREAS

60% APARTMENT AReas

2 2.17 21 /.85 30.5 /00% SiInGLE FAMILY
RESIDENTIAL
3 0.9¢ 42 /.13 /04, 50% L/GHT INDUSTRIAL
50% Doww7oayw AReAS
4 /0. 86 9 V44 &37. /0006  UNDEVELOPSD )
Desert MountAin
WATERCOURSES
SUBBASIN DESCRIPTION  GEOMETRY 854-,-‘;5,4 02::; SIDE MANNINGS
3 , WIDTH (F‘t) SLOPE ‘n
‘ (ft)
| SO/ CEMENT - :
/ Lowep TRAP. 25 5 2 .o/8
2 DREDG&» Lagry  Rect. /5 y  — o022
CONCRETE TrAP 35 Y 3 Lo0/5”
LINED
4 NATURAL : 5, :
DESERT TRAP. /5 2 2l .09 |

STREAM




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT _/TYDROLOGIC DesiGn /MAanual ' PAGE L oF _2

oeTAIL LxanplE # 5~ COMPUTED DATE

GREEN £ AnPT Loss /METHOD _ CHECKED BY DATE
SCENARIO: CALCULATE THE GREEN AND AMPT LO0SS PARAMETERS FOR

SUBBAS/A *# & OF 7HE EXAMPLE WATERSHED. ASSUME
THAT THE WATERSHED |S LOCATED WITRIN THE
BOUNDARIES OF THE " SOl SURVEY OF AGUILA -
CAREFREE AREA, PARTS OF MARICOPA AND PINAL
COUNTIES, ARIZONA". ASSUME THE DESIGN SToaM
7O BEA b-~R, J00-YR EVENT OF 3.5 Zo 4O 1NcHES,

NUMBERS ARE F84ND on THE SO/t
SURVEY IMAPS AND /NODICATE SO/l
MAP UNIT'S,

STEP 1 : PLANIMETER MAP UNIT” AREAS
WITHIN THE SUBBASIN. ASSUME
FOR THMIS CASE :

MAP UNIT PERCENT TOTAL AREA
22 25 %
29 357%
104 ¥0 %
100 %

NOTE: REFER TO *NOTES ON CALCULATING LOSS PARAMETERS® /A <SHAPTER
7 AND APPEDICES A-D FOR AODVICE ON CONSTRUCST/ION OF THMHE

FOLLOW/ING TABLE.

STEP 2 : CONSTRUCT A TABLE SIMILAR TO0 THE FOLLOW/ING:
MAP Yo soil TEXTURAL DTHETA . PSIF . XKSAT
- féﬁ' wvane ceass (<n) (<n) C<nd he)
8o CONTINE cLaY .15 12.4 .ol
22 CAREFRER CLAY iy 12.9 .ol
20 EBON SANDY CLAY LOAM .28 8.6 .06
MONALL SILTY LOAM . ¥o 6.6 5
NE SANDY LOAM
‘s{g %ﬁ‘éﬁ? e':fwrusr smor‘ L0AM } .38 3.5 .40
29 ‘20 CARRIZO BRAVELLY SANDY LOAM
10 { G,'\"g?p‘a“ SAII-UOA?OAH '33’ ; '3 55
' &amzo _ SAND ?35‘ 7.9 4. 60
20 LEHMANS | SANDY CLAY LOAM .28 8.6 .06
ARIZ20 SANDY LOAM .38 35 . 40
o 0 E8A NDY LOAM . 35 .40
oa | 20 |[EE2° | By sk # | B
60 ROCK OUTCROP| -~ —_ —_— —_—




FLOOD CONTROL DISTRICT OF MARICOPA COUN
PROJECT PAGE 2 OF
DETAIL _EXAMPLE S COMPUTED DATE

CHECKED BY DATE

STEP 3 : CALCULATE WEIGHTED FARAMETERS FOR EACH MAP UNIT

UNIT 22 DTHETA = .80 (.I5) + 067(.i8)+ 061(.28)+.0¢7( 40)= .17 in
PSIF = .80(124)+ .06T(R2.4)%.067(8.4)+.067(6.6)= /1.8 in
XKSAT = .80 (.01)+ 067(.01) +.067(.0¢)+ 067(./8)= .02 cn/hr

UNIT 29 : DTHETA = .35 in
PSIF = . §0(3.5) + ,033(48)+.033(3.5)+.033(12)= 3.5 ;.

wn
XKSAT = .90 (.40) +.033(.25)+.033(.40) +.033(4.6) = . $3 in/hr

UNIT /04:  DTHETA= .50 (.25) * 1¢1(.35)t /67(.35)+ 167 (.(20) = .28 in
PSIF = .50(8.6) +.767(3.5) +L7(3.5)+ .17 (2¥) = 70 ¢n
XKSAT 3 .50 (.06)+.167(.40)+ . /67(.%0)+ .167(.02)= .17 in/hr

TY
2

(

RTiMp = _ 60 %
STEP Y: CALCULATE WEIGHTED FARAMETERS For THE

SUBBASIN BY PERCENTAGE OF SOl /MAP UNITS

DTHETA = .25 (.17)+ .35(35) + .40 (.28) = ,28 in

PSIF = .25(11.8)+.35 (3.5)+. ¥0 (7.0) = 20 in *

XKSAT = .256(.02)+.35(.S3)+.40(.17)= .26 cn/ar
RTIMP = o .¥0 (6O) = 24 %

STEP 5 : ADTUST XKSAT FOR PERCENT VEGETATION
COVER USING F/GURE 4./0

ASSUHE 25 % AVERAGE VEGEYATION COVER OVER THE BASIN, THEN
XKSAT = .26 (1.17) = ©.30 in/he

STEP G ¢ SELECT A SuRFACE FETENTION (0SS (TA) FOR
THE SUBBASIN FROM TABLE 4./ .

FoR THIS EXAMPLE, ASSUME

85% HriescopeEs —> 15 op
15% MounrTAiN — .25 in

TA= .85(./15)+ .15(.25) = 0.1% &

W PSIF CAN ALSO BE CALCUHLATED USING FIGURE 4.5



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

prOJECT A YDROLOGIC DESIGN IMANUAL pagE 1 oF 2
DETAIL_EXAMPLE ¥ 6 COMPUTED DATE
LL + ULR CHECKED BY DATE

TINITIAL LOSS PLUS UMNMIFORM (LOSS RATE
BY SOIL TEXTURE AND HYDROLOGIC S50iL. GROUP (HSG)

SCENARIO: CALCULATE THE INITIAL AND UNIFORM LoSs RATE

~ PARAMETERS FOR SUBBASIN # 4/ OF THE EXAMPLE
WATERSHED. ASSUME THAT THE WATERSHED IS
LOCATED WITHIN THE BOUNDARIES OF THE " SoiL
SURVEY OF AGUILA - CAREFREE ARFA, PARTS OF
MARICOPA AND P/NAL COUNTIES, ARIZONA ", ASSUME
THE DESIGN STORM 70 BE A (-HR, /00— YEAR
EVENT OF 3.5 to #.0 /NCHES.

NUMBERS ARE FOUND ON

STEPL : PLANINETER MAP UNIT AREAS T e £ mAPS
WITHIN THE SUSBASIN. ASSUME AN A arrs,
FOR T7#//S CASE :
MAP _UNIT PERCENT TOTAL AREA
. 22 25K
29 5%
(oY y0%

100%

NOTE: REFER TO“NOTE'S"ON‘CALCULATING LOSS
PARAMETERS ” /N CHAPTER 'F AND APPENDICES
A-D FOR ADVICE onN CONSTRUCTION OF THE

FottowinNGg TABLE .

STEP 2. CONSTRUCT A TABLE soi. TEXTURE HSG
MAP. %o H [ . ensTLl 1 TL cwste |
AP oIL X Tt R . . )
“ﬁ’T Gwir NAnE TEEIRSA 2, cen)  Lin/hr) ¢en)  (in/bhr)
80 CONTINE CLAY .3 .ol
22 CAREFREE " CcLAY c .3 .ol 5 A5
20 EQoN SANDY CLAY LOAM .6 .06
MOMALL SILTY LOoANM . b A5
w0 ENURE NE SANOY &
30 0y B PR A e AR } . .40
29 20 CARRIZO  rAVeuY SANSY Lead | O 5 25
f0 | Sa gf PO sanar N oan % ‘zlg ' .
CARRIZO sm3 .3 4.60
20 LEHMANS |SANDY CLAY LOAM 6 06
ARIZ0 SANDY LOAM } .Ho
0¥ 10 FaA SANDY LOAM D ; ) 4 .05
PINALENO SANDY CLAY .o .02
‘ é0 ROCK OUTCROP —— I D—




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT __ , PAGE 2 oF _2

peTalL_ExamPLE # & COMPUTED DATE /

(.

CHECKED 8Y DATE

STEP 4: CALCULATE WE/IGHTED PARAMETERS FOR EACH MAP UNIT
NOTE: SKIP THIS STEP IF USING THE LOSS PARAIETERS
FOR HYDROLOGIC SOIL GROUPS

Tr= .80(3)+ 067 (.3)+ 067( ¢)+.067 ((6)=.3Y4 in

UNIT 22 :
CNSTL = 80 (.01)+.067(.01)+.067(.06)+.067 (.IS)= .02 iLo/4r

Ze= .90(7)+.033(¢)+ 033(.7)+ 033(L3)= 72 in

uNIT 29
CNSTL = .70 (. ¥0)+ 033(.28)v 0O38(.490)+.033(#é0) = .$3 nfhr

UNIT 204 TL= .s0(6)» . 167(T) 4167 (7)+ 167 (.¥) = .60¢n
CNSTL = .50(.C6)+. 16T (.v0)+ . 167(.40)+. 167 (.02) = .17 Lnfhr

RT1MP = 6£0%

STEP S : CALCULATE WEIGTED PARAMETERS FOR 7HE SUBBASIN
BY PERCENTAGE OF SO/l MAP UNITS

FOR SOIL TEXTURE :
Tz 28(.39)+.35(.72)+.v0(.60) = . S8 in

CNSTL = .25(.02)+.35(S3)+. ¥0(.17) = .26 infhr .
RT/7MP = . Y0 (GO) = 24 %
FOR MYDROLOGIC SOIL GROUPS : '
Te= .25(.85)+.35(85)»v0(¥)= .4 cn
CNSTL= .25(./8)r.35(.28) *.vo(.08) = ./$ cnfhr
NOTE: DO NOT INCLUDE A VALUE [FOR RTINP WHEAN USING MHSG'S.
STEP ¢ - SELECT A SURFACE RETENTION [OSS (TA) FRom TABLE ¥/
AND CALCULATE STRTL :
FOR THIS EXANPLE: 70 % AHIHLSCOPES m—p . /SN
30% SoanTAIN ———> .25 in

ZA= . 7(5)+.3(.25)=./8in |
FOR SOI1L TEXTURE © STRTL: .58¢cn *./8en 2 .76 cn
FOR HYDROLOGIC SOIL GROUPS: STRTL = . Ybin+.12:n% .69 en

STEP 7 : SELECT A VEGETATION COVER ADTUSTHENT FACTOR

: FOR THE BASIN FROM FIGURE #/0.
ASSUNME 25 % AVERAGQE VEQETATION COVER FOR THE ENTIRE BASIN, THEN

FOR SOIL 7EXTURE : CNSTL = .26 (117)= .30 infhr

FOR HYOROLOGIC SOt SROUPS: <Ns7es /S(117]% .18 infhr




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

' PROJECT _PPDROLOGIC Des/gN /TaNUAL pace L or _1
DETAIL _EXAmpLE *7 COMPUTED DATE
CLARK UniT HYOROGRAPH (URBAN) CHECKED BY DATE
SCENARIO: DEVELOP THE CLARK UNIT /HYOROGRAPH INPUT PARAMETERS
; FOR SUBBASIN #2 OF THE EXAMPLE WATERSHED.
STEPZ : ASSEMBLE PHYS/ICAL BASIN CHARACTERIST/CS :
AREA = 2.)7 mé? = /389 ac SLOPE (S) = 30.5 Ft/mi
FL0l PATH (L) = [ 85 mc % THPERV/IOUSNHESS 3 2]
STEP 2 : CALCULATE T7THE BASIN RESISTANCE COEFFIC/ENT Kb wsing

F/G. 55, TABLE £/, 0R THE “Te R WorksHEET " (APPENQIX E ).
SINCE THIS /S AN URBAN BASIN, M==00625 AND O=.0Y

Ko=m(log A) +b = =coets (/o9 /387)+. 0% = 0.020

STEP 3 : CALCULATE 7¢ AS A FUNCTION OF L :
NOTE: REFER TO THE WORKSHEET DURING THE REMHAINING sre'/a_r or

USE THE FORTRAN PROGRAM MCUHPL.EXE.

T YLK S e jew(r85)* (020) (30, )% ”f, 7e= 703 0%

STE, N
. STEPL Y\ farer RAINFALL, LOSS, AND CLARK PARAMETER DATA
INTS AN MHEC -1 INPUT DECK, WITH 7 & R S&T £RUAL 7o
ZERD., RUN 70 GENERATE A RAINFALL -LOSS~ EXCESS T7TABLE.

STERPS . USING THE W/ORKSHEET AND THE RESULTS OF STEP <,
COMPUYE THE AUELAGE EXCESS INTENSITIES FOR A 7ir&

| . PERIOOD GREATER T#AN Tc.

‘ STEPG:  CREATE 7HE GRAPH OF AVERAGE EXCESS ZNTENSITY Vs. T/r7E.
STEP 7: CALCULATE Te BY TTERAT7ON. 'L " VALUES ARE READ FROM

THE SRAPH. CALCULATE K.

STEP8: ENTER THE 72 £ R VALUES /NTO THE HEC-1 INPUT LECK.
SELECT A 7/rE -~ AREA RELAT/ION , /N T7THIS CASE COLLHWN
2 OF 7ABLE $52. KLuw 7HE HEC-1 PROGRANM. (Sce the
folloaing sample HEC-L <input and ocutput.)




Calculated by:

CALCULATICN OF Tc & R

Date:

Checked by:

Project: £xamprLe 7

Vatershed: £ XAMPLE I«/AT‘ERS/-/ED, Swubbasin * 7

Rainfall Frequency:_ /00 -

Rainfall Loss Method:

yr Duration:

é - hr.

Pattern #:__ /.85

[ ] Green & Ampt Method
X 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.
0335 .12
0340 . 192
034§ . 19
0350 .28
0355 .28
0400 .28
0505 . /3
o4/0 .13
A= 2./7  sq.mi.
L = /.85 i,
S = 30.5  ft/mi.

Kb = m [log(A * 640)]+ b

Kb = (—00625) log (2./7 *640) + (.0Y)

Kb = _0.02
.50 .52 -,31 -.38
Tc = 11.4 L Kb s i
, -.38
Tc = ( Oa7o3 ) i
Trial Tc i Calc. Tc -
17 2.93 . 467
.500 2.82 . Y47Y
L. 470 2.84 . 473
Tc = 473 hr.
1.11 -.57 .80
R = .37 Tc A L
R = /70 hr.

Rearrange Incremental Excesses in

Order of Decreasing Average Intensity

Accum. Increm. Accum. Avg. Excess.
Time " Excess Excess Intensity
hr. /min. in, in, in. /br.
5 .28 .28 3.36
/0 .28 .56 3.36
Xy .28 .34 3.36
20 .19 [.03 3.09
25 9 .22 2.93
30 .17 l. 41 2.82
35 .13 .54 2.4
40 .13 1.67 2.51
A
v
e
o
a
8
e
E 35
X
c ay
e
s 33
s
3.2
1
n 3.1
t
e < 3.0
n A N
s ~J Z.q
i N L]
t 2.8
N
y N
=™ 2.7
i N\
n 2.6
/ e
h 2.5
r 25 30 35 4
- Time (Tc) (hr./min.)



LINE

® ~N O U o

10

11
12
13
14

15
16
17
18
19
20
21
22
23

HEC-1 INPUT PAGE
IDvseevoolocevnse2oocasncdecassochosecesedeceoneeberaceraloeinnea8ecnees9ee....10

D SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE
D HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

e e e e s o e ke e e e e e e e e ok e e e e de v K o e v Fe e e de e ve el e de e Fe e e Fe R R R R KA A KRR AR RRRHXHRAR

s e Jede e JedeJedede de ke dede

1D EXAMPLE #7 - CLARK UNIT HYDROGRAPH

Jo edededededededodedededeseddedede e de e deded dededededese deste ek dededede ek e e e ke de e ededesedede e dededededededededededed dee
D RAINFALL: 6-HR, 100-YEAR POINT RAINFALL DEPTH OF 3.25 INCHES

D HYDROGRAPH: CLARK - Te AND R FROM WORKSHEET

pay) URBAN TIME-AREA CURVE

D LOSSES: IL+ULR BY SOIL TEXTURE

i BASIN AREA: 2.17 SQUARE MILES, PATTERN # 1.85

e e e v e v e e T e v v 2l e e T e v e ¥ Ve 3% e v de e A e e e e e e Fe e de sl o e e de e e e e de e e e e e e ok

e FevedededehikkdedeiedeR kR RRFRRn

T 5 07JUL90 0000 8s

I0 0 .

* waxxnnanannnnxnnnnnn«nnnnnnnnnxnnNnnnNNNnnnnNWunnnnnnxfnnnnnann nnnnn Fedededke e
RK BASINZ

KM  COMPUTE DISCHARGE AT THE OUTLET OF SUBBASIN #2

BA  2.17

N 15 07JULS0 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

Ly .650 .200 21.000

uc 473 .170

UA 0 5 16 30 65 77 84 90 94 97
UA 100
ZZ

EXAMPLE # F
SAMPLE RUN
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HYDROGRAPH AT STATION

BASIN2

Yedek

DA MON

7 JUL
7 JUL
7 JuL
7 JUL
JuL
JUL

JuL
JuL
JUL
JuL
JUL

JUL

HRMN

0000
0005
0010
0015
0020
0025
0030
0035
0040
0045
0050
0055
0100
0105
0110
0115
0120
0125
0130
0135
0140
0145
0150
0155
0200
0205
0210
0215
0220
0225
0230
0235
0240
0245
0250
0255
0300
0305
0310
0315
0320
0325
0330

ORD

oSS LWW W W W WWWNNDN NN NN
LB N O W R NU R WN O W R N WL WL :: t3 2; :; a; :: s: G; :: :; :; :: E

o 0Ny WN

RAIN

.00
01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.0l
.01
.01
.01
.01
.01
.01
.02
.02
.02
.04
04
.04
.09
.09
.09

LOSS EXCESS

.00
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
0l
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
0L
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.02
.02
.02
.03
.03
.03
.07
.05
.01

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

" .00

.00

.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.01
.01
.01
.02
.05
.08

CoMP Q

0.
1.
5.
11.
18.
22.
25.
26.
27.
29.
30.
31.
32.
33.
33.
32.
32.
31.
32.
3z2.
32.
32.
31.
31.
30.
30.
31.
31.
32.
34.
35.
37.
40,
42.
45.
49,
55.
63.
76.
93.
114.
159.
271,

*
%
*
*
*
*
*
*
%
*
%
*
%*
*
*
*
*
*
*
*
¥*
k
*
%
*
*
*
%*
*
*
¥

%

* * X Ok F X X * X X % X %

¥

NN N N N N N N N N N N s N N N N N~~~

DA MON HRMN ORD

NN N N N N N N N N N N SN N N N~ NN N~

JUL
JuL
JUL
JUL
JUL
JUL
JUL
JuLn
JuL
JuL
JuL
JUL

JUL

JUL

JUL
JUL
JUL

JUL
JUL
JuL

0335
0340
0345
0350
0355
0400
0405
0410
0415
0420
0425
0430
0435
0440
0445
0450
0455
0500
0505
0510
0515
0520
0525
0530
0535
0540
0545
0550
0555
0600
0605
0610
0615
0620
0625
0630
0635
0640
0645
0650
0655

0700

44
45
46
47
48
49
50
51

52

33
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

79

80
81
82
83
84
85

RAIN

.20
.20
.20
.29
.29
.29
14
.14
14
.06
.06
.06
.04
.04
.04
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

LOSS EXCESS

.0l
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
01,
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.19
.19
.19
.28
.28
.28
.13
.13
.13
.05
.05
.05
.02
.02
.02
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

BRARRAXXRARRRARARRARRRTRTR SRR AT dxRdoddededododedededodododededodededededode dedodo fe e Ao de v v vo sk e s oo e v Jo v ek i e e T v e 9 e e o e e ok e o e v vie e e e e e e ok o vk v v e e v e e v e

cCoMP Q

515.
958.
1533.
2104.
2667.
3237.
3650,
3710.
3447,
3054,
2600.
2100,
1657.
1304.
10l0.
781.
594.
425,
291.
197.
137.
97.
74,
61.
54,
49.
47.
46.
45.
45.
44,
39.
30.
21.
14,
9.

5.

3.

2.

1,

1.

0.

e e ke e de do

e e sk e e vl v s v R i s e e v sk e sk s v e e v e ke v e e i v sk v o sl v e sk v e e e ok s e e v vk e v ke s e e e vl e s e sk el ke sk e e e e v el e e e v ok o s ok sk s e e o o s e e vk e e % v e e e e e s o o e T e e ok T ok e e e e e e e e ke S

der



‘ TOTAL RAINFALL =

PEAK FLOW TIME

+  (CES) © {(HR)
+ 3710. 4,17
1

OPERATION

HYDROGRAPH AT

3.18, TOTAL LOSS =

(CFS)

(INCHES)
(AC-FT)

6-HR

534,
2.289
265.

CUMULATIVE AREA =

STATION

BASIN2

. sk NORMAL END OF HEC-1 %%

PEAK
FLOW

3710.

.88, TOTAL EXCESS = 2.30

MAXIMUM AVERAGE FLOW

24-HR 72-HR 7.00-HR
459. - 459, 459.
2.293 2.293 2.293
265. 265. 265.
2.17 SQ MI

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM

PEAR AREA STAGE
6-HOUR 24-HOUR 72-HOUR

4.17 534. 459, 459, 2.17

TIME OF
MAX STAGE




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 1

PROJECT HYDROLOGIC DESIGN MANUA L PaGE L ofF 1
DETAIL_EXAMPLE * 8 COMPUTED DATE
CLARK UNIT HYPROGRAPH (NATURAL) CHECKED BY DATE
SCENARIO: DEVELOP THE CLARK UNIT HYOROGRAPH [NPUT
PARAMETERS FOR SUBBASIN ¥ OF THE
EXAMPLE WATERSHED.,
STEP 1 ASSEMBLE PHYSICAL LBAS/IN CHARACT ER/ST/CS !
AREA = 0.86 mi* s 550.4 ac . S¢0PE (S) = 310.6 Fefmi (AdsusTED Using

Fl1$. £.9)
8 T/ IPERVIOUSINESS ' ASSUME MHYDROLOGIC
SO/L GROUPS WERE USED 7O CALLULATE
LOSS PARAMETERS, SO OMmIT

ELow PATH LENSTH (L) = L4F mi

STEP2:  CALCULATE TWE BASIN RESISTANCE CoEFFIC/ENT Kb USING
FI§. 5.5, TABLE 5.1, 0R THWE "Te £ R WORKSHEET (APPENDIX £ ).
ASSUME THAT THE BASIN 15 SO% "HiltSLOPES * AND S0J% "MOUNTAIN
Mz (<025 + < 030)/2 = ~. 0275 , ba (.U5+.20)/2 =./75
Koz m(legA)+b = =0215 (log §50.4) +. /75" = ©O./00

‘ STEP 3 CALCULATE 7 AS A FUNCT/ION OF [
NOTE : REFER TO THE WORKSHEET DURING THE REMAINING STEPS,

OR USE THE FORTRAN PROGRAM MCUHPAL. £XE .
. -2 .= . .52 < .=3 N
Tes ) 0P KETR S e g (199) 1) T Beo )Y T e 0707

STEP ¥/ ENTER RAINFALL, LOSS, AND CLARK PARAMETER DATA /NTO
AN HMHEC -1 INPUT DECK WITH 7 £ R S&T EQRUAL To ZERD,

RUN TO GENERATE A RAINFALL ~ L0SS -~ EXCESS TABLE.

STEP § USING THE WORKSHEET AND THE RESULTS o0F STEP ¥,
COMPUTE THE AVERAGE EXCESS TNTESIT/ES FOR A
TIME PERIOO GREATER THAN Tc. ‘

STEP G : CREATE THE GRAPH OF EXCESS INTENSITY VS. TIME

STEP 7. CALCULATE 7o By T7ERATION. L' VALUES ARE READ
FROM THE GQRAPH. CALCULATE R,

STEP8: ENTER THE T2 £ R VALWRES INTO THE HEC-2 /NPUT DECK,

SELECT A T/ME- AREA RELATION, IN THIS CASE COLUMN
3 OF TABLE S5.2. RUN THE HEC-! FROGRAM AGAIN W!TH
THE NEW CLARK PARAMETERS. (See the following sample
HEC-2 CLnput and output).




CALCULATICON OF Tc & R

Calculated by: ‘ Date:
Checked by: : Project:

vatershed: EXAMPLE # 8, Supsasiv #¥
Rainfall Frequency:_ /29 - yr Duration: 2 - hr. Pattern #: ~/A

Rainfall Loss Method: [ ] Green & Ampt Method
{ ] IL + ULR by soil texture
{X] IL + ULR by hydrologic soil group

Tabulate Period of Rearrange Incremental Excesses in
Peak Rainfall Excess Order of Decreasing Average Intensity
Clock Time Increm. Accum. Increm. Accum. Avg. Excess
@ end of Excess Time Excess Excess Intensity
Increm. in. hr./min. in. in. in. /hr,
0/00 . 20 5 .12 .72 8. LY
_o0/08% .72 10 .37 /.09 6.54
ol10 .37 15 .3/ /.40 S5.60
ol/s .31 , 20 .20 /- 60 4. 80
©120 .09 25 .09 /. 69 Y06
0125 .06 30 .06 .75 3.50
0130 .05 35 .05 [. 80 3.07
0138 [e) 40 0] {80 2.70
A= 086 sq.mi. A
L = /- 49 mi. v
S = 3i0. ft/mi. e
r
Kb = m [log(A * 640)]+ b a
Kb = (~0.278 ) log ( .86 *640) + (.178)) g
Kb = _, /00 e P
.50 .52 -.,31 -.38 <]
Tc = 11.4 L Kb S i E P
-.38 X <]
Tc = (_.HO ) i c aN
e i
™~
Trial Tc i Calc. Tc s <
: s
30 3.50 26.5 <]
24 4,22 24.6 1 *
25 .06 25.0 n
t
e
n
Tc = ,4/7 hr. s
. t
1.11 -,57 .80 y
R = .37 Tc A L
i
a -
R =_2/0 hr. 1‘/1
Ty rae) 25 30

Time (Tc) (hr./min.)




fevederte e Sededs dedk sete oo edededeede e dededede ke SR SRR R S eSStk e wdek &

e . ve *

*  FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEE

* - FEBRUARY .98l * v THE HYDROLOGIC ENGINEERING C
¥ REVISED 05 DEC 88 * * €09 SECOND STREET

% ® * DAVIS, CALIFORNIA 95616

*. RUN DATE 12/07/1989 TIME 11:31:1l * ¥ (916) 551-1748

. * %

Fove s o vevesede v vt e vk deak v e v e vevede v e de vl o e e dedeve e e d ek ve e e Fe ok e v's e ve v ve Yo v Je Ve e Je e e v Fe e dede R vekm Ve deR

X X KXREXRA  XXAXX X
X X X X X XX
X L X X X
AXXKXEX XXX X WRLX X
X X X X b4
X X X X X X
X X XXXEKKX  KXXHX XXX

TYTS ‘PROGRAM REPLACSS ALL PREVIOUS VERSIONS OF HEC-! KNOWN AS HECl (JAN 73}, HECIGS, HECIDB, AND HECLKW,

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTU
THE DEFINITION OF -AMSKX- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS 1S THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:VWRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT 1NFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITIHM

oA AR ¥
Loxa ol




LINE

~N O tn o

10
11
12
14
15
16
18
19

20 -

21

HEC-1 INPUT PAGE 1

1 TSRS W J. PO SO DI SUSISUS SUE: SRS B N
1D SAMPLE HEC-1 RUN USING TECHNIQUES PRESENTED IN THE

D MARICOPA COUNTY HYDROLOGY MANUAL

P e e v e vl S e vl ok e v e vk o o o' 3 ate e e ol o sl e e e e vl ake e vl s afe vl o' ok ke e e e ol e e vl v e e e vl Yo o vl e vt o e e Y ke vt o e ol 3% e vl v e e v e v e e e e e
D EXAMPLE #8 - CLARK UNIT HYDROGRAPH, UNDEVELOPED SUBBASIN

de dedededevedededededededevedededed dededededede v dede do e e de Yoo v do oo e Yo e e v T e oo o e e Yo e e o v e e vk e e v e v e e 3 e e o de e e v v e Ve v e e
b RAINFALL: 2-HR, 10O-YEAR., POINT RAINFALL DEPTH OF 2.70 INCHES

) HYDROGRAPH: CLARK - Te & R FROM WORKSHEET, NATURAL TIME-AREA CURVE

10 LOSSES: IL+ULR BY HYDROLOGIC SOIL GROUPS

D SUBBASIN AREA = 0.86 SQUARE MILES

K ee e v sk e v e e v vl e e v e v e v v e ok e Y vk v e e e e v oo e e e e v e e o e s ok e e v e v ve e vt ol ke ke i e o e ok e e e o e o vl e e e 3k e e vk e v e e
T 5 05SEP89 0000 40

10 0

Vo vededededr i alesk dededeaevedede dede deddedede el e ve s de dede

KK BASIN4

M COMPUTE DISCHARGE AT OUTLET OF SUBBASIN 4

N 5 0SSEP89 0000

PB 2,70 .
pC 0. - 1.1 1.8 2.3 2.8 3.2 4.6 7.1 10,  13.7

PC 17.6 23.2 32.7 60.1 74.3 86.3 90.1 93. 95.4 96.2

PC 97. - 97.9 98,2  99.2 100,

BA .86 '

LU .67 .20 - -

Ua 0 3 5 8 12 20 43 75 90 96
UA 100 -
uc  .417- 210

22



s e 3 ¢ W ve e ve e v e e e v T v v e o v v v v v v v e v e s i e v e e ok e ok e vk v ok e ko v ok e v ok e v e s ok e e e e ke e ¢ o ke o e s vk e o e e e e o ok e e e e e e e v s e sk e e e o e e e ke e sl e i o vl e s ol e vk ke v s sk ok ok e ok e e

HYDROGRAPH AT STATION

BASIN4

" e i e e e e e v et e i e e e e e vl v % e e e e e ke s e o ke s e e e e e e e v e e ke e e s ke ke ke e e ek e e s e e e e ke e el e ke e o e e e e vk e e ke ke o e e e ok s e de sl e e e v e de e e de e

+

DA MON HRMN ORD

SEP 0000
SEP 0005
SEP 0010
SEP 0015
SEP 0020
SEP 0025
SEP 0030
SEP 0035
SEP 0040
SEP 0045
SEP 0050
SEP 0055
SEP 0100
SEP 0105
SEP 0110
SEP 011

SEP 0120
SEP 0125
SEP 0130
SEP 0135

VUL LLLWLL U O uubkuomumuu v n g,

LT - I - N E I UL N N I S

N I I R I R N T T
© W O ~NOL WO

RAIN

.00
.03
.02
.01
.01
.01
.04
.07
.08
.10
.11
.15
.26
74
.38
.32
.10
.08
.06
.02

LOSS EXCESS

.00
.03
.02
.01
.01
.0l
04
.07
.08
.10
W11
.15
.06
.02
.02
.02
.02
.02
.02
.02

.00
.00
.00
.00
00
.00
.00
.00
.00
.00
.00
.00
.20

37
W31
.09
.06
.05
.00

CoMP Q

0.

0.

0.

0.

0.

0.

0.

0.

0.
0.

0.

0.
11.
73.
248,
705.
1416.
1883.
1882,
1599.

L]

* %

* X 0 X % X % % * * X F * X * * ¥ * % %

¥*

DA MON HRMN ORD

SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP

LWL LWL uuuutoLuLoguouououogu,ovu

0140
0145
0150

0155

0200
0205
0210
0215
0220
0225
0230
0235
0240
0245
0250
0255
0300
0305
0310
0315

21
22
23
24
25
26
27

28

29
30
31
32
33
34
35
36
37
38
39
40

RAIN

.02
.02
.01
.03
.02
.00
.00
.00
00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

LOSS EXCESS

.02
.02
.01
.02
.02
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.01
.00
.01
.00
.00
.00
.00
.00
.00
«00
.00
.00
.00
.00
.00
.00
.00
.00
.00

COMP

1232
917
658
457
317
223
161
118

83
35
30

[y
~

O O ~ = N W WU o

e e o e Je S e de e e e s s v 3o e e e s sk v e e e e i v e i v ol s ok ok e e e e i e e e 3 e sk e sk s e i e s v e ke ok v e o e o ol v e e o e e v e ke e o ok e e ok e i e ok e ok e e e e e sk e ok v e sk e ke ke ol e i ol e ol v e e e e ok el e e e v de e e de

TOTAL RAINFALL =

PEAK FLOW TIME
(CES) (HR)
1883. 1.42

2.70, TOTAL LOSS =

(CES)

(INCHES)
(AC-FT)

6-HR

310.
1.818
83.

CUMULATIVE AREA =

%ded NORMAL END OF HEC-1 ¥

.88, TOTAL EXCESS =

MAXIMUM AVERAGE FLOW
72-HR

24-HR

310.
1.818
83.

.86 8Q MI

310.
1.818
83.

1.82

3.25-HR

310.
1.818
83.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYDRotoote OEStan LIANUAL PAGE /. OF 1
DETAIL ___ EXAMPLE #9 COMPUTED DATE

CHECKED BY DATE

APPLILATION OF S-QRAPHS

SeEMARIO @ DEVELOP THE APPRoPRIANTE UNIT- GRAPH For THE ENCLOSED BASIA.
—— _

STEP 1 2 LsT PIYSICAL CHARACTERISTICS

NeeA(A') = 519 m’

LENGTH OF WATER CoqRSE(L) = 5.2 mu
( FRoM OUTLET TO DRAINAGE BoundAry)

LENGTH OF WATSR CoukSE To A PoMT OPPISITE TO CENTReID (Lc );_ 0 ot
Stope (3) = LH - 2900-1500_ 249 ¢4/

L 5.2
BASIN Factoe = _Lita _ (s2)(3.0) _ a¢
. 5./" Z(oq /
. S1eP 2 2 SeeeT Kn By ComPARISIN WITH Simitar WATERSHEDS. LIST THE

DATA FRoM SiMiLAR WATERSHEDS: FRoM LAe RELATIONSHIP 14) THE
/1DR0LAGIC /MMANUAL

‘ Mo s A Ll S tha _Kh
} | 3 Sauta Amine 10§ 568 25 4% (] 05

‘ 5 ZaATow wWASH .S 73 4o oo ('3 * <05

i 174 L vE orx Ce. 2.3 29 ViAY 700  G.8 070

NEXT Look AT AKn FoR ///A,eauawm/ SIMILAR WATER SHEDS .
RGaHIN FRoM LAG RELATIONSHIPS !

Lo Nome . (<
2z NEW RwEr AT Aock Sfll/(a 0Ys
23 NEW Brvce AT VNow RER 04dS
24 NEw RvER AT Bew £oAD 1037

' 25 Skuv K CREEK ~033




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYBReoaic DEsten MAnuar ___paGE L oF _7
DETAIL ExampLE 9 COMPUTED oate L _
CHECKED BY DATE
Leesnd

WATERSHED  BoundAe y

EWEVATION IMARK

NTS



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT _ MHYDRoLoG 1 DESIG LIANUAL PAGE 3 oF _7
DETAIL EXAMPLE #9 ___ COMPUTED DATE
CHECKED BY ___ DATE

THEN, ASSumumla THAT THIS IS A NATURAC WATERSHED tal THE AounNTAINS
AND Foor HreS OF HMARICoPA Csun'T s Kn 1S S&scrs) To B BETwesy
0440 AND 050,

EVEN THoueH THE WATERSHED S SMALL WHICH Wie MoT CoNTeiBuTe 70 Geerr
/f/.étﬂuuc EFFIUENCY 5 /ey Poorcy DEFIANED CHANNELS 5 STHL THE SLoPE
/S Quitée STEEP . AS A REST Kn= 00 /5 SEeEerED,
S76P3 ;. CALcwtATE THE LAk - THE Fllowimn (A6 RELaTIoN BY THE
CoRPS GF ENGINEERS [S USED
' 38 3%
LAG = 2o Kn(_L /.ca./S "‘) = 2o (.oq)(~q5) = 078 HouRs
‘ S7=P 1; CAc cunrs THE terimate IS cHaress Pur ;

| Q. = L4533 A 645:33(59) _ 2,,94 cs
uLr .b (10/64)

WHEEE ! _ }
@uer = A TimaTE DIsStHArGE (CFS)

A = Drawsee Ares (m?)
D = DurATIoN OF EXCESS RAm/FAe ( Houes), |
D whs Scieered TO BE [fo Mmnurss. THIS VALE 1S WITHN 7HE
- RANGE oF (o> -25) X (LAG TIME) AS Sussesrel In THE MAwuae.
MoTE THAT D 1S ,4454 7,;/5 HIDRoGRAPH Tirs STEP, AT, USED
N HEC-1 AS THE IT" Recoed . |

STeR5 .. AT THIS Pun7 Hie oF THE NECESSARY FARAMETSRS ARE Fouwd.

A UNIT- BRAPH CAN BE DEVELOPED By dUsina THE e wHP2" ProcrAm.

ALTERNA T ey, A UNIT- GRARPH CAN BE Bunr /‘7/9”(/4447 s WHICH (S
. EXPLAINED NEYT.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

7

HYDPRoLoGIC DESInA SIANUAC

EXAMPLE # 9

-
(8]
wi
o)
o
o4
o

PAGE 4. OF

DATE

COMPUTED

DETAIL

DATE _

CHECKED 8Y

MANUAL CoNSTRUCTION OF A [0- MINGTE UNIT HYPRoGRAPH Fioom Tie

Eﬂz—'wx LLo YN TAIN DIMENSIoNLSS S ~GRAPH

CoMSIDER A WATERSHED WITH THE FottowiNts CHARACTSRISTICS

A =549 it
LAG =078 Hours

20, 096 CFs

—
—-—

ABLE SimiearR To THE Fortowinlta
( Twe Disearas AND Time Cotumm From THE “dimensiomeess” S -GeﬂPH)

- [(,45.33(1\)]/5 = [645-33 (5"“)] /'167

Quet
@ CoNSTRACT A

7;;!4" (Ho'lt )

Y LAG

Discunane (trs)

% Qs

ORDINATE

. QT N~ T

MAAIPD AT NPT REM Sl bu.SbooSm._ SBNE T “8% °
a.ﬁ“ﬂw‘.ﬁ.twq bnﬂﬁ%ﬂﬂmwda ng m..,u.iob meed e r T N IToensans a
X uLzssasu.u‘u...w CRNPIIINNITT .../_.:.w. pwot s RIS P T

lllllll

90000%0Terg v o x M= % =t poam e T O g e e Ry By
. e " e e e e = - R Y Y A Pt T X o ——umNY

G I o SR NERRSE SR 8T 8 2 TE R M T e R an BT JSUIIRmT
23 1

, _

AV G =MAFE AT 3% T A0 g TN TN~ MN182004 T gqa X T $
R PR 2223533344444“555556&5667”“778&88?99?1
.w..wuu..,u.Szbaa.Sza T RN a TN S TWND ou.kuM%W%SSwwsn,novn%%u
Do NNNTNTT TN SINA 0Nt g0 00 T N NN T T T IS O 8 R R~ 3N

ROy NTJPONTIPO S T INO
T30 ONT SOOI T IRAN T NoATINONT ARG ¥
ONT e T 2 NN ARNANTT TTTAONNNS24 29 N (P mpe e T oo

- Qe NNINITAT Q=TI YT g N T OndayrH Nped
O-eumrwarneI =T 2T % neNNaaN zzz:.::.ssasa.vo.ﬁa.u.ufu.u.u.%a.du.s



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT _____ HYARotoGic AESIaN ITANUAL PAGE S OF _Z7
DETAIL EXAMPLE # T COMPUTED DATE
CHECKED BY DATE

@ TRANSForM THE S-GRAPH To A (0-MMUTE YT HIORVGRAPH » LSE  LINEAR
INTERAPILATION (8 [0-PMine INCEREMENTS DR TimeE AN ODISCHARGE VAtus.

® v
ORDINATE Trme ( Hes) @s, (crs) Qs2 (crs) Que (CFs)
[} [s) o o (o)
2 167 3758 o 378
3 323 1673 375 1298
4 + So0 4153 1673 . 24
5 * 667 2729 4153 357
6 <833 109 7729 309§
7 11007 /2939 10824 | 218
¥ [ 167 19643 /2939 1704
9 /333 /5972 14643 1299
: lo /S0 16931 1S9 9%9
‘ 7, 16617 177232 16931 go |
/2 /833 18287 17132 5
/13 2.000¢ /¢725 13287 Y3%
14 2:167 ! Fotl /8725 336
15 2.323 (4327 /906! 266
16 2. 500 1950 19327 /83
17 2667 19694 19510 ’ 184
18 2.833 14768 /964 24
19 3 .000 - 19837 19765 ' 72
20 3./67 19908 198317 Y
21 3.333 1992/ 19908 43
o 19971 0

® r6-Min LAG

v ¢ua = Qsz -Ps,




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT . _HYBRototate DESia ol IMANUAL PAGE L OF l_( :
DETAIL ____ EXAMPLE #9 COMPUTED DATE

CHECKED BY DATE

@ CoNTeaoo NoTICE THE BEHAYIOR OF THE UNIT GRAPH VALUES FKRary Timée= 2S5 HR ON,

THIS 1S CAuSED BY THE LiN6ER TIME INCREMENTS AT THE ENO oF 7HE
S-GeaPH. To CogrecT THIS, CoNSTRU(T A GraPH oF THE “TAIL" Rcgion
OF THE S-GRAPH, LAG IT BY THE AFPPRPRIATE DURATION ; AnD SdB7esct
THE oromATES (See GRAPH Ay e PAGE ) |

Finpe _[O-M- UNIT - Qaary

it (tes) Drscunecne (¢es)
o 0
167 - ' 3725 -
+333 1298
500 24%0
67 3776
533 3095
froor ‘ 25
(167 1704
1-333 1299
1500 9¢/
/607 gel
1823 555
2:001 43 'g
267 330
2.333 ‘ 266
2.50¢ : » 183
2.447 : VAL
2.933 25
3000 q‘(
3.67 ‘ 75
3.333 bo
3.500 o5
2.667 o

THE wsErR CAN EiTHER Runl Proaras “‘McunPz’ To Gencesnrs TH.
GRAPH ) OR ALTERNATIVEL S PRoDULE /T SANURLY , AS WAS S /Hownl,

CAN Be wsed As THE "ur" Recoed

UNIT-

I EITHER CASE THE VALUES
FoR [1EC-1 APPLICATION.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT E\.\ /1AM UAL PAGE 2. OF _7

DETAIL EXpmaE H# 9 COMPUTED DATE

CHECKED BY DATE

~

3.5 3.7

TimeE ( Hau&S)

325

S- GrarH  TAw

26096 CFS
3.0

auz 7

2.75

2.5

5

2.2

m wk% ..wckw\\u /g




. s e e e e de e e e do e de e e de s e e de e e e e e e e e de e e e e e e e e e e e e e e e s e Je e s e e e e e e e Fe e e de e de s de e de
. .

U.S. ARMY CORPS OF ENGINEERS
THE HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

FLOOD HYDROGRAPH PACKAGE (HEC-1)
FEBRUARY 1981
REVISED 05 DEC 88

®* % % %X X % *
* % % % ¥ % %
* % ¥ * ¥ X *

*
*
*
*
* RUN DATE 07/11/1990 TIME 16:00:17
*

- s ve e e e e e o e e e i e e e v v e e e e e e e de e e e s e dede e de ek e e Fe e v e ¢ e de e e v v e e o Ko e K W vk ek sk e de e e e e e de e dede e

X X XXOIXXK  XXHXX X
X X X X X XX
X X X X X
XXXXXXX  XXXX X XXX X
X X X X X
X X X - X X X
X X XOXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECL (JAN 73), HECIGS, HEC1DB, AND HECLRW.

‘ 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: DAMBREAR 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

~N O o

[ -

10
11
12
13
14
15
16
17
18
19
20
21
22

HEC-1 INPUT : PAGE

R e RS PGP - PP - 2N - DR £

i) SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE
i) HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

Fe e v e v ok vl e sk g e e e e 3 e e e e v v e v e dke v vie e i e e v e o v 3k i e e e e e s e vl 3¢ e vl e e e e vk e e dl e e e e e e e e v v e e e e v ve e e e e s e
10 EXAMPLE #9  S-GRAPH APPLICATIONS

P e ve v e e v e e e e sk vl vk e v i ol v v e sk e o e o e e v i e v e e v e s e v v e vk e e v e e e e e ok e o ke sk e she e e vl e e e e ok e e e e e de e e e e e e
D RAINFALL: 6-HR, 100-YEAR POINT RAINFALL DEPTH OF 3.40 INCHES

1D UNIT GRAPH: DERIVED FROM PHOENIX MOUNTAIN S-GRAPH

0 LOSSES: IL+ULR BY SOIL TEXTURE

1D BASIN AREA: 5.19 SQUARE MILES, PATTERN #2.35, AREAL REDUCTION = 0.96

de v vl tie v v vl e e ok e e sk T v e e vl v e v e v v e 3 e e v e v o e ok de e e ke v e v T v vl e e v e vl i v e e vl e e v e sk ok vl vl e v o e e e e v e vle e e e e e
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 .01l 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

Ly .75 .25 3.00

U1 373. 1308. 2472, 3570.  3110. 2107. 1703. 1327. 963. 799.
Ul 556. 438. 336. 266. 183. 183. 72. 72.- 72. 72,
ul 72. 0.

2z



‘ e e e e e e e e 9 e e e e e e e e e e s e ke e e e e e e e e e e ke e ek e e e o e e de dede e e de e e e e e dede e dede e dede e e dedede e dededese dededede dedede ek dede ke dedededededelede e dedede e de de e de e e dededede e dedkesekekeiede

HYDROGRAPH AT STATION  BASIN

Yo de e 3% Yo de e v e 6 e e e e Fo e A e e oe e vk e e e e ke vo e de e de e e e ek dedede ke e ek

Yo s e e v e v vie e e e e v e Yo e e v s Fe e de e e de e ok e e de e de ek e ke e dede ek dede e R KA R F R KK A A H AR TARAT AR KA R XNRNR AR RRRXRARTANN

DA MON HRMN ORD  RAIN  LOSS EXCESS corP Q * DA MON HRMN ORD  RAIN  LOSS EXCESS COMP Q
*
11 JUL 0000 1 .00 .00 .00 0. * 11 JUL 0410 26 .30 .04 .26 3360.
11 JUL 0010 2 .02 .02 .00 0. * 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. * 1L JUL 0540 35 .03 .03 .00 1257,
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 l4.
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.
*

e e e e e e e e e e s e s e e e i e i o i e e e v e ke e v ok sk e sk e i e Yol e v ek e v e ok e v e ek el s e dedeode o ek e de e e e ek ek dede e e e dede e e e e s de el de s de e e s e s e S T T R R R T R R e R e e

TOTAL RAINFALL = 3.26, TOTAL LOSS = 1.28, TOTAL EXCESS = 1.98

PEAR FLOW TIME o MAXIMUM AVERAGE FLOW
- 6-HR 24-HR " 72-HR " 8.17-HR ‘
+  (CFS) (HR)
(CES) ‘
+ 4770, 4.50 1100. s1o0. 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

PEAR TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK o ‘ AREA STAGE MAX STAGE
+ 6-HOUR 24-floUR 72-HOUR
HYDROGRAPH AT

BASIN 4770, 4.50 1100. 810. 810. 5.19
%%% NORMAL END OF HEC-1 #%* ’




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT ____ HYDRato6i DESin MAnuAL Page L_oF 2.
DETAIL . EXAMPALE # 10 COMPUTED DATE
CHECKED BY DATE

AinEmatic  wWave  Rourin/G

o lesend
PN (WATERSHED Bountary
. 1y e

| NBTYRAL WASH
===\ ConCReTE WASH
bt BASH Bounbary

& CoNCENTRATION
PoNT

NTS

" Seanario: PREVIsUSLY N EXAMPLE # T, PeAK Frow AT ContenTRATION
| P (A) was caccupred /om Sag-8asw R)+ THIS ExAmMPLE
wie JSE A’/)vcwn TIC WAVE RodTiNG THE 1113 Mice tor/a RKeAcH
To CALCUATE THE PEAK AT Comcenteation Punt (4).
S5T6P1:  lotL€CT NECESSARY DATA FoR THE CHAwNEL:
TypPE: CONCRETE LINE, TRAPsZEoIDAL
LENGTH ! 1413 Muee

Ave. DepTH: 4 Feet / 7
SipE StoPE: 0:75 ¢ 1000

L
MAnNING'S N i <015 J ,
Bo7TToM wWipTH i 35 FEET ]4 35

CHANNEL SLOPE: .mifr/ﬁ-




) FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT ____ HYDRstoGle JESian MANUAL  PAGE 2 OF .2

DETAIL ExameLE H# 10 COMPUTED ' _ DATE
_ CHECKED BY DATE

® Sinte  Kinlcma r/c WAVE RsuTinG does Nor CHECK FoR CHAnNEL CAPAci Ty,
OESIeN PARAMETERS msf BE CHECKED To ASSurE Pﬁopé'/e CONVEYANCE
THRoOGH THE REACH:. OTHERWISE, THE /[100EL wie AUToMA TicALLy EXTEND
THE CHANNEL BoundARIES Ta CoNTAin THE Fiow

@) THE rMoRE RECENT YERSIONS OF [1EC-] (1988 And rj’éﬂﬂb) ACCounT Fok 7HE
PRoPIER SctecTiond OF CoMPATATIONAL TiME STEL To ASSuks THART 7HE
RouTED PEAK /S NOT UNREALISTICALLY ATTENUATED .,
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FLOOD HYDROGRAPH PACKAGE (HEC-1)
FEBRUARY 1981
REVISED 05 DEC 88

* * ¥ % *

RUN DATE 07/11/1990 TIME 17:36:29 *
*

* % ¥ * X * *

e e v o e e v e e i e e e e e e e e e e e e e e etk de e v o e dede s e e dedede e e

X X X X
X £ X X
XAXXXXX  X¥XXX X
X X X X
b4 X X X

vk e e e e e e e e e v e e v e e e e e v e e e e e e sk do de e ok Yo e dede e

U.S. ARMY CORPS OF ENGINEERS
THE HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

* % * * * * *
* * * ¥ * ¥ *

e e Fe e s e e e ek e s e e e e v 3k e e e e e i e e e e de dededededededede e

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECL (JAN 73), HECIGS, HECIDB, AND HECIKW.

THE DEFINITIONS OF VARIABLES ~RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE UéED 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

KINEMATIC WAVE: NEW PINITE DIFFERENCE ALGORITHM

LOSS RATE:GREEN AND AMPT INFILTRATION




LINE

18
19
20
21
22

HEC-1 INPUT
IDeevernelosensecZuanaaasBeseanreboseeeeeBernenecbuoseneesTurensesBooseeasOeuennsll
ID  SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE
ID  HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY
W eriedk Ak v e sl v vie v e ok o sl d sl vie e vie vl e dle e vl v e ke e ol ke kvl v e vl v ke ke e e ke ol 2k S v ok ok vk ok s v sl v e e v e e v e v v v e ke e v ke e e e e e e e e e
ID  EXAMPLE #10 -~ KINEMATIC WAVE ROUTING
e e viede o v do e v v v v v v e e s e 3l sk vl ok e e e e e o 3 e e e ok e o e v o v ke o e o e o e sl e o de e e e e e e e e e e sk e e e v e vk de vk e e e e e e
IT -~ 5 07JUL90 0000 85
10 0
R veviedle v v v oo e o v v v e vl v R e 2k o 3 e e e e e e e e Sk e v e de e vie e e v v e e e e e e e vl v e e ok e e e e R e e ke e e dle e v e e de v ok de e ve e ke de
KK BASIN2
KM COMPUTE DISCHARGE AT THE OUTLET OF SUBBASIN #2
BA  2.17 ,

IN 15 07JUL90 0000
PB  3.182
PC  .000  .009  .0l16 . .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

Ly - .650 .200 21.000

uc 473 .170

UA 9 5 16 .30 63 77 84 90 94

UA 100
e sk de e de v e Yo e v v v 3 de v e e v e e T R e e e e e e e e ok e e e v ok e e e e 7 e e e vk v e o e Y e el v sk v e e sl e e e e v e v ok e e e e e e e e e

KK ROUTE

KM ROUTE THROUGH DOWNSTREAM BASIN USING KINEMATIC ROUTING
o o1 2

RK 5966.4 .018 .015 TRAP 35, .75
2z

97

PAGE

1



' e e v v v e e v ek e e e e

t »*
18 KK  *  ROUTE *
* *
edede e dededode dededeve dede
| ROUTE THROUGH DOWNSTREAM BASIN USING KINEMATIC ROUTING
|
| 20 KO OUTPUT CONTROL VARIABLES
| IPRNT 1 PRINT CONTROL
1IPLOT 2 PLOT CONTROL
QSCAL 0.. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

21 RK KINEMATIC WAVE STREAM ROUTING
’ L 5966. CHANNEL LENGTH
§ - .0180 SLOPE
N .015 CHANNEL ROUGHNESS COEFFICIENT
cA .00 CONTRIBUTING AREA
SHAPE TRAP CHANNEL SHAPE
WD 35.00 BOTTOM WIDTH OR DIAMETER
z .75 SIDE SLOPE
DXMIN .2 MINIMUM NUMBER OF DX INTERVALS
. _ Fedede
i . : COMPUTED KINEMATIC PARAMETERS
" VARIABLE TIME STEP
(DT SHOWN IS A MINIMUM)
ELEMENT  ALPHA M DT DX PEAR TIME TO  VOLUME
PEAR
(MIN) (FT) (CFS) (MIN) (iny
‘ : 3 1.51 1.59 .28 745.80 3709.14  251.95 2.29

CONTINUITY SUﬁMARY (AC-FT) - INFLOW= 265.358 EXCESS= .000 OUTFLOW= 265.159 BASIN STORAGE=

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

3 1.51 1.59 5.00 3685.83 250.00 2.29

MAXIMUM
CELERITY
(FPS)

43.73

.141 PERCENT ERROR=

.022



+

+

HEKTEKERREEHARK ALK RRERLRAERAAAAEEETCA TR REAARART AR AR RTRR e

HYDROGRAPH AT STATION ROUTE
* *
DA MON HRMN ORD FLOW * DA MON HRMN ORD FLOW * DA MON HRMN ORD FLOW * DA MON HRMN ORD FLOW
* * *
7 JUL 0000 1 0. * 7 JUL 0150 23 32. * 7 JUL 0340 45 606. * 7 JUL 0530 67 88.
7 JUL 0005 2 0. * 7 JUL 0155 24 32, * 7 JUL 0345 46 1179, * 7 JUL 0535 68 71.
7 JUL 0010 3 0. * 7 JUL 0200 25 31, * 7 JUL 0350 47 1805. * 7 JUL 0540 69 60.
7 JUL 0015 4 0. * 7 JUL 0205 26 3. * 7 JUL 0355 48 2403.  * 7 JUL 0545 70 54.
7 JUL 0020 5 0. * 7 JUL 0210 27 31. % 7 JUL 0400 49 2991. * 7 JUL 0550 71° 49.
7 JUL 0025 6 0. * 7 JUL 0215 28 30, * 7 JUL 0405 50 3482, * 7 JUL 0555 72 47.
7 JUL 0030 7 0. * 7 JUL 0220 29 30, * 7 JUL 0410 51 3686, * 7 JUL 0600 73 46,
7 JUL 0035 8 3. % 7- JUL 0225 30 31. ¥ 7 JUL 0415 52 3553. % 7 JUL 0605 74 45,
7 JUL 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 JUL 0425 54 2801.  * 7 JUL 0615 76 44,
7 JUL 0050 11 27. * 7 JUL 0240 33 35. % 7 JUL 0430 55 2337. * 7 JUL 0620 77 38.
7 JUL 0055 12 28, % 7 JUL 0245 34 37. * 7 JUL 0435 56 1884.  * 7 JUL 0625 78 33.
7 JUL 0100 13 30, * 7 JUL 0250 35 39, * 7 JUL 0440 57 1501, * 7 JUL 0630 79 26.
7 JUL 0105 14 31. * 7 JUL 0255 36 42. % 7 JUL 0445 58 1189. * 7 JUL 0635 80 20.
7 JUL 0110 15 32. * 7 JUL 0300 37 45. % 7 JUL 0450 59 934, * 7 JUL 0640 81 15.
7 JUL 0115 16 33. * 7 JUL 0305 38 49. % 7 JUL 0455 60 731. % 7 JUL 0645 82 il.
7 JUL 0120 17 33. * 7 JUL 0310 39 56. * 7 JUL 0500 61 562, * 7 JUL 0650 83 8.
7 JUL 0125 18 32. * 7 JUL 0315 40 66. * 7 JUL 0505 62 413, * 7 JUL 0655 84 -
7 JUL 0130 19 32. % 7 JUL 0320 41 82, * 7 JUL 0510 63 295, ¥ 7 JUL 0700 85 -
7 JUL 0135 20 31, * 7 JUL 0325 42 103. * 7 JUL 0515 64 212, *
7 JUL 0140 21 32. * 7 JUL 0330 43 143, * 7 JUL 0520 65 155. %
7 JUL 0145 22 32. * 7 JUL 0335 44 266. ¢ 7 JUL 0525 66 115, *
% * *
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 7.00-HR
(CES) (HR)
(CES)
3686. 4.17 } 533. 458. 438. 458.
(INCHES) 2.286 2.289 2.289 2.289
(AC-FT) 265. 265. 265. 265.
CUMULATIVE AREA = 2.17 sQ ML




70000

0. 500.
DAHRMN PER

)}

70140 21.I. . . . .
70235 32.1 .

70240
70245
70250
70255
70300
70305
70310
70315
70320
70325
70330
70335
70340
70345
70350
70355
70400
70405
70410
70415
70420
70425
70430
70435
70440
70445
70450
70455
70500
70505
70510
70515
70520
70525
70530
70535
70540
70545
70550
70555
70600
70605
70610
70615
70655

33.1
34.1
35.1
36.1
37.1
38.1
39.01
40.01
41. T . . &
42. OI
43. 01
44, 0
45.

46.

47.

48.

49.

50.

51 ¢ ¢ o
52.

53.

54,

55.

56.

57.

58.

59.

60.

.

(1) INFLOW, (0) OUTFLOW
1000. 1500. 2000,

e o s & e

1 0.
10 .

6l . « o 100 4 o0

62. 10
63. 10
64. 10

65. 10
66.10
67.10

68.1

69.1

70.1.

71,10 . .
72.1

73.1

74.1

75.1

76.1

841

o e o e s

" e e e e

STATION

ROUTE
2500, 3000. 3500. 4000,

¢ o 2 o 0

s e s e

1 .

R S

s o o

1.0

« s e e

s e e s

s e e e

« e e

. o v e

« s s e 0




RUNQOFF SUMMARY : '

FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF 'AVERAGE. FLOW FOR MAXIMUM PERIOD - BASIN MAXTIMUM TIME OF

OPERATION STATION FLOW PEAR AREA STAGE MAX STAGE
6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
BASINZ 3710. 4,17 534, 459. 459. 2.17
ROUTED TO ‘ ’
' ' ROUTE 3686. 4.17 533. 458. 458, 2.17
SUMMARY OF KINEMATIC WAVE ROUTING
(FLOW 1S DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPOLATED TO
» COMPUTATION INTERVAL
ISTAQ  ELEMENT DT PEAR  TIME TO VOLUME DT PEAR  TIME TO VOLUME
PEAR PEAR
(MIN)  (CFS) (MIN) (IN) (MIN) (CES) (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= .000 OUTPLOW= 265.159 BASIN STORAGE= .141 PERCENT ERROR= .022

*%% NORMAL END OF HEC-1 *¥%*




" FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

prOJECT _MYOROLOGIC DESIGN MaNUAL page ! oF 2
DETAIL _EXAMPLE F /]  COMPUTED DATE
CHECKED BY , DATE

MUSKINGUM  ROUTING

ACTUAL CHANNEL LENGTH
FROM A to B: /.25 mc.

SCENARIO: DEVELOL FUSKINGUM LoUYTING FPARAMETERS FOR
TUE PRIMARY CHANNEL /N SUBBASIN # 2, (UISE
HEC. =) 70 GENERATE A FLOOD AYDROGRAPH AT
CONCENTRATION POINT A, THEN ROUTE /7 FROM

‘ - - POINT A 7o Po/NT B.

STEP 4 ¢ DEVELOP SPUSKINGUM PARAME TERS

ASSUME AN AVERAGE CHNANNEL X-SECT770N FaR THE LrRIMARY
CHANNEL /N SUBBAS/A # 2 :

i ,/7*7-/7!77'
-7—7~/7\/x 4 } g

7 ’ [d 132

|~—— be 25% o*r———ﬂ

A, CALCULATE THE AVERAGE VELOCITY USING [IANNINGS Lon:

A= (b+2d)y s (25+U)(2))2 = 5% £2°
P= b+2y (I+2%)% = 25+ (2)(2)(1+1%)" = 30.¢¢ £~
R= Alp = 89 Ft* /30.06 ££ = 1.76] F£. |
S = (1250 /190) / (125 mi X $280 fm¢) = ©.007/ T
n= 0.090 ) ) y
R N ) W ) et M




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT _ . PAGE 2 oF 2
DETAIL_EXAMPLE # 1/ COMPUTED DATE
' CHECKED BY DATE
B. ESTIMATE FroodbwavVeE VElLoc: Ty (Va):

SINCE A WIDE 7T RAPEZO/OAL CHANNEL /S [BEST APPROXIMATED
BY A WIDE RECTANGUULAR CHANNEL, CcHoosE Vm/V = /&7 FRoM

THE TABLE /N~ SECT0/ T7.6. D,
Vm= .67V = Le7(S518 %)= 8¢5 F%

. CALCULATE K@ |
- . ' fe ., 1S £ =
K= 125 red X S5280 57 % 8.65 FE X 3—‘%0— ~g—- = 0.212 hrn

D. ESTIMATE X

SINCE TAH/S 15 A4 W/DE, SHALLOW CHANNEL W/iTH
A LOoW SLOPE, CHOOSE X = 0.20

E. CHECK NSTPS :

NSTPS MUST BE WITHIN THE fOLLOWING LIMITS : o

/ (AMSKKx60) _, _I .
Z01-x) £ (Moo x NSTRS) = ZX NAHIN 3 S rMNuTES

TRY NSTPS = /: / L =212 x60 , /
2(1-2) © (sy(1) ~ 2(2)

625 & 284 & 2.5 —> Ao Goob ./

TRy MS7AS=2: _2l2xé0 _ 27, 625% (274 25, ok !
&Sx2
STEP 2 ¢ ENTER THE CALCULATED /FUSKINGUM PARAMETERS
INTYC AN AEC- 1 F/t.E ON THE RM CARD, AS /A

THE FOLLOWING EXAMPLE. FHAMND CALCULATION
PROCEDURES FOR THIS METHID CAN BE Fouwnd /N

MOST HMHYDLRILOGY TEKX TEI0KS.
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FLOOD HYDROGRAPH PACKAGE (HEC-1)
FEBRUARY 1981
"REVISED 05 DEC 88

~

* % ¥ ¥ ¥ %X *

RUN DATE 07/12/1990 TIME 09:59:28

* % % % % * *

et e sk e s o e e e e s ¢ e e e e e e e e Je e e e e s e Fe e e dedeve e de ke dede e

e e e Ve3¢ Y e e v Fe e sk S e e S e ve e o Fo T TKEFe VR R RS e e ke e

* *
v U.S. ARMY CORPS OF ENGINEERS *
* THE HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET ¥
* DAVIS, CALIFORNIA 95616 *
* (916) 551-1748 *

*

*

e e e e e e e v o v e e e v e ok vt e e e Yo e v e e e e e e e e e e e e ke

X X XXXXEXX  XXXXX X
X X X X X XX
X X X X X
XXX XXXX X X
X X X - X X .
X X X X X X
X X XOOXX XXXXX XX
. THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEClDB, AND HEC1KW.

THE DEFPINITIONS 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 8l. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAR OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LOSS RATE:GREEN AND AMPT INFILTRATION




LINE

[V,

18
19
20
21
22

HEC-1 INPUT PAGE

IDvesonseluosenceeZesrereeBdoasaseshoneaneeTeorneceBoocaceslannnnenBersnaefeers.ll

pi) SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE

1D HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

¥ ***uu«uxuxxnnaunnxnauxnnnxnununuuxxnnunaannn"nnu“nnuxxxxxunxnnnxnnnnxxnnuAk*k
i EXAMPLE #11 - MUSKINGUM ROUTING

o e e e vl vk Yo vie v e v e e e e e ¥ e e e e v e 2k e e ok de e e dk e e e e e e e de e e de ke e b e e e de e dede e e e e ke el e o v Fe v e e vk e vk ¥ v e e
IT 5 12JULS0 0000 75

10 0

RK INFLOW

KM COMPUTE INFLOW HYDROGRAPH

BA 2.750

IN 15 12JULg0 0000

PB  3.413 : ,

Pc .000 .009  .0l16  .025 ~ .034  .042  .051  .059  .067  .076

pCc .087 ~ .100  .120  .163  .252  .450 .65  .838  .900  .938
PC  .950  .963  .975 -.988 1,000 '

LG .200  .350 4.300  .250 6.500

UC  .400  .205

UA 0 3 5 8 12 20 43 75 90 96
UA 100

de v el Yee ok v vl v e ol o e vk e e v e e v e e dede e devle v de e de de e dede e e de de e e e e e dede e e e e Yo e 3% e v e e e e e e e v e e e e e e de e e deveve
KK  ROUTE

KM ROUTE INFLOW HYDROGRAPH THROUGH A ROUTING REACH

KO 1 2 :

RM 2 .212 .20°

ZZ




‘ doskede dedeve dedede Fevede ‘*** dedede dedede wvede Rdede devede Yok dererde dedede dedkde devede dedek  dededke ‘I;** Yeyeve dedeve Tedede dekit Fekke sevede devede derrdk dedede vk skdkav dededr dedrk ek Rk
e vk YooK vode e e R Rk
* *
6 KK *  INFLOW *
* *
e Yo e dede Je Yo de e dede dede ke

COMPUTE INFLOW HYDROGRAPH

8 BA 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 STARTING LOSS ’
DTH .35 MOISTURE DEFICIT
PSIF . 4.30 WETTING FRONT SUCTION
- XKSAT .25 HYDRAULIC CONDUCTIVITY
RTIMP " 6.50 PERCENT IMPERVIOUS AREA
15 0c - CLARK UNITGRAPH _
TC .40 TIME OF CONCENTRATION
R .20 STORAGE COEFFICIENT
. 16 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
‘ .0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
" 100.0 ’ -

Yoo
UNIT HYDROGRAPH PARAMETERS
CLARR TC~ .40 HR, - _R= .20 HR
SNYDER ~TP= .34 HR, cP=~ .88

-UNIT HYDROGRAPH
16 END-OF-PERIOD ORDINATES
189. 605. 2046, 4185, 4534, 3290. 2178. - - 1442, 955. © 632,
419. 277. 184, i22. 8l. 53. .

e Yo veve e fede ve dede e de Yook vede e e dede e de e de e e e e ke e de e

e e Fo e ¢ e ve e e v e e e ve e ve ve v e de e e e de e e oo de e de e de e e dede e e S e de sk de e e e e de st sk devede e do ek e A AR R R AR RN RN TR FRRFRFONAARARARAERAIRRARE

TOTAL RAINFALL = 3.41, TOTAL LOSS = 1.69, TOTAL EXCESS = 1.72

PEAK FLOW TIME MAXIMUM AVERAGE FLOW -

6-HR 24-HR 72-HR 6.17-ER
+  (CES) (ER) o R
, (CES) . : _ :
+ 3835, 4,25 505. 492, 492, 492.
(INCHES) 1.709 1.709 1.709 1.709
(AC-FT) " 251, 251, . 251, 251.

) CUMULATIVE AREA = = 2.75 SQ MI
*kk dedek Jekde kdk veddk sk vedkk hdedk ks ek dedede hdkde dekde Sk ko dekk ke dekk s dede dekke vk dededk dedksde Yedkde desede dedede dedede dedede sedede vk ke £373.3




Fevesedefede e vededededek

* *
18 KK %* ROUTE *
* *
Yo dededededededede R ek ek

ROUTE INFLOW HYDROGRAPH THROUGH A ROUTING REACH

20 RO OUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 2 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

21 RM MUSKINGUM ROUTING ‘
* NSTPS 2 NUMBER OF SUBREACHES
AMSRK .21 MUSKINGUM K
% .20 MUSKINGUM X
HYDROGRAPH AT STATION  ROUTE
DA MON HRMN ORD FLOW * DA MON HRMN ORD FLOW * DA MON HRMN ORD ~ FLOW * DA MON HRMN ORD FLOW
* : * .
12 JUL 0000 1 0. * 12 JUL 0135 20 13. % 12 JUL 0310 39 20. % 12 JUL 0445 58 241
12 JUL 0005 2 0. % 12 JUL 0140 21 13. % 12 JUL 0315 40 23, % 12 JUL 0450 59 194‘
12 JUL 0010 3 0. % 12 JUL 0145 22 13. % 12 JUL 0320 41 26, % 12 JUL 0455 60 1502.
12 JUL 0015 4 0. % 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. % 12 JUL 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 0045 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 s6.
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 - l4. % 12 JUL 0415 52 2925. % 12 JUL 0550 71 31.
12 JUL 0110 15 13.  * 12 JUL 0245 34 is. % 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 JUL 0125 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,  *
* % *
PEAK FLOW  TIME MAXIMUM AVERAGE FLOW
‘ 6-HR 24-HR 72-HR 6.17-0R
+ . (CES) (HR) '
(CFS) :
+ | 3550. 4,42 ’ 505.  491. 491. 491.
(INCHES) . 1.706 1.706 1.706 ©1.706 ’ , '
(AC-FT) 250. 250. 250. 250. :

CUMULATIVE AREA = 2.75 SQ MI .




DAHRMN
120000
120315
120320
120325
120330
120335
120340
120345
120350
120355
120400
120405
120410
120415
120420
120425
120430
120435
120440
120445
. 120450
120455
120500
120505
120510
120515
120520
120525
120530
120535
120540
120545
120550
120555
120600
120605
120610

|
|

|

|

|

|

|

|

+
@
|

(1) INFLOW, (O) OUTFLOW , ,
0. 500. 1000. 1500. 2000. 2500. 3000. 3500. 4000.
PER
|1 (O, S cmmm—————- o S . P emmmmmmen .
4001 . . . . . . .
BLde o v e e e e e e e e e e e e e e e e e e e e e e s e e
42.1 . . . . . . . .
43,01 . . . ‘ . . . .
64,0 1 . . . . . . ; .
45,0 I . . . . . . . .
6. 0 . I . . . . . . .
47, o . . 1. . . . . .
48, . 0 . . . 1 . . . .
49, . . . . A . .
50. . . . o . . . I . .
P« T LTSRS PR
52, . . . . . 0. . 1.
53, . . . . . . 0o .1 .
54, . . . . . .1 .0 .
55. . . . . A 0 .
56. . . . .1 . A .
s57. . . . . . 0. . .
58. . . . . 0. . . .
59. . 1. . 0. . . . .
60, .1 . 0 . . . . .
DS U S SR I
62. 1. o . . . . . . .
63. 1 .0 . . . . . . .
64. 1 0. . . . . . . .
65. 1 0 . . . . . . . .
66.1 0 . . . . . . . .
67.10 . . . . . - . . .
68.10 . . . . . . . .
6910 . . . . . . . .
7010 . . . . . . . .
JID0v o o e e e e e e e e e e e e e e e e e e e e s e e e
7210 . . . . . . . .
731 . . . . . . . .
741 . . . . . . . .
75T ammmmmmmn P cmmmmm—on cmmmmmtene S S .- vmmmmamnns .
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
\ PEAK  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD
OPERATION STATTON FLOW PEAK
6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT INFLOW 3835.  4.25 505. 492, 492,
ROUTED TO ROUTE 3550,  4.42 505. 491, . 491,

+ %%k NORMAL END OF HEC-1 #¥%

STATION  ROUTE
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. .
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. .
. .
. .
. .
. .
. .

BASIN MAXIMUM TIME OF
AREA STAGE MAX STAGE
2.75
2.75





