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HYDROLOGY MANUAL WORKSHOP
EXAMPLE # 1

OBJECTIVE: Estimate the 100 year peak
flow and volume for 10th
Street Wash Downstream of
Peoria Avenue.
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PREFRE OUTPuT

*** 0 U T PUT D A T A ***
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY V~LUES FOR 10th St. Wash @ Peoria 3N-3E-21
PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 8

POINT VALUES

RETURN PERIOD
DURATION 2-YR 5-YR 10-YR 25-YR 50-YR 100-YR 500-YR

--j.\""v

5-MIN :""33 .41 .47 .55 .62 .68 .84 5-HIN
la-MIN .49 .62 .71 .85 .95 1. 05 1. 29 10-MIN
15-MIN .59 .78 .90 1. 07 1. 21 1. 35 1. 66 15-MIN
30-MIN .79 1. 04 1. 21 1. 45 1. 64 1. 83 2.26 30-MIN

1-HR .96 1. 28 1. 50 1. 81 2.05 2.28 2.83 1-HR
2-HR 1. 04 1. 40 1. 65 2.00 2.26 2.53 3.14 2-HR
3-HR 1.10 1. 49 1. 75 2.12 2.41 2.69 3.35 3-HR
6-HR 1. 20 1. 64 1. 94 2.36 2.68 3.74 6-HR

12-HR 1. 30 1. 82 2.17 2.66 3.03 3.40 4.26 12-HR
24-HR 1. 40 2.00 2.40 2.95 3.38 3.80 4.78 24-HR

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:

DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNIC~L MEMO~~DUM NWS HYDRO-40
ZEHR AND MYERS
~_UGUST 1984

PROJECT N~~lli=10th St. Wash @ Peoria 3N-3E-2l, 4 Inputs
ZONE= 7 SHORT-DURATION ZONE= 8
LATITUDE= .00 LONGITUDE= 100.00 ELEVATION= a
2-YR, 6-HR PCPN= 1.20 100-YR, 6-HR PCPN= 3.00
2-YR, 24-HR PCPN= 1.40 100-YR, 24-HR PCPN= 3.80

* * * * END OF RUN * * * *
I>'.J?UT values

f'rC/?7 FIJuf'CS 22-

2. /3 (,'7 V~/ume I.

HJd/"%<]!:f
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PROJECT PAGE __ OF __

____________ COMPUTED DATE _

______________ CHECKED BY DATE _

SUB-BASIN INFORMATION

AREA=
LENGTH=
SLOPE=
m=
b=

SUB-BASIN # 1

0.516 square miles
1.220 miles
162 ft/mile
-0.025
0.15

AREA=
LENGTH=
SLOPE=
m=
b=

0.187
0.830
315
-0.025
0.15

square miles
miles
ft/mile

SUB-BASIN # 2

SUB-BASIN # 3

AREA=
LENGTH=
SLOPE=
m=
b=

0.512 square miles
1.160 miles
257 ft/mile
-0.025
0.15



______________ CHECKED BY DATE __

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT __________________ PAGE __ OF __

____________ COMPUTED DATE __DETAIL

CITY OF PHOENIX DETENTION BASIN

~- ... ~ - .. _. , ..-. _.__ ..

60 . 34 --- 95. 64 -

1362

1. 52

1366

6.32

1370

17.42

1374

35.46

1378 1382

NOTE: Elevation in MSL, Storage in acre-ft.

LOW LEVEL OUTLET:
Diameter=
Outlet c.l.elevation=
Coeff. of Discharge=
Exp. of Head=

30" (4.91 ft 2
)

1357.91 MSL
0.6
0.5

SPILLWAY:

Crest E1evation=
Length=
Weir Coeff.=
Exp. of Head=

1379.66 MSL
100 ft
3.0
1.5

ROUTING REACH

o

16

1

12.6

46.5

7.3

76.4

o
79.9

o
110.2

9.9

160.2

15.9

161.2

16

Manning's Coeff.=0.045 (channel and overbank)
Reach Length=3600 ft
Slope= 0.0108
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~~;;~~~~~~Y:'O~
/ r{Y ,

XKSAT log(XKSAT) % ROCK % Area
*(% Area) OUTCROP * %R.O.

_Jf...lJ(;L.!"'~'l["'Ui..a<:J~r--<&.~:";;<5~S.uiO:L!!'\J..,•.-,~E~">..J!Q.l.J:Mn.~F\e.~1~ PAGE __ OF __

~\~'!.-\"-_..>-5L.1\-...!.5(a~~~()~O-=s..!.:...h.:....-.._COM PUTED 0 ATE

~Q..(" me.tu Es~;~J;o<\

% Area

AGUILA &

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT

DETAIL

lc~~

AREA
SQ.HI.

XKSAT
========

Soil Survey Used

Hap unit

------------------------------------------------------------~---

109 0.291 56.36 ,35 -0.257 35.00 19.73
68 0.168 32.56 . ~;, 0.00 0.00
18 0.031 6.01 ~3 -0.029 15.00 0.900

21 0.018 ' 3.53 • .3 'Z- -0.015 0.00 0.00
TrE 0.008 1.48 . (') 0.00 0.00
RS 0.000 0.06 ·10. -0.000 65.00 0.04

II>. Wgtd. IA
in. in.

% Imp. ImpArea
Inc.ROW SQ.HI.

89.02 %
10.98 %
0.00 %

--;::;.~ 25

% veg.
cover

. PSIF
==========

XKS]I.T =

DRY =
NO~.L

viET

% ]I.rea

0.35
0.25

o

0.516 SQ.HI.

LAND USE
type

========
DTEETJl.

TOTAL =

ARE]I.
SQ.HI.

LAND USE

Dry =
Normal
Wet =

PE2CENT OF SUBBASIN

---------------------------------------------------------------X-------------
0.459 DESERT DRY 25.00 0.00 0.00 0.15.:"\0.134
0.017 H.D.R. NO~~~L 25.00 45.00 0.01 0.10 0.003
0.007 M.F.R. NO~~L 25.00 65.00 0.00 0.10 0.001
0.032 CO~~ NO~\'fF.L 20.00 90.00 0.03 0.10 0.006

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

% 8.04

SUBBASIN XKSAT ADJUSTED FOR VEG. =

SUBBASIN DTHETA WEIG~TED BY LAND USE

IMPERVIOUS ]I.REA: URS]I.N @

ROCK OUTCROP @

~33iJ

6
100 % effective =

60 % effective

% EFFECTIVE IMP.

8.04
12..40

lfijjJ

INPUT V]I.LUES FOR HCUHP2 PROGR.l\..H

SUBBASIN AR~]I.

sq.mi.
LENGTH
miles

Lea
miles

SLOPE IA DTHETA PSIF XKSAT RTIHP
ftJmile inches %
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PROJECT ](9'-ini~ :>eSSie", E.,omy" 1'--__ PAGE __ OF __

\ai''''- 5\-reeJ Wo.sh COMPUTED DATE
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LOSS P~~~ETERS FOR SUBBASIN: ~
=================

soil Survey Used

XKSAT
========

AGUILA & CENTRAL

Hap Unit AREA
SQ.HI.

% Area XKSAT log(XKSAT) % ROCK % Area
*(% Area) OUTCROP * %R.O.

TrB
68
18
109

0.072
0.042
0.039
0.034

38.62
22.61
20.65
18.12

0.13
0.63
0.33
0.35

-0.342
-0.045
-0.099
-0.083

0.00
0.00

15.00
35.00

0.00
0.00
3.10
6.34

TOTlI.L =

DTHETA

Dry =
Normal
Wet =

LlI.ND USE

0.187 SQ.HI.

0.35
0.25

o

XKSAT =

" PSIF

0.27 %ROCK=

3.61

9.44

LAND USE
type

% lI.re=. DTEETlI.
condition

% veg.
cover

% Imp. ImpArea
Inc. ROW SQ. HI.

Il'. Wgtd. IA
in. in.

-----------------------------------------------------------------------------
0.099 DESERT 52.96 DRY 25.00 0.00 0.00 0.15 0.079
0.006 H.D.R. 3.16 NO~.Jl.L 25.00 45.00 0.00 0.10 0.003
0.060 M.F.R. 32.04 NO Rl1Jl.L 25.00 65.00 0.04 0.10 0.032
0.022 COHM 11.84 NO~J..L 20.00 90.00 0.02 0.10 0.012

0.187 =TOTAL AR~A

PE:RCENT OF SUBBASIN

0 "!\. lWER..ll.GE =

DRY =
NOR}Lu.L
WE:T

24.41 TOTAL
%

52.96 %

47.04 %
0.00 %

0.06 AVG. = 0.126
32.90

SUBBASIN DTHETA WEIGHTED BY LAND USE

SUBBASIN XKSAT ADJUSTED FOR VEG.

0.303

0.313

IMPERVIOUS AREA: URBAN @
ROCK OUTCROP @

100 % effective = 32.90
60 % effective = 5.66

% EFFECTIVE IMP. = 38.57

INPUT VALUES FOR MCUHP2 PROGRfu~

SUBBfl.SIN AREA
sq.mi.

0.187

LENGTH
miles

0.830

Lea
miles

0.570

SLOPE
ft/mile

315.00

IA DTHETA PSIF XKSAT RTIMP
inches %

0.126 0.303 3.61 0.313 38.57
---------------------------------------------~--------------------------------------
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LOSS PARAMETERS FOR SUBBASIN: a
Soil Survey Used

XKSAT
========

=================
AGUILA & CENTRAL

Map unit AREA
SQ.MI.

% Area XKSAT log(XKSAT) % ROCK % Area
*(% Area) OUTCROP * %R.O.

18 0.225 43.95 0.33 -0.212 15.00 6.59
TrB 0.214 41. 87 0.13 -0.371 0.00 0.00
RS 0.037 7.23 0.4 -0.029 65.00 4.70
109 0.022 4.24 0.35 -0.019 35.00 1. 48
CO 0.010 1.96 0.29 -0.011 20.00 0.39
68 0.004 0.75 0.63 -0.002 0.00 0.00

TOTII.L =

DTHETA
========
Dry =
Normal
ylet =

LAND USE
========

0.512 SQ.MI.

0.36
0.25

o

XKSAT =

PSIF

0.23 %ROCK= 13.17

4.12

AREA
SQ.MI.

LII.ND USE
type

% Area DTHETA
condition

% veg.
cover

% Imp. ImpArea
Inc.ROW SQ.MI.

Ill. Wgtd. Ill.
in. in.

0.275 DESERT 53.73 DRY 25.00 0.00 0.00 0.15 0.081
0.165 M.D.R. 32.29 NORMJI.L 25.00 45.00 0.07 0.10 0.032
0.020 M.F.R. 3.92 NORHAL 25.00 65.00 0.01 0.10 0.004
0.052 COIA_11 10.06 NORHl-.L 20.00 90.00 0.05 0.10 0.010

0.512 =TOTAL AREA

·PERCENT OF SUBBASIN

OK ·P..VERJI.GE =

DRY =
NORl-LlI.L
WET

24.50 TOT?-.L
%

53.73 %
46.27 %
0.00 %

0.13 AVG. = 0.127
26.13

SUB3ASIN DTHETA WEIGHTED BY LAND USE

SUBBASIN XKSAT ADJUSTED FOR VEG.

0.309

0.267

IMPERVIOUS AREA: URBA.N @
ROCK OUTCROP @

100 % effective = 26.13
60 % effective = 7.90

% EFFECTIVE IMP. = 34.03

INPUT VALUES FOR MCUHP2 PROG~~

SUBBASIN AREA
sq.mi.

LENGTH
miles

Lea
miles

SLOPE Ill. DTHETA PSIF XKSAT RTIMP
ft/mile inches %

., .. -= ...... ?<;7 nn 0.127 0.309 4.12 0.267 34.03
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______________ CHECKED BY DATE

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

__________________ PAGE __ OF __PROJECT

DETAIL

SUB-BASIN INFORMATION

SUB-BASIN # I

0.516 square miles
1.220 miles
0.510 miles

~~ f .~SLOPE= 162 ft/mile
~)I y Kn= .0.05

-Kb:: ~r:dlo'" \Clc..4t1(

/ln~ 'r
k,·v1 f~

~V
AfI --------------------=S=U=B---=B-=-A-=S=I:::-:N:---7.#--=2---------------

AREA=
LENGTH=
Lea=
SLOPE=
Kn=

0.187
0.830
0.570
315
0.042

square miles
miles
miles
ft/mile

LAG=0.254 hrs.

SUB-BASIN # 3

AREA=
LENGTH=
Lea=
SLOPE=
Kn=

0.512
1.160
0.750
257
0.042

square miles
miles
miles
ft/mile

LAG=0.33 hrs.



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT PAGE _ OF __

DETAIL COMPUTED DATE __

__________ CHECKED BY DATE __

CHAPTER 2 : RAINFALL

·WHAT'S NEW IN REV.IS/ON I_?

I. 2 hr; /00 'lear ISCJhljeta/ /Yap
add~d (F,tj.2.1) .

2. PI?EFRF rt::co"'W1~nded to ease.
dcve/opm~nt of' rainPa// stat/st-ics
rep /ac~s t::h~ NOAA eru.a f/ans
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*** 0 U T PUT D A T A ***
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR Gila Bend 5S-5W-36 4 inputs
PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 8

POINT VALUES

RETURN PERIOD
DURATION 2-YR 5-YR 10-YR 25-YR 50-YR 100-YR 500-YR

5-MIN .33 .44 .52 .62 .70 .79 .98 5-MIN

10-MIN .49 .67 .78 .95 1. 08 1. 21 1. 50 10-MIN
15-MIN .59 .83 .99 1. 21 1. 38 1. 55 1.94 15-MIN
30-MIN .79 1.11 1.33 1. 63 1. 87 2.10 2.63 30-MIN

1-HR .96 1. 38 1. 65 2.03 2.33 2.62 3.30 1-HR
2-HR 1. 04 1. 51 1. 82 2.24 2.57 2.89 3.65 2-HR
3-HR 1.10 1. 59 1. 93 2.38 2.73 3.08 3.88 3-HR
6-HR 1. 20 1. 76 2.13 2.64 3.03 3.42 4.32 6-HR

12-HR 1. 30 1. 93 2.35 2.91 3.35 3.79 4.79 12-HR
24-HR 1. 40 2.10 2.56 3.19 3.67 4.15 5.26 24-HR

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA V~~UES:

DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTWNEST UNITED STATES
NO~~ TECHNICAL MEMORANDUM NWS HYDRO-40
ZEHR ~.ND MYERS
AUGUST 1984

INPUT DATA

PROJECT NAME=Gila Bend 5S-5W-36 4 inputs
ZONE= 7 SHORT-DURATION ZONE= 8
LATITUDE= .00 LONGITUDE= 100.00 ELEVATION= 0
2-YR, 6-HR PCPN= 1.20 100-YR, 6-HR PCPN= 3.42
2-YR, 24-HR PCPN= 1.40 100-YR, 24-HR PCPN= 4.15

* * * * END OF RUN * * * *



3i./a 12.·, out

*** 0 U T PUT 0 A T A ***
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR Gila Bend 5S-5W-36 12 inputs

PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 8

OPTION NUMBER 2 --- INPUT OF 12 PRECIP VALUES

POINT VALUES

RETURN PERIOD
DURATION 2-YR 5-YR 10-YR 25-YR 50-YR 100-YR 500-YR

5-MIN .33 .44 .52 .62 .71 .79 .98 5-MIN

10-MIN .49 .67 .79 .95 1. 08 1. 21 1. 51 10-MIN

IS-MIN .60 .84 1. 00 1. 22 1. 39 1. 55 1. 95 IS-MIN

30-MIN .79 1.12 1.34 1. 64 1. 88 2.11 2.64 30-MIN

1-HR .96 1.38 1. 66 2.05 2.34 2.63 3.31 1-HR

2-HR 1. 04 1. 51 1.82 2.25 2.58 2.91 3.66 2-HR

3-HR 1.10 1. 60 1. 93 2.39 2.74 3.09 3.90 3-HR

6-HR 1. 20 1. 76 2.14 2.65 3.04 3.43 4.34 6-HR

12-HR 1. 29 1. 93 2.35 2.92 3.36 3.79 4.81 12-HR

24-HR 1. 39 2.09 2.56 3.19 3.67 4.16 5.27 24-HR

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:

DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40
ZEHR AND MYERS
AUGUST 1984

INPUT DATA

PROJECT NAME=Gila Bend 5S-5W-36 12 inputs
ZONE= 7 SHORT-DURATION ZONE= 8
LATITUDE= .00 LONGITUDE= 100.00 ELEVATION= 0

12-VALUE PRECIPITATION OPTION
PRECIPITATION VALUE:
1.20 1.75
2.14 2.66
3.05 3.42
1.40 2.07
2.55 3.20
3.68 4.15

* * * * END OF RUN * * * *

7
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step 1

Rational Method
Example:Urban watershed

compile Physical Parameters.

Page 2

step 2

watercourse Length = 2600 ft. + 1500 ft. = 0.777 Miles
Drainage Area = 123 acres = .192 square miles
Watercourse slope = (1196 ft. - 1177 ft.)/0.777 miles = 24.5 ft./mile

A. calculate Runoff coefficient. For weighted coefficients, select
middle of range values from Table 3.2. For the 100-year event:

c (40/123) (0.22) + (60/123) (0.815) + (23/123) (.315) = 0.53

B. Calculate Roughness Coefficient using Table 3.1 or Figure 3.1:

step 3

Kb for park (minimal roughness) = -.00625(10g 123) = .04 = .027
apartments (minimal roughness) = same as above = .027
utility R/W (moderate low roughness) -.03175(10g 123) = .08 =
.0513.
Kb = (40/123) (.027) + (60/123) (.027) + (23/123) (.0513) = .0315

c. Find the 100-year, 2-hour precipitation depth for T1S, R6E, Sec.
11 from Figure 3.3 = 2.6"

Calculate Tc = 11.4(L-0.5)(Kb-0.52)(S--0.31)(i--0.38)

Where L = 0.777 miles
S = 24.5 ft./miles
Kb = .0315

Plug in the known vaariables:

Tc ( 0 • 61 75) (i - - 0 • 3 8 )

since we still have two unknowns, the equation must be solved by iteration.
choose a starting value for Tc, say 25 minutes. From figure 3.2, i100 = 4.5
in/hr. since our watershed is outside Phoenix Metro Area (in terms of
rainfall), we will adjust the rainfall intensity values using equation 3.3
from the Manual. To solve this equation, we will need to find the 10-year,
6-hour rainfall total for the site we're analyzing. By locating the site on
Figure 2.4, we see that this amount is 1.9 inches.



Page 3

step 4

We begin with iteration #1: For our site, i100 = iphoenix(p10,6/2.07) =
4.5(1.9/2.07) = 4.13 in./hr. So, Tc = (0.6175)(4.13--0.38) = 0.36 hours
21.61 minutes, not close enough to 25 minutes. For our next iteration, we use
a starting value for Tc of 21.6 minutes. From figure 3.2, i100 4.85 in/hr.
i100 = 4.85(1.9/2.07) = 4.45 in./hr. Tc = (0.6175)(4.45--0.38) = 0.35 hours =
21 minutes, which is close enough!

step 5
Now we apply what we have found to the peak discharge equation:

Q=cU
=(0.53)(4.45)(123) 290 cfs

step 6
------ Now we'll estimate the volume of runoff which must be retained from
the 100-year, 2-hour storm event. Locate our site on figure 3.3 and look at
the isohyetal lines on the figure to estimate what the precipitation value is.
In this case it is equal to 2.6". Next we apply this to the volume equation.
Notice that the precipitation must be expressed in feet.

Q = CPA
(0.53)(2.6/12)(123) 14.1 acre-feet



Procedures for calculation of subbasin Green & Ampt parameters

S~bbC\sin Z

/' .,>."

.....~

STEP 1: Planimeter soil map unit areas (or get from CAD or GIS)

Ex. Map Unit
Gv
Br
CO

Area
80 %
10 %
10 %

STEP 2 : Look up XKSAT and Rock Outcrop values for the map units from Appendix B.

Map Unit
Gv
Br
CO

XKSAT (inlhr)
0.01
1.05
0.29

Rock Outcrop (%)
o
o
20

STEP 3:

XKSATavg

Calculate the logarithmic areal average XKSAT for subbasin Z.

= log -1 [ .8*log(.01) + .1*log(1.05) + .1*log(.29) ]
= 0.02 (vs. 0.14 if linear areal averaged)

STEP 4: Determine PSIF and DTHETA from Fig. 4.3 using XKSATavg found in step 3.
PSIF = 11.25 inches DTHETA (dry) = .19

DTHETA (normal) = .10

STEP 5: Adjust bare ground XKSATavg for vegetation cover using Fig. 4.4
(Assume average subbasin vegetation cover = 20 %)

Ck = (Vc-10)/90 + 1 = (20-10)/90+ 1
= 1.11

Therefore, XKSAT adj. = 1.11 * 0.02 = .022

Finally,

STEP 6: Calculate IA and RTIMP for subbasin Z.
Assume CO area is natural mountain area and remainder of the subbasin is hillslopes.
Further assume that the rock outcrop in CO is 75 % connected impervious area.

Using Table 4.1, IA = 0.1 * 0.25 + 0.9 * 0.35 = 0.34 inches

RTIMP =0.75*(20%) = 15% *0.1 =1.5%



o ...{. cc '""t cl--........,..>4-J-~A'1 r'" ~

CIl.BERT

Hap Unit Description

HESA

Hap Unit Oesc.ription

CHANDLER

Hap Unit Description

MARICOPA CO.

Hap Unit Description

PHOEII1X

Hap Unit Ducripdon

CaveCrFlS GUbert-Chandler

1 lap. Land Use Cn.tlgory t Imp.
"tempe

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AgricultureAgricultureAC-lAgricultureAGAgriculture A~

--------._----...._---_.-------------------------------------------------------------------------------------------.--------------------------.--------------------------.------. ---._-------------.-------------
AG

RI-90 Single Residence RURAL-l~O 190,000 sq.ft:./dweUing 5-1 Rancb or Fat"lll Res.,>l ac 15 Very Low 15

SR Suburban Ranch RURAL-70 70,000 sq. fc./d\lelUng 5-2 Ranch or Fat"lll CotDlllerciel 18 Density 15

Rl-t,) Rural RURAL-I,J One acre/dwelling uni!: RE-loJ Singh Yamily. I acn min 20 R.sid.ntb,l I>

._---..._------------.---------------------_._--------.--------------------------._-------_._------------------_...._._-----------------_._--------------------------------.---------------------------------_..-
R!·)5 Rural Rll8ideneial RI-35 Singh Rtllidonce SF-)) Singh family RI-35 Sin. Yllm. R... ,35 .000.qft RE-35 Sf. 35,000 aqfe min 22 Low 2S

RE-2Io Sf, 24,000 aqft min 2S Deosit.y 2S

RI-20 SF-IS Singt. family RI-18 S'FR, 18,000 sq fe/unit. RI-18 SF. 18.000 Iqft min 2S RtI.ideot.ial 2S

JU-J5 SF, Residential RI-15 RI·14 SF, H,OOO Iqh min 30 2S fl.-IS

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
RHO

fl.1 -~

""1-1'

---------------------------------------------------------------------------------------------- ----- --- :':(,
fl.-2.
R-3R
R-'-i
p.. -Ih

~MH

MHS
TP

R-2 Duplex R-2 Rest.rict.ed MultLRel. tfF-I Hedium Density R-2 2 Falllily Res idence R-2 1iF, ", 000 Iqft per unit 60 6S

R-3 Hul t i-Fam., Apartment.s R-3 Ltd Hulti Res. tfF-2 Multi-Family R-3 Hulei-Fam •• Residential R-3 1iF, J,OOO sqft per unit. 6S 6S

R-' Hulti-YalD•• Ceneral R-' C.neral Hulci R... tfF-3 Bigb Density R-' R-' HF, 1,500 Iqft per unit 6S Huldph 6S

R-S Townhoultl Residential R-' R-4A MY, 1,000 sqfc per unit 70 Family 6S

R-' 70 Reddendal 6'

HH Hobil. Rome TCR-2 TC, Rescricted Hulti.R.s MR-I Hobile BOllles M!IR Hanufctrd Sousing. Res CP/DP Business Park. 6S 6S

CTP COllLlllercial Trailer Park TCR-3 TC I Ceneral Hult.L. ·Rea. R-B Resort District 6S 6'

RI-IO SF, R.sidential RI-9 Singt. Ruidenca SF-IO Singh FalDily RI-I0 SfR. 10.000 sq fe/unit. RI-IO SF, 10.000 aqft ale 38 Medium U

11-8 RI-8 SfR, 8.000 aq ft./unit 11-8 SF, 8.000 aqfe min 'S Deesiry 'S
Rl-7 Rl-7 SF-7 Single Family RI-7 SFR. 7,000 aqft/unir Resident.bl 'S

RI-6 RI-6 STR. 6,000 Iqft/unit 1\1-6 SF, 6,000 sqfe min SO 'S

TCR-I Town Ctr, Single Family R-O RIlS. Office SO 'S
--------------------------. __...._--.._---_._.._._._.------------------------------------------------_._---_.

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ~: ~

(;-2.
CCO

C-l Light Commercial Col Neighborbood Commercial C-1 Neighborhood COllLlllercial C-1 Neighborhood Commercial C-I Neighborhood COllllDerci.l 95 90

C-2 Ceneral COllLlllercial C-2 Lilllieed COllLlllercial C-2 COllLlllunit.y Commercial C-2 Intermediate Commercial C-2 IntertDediate COllllDercial 95 90

C-3 Central Commercial C-3 Ceneral Commercial C-3 Regional Commercial C-3 Ceneral Commercial Co) Ceneral COllllJlercial ., 90

COllLlllercial

RS Ruident.ial Services OS Office-Service G-O COllLlllercial Offica CoO Comm. Office/Rest.. COllLlll. H 90

RCC Residential Convenience. TCC TC,BLgblnl:ensity HuedUse BR Higb Rise District. 8' 90

TCB-I TC, Ltd. Comm./Cen. Hnfct

TCB-2 TC, Cen. COllLlll./Lgt.. Hafct

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1-1

1-2

1-3

Carden Type Industial H-I

Light Industrial H-2

Ceneral Industrial

LlmLced Industrial

Ceneral Induacrial 1-1
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Ceneral Industrial

1-2

1-3

Light Industrial
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A-I Ligbt Industrial

A~2 Heavy Industrial

H

H

H
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H
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PAD

PSC-I

PSC-2

18

Planned Area Development

PLanned Itgbrhd Shopping

Planned Shopping Center

InduutriaL Buffer

PEP

PF

PAD

Plann.d Employment Park PCO

Public Facilities

Planned Area Developmenc PO Planned Oev. Overlay PAD Planned Area Oeveloplllent 8'

CS Planned Shopping Center PSC Planned Shopping Center 8S

Planned C Offices

SU Special Uses

SG Sr Ciczen o..,erll1Y PCD Planned COllllllunity Dev. 60

NUP "gbrhd Plan of Oev.

RUP RoaideneLal Plan of Dey.

IUP Industrial Plan of Oev.

R.O.\I. Right of \Jay VARIABLE

P-1 P:a:rk.ing. Open VARIABLE
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

AGENDA~ORM

ContracVLease for 0 NEW 0 RENEWAL 0 AMENDMENT 0 CANCELLATION
(lor existing. record Encumbrance No. below)e LOW ORG. NO. _6_9_0_0 DEPARTMENT: Flood Control District CONTROL NUMBER: _~F~C=D_-~1~24~1~ _

Public Works NUMBER PW 1241ENCUMBRANCE NO. AGENCY: _=-=:.:..::.:::..::......:.-.:..=..:~ CONTROL : _~c.:..:..:"'~~,---__

1. BRIEF DESCRIPTION OF PROPOSAL AND REQUESTED BOARD ACTION: It is requested that the l303rd of Directors

awrove a resolutioo adcpting volurre one of a tw::>-volurre drainage design rranual. EhtitleJ the Hydrologic
I:esign Manual for M3rio:pa CCAmty, volurre one provides tedmi.cal procedures for estiIrating stomwater
ruroff to assist engineers in the design of storm drainage facilities. Volurre tw::> of the drainage design
rranual will provide ''hydraulic'' design guidelines as q::posed to "hydrolc¢c" procedures and will be
presented. for the l303rd' s cx:msideratioo at a future date. Develcprent of the rranuals was arrong the
cbjectives of a nulti-jurisdictional task force forxred by the District in 1985 to establish a a:::mrrn tasis
for drainage rranagarent within M3riccpa County. By fomally adcpting volurre one, the l303rd will establish
the hydrolc¢c design procedures descril::e:l in the rranual for use by District staff, by jurisdictions cost
sharing with the District in flcx:rl control projects, by contractors perfonning w::>rk for the District and,
beginning January 1,1992, by all parties sul::mi.tting drainage rep:>rts and sbJdies to the District for
review and awroval. The Flcx:rl Control Mvisory Eoard rea:rnrerrled a.dcpti.on of this resolution at its
January '23, 1991 rreeting.

2. COMPLIANCE WITH MARICOPA
COUNTY PROCUREMENT CODE

SOLE SOURCE JUSTIFICATION

• CONTINUED FROM MEETING OF

DISCUSSED IN MEETING OF

N/A
anicte

N/A
paragrap"

• 0 THIS DEPARTMENT WILL CAUSE PUBLICATION

o CLERK OF THE BOARD TO CAUSE PUBLICATION

5. MOTION: It is moved that the Flood Control District of Maricopa County Board of Directors. 'adopt Resolution
FCD 91-03, the Hydrologic Design Manual for Maricopa County, thereby requiring its use
by jurisdictions cost-sharing with the District in flood control projects, by
contractors working for the District, and beginning January 1, 1992, by all parties
sul:mitting drainage rep::>rts and studies to the District for review and cq;:proval.

11. OTHER: --'- _

$
Tota'

7. PERSONNEL:

Personnel Director

9. MATERIALS MANAGEMENT:

A.
Materials Management Director

B.
W/MBE Reoresentatlve

SIgnature

Fund

Date

Date

Date

Dale

g;- ?7e-f(
Date

•~R D FOR AGENDA:

?/:/A'/-cRc(C/L"";? ) - Z g - " /
Approvtng Olflc",1 Date

Comments:

15. RECOMMENDATION OF COUNTY MANAGER:

)8lAPprove 0 Disapprove

Dale

{)(.~

~o

Date

Date

e of meellngJ ~R

13. OTHER: _

69 10 - 00 1 R5-90



Executive Sary
Theobjectiveof the Drainage Design Manual for Maricopa County, Volume I, Hydrology,
(hereinafter referred to as the Hydrology Manual) is to provide technical procedures
for~he estimation of flood discharges for the purpose of designing stormwater
drainage facilities in Maricopa County. Two methodologies are defined for the
development ofdesign discharges; the Rational Method, and rainfall-runoffmodel-

, ing using a design storm. Forsmall, 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 volumes 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
runoffmodel should bedeveloped. The HydrologyManual 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-l Flood Hydrology Program facilitates the use of the procedures
that are contained in the Hydrology Manual. (The Hydrology Manual was written to
supplement the HEC-l Users Manual.)

The Hydrology Manual can be used to develop design discharge magnitudes for
I 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 runo!f
from rainfall events up to and includingthe 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 Hydrology Manual.

The rainfall-runoffmodelingprocedure that is containedin themanual is physically
based, that is, the procedures are based-to the extent practical-on the physical
processes that occur during the generation of storm runoff from rainfall. While the
basic procedureisphysicallybasedthis doesnotassure thatthe 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,

June 1, 1992



II

when applied with good hydrologic judgement, should yield consistent results for
design purposes.

Throughout the development of the Hydrology 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 manualthrough 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 ana semi-arid lands.

Reproducibilityis a characteristic that providesa reasonableassurance thatconsistent
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 Hydrology Manual follows:

Chapterl, Introdudion: 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 rqinfall criteria. Procedures
and, information are provided for the determinatipn of depth-duration-fre
quency statistics ofstorms in MaricopaCounty. The~earederived from NOAA
Atlas 2, Arizona, which is the most comprehensive a.nd authoritative source of
such information. The liniitations and potential inacr:;uracy of the NOAA Atlas
is recognized ~nd until an eqUivalently accepted source of rainfall statistics is
provided, this source must be used. Recent reanalysis of the short duration
(less than I-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 fol' use in Maricopa County,
and this modificationincludes using thehypotheticaldistribution for drainage

f
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Appendices: Loss rate tables for soils in Maricopa County, Textural Class Diagram,
selected blank figures, worksheets, and other supporting information are
provided in the appendices. Appendix H compares flood estimates obtained
using the methods in this manual with estimates obtained by other methods
thatare, or have been, used in Maricopa County.

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

iv June 1,1992



Revision I

Changes to the originalHydrologic Design Manual for Maricopa County dated Septem
ber I, 1990:

1. The title of the document has changed. The hydrology and hydraulics manuals
are now the Drainage Design Manual for Maricopa County, Volumes I and II,
respectively.

2. A copy of the Agenda Form, signed by the Board ofDirectors on Apri115, 1991,
is included. This form indicates formal adoption of the manual, requiringits
use by jurisidictions that cost-share with the District in flood control projects,
by contractors working for the District, and by all parties submitting drainage
reports and studies to theDistrict for review and approval.

3. Page numbering has changed to section numbering rather than consecutive
(Le., 1-1,2-1,3-1, etc.).

4. Chapter2: Therainfallchapter hasbeensubstantiallycondensed. Thecomputer
program PREFRE has been added to ease development of rainfall statistics for
sites outside the Phoenix metropolitan area. The PREFRE user's manual is
included with the manual as Appendix J. An additional isopluvial map with
2-hour, 100-year depths has been added.

5. Chapter3: New roughness factor descriptions were developed. "c" coefficients
will now be adjusted to reflect storm frequency, and a new table is included.
A computer program RATIONAL.EXE is included for development of dis
charges and volumes using the Rational Method.

6. Chapter 4: The methodology used to develop Green and Ampt loss parameters
has been substantially modified and Simplified. The section on the Initial plus
Uniform Loss Rate Method has been reduced, and limitations for the use of
that method are provided. An equation is provided for calculation of the
XKSAT vegetation adjustment coefficient.
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7. Chapter 5: New land classification descriptions are provided to facilitate selec
tion of parameters in the Kb equation. An error was corrected in the Lag
equation (the Corps of Engineers uses C =24 Kn instead of C =20 Kn>. The
MCUHPl and MCUHP2 computer programs were revised to reflect our
changeofaddress, someadditional data inputswereadded to facilitate review,
and an error was corrected in the 2-hour storm distribution (the program was
underestimatingTcbecause ofan incorrect summation of thefirst three rainfall
excess values).

8. Chapter 6: The routing chapter now includes guidance on using the Muskin
gum-Cunge routing option recently available in HEC-l. A sample problem is
included in the Examples section.

9. Chapter 7, the Appendices, and the Examples have all been updated to
incorporate the changes outlined above.
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-The information, procedlJ.res, and recommendations that are presented in this
manual are mainly the result of previously published efforts of many diligent and
talented engineers and scientists. Theauthors ofthis manual have made everyeffort
to cite the original authors and researChers whose contributions to this manual, and
to the science of hydrology, are gratefully appreciated.

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

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

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

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

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

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

John T. Pedersen, P.E., Supervisor Hydraulic Engineer, U.S. Army Corps of En
gineers, Los Angeles District.

WalterJ. Rawls,Ph.D., Hydrologist,AgriculturalResearchService,U.S. Department·
of Agriculture, Beltsville, Maryland.

KennethG.Renard,Ph.D.,P.E.,AridLandsWatershedManagementResearchUnit,
U.S. Department of Agriculture, Tucson, Arizona.

Tim J. Ward, Ph.D., P.E., Professor ofCivil, Agriculture, and Geologic Engineering,
New Mexico State University, Las Cruces, New Mexico.

David Woolhiser, Ph.D., P.E., Arid Lands Watershed Management Research Unit,
U.S. Department of Agriculture, Tucson, Arizona.
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Phase 1 Research, evaluate, develop, and produce uniform criteria for drainage
of new development which resulted in the Uniform Drainage Policies and
Standards for Maricopa County.

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

Phase 3 Prepareanin-depthevaluationofregionalrainfalldataandestablishprecipita
tion design rainfall guidelines and isohyetal maps for Maricopa County.

As a part of Phase 2, the Drainage Design Manual for Maricopa County, Volume I,
Hydrology, will provide the necessary data for Volume II, Hydraulics.

II Scope and Limitation

1!11!!!!l!I!!!!I!!!!I!!!!! When using the procedures detail'=<! 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 ofrunoffdata 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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Using this Manual

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

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

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

Introduction
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I General

2.1.1 Storm and Flood Occurrence in Maricopa County
Storms in Maricopa County are often classified as general winter, general summer,
and local storms. General storms are usually frontal orconvergence type that cover
large areas and have traditionally contributed to flooding of the major drainage
watercourses in the County. Local storms are usually associated with convective
activity and hence normally occur in the summer, although local storm cells
(typicallyoflesser intensity than withoutfrontal activity) canbeimbedded in larger,
general storm systems.

General winter storms usually move in from the north Pacific Ocean, and produce
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. Such storms 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
characterized by low intensity, long duration, and large areal extent, but on oc-
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General

casion, 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 are often associated with tropical storms. The Pacific
Ocean north of the equator and south of Mexico is a breeding ground for such
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 caughtup in the large
scale circulation around a low pressure center in southern California and therefore
can bring a persistent flow of moist tropical air into Arizona. The storm pattern
consists ofa band of locally heavy rain cells within a largerarea of light to moderate
rainfall. Whereas general winter storms can cover 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 consist ofscattered heavy downpours of rain overareas ofup 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 typicallyassociated 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.

2.1.2 Design Rainfall Criteria for Maricopa County
The critical flood-producing storm for most watersheds in Maricopa County is the
local storm. The limit of such storms is generally less than 500 square miles with
durations less than 6 hours. Local storms are characterized by central storm cells
(possibly as large as 100 square miles) that produce very high intensity rainfalls for
relatively short durations. The rainfall intensities diminish as the distance from the
storm cell increases. Therefore, for the majority of watersheds and drainage areas
in Maricopa County, the local storm will produce both the largest flood peak
discharge and the greatest runoffvolume. Based on a review of meteorologic
studies for Arizona (U.S. Army Corps of Engineers, 1974 and 1982a) and a con
sideration ofsevere storms for Maricopa County, it was determined that the 6-hour
local storm should be used as the design storm criteria for watersheds in Maricopa
County with drainage areas of 100 square miles and less.

Record floods for large drainage areas, suchas for the Salt River near Phoenix, were
produced by large-scale general storms ofmultiple day duration and relatively low
rainfall intensities. Therefore, based on that observation, for drainage areas larger
than 500 square miles it was determined that the general storm should be used as
the design storm criteria. Because of the infrequent need for design criteria for such



Rainfall

large areas as well as other considerations, design rainfall criteria are not defined
in this manual. General storm criteriaare to bedefined for such large, regional flood
studies on a case-by-case basis so that the most appropriate meteorologic and
hydrologic factors (possibly also including snowmelt for stream baseflow and
watershed antecedent moisture conditions) can be properly considered in the flood
analysis.

Fordrainage areas between the critical flood-producing upper limit for local storms
000 square miles), and the lower limit for general storms (500 square miles), it can
notbedetermined whether a local storm ora generalstorm will produce the greatest
flood peak discharges or the maximum flood volumes. For such drainage areas,
generallybetween 100 and 500 square miles, it is necessary to consider both general
storms and local storms. This may require that site-specific general storm criteria
be developed for the watershed and that various local storms with critical storm
centering assumptions be developed using the criteria in this manual. Both of these
storm types would be modeled and executed in the watershed model to estimate
flood discharges and runoff volumes. It is possible, in certain situations, that the
local storm could result in the largest peak discharge and the general storm could
result in the largest runoff volume.

The Uniform Drainage Policies and Standards for Maricopa County, Arizona, February
1987, stipulates that the 100-year, 2-hour rainfall be used for the design of reten
tion/detention facilities. As such, criteria are provided in this manual to define the
100-year, 2-hour rainfall for use in Maricopa County.

The design rainfall criteria to be used in Maricopa County are summarized in Table
2.1. The specific procedures that are needed to define the design rainfall for the
100-year, 2-hour storm 'and the 6-hour local storm are provided in the following
sections.

Table 2.1
Design Rainfall Criteria for Maricopa County

'\

Purpose Criteria

On-Site Retention/Detention Facilities 1DO-year, 2-hour rainfall as defined in this
manual.

All Other Purposes:

Drainage area: 0 to 100 square miles 6-hour local storm as defined in this
manual.

Drainage area: larger than 500 square General storm determined on a case-by-
miles case basis considering appropriate

meteorologic and hydrologic factors.

Drainage area: 100 to 500 square Both critically centered 6-hour local storm
miles as defined in this manual, and the general

storm determined on a case-by-case basis
considering appropriate meteorologic and
hydrologic factors.
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II Rainfall Depth
';';':':';';'=;:.:.:.;.:.:.:.:.

2.2.1 Data Analyses
The most comprehensiveand available source of rainfall data analysis for Maricopa
County is the NOAA Precipitation-Frequency Atlas for Arizona (Miller and others,
1973). Until a more up-to-date data base and data analysis becomes available, the
NOAA Atlas is to be used for all drainage design purposes in Maricopa County.
The only deviation from the NOAA Atlas procedures that are currently recom
mended is the use of the short-duration (less than 1-hour) rainfall ratios that were
published by Arkell and Richards (1986).

2.2.2 Depth-Duration-Frequency Statistics
The depth-duration-frequency (D-D-F) statistics in the NOAA Atlas are shown as
a series of isopluvial maps of Arizona for specified durations and return periods
(frequencies). Selected isopluvial maps for Maricopa County have been
reproduced from the NOAA Atlas and these are contained in the Manual (Figures
2.1 through 2.13). It is possible that flood studies of certain large watersheds may
require reference to the NOAA Atlas directly to determine the rainfall depths for
the portion ofthe watershed that exists outside the boundaries ofMaricopa County.
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2.2.3 Rainfall Statistics for Special Purposes
There may arise situations for special purposes where it is necessary to define
rainfall D-D-F statistics other than those provided in Figures 2.1 through 2.13. In
those situations, the isopluvial maps and procedures that are contained in the
NOAA Atlas along with the short-duration rainfall ratios from Arkell and Richards
(1986) should be used. As an aid in the analyses and development of D-D-F
statistics, a program (PREFRE) written by the Office of Hydrology, National
Oceanicand Atmospheric Administration, and as modifiedand documented by the
U.S. Bureau of Reclamation (1988), is provided. Use of the PREFRE program to
calculate D-D-F statistics for special purposes is encouraged to minimize analysis
errors and to increase the reproducibility of the rainfall depths that may be calcu
latedbydifferentusers and reviewers. Thediskette included in this manualcontains
the PREFRE program as well as the MCUHP1 and MCUHP2 programs. The
PREFRE users' manual is contained in Appendix J. Appendix F contains a graph
form for plotting rainfall depth-frequency values.

Users of this manual who may also be interested in defining general storm criteria
for large watersheds, should note that it may be necessary to consider storms of
durations longer than 24 hours. Provision of the 24-hour rainfall statistics does not
preclude the use ofa longer duration rainfall ifdeemed appropriate for a particular
watershed or study. The 24-hour isopluvial maps are provided in this manual for
the user's convenience because this is the rainfall depth often specified for general
storms. If rainfall depths are needed for a duration longer than 24 hours, plot the
rainfall depth versus rainfall duration for 1-hour to 24-hour (for a given rainfall
frequency) on log-log paper and fit a straight line to the data points. Extend the
straight line to the desired duration(s) and read the corresponding rainfalldepth(s).

~~~[[~[[[~[~I[[[[[[I~ The rainfall depths from the isopluvial maps in Figures 2.1 through 2.13 are point
rainfalls for specified frequencies and durations. This is the depth of rainfall that
is expected to'occur at a point or points in a watershed for the specified frequency
and duration. However, this depth is not the areally-averaged rainfall over the
basin that would occur during a storm. A reduction factor is UBed to convert the
point rainfall to an equivalent uniform depth of rainfall over the entire watershed.
As the watershed area increases, the reduction factor decreases, reflecting the
greater nonhomogeneity of rainfall for storms of larger areas.

Regionalresearchby theAgriculturalResearchService,U.S. DepartmentofAgricul
ture, for the Walnut Gulch Experimental Watershed near Tombstone, Arizona,
indicates that local storms are characterized by relatively small areas of high
intensity rainfall resulting indepth-area reductioncurves thatdecrease rapidly with
increasing area. The U.S. Army Corps of Engineers studied historic storms in
Arizona and published the results of those studies (U.s. Ariny Corps of Engineers,
1974). The depth-area reduction curve that is to be used in Maricopa County is the
curve that was developed by the U.S. Army Corps of Engineers for the 19 August
1954 Queen Creek Storm. That curve is shown in Figure 2.14 and in Table 2.2.
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Table 2.2
Depth-Area Reduction Factors

for 6-Hour Duration Rainfall

Area, Ratio to
Sq'uare 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

Use the depth-area reduction values from Figure 2.14 or Table 2.2 to correct the
6-hour point rainfall depth from the isopluvial maps (Figures 2.2 through 2.7) for
all,flood studies in which the 6-hour local storm is the design rainfall criteria (see
Table 2.1).

If the flood study is for the design of a retention/detention facility for a small'
drainage area and the design rainfall criteria is the lOO-year, 2-hour storm, then the
point rainfall depths from Figure 2.1 are not to be reduced for area. This is because
local retention/detentionbasins will be provided only for verysnlalldrainageareas
and the point rainfall fr9m Figure 2.1 is representative of the equivalent uniform
depth of rainfall over the entire contributing area.

If a general storm is the accepted design rainfall criteria (as opposed to the 6-hour
local storm as defined in this manua!), then the appropriate depth-area reduction
curve will need to be defined to correspond with the rainfall duration and the
temporal distribution of the general storm. This will need to be performed on a
case-by-casebasisdepending onthe purpose ofthestudy, location ofthewatershed,
and other meteorological and hydrological factors.

2.3.1 Procedure for Depth-Area Adjustment
The following pro<:edure is to be used with the 6-hour local storm rainfall depths
(Figures 2.2 through 2.7):

1. Determhle the size of the drainage area.

2-20 June 1,1992



Rainfall

2. Calculate the point rainfall depth, or the areally-averaged point rainfall depth,
from Figures 2.2 through 2.7 depending on the desired rainfall frequency.

3. Use either Figure 2.14 orTable 2.2 to determine thedepth-area reduction factor.

4. Multiply the' point rainfall depth by the appropriate depth"'area reduction
factor. This is the equivalent uniform depth of rainfall that is to be applied to
the entire watershed.

;Design Storm Distributions

....:.: According to Table 2.1, three types of design storm distributions are to be used in
Maricopa County. This Manual contains information for two of those design storm
distributions; the2-hourstormfor the design of retention/detentionbasins, and the
6-hourlocalstorm. Informationis notcontained in this manualfor the generalstorm
distribution, and that distribution will need to bedeveloped on a case-by-case basis
based onappropriate meteorologic and hydrologic factors.

2.4.1 2-hour Storm Distribution
The 2-hour storm distribution is.to be used for the design of retention/detention
basins (see Table 2.1). The 2-hour distribution shown in Figure 2.15 and Table 2.3
is a dimensionless form of the 2-hour hypothetical distribution for the Phoenix Sky
Harbor Airport location. This distribution can be applied throughout Maricopa
County for the design of retention/detention facilities.

Table 2.3
2-Hour Storm Distribution for Retention Design

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

0 0.0
5 1.1 65 60.1

10 1.8 70 74.3
15 2.3 75 86.3
20 2.8 80 90.1
25 3.2 85 93.0
30 4.6 90 95.4
35 7.1 95 96.2
40 10.0 100 97.0
45 13.7 105 97.7
50 17.6 110 98.2
55 23.2 115 99.2
60 32.7 120 100.0
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Figure 2.15
2-Hour Mass Curve for Retention Design

2.4.2 6-hour Storm Distribution
The 6.,..hour storm distributions are to be used for all flood studies in Maricopa
County of drainage areas less than 100 square miles, except for on-site reten
tion/detention facilities (see Table 2.1). These distributions would also be used for
drainage areas larger than 100 square miles and smaller than 500 square miles by
critically centering the storm over all or portions of the drainage area to estimate
the peak flood discharges that could be realized on such watersheds due to the
occurrence of a local storm over partial areas of the watershed.

The Maricopa County 6-hour localstorm distributions consist of five dimensionless
storm patterns. Pattern No.1 represents the rainfall intensities that can be expected
in the "eye" of a local storm. These high, short.,.duration rainfall intensities would
only occur.over a relatively small area near the center of the storm cell. Pattern No.
1 is an offset, dimensionless form of the hypothetical distribution that was derived
from rainfall statistics from the NOAA Atlas for Arizona (Miller and other, 1973)
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and Arkelland Richards (1986) for the Phoenix Sky Harbor Airport location.
Pattern Numbers 2 through5are modifications of theU.S. Army CorpsofEngineers
(1974) analysis of the Queen Creek storm of 19 August 1954. The dimensionless
form of these 6-hour storm distributions are shown in Figure 2.16 and Table 2.4.

Inspection of the storm patterns in Figure 2.16 indicates that the peak rainfall
intensities are much greater for Pattern No. 1 than for the other pattern numbers,
and that peak rainfall intensity decreases as the pattern number increases. The
selection of the pattern number is based on the size of the drainCl;ge area under
consideration, as shown in Figure 2.17. As illustrated by Figures 2.16 and 2.17, the
maximum rainfall intensities, averaged over the entire drainage area, decrease as
the size of the drainage area increases. This is to account for the spatial variability
of local storm rainfall wherein the maximum rainfall intensities occur at the rela
tively f)mall eye of the storm but that the average rainfall intensities over the storm
area decrease as the storm area increases.

Procedure for using the 6-hour Storm Patterns
The following procedure is to be used for 6-hour Local Storm criteria:

1. Determine the size of the drainage area.

2. The equivalent uniform depth of rainfall for the drainage area would be
calculated as described in Section 2.3.1.

3. Figure 2.17 is used to select the appropriate pattern number (round to the
nearest 0.1 of the pattern number).

4. Use the dimensionless 6-hour distributions of Figure 2.16 or Table 2.4 to
calculate thedimensionless distributionbylinear interpolationbetweenthe two·
bounding pattern numbers.

5. Multiply the dimensionless values of the calculated storm pattern (in decimal)
by the equivalent uniform depth of rainfall from step 2. The resultant distribu
tion is the design rainfall mass diagram for the equivalent uniform depth. of
rainfall and rainfall intensities averaged over the entire drainage area.

As an alternative to the above procedure, the MCUHPl and the MCUHP2programs
will convert the point rainfall depth into the appropriate storm pattern based on a
given drainage area.
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Table 2.4
6·Hour Dist'ributions*

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

*Pattern represents percent Rainfall Depth.
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IIIIIIIII\'~IIIIIIIII 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 ofup 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 6should be used, since the peak generated
by the Rational Method cannot be directly routed.

• Rational Equation
~1~1~111111ml;lml~ljlml~

1II11111111flllllllll1 The Rational Equation relates rainfall intensity, a runoff coefficient and the water
shed size to the generated peak discharge. The following shows this relationship:

where

Q=CiA (3.1)

Q = the peak discharge (cfs) from a given area.

C = a coefficient relating the runoff to rainfall.

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

Tc = the time of concentration (hours).

A = drainage area (C'!-cres).

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
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
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, ,

watershed to the point ofdesign. The pme ofconcentration should be computed by
applying the following equation developed by Papadakis and Kazan (1987):

. SI'rIcl\\, KL\YlIl W~~Y~1)fdS
Tc = 11.4 LO.5Kb0.52S-0.3110.38 (3.2)

where

Tc = time of concentration in hours

L = length of the longest flow path in miles

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

S = watercourse slope infeet/mile

i = rainfall intensity jn 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 ~mall, urban watersheds which result in
minimal rainfall loss. This is pecause of the extent of imperviousness as
sociated with urban watersheds and the fact that the time of concentra-
tion is usually very short. '
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Table 3.1
Equation for Estimating I<b In the Tc Equation

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

Equation
Typical Parameters

Type Description Applications m b
A Minimal roughness: Relatively smooth and/or Commercial/ -o.00~25 0.04

well graded and uniform land surfaces. industrial areas
Surface runoff is sheet flow. Residential area

Parks and golf
courses

B Moderately low roughness: Land surfaces Agricultural fields -0.01375 0.08
have irregularly spaced roughness elements Pastures
that protrude from the surface but the overall Desert rangelands
character of the surface is relatively uniform. Undeveloped
Surface runoff is predominately sheet flow urban lands
around the roughness elements.

C Moderately high roughness: Land surfaces Hillslopes -0.025 0.15
that have significant large- to medium-sized Brushy alluvial
roughness elements and/or poorly graded fans
land surfaces that cause the flow to be Hilly rangeland
diverted around the roughness elements. Disturbed land,
Surface runoff is sheet flow for short distances mining, etc.
draining into meandering drainage paths. Forests with

underbrush
D Maximum roughness: Rough land surfaces Mountains -0.030 0.20

with torturous flow paths. Surface runoff is Some wetlands
concentrated in numerous short flow paths
that are often oblique to the main flow
direction.

11I111I1I1I1I111I1I111111I11 Application of the Rational Equation requires consideration of the following:

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

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

3. The frequency ofoccurrencefor the peakdischarge is the sameas the frequency
for the rainfall prodUcing that event.

'ffi 4. The runoff coefficient increases as storm frequency decreases.
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Limitations

Limitations

1IIIIIIIIIl\'IIIIII\l Applicationofthe Rational Methodis!appropriatefor watersheds less than 160acres
in siz,e. This is based on the assumpti<!>n that the rainfall intensity is to be uniformly
distributed over the drainage area ati a uniform rate lasting for the duration of the
storm. The Maricopa County Unit Hydrograph Procedure described in Chapter 5
may also be used for areas less than 160 acres where hydrograph routing is desired,
or, in cases wherethe Rational Methqd assumptions do not apply. .

I Application

111111111111111111 The Rational Method can be used t~ ·calculate the generated peak discharge and
runoff volume from drainage areas l~ss than 160 acres.

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

2. Select the runoff coefficient, C from Table 3.2

3. Calculate time of concentration; (see Example 4). This is to be done by an
iterative process. Select a duration from the I-D-F curves, F.,!gure3.2"This value
should not belonger than two hqurs and normally i~",willbe less than an hour.
Determine the maximum rainfall intensity indiGat"ed on the I-D-F curve for a
frequency that includes the 100-)',ea~ity value of the corresponding
Tc in the above is for thePhoeni~.Use ip in the following equation
for estimating i for other areas:

where

6
. . (P 10)
1 =lp 2.07

(3.3)

i = the desired intensity for a given duration and frequency.

the intensity for ~e Phoenix Metro area.

the 10-year, 6-ho-ur precipitation depth at the point of interest.
(Can be read from Figure 2.4.)

4. Use the adjusted intensity in Eqp.ation 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 1.

5. Determine peakdischarge (Q) b)' using the above value of i in Equation 3.1.

6. Asanalternative to theabove procedure, thecomputerprogramRATIONAL.EXE
may be used to calculate peak diScharges.
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Rational Method

Table 3.2
C Coefficients for Use with the Rational Method

Return Period
Land Use 2-10 Year 25 Year 50 Year 100 Year

Streets and Roads
Paved Roads 0.75-0.85 0.83-0.94 0.90-0.95 0.94-0.95
Gravel Roadways & Shoulders 0.60-0.70 0.66-0.77 0.72-0.84 0.75-0.88

Industrial Areas
Heavy 0.70-0.80 0.77 -0.88 0.84-0.95 0.88-0.95
Lioht 0.60-0.70 0.66-0.77 0.72-0.84 0.75-0.88

Business Areas
Downtown 0.75-0.85 0.83-0.94 0.90-0.95 0.94-0.95
Neighborhood 0.55-0.65 0.61-0.72 0.66 -0.78 0.69 - 0.81

Residential Areas
Lawns -Flat 0.10 - 0.25 0.11 - 0.28 0.12 -0.30 0.13 -0.31

-Steep 0.25-0.40 0.28-0.44 0.30 -0.48 0.31 -0.50
Suburban 0.30 -0040 0.33-0.44 0.36-0.48 0.38-0.50
Single Family 0045-0.55 0.50-0.61 0.54-0.66 0.56-0.69
Multi-Unit 0.50-0.60 0.55-0.66 0.60-0.72 0.63-0.75
Apartments 0.60-0.70 0.66-0.77 0.72 -0.84 0.75-0.88

Parks/Cemetaries 0.10 - 0.25 0.1'1 - 0.28 0.12 -0.30 0.13 -0.31
Playgrounds 0.40-0.50 0.44-0.55 0.48-0.60 0.50-0.63
Agricultural Areas 0.10-0.20 0.11 - 0.22 0.12-0.24 0.13 -0.25
Bare Ground 0.20-0.30 0.22-0.33 0.24-0.36 0.25-0.38
Undeveloped Desert 0.30-0040 0.33-0.44 0.36 -0.48 0.38-0.50
Mountain Terrain (Slopes> 10%) 0.60-0.80 0.66-0.88 0.72-0.95 0.75-0.95

Note: Values of C for 25, 50 and 100 Year were derived using frequency adjustment
factors of 1.10, 1.20, and 1.25, respectively, with an upper limit of 0.95 for C for
the 2-10 Year values.
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Rational Method

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

V=C(.E...JA12

where

(3.4)

V = Calculated volume in acre-feet

C = Runoff coefficient from Table 3.2

P = Rainfall depth in inches

A = Drainage area in acres

In the case of volume calculations for retention/detention design, P equals the
1OO-year,2-hourdepth, in inches, from Section2.2 or Figure3.3. (WhenUMllg-FigtH'e-
3.{£0I P, nrHltiply the 100 yeal, 2-11our rainfall intensity by 2 J.:lotirs:T

RfV\ 1-l j 95

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::-.:::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::;:::::::::;:;:::::;:::::::::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::"-::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::
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.Rainfall rl}s

IIGeneral

11!11!111!1!1!1!1!1!1!!!11 Rainfall excess is that portion of the total rainfall depth that drains directly from the
land surface by overland flow. Bya 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 ofutmost 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 est4!lCltioI1()( the magnitude and time
distribution of rainfall !Q§.§..~ should be performed with the best l?Iactical techn-E.-I:
ogy, considering the objective of the analysis, economics of the project, and conse
quences of inaccurate estimates.

Rainfall losses are generallyconsidered to be the result ofevaporation ofwater 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 isshown
in Figure 4.1. As shown in the figure, evaporation can start at an initially high rate
depending on the land surface temperature, but the rate decreases very rapidly and
would eventually reach a low, steady-state rate. From a practical standpoint, the
magnitude of rainfall loss that can be realized from evaporation. during a storm of
sufficient magnitude to cause flood runoff is negligible.

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

Interception,
Inches

0.09
0.33
0.11
0.08

Rainfall Losses

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

Depression storage and infiltration losses comprise the majority of the rainfall loss
as illustrated in Figure 4.1. The.estimates of these two losses will be discussed in
more detail in later sections of this manual.

Three periods of rainfall losses are illustrated in Figure 4.1, and these must be
understood and their implications appreciated before applying the procedures in
this manual. First, there is a period of initial loss when no rainfall excess (runoff)is
produced. During this initial period, the losses are a function of the depression
storage, interception, and evaporation rates plus the initially high infiltration
capacity of the soil. The accumulated rainfall loss during this period with no runoff
is called the 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 ofponding (Tp). It is important to note that losses during this first period are a
summation of losses due to all mechanisms including infiltration.

Thesecond 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 itselj. Therefore, simplifying
assumptions are usually made in the modeling of rainfall losses. Figure 4.2 represents
a simplifiedset ofassumptions thatcanbemade. InFigure4.2, it isassumed thatsurface
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 ofponding (Tp) which signals
the beginning ofsurfacerunoff. As illustrated inboth Figures4.1 and 4.2, after the time
of ponding the infiltration rate decreases exponentially and may reach a steady-state,
equilibrium rate (fe). It is these Simplified assumptions and processes, as illustrated in
Figure 4.2, that are to be modeled by the procedures in this manual.
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Simplified Representation of Rainfall Losses
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Rainfall Losses

111111111111111111111II11111 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 oJ) impervious surfaces has been estimated to be in the .
range 0.0625 inch to 0.125 inch by Tholin and Keefer (1?60), 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 of0.39 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.

Table 4.1
Surface Retention Loss for Various Land Surfaces In Maricopa County

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

(1) (2)
Natural

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

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

AgriCUltural
Tilled fields and irriaated oasture 0.50

June 1,1992 4-5



Infiltration

~;;;~i~t~~~;~1~1~;~ii~~~~1~ , ' i

iiiiIiiliiliiIiii 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.

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

"Soils having very slowinfiltratiqn rates when thoroughly wetted and consist
ing chiefly ofclay 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 ifa near impervious strata ofclay,!caliche, or rock is beneath them. When these
soils are considered in regard to long-duration rainfalls (the design events for many
parts of the United States) this definiti«t>n 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 ofsoil overlaying an impervious layer still has the
ability to store a significant amount oflinfiltrated rainfall.

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

Hydrologic soil group D should be ret~nedonly for:

» clay soils,

» soils with apermanent high water table, and

» rock outcrop.

Hydrologic soil group D should probably not be retained in all situations where the
classification is bas~ on shallow soil~ over nearly impervious layers; site specific
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Rainfall Losses

studies and sensitivity analyses should be performed to estimate the loss rates to be
used for such soils.

"" Recommended Methods for Estimating
h... 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. SCS Curve Numbers (CN) Loss Rate

4. Green and 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 for a flood
hydrology study in a portion ofMaricopa County (U.S. Army Corps of Engineers,
1982a). However, adequate data are not available to estimate the necessary
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---- --_.._.. .,
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Recommended Methods for Estimating
Rainfall Losses

,initial loss and uniform loss rate QL+U{ R)~.Both methods, as programmed
into HEC-l, can be used to simulate tl1e rainfall loss model as depicted in Figure
4.2. (For a full discussion of these methods, seeSections 4.4.1 and 4.4.2.) The IL+ULR
is a simplified model that has been uSEj!d extensively for flood hydrology and data
often 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
since1911, and has recently been incorporated as an option in HEC-1.

The preferred method, and the most theoretically accurate, is the Green and Ampt
infiltration equation. This method sh~)Uld be used for most studies in Maricopa
County where the land surface is soil, the infiltration of water is controlled by soil
texture (see Appendix D), and the bulR density of the soil is affected by vegetation.
Procedures were developed, and are"presented, to estimate the three parameters of
the Green and Ampt infiltration equation. The alternative method of IL+ULR can
be used in situations where the Green and Ampt infiltration method is recom
mended, but its use in those situations is not encouraged, and, in general, should
be avoided. Rather, the IL+ULR method should be used in situations where the
Green and Ampt infiltration equation with parameters based on soil texture is not
appropriate. Examples of situations where the IL+ULR method is recommended
are: large areas of rock outcrop, talus ~lopes, forests underlain with a thick mantle
of duff, land surfaces of volcanic cinder, and surfaces that are predominantly sand
and gravel. Because of the diversity of conditions that could exist for which the
IL+ULR method is·to be used, it is not possible to provide extensive guidance for
the selection ofthe two parameters of the IL+ULR method.

Other methods should be used only ifithere is technical justification for a variance
from these recommendations and if a~equate information is available to estimate
the necessary parameters. Use of ramfallioss methods other than those recom
mended should not be undertaken unless previously approved by the Flood Con
trol District and the local regulatory agency.

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

f=Ks(l+~) forf< i (4.1)

f=i

where

f =
i =
Ks =
'P =

forf~ i

infiltration rate (LIT),

rainfall intensity (LIT),

hydraulic conductivity, wetted zone, steady-state rate (LIT)

average capillary suction in the wetted zone (L),
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Rainfall Losses

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

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

A sound and 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 computational difficulties. Eggert (1976) simplified Equation 4.1 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 =-0.5 (2F - Ks dt) + 0.5 [(2F - Ks dt)2 + 8Ksdt (8'1'+ F)]l,.2 (4.2)

where

dt = the computation interval

. F = accumulated depth of infiltration at the start of dt.

The average infiltration rate is:

Mf=M
(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 thesurface retention loss as previouslydescribed; 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 Comity.

The second phase of the rainfall loss process is the infiltration of rainfall into the soil
matrix. For modeling purposes, the infiltration begins immediatelyafter 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:

» hydraulicconductivityatnaturalsaturation (XI<SATI equal to Ks inEquation4.1;

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

» volumetric soil moisture deficit at the start of rainfall (DTHETA) equal to
8 in Equation 4.1.
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The three infiltration parametersare functions ofsoilcharacteristics, groundsurface
characteristics, and land managemel1t 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 Brake~iek,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 or Figure 4.3 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.

In Table 4.2/ loamy sand and sand are combined. The parameter values that are
shown in the tableare for loamysand,. The hydraulic conductivity (XKSAT) for sand
is often used as 4.6 inches/hour, andithe capillary suction (PSIF) is often used as 1.9
inches. Using those parameter value~for drainage areas can result in the generation
ofno rainfall excess-which mayor may notbecorrect. Incorrect results could cause
serious consequences for flood control planning and design. Therefore, it is recom
mended that-for watersheds consisting of relatively small subareas of sand-the
Green and Ampt parameter values (or loamy sand be used for the sand portion of
the watershed. If the area contains a large portion ofsand, then either the Greenand

Table 4.2
Green and Ampt Loss Rat~Parameter Values for Bare Ground

Soli Texture XKSAT PSIF DTHETA1

Classification Inches/hour Inches Dry Normal Saturated
(1) (2) (3) (4) (5) (6)

loamy sand & 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

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

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

,
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Ampt methodshould beused with parameter values for loamysand or the IL+ULR
method should be used with appropriately determined values for the parameters.

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 ~oisture at the start of rainfall then DTHETA
equals the effective porosity of the soil.

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

However, Maricopa Countyalso has a largesegment of its land area under irrigated
agriculture, and it is reasonable to Cl-ssume that the design frequency storm could
occur during or shortly after certain ilands 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 pf the design rainfall.

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

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

» "Normal" for antecedent soil moisture condition near field capacitydue to
previous rainfall or irrigati<)ll applicatiol1s on l1onagriculturallands; and

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

Values of DTHETA have been esti1I1lated 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 tJ;le soil matrix at the start of rainfall. Values of
PTHETA for the.three antecedent s0il moisture conditions are shown in Table 4.2.
DTHETA "Dry" should be used for soil that is usually in a state of lowsoil moisture
such as would occur in the desert aJ1ld 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 la~s, 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.

4.4.1.1 Procedure for Aerially Averaging Green and Ampt Parameter Values:
Most drainage areas or modeling subbasins will be composed of several subareas
containing soils of different texutre~. Therefore, a composite value for the Green
and Ampt parameters that are to qe applied to the drainage areas or modeling

4-12 June 1,1992



Rainfall Losses

subbasins needs to be determined. The procedure for determining the composite
value is to average the area-weighted logarithms of the XKSAT values and to select
the PSIF and DTHETA values from a graph.

The composite XKSAT is calculated by Equation 4.4:

where

(4.4)

XKSAT

XKSATi

Ai

= composite subarea hydraulic conductivity, inches/hour

= hydraulic conductivity ofa map unit, inches/hour
(from Appendix A, B, or C)

= size ofsubarea

AT = size of the watershed or modeling subbasin

After XKSAT is calculated, the values of PSIF and DTHETA (normal or dry) are
selected from Figure 4.3, at the corresponding value of XKSAT.

4.4.1.2 Procedure for Adjusting XKSAT for Vegetation Cover: The hydraulic
conductivity (XKSAT) can be affected by several factors besidessoil 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 ofsoil texture alone should
be adjusted under certain soil cover conditions.

Ground cover,suchas grass, litter, and gravel,willgenerally increase the infiltration
rate over that of bare ground conditions. Similarly, canopy cover-such as from
trees, brush, and tall grasses-ean 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 4.4. This figure is based on the documented increase in hydraulic
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 beused 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
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on canopy cover for trees and shrubs. Note that this correctionc~be applied only
to soils other than sand and loamy sflnd.

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 sUFtion, 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 ~hat these adjustments be made to the infiltra
tion parameters f9r design purpose U:se in Maricopa County, becausefor most flood
estimation purposes it cannot be asstfmed that the soil will be in any particular state
oftillageat the time ofstormoccurrenceand therefore thebasecondition infiltration
parameters, as presented, should be psed for flood estimation purposes. However,
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appropriate adjustments to the infiltration parameters can be made, as necessary,
for special flood studies such as reconstitution of storm events.

4.4.2 Initial Loss Plus Uniform Loss Rate (IL+ULR)
This is a simplified rainfall loss method that is often used, and generally accepted,
for flood hydrology. In using this Simplified method it is assumed that the rainfall
loss process can be simulated as a two-step procedure, as illustrated in Figure 4.5.
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. All ofthe rainfall is lost if the rainfall intensity is less than the
uniform loss rate. .

According to HEC-l nomenclature, two parameters are needed to use this method;
the initial loss (STRTL) and the uniform loss rate (CNSTL).

Because this methodis tobeusedfor specialcaseswhere infiltrationisnotcontrolled
by soil texture, or for drainage areas and subbasins that are predominantly sand,
the estimation of the parameters will require model calibration, results of regional
studies, or other valid techniques. It is not possible to provide complete guidance
in the selection of these parameters; however, some general guidance is provided:

A. For the special cases of anticipated application, the uniform loss rate (CNSTL)
will either be very low for nearly impervious surfaces, or possibly quite high
for exceptionally fast-draining (highly pervious) land surfaces. For land sur
faces with very low infiltration rates, the value ofCNSTL will probably be 0.05
inches per hour or less. For sand, a CNSTL of 0.5 to 1.0 inch per hour or larger
may be reasonable. Higher values of CNSTL for sand and other surfaces are
possible, however, use of high values of CNSTL would require special studies
to substantiate the use of such values.

B. Although the IL+ULR method is not recommended for watersheds where the
soil textures can be defined and where the Green and Ampt method is en
couraged, some general guidance in the selection of the uniform loss rate is
shown in Tables 4.3 and 4.4. Table 4.4 was prepared based on the values in
Table 4.3 and the hydraulic conductivities shown in Table 4.2. In Table 4.4, the
initial infiltration (II) is an estimate of the infiltration loss that can be expected
prior to the generation ofsurface runoff. The value of initial loss (STRTL) is the
sum of inititial infiltration (II) of Table 4.4 and surface retention loss GA) of
Table 4.1; STRTL =II + IA.

C. The estimation of initial loss (STRTL) can be made on the basis of calibration
orspecialstudiesat thesame time thatCNSTLis estimated. Alternatively,since
STRTL is equivalent to initial abstraction, STRTL can be estimated by use of
the SCS CN equations for estimated initial abstraction, written as:

STRTL = 200 - 2eN
(4.5)
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Table 4.3
Published Values of Uniform Loss Rates

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

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

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

Initial Infiltration, Inches
Hydrologic Soil Uniform Loss Rate II

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

A 0.4 0.6 0.5 0
B 0.25 0.5 0.3 0
C 0.15 0.5 0.3 0
D 0.05 0.4 0.2 0

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

Normal = Irrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.
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Estimates ofCNfor the drain~gearea or subbasin should be made by referring
to various. publicapons of ~h~ SCS, particularly TR-55. Equation 4.5 should
provideafairly good estimate1ofSTRTL inmanycases,however, itsuseshould
be judiciously applied"and carefully considered in all cases.

lililililil:l:iiliiii:i:lllil • '.
lilllllill Procedure for EstImatIng Loss Rates
:::::::::::::;:;:;:;:::::;:::::'

IJII~ Green and Ampt Method
A. When soils data are available

1. Prepare a base map of the drainage area delineating modeling subbasins,
if used.

2. Delineate the subareas containing different soils (as determined from soil
surveys, if available). Determine the soil texture for each soil type. Soils
reports such as those of the Soil Conservation Service can be used, if
available, or laboratory ~nalysis of appropriate soil samples from the
drainage area canbe used, ifadequate documentation on the samplingand
laboratory procedure is provided and approved. A soil texture classifica
tionlriangleis provided in Appendix D. '

3. If the watershed orsubbasincontainssoilofallone texture, then determine
XI<SAT~PSIF, and DTHETA from Table 4.2. Adjust XKSAT for vegetation
cover using Figure 4.4, if appropriate.

4. If the watershed orsubbaSin is composed ofsoils ofdifferent textures, then
area-weighted paramete~values will be calculated:

a. Determine the size (Ai) and the XI<SATivalues for each soil subarea.

b. Calculate the area-weighted value of XI<SAT by using Equation 4.4.

c. "Select corresponding values of PSIF and DTHETA from Figure 4.3.

d. Adjust the XI<SAT yalue for vegetation cover using Figure 4.4, if
appropriate. The adjustment factor may be area-weighted, if neces-

I . ;

sary.

5. Determine the land-use and/or soil cover for the drainage area and use
Table 4.1 to estimate the surface retention loss (IA). Arithmetically area
weight average the values of IA if the drainage area or subbasin is com
posed of subareas of different IA.

6. Estimate the impervious area (RTIMP) for the drainage area or subbasin,
and arithmetically area-weight average, if necessary.
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7. Enter the area-weighted values of lA, DTHETA,PSIF, XKSAT,and RTIMP
for the drainage area oreach subbasinon the LG record of the HEC-1 input
file.

B. Alternative methods:

Asan alternative to theabove procedures,Greenand Ampt loss rateparameters
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. Prepare a base map of the drainage area delineating modeling subbasins,
if used.

2. . Delineatesubareas ofdifferent infiltration rates (uniform loss rates) on the
base map. Assign a land-use or surface cover to each subarea.

3. Determine the size of each subbasin and size of each subarea within each
subbasin.

4. Estimate the impervious area (RTIMP) for the drainage area or each
subarea.

5. Estimate the initial loss (STRTL) for the drainage area or each subarea by
regional studies or calibration. Alternatively, Equation 4.5 or Tables 4.1
and 4.4 can be used to estimate or to check the value of STRTL.

6. Estimate the uniform loss rate (CNSTL) for the drainage area or each
subarea by regional studies or calibration. Table 4.4 can be used, in certain
situations, to estimate or to check the values of CNSTL.

7. Calculate the area-weighted values of RTIMP, STRTL, and CNSTL for the
drainage area or each subbasin.

8. Enter the area-weighted values of RTIMP, STRTL, and CNSTL for the
drainage area or each subbasin on the LU record of the HEC-1 input file.
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~:::.:.I:.!:I.I.:.::::::::JIIIII General
::::::: :::::;::

!!.!!!!!.!!!:!!!!..:!!:.:!!!.!!. Rainfall excess can be routed from a watershed to produce a storm discharge
................ hydrograph at a downstream location (concentration point) by one of two methods:

1) hydraulic routing involving the complete or some simplified form of the equa
tions of motion (i.e., the momentum equation plus the continuity equation); or 2)
hydrologic routing involving the application of the continuity equation. Kinematic
wave routing, as available in HEC-l, is an example 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.

I-O= dS
dt

(5.1)

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 runoffdata. Graphical or tabularmethods ofrouting 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 rocedures for routing rainfall excess in Maricopa County are
either the Clark Unit Hy rograph or the application ofselected 5-graphs; these two

::::;:::::;:::;:;:::::::;:::::::::::::;:::;:;:;:;:;:::::;:::::::::::::••••••••••••:.:.:.:.::•••••••••:••:::::::::::::;:;::.;.;.;.:.:. ::::::::::::: :;:::::::::::::::;:::::::::. ",:,:,:,:,:,:::::::::::::,:,:,:,:,:,:,:,:::,:::;:::;: ::::::::::::::::::::;:::.:.:.:::.:::.:.:.:.:.:.:.: ••••••••••••••••••••••••:::;:::::::::;:;:;:::::;::::::::::::::::::::::=::::::::::.•:........ ::::::::::::::::::::::::::::::::::::::::::::::::
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Clark Unit Hydrograph

methods are collectively referred to as the~"'7~l:~~=':":::L..:::';';:':""::"-;;J-::::;';;..o..:::.p:

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 ofa specific watershed.
A unit hydrograph is a lumped parameter and reflects all of the physical charac
teristics of the watershed that will affect the time rate at which rainfall excess will
drain from the land surface.

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

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

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

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

Applicationof theseprinciples requires a linear relation between watershed outflow
and storage within the watershed, S=KO. However, Mitchell (1962) has shown that
nonlinear storage, S = KOx

, is a condition that occasionally occurs in natural
watersheds. A method has been developed by Shen (1962) to evaluate the linearity
of the storage-outflow relation for gaged watersheds. Mitchell (1972) developed the
model hydrograph for use in watersheds that have nonlinear storage-outflow
characteristics. Presently no method has been devised to evaluate the linearity ofan
ungaged watershed, and the assumption of linearity is a practical necessity in
virtually all cases.

~fmm""::::::'~;~;;:;:i

:!jl~!lill Clark Unit Hydrograph
::::::::::::::::::::::.:.;.:.:.

.~.:.~,:,~,'.~,:.~.:.~.'.~.:.~.: ~ ::::::::::
:r}~:':::::::::::::::: Hydrologic routing by the Clark Unit Hydrograph method is analogous to the

routing of an inflow hydrograph through a reservoir. This analogy is illustrated in
Figure 5.1. The inflow hydrograph, called the translation hydrograph in the Clark
method, is determined from the temporal and spatial distribution of rainfall excess
over the watershed. The translation hydrograph is then routed by a form of the
equation of continuity:
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Figure 5.1
Conceptual Analogy of Linear Reservoir Routing to Generation of a Storm Hydrograph

by the Clark Unit Hydrograph Method
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Clark Unit Hydrograph

Oi =CIi + (1 - C)Oi-l

where

c= 2~t
2R+M

(5.2)

(5.3)

Oi is the instantaneous flow at the end of the time period; Oi-I is the instantaneous
flow at the beginning of the time period; Ii is the ordinate of the translation
hydrograph; ~t is the computation time interval; and R is the watershed storage
coefficient. The Clark Unit Hydrograph of duration, M, is obtained by averaging
two instantaneous unit hydrographs spaced ~t units apart:

Ui =O.5(Oi + Oi-I)

where Ui =the ordinates of the Clark Unit Hydrograph.

(5.4)

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

The second parameter is the storage coefficient, R, which has the dimension of time.
This parameter is used to account for the effect that temporary storage in the
watershed has on the hydrograph. Several methods are available to estimate Rfrom
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
time. Procedures to develop a time-area relation for a watershed are discussed in a
later section of this manual.
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Figure 5.2
Definition Sketch of Clark Unit Hydrograph Parameters

from hydrograph analysis

The application of the Oark 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 ofconcentration 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
develop'ed as shown in the table and depicted in Figure 5.3(c). The translation
hydrograp of the time rate of runoff is developed by considering each incremental
unit of runoff production that would be available as inflow to a watershed routing
model. For example, at the end of the first 5 minutes of rainfall excess the runoff
that is available at the outlet of the watershed is the product of incremental area AI,
and the rainfall excess Rl.

c
II =(AIR}) x M

where c = 60.5 ds/acre-inch/minute
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Tc = 25-lAin
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Table showing development of dimensionless time-area relation

Isochrone Area Accumulated Accumulated Area Travel Time
Zone Acres Area as 7. of Total Area as 7. of Tc(1) (2) (.3) (4) (5)

A 1 8 8 6.7 20

A2 24 32 26.7 4D

A3 38 70 58.3 60

A4 32 102 85.0 80

AS 18 120 100.0 100

Dimensionless Time-Area Relation
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Figure 5.3
Example of Storm Hydrograph Generation using the Clark Unit Hydrograph Method
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At = 5 minutes

h = (8 acres)(.lO inch)(60.5 cfs/acre-inch/minute) / (5 minutes)

= 9.7 cfs

At the end of 10 tninutes the available runoff is

12 =(AIR2 + A2Rl) x ~t

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

=82.3 cis

At the end of 15 minutes the available runoff is

c
13 = (AIR3 + A2R2 + AJRl) x At

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

=234.7 cfs

At the end of 20 minutes the available runoff is

c
14 =(AIR4 + A2R3 + AJR2 + A4Rl) x At

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

=393.5 cfs

At the end of 25 minutes the available runoff is

c
IS =(AIRs + A2R4 + A3R3 + A4R2 + AsRl) x At

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

=416.2cfs

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

c
16 =(A3R4 +A4R3 + AsR2) x At

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

=304.9 cfs
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At the end of 35 minutes the available runoff is

c
17=A4R4+AsRJ) x At

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

=123.4 cfs

At the end of 40 minutes the available runoff is

c
IS =(As14) x 

At

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

=32.7 cfs

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

19 =0 cfs

The translation hydrograph (Ii) is shown in Figure 5.3(d). This theoretical
hydrograph has the correct volume of runoff from the watershed, however it does
not reflect the effects of routing through the watershed. The translation hydrograph
is then routed and averaged using Equations 5.2 through 5.4 resulting in the final
runoff hydrograph. For this example, assume that R =15 minutes, and the runoff
hydrograph 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 with a computer program
such as is done with HEC-l.

··.;::.···:::::::::~:r::::::

!:!i:I~lj;i Limitations and Applications
:::::::::::::::::::::~:::::::::

l.iii!i::·::!:!.il:: i:i!i! There are no theoretical limitations governing the application of the Clark Unit
... Hydrograph; however, thereare somepracticallimitations that should be observed.

The method that is used to estimate the parameters maydictate 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 prefer:ed method ofparameter 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 ease,
application of the parameter estimation procedures should be applied only to those
ungaged watersheds that are representative of thewatersheds in the data base. Most
often, the parameters are estimated by generalized relations that may have been
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developed from a relatively large and diverse data base. The parameter estimation
procedures that are recommended herein are of this last category.

The ClarkUnit 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
the drainage network and degree ofhomogeneity of the watershed. The subdivision
of the watershed into near homogeneous units should result in improved accuracy.
Subdivision may also bedesirable or required to determine discharges at concentra
tion points within the watershed.

::::::::::.::::: .III Development of Parameter Estimators

!':::"!:!'!:!::"'!:!':'::::' The procedures for parameter estimation are based on available literature, research
H'H 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 the
Hydroloy Manual.

~~~:~; ~rirf~

:<I;I!': Estimation of Parameters
: :.

'!!'!'!'!'..'.:!.":'!.!.!:!: The following procedures are recommended for the calculation of the Clark Unit
................ Hydrograph parameters for use in Maricopa County. Oth~r general procedures, as

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

5.5.1 Time of Concentration
Time ofconcentration is defined as the travel time, during the corresponding period
ofmost intense rainfall excess, for a floodwave to travel from the hydraulically most
distant point in the watershed to the point of interest (concentration point). Note
especially that Tc is not the travel time taken for a particle of water to move down
the catchment, as is often cited in engineering texts. The catchment is in equilibrium
when Tc is reached because the outlet then "feels" the inflow from every portion of
the catchment (Bedient and Huber, 1988). Since a wave moves faster than a particle
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of water, the time ofconcentration (and catchment equilibrium) occurs sooner than
if based on overland flow or channel water velocities. An empirical equation for
time of concentration, Tc, has been adopted with some procedural modifications
from Papadakis and Kazan (1987):

(5.5)

where Tc ;:; time of concentration in hours

L ;:; length of the flow path for Tc in miles

Kb;:; representative watershed resistance coefficient

5 ;:; watercourse slope in feet/mile and

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

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

The selection of a representative watershed resistance coefficient, Kb, similar in
concept to Manning's n in open-ehannel 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 for a given watershed size and mixed classification. Equations for
estimating Kb are given in Table 5.1.

The value of i in Equation 5.5 requires the knowledge of both the distribution of
rainfall excess intensityand the time ofconcentration, which is, ofcourse, unknown.
Therefore, Equation 5.5 must besolved in a trial-and-error procedure. First, the time
distribution of rainfall excess must be estimated for the design rainfall distribution
and a graph of average rainfall excess intensity versus time prepared. Then a value
of Tc is assumed and the corresponding value of i is read from the graph. Equation
5.5 is solved with that value of i. U 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
used. Alternatively, program "MCUHP1" can be used which will also provide the
necessary HEC-l input file.
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(Source: Drainage Criteria Manual, Urban Drainage and
Flood Control District, Colorado, May 1984.)
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Figure 5.5

Resistance Coefficient "Kb" as a Function of Watershed Size and Surface Roughness Characteristics
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Table 5.1
Equation for Estimating Kb In the Tc Equation

Kb=m logA+ b
Where A Is drainage area, In acres

Equation
Typical Parameters

Type Description Applications m b

A Minimal roughness: Relatively smooth Commercial/ -0.00625 0.04
and/or well graded and uniform land industrial areas
surfaces. Surface runoff is sheet flow. Residential area

Parks and golf
courses

B Moderately low roughness: Land Agricultural fields -0.01375 0.08
surfaces have irregularly spaced Pastures
roughness elements that protrude Desert rangelands
from the surface but the overall Undeveloped
character of the surface is relatively urban lands
uniform. Surface runoff is
predominately sheet flow around the
roughness elements.

C Moderately high roughness: Land Hillslopes -0.025 0.15
surfaces that have significant large- to Brushy alluvial
medium-sized roughness elements fans
and/or poorly graded land surfaces Hilly rangeland
that cause the flow to be diverted Disturbed land,
around the roughness elements. mining, etc.
Surface runoff is sheet flow for short Forests with
distances draining into meandering underbrush
drainage paths.

0 Maximum roughness: Rough land Mountains -0.030 0.20
surfaces with torturous flow paths. Some wetlands
Surface runoff is concentrated in
numerous short flow paths that are
often oblique to the main flow
direction.

June 1,1992



Estimation of Parameters

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 Figure5.2). TheCorps of Engineers has discussed the develop
ment ofregionalized relations for Tc and Ras functions of watershed characteristics
in Training Document No. IS (U.S. Army Corps of Engineers, 1982b). According to
Corps procedures, Tc and R are estimated from relations of Tc + Rand R/(Ic + 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.

(5.6)

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

l-A* = 1.414(1- T*)1.5

*o~ T ~ 0.5

0.5 ~ T* ~ 1.0

(5.7)

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. Thesedimensionless relations for urban and natural watersheds are shown
in Figures 5.6 and 5.7. Each of these figures show a synthetic time-area relation and
a shaded zone where the time-area relation is expected to lie. For an urban water
shed, the synthetic time-area relation of Figure 5.6 is recommended, and for a
natural (undeveloped) watershed the synthetic time-area relation of Figure 5.7 is
recommended. Ifa time-area relation is developed from the watershed map, which
is generally recommended for unusually shaped watersheds, then the resulting
relation should lie within the shaded zones in either Figures 5.6 or 5.7. The HEC-l
default time-area relation is shown for comparison in each figure. Tabulated values
of the dimensionless time-area relations are shown in Table 5.2.

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

NMIN =0.15Te (5.8)

Equation 5.8 is preferred, however, as a general requirement NMIN should fall in
the range indicated in Equation 5.9.

0.10Te ~ NMIN ~ 0.25Te (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 directly into the multi-basin model.
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Table 5.2
Values of the Synthetic Dimensionless Time-Area Relations

for the Clark Unit Hydrograph

Time, as a percent Contributing Area, as a Percent of Total Area
of Time of Urban Natural HEC-1

Concentration Watersheds Watersheds Default
(1) (2) (3) (4)

0 0 0 0.0
10 5 3 4.5
20 16 5 12.6
30 30 8 23.2
40 65 12 35.8
50 77 20 50.0

60 84 43 64.2
70 90 75 76.8
80 94 90 87.4
90 97 96 95.5

100 100 100 100.0

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

IIIIII~IIIII S-Graphs
:~:~:~:::~::::~~~~:~::~:~:~:~:~:

::}:}}{:: • 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 ofS-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 Darns (USBR, 1987) is shown in
Figure 5.8. The discharge scale is expressed as percent of u~timate discharge (QuIt),
and the time scale is expressed as percent lag. Lag is defined as the elapsed time,
usually in hours, from the beginning ofan assumed continuous series ofunit 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 (~t). 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
5-graph lag should not be calculated by methods that are not consistent with this
definition.

Ultimate discharge is the maximum discharge that would be achieved from a
particular watershed when subjected to a continuous intensity of rainfall excess of
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Figure 5.8
Example of an S-Graph from Design of Small Dams (USSR, 1987)

1inch per duration (~t)uniformly over the basin. Ultimate discharge (QuIt), incubic
feet per second (cis), can be calculated from Equation 5.10:

Q 645.33A
ult= M

(5.10)

where A = drainage area in square miles, and

~t = duration of the 1 inch of rainfall excess in hours.

5-graphs are developed by summing a continuous series ofunit 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 (~t). The resulting summation is
a graphical distribution that resembles an 5-graph except that the discharge scale is
accumulated discharge and the time scale is in units of measured time. This graph
is terminated when the accumulated discharge equals QuIt which occurs at a time
equal to the base time of the unit hydrograph less one duration interval. The basin
lag can be determined from this graph at the time at which the accumulated
discharge equals 50 percent of QuIt. This summation graph is then converted to a
dimensionless 5-graph by dividing the discharge scale by QuIt and the time scale
by lag.

In practice, 5-graphs have generally been developed by reconstituting observed
floods to define a representative unit hydrograph and then converting this to an
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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 5-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 5-graph
from a gaged watershed to application in another watershed must be done with
consideration of both the physiographic characteristics of the watersheds and the
hydrologic characteristics of the rainfalls for the two watersheds.

5.6.1 Limitations and Applications
5-graphs are empirical, lumped parameters that represent runoffcharacteristics for
the watershed for which the 5-graph was developed. 5-graphs that are developed
from recorded runoffdata 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 of5-graphs is significantly affected by storm
characteristics, particularly the maximum intensity of the rainfall. Therefore, it may
not be advisable to adopt 5-graphs that have been developed from one hydrologic
zone and to apply these to watersheds in other hydrologic zones because of possible
differences in rainfall characteristics in the two zones that may affect the shape of
the 5-graph. Application of 5-graphs requires the selection of an appropriate
5-graph and the estimation of the one parameter, basin lag. Two 5-graphs have been
selected for use in Maricopa County and a method to estimate lag is provided.

The USBR has revised the Flood Hydrology Studies chapter of Design ofSmall Dams
<USBR, 3rd Edition, 1987), and it has identified S-graphs for application in six
generalized regional and physiographic type of watersheds. Recently, the USBR has
issued a Flood Hydrology Manual (Cudworth, 1989) that contains extensive discus
sion of flood hydrology in general, and 5-graphs in particular. Both of these
references should be consulted before using S-graphs. The 5-graph has been
adopted as the unit hydrograph procedure by Orange County and San Bernardino
County, California, and selected 5-graphs are presented in the hydrology manuals
for those counties. The 5-graphs in those hydrology manuals have been selected
primarily from S-graphs that previously had been defined by the U.S. Army Corps
of Engineers, Los Angeles District from a rather long and extensive history of
analyses of floods in Califorrua.

An 5-graph can, in theory, be used in any application for which an unit hydrograph
can be used. In practice an 5-graph must be first converted to an unit hydrograph,
and this can be done by one of two methods. First, The 5-graph can be converted to
an unit-hydrograph manually; or second, the S-graph can be converted to an unit
hydrograph by use of the MCUHP2 program. The MCUHP2 program outputs the
HEC-1 input file with the 5-graph converted to an unit hydrograph, and the unit

.:.:.:.:.:.:.;.:.:.:.:.::::: ::::::::.;::::.:.:.:: ;.:.:.:.;.;.:;:::::::::::::::::: :::::::::::;:.:::::::::::::.::::::: ::::.:::.:::.:;:::.::::::::: ::::::::::::::.:;:;:::::::::::;:::::::::::::::::::;: :.;.: :.:.:.:.:.:.:.:.: :.:.: :.:.;.;::;:;:;::::::: ::::::::;:;:;:;: ::::;:::::;:;:;:::; .:;:;:::::::::::::::::;:;:;::::::::::::::::::::;::;:::;:;:;:;:::;:. ::::::::::;:::;:;:;:::;:;:::::.
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hydrograph is written to a HEC-l input file using the ill (Given Unit Graph) record.
The use of MCUHP2 greatly facilitates the use of 5-graphs.

Although the 5-graph is completely dimensionless and does not have a rainfall
excess duration associated with it, the unit hydrograph does require the specifica
tion of a duration. In general, the same rules and recommendations apply to the
5-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.

5.6.2 Sources of S-Graphs
5-graphs for Maricopa County have been selected from a compilation of 5-graphs
for the Southwestern United States that was recently completed (Sabol, 1987). The
sources of5-graphs for that compilation were reports and file data of the U.S. Army
Corps of Engineers, Los Angeles District, and the USBR. That compilation included
55 individual 5-graphs and 18 regional 5-graphs. An individual S-graph is one that
can be identified with the watershed from which data was used to develop the
5-graph. Regional 5-graphs are those that are graphical averages or modifications
of individual 5-graphs to produce an 5-graph that is representative of a specific
physiographic type of watershed.

5.6.3 S-Graphs for Use in Maricopa County
Two regional 5-graphs have been selected for use in flood hydrology studies of
major watercourses in Maricopa County. These two are referred to as the Phoenix
Mountain and the Phoenix Valley S-graphs. The Phoenix Mountain 5-graph is to be
used in flood hydrology studies of watersheds that drain predominantly moun
tainous terrain. It should be used for the Agua Fria River above Rock Springs, New
River above the Town of New River, the Verde River, Tonto Creek, and the Salt
River above Phoenix. Although the Corps of Engineers developed a separate
5-graph for Indian Bend Wash, it is nearly identical to the Phoenix Mountain
5-graph which is also appropriate for Indian Bend Wash.

The Phoenix Valley 5-graph is to be used in flood hydrology studies of watersheds
that have little topographic relief. For example, this 5-graph should be used for the
Agua Fria River below Rock Springs, New River below the Town of New River,
lower Skunk Creek, lower Cave Creek, and urbanized watersheds.

These two 5-graphs are shown in Figures 5.9 and 5.10, and the coordinates of the
graphs listed in Table 5.3. These same two 5-graphs have been selected for similar
use in Maricopa County by the U.S. Army Corps of Engineers (1974 and 1982a). The
justification for the selection of these two 5-graphs is provided in the Documenta
tion Manual, and a more comprehensive presentation of 5-graphs for Maricopa
County is provided in the S-Graph Study report for the Flood Control District of
Maricopa County (Sabol, 1987). It is possible that 5-graphs other than the two that
have been recommended for general use in Maricopa County be selected. The
selection of 5-graph should be made based on a comparison of the watershed of
interest to the watershed(s) used to develop the various 5-graphs.
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Unit Hydrograph Procedures

Table 5.3
Tabulation of Coordinates for the

Phoenix Valley and the Phoenix Mountain S-Graphs

Percent Ultimate Time In Percent Lag
Discharge Phoenix Valley Phoenix Mountain

(1 ) (2) (3)

0 0.0 0.0
2 23.0 23.0
4 30.0 31.0
6 36.0 37.0
8 41.0 42.0

10 45.7 46.0
12 50.0 49.8
14 54.1 53.4
16 58.0 56.8
18 61.7 60.0
20 65.2 63.1
22 68.5 66.1
24 71.6 69.0
26 74.6 71.8
28 77.5 74.4
30 80.2 76.8
32 82.7 79.1

·34 85.0 81.2
36 87.2 83.2
38 89.0 85.1
40 91.1 86.8
42 92.9 88.8
44 94.6 91.0
46 96.3 93.8
48 98.1 96.8
50 100.0 100.0
52 102.0 "" 103.4
54 104.1 107.0
56 106.3 110.8
58 108.6 114.7
60 111.0 118.7
62 113.5 122.9
64 116.1 127.3
66 118.8 1 131.9
68 121.6 136.7
70 124.5 141.7
72 127.5 147.1
74 130.7 152.8
76 134.1 158.8
78 137.7 165.5
80 141.5 172.9
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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

Therefore, either one of the two recommended 5-graphs should be selected or the
selection of other S-graphs, such as from Design ofSmall Dams (USBR, 1987), should
be approved by the jurisdictional agency before proceeding.

5.6.4 Estimation of Lag
The application of an 5-graph requires the estimation of the parameter, basin lag.
A general relationship for basin lag as a function of watershed characteristics is
given by Equation 5.11:

(5.11)

where Lag = basin lag in hours

L = length of the longest watercourse in miles

Lea = length along the watercourse to a point opposite the centroid in
miles

S = watercourse slope in feet per mile

C = coefficient and

m & p = exponents.

The Corps of Engineers often uses C = 24Kn where J(n 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

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

5-24 June 1, 1992



Unit Hydrograph Procedures

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
be made for use with rainfalls of different magnitudes (frequencies). Generally, Kn
is the smallest for extreme floods such as PMFs and increases as the frequency of
event increases.

Several graphical relations are available for estimating basin lag. One such relation
(U.S. Army Corps of Engineers, 1982a) is shown in Figure 5.11. Several other

. relations that should be consulted when using 5-graphs are contained in Design of
Small Dams (USBR, 1987) and the USBRFlood Hydrology Manual (Cudworth, 1989).

When estimating basin lag the following steps should be used:

1. From an appropriate map of the watershed, measure drainage area (A), and the
values of L, Lea, and S.

2. Calculate the basin factor LLea/ (S°.5).

3. Use data inFigure 5.11 orthetables in Design ofSmall Dams or the FloodHydrology
Manual to attempt to identify watersheds of the same physiographic type and
similar drainage area and basin factor. Make a list of watersheds with similar
drainage areas and basin factors, and tabulate the estimated value of Kn for
those watersheds, and the measured lag.

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

5. Estimate lag by Equation 5.11. Use values of C and m corresponding to the
source (U.S. Army Corps of Engineers or USBR) that was used to estimate Kn.

6. Compare the calculated lag with the measured lag for similar watersheds (step 3).

The use of measured values of Kn from hydrograph reconstitutions of similar
watersheds will provide the most reliable estimates of Kn and basin lag.

.;.:.;.:.".:.;.:.;.;.:.;.:::.;.:::: ;.;.;.;.;.:.:.:.;.:.=::.:.:::; .:::::;:::::::::.:::::;:::::::::::::::::: ;.:.:.:.:.:.;.;.:.:.:.;.;.;.:.:;:.:::::::::::.:::::::::::::::::.:::::::::.:::::::::::::::::::::::::::::::;:.:::;::::::::::::::::::: ::;:::::::::::::;:::::::::::;:::::::::.::: ::::::::::::::::::;:::.:::::;:::::;:;:::::::::::::::;::::: ::;;;;::::::::::.:::::;::::::::;: :::::::::::::::: .•.•••.•.•.•.•••••.•:•.•:.:.:.:.:.
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ChannelR ~g

I General

iiiiillli:ililillillilliliiiili 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 surfaceconfiguration,
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 is to
be moved through time and space. from one flow concentration point to the next.
For the purposes ofthis manual, two types ofopenchannels, natural and urbanized,
are considered. Kinematic Wave Routing may be applied for urbanized channels
since the routing process involves minimalattenuation. Non-pressurized pipe flow
will also be through Kinematic Wave Routing procedures. Muskingum Routing
maybe used for natural, undeveloped channels since the method simulates outflow
peak attenuation resulting from storage in the system. The Muskingum-Cunge
Routing method may be used for both natural and man-made channels. All three
methods are options in HEC-l which is again the principle modeling tool of the
Hydrology Manual. The Modified PuIs method which is typically used for routing
through a structure or a detention basin is discussed in detail in the Drainage Design
Manual, Volume II, Hydraulics.

IIKinematic Wave Routing

il:I!:.::I:i:illl:::lii~ii::::i The Kinematic Wave R~uting as described in HEC-l 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 ovedand 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
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Kinematic Wave Routing

hydrograph for an urbanized open channel or a pipe where an outflow hydrograph
is required. These reaches can be treated as collector channels or the main channel,
as the case may be.

6.2.1 Collector Channel
Modeling offlowata point where itbecomeschannel flow to a point where it enters
the main channel isdone 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 ov~rland flow runs directly into a gutter. It is also a reasonable
approximation of tljte flow as it passes through a storm drain system from a catch
basin and the collector pipes along the collector channels.

6.2.2 Main Channel
The main channel element can be used to route inflow from an upstream subbasin
or a combination of inflows from collector channels along a subbasin. The flow is
assumed to be unifQrmly distributed, which appears to be a reasonable assumption
when the flow is received from collector channels at several locations.

6.2.3 Parameter Selection
The data requirement for channel routing include surface drainage area, channel
length and slope, dlannel 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
thecomputationalprocedures inherent in themodel. Inorder tosolve thegoverning
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 September 1990 version ofHEC-1 will calculate the outflow peak by
applying both the time step selected by the designer as well as the one selected by
theprogram. Ifthe resulting peaksare not reasonablydose, thedesignercanmodify
the selected time step or the reach length to improve the calculations. It should be
noted that the program will compare peak flow values for the main channel and
not the collector channels.



Channel Routing

fI Muskingum Routing

illlil:!i!:l!!:l!I!:!II:!llll:: 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 Xand K.
Parameter X has a range of values 0.0 to 0.5, where 0.0 represents routing through
a linear reservoirand 0.5 indicatespure translation. ParameterKindicates the travel
time of a floodwave through the entire routed reach. There are several methods
which can be used to estimate Ksuch as average flow velocity adjusted bya 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 7of this manual. Once again, since the computational method
within HEC-1 may result in an unstable solution, parameters K, X, and NSTPS
(number ofsteps) mustbe checked to insure thatan adequate number ofsubreaches
is used.

In those rare situations that observed inflowand outflowhydrographs are available,
K, X, and NSTPS can be calibrated by trial and error to enable reproduction of
outflowhydrographs. Chapter5of theU.S. BureauofReclamation's FloodHydrology
Manual (Cudworth, 1989) is an excellent source ofMuskingumrouting information.

II Muskingum-Cunge Routing

11!!li!!l!II!III!!!!!!!!!II!!i The Muskingum-Cunge routing method is based on the principle of hydraulic
diffusivity, which simulates an attenuation of the flood peak through the routing
reach. This method can be used for both man-made and natural channels where
overbank flow is expected, provided the conveyance can be accurately described
with an eight-point cross section. A complete description of Muskingum-Cunge
applications and guidelines for parameter selection can be found in the September
1990, and later versions of the HEC-l Flood Hydrograph Package, Users Manual.

6.4.1 Parameter Selection
Input data for Muskingum-Cunge routing include energy slope (or bed slope),
reach length, and either the channel shape and a· single Manning's "n" for a
man-made channel, or an eight-point cross section with channel and overbank
roughness coefficients for a natural channel. Example 8 provides guidance on both
applications of Muskingum-Cunge routing.
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IIGeneral

111111111111111111111I1111 The methodologies presented in this Manual are, for the most part, standard
proceduresand practicescommonlyused inhydrologicanalysis. However, theuser
of the manual may not always be familiar with these techniques because of a
different previous experience or interest. A number ofexamples were developed to
familiarize the user with the presented methods as well as the details of parameter
estimation. In addition, this Chapter should provide some general suggestions to
facilitate particular applications.

1111111111111111111111111111 Someof the design rainfall criteria that are contained inChapters2and 3 werebased
on the analysis of published rainfall statistics for the Phoenix metropolitan area.
Specifically, the 2-hour storm distribution (Figure 2.15), Pattern No.1 of the 6-hour
stormdistribution (Figure 2.16), and the intensity-duration-frequency relation (Fig
ure 3.2), were all developed from rainfall statistics in NOAA Atlas 2 for the Phoenix
Sky Harbor Airport location.

Those two storm distributions are dimensionless and ther.efore there may be little
deviation between the use of those distributions and distributions that would be
developed by the same procedure, but using site-specific rainfall statistics from
NOAA Atlas 2. The 2-hour distribution and Pattern No.1 of the 6-hour distribution
are intended to be applicable throughout Maricopa County. However, there could
be situations where site-specific distributions would be appropriate. In such cases,
the distributions can be developed by the same procedures that were used to
develop the distributions in this manual. The Documentation Manual should be
consulted to obtain the details of the procedure. The use of the PREFRE program
is encouraged in the development of the site-specific depth-duration-frequency
statistics.
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Notes on Calculating ~oss Parameters

I ,

2. Use caution when applying in;lpervious cover percentages using the RTIMP
variable. R]IMP will directly c~:mvert the assigned percentage of areal rainfall
to runoff. If the SCS soil description lists a soil group as having 25 percent rock
outcrop, 25 percent of the arealwill contribute direct runoff to the outlet only
if the rock outcrop areas are hydraulically connected, which is rarely the case.
This situationalso exists inurban areas, where the impervious areas are streets
and drivewflYs rather than rock outcrop. Good judgement should be used to
assess flowWaths and the infilniation characteristics of soils adjacent to imper
vious areas when using the RTIMP variable.

3. There are currently three Soil S'Urvey volumes available for Maricopa County
and adjoining areas, generallYi in the central, eastern, and northern regions.
Copies of tile Soil Surveys can 1;>e obtained from the Soil Co~ervationService
Field Offices. .

4. Map unit values of XKSAT (b¥e ground) have been calculated based on in
dividual soil textures, percentage of soil textures in a map unit, XKSAT values
from Table ~.2, and a logarit:1uPic area-weighting procedure. These map unit
values ofX~AT are provided in Appendices A, B, and C. Those values can be
used, in most cases, to calculate basin or subbasin average values of XKSAT.

5. The PSIF an;d DTHETA value~ are taken from Figure 4.3 as a function of the
basin or su];>basin average value of XKSAT (bare ground).

, i

6. XKSAT (baI!e ground) is adjus~ed for the effects of vegetation cover by use of
Figure 4.4. ThePSIFand DTHETAvaluesare not adjustedfor vegetationcover.
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Application

1. The Clark Unit Hydrograph procedure was developed from a database that
includes both urban and natural (undeveloped) desert/rangeland watershed.
Its primary application is for urban watersheds, but is applicable for
desert/rangeland watersheds also. In general, it should not be applied to
agricultural fields or steep mountain watersheds.

2. The size limitation for a watershed or modeling subbasin must be observed
when using the Clark Unit Hydrograph procedure. The recommended~
linill isfuquare miles with an upperJiI!Ut of~Q..square miles. In addition to
that limit, the calculated Tc should not exceed the duration of rainfall excess.
For example, a 4-square mile subbasin is being used for which the duration of
rainfall excess is calculated to be 1.0 hour and the Tc is calculated as 1.5 hours.
The Clark procedure should not be used and the modeler has two options:

. (1) subdivide the subbasin into two or more smaller subbasins so that none of
the Tcs exceed the duration of rainfall excess; or (2) use another unit
hydrograph procedure such as the S-graph.

3. Tc represents the time for a floodwave to travel from the hydraulically most
distant point in the watershed to the outlet dUring the most intense period of
rainfall excess. The flow path length (L) represents the hydraulic length cor
responding to Tc. For a natural channel, L is the length of watercourse from
the outlet to a pointdefining the hydraulically most distant point. Foran urban
basin where flow is mainlyinstreetsand no primarychannels exist, an average
flow path should be selected, such as a line parallel to grade from the outlet to
the upper watershed boundary.

4. Excess Rainfall Values: When developing the peak period of rainfall excess on
the "Calculation ofTc & R" worksheet (Appendix E), start at the largest depth
for theL\tused, choose the largest value above orbelowthepeak, then thevalue
above or below those two, and so on so that a contiguous grouping results. Do
not list the depth values in a strictly descending order unless they are con
tiguous. 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
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Notes on the ApplicatlQn of S-graphs
I

,

Alternatively, program "MCUJrIP1" can be used to calculate Tc and R. This
.program will also construct th;e basin HEC-l input file containing the ap
propriate Cl<;lrk input (DC and VA records).

, I

5. Worksheet: The worksheet allo}Vs a maximum of eight excess rainfall values
to be entered, and this is sufficient in most cases. As a result, if .1t = 5 minutes
(where .1t is! hydrograph timejstep), then Tc should be less than (8*5)=40
minutes. Fo~.1t = 10 minutes, ~c < 80 minutes, and so on. Remember that in
no case shoqld Tc be less than ~t for computational stability. The worksheet
can be modified to allow calculation using any number of rainfall excess
values. The worksheet is not needed if the MCUHPl program is used.

6. Remember ~hat Tc is a functi(i>D of excess rainfall intensity and must be
recalculated when the duration' or frequency of a design storm is changed. If
multiple frequencies are desire<jl for a given duration, it may be acceptable to
construct a gtaph ofTc vs. Freq4ency, when the peak producing portion of the
distribution~maintained. In such a case, plot the 2,10, and 100 year Tc values
on semi-log paper, and interpol~teintermediate values.

7. When calculating Tc for natural watersheds with overall slopes greater than
200 feet/mile, use Figure 5.4 to ~djust the slope.

8. In cases where more than one basin roughness exists in a watershed, the basin
roughness f~ctor (Kb) should b~ weighted in the following manner:

Say a 3.75 square mile wC).tershed is 35 percent "moderately low
roughness" (Type B) and 65 percent "moderately high roughness"
(Type C). Calculate Kb sep<;lrately for each roughness category, then
weigh aFcording to percentages, Le.:

-o.01~75 (log 3.75 x 640) + 0.08 = 0.034
-0.025 (log 3.75 x 640) + 0.15 = 0.065

Kb = (0.35)(0.034) + (0.65)(0.065) = 0.054

IINotes on the Applica~ionof S-graphs

~iiiiii'iili::liiiiiiiililliili 1. The recommended S-graphsfor Maricopa County, Le., Phoenix Mountainand
Phoenix Vall~yS-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 watersheq,s. As a lower lini.!.t of application a watershed
area of 5 s~remiles can be cOJilsidered.

2. The Kn shoUld be selected frem the best available information. General
guidance an4 some regional data are available from the U.S. Army Corps of
Engineers (F~gure 5.11). A broaGler range of data for watersheds in Maricopa
County is provided in the U.S. Bpreau ofReclamation, Flood Hydrology Manual
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Application

(Cudworth, 1989). The S-Graph Study (Sabol, 1987) contains Lagand watershed
characteristics data that are not generally contained in other publications.
These sources should be consulted when selecting Kn.

3. The manual discusses two slightly different forms of the Lag equation, one by
the U.S. Army Corps of Engineers and one by the u.s. Bureau of Reclamation.
The form of the equation that corresponds to the source used in selecting Kn
should be used.

4. Program MCUHP2 can be used to convert an S-graph into a unit-graph. This
program, provides the necessary basin HEC-1 file with the appropriate rainfall
pattern distribution.

5. The length to centroid (Lea) is measured along L to a point on L that is
essentially opposite (perpendicular to) the basin centroid. Lea is not measured
to the centroid unless the centroid happens to lie on the flow path line (L).

I ~::~:n~n the Application of Kinematic Wave

1. Kinematic Wave Routing is most appropriately used where peak attenuation
and channel transmission losses are not expected to be significant. The usual
applications are for defined urban channels and short, steep natural channels.

2. The computational procedure of the Kinematic Wave Routing Method may
unrealistically attenuate the outflow peak. Itappears that longer reach lengths
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 program. 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 program will compare peak flow values for the main channel and not
the collector channels.

3. When working with Kinematic Wave Routing, channel capacity must be
checked to assure proper conveyance of flow prior to the HEC-1 run. Other
wise, if the channel is undersized, the program will automatically extend
channel boundaries to contain the flow.

4. The guidance, comments, and warnings in the HEC-1 User's Manual should
be studied and carefully observed in applying the Kinematic Wave method.
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Notes on the Applleatlon of Musklngum Routing

I Notes on t:?e Applicatipn of Muskingum Routing'

The Muskingum Routing method can be used where flood peak attenuation
is expected. ,The best applicati,6n of this method is for larger rivers with
relatively flat slopes. .

I

2. The paramet(i!rs, K and X, are best determined by the analysis of streamgauge
data, if available. Where such data are available, K and X can be determined
by analytic ~ethods as presentel:i in many hydrology textbooks, or the HEC-l
parameter optimization option Can be used. Other regional flood studies (by
the U.S. Army Corps of Engine~rsand others) may contain the results of such
analyses for ~arger rivers in the ~ounty.

3. The following parameter estimfltion procedures apply primarily to natural
stream channels which convey fl significant amount of flow in the overbank
areas during design-frequency events.

I

4. NSTPS: The choice ofa number ~fsubreaches for a particular stream reach can
be checked f<:>r computational stability using the following equation from the
HEC-l Mantial:

1 <: K <--U
2 (1 - X) "1" NSTPS~t - 2 (X~

whereK =

X =

~t =

the travel time: through the entire reach in hours

Muskingum 'X'
the computati<?nal time step (hrs),

NSTPS = the int~gernumber of subreaches.

5. K: K is the p-avel time of the, floodwave peak through the entire reach.
Calculation 1.Jsing Manning's equation is usually an appropriate method for
estimating the floodwave velocity, Vm, with the following provisions:

A. Use an ~veragechannel an~a and wetted perimeter for the reach
assume bankfull conditionS.

B. Choosean 'n' value represeptative of the main channel only-do not
include the overbank roughness in a weighted average.

C. Calculate an average flow velocity for the reach (Y).
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Application

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

Channel Geometry
Wide rectangular
Wide parabolic
Triangular

Vm!V
1.67
1.44
1.33

The value of K is then estimated by dividing the reach length by Vm.

6. X: For wide, shallow channels with low to moderate slopes and significant
overbank flow during the design flood being modeled, choose X=0.15 to 0.25.
For steep to very steep, narrow, deep channels with little overbank flow,
choose X=0.25 to 0.40.

II Notes on the Application of

··.I·III·I·I;·I···.~·I··II:lill Muskingum-Cunge Routing
Muskingum-Cunge routing (RD record) is an option in HEC-l that often provides
improved routing simulation over other routing options and it should be con
sidered for most channel routing requirements. The advantages of Muskingum
Cunge routing are: (1) the parameters of the model are physically based, and (2) the
method simulates unsteady flow routing over a wide range of flow conditions.

This option canbeused with virtually any channel geometry, although for non-pris
matic channels, a "representative" channel geometry must be selected that repre
sents the actual channel geometry for the routing reach. For constructed channels
and some natural channels, this routing option can be used by providing all input .
on the RD record only. This requires selection of a predetermined channel shape
(see the HEC-l User's Manual). Complex channel geometry and!or variable chan
nel roughness (channel and overbank) can be modeled with the additional use of
RC, RX, and RY records. An eight-point cross section is input on the RX and RY
records to describe the representative channel geometry.

The Muskingum-Cunge option is encouraged in routing situations where flow
attenuation due to routing is expected. This will occur in long, broad channels with
relatively mild slopes. There is probably little advantage in using Muskingum
Cunge routing for short, relatively steep channels. In those cases, Kinematic Wave
routing (RK record) may be adequate. For large rivers with gauging stations and
recorded flood hydrographs, Muskingum routing (RM record) may be preferable.
This is particularly true if recorded flood hydrographs are analyzed to estimate the
Muskingum K and Xparameters, and the HEC-l optimization routine can be used
for this purpose.
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Notes on the Appllcatlo~ of
Musklngum-Cunge Routing

Several points, beyond those in the ij:EC-l User's Manual, are noted when using
the Muskingum-q.mge option:

,

1. Execution of the HEC-1 program may terminate with a math error message if
the inflow to the routing reach is ,zero (no runoff generated from the upstream
watershed). This may occur in ~ituations that have either very low rainfall
depth (intensities) or exceptiona.lly high rainfall losses. Conversion of those
RD records tq RK (Kinematic Wave Routing) may provide an adequate solu
tion while maintaining a routine operation in the model Conversion back to
RD would generally be advised ,if model input is revised such that runoff to
the routing r~ach is produced. i

2. The use of tl)e Muskingum-e~ge routing option usually results in longer
computation !time in HEC-1. R$ time may be increased appreciably when
using the Depth/Area Storm option (JD record); however, this alone should
not be a prac~cal deterrent agairist using the Muskingum-Cunge method.
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Loss Rate Parameters

Assumptions and criteria used in developing XI<SAT tables in Appendices A,B, and C:

1. Soil textures determined in theses Soil Surveys were used as a basis for
calculating XI<SAT rather than individual soil sieve analyses.

2. If a soil texture was described as "gravelly," "very gravelly," "extremely
gravelly," etc., its textural classification was bumped up one level in Table 4.2
to account for higher infiltration rates caused by increased biotic activity below
surface gravels, and the decrease in areal pore clogging from falling raindrops.

. Example: a "gravelly loam" became a "sandy loam." Exception: sandy loams
were riotbumped to loamysands unless they were described as "very gravelly"
or "extremely gravelly." Conversely, "fine" and "very fine" sandy loams were
bumped down to loams, due to their sieve·analyses.

3. Ifa surfacesoilhorizonwasless than3inchesdeep, itsXI<SATvalue wascompared
to the adjoining horizon, and the slower rate was reported in the table.

4. Minor Soil Textures: if more than one texture is assigned to a SOll name in the
map unit descriptions, then its minor soil designation was assigned as that
which most closely matched the major soil(s) for the map unit in question. Each
minor soil was given equal weight in determining the weighted map unit
average XI<SAT.

5. Rock Outcrop: Soil percentages within map units were normalized based on the
. percentage of rock outcrop stated in the soil surveys. Rock outcrop listed as a
minorsoil was ignored, since the chancesare good that minor outcrop areas are
not hydrologically connected to a subbasin concentration point.

6. Maricopa Central Part Soil Survey: In the few cases where a minor soil percentage
was not given, 5 to 15% was assumed depending on percentages assigned to
other soils in the series. In the Eastern Maricopa survey, minor soils were
ignored since no percentages were given and because their textures generally
match those of the major soils.
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APPENDIX A
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APPENDIX B
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Aguila-Carefree Soil Survey

Map %of Control XKSAT,

e Unit Map Horizon Table 4.2 Inchl
No. 5011 Name USDA 5011 Texture Unit Depth, Inches Textural Class hour

1,2 Antho Sandy Loam 80 0-3 Sandy loam 0.41
Carrizo 4 Loamy Sand
Gilman 4 Loam
Maripo 4 Sandy Loam
Oenure 4 Sandy Loam
Monoli 4 Sandy Loam

3,4 Antho Sandy Loam 35 0-3 Sandy Loam 0.58
Carrizo Loamy Sand 30 0-28 Loamy sand
Maripo Sandy Loam 20 0-18 Sandy Loam
Brios 2.5 LQamy·Sand
Gilman 2.5 Loam
Vint 2.5 Sandy Loam
Denure 2.5 Sandy Loam
Momoli 2.5 Sandy Loam
Carrizo 2.5 Loamy Sand

5 Anthony Sandy Loam 80 0-2 Sandy Loam 0.43
Gila 10 Loam
Arizo 10 Loamy Sand

e 6, 7 Antho Sandy Loam 40 0-2 Sandy Loam 0.62
Arizo Very Gravelly sandy Loam 40 1-8 Loamy Sand
Arizo Sandy Loam 20 Sandy Loam

8 Arizo Very Cobbly Sandy Loam 80 1-8 Loamy Sand 0.96
Stratified 20 Sandy Loam
Sediment

9 Beeline Sandy Loam, Loam, Fine Sandy 70 1·9 loam 0.27
Loam

Cipriano Very Gravelly Loam 15 0-6 Sandy Loam
Eben 2.5 . Silty Clay Loam
Luke 2.5 Silty Clay Loam
Gunsight 2.5 Loamy Sand
Rillito 2.5 Loam
Antho 2.5 Sandy Loam
Carrizo 2.5 Loamy Sand

10,11 Brios Loamy Sand 40 0-2 loamy Sand 0.94
Carrizo Very Gravelly Sand 40 2-60 Loamy Sand
Antho 5 Sandy Loam
Gilman 5 Loam
Maripo 5 Sandy Loam
Vint 5 8andyLoam
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12 Carefree Clay 80 1-50 Clay 0.01
Beardsley 4 Clay
Contine 4 Clay Loam
Ebon 4 Silty Clay Loam
Sun City 4 Clay Loam
Gadsden 4 Clay

13 Carefree Clay 50 1-50 . Clay 0.01
Beardsley Clay 40 2-36 Clay
Antho 2 Sandy Loam
Carrizo 2 Loamy Sand
Contine 2 Clay Loam
Ebon 2 Silty Clay Loam
Sun City 2 Clay Loam

14 Carrizo Very Gravelly Sand 80 1-60 Loamy Sand 1.04
Antho 6.7 Sandy Loam
Maripo 6.7 Sandy Loam
Brios 6.7 Loamy Sand

15 Carrizo Gravell~ Sandy Loam 50 0-5 Sandy Loam 0.54
Gunsight Very Gravelly sandy Loam 30 1-60 Loamy Sand eBrios 2.5 Loamy Sand
Carrizo 2.5 Loamy Sand
Denure 2.5 Sandy Loam
Cipriano 2.5 Sandy Loam
ChuckawaJla 2.5 Silt
Momoli 2.5 Sandy Loam
Pinamt 2.5 Sand
Rillito 2.5 Loam

16,17 Cellar Very Gravelly Fine sandy Loam 76.5 0-3 Sandy Loam 0.44
Rock Outcrop 15
Nickel 7.8 Sandy Loam
Eba 7.8 Sandy Loam
Arizo 7.8 Loamy Sand

18 Cherioni Extremely GravellyLoam 71 Sandy Loam 0.33
Rock Outcrop 15 1-10
Cipriano 725 Sandy Loam
Gachado 7.25 Silt
Gunsight 7.25 Loamy Sand
Sun City 7.25 Clay Loam
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19,20 Chuckawala Very Gravelly Sandy Clay Loam 45 2-14 Silt 0.19
Gunsight Very Gravelly Loam 35 0-3 Sandy Loam
Sal 2.857 Silt
Pinamt 2.857 Silt
Tremant 2.857 Sandy Loam
Rillito 2.857 Loam
Antho 2.857 Sandy Loam
Gilman 2.857 Loam
Maripo 2.857 Sandy Loam

21 Cipriano Very Gravelly Loam 80 0-6 Sandy Loam 0.38
Cherioni 5 Sandy Loam
Gunsight 5 Sandy Loam
Sun City 5 Sandy Clay Loam
Carrizo 5 Loamy Sand

22 Contine Cla~Loam 80 2·30 Clay Loam 0.04
Carefree 6.67 Clay
Ebon 6.67 Silty Clay Loam
Mohall 6.67 Clay Loam

23 Contine Clay 80 0·12 Clay 0.01
Carefree 6.67 Clay
Ebon 6.67 Silty Clay Loam
Mohall 6.67 Clay Loam

~

24 Continental Clay 80 1-60 Clay 0.02
Eba 10 Sandy Loam
Mohave 10 Clay Loam

25 Continental Clay 80 0-60 Clay 0.02
Eba 10 Sandy Loam
Mohave 10 Clay Loam

26 Continental Clay 85 2-60 Clay 0.01
Ohaco 7.5 Clay Loam
Sun City 7.5 Sandy Clay Loam

27 Continental Clay 55 1-60 Clay 0.01
Mohave Clay Loam 20 2-20 Clay Loam
Guest 25 Clay

28 Continental Clay 70 2-60 Clay 0.02
Ohaco Clay Loam 20 2-27 Clay Loam
Eba 2.5 Sandy Loam
Sun City 2.5 Sandy Clay Loam

e Anthony 2.5 Sandy Loam
Arizo 2.5 Loamy Sand
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29,30 Denure Fine ~ndy Loam 40 0-2 Loam 0.34
Momoli Gravelly Sandy Loam 30 0-10 Sandy Loam
Carrizo Gravelly Sandy Loam 20 0-10 Sandy Loam
Gilman 3.33 Loam
Maripo 3.33 Sandy Loam
Carrizo 3.33 Loamy Sand

31,32 Dixaleta Extrem~ly Cobbly sandy Loam 85 1-8 Sandy Loam 0.33
Rock Outcrop 35
Ohaco 2.5 Clay Loam
Nickel 2.5 Sandy Loam
Cave 2.5 Loam
Eba 2.5 Sandy Loam
Gran 2.5 Clay Loam
Lehmans 2.5 Clay Loam '1

33,34,35 Eba Very Gravelly Loam 80 0-3 Sandy Loam 0.23
Pinalena 10 Sandy Clay Loam
Continental 10 Clay

36 Eba VeryGravelly Loam 45 (0-3) Sandy Loam 0.07
Continental Clay 35 (1-60) Clay eOhaco 5 Clay Loam
Pinaleno 5 Sandy Clay Loam
Sun City 5 Sandy Clay Loam
Tres Hennanos 5 Clay Loam

37,38 Eba Very Gravelly Loam 40 (0-3) Sandy Loam 0.13
Continental Clay 25 (1-60) Clay
Cave Loam 20 (1-14) Loam
Anthony 2.5 Sandy Loam
Arizo 2.5 Loamy Sand
Greyeagle 2.5 Sandy Loam
Ohaco 2.5 Clay Loam
Nickel 2.5 Sandy Loam
Pinaleno 2.5 Sandy Clay Loam

39 Eba Very Gravelly Loam 30 0-3 Sandy Loam 0.29
Nickel Gravelly Loam 25 1-10 Sandy Loam
Cave Loam 25 1-14 Loam
Ariza 4 Loamy Sand
Pinaleno 4 Sandy Clay Loam
Sun City 4 Sandy Clay Loam
Greyeagle 4 Sandy Loam
Ohaco 4 Clay Loam
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40,42 Eba Very Gravelly Loam 45 0-3 Sandy Loam 0.17
Pinateno Gravelly Clay Loam 35 1-12 Sandy Clay Loam
Arizo 2.5 Loamy Sand
Anthony 2.5 Sandy Loam
Continental 2.5 Clay
Ohaco 2.5 Clay Loam
Greyeagle 2.5 Sandy Loam
Nickel 2.5 Sandy Loam
Vado 2.5 Sandy Loam
Tres Hermanos 2.5 Clay Loam

41,43 Eba Very Gravelly Loam 45 0-3 Sandy Loam 0.17
Pinaleno GravellyClay Loam 35 1·12 Sandy Clay loam
Ohaco 5 Clay Loam
Tres Harmanos 5 Clay Loam
Anthony 5 Sandy Loam
Arizo 5 Loamy Sand

44,45 Ebon Very Gravelly Clay 80 1-43 Silty Clay 0.03
Cipriano 2,857 Sandy Loam
Contine 2.857 Clay Loam
Beardsley 2.857 Clay
Luke 2.857 Silty Clay Loam
Gunsight 2.857 Loamy Sand
Mohall 2.857 Clay Loam
Pinamt 2.857 Silt

46 Ebon Very Gravelly Clay 45 1-43 Silty Clay 0.03
Contine Clay Loam 35 0-30 Clay Loam
Beardsley 3.33 Clay
Luke 3.33 Silty Clay Loam
Pinamt 3.33 Silt
Sun City 3.33 Sandy Clay Loam
Tremant 3.33 Sandy Loam
Carrizo 3.33 Loamy Sand

47 Ebon Very Gravelly Clay 35 1-43 Silty Clay 0.11
Gunsight Very Gravelly Sandy Loam 20 0·3 Loamy Sand
Cipriano Very Gravelly Loam 20 0-8 Sandy Loam
Carrizo 6.25 Loamy Sand
Beardsley 6.25 Clay
Contine 6.25 Clay Loam
Luke 6.25 Silty Clay Loam
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48,49 Ebon Very Gravelly Clay 45 1-43 Silty Clay 0.06
Pinamt Very Gravelly Clay Loam 35 3-15 Silt
Carrizo 2.5 Loamy Sand
Antho 2.5 Sandy Loam
Contine 2.5 Clay Loam
Luke 2.5 Silty Clay Loam
Cipriano 2.5 Sandy Loam
Gunsight 2.5 Loamy Sand
MomoU 2.5 Sandy Loam
Tremant 2.5 Sandy Loam

50 Estrella Loam 80 0-21 Loam 0.26
Gilman 6.67 Loam
Valencia 6.67 Sandy Loam
Mohall 6.67 Loam

51 Gachado Very G~velly Sandy Clay Loam 50 2-8 Silt 0.24
Lomitas Very Gravelly Sandy Loam 25 2-17 Loamy Sand
Cherioni 3.571 Sandy Loam
Carrizo 3.571 Loamy Sand
Ebon 3.571 Silty Clay Loam
Contine 3.571 Clay Loam
Tremant 3.571 Sandy Loam
Denure 3.571 Sandy Loam
Gunsight 3.571 Loamy Sand

5~ Gachado Very G~velly Clay Loam 56 1-7 Sandy Clay Loam 0.16
Lomitas Very G~velly Sandy Loam 25 0·10 Loamy Sand
Rock Outcrop 20
Carrizo 2.375 Loamy Sand
Cherioni 2.375 Sandy Loam
Cipriano 2.375 Sandy Loam
Ebon 2.375 Silty Clay Loam
Gunsight 2.375 Loamy Sand
Pinamt 2.375 Silt
Schenco 2.375 Sandy Loam
Vaiva 2.375 Sandy Loam

53 Gadsden Clay 80 0-3 Clay 0.02
Contine 10 Clay Loam
Glenbar 10 Loam

54 Gila Fine Sandy Loam 80 0-2 Loam 0.29
Anthony 6.67 Sandy Loam
Arizo 6.67 Loamy Sand
Gila 6.67 Loam
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55,56 Gilman Loam 80 0-5 Loam 0.27
Antho 1.818 Sandy Loam
Carrizo 1.818 Loamy Sand
Estrella 1.818 Loam
Glenbar 1.818 Loam
Maripo 1.818 Sandy Loam
Valencia 1.818 Sandy Loam
Vint 1.818 Sandy Loam
Denure 1.818 Sandy Loam
Momoli 1.818 Sandy Loam
Carrizo 1.818 Sandy Loam
Gilman 1.818 Loam

57 Gilman Clay Loam 80 0-11 Clay Loam 0.06
Glenbar 10 Loam
Vint 10 Sandy Loam

58,59 Gilman Loam 40 0-2 Loam 0.34
Momoli Gravelly Sandy Loam 25 0-22 Sandy Loam
Denure Gravelly Sandy Loam 20 0-9 Sandy Loam
Carrizo 3 Sandy Loam
Antho 3 Sandy Loam
Carrizo 3 Loamy Sand
Estrella 3 Loam
Maripo 3 Sandy Loam

- 60 Glenbar Loam 80 . 0-6 Loam 0.26
Antho 4 Sandy Loam
Estrella 4 Loam
Gilman 4 Loam
Vint 4 Sandy Loam
Mohall 4 Loam

61,62 Gran Extremely Gravelly Sandy Clay 40 1-12 Clay Loam 0.15
Wickenburg Gravelly Sandy Loam 35 0-1 Sandy Loam
Eba 8.33 Sandy Loam
Pinaleno 8.33 Sandy Clay Loam
Arizo 8.33 Loamy Sand
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63,64 Gran Extremely Gravelly Sandy Clay!. 40 1-12 Clay Loam 0.14
Wickenburg Gravelly Sandy Loam . 33 0-1 Sandy Loam
Rock Outcrop 25
Dixaleta 5.4 Sandy Loam
Lehmans 5.4 Clay Loam
Eba 5.4 Sandy Loam
Pinaleno 5.4 Sandy Clay Loam
Arizo 5.4 Loamy Sand

65 Greyeagle Gravelly Loam 45 1-5 Sandy Loam 0.19
Continental ClayLo~ 25 2-5 Clay Loam
Nickel Very Gravelly Loam 15 ' 0-5 Sandy Loam
Ohaco 3 Clay Loam
Sun City 3 ~andy Clay Loam
Cave 3 Loam
Mohave 3 Clay Loam
Arizo 3 Loamy Sand

66 Greyeagle Very G~velly Loam 55 1-5 Sandy loam 0.23
Sun City Variant Gravelly: Clay Loam 30 2-9 Sandy Clay Loam
Arizo 3.75 Loamy Sand
Cave 3.75 Loam
Ohaco 3.75 Clay Loam
Nickel 3.75 Sandy Loam

67 Guest Clay 85 0-2 Clay 0.01
Anthony 5 Sandy loam
Continental 5 Clay
Mohave 5 Clay Loam

, 68,69 Gunsight Very Gravelly Sandy loam 45 1-60 Loamy Sand 0.63
Cipriano Very Gravelly Loam 40 0-6 Sandy Loam
Gilman 3 Loam
Carrizo 3 Loamy Sand
Pinamt 3 Silt
Rillito 3 Loam
Tremant 3 Sandy Loam
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70,71 Gunsight Very Gravelly Loam 40 0-11 Sandy Loam 0.36
Rillito Gravelly Loam c 40 0-12 Sandy Loam
Carrizo 2.22 loamy Sand
Chuckawalla 2.22 Silt
Ebon 2.22 Clay loam
Mohall 2.22 Loam
Pinamt 2.22 Silt
Tremant 2.22 Sandy Loam
Cipriano 2.22 Sandy Loam
Antho 2.22 Sandy Loam
Gilman 2.22 Loam

72, 73 Lehmans Clay Loam 64 0-2 Clay Loam 0.09
Rock Outcrop 30
Arizo 7.2 Loamy Sand
Eba 7.2 Sandy Loam
Pinaleno 7.2 Sandy Clay loam
Greyeagle 7.2 Sandy loam
Nickel 7.2 Sandy Loam

74 Luke Very Gravelly Clay 45 1-28 Silty Clay 0.08

e Cipriano Very Gravelly Loam 35 0-6 Sandy Loam
Beardsley 2.857 Clay
Contine 2.857 Clay loam
Ebon 2.857 Silty Clay loam
Pinamt 2.857 Silt
Sun City 2.857 Sandy Clay loam
Gunsight 2.857 loamy Sand
Carrizo 2.857 Loamy Sand

75 Mohall loam 80 0-7 loam 0.23
Gilman 5 Loam
Glenbar 5 loam
Contine 5 Clay Loam
Tremont 5 Sandy Loam

76 Mohall Loam 80 0-7 Loam 0.23
Contine 3.33 Clay Loam
Mohall 3.33 Clay Loam
Tremant 3.33 Sandy Loam
Antho 3.33 Sandy Loam
Estrella 3.33 Loam
Valencia 3.33 Sandy Loam

e
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77 Mohall Clay Ldam 80 0-2 Clay Loam 0.05
Gilman 5 Loam
Glenbar 5 Loam
Contine 5 Clay Loam
Tremant 5 Sandy Loam

78 Mohall Clay Loam 80 0-6 Clay Loam 0.05
Contine 3.33 Clay Loam
Mohall 3.33 Clay Loam
Tremant 3.33 Sandy Loam
Antho 3.33 Sandy Loam
Estrella 3.33 Loam
Valencia 3.33 Sandy Loam

79 . Mohall Clay
,

80 0-12 Clay 0.02
Gilman 5 Loam
Glenbar 5 Loam
Contine 5 Clay Loam
Tremant 5 Sandy Loam

80,81 Mohall Clay Loam 45 2-42 Clay Loam 0.08
Tremant Sandy Clay Loam 25 1-5 Sandy Clay Loam eContine 3.75 Clay Loam
Pinamt 3.75 Silt
Sun City 3.75 Sandy Clay Loam
Gunsight 3.75 Loamy Sand
Rillito 3.75 Loam
Antho 3.75 Sandy Loam
Carrizo 3.75 Loamy Sand
Valencia 3.75 Sandy Loam

82,83 Mohave Clay Loam 80 2-11 Clay Loam 0.04
Gila 6.67 Loam
Continental 6.67 Clay
Tres Hermanos 6.67 Clay Loam

84 Mohave Clay Loam 85 2-28 Clay Loam 0.05
Mohave 3 Loam
Continental 3 Clay
Tres Hermanos 3 Clay Loam
Anthony 3 Sandy Loam
Guest 3 Clay

85 Mohave' Clay Loam 80 0-20 Clay Loam 0.04
Gila 6.67 Loam
Continental 6.67 Clay
Tres Hermanos 6.67 Clay Loam
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86 Mohave Clay Loam 85 2-15 Clay Loam 0.05
Anthony 3 Sandy Loam
Gila 3 Loam
Tres Hermanos 3 Clay Loam
Mohave 3 Loam
Continental 3 Clay

87 Mohave Clay Loam 45 2-11 Clay Loam 0.04
Mohave Clay Loam 40 2-5 Clay Loam
Mohave 15 Clay Loam

88 Mohave Clay Loam 45 2-11 Clay Loam 0.02
Guest Clay 40 2-60 Clay
Mohave 7.5 Loam
Continental 7.5 Clay

89 Mohave Clay Loam 50 2-11 Clay Loam 0.06
Tres Hermanos Gravelly Clay Loam" 30 2-20 Sandy Clay Loam
Arizo 5 Loamy Sand
Anthony 5 Sandy Loam
Continental 5 Clay
PinaJeno 5 Sandy Clay Loam

90 Momoli Gravelly SandY Loam 70 0-3 SandY Loam 0.39
Carrizo 7.5 Loamy Sand
Maripo 7.5 Sandy Loam
Pinamt 7.5 Silt
Denure 7.5 Sandy Loam

91,92 Momoli Very Gravelly Sandy Loam 45 1-60 Loamy Sand 0.93
Carrizo Very Gravelly Sandy Loam 35 0-11 Loamy Sand
Mohall 2.5 Loam
Tremant 2.5 Sandy Loam
Gunsight 2.5 Loamy Sand
Chuckawalla 2.5 Silt
Denure 2.5 Sandy Loam
Gilman 2.5 Loam
Maripo 2.5 Sandy Loam
Carrizo 2.5 Sandy Loam

.93,94 Nickel Gravelly Loam 50 1-10 Sandy Loam 0.04
Cave Loam 35 1-14 Loam
Ariza 3.75 Loamy Sand
Anthony 3.75 Sandy Loam
PinaJeno 3.75 Sandy Clay Loam

"Greyeagle 3.75 Sandy Loam
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95 Ohaco Clay Loam 85 2-11 Clay Loam 0.04
Continentai 7.5 Clay
Sun City Variant 7.5 Sandy Clay Loam

96,97 Pinaleno Gravelly Clay Loam 45 1-12 Sandy Clay Loam 0.07
Tres Hermanos Clay Loam 40 2-4 Clay Loam
Arizo 2.5 Loamy Sand
Mohave 2.5 Clay Loam
Greyeagle 2.5 Sandy Loam
Eba 2.5 Sandy Loam
Vado 2.5 Sandy Loam
Nickel 2.5 Sandy Loam

98,99 Pinamt Very G~velly Loam 45 1-3 Sandy Loam 0.37
Tremant Gravelly Loam 35 0-5 Sandy Loam
Carrizo 4 Loamy Sand
Chuckawalla 4 Silt
Ebon 4 Clay Loam
Gunsight 4 Loamy Sand
Rillito 4 Loam

100 Quilotosa Extrem~ly Gravelly Loam 62.5 2·14 Sandy Loam 0.40 e
Vaiva Very G$velly Loam 25 0-3 Sandy Loam
Rock Outcrop 20
Schenco 12.5 Sandy Loam

101 Rillito Loam 85 . 0-24 Loam 0.28
Cipriano 3.75 Sandy Loam
Gunsight 3.75 Loamy Sand
Mohall 3.75 Loam
Tremant 3.75 Sandy Loam

~02 Rillito Gravelly: Loam 70 0-14 Sandy Loam 0.40
Mohall 3.33 Loam
Pinamt 3.33 Silt
Tremant 3.33 Sandy Loam
Gunsight 3.33 Loamy Sand
Cipriano 3.33 Sandy Loam
Gilman 3.33 Loam
Antho 3.33 Sandy Loam
Maripo 3.33 Sandy loam
Carrizo 3.33 Loamy Sand

103 Rock Outcrop 65 0.10
Gachado Very Gravelly Clay Loam 71 1-7 .Sandy Clay Loam
Lomitas 29 Sandy Loam
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104, 105 Rock Outcrop 60 0.14
Lehmans Gravelly Clay Loam 50 2·15 Sandy Clay Loam
Arizo 16.67 Loamy Sand
Eba 16.67 Sandy Loam
Pinaleno 16.67 Sandy Clay~Loam

106, 107 Sal Gravelly Clay Loam 50 2-7 Sandy Clay Loam 0.18
Cipriano Gravelly Sandy Loam 30 1-9 Sandy·Loam
Gunsight 5 Loamy Sand
Rillito 5 Loam
Brios 5 Loamy Sand
Carrizo 5 Loamy Sand

108 Schenco Very Cobbly Loam 71 2·11 Sandy Loam 0.31
Rock Outcrop 30
Antho 2.9 Sandy Loam
Beardsley 2.9 Clay
Cherioni 2.9 Sandy Loam
Cipriano 2.9 Sandy Loam
Ebon 2.9 Silty Clay Loam
Gunsight 2.9 Sandy Clay Loam
Sun City 2.9 Sandy Loam
Gachado 2.9 Silt
Quilotosa 2.9 Sandy Loam
Vaiva 2.9 Sandy Loam

109 Schenco Very Cobbly Loam 85 2-11 Sandy Loam 0.35
Rock Outcrop 35
Beardsley 2.143 Clay
Cipriano 2.143 Sandy Loam
Ebon 2.143 Silty Clay Loam
Gunsight 2.143 Loamy Sand
Gachado 2.143 Silt
Quilotosa 2.143 Sandy Loam
Vaiva 2.143 Sandy Loam

110 Sun City Gravelly Clay Loam 55 1-9 Sandy Clay Loam 0.13
Cipriano Very Gravelly Loam 30 1-6 Sandy Loam
Carrizo 5 Loamy Sand
Beardsley 5 Clay
Gunsight 5 Loamy Sand

111 Torriothents 100 0-60 Sandy Loam 0.40

-e
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112 Tremant Gravelly Sandy Loam 80 0-9 Sandy Loam 0.39
Antho 2.22 Sandy Loam
Carrizo 2.22 Sandy Loam
Valencia 2.22 Sandy Loam
Carrizo 2.22 Loamy Sand
Denure 2.22 Sandy Loam
Mohall 2.22 Loam
Momoli 2.22 Loam
Pinamt 2.22 Silt
Rillito 2.22 Loam

113 Tremant Gravelly Sandy Loam 80 0-9 Sandy·Loam 0.39
Antho 1.818 Sandy Loam
Carrizo 1.818 Sandy Loam
Valencia 1.818 Sandy Loam
Carrizo 1.818 Loamy Sand
Denure 1.818 Sandy Loam
Momoli 1.818 Loam
ChuckawaJla 1.818 Silt
Gunsight 1.818 Loamy Sand
Mohall 1.818 Loam ePinamt 1.818 Silt
Rillito 1.818 Loam

114 Tremant 80 0-9 Sandy Loam 0.39
Antho 2.0 Sandy Loam
Carrizo 2.0 Sandy Loam
Valencia 2.0 Sandy Loam
Carrizo 2.0 Loamy Sand
Denure 2.0 Sandy Loam
ChuckawaJla 2.0 Silt
GUr16ight 2.0 Loamy Sand
Mohall 2.0 Loam
Pinamt 2.0 Silt
Rillito 2.0 Loam

115 Tremant Gravelly ~andy Loam 45 0-9 Sandy Loam 0.39
Antho SandyLaam 35 0-3 Sandy Loam
Carrizo 4 Loamy Sand
Denure 4 Sandy Loam
Mohall 4 Loam
Momoli 4 Sandy Loam
Pinamt 4 Silt
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116, 117 Tremant Gravelly Clay Loam 30 2-26 Sandy Clay Loam 0.23
Gunsight Very Gravelly Sandy Loam 20 0·10 Loamy Sand
Rillito Gravelly Loam 20 0-60 Sandy Loam
Cipriano 3.75 Sandy Loam
Pinamt 3.75 Silt
Mohall 3.75 Clay Loam
Contine 3.75 Clay Loam
Antho 3.75 Sandy Loam
Carrizo 3.75 Loamy Sand
Gilman 3.75 Loam
Carrizo 3.75 Sandy Loam

118 Tremant Gravelly Sandy Loam 45 1·9 Sandy Loam 0.42
Rillito Gravelly Loam 30 0·12 Sandy Loam
Carrizo 5 Loamy Sand
Cipriano 5 Sandy Loam
Gunsight 5 Loamy Sand
Pinamt 5 Silt
Momali 5 . Sandy Loam

119 Tremant Gravelly Loam 40 1·9 Sandy Loam 0.14
Sun City Clay Loam 30 2-12 Clay Loam
Gadsden 3.75 Clay

. Cipriano 3.75 Sandy Loam
Bear~sley 3.75 Clay
Gunsight 3.75 Loamy Sand
Mohall 3.75 Loam
Sal 3.75 Silt
Pinamt 3.75 Silt
Rillito 3.75 Loam

120 Tres Hennanos Clay Loam 80 2-6 Clay Loam 0.06
Anthony 2.857 Sandy Loam
Mohave 2.857 Loam
Greyeagle 2.857 Sandy Loam
Nickel 2.857 Sandy Loam
Pinaleno 2.857 Sandy Clay Loam
Arizo 2.857 Loamy Sand
Guest 2.857 Clay

121 Tres Hennanos Clay Loam 50 2-6 Clay Loam 0.12
Anthony Gravelly Sandy Loam 35 2-40 Sandy Loam
Arizo 5 Loamy Sand
Pinaleno 5 Sandy Clay Loam
Nickel 5 Sandy Loame
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122 Vado GravellY Sandy Loam 75 0-2 Sandy Loam 0.33
Anthony 6.25 Sandy Loam
Arizo 6.25 Loamy Sand
Pinaleno 6.25 Sandy Clay Loam
Tres Hermanos 6.25 Clay Loam

123 Vaiva Very Gravelly Loam 60 0-3 Sandy Loam 0.37
Brias 4.44 Loamy Sand
Carrizo 4.44 Loamy Sand
Antho 4.44 Sandy Loam
Chuckawalla 4.44 Silt
Ebon 4.44 .Sandy Clay Loam
Gunsight 4.44 Loamy Sand
Pinamt 4.44 Silt
Cipriano 4.44 Sandy Loam
Quilotosa 4.44 Sandy Loam

124 Valencia .Sandy LQam 80 0-20 Sandy Loam 0.39
Antho 4 Sandy Loam
Estrella 4 Loam
Gilman 4 Loam
Denure 4 Sandy Loam e
Tremant 4 Sandy Loam

I

125 Vint Fine Loamy Sand 80 0-60 Sandy Loam 0.43
Antho 4 Sandy Loam
Brios 4 Loamy Sand
Carrizo 4 Loamy Sand
Gilman 4 Loam
Maripa 4 Sandy Loam

e,
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Aa Agualt Loam 85 0-11 Loam 0.26
Gilman Loam 3 Loam
Maripo Sandy Loam 3 Sandy Loam
Antho Sandy Loam 3 Sandy Loam
Carrizo Gravelly Sandy Loam 3 Sandy Loam
Laveen Loam 3 Loam

AbA Antho Sandy Loam 85 0-13 Sandy Loam 0.38
Maripo Sandy Loam 2.143 Sandy Loam
Agualt Loam 2.143 Loam
Valencia Sandy Loam 2.143 Sandy Loam
Estrella Loam 2.143 Loam
Gilman Loam 2.143 Loam
Coolidge Sandy Loam 2.143 Sandy Loam
Antho Loam 2.143 Loam

AbB Antho Sandy Loam 85 0-13 Sandy Loam 0.39
Gilman Loam 3.75 Loam
Maripo Sandy Loam 3.75 Sandy Loam
Coolidge Sandy Loam 3.75 Sandy Loam
Antho Gravelly Sandy Loam 3.75 Sandy Loam

Ac Antho Sandy Loam 80 0-13 Sandy Loam 0.39
Valencia Sandy Loam 4 Sandy Loam
Gilman Loam 4 Loam
Laveen Loam 4 Loam
Antho Sandy Loam 4 Sandy Loam
Coolidge Sandy Loam 4 Sandy Loam

- AdA Antho Gravelly Sandy Loam 85 0-13 Sandy Loam 0.40
Antho Sandy Loam 3.75 Sandy Loam
Maripo SandyLoam 3.75 Sandy Loam
Brios Sandy Loam 3.75 Sandy Loam
Valencia Gravelly Sandy Loam 3.75 Sandy Loam

AdB Antho Gravelly Sandy Loam 85 0-13 Sandy Loam 0.40
Valencia Gravelly Sandy Loam 3.75 Sandy Loam
Rillito Sandy Loam 3.75 Sandy Loam
Carrizo Gravelly Sandy Loam 3.75 Sandy Loam
Coolidge Gravelly Sandy Loam 3.75 Sandy Loam

Ae Antho Sandy Loam 45 0-13 Sandy Loam 0.39
Brios Sandy Loam 25 0-14 Sandy Loam
Maripo Sandy Loam 20 0-34 Sandy Loam
Carrizo Gravelly Sandy Loam 2.5 Sandy Loam
Gilman Fine Sandy Loam 2.5 Loam
Agualt , Loam 2.5 Loam
Valencia Sandy Loam 2.5 Sandy Loam
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AtA Antho Sandy ~oam 50 0-13 Sandy Loam 0.38
Carrizo Gravelly Sandy Loam 30 0-5 Sandy Loam
Maripo Sandy~oam 5 Sandy Loam
Valencia Sandy~oam 5 Sandy Loam
Vint Fine sandy Loam 5 Loam

I

Gilman Fine sarjldy Loam 5 Loam
I
i

AtB Antho Sandy Lpam 40 0·13 Sandy Loam 0.40
Carrizo Gravelly: Sandy Loam 25 0-5 Sandy Loam
Maripo Sandy Loam 20 0-34 Sandy Loam
Valencia Gravelly'Sandy Loam 7.5 Sandy Loam
Rillito Sandy Lpam 7.5 Sandy Loam

AGB Antho Sandy Lbam 35 0·13 Sandy Loam 0.40
Carrizo Gravelly!Sandy Loam 30 0-5 Sandy Loam
Maripo Sandy LOam 20 0·34 Sandy Loam
Brios Sandy L\>am 5 Sandy Loam
Harqua Gravelly 'loam 5 Sandy Loam
Valencia Sandy LOam 5 Sandy Loam

i

AHC Antho Gravelly:Sandy Loam 40 0-13 Sandy Loam 0.38
Tremant Gravelly!Loam 30 0·10 SandyLoam ..
Gunsight 3.33 Loam
Maripo 3.33 Sandy Loam
Rillito 3.33 Sandy Loam
Laveen 3.33 Loam
Carrizo 3.33 Sandy Loam
Mohall 3.33 Sandy Loam
Gilman 3.33 Loam
Valencia 3.33 Sandy Loam
Estrella 3.33 Loam

AkB Antho Gravelly ~andy Loam 35 0-13 Sandy Loam 0.27
Antho SandyLQam 15 0·13 Sandy Loam
Tremant Gravelly Clay Loam 20 1-8 Sandy Clay Loam
Mohall Gravelly Sandy Loam 15 0-10 Sandy Loam
CaciolTorrio 5 Sandy Loam
Carrizo Gravelly $andy Loam 5 Sandy Loam
Gilman Fine San~y Loam 5 Loam

AL Antho SandyLQam 55 0·13 Sandy Loam 0.40
Antho Gravelly Sandy Loam 30 0·13 Sandy Loam
Coolidge Sandy Lqam 3 Sandy Loam
Laveen SandyLqam 3 Sandy Loam
Valencia SandyL~am 3 Sandy Loam
Carrizo Gravelly ~andy Loam 3 Sandy Loam
Maripo SandyLqam 3 Sandy Loam
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AM Antho Sandy Loam 40 ' 0-13 Sandy Loam 0.39
Valencia Sandy Loam 40 0-10 Sandy Loam
Coolidge Sandy Loam 6.67 Sandy Loam
Maripo Sandy Loam 6.67 Sandy Loam
Gilman Fine sandy Loam 6.67 Loam

An Avonda Clay Loam 75 0-13 Clay Loam 0.05
Avondale Clay Loam 6.25 Clay Loam
Glenbar Clay Loam 6.25 Clay Loam
Agualt Loam 6.25 Loam
Gilman Loam 6.25 Loam

Ao Avondale Clay Loam 85 0-12 Clay Loam 0.04
Glenbar Clay Loam 5 Clay Loam
Gilman Loam 5 Loam
Trix Clay Loam 5 Clay Loam

Ap Avondale Clay Loam 85 0-12 Clay Loam 0.04
Glenbar Clay Loam 5 Clay Loam
Cashion Clay 5 Clay
Gilman Loam 5 Loam

BE Beardsley Loam 90 0-3 Loam 0.24
Vecont Clay 2.5 Clay
Sun City Very GraveUytoam 2.5 Sandy Loam
Pinal Gravelly Loam ' 2.5 Sandy Loam
Beardsley Gravelly Loam 2.5 Sandy Loam

Br Brios Loamy Sand 90 - 0-14 Loamy Sand 1.05
Carrizo Gravelly Sandy Loam 5 Sandy Loam
Vint Fine sandy Loam 5 Loam

Bs Brios. Sandy Loam 80 0-14 Sandy Loam 0.39
Vint Fine sandy Loam 4 Loam
Carrizo Gravelly Sandy Loam 4 Sandy Loam
Maripo Sandy Loam 4 Sandy Loam
Anth6 Sandy Loam 4 Sandy Loam
Brios Sandy Loam 4 Sandy Loam

Bt Brios Loam . 80 0-14 Loam 0.25
Anthony Sandy Loam 4 Sandy Loam
Maripo Sandy Loam 4 Sandy Loam
Carrizo Gravelly Sandy Loam 4 Sandy Loam
Vint Clay Loam 4 Clay Loam
Vint Loam 4 Loam

CA2 Calciorthidsl Varies 80 0-60 Sandy Loam 0.38
Torriorthents
Gunsight Loam 5 Loam
Pinal Loam 5 Loam
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Map
Unit
No. Soli Name

,

USDA Soli Texture

%of Control
Map Horizon
Unit Depth, Inches

Table 4.2
Textural Class

XKSAT,
InCh/_
hour

Cb -,,-Ca=m='z=o___ Gravelly Sandy Loam 85 0-5 Sandy Loam
Maripo Sandy loam 3 Sandy Loam
Brios Loamy Sand 3 Loamy Sand
Antho Sandy Uoam 3 Sandy Loam
Vint Fine sahdy Loam 3 Loam
Agualt Loam 3 Loam

CeO Carrizo Gravelly Sandy Loam 60 0-5 Sandy Loam
Ebon Very Co'bbly Clay Loam 30 2-13 Sandy Clay Loam
Tremant Gravell~ Clay Loam 10 Sandy Clay Loam

I

CF Carrizo Sandy ~oam 45 0-5 Sandy Loam
Brios Sandy ~oam 35 0-14 Sandy Loam
Vint Loamy Sand 20 0-60 Loamy Sand

Cg Casa Grande Loam 85 1-3 Loam
Laveen Loam : 3.75 Loam
Harqua Gravelly Clay Loam 3.75 Sandy Clay Loam
Valencia Sandy Lpam 3.75 Sandy Loam
Tucson Loam : 3.75 Loam

Ch Casa Grande .=;:Lo;.=am:.:.:..-.,-- _+_ _8=5 -=.0--=.3__ . .=;:Lo;.=am:.:.:..- _
Laveen Loam 3.75 Loam
Estrella Loam ' 3.75 Loam
Harqua Gravelly!Clay Loam 3.75 Sandy Clay Loam
Tucson Loam . 3.75 Loam

Ck Casa Grande Loam i 75 0-3 Loam
Laveen Loam ! 8.33· Loam
Harqua Gravelly!Sandy Loam 8.33 Sandy Loam
Dune Land Loamy ~and 8.33 Loamy Sand

Cm Casa Grande Loam i 40 1-3 Loam
Laveen Loam 40 0-15 Loam
Gilman Loam i 6.67 Loam

I

Coolidge Sandy LQam 6.67 Sandy Loam
Estrella Loam ! 6.67 Loam

Cn .=;Ca==s::.:.:hi~on~__ .=;CI::.ayL...--+- "---_ _8.;;..;;0_ __0.;;..-2=7__ -"-C'=ay'-- _
Gadsden Clay 5 Clay
Avondale Clay LOaln 5 Clay Loam
Wintersburg ClayLoa/n 5 Clay Loam
Glenbar Clay Loajn 5 Clay Loam

CO Cherioni Very Grayelly Loam 62.5 0-6 Sandy Loam
Rock Outcrop 20
Gachado Very Grayelly Clay Loam 9.38 Sandy Clay Loam
Pinal Loam 9.38 Loam
Gunsight Loam 9.38 Loam
Rillito Loam 9.38 Loam

8-6
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No. 5011 Name USDA Soli Texture Unit Depth, Inches Textural Class hour

Cp Coolidge Sandy Loam 80 0-13 Sandy Loam 0.40
Laveen Sandy Loam 4 Sandy Loam
Antho Sandy Loam 4 Sandy Loam
Rillito Sandy Loam 4 $andyLoam
Perryville Sandy Loam 4 Sandy Loam
Valencia Sandy Loam 4 Sandy Loam

CrB Coolidge Gravelly Sandy Loam 85 0-13 Sandy Loam 0.40
Rillito Sandy Loam 5 Sandy Loam
Perryville Sandy Loam 5 Sandy Loam
Antho Gravelly Sandy Loam 5 Sandy Loam

Cs Coolidge Gravelly Sandy Loam 50 0-12 Sandy Loam 0.19
Tremant Clay Loam 30 1-8 Clay Loam
Laveen Loam 5 Loam
Perryville Gravelly Loam 5 Sandy Loam
Antho Sandy Loam 5 Sandy Loam
Rillito Loam 5 Loam

CV Coolidge Sandy Loam 40 0-13 Sandy Loam 0.39
Laveen SanpyLoam 40 0-15 Sandy Loam
Antho Sandy Loam 6.667 Sandy Loam
Perryville Gravelly Loam 6.667 . Sandy Loam

e Rillito Loam 6.667 Loam

Dn Dune Land Sand 100 0-60 Loamy Sand 1.20

EbD Ebon Very Cobbly Clay Loam 75 2-13 Sandy Clay Loam 0.10
Pinamt Gravelly Loam 8.333 Sandy Loam
Carrizo Gravelly Sandy Loam 8.333 Sandy Loam
Tremant Gravelly Loam 8.333 Sandy Loam

EPD Ebon Very Cobbly Clay Loam 40 2-13 Sandy Clay Loam 0.12
Pinamt Very Gravelly Sandy Loam 25 2-6 Sandy Loam
Tremant Clay Loam 20 1-8 Clay Loam
Gunsight Gravelly Loam 3.75 Sandy Loam
Carrizo Gravelly Sandy Loam 3.75 Sandy Loam
Rillito Loam 3.75 Loam
Antho Sandy Loam 3.75 Sandy Loam

Es Estrella Loam 85 0·11 Loam 0.25
Gilman Loam 3.75 Loam
Valencia Sandy Loam 3.75 Sandy Loam
Mohall Loam 3.75 Loam
Laveen Loam 3.75 Loam

Et Estrella Loam 80 0-11 Loam 0.25
CasaGrande Loam 6.667 Loam
Laveen Loam 6.667 Loam
Gilman Loam 6.667 Loam
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Map %of Control XKSAT,
Unit Map Horizon Table 4.2 inchl e
No. Soli Name USDA SOil Texture Unit Depth, Inches Textural Class hour

i

GA Gachado Very Gravelly Clay Loam '....--' 66.67 0-1 Sandy Clay Loam 0.10
Rock Outcro'p " 40
Cherioni Very Gravelly Loam 8.333 Sandy Loam
Rillito Loam 8.333 Loam
Pinal Loam i 8.333 Loam,

Gunsight Loam 8.333 Loam

Gb Gadsden Clay Loam 80 0-14 Clay Loam 0.04
Glenbar Clay L04m 5 Clay Loam
Cashion Clay 5 Clay
Avondale ClayLo~ 5 ClayLoam
Gadsden Loam 5 Loam

Gc Gadsden Clay 80 0-10 Clay 0.01
Glenbar Clay 5 Clay
Cashion Clay 5 Clay
Avondale ClayLo~ 5 Clay Loam
Gadsden ClayLo$l 5 Clay Loam

Gd Gadsden Clay 85 0-10 Clay 0.01
Glenbar Clay Lo~m 3.75 Clay Loam
Cashion Clay : 3.75 Clay
Avondale ClayLo~ 3.75 Clay Loam
Gadsden Clay 3.75 Clay

0.26 eGe Gilman Loam 80 0-5 Loam
Antho Sandy L9am 3.33 Sandy Loam
Agualt Loam 3.33 Loam
Vint Fine Sandy Loam 3.33 Loam
Estrella Loam 1 3.33 Loam
Valencia SandyLJam 3.33 Sandy Loam
Laveen SandyLqam 3.33 Sandy Loam

Gf Gilman Fine 8anCIy Loam 80 0-14 Loam 0.24
Vint Fine San~ Loam 5 Loam
Antho SandyLqam 5 Sandy Loam
Avondale Clay LOaln 5 Clay Loam
Maripo Sandy Loam 5 Sandy Loam

GgA Gilman Loam 80 0-5 Loam 0.25
Agualt Loam 4 Loam
Antho SandyL~am 4 Sandy Loam
Estrella Loam 4 Loam
G/enbar Loam 4 Loam
Laveen Loam 4 Loam

GgB Gilman Loam 80 0-5 Loam 0.26
Antho SandyLo~ 6.667 Sandy Loam
Gilman Loam . 6.667 Loam
Laveen Loam 6.667 Loam
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Map %of Control XKSAT,
Unit Map Horizon Table 4.2 Inch!
No. Soli Name USDA Soli Texture Unit Depth, Inches Textural Class hour

Gh Gilman Loam 85 0-5 Loam 0.24
Laveen Loam 3.75 Loam
Antho Sandy Loam 3.75 Sandy Loam
Estrella Loam 3.75 Loam
Avondale Clay Loam 3.75 Clay Loam

GL Gilman Loam 40 0-5 Loam 0.25
Gilman (other) Loam 40 0-5 Loam
Antho Sandy Loam 5 0-13 Sandy Loam
Gilman Loam 5 0-5 Loam
Estrella Loam 2.5 Loam
Carrizo Gravelly Sandy Loam 2.5 Sandy Loam
Maripo Sandy loam 2.5 Sandy loam
Harqua Gravelly Clay Loam 2.5 Sandy Clay Loam

GM Gilman Loam 50 0-5 Loam 0.29
Antho Sandy Loam 25 0-60 Sandy Loam
Agualt Loam 10 0-11 Loam
Laveen Loam 3.75 Loam
Maripo Sandy Loam 3.75 Sandy Loam
Estrella Loam 3.75 Loam
Carrizo Gravelly Sandy Loam 3.75 Sandy Loam

GN Gilman Loam 45 0-5 Loam 0.25
Laveen Loam 30 0-15 Loam
Estrella Loam 20 Loam
Maripo Loam 1.25 Loam
Tremant Loam 1.25 Loam
Coolidge Sandy Loam 1.25 Sandy Loam
Agualt Loam 1.25 Loam

Go3 Gilman Loam 55 0-5 Loam 0.19
Antho Sandy Loam 25 0-60 Sandy Loam
Glenbar Clay Loam 20 0-15 Clay Loam

Gp Gilman Variant Loam 95 0-3 Loam 0.24
Avondale Clay Loam 1.667 Clay Loam
Gadsden Clay Loam 1.667 Clay Loam
Gilman Loam 1.667 Loam

Gr Glenbar Loam 85 0-13 Loam 0.23
Gilman Loam 5 Loam
Avondale Clay Loam 5 Clay Loam
Gilman Variant Loam 5 Loam

Gs Glenbar Loam 85 0-12 Loam 0.23
Gilman Loam 5 Loam
Estrella Loam 5 Loam
Gadsden Clay Loam 5 Clay Loam
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Gt Glenbar Clay LQam 80 0-15 Clay Loam 0.04
Avondale Clay Lqam 5 Clay Loam
Gilman Loam . 5 Loam
Trix Clay Ldam 5 Clay Loam
Gadsden ClayLo!am 5 Clay Loam

Gu Glenbar ClayLdam 80 0-15 Clay Loam 0.04
Avondale Clay Loam 5 Clay Loam
Cashion Clay 5 Clay
Gadsden Clay 5 Clay
Gilman Loam 5 Loam.

Gv Glenbar Clay 85 0-20 Clay 0.01
Casion Clay 5 Clay
Gadsden Clay 5 Clay
Avondale Clay Loam 5 Clay Loam

GWD Gunsight Loam i 40 1-3 Loam 0.35
Pinal Gravelly Loam 30 0-8 Sandy Loam
Pinamt Very Gravelly Sandy Loam 12 2-6 Sandy Loam
Rillito Gravell~ Loam 6 Sandy Loam
Antho Gravelly Sandy Loam 6 Sandy Loam
Carrizo Very Gravelly Sand 6 Loamy Sand

GxA Gunsight Loam 45 1-3 Loam 0.23 e
Rillito Fine Sandy Loam 45 2·10 Loam

i

Laveen Loam 5 loam
Harqua Gravelly,Clay Loam 5 Sandy Clay Loam

GxB Gunsight Loam 45 1-3 Loam 0.24
Rillito Fine Sarldy Loam 45 2·10 Loam
Laveen Loam 2.5 Loam
Pinal Loam 2.5 Loam
Coolidge Gravelly 'Sandy Loam 2.5 Sandy Loam
Harqua Gravelly 'Clay Loam 2.5 Sandy Clay Loam

GYD Gun~ight Loam 40 1-3 Loam 0.26
Rillito Fine Sandy Loam 40 2·10 . Loam
Perryville Gravelly Loam 3.33 Sandy Loam
Laveen Loam 3.33 Loam
Pinal Loam 3.33 Loam
Gilman Loam 3.33 Loam
Antho Gravelly Sandy Loam 3.33 Sandy Loam,

Carrizo Gravelly Sandy Loam 3.33 Sandy Loam

B·10 June 1,1992



Maricopa central Soil Survey

Map %0' Control XKSAT,

e Unit Map . Horizon Table 4.2 Inchl
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HAB Hargua Gravelly Clay Loam 85 0-1 Sandy Clay Loam 0.07
Harqua Gravelly Clay Loam 3 Sandy Clay Loam
Rillito Gravelly Loam 3 Sandy Loam
Gunsight Gravelly Loam 3 Sandy Loam
Casa Grande Loam 3 Loam
Valencia Sandy Loam 3 Sandy Loam

HAC Harqua Gravelly Clay Loam 65 0-1 Sandy Clay Loam 0.05
Harqua Clay 20 Clay
Rillito Gravelly Loam 5 Sandy Loam
Gunsight Gravelly Loam 5 Sandy Loam
Laveen Loam 5 Loam

HLC Harqua Gravelly Clay Loam 40 0-1 Sandy Clay Loam 0.14
Gunsight Loam 35 1-3 Loam
Rillito Loam 20 0-2 Loam
Rillito Gravelly Loam 1.667 Sandy Loam
Gunsight Gravelly Loam 1.667 Sandy Loam
Laveen Loam 1.667 Loam

HM Harqua Gravelly Clay Loam 40 0·1 Sandy Clay Loam 0.15
Laveen Rne Sandy Loam 35 0-15 Loam
Rillito Loam 15 Loam

e Gunsight Gravelly Loam 5 Sandy Loam
Valencia Sandy Loam 5 Sandy Loam

HrB Harqua .Clay Loam 50 0-1 Clay Loam 0.12
Rillito Gravelly Loam 20 0-2 Sandy Loam
Gunsight Gravelly Loam 15 1-3 Sandy Loam
Gilman Loam 2.143 Loam
Antho Gravelly Sandy Loam .2.143 Sandy.Loam
Laveen Loam 2.143 Loam
Estrella Loam 2.143 Loam
Valencia Sandy Loam 2.143 Sandy Loam
Tremant Gravelly Loam 2.143 Sandy Loam
Coolidge Sandy Loam 2.143 Sandy Loam

La La Palma Very Fine Sandy Loam 80 0-5 Loam 0.26
Pinal Loam 5 Loam
CasaGrande Loam 5 Loam
Laveen Loam 5 Loam
Harqua Gravelly Loam 5 Sandy Loam

Lb Laveen SandY Loam 80 0-14 Sandy Loam 0.40
Perryville Sandy Loam 3.75 Sandy Loam
Coolidge Sandyloam 3.75 Sandy Loam
Valencia Sandy Loam 3.75 Sandy Loam
Antho Sandy Loam 3.75 Sandy Loam
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1

LeA Laveen Loam 85 0-6 Loam 0.25
Gilman Loam 3 Loam
Mohall Loam 3 Loam
Estrella Loam 3 Loam
Perryville Gravelly: Loam 3 Sandy Loam
Rillito Loam 3 Loam

LeB Laveen Loam 90 0-6 Loam 0.25
Perryville Gravelly'Loam 3.33 Sandy Loam
Gilman Loam 3.33 Loam
Rillito Loam 3.33 Loam

Ld Laveen Loam
,

80 0-6 Loam 0.25
Casa C.rande Loam 4 Lo.am
Gilman Loam 4 Loam
Estrella Loam 4 Loam
Perryville Loam 4 Loam
Laveen Loam 4 Loam

Le Laveen Clay Loam 85 0-14 Clay Loam 0.04
Mohall ClayLo~ 3.75 Clay Loam
Tremant Clay Loa~ 3.75 Clay Loam
Veeont Clay 3.75 Clay
Tucson Clay Loam 3.75 Clay Loam eLf Laveen Fine sanpy Loam 35 0-12 Loam 0.33
Laveen Sandy L4am 20 0-12 Sandy Loam
Antho Sandy Loam 30 0-60 Sandy Loam
Coolidge Sandy LQam 5 Sandy Loam
Gilman Loam 5 Loam
CasaGrande Sandy ll~am 5 Sandy Loam

Ma Maripo Sandy Ldam 85 0-13 Sandy Loam 0.40
Antho SandyLqam 5 Sandy Loam
Valencia SandyLqam 5 Sandy Loam
Coolidge Sandy Lqam 5 Sandy Loam

Mo Mohall Sandy Loam 92 0-12 Sandy Loam 0.39
Laveen SandyLqam 2 Sandy Loam
Coolidge SandyL~am 2 Sandy Loam
Valencia SandyL~am 2 Sandy Loam
Tremant Loam 2 Loam

Mp Mohall Loam 92 0-16 Loam 0.25
Laveen Loam 2 Loam
Estrella Loam 2 Loam
Gilman Loam 2 Loam
Tremant Loam 2 Loam
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Mr Mohall Clay Loam 90 0-12 Clay Loam ·0.05
Laveen Loam 2 Loam
Estrella' Loam 2 Loam
Tucson Loam 2 Loam
Tremant Loam 2 Loam
Vecant Loam 2 Loam

. Ms Mohall Clay 80 0-19 Clay 0.01
Trix Clay Loam 2.857 Clay Loam
Glenbar Clay 2.857 Clay
Cashion Clay 2.857 Clay
Vecant Clay 2.857 Clay
Avondale Clay 2.857 Clay
Mohall Clay Loam 2.857 Clay Loam
Mohall Clay 2.857 Clay

MTB Mohall Loam 40 0-12 Loam 0.15
Mohall Clay Loam 10 0-12 Clay Loam
Tremant Clay 20 1-8 Clay Loam
Estrella Loam 15 0-11 Loam
Rillito Loam 5 Loam
Coolidge Sandy Loam 5 Sandy Loam
Laveen Loam 2.5 Loam
Gilman Loam 2.5 Loam

MV Mohall Clay Loam 25 0-12 Clay Loam 0.15
Mohall Loam 20 0-12 Loam
Laveen Loam 20 0-15 Loam
Laveen Sandy Loam 15 '0-14 Sandy Loam
Estrella Loam 6.667 Loam
Gilman Loam 6.667 Loam
Tremant Gravelly Clay Loam 6.667 Sandy Clay Loam

Pa Perryville Sandy Loam 85 0-12 Sandy Loam 0.40
Laveen Sandy Loam 5 Sandy Loam
Coolidge Sandy Loam 5 Sandy Loam
Rillito Sandy Loam 5 Sandy Loam

Pb Perryville Gravelly Loam 80 0-9 Sandy Loam 0.38
Rillito Loam 5 Loam
Laveen Loam 5 Loam
Coolidge Sandy Loam 5 Sandy Loam
Perryville Gravelly Loam 5 Sandy Loam

PeA Perryville Gravelly Loam 78 0-9 Sandy Loam 0.37
Rillito Loam 10 Loam
Tremant. Loam 4 Loam
Coolidge Sandy loam 4 Sandy Loam
Laveen Loam 4 Loam
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PeB Perryville Gravelly Loam 80 0-9 Sandy Loam 0.38
Rillito Loam 6.667 Loam
Laveen Loam ! 6.667 Loam
Coolidge Sandy ~oam 6.667 Sandy Loam

PRB Perryville Loam 1 35 0-9 Loam 0.28
Rillito Fine sandy Loam 30 2-10 Loam
Perryville Sandy L,oam 10 0·9 Sandy Loam
Rillito Fine sandy Loam 10 2-10 Loam
Antho Sandy Lpam 3.75 Sandy Loam
Coolidge Sandy Loam 3.75 Sandy Loam
Laveen Sandy Lpam 3.75 Sandy Loam
Gunsight Gravelly Loam 3.75 Sandy Loam

PsA Pinal Loam 85 0-8 Loam 0.25
Pinal Loam 3.75 Loam
LaPalma Very Fine Sandy Loam 3.75 Loam
Toltec Loam

!
3.75 Loam

Gunsight GravellyLoam 3.75 Sandy Loam
,

PsB Pinal Loam 80 0-8 Loam 0.26
Gunsight GravellyLoam 4 Sandy Loam
Coolidge Gravelly'Sandy Loam 4 Sandy Loam
LaPalma Very Fin~ Sandy Loam 4 Loam
Rillito Loam ! 4 Loam
Cherioni Very G~vellY Fine Sandy Loam 4 Sandy Loam

PT
1

85 Sandy LoamPinal Gravelly toam 0-8 0.40
Gunsight Gravelly Loam 7.5 Sandy Loam
Cherioni Very Gravelly Loam 7.5 Sandy Loam

PvB Pinal Loam 50 0-8 Loam 0.25
LaPalma Very Fine Sandy Loam 25 0-5 Loam
Toletec Loam 15 0-12 Loam
Laveen Loam 5 Loam
Pinal Loam 5 Loam

PWB Pinal Gravelly ~oam 55 0-8 Sandy Loam 0.38
I

Sun City Gravelly Loam 35 0-3 Sandy Loam
Beardsley Loam 5 Loam
Gunsight Loam 5 Loam

PYD Pinamt Very GraVelly Sandy Loam 40 O~ Sandy Loam 0.20
Tremant Clay Loam 30 1-8 Clay Loam
Gunsight Gravelly ~oam 6 Sandy Loam
Antho Gravelly$andy Loam 6 Sandy Loam
Rillito Gravelly ~oam 6 Sandy Loam
Ebon Gravelly ~oam 6 Sandy Loam
Carrizo Gravelly ~andy Loam 6 Sandy Loam
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RaA Rillito Sandy Loam 80 0-12 Sandy Loam 0.39
Coolidge Sandy Loam 4 Sandy Loam
Laveen Sandy Loam 4 Sandy Loam
Tremant Loam 4 Loam
Perryville Sandy Loam 4 Sandy Loam
Pinal Loam 4 Loam

RaB Rillito Sandy Loam 80 0·10 Sandy Loam 0.39
Laveen Sandy Loam 5 Sandy Loam
Coolidge Gravelly Sandy Loam 5 Sandy Loam
Perryville Gravelly Sandy Loam 5 Sandy Loam
Pinal Loam 5 Loam

RbA Rillito Loam 80 0-2 Loam 0.26
Laveen Loam 5 Loam
Perryville Gravelly Loam 5 Sandy Loam
Coolidge Sandy Loam 5 Sandy Loam
Tremant Loam 5 Loam

RbB Rillito Loam 80 0-10 Loam 0.25
Laveen Loam 6.667 Loam
Perryville Gravelly Loam 6.667 Sandy Loam
Pinal Loam 6.667 Loam

e RhB Rillito Loam 10 2·10 Loam 0.25
Rillito Loam 10 2-10 Loam
Rillito Loam 10 2·10 Loam
Harqua Gravelly Clay Loam 10 0-3 Sandy Clay Loam
Harqua Gravelly Loam 10 0-3 Sandy Loam
Harqua Loam 10 0-3 Loam
Gunsight Loam 15 1-3 Loam
Gunsight Loam 15 1-3 Loam
Gilman Loam 1.25 Loam
Gilman Fine $andy Loam 1.25 Loam
Antho Gravelly Sandy Loam 1.25 Sandy Loam
AnthO Sandy Loam 1.25 Sandy Loam
Carrizo Gravelly Sandy Loam 1.25 Sandy Loam
Valencia Sandy Loam 1.25 Sandy Loam
Estrella Loam 1.25 Loam
Estrella Loam 1.25 Loam

RpE Rillito Loam 15 2-10 Loam 0.29
Rillito Loam 15 2-10 Loam
Perryville Gravelly Loam 30 0-9 . Sandy Loam
Gunsight Loam 7.5 1-3 Loam
Gunsight Loam 7.5 1-3 Loam
Pinal Gravelly Loam 15 0-8 Sandy Loam
Harqua Gravelly Clay Loam 5 Sandy Clay Loam
CalciolTorrio Sandy Loam 5 Sandy Loam
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i

RS Rock Outcrop 65 0.40
Cherioni Very Gravelly Loam 67 1-6 Sandy Loam
Gachado Very Gravelly Loam 33 Sandy Loam

:

Ta Toltec Loam 90 0·12 Loam 0.25
Gilman Loam 3.33 Loam
Laveen Loam! 3.33 Loam
Tucson Loam 3.33 Loam'

TB Torrifluvents Sandytoam 100 0-60 Sandy Loam 0.40
Tc Torriorthents

TO Torripsamments LoamY$and 100 0-60 Loamy Sand 1.20
Torrifluvents

Te Tremant Loam 85 0·12 Loam 0.25
Rillito Loam 5 Loam
Laveen Loam 5 Loam
Mohall Loam 5 Loam

TfA Tremant Gravelly Loam 85 0·12 Sandy Loam 0.37
Tremant Gravelly Sandy Loam 3 Sandy Loam
Laveen Loam 3 Loam
Rillito Gravell~ Loam 3 Sandy Loam
Mohall Loam 3 Loam eHarqua Gravell~ Clay Loam 3 Sandy Clay Loam

TfB Tremant Gravell~ Loam 85 0·12 Sandy Loam 0.36
Harqua Gravelly Clay Loam 3.75 Sandy Clay Loam
Rillito Loam 3.75 Loam
Gunsight Gravelly, Loam 3.75 Sandy Loam
Laveen Loam 3.75 Loam

Tg Tremant Clay Loam 85 0·12 Clay Loam 0.04
Mohall ClayLo~m 3 ( Clay Loam
Vecant Clay 3 Clay
Laveen Loam 3 Loam
Harqua Gravelly Clay Loam 3 Sandy Clay Loam
Rillito Loam 3 Loam

Th Tremant Clay Loam 85 1-8 Clay Loam 0.04
Rillito Loam , 3 Loam
Mohall Clay 3 Clay
Laveen Loam I 3 Loam
Pinamt GravellyClay Loam 3 Sandy Clay Loam
Harqua Gravelly :Clay Loam 3 Sandy Clay Loam
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Maricopa central Soil Survey

Map %0' Control XKSAT,e Unit Map Horizon Table 4.2 Inchl
No. Soli Name USDA Soli Texture Unit Depth, Inches Textural Class hour

TPB Tremant Clay Loam 40 1-8 Clay Loam 0.12
Tremant Very Gravelly Loam 40 0-12 Sandy Loam
Mohall Loam 4 Loam
Estrella Loam 4 Loam
Pinamt Gravelly Loam 4 Sandy Loam
Laveen Loam 4 Loam
Gilman Loam 4 Loam

TrA Tremant Clay Loam 40 1-8 Clay Loam 0.11
Rillito Fine Sandy Loam 25 2·10 Loam
Gunsight Loam ,20 1-3 Loam
Laveen Loam 5 Loam
Harqua Gravelly Clay Loam 5 Sandy Clay Loam
Perryville GravellyLoam 5 Sandy Loam

TrB Tremant' Clay Loam 35 1-8 Clay Loam 0.13
Rillito Fine Sandy Loam 30 2·10 Loam
Gunsight Loam 25 1·3 Loam
Laveen Loam 2.5 Loam
Coolidge Gravelly loam 2.5 Sandy Loam
Perryville Gravelly loam 2.5 Sandy Loam
Harqua Gravelly Clay Loam 2.5 Sandy Clay Loam

e TSC Tremant Clay Loam 35 1-8 Clay Loam 0.14
Rillito Fine Sandy Loam 30 2~10 Loam
Gunsight Loam 20 1-3 Loam
Carrizo Gravelly Sandy Loam 3.75 Sandy Loam
Laveen Sandy Loam 3.75 Sandy Loam
Coolidge Gravelly Sandy loam 3.75 Sandy Loam
Perryville Gravelly loam 3.75 Sandy Loam

Tt Trix ClavLoam 88 0-10 ' Clay Loam 0.04
Avondale Clay Loam 3 Clay loam
Glenbar Clay Loam 3 Clay Loam
Mohall Clay Loam 3 Clay Loam
Laveen Clay Loam 3 Clay loam

Tu Tucson Loam 85 0·14 Loam 0.25
CasaGrande Loam 3 loam
Laveen Loam 3 Loam
Gilman loam 3 loam
Estrella Loam 3 Loam
Tremant Loam 3 Loam

Tw Tucson Clay loam 82 0-14 Clay Loam 0.05
CasaGrande Loam 3.6 Loam
Mohall Clay loam 3.6 Clay Loam
Laveen Loam 3.6 Loam
Gilman loam 3.6 Loam
Estrella Loam 3.6 Loam
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Maricopa central Soil Survey

Map %01 Control XKSAT.
Unit Map Horizon Table 4.2 Inch!
No. 5011 Name USDA SOli Texture Unn Depth, Inches Textural Class hour

Va Valencia Sandyli.oam 85 0-10 Sandy Loam 0.39
Coolidge Sandy ~oam 5 Sandy Loam
Estrella Loam 1 5 Loam
Mohall Sandy ~oam 5 Sandy Loam

Vb Valencia SandyUoam 70 0-10 Sandy Loam 0.39
CasaGrande Sandy~oam 7.5 Sandy Loam
Antl10 Sandy 40am 7.5 Sandy Loam
Estrella Loam 7.5 Loam
Coolidge SandyUoam 7.5 Sandy Loam

Vc Valencia Gravelly Sandy Loam I 80 0-30 Sandy Loam 0.39
Antl10 Gravell~ Sandy Loam 6.67 Sandy Loam
Carrizo Gravelly Sandy Loam 6.67 Sandy Loam
Estrella Loam 6.67 Loam

Ve Vecant Loam 85 0-10 Loam 0.25
Mohall Loam 5 Loam
Gilman Loam 5 Loam
Laveen Loam 5 Loam

Vf Vecont Clay 85 0-15 Clay 0.01
Mohall Clay Loam 5 Clay Loam
Estrella Loam 5 Loam e. Laveen Loam

,

5 Loam
,

Vg Vint Loamy ~ine Sand 77 0-27 Loamy Sand 0.91
Antl10 SandyLpam 4.6 Sandy Loam
Carrizo Gravelly! Sandy Loam 4.6 Sandy Loam
Brios Sandy Loam 4.6 Sandy Loam
Maripo Sandy Lpam 4.6 Sandy Loam
Gilman Fine sandy Loam 4;6 Loam

I

Vh Vint Fine 8arldy Loam 80 0-14 Loam 0.27
Antl10 SandyLpam 6.67 Sandy Loam
Brios SandyL~am 6.67 Sandy Loam
Maripo Sandy Loam 6.67 Sandy Loam

VI< Vint Loam 80 0-14 Loam 0.26
Antl10 SandyLpam 5 Sandy Loam

I

Maripo Sandy L9am 5 Sandy Loam
Gilman Loam 5 Loam
Brios Loam I 5 Loam

Vn Vint Clay Loam 80 0-14 Clay Loam 0.04
Cashion Clay , 5 Clay
Avondale Claylo~m 5 Clay Loam
Avonda ClayLo~ 5 Clay Loam
Brios Loam 5 Loam
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Maricopa central 5011 Survey

Map %0' Control XKSAT,
Unit Map Horizon Table 4.2 Inch/
No. Soli Name USDA Soli Texture Unit Depth, Inches Textural Class hour

Vr Vint Fine sandy Loam 28 0-14 Loam 0.63
Vint Loamy Fine Sand 27 0-14 Loamy Sand
Carrizo Gravelly Sandy Loam 15 0·5 Sandy Loam
Carrizo Gravelly Sand 15 0-5 Loamy Sand
Brios Loamy Sand 3.75 LoamySand .
Antho Sandy Loam 3.75 Sandy Loam
Torripsamments Loamy Sand 3.75 Loamy Sand
Torrifluvents Loamy Sand 3.75 Loamy Sand

Wg Wintersburg Clay Loam 50 0-12 Clay Loam 0.03
Wintersburg Clay 35 0-18 Clay
Cashion Clay 3.75 Clay
Avondale Clay Loam 3.75 Clay Loam
Laveen Loam 3.75 Loam
Wintersburg Clay Loam 3.75 Clayl9am
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SOIL TEXTURE CLASSIFICATION

TRIANGLE

1009080

Silty loam

70605040302010

'I--.......,..--~-.:....r--L-r----¥---r---.......,..--r---.......,..--~O

o
% Silt->

Definitions: Clay - mineral soil particles less than 0.002 mm in diameter.
Silt - mineral soil particles that range in diameter from

0.002 mm to 0.05 mm.
Sand - mineral soil particles that range in diameter from

0.05 mm to 2.0 mm.

Example: Point A is a soil composed of 40% sand, 35% silt, and 25% clay.
It is classified as a clay loam.
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Calculated by:
Checked by:

CnLCULAT1CN OF Tc & R

Date : _
Project: _

Wa tershed : _
Rainfall Frequency: . - yr Duration: - hr. Pattern /f: _

Rainfall Loss Method:

Tabulate Period of
Peak Rainfall Excess
Clock Time 1ncrem.
@ end of Excess
1ncrem. in.

Green & Ampt Method
1L + ULR by soil texture
1L + ULR by hydrologic soil group

Rearrange I~cremental Excesses in
Order of Decreasing Average Intensity
Accum. 1ncrem. Accum. Avg. Excess
Ti~e Excess Excess Intensity
hr. (min. in. in. in. (hr.

v
e
r

A
L
S

Kb = m
Kb
Kb

sq.mi.
mi.
ftjmi.

[log(A * 640)]+ b
) log ( *640) + (

A

a
g
e

I

.50 .52 -.31 -.38
Tc 11.4 L Kb S i

-.38
Tc ) i

Trial Tc i Calc. Tc

E
x
c
e
s
s

ITC hr.1

1.11 -.57 .80
R .37 Tc A L

hr. II R

I
n
t
e
n
s
i
t

Y

i
n

/
h
r

Time (Tc) (hr./min.)
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AP.G
RainfaIr':I=D-F

Relation (blank)
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5 min. 10" 15 20 30 100 200 300 500 1000 min.

10 _

.05 --+-++++t+t+Il+----+--+--+--+-l-+-f-+f-t-+++++++II--i---I--i-+---+-+-fio-+-+-++++fioH+++t----i4

.04 --....~u..L.Llo+__--+---+~-+---'....&...I.~~~--+---'--++---'--+--'!-+-&-+-'-I-~"""'"'+----+'

100 ~ ioo 300~ 500 1000 min.
: :. . .

1 hr 2 3 6 12 24 hr

DURATION

.
5 min. 10 - 15 20 30

RAINFALL INTENSITY-DURATlON-FREQUENCY RELATION
FOR MARICOPA COUNTY, ARIZONA
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The Flood Control District staffhas conducted a comparison ofdifferent hydrologic
methods for tutorial purposes. The results from these comparisons support a major
objective for developing the Drainage Design Manual ofMaricopa County: the stand
ardization of drainage analyses. This helps alleviate problems that occur after a
developed parcel is annexed. The comparisons are summarized below.

Two separate applications were considered for making a comparison of hydrologic
analyses. The first looks at a small urbanized watershed using several different
m.ethodologies,but primarily theRational Method, and is summarized inTable H-1.

TableH·1
v Peak Discharge from aSmall Urban Watershed

1 2 3 4 5 6
Maricopa Phoenix Phoenix Maricopa Phoenix Flood

Co. Rational, Rational, SCS***, Co. UHP**, Computer, Frequency
Tr* years cfs cfs cfs cfs cfs

2 37 29 7 12 20 16
5 60 41 17 24 44 31

10 75 48 26 39 61 48
25 108 57 42 58 86 83
50 140 67 53 89 105 126

100 173 74 68 113 126 190
.*Tr = Return Frequency
**UHP = Unit Hydrograph Procedure
***SCS = Soil Conservation Service

The Maricopa Rational Method generates higher peak discharges than that being
used by the City ofPhoenix. However, inmost 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.

June 1, 1992 H-1



The second appliqltion compares retention requirements for various cities with
tho\~e outlined in tl)e Hydrologic Design Manual, and is summarized in Table H-2.

TableH·2
Comparison of Retention Requirements

City Method Maricopa County Method
City i Q100 *, cfs V**, ae·ft Q100, efs V, ac·ft

Chandler . 188 13.19 22:7 11.62
Glendale 109 7.74 23,7 10.88
Mesa

•

144··· 11.34 231 11.49
Phoenix 138 7.74 243 12.41
Scottsdale . ' 208 10.23 297 12.01
Tempe 138 15.80 231 11.18

·One-hundred Year Peak Discharge.
··Volume.
···Fifty Year Peak Discharge.

,

There is a 48 percent difference in discharge values between municipalities, as
compared to a 24 p~rcent difference using the Hydrologic Design Manual; and there
is a 51 percent difference in volumes between cities, as compared to a 12 percent
difference using the Hydrologic Design Manual. The significance of the differences
becomes important when the runoff from one jurisdiction impacts another.

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.

June 1,1992



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT !'IErNo/) C dMPARISON

DETAIL YoUNGTOWN wATfRSHED

PEAK DI5CHAR.G€ ;:I?O/f A SI'tA'1.
Ufl..BAN WA TI:R.SHE"D

PAGE -L OF '-I
COMPUTED DATE __

CHECKED BY DA TE _

tHe YOUNGTOWN WATERSHED J AN UR.BAN WATeRSHED .NeAR /II rH AilE".

AND PC-ORIA, IS DELlNC"A Tef) ON PIGURE :t.. .:rr IS THE" ON£. Y SHAl.L

UR,BAN 'WATE'RSJ-IE"t> /N TH€" COUNTY lOt/OWN To NAVE' .4
CONTINUOUS RuNOFF ReCORD LONGC"R. rHAN 10 Y€"AI?S. S/X /'1C-THODS

WILL BE! (.,is£D IN THIS COMPARISON TO CALCUl.ATE / E.5rIHATE"

MU.L T/- F~ tit.'XUcNCY DISCHAR.Ge-S AT THe GAUGE" LOCATION:

/. THe /1ARICOPA COUNTY R.ATIONAL MeTHOD

Z. THE" CITY OF ?HOt:NI7<. R.A T/ONAL Hf;THOj)

3. TN€' /'1AI<.I COPA cot/ltJiV lJNlr HYLJI<OGRAPJ.i PROCE"DURE: (CLARK utJ IT HV DR.OGRAPH)

"I. THe CITY OF PHOeNIX / scS /'1C'rHoo
.s: THe CITY Qr PH6l£/VIX COMPUTER GENERATED DR.AINAGE' ANAL.YSIS PI<OCcDUfE

G. FLOOD FReQ.UENCY ANALYSIS LASING, USGtS EXr~e/·Il= Lot; PAPE"R AND

TItE' CUNAIN PC-OffING, POSIT/ON.

BASIN PAR.AMETe-I<S:

LAND USE': St:"'9'e Fami.l!J R~511>i:-NTIAL
A~e;A: O. 13 lNli ~ 0" 83. 2 a.cres
L =: /.023 mt' := 5"1oo"l't

5 = S 8 f'yMi :: .0011 f'YFt ::: 0./1 %

CD !1AR/CO PA .__COUNTY RA TIONA L' He-THOD

2- YEAR. PEAK D/SCHAR.GE: 7C :: II. Lj L.,S" /(b' sZ S~3' i-·.38

A6:: -,oo'=>2S (/", 83.2) +.01{;: . 028
rc :: 11.1./ (/.023)'$ (OZ8)'sZ (SS)-.,jl i -:31

TC:= /. O'Y'Z l-·38

fRY Tez =:. /. 00 hI" : t..'z :: 0.93 in/llr, 7Cz :: /.0'12 '~3)-'3t =:. /. 071 - .Nc GOOD

TRY Tea = /.10 "ro5: t.',:: 0.8& /.;'/1,1", 7Cz =/.O,,/2(.eSr 3J =/.O'?~hr. - Of<:,

Q2. :: Cz £2 A :: (.50)(.88)(83.2) = 37 cfs

s- YEAR Pi:A/< DISCHAR,0E'
TRY TCS = . 't17 fir:!>: is '" I. 'IS ('n/hr; 7(:s:: 1.00/2 ( /. '1S)~.3r = .. 90S 6rs - 01<,

Qs-= C$L.'s A := (.50)(1. ,,/5)(83,2.) = bOefs

10- YEAR PEAK DISCHAR..<::.£
---- TJ€'r' 7;./(, =. • 7S /;rs.. t:~,,:: /. 95' £n/hr J Te,,, = I. O~2 (/. 9S) -:.3& =.B08 hr - No t$ood

TRY 74" :: .8/7 hrs: (/D:: /. KO in/Ar I 7C/~ = /.oe,-2 (;.80)7.38 • • ~33 hr - OJ<

____Q_/O_::._C'_ot~o A =:. (.5·O)(1.80)(f3.Z) =-::::7:::5=c::Fs==- _
2~" Y£A.R. PeAl<. DISCHAR.GE:

r~'1 k.Z5::: .7S'hr:s: L·u=2.3S"t'n//,r, k25'::~tJI,I2(2.35y.:J8=.7S3h/'- OK,

Qzs :: Czs izs A:: (SS)(Z.3S)(83.2) ~ /08 cfS



FLlooD CONTROL DISTRICT OF MARICOPA COUNTY
4PAGE~ OFPROJECT· MeTHOt? COMPARISON

DETAIL YoUNgTOWN WATERSHeD COMPUTED DATE

CHECKED BY DATE __

so- Y£AR PeAK DISCHAR(ie

TI<Y 7C.5"d:: • '-S"O hrs: I.Jo:: 2. 'IS t."n//'r, 7<SIJ:: /.o~z (.z. 'is r.3';:: .~" h,.s. - A/" Good
r~Y 7C so:: • 700 j,rs " 1.5C;: z. to t'n/hr, 7;f()': /. t:Wz (2. ~or.3l.: . 70S; J.,rs - oK,

____~Q_s_o_: Cst' t.SCl A.: (."0) (Z. frO)( 8:::.:3•..=2.:...)_::=.::/:::tf::O:::::c::f's:- _

_Lt2f2- YEAR PE"AK. D/SCHAR,!:>'"'. . ,,:,,38
tRY TCu:.Cl:: • '33 hr" : £.'00:: 3. ¥tJ t.n/hr, 7C,DtI:: /.d¥~~ (3.~0) = O. (,S¥ hrs -ND tf'ild

r~y 7C.,c.': • ""7 hr4 : l~ilc .: 3.30 tn/hr.l h..I-e =/.()¥Z (3.30r.18:: o. ""2 hr,s - 01(

q,oo :: C''''O f.·lile. A .: (.r&>3) (3.30) (S3. 2);: /73 cl.s

rr(JI'/'1: "sroRM DRA/I.,) DFSIt:iN
HAwuAl·, C/-I:y ~f' Phol!.YU"J(1
j'C..\I~, fCfgg.

.. ,E' ZOAlIN~)

FkJAJ (t-i -#- tt)

BASIN PARAMeTeR.S :
·zA:: 0.13 VI'lt :: 83.2a.c.

L:: SC.SO ~

$= 0.01 -FYft (m,i), Of/p.'ll)
W = ('13, S,ox83.2.)/SI,,50: "'II'

'w'f" /./0
7G :: /. 0'1 It I" (p. z,)
SO(l.q~p B, eN::. 8"1 eRe
TP = -,;. (Wf) '= /./4/JY hI"

100so

QI'': ~"k Di.schar1e. (cfs)
A =- a ra.intlj e. A rea.. (,..,,: 2)
Q = stot"tv1 RUYlOFF (In)
Tp.:: 7i'f))i!. tl$ Peal( C. h,. )

10' 25s2

CITy OF' PHOENI!( RAT/ONAL l"1eTHoD_

BASIN PAR.A!'1ET£~S:

AREA: 83'.2 a.c.

OVeRLAND ff"LOW LENGTH (ALLeY' To ..5rRcEr): /30;

I'1AXIMUM ,G,U7TE"R., FLOW /.ENGTH :.€S-S-'O ; = (.
5=.11% ."

C:I O. 'IS (RlfSIPENTIA L ARE"A,

CAl...CUlATE' Te : $Uf"l oOP OVt:r--/aVld of: G

t:~. = .OI/S93 (130)-77
(. 1I).3'S' . ~ l/.&, PlI;'

rt = L/~o v, V= /.5 f'% I'cr S = .001 '!1Ft ttnd !:J =0.5 ~

:::. Ss¥o/ &;0 (I.s) :; ,/., PIl'n 7C:; ~~ + ~/.c" .:

£ (in/hI') ,~ Gek(CfS)
.78 z.q

1.09 L/I

1.2~ ~8

/.52. 51

1.78 '7
I. 98 7~

7; Cyrs) - -

ATr (In) .KS /.30 /.(,/ 2.02 2.35 2.'"
Q,r (t:n) ./l .3/ . '18 .77 .17 1.23

Q;t< (cf$) 7 /7 2' '12 53 '8

_Qp..:: '18'1 A G
/p

7i (~rs)
Z.

S
/0

ZS
. 50
j/OO

CITY OF PHOeNIX / SCS /l1ErHOD

®



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT HerNOI) C oMPAR.ISON

DETAIL YoUNGTOWN. wATERSHED

URBAN WATeR.SHE"D

PAGE~ OF '-I
COMPUTED DATE

CHECKED BY DATE

THe YouN6rowN W4TeRSHED) AN URBAN WATeR.SHED .NeAR III rH All€,.

AND peORIA I IS Dt:LINeA TeO ON FIGURE :1.. .:rr IS THe ON!... Y SHAl.L

UR.BAN 'WATeRSHeD /N TNt!: COUNTY /(A!OWN ;0 HAVe A
CONilNUOUS RuNOFF RC-CoRD LONGe-i:. rNAN /0 YeARS. SIX I'1€THODS

kllLl BE: l.lSFD IN THIS COMPAR.ISON TO CALClll.ATE / ESTIHATE"

MUL TI- FR. E'tSlUENCY DISCNAR.Ge-S AT TJoIE GAUGE LOCATION:

/. THe I'1AR.ICOPA COUNTY R.ATIONAL MeTHOD
Z. THe CITY OF PHOENIX R.A TlONAl MtTHOD

3. THe /'1A~!COPACOL/NTV UNIT HY'bI<OGRAPJ./ PROCE"DUR.E (CLA~I< Ut.lIT H'1'OR,OGR.APH)

Y. THe CITY OF PHOENIX / SC$I'1€THOO
.s: THe CITY OF PHDE:NIX COMPUTER GENERATED DRAINAGe ANALYSIS PROCEDUf?E

,. FLOOO .FReQUeNCY ANALYSIS LASING USqS EXT~e/'fE LOt:; PAP£:R AND

Th'€' CUNAIN Pt.OTTING, POSITION.

St:Y)9'e Fami.l!:! R€'5//J£NrIAL..

....,i Z or 83. 2 a.cres
SlIOO f't

. 001 I fYFt =: 0.1' %

LANDt.

AR.E"A .
L ::
.5 :: S 8 .pymi. ::

BASIN PARA METE"t<S ; _

CD

2S"·· YEAR PFAI< DJSCHA8,Gti: .
r,QY kZ5:: .7S" hrs: t,:2.$' =2.35" l,,/ltr I h.zs:: ,/.t71/2(2.3Sy.:J8: .753 hI" - OK.

Qzs = Czs izsA:: (.55)(2.35)(83.2) ~ /08 cIS



CHECKED BY DATE _
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FLJOOD CONTROL DISTRICT OF MARICOPA .COUNTY

PROJECT. HE"THOf) COMPARISON

DETAIL YoUNQTOWN WATeRSHeD COMPUTED DATE

50- YE"~E'AK DISCIIAR§£

Tt<Y k$"(J :: • {,50 ;'rs: lSO = 2. 9S in/I"" I 7C $IJ =/.o~z (,z. 15)-: 3':: . ,"'1 h,.s. - A/_ GDod

TRY 7C so:; • 700 j,rs.~ L$C = Z, to L'n/IIr I kftJ':: /. ~'7'Z (2,80)-=·31.: . 70S' hrs ~ oK,

_____-+~_5_4_= eso L $0 A = (.GO) (Z, gO)~~(__'i1.=.3:..:::.2:..:)_:::=/=lf=O=c~fS:-· _

/00- YEAR P~AK. DISCHA8G&"

TRY Teloo:: .'33 hr.s : i/oo =3,l/tJ ,,'n/lu", 7£11JItI =/.tJ~Z (3.~0)-:38= o.,s¥ I1rs -,v", 'PI/uu:l

TRY hied = . ""7 hr~ : l.~tJc = .3.30 t'n/hr I' hl'~ = /.()¥Z (3.30r Z8
:: o. "'-2 J.,rs -. OK

GICO =. C,.:>6 I.~DO A :: (.ft.>3) (3.30) (1J3.Z)= /73 cfs

Frt:1m: "STORM DR.A/~ f)~SIt:iN

HA,vuAL·, C/ty of' Phot!.nrJC,
j«l~ / 19fIg. .

AV~RA~E' ZONIN(i)

Gt..dt~(' FkJlAJ (t'i of- tt)

CITy OF' PHOeNIX RAT/ONAL ffeTHOD.

BASIN PAR.AMeTE"teS:

AReA: 83.2 a.c.

OveRLAND FLOW LENGTH (ALLeY To STReET): 13CJ"

I'1AXIMUMG,U'lTE'R., FLOW t.ENt:ETH: SS~o' = t.
5::.11%
C::: o. l{S (f?£SIPENT/A L ARE'A,

CAlCULATE" TC : Su~ of Ovc,-./aVlcl of
..L ( 'I 77
l::1.' =.Oi/S93 130/ _ u / .

(.1I).395! . - 7.~ PlI"

-Ct = L/~() v, \/= /.5 r% f(,r S =.001 f~t qnd !:J =o.S"
:::. ss't'O/ too (lS) :: "I. 'n-/t'n 7C ;; ~ ~ + ~ I. (, :::.

7; (~rs) i (t",.,/hr) Q,k(ctS)
2. .78 2. Cl
S 1.09 L/I
/0 1.2" "18
ZS 1.51. 51
SO /.18 '7

·/00 I. 98 7~

Qpk;; ciA
.~:: 37. 41./ L .--.....

®

BASIN PARAMeTC'Rs :
·zA::: 0./3 yI1( :: 83.2a.c.

L::: $(.SO"

S::: O. 0 I .,eYtt (ml it on p. 2.1)
W.= ('I3,5'OX 83.2.)/~SO:,1.11'
Wf" /./0

Tc :: /. 0 t.f "r (p. z,)
SOIL qroup 8, eN:: 81i (Re
TF os -r.:. (Wf) :: /./4/4/ hr

so

Q p ': A"k Di.schar,e. (cfs)
A ::. ora.inaJe. Are.a.. (,....,:2)
Q = stOf'm RUYlOfF (In)
Tp::: it'hle t($ ~al( (nr)

s2),... (yrs i 10 2 100- -

Air (1.'11) .ss /.30 /." 2.02 2.35 2.'"
Qrr (t.'n) . /2. .31 . '18 .77 .17 1.23

Q;I< (cfs) 7 17 2~ '12 53 '8

. C / TY OF PHOeNIX / $CS etETHOD
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT I1ETHOO C"HPARISON

DETAIL YOUNqTDWN WATERSJ-I£D COMPUTED DATE

CHECKED BY __-'---__ DATE

0) I'1ARICOPA COUNTY UNI T IIY£JRO§.RAfH EROCEIJuj?C"

BAS/III PAI?A/'fE:TC'RS :
A=-. 13 fYli a

S::' $.8 Ftlmi
L.:: I. 023 mi

Kb= 0.02.8

r"...,e - A rea C U"ve: UIl.BAJ,J

Runof'f: C (ark UnL t Htjd,.ograpl-r
Loss~.s: Gre.en - Al"tpr He. thad

LOSSES: 5"'1.. /'lAp Lln/ts - LeA (S'D%), P~A (-3S~) .I Vr: (15':/.)
FRol'1 APPEN1NX C I XKSAT VALUES ARc: LeA - . 2S . '',,/11''

PeA - .37 /n/",.
V.f- .0' 1.",,/""

BASIN Avera9e. XKsAT:

XKSAT .:; Al.oG[. ~)O (1",.2..5) + . 3.5 (lcJ .37) +. /S (lDj. OJ)] =• 18 lr"/ / it,.
FROM FIG,. ~3, PSI}:" =5:7<'" a~cJ DT;.IFTA (DRY) '" 0.38 tl"l

IA_: .s-o(.Z()+ ,so(./o) = O.IS"L'J (SO~ tt:Jt!scrt Landscape;", f $'0% /awns)
RTINP :: 25% (CO;}"It!ctccl im?crvt"oGlsness)

Ii'CC-1 I?t-.I-¥S USING, b-NotIR /(AINFALL IJcf"THS (o.djustecJ), ~- HOUR PATrG72N No. I,

AND 7C' R CAlCtlLA lIONS FRO/,? I'1CUHPi. E}(E. :

-r;: ((./ rs ) 2 S /0 2S- SO /00
.- -

RAINrAI..L Un) 1.11 /.(,0 /.95 2.31 2.g0 3. IS._-- -Ie (h,.) 1.50 /.33 1./2 .?" .82 .7S'
--~-~-

R (hr) J.8CJ I.'S" /.3(" /./5 .9"- .87
Q"I<. (cf» /2 2'-1 39 58 89 1/3

® Clry £1" PNOEN/X I( CO/'1PUTER, GeNERATED ANALYSIS PR.OCEDURE"

CURVE" /VClI't/3e-~: as,...&? S $O/L ---+. g5 (8'-/) + . IS (90 ) = fJS-
~~~~u -

LACl TIHE': Ti. = 0." 7C..
n = ~~.3 ",.,/'1 -From Rqti~ncd /1~t:hod Ca.IeS. l'1 ®
7i. = O· ~ (b6. 3) :: 39. 8 ,.,t'" :: o. 1P'3 Ar

RAIfJFALL: 2~- r!£Jar f}e~ths arJd Pislri.6aito1] -froyYJ p. I~ CJf' cIJe.
/, stOf"YVJ Drain Oe.siJn J'o14nua I ",

RUNOFF MODEL:



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT I1€THOD COI'1PA 2.150'" PAGE~ OF '-I

,

DETAIL YOt-iN§TOWN tvATcJ2Sl-IeD COMPUTED DATE --e
CHECKED BY DATE __

RESULTS:

r;. (years)

2.

S

/0

25

SO

/00

RAINFALL De-PTH (/n)

/. LILt

2.10

2.53

3./2

3.57

'/.00/

P!:-:4K DISCI-lARGE (cf$)

20

'-11./

(pi

8"
lOS

/2(..,

SUMMARY TABLE' PEAK DISCHAR.GES IN CFS

Tr t1ARICOPA Co. CITY OF Ph'X. CIT" OF I'HX. I'1AR.ICOPA C". CITY OF PHX. rLOODe
(years) RATIONAL NE'THt3D RATIONAL He-THOD SCS U.H.P. ICOMPUTFR.. FRcQUE'NCY

2 37 29 7 12- Ib20

S ~O til n Zl.f '1J.! 31

/0 7t':'" 0/8 Z~ 3'l (PI 48
.' .-J

25 /Oi5 57 "12- S8 g" 83

SO /'10 ~7 S3 8<i lOS' 12."

100 /73 7L1 ~8 1/3 /2{';' 190



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
I

PROJECT MErNO£; COMPARISON PAGE __ OF __

DETAIL YOUNGTOWN w:4TcR.SHED COMPUTED DATE __

CHECKED BY DATE __

~cT(JRN PeR/OO
__ (:f:..<trs)

RECORDED DATA

The. t/5.G.S, operated a stream/precipitation 9aL(3~*
0.-1: the. ou-/:. let: of t:he You n:rc{')wl'] w0t:ershe.d durt.'n9 t: he.. ,Pi!! rt'od
/9tD/ - /973. USt'n:J t-he. Ct.e.no.ne. plo#/"'3 /,os,'t't'on, a.. sun,Mo.r~

at t:he dato. and t::he s't.a.i:istical QYlcdqsi.s -Follokls:

WAT'E'R. YE"AR Q p (cfs.) RANK (m) p: YI? -. L/
I Nt-. 2.

{CiteS 73 I .Ot.fSS 22.00

1<t70 Lf7 Z. . I 2.1l. 8.2.S

ICJ73 3<1 3 .1410 5.08

l<=t 7 I .3'- Lf .2.727 3.(p7

'''J"" 2., S .3"18S 2.g7

19"4 17 " .42.42. z. :.'"
IQ72. 17 7 ,SOOO 2.,00

1c)~3 '" 8 .5758 1.74

19'9 IS <t .~S/S 1.55

Ict"-' 8.8 ' /0 .1273 1.38

19'-8 7.8 II .g030 1.2S

19"7 '.b 1'2. ,8788 1.1 "f

19'-'2. 5.1 13=N .9SJfS' I.OS
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Extreme log data plot

April 1955

UNITED STATES DEPARTMENT OF THE INTERIOR
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ID MARICOPA COUNTY UNIT HYDROGRAPH PROCEDURE
ID YOUNGTOWN WATERSHED; 6HR - 100 YR RAINFALL, CLARK UNIT HYDROGRAPH ,
ID GREEN & AMPT LOSSES, URBAN TIME/AREA CURVE
IT 5 100
10 0
KK SUB1
BA .13
IN 15
KM 6-HOUR RAINFALL, PATTERN NO. 1.00 WAS USED TO FING TC & R FOR THIS BASIN
KM THIS BASIN USED A RAINFALL REDUCTION FACTOR OF .998
PC .000 .008 .016 .025 .033 .041 .050 .058 .066 .074
PC .087 .099 .118 .138 .216 .377 .834 .911 .931 .950
PC .962 .972 .938 .991 1. 000
LG .15 .38 5.7 .18 25.0
UA . 0 5 16 30 65 77 84 90 94 97
UA 100
UC 0.82 0.96
ZZ '

MARICOPA COUNTY UNIT HYDROGRAPH PROCEDURE AND CITY OF PHOENIX METHOD

.026 .031 .035 .040

.071 .075 .080 .093

.860 .880 .893 .907

.947 .951 .956 .960

.991 .995 1.00 1.00

.022

.066

.830

.942

.987

FIGURE 4

.018

.062
.50

.937

.982

HEC-1 SAMPLE PROGRAMS FOR

250

.013
:057
.170
.933
.978

.ooe

.053

.140

.928

.97S

.004

.048

.120

.924

.969
85

ID MULTI-FREQUENCY RUN FOR YOUNGTOWN WATERSHED
ID USING CRITERIA ESTABDISHED IN THE CITY OF PHOENIX
ID STORM DRAIN DESIGN MANUAL
IT 10
10 3
JP 6
KK YOUNG
BA .13
IN 30
PB 1. 44
PC 0
PC .044
PC .107
PC .920
PC .964
LS
UD .663
KP 2
PB 2.1
KP 3
PB 2.53
KP 4
PB 3.12
KP 5
PB 3.57
KP 6
PB 4.04
ZZ
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT I'1ET@LJ Ct:'H/'AK/SOA/

DETAIL REreNr/"AI #61UIRE'heAl7:S' COMPUTED DATE _

________________ CHECKED BY -'- DATE _

N

IlrrrNrtCA!
8ASIIII

....-::::::::::=trlIS.J.0'

-.-.1

I
I

-+/
I
I-,.....,

,"-
,;'
I

\ I

'>

;:;'I.LOW/N(j IS A CCNPA~ISOIll OF rh!€
/'1ErN'/),(>C)~()f$IES t/SQ"l)$Y SIX lJ/rrc,f'ENT
c/r~J!iS IN /V;4/(lCCP4 ct:>tlAlry rocA L. Cl./t.. A TE'

R5"r~A/r~ONv/:)l."H4i'S, anI) rNlt' ,!CfARIc:cPA

COLIN rY HE1'H~l> 045 APPUGIJ 7t:'J Spe'C/r~C

l.oc.Ar/CAJ,s ~AJ t!(ACR C/TY. A 945/11/ /lIIl.,;-T

CaLl/eRr t./~~'- Al.SC BE: $17.G~ aSIIIJ<;, TNG"
100 .. YEAR, p~ctSit.lE'Alcy STORM FC/? G"ACH

JLf~'ISDIC r/OAl WHnF'~5'$lIJLF.

FaA EASE' c:>F Ct:>;4IPARISOA!, TN'€" Y()(JIII<jTOWN

WATEIlSHED WILL Be U.5cl) ~AI 5G1'iHrl..y

I'It:'JPI FIGp r-cl'll'1:
A:: 0./3 PI~a ;; 83.2. ~

ZOIl/I#J(fj: !?/-, (PHXt /('/-7 (Scolfsda./e)

LAND USE': ~()OFS - la%
PAII~N4'Nr - /d%
DESIR.,. I.AAJDScAPr- +,,,,,
lI4W-N$ - 30"
SA~1f t$-i'DUIIII> - /o~"

SOIl.. -rypG.': VA~/II.s IItIIT'N t.~CAT/CAI

AV6"IM46" OV~/U."IIJO F~()III ~G'N_rH" 1.30'

CD clr'( O~("IIANPLE:$

SOURC!': Clry OF CNANPl.ER r.rcHN/cAt. f)eSIf$AlI'1AAlUAL *.3 - STOI(/'t ORAlNAr:;,E

SYSTEM DtrS/<;N ''187

C ITt HE',HOO: !?ArlCII/AI- EdlUA nON

BASIN Ourl.cr LOCA 7"/ON.. WARAl4"~ ROo AT A~/Z(JItIAAVE

G = D.~5 (!:>ETACI-/EP S/Nt:l,LE' FAMII.Y)

{l.AJNPALL SOURCe: USWfj HAPS IN ADor DRIUNA~FHANtlAL
I?~~ ::: 3.0a 4'/1 /0,)1

a~ pI lnt» 2 09 .
f3co =3. +'0 i 11 - /"It#o:::. Wf" ~. 755" D av = . .., 1..1)r,..

L .. :: • °"IS'1.3 (/36)"77
J:;.. ---'-';:"'-:::_--s'='-- = Z. S'5 Mi.n

, (.S)· ..•

2.~1

.i[L==tl::..~.:;OI~S~====-USe tltUInIIJ'JS' EQ.

A=. $'(ZS-)Y1, ::- ',25 ft a

p = .5"+ /.~& -I- 2S" • 25':s-orFt:
R = ¥P ..: .Z'IS'

V:#.~/1 (1'lSJ'7(ccsr~= Z7.ff'M
tt.;:; %0 V =$'S¥~t>(~'7S') =H3.5'8' ~;1J



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
!

PROJECT: HETI-IOD C~/'1PARISOA/ PAGE~ OF ~

DETAIL Rete,., fion Reitn're rt?f:"ts COMPUTED DATE

______________ CHECKED BY ~ DATE _-+_

CITY OF CI-IANt:Jt.E'R. CC(r)nt.) 7C:::. t:,' + tt: =3'.13 Me";}

AT Tc.. :: 3'. /3 ,..,,'1'/. a.nd 110: = 2. ¥9 ~n., i.::: 3. '18 t'ri/J.r

TH~N Q,tO.:; (.4>5)( 3.48)(~3.2):: 188 c+$

VOl.UM£,: V= I. Ie> [CA ~2.J}

PIC: :: .3f.t/ (P,ot) To. '-59 ( P,,.1,) I; 2. ~~ L'"

V: /./0 [ (.~S)(B'3.Z) (Z.~"'/IZ):: /3. /9 ac-£t

nARICOPA l"1E'rHoD FOR CI-IANDL.cR..

C::. 0.'3
i

L:: I. OZ~· ",11:

Kb :: -. OO4-2S' ( 1°9 g3.~) +. all .. • 028

S :: 27. O~ ft//'I1I:
P,io :: /. 87 i;,

Tc.:: II. ¥ L' SC 1(,,·Sl 5 ~3' i. ': 38

rc ;:; 0." £1(". t.: -.38

rt<.'( Tc .. 20 """n., /1':: !5./ t'Y1/J,(, I I.~DO = (5:/)(1.87)/2.07" ~~/ ~"'/"'"

7C. :: . "It'~ ( If. "I p3l3 :: 2/."9 '*'Ie'" .. NO GOOD

IR,Y Tc:. = 22. m/n., i,P" ¥,8 "n/iI,., (.·,tNJ '" ('I.e) (I.B7)!2.C7 :: 41.3'-1 ,'n/hr
Tc : . ,¥~ (Y..3 It' )-.Jt! :: 22. 2. M~~ .. OK

~IOO= (.~3)("Y.31.I)L83.a)= 227c-&

VOLt,1M£": V:: GA (p,o: I/z),' A~:= .3.." (p,~) +. 'Sq (P,,,:) :: 2. (,.~ in

vtoo:' (.'3)(~3.2) (2.(".b/12) ~ 11.'2. o.c-£I:

2.5'
.5'·~

SOURCE:: City of ~/~ndale Oesl.gl'l ~ui.ekh"" S

TDr Site Development a.nd
Infrastruc- tur"f:. Cons'i:r-uctt'on - 1'1 0

Basin Outlet Loca-l:it>n: /Vor"che:I"'J I '-7 TI-I Av .7<::. tf: + /0 Mil?

C :: o. ¥S (froM Ci.t') o-f' Phoc.ni ~ 1t4nGk:lJ)

t-t: = Q = . s" I( :;;~s-)( OOs)~ (S)% :: 20.78 cfs
V = G/A.:: .3.33 rift
-tt =' y,OV = S"s~o"'/'o (3.3.3):: 27.73 I"I~'"

7"h'EN 7C = 27.73 "t 10 :: 37. 73 ,"I'J

CITY OF GLENDAL.F
I

i

CITY MEn-tOO: RATIONAL iI1FTHO/?

AT TC::: 37.73, mil1. lle>d:: 2.1 e,,/hl'" ((,fSWB / City of Ph"~,,,,·X. /Y«n(,(q/)

iG,oO c (.'(5)(2.'1)(83.2.):: /0'1 cf$



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT /'1E'THOD C OHPAR/SON PAGE~ OF

DETAIL R~rE"Nn()N R£GUIRlE't1E'NT.5 COMPUTED DATE __

______________ CHECKED BY DATE _,--

CITY OF CSt.E"NOALe (Cont'.)

VOLUMe: Vr = 7200 Aa. C I, wh~re

Vr::; 7200' fr.3.Z) ( it'S) (I. zs) .
4/3,$'0 ,4't~c

Vr =. 7.Z~ ac-f:t

c:: . I/!)

Aca:: 83. Z ac.
I.:: I.ZS- 1.·,.,lh".

I'1AIVC.OP4 COUNTY /'1Erlloo ~OR. CITY OF $l./;"NPAL.E

7C.= /I.¥ (I.OZ3)"S" (.02.8)"S2.(27. 0af31 l-·38 =. '-0/6 i-:'¥11 , p/o'= /9S"ln

7'i-CJ 7C.:: 22 hI"n, I.,,:: .l/.8 in/hr, t~4" = {4I.S)(I.?S)/Z.07:. ~52 tn/J,,.
7G .: . (,pL/~ ( 'T.S'zt.1S ::: 2/.85 ""t'" -+ 01(

Q/oo =(0.'3)( '1S'Z)(83.2) = 237 cfs

VOLUHE: : Pit)':.:. '19'1 +.7$'S (2.95'") (i'if) :: 2.2S t'"
p/(Joz =.30// (2.<JS) 1'o. ~S?(2.ZS)=2.'17£'1

V:: CA ( ~~~) :: (: 63) (83.2) (2.l/Q /IZ) =

A4; :: 2. 1S l"
~io" .:: 3.7r in

10.88 ac- Pi

® CITY OF MESA SOuRC£': ~t:.:sa.. En,i t'lce,..i"3 pro<:edt.lr~ ha I? L4a. I ~ Ju.,e
1'1'i3, AUf]. 1"189. ,
BASIN OUTL.er L.oCArION: HC/JOItIE'L.t. f RECXeR.. Rd.
CITY HETHOD: /(ATIONAL EQUATION (5'0 -!lea,.)

C: /O~ RdOF'S (.ts), /0% I'AV£H£NT(.8S) , '$10% IJt!sert Landscape:. (.70),

IO~ Bare. CS"ounc:/ (.SO?), 30% ~r~SS Lal1d.scape (.IS)
C:: .20 (.is) + .¥O(.70)'" .IO(.SO) + .30(.IS) :; O.S'YS

..J... _ .04($'13 (/30)1.77 :::: 2.55' hlt''1
(. L -. ( • 5) .385'

.s : .00$ f;4ttt:
21./'

Q.:: /ZS cfs j7~r s/d~ (flom09rap~) .S·L----~J
A.:: "ft"V: % :: 2. 12 f% I

tt :: 5'5/{0/,,0 (z.qz) =- 3/. ~2 m;"

-,;;;: 2S5' +- 3/ ~Z = 3t.t. 2 "'1(;'

AT 7C:; .3'-1. 2 m(~, i. s-o = .3./7 l¥J/ht" (. NO /(')0- yt" ~urVe I'resuate.d)

QS'<>:: (S.yS)(3.17)(~3.2)': /7'~cfs



FUOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJ[CT' I1C-THOD COHPAR/SON PAGE~ OF_--f'-

DETAIL ReTE"NTION ReGU,/fEMcNTS COMPUTED DATE __

CHECKED BY DATE~

Tf< Y

I'1ARICOPA COUA,/rY,ME"T#OO roJ<. CI7Y OF HC'SA

7c::: I/.'I (/.OZ3)'S'(.b28t~Z(27.0sT 31 t:-. 3IJ

TZ .:: . ~¥~ t.' -;38

p,()~ ;: I. 90 t;,

P'tJo":; 3, OD it'}

p,;: :; 3. SO il1

r;. :: Z2 ,.",n, , t.f. = ~8 ''''/hr / t ,.O(J:: ($'. e) (I. "ttJ) /2.07 ,.. ~ ¥ I ll? / j,,.

Tc. ::. C:>'1(i> ('i"~/) 738 = 22. OS Mt" _ 01<

Q,oo" (.'3)(~¥I)(F.3.2)= 23/ cfS
VOLUME;

;::;60' :: . f9~~. TSS (3.(>0)/3,SO = 2¥~ in

Pol": :: . ~C/I (3.00) 1- . "S? (2. '1'1) ;: Z G,3 ir'J

V::r. CA ( ~,,;oZ) = 0~3)(83.2)( 2,'-02):: II. !/'J ac-fi

o CITY OF PNOe/V/X

SOURCe: eli't} 01- ,.o/'oenot. sttJr,.., Drain Oesl'}'" Ha;'/l-cq,I, ..::r;./~, 19 8

'pAS/N OUTI.ET LOCATION: RAY R.d. f -$Ie? TN S7;

Clrr /"1ET#OtJ .. SC.S

c = . ~S" (IV- ~ Zoning)

$:: . 005 f't/F~; h'yJro/o3'c. So/! cqrtiUP B; eN:; 8'1

W'~ A/L.:: .y3.S'~O x 8'2.3/SSYO= ~S''Y''; W'f= /./0

7G::: tt" T tt-
•t:t':::. . O¥S?3· (130)·71 _ 2 SS" PI. i,
! (.S).38S -. 't

tt:: V::: 3.2,5' 1'0' (-f"ro", ?- 33), t:.-t:: '/~O V = SS¥%o (3.ZS) =28. ~/ m(;;

7Z = 2.S.5' + 28. ~I = 31. 0 ml" J r;:::. 7C x M- = 30/'. 1 M/~ ::: o. S~8 hr.

FbI" /}4t:J' == 2. ~(P' in I Q:: /.25" t;, )( )
Q

p
:: ¥8"1 (.13 '.ZS = /38 cB

.S'8

VOL.UME' : V" 7200 CIA I wh<:..rt:.- C::. L{sJ I =: I. 2~ ("n/hr, A:: 83.2.

V=: [7200 c.. ~S)C I. ZS) (~3.2)/-',I3,S-~O] ::: Z7¥ Gtc.- ft

I'1AR/COPA COUNTY MiTh'OD Fog CITY OF P#Oe-NIX

7C ::. 1/."1 (/. OZ3)'S"(.028)'$2(27.0S)7JI 1-.3
,/ :: • ~L/~ / -;.11

T/cY 7C. :: 22 ml'n'
l

/1' =' ~8 bl/hr l "'140:: (2.00)(+'.8)/2.07= /y','i"&·.,/hl'
7C ;: •"i"~ (¥.,~) -: J8 ::: 21. ,.3 ,.-,i" _ 01(

Q 100 '= (.'3) (~'-'7') (33.2.) = 2 tl3 cts

~j :::2.0 t.'n

P'(J~ :; 3.30 ."
P,tf1 .:: 3. '10 Ii,



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT I1ETHOO C onPAIVSON PAGE~ OF "

DETAIL Re-reNr/oN RGQUIKFHcN7.:5" COMPUTED DATE

______________ CHECKED BY DATE

CITY OF PHOENIX ( eont-.)" I ( )1./
1. ADct :: . 1I9"1 +. 75'S' 3.30 /3.''10 :: 2.1;.0 in

VOLUMe: V=: CA ( 1zH ) p/oo" =: .3"11 (3.30)"", "S9 (2.,,0) = 2.8'1 t',.,

V::: (.k3)(83.2)(Z.8'Lt/IZ)= /2.W CAc-oFt

CITY OF SCOTT.s DAL€

ZONJNfit: Rl w 7;

7C 'r. t t' + t t. :

@. SOURCE: c/t:, of scottsdcle. DesigY) Proc:.cdut't!!s and
C rite: rilA, Sec -1:/0'" z., .Tu I~, /'1IS

BASIN OUTLET LtJCATION: ..TO ...... Gl7C Rd. t 13(" T#</ S?;'

CITY METHOD: RAT/aNA t. HE"THOO

f.&.lt'oloJIC SaiL ~ro~p 8, eN· 92. I Co = o. 'S'

'Ct' = .0~S9.3 (/30)"71 _ .
(.s) ..38.S" - ZSSmil'}; V::. S~S ¥z (, 'hlt'f,) :or 3.82 f',%

t:t,. 2¥./7 mt'", ~:: 2. SS' + 2l././7 ::: 2~. 72 -t'"
At' TC. :: 27 ml,., a,tIld P'06':: 2.21 L'", ,,'/()(J =: 3. t?S t'n/I,r

Q,oo:: (.C.S)(3. ffS) (83.2):: 208 CfS

V= CDA( ~/20~):: (."S")(83.2)(2.2~1.) = /0.23 ac-ft
~======----

OPT/Q!y'AL J"1E'!:HOD ;t:"og SC07TSDALE:: r~chnifues "'S~ in the "Get1~ra.' DraiYlQge
PIa" rot' Nort-I, scottsdale, Ariz."

AN I-/€C-/ MODEL USING T/{I!' r"i.~OW/tVG /NPUT GENeRATE/) A PeAk OISCHAR.GE:

eF 2ZS cf's AND A RUNOFF VOl.UMe OF /8. ~ ac:. w f't.

iT 5 200

10 3
I<K
P8 L/.S

Pc. scs T't'P£ JI'A
LS 7~ ,S-
UI< 130 .00S • ZGt) '"'S
UK .5l) .01 .075 3S
RI( G,20. .OOS .OZO .0108 TICAP "7'0.

RK 11(,,15- .OOS .025 ./3 1"'AAP SO.
zz.

A04
:: 230 il'}

P'O~ • 3.lf2 il']

p,r!:':: 7'.SSt"
I'1ARICOPA CouNTY MeTHOD FOR c/rY OF SCOrrs DAL.c

Tc. ::: II. Lf (1.023)'5' (.028)·S2(27.08y:3'£ -:38; 7;-::. 6~~ l-·38

TRY Tc.:; 22 M(,.,.J "?:: '/.8 (iJII,t' I i/tIt) = -¥o8 (2.3/Z.07) :: 5:33 l.·n/ltr
7<: :: .~¥" (5.33)":39 == 20..5'2 h'/ll'1 - NO ~ooD

rR.Y Tc.:: 20 mln., i.p:: $.1 £n/h,., ~i(J() = S.C.7 (nlht' , 7C. =. ~.y~ (.s:'7)":J8 :: 20.05' m/n. ... al(

Qloo :: (.'3 )(&:,(,,1)(83.2.):: 2.97 c£s-



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT. HErHO/) Ctt:JMPARISON PAGE~ OF "

DETAIL I?r:: te:ntt'on Re"1"irc:m~nts COMPUTED DATE

--~-'------ CHECKED BY DATE

, SOUi(CE:; Tc/,1PE PU8LIC. WORKS DePT. - PR/VATc

. /)€,VE'Lap/"/eNT De-SIGN CRITe-RIA; .TUIlG, 1187.

8AS/N ouTLEr L.OCATloN: PRICE" /" .sOUTHERN

i CITY f'1c7;.10/J: RA rlt?JA/At. h'C'rNO/)

CjTY at: Sc.OlTSIJ(AL.E (Cent.)

VOLUME: PtoJ =. ¥'J'I+. TSS (3.LtZ)'/II.SS) = 2.1135 in
Ifloil' = .317/ (3."12) r. '-s"! (2. "I3S) :: 2.77 In

V = (. ".3 )(83. 'l.) ( 2.77/1z) :; /2.0/ ac· fe
._-----o _CITy" OF rE/'1pE

Al = I. '10 in

P""o' ': 3. 00 b?

p"lo~ = 3.70 in

C:, /(J% Rt:xV:·S("1S). ,10% r'AVcl'fcNT(.9S) ... .t;/oX OESc//.T LAAll>SCAPINfj (.70);

/iJ % BARE' (;.{'OUNf) (.2?,). 30% AVERAGE SLOPe-D LAWNS (.20)

C = .20 (.'?S) + .¥O(.70) "".ID (.25") ..,..30('20)':: O.S"

r;. .:: C/ r tt: t, ::! Kj.·:7 ~ /.57f'i)~;J·37 ~ /0. 9 ""/~

tt:. V= 2.70/1'0 i tt::: ~t:?V:: ~SIJ();10(2..7lj)= 33.7,,'II'n

r;. = It'· 9 -I- 33.7 PIt;'::: ~¥., nfln; l:: 2.97 ,,'n/hr _

Q,~:: (.s,,)(z.n) (83. 2) ~ /38 cfs; V=(D;;z)AC ~ (Z.'I/I2) (83.2)(.?S) :: /$'80 ac-Ft

I'1ABiCOPA COUNTY ME'THOD FOR CITY OF TEMPE

7C. .::: I/.l/ (I.023)·s (.028),S2 (27.oef31 i -:.J& :: 0.611" l -;38

Try 7<.:;; 22 ml"ll,i ip.:: If.:8 lnlh,-,i "~"D = I{. 8 ( ,.<t)/Z.o7 ,. "/.'1/ ll?/itr

Tc. .:: . '''t;. (¥olll r J8
i" 22. os "m",J -- OK Q/OO = (.'3)(~ III) (83.2):: 231 cis

VOL.UHE': PIt1"'.::. "''let '/',755 (3.00)2./3. 70 :: 2. 33 ~',,; ~IJJ::. 3'(/ (3.0) + ,G.S-'?(2.33):: 2. S' "111

V= CA(P/ol/I2.): (.'-3)(83.2}(2.S'-/IZ):: /1./8 ac-t:t:

Sl.lMMARY TA6t..l:

C 'EClry l'1eTHODS HARICOPA ". /'t. TNOO I
__M __

QltlO (c.fs) V (ae-Pi) Q,OO (cfs) V (Glc-ft)

I /88 /3.19 227 /I. '-2

I 10,9 7. 7'1 237 10.88

I¥.'I If /1.34 231 II. '11
13,8 7.7Lj 2."13 /Z.~/

208 10.23 2:97 /Z.O/
,

/38 /S.~O 231 /I. /~

CITY

I. CHAN D L.E'R

2. GLE:'VOA Lli"

3. /'1£SA

t/. Ph'tJENIX

S. SCOiTS DALE

,. rEI'1PE
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MCUHPI and MCUHP2

Maricopa County Unit Hydrograph Procedures 1 and 2, Programs MCUHPl and
MCUHP2, were developed to facilitate the use of the methodologies outlined in the
Drainage Design Manual for Maricopa County, Volume I, Hydrology.

MCUHPl provides the necessary parameters for the Clark Unit Hydrograph option
of HEC-l. These parameters include time of concentration, Tc, and the storage
coefficient, R. In addition, the Drainage Design Manual, Volume I, Hydrology also
requires a rainfall pattern distribution. MCUHPl will provide all of the required
information in the form of a HEC-l input file for immediate application.

MCUHP2 provides the required parameters when working with the S-graph tech
niques as outlined in this manual. MCUHP2 develops the necessary basin unit
graph from the indicated S-graph. It will also provide the required rainfall pattern
distribution. All calculations will be provided in the form of a HEC-l input file for
immediate application.

The user is encouraged to read the Drainage Design Manual, Volume I, Hydrology before
using these programs. Follow these directions to run MCUHPl and MCUHP2:

» Place the diskette included with this manual in drive A. Copy programs
MCUHP1.EXE and MCUHP2.EXE into the HEC-l directory on your personal
computer.

» If usinf the Clark Unit Hydrograph method, type MCUHP1. If using the
S-graph method, type MCUHP2. The screen will respond via a menu driven
procedure which can easily be followed. Remember that in either case, a
HEC-l file will be built for your immediateuse. Ifyou 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-l file. All you need to do is to go to your MENUl of HEC-l and recall
your input file.

If you have any comments or questions, call Steve Waters at 506-1501.

June 1, 1992 1-1



*
*
*
*
*
*
*
*
*
*

build *
input *
event) , *

*
*

PROGRAlvI MCUHP1

THE MARICOPA COUNTY HYDROLOGY MANUAL

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

*
*
*
*
*
*
*
*
*
* Program MCUHP1, Maricopa County Unit Hydrograph Procedure 1 can
* the basin HEC-1 input file for the Clark unit-graph option. The
* file will have the rainfall (pattern distribution for the 6-hour
* Clark parameters, i.e., Tc and R, and the soil loss parameters.
*

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

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

ENTER NAME OF OUTPUT FILE:
TESTl. DAT
ENTER PROJECT TITLE, YOUR NAME, AND THE DATE, OR PUSH RETURN:
HYPOTHETICAL URBAN BASIN, BY DDK, ON 9/1/1991.

ENTER 1 FOR SINGLE BASIN ANALYSIS:
ENTER 1 TO USE ONE STORM SIZE FOR ALL BASINS:
ENTER 2 TO USE MULTI-STORMS THE SIZE OF EACH BASIN:
1
ENTER THE STORM SIZE (square miles):
.65

**NOTE** FOR THE 6-HOUR STORM THE AREAL REDUCTION AND THE TEMPORAL PATTERN ARE
DETERMINED BY THE STORM SIZE, THUS INFLUENCING THE PARAMETERS OF THE
CLARK UNIT-GRAPH.

ENTER 1 FOR THE 6-HOUR MCFCD DISTRIBUTION:
ENTER 2 FOR THE 2-HOUR MCFCD DISTRIBUTION:
ENTER 3 FOR THE 24-HOUR SCS TYPE-II DISTRIBUTION:
ENTER 4 FOR MANUAL RAINFALL INPUT:
1
ENTER POINT RAINFALL DEPTH OF A DESIRED FREQUENCY (inches):
3.4
ENTER THE BASIN NAME:
BAS-A

**NOTE** INDIVIDUAL BASIN SIZE SHOULD GENERALLY BE LIMITTED TO 5 SQUARE MILES.
-------------------------------------------------------------------------------
ENTER BASIN AREA (square miles):
.65
ENTER FLOW PATH LENGTH (miles):
.91
ENTER RESISTANCE COEFFICIENT, Kb:
.026

**NOTE** USE SLOPE ADJUSTMENT IF SLOPE IS GREATER THAN 200 FEET/MILE.



ENTER SLOPE (feet/~ile):

21
ENTER 1 FOR GREEN-A~PT, 2 FOR INITIAL/UNIFORM LOSS METHOD:
1 '

- ,

-------------~-----!---------------------------------- --------------------------

**NOTE** MAY NEED TO ADJUST XKSAT FOR PERCENT VEGETATION COVER.

ENTER lA, DTHETA, P:SIF, XKSAT, RTIMP (0-100):
.16 .28 7.00 .30 21!.

ENTER ONE OF THE FOLLOWING (for the UA record)
ENTER 1 IF URBAN BA,S IN:
ENTER 2 IF NATURAL ~ASIN:

ENTER 3 IF MANUAL INPUT:
1

- ,-------------------j------------------------------------------------------------
DATA INPUT FOR BASIN: BSA-A

,-------------------'------------------------------------------------------------
Area size of the single
Drainage Area- .~50

lA- .16 DTHETA- i .28
Rainfall Depth - ~.40

Rainfall Distribut~on:

storm- .650
Channel Length- .910 Kb- .026
PSIF- 7.00 XKSAT- .30 RTIMP-

Areal Reduction- .99
6-hour for the assigned frequency,

SLOPE- 21.0
21. 00

pattern No., 1.15
,-------------------,------------------------------------------------------------
i HEC-l INPUT IS STORED IN FILE: TEST1.DAT

-------------------,------------------------------------------------------------, .

TC - .383 hours, ~hich is = 23.0 minutes R = .151 hours.
-------------------;------------------------------------------------------------

EXCESS RAINFALL VALUES IN 5-MINUTE INTERVALS

5 10 15 20! 25 30 35 40 45 50 55 60 65 70 75 80 85 90
.42 .42 .41 .14! .11 .10 .05 .05 .04 .02 .02 .02 .01 .01 .01 .01 .01 .01

If calculated TC isi much longer than the duration of the most intense portion
of the excess rainfi3-11 values, consider the S-graph procedures for this basin.

ENTER 1 FOR A NEW BASIN ANALYSIS, 2 TO STOP:
2

Stop - Program term~nated.



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

*
*
*
*
*
*
*
*

PROGRAM MCUHP2

THE MARICOPA COUNTY HYDROLOGY MANUAL

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

Program MCUHP2, Maricopa County Unit Hydrograph Procedure2 can build *
the basin HEC-1 input file for the s-graph option. The input file will *
"include the selected rainfall distribution (pattern distribution for *
the 6-hour rainfall), the unit-graph from the Phoenix Mountain or the *
Phoenix Valley s-graph. and the selected soil parameters. *

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

*
*
*

~.

*
*
*
*
*
*
*
*
*
*
*

ENTER THE NAME OF THE OUTPUT FILE:
TEST2.DAT
ENTER PROJECT TITLE, YOUR NAME, AND THE DATE, OR PUSH RETURN:
UPPER CAVE CREEK WASH WATERSHED MODEL, BY DDK, ON 9/1/1991.

ENTER 1 FOR SINGLE BASIN ANALYSIS:
ENTER 1 TO USE ONE STORM SIZE FOR ALL BASINS:
ENTER 2 TO USE MULTI-STORMS THE SIZE OF EACH BASIN:
1
ENTER THE STORM SIZE (square miles):
41.24

**NOTE** FOR THE 6-HOUR RAINFALL THE AREAL REDUCTION AND THE TEMPORAL PATTERN
IS DETERMINED BY THE SELECTED STORM SIZE.

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):
3.6
ENTER THE BASIN NAME:
BAS-A
ENTER THE BASIN AREA (square miles):
34.86

**NOTE** THE FOLLOWING S-GRAPH VALUES ARE ONLY FOR THE HEC-1 INPUT FILE.

ENTER L(feet),
49280 29920 152
ENTER 1 FOR THE
1

Lca(feet), S(feet/mile) , Kn:
.050
GREEN-AMPT, OR 2 FOR THE INITIAL/UNIFORM SOIL LOSS METHOD:

**NOTE** MAY NEED TO ADJUST XKSAT FOR PERCENT VEGETATION COVER.

ENTER lA, DTHETA, PSIF. XKSAT, RTIMP (0-100):
.25 .35 4.18 .38 10.



**S-GRAPH CONVERSro:N TO U-GRAPH (CODE BY T. W. HIEB, 12/89) **
-------------------1------------------------------------------------------------
ENTER 1 FOR THE PHO~NIX VALLEY S-GRAPH, 2 FOR THE PHOENIX MOUNTAIN S-GRAPH:
2
ENTER THE BASIN LAGj TIME (minutes):
125.4
-------------------!------------------------------------------------------------
**NOTE** HYDROGRAPH, TIME STEP IS COMMON TO ALL BASINS IN MULT~-BASIN DESIGNS
-------------------:------------------------------------------------------------I

ENTER HYDROGRAPH TI~E STEP (minutes):
20

! UNIT HYDROGRAPH FOR BASIN: BAS-A
-------------------~---------------------------------- -------------------------

TIME
(min. )

DISCHARGE
(ds)

TIME
(min. )

DISCHARGE
(cfs)

TIME
(min. )

DISCHARGE
(cfs)

~-------------------~---------------------------~-------------------------------

o. 0' 280. 1660. 560. 179.,.
20. 936. 300. 1254. 580. O.
40. 1966:. 320. 1076. 600. O.
60. 4503 340. 907.
80. 6406 360. 718.

100. 8200 380. 587.
120. 9886. 400. 458.
140. 6188 •. 420. 458.
160. 5193~ 440. 303.
180. 4424. 460. 179.
200. 3728 480. 179.
220. 2954 500. 179.
240. 2358 520. 179.
260. 2075. 540. 179.

VOLUME OF ~ALCULATED HYDROGRAPH (Inches)= 1.00

INPUT DATA FOR BASIN: BAS-A
___________________ 1 _

Storm size= 41.24:
Area= 34.86, Point(rainfall depth= 3.6, Reduction coefficient= .87
Rainfall distributi~n is 6-hour, Pattern Number is 3.55
IA= .25 DTHETA= .35 PSIF= 4.18 XKSAT= .38 RTIMP= 10.0
Phoenix Mountain S-graph was selected
Lag Time = 125.4 minutes, Hydrograph Time Step= 20 minutes.

I

-------------------~-------------~-------------------- -------------------------, .

HEC-l INPUT IS STORED IN FILE: TEST2.DAT
,

----------------------------------------------------------------------------~--

,

ENTER 1 FOR A NEW BASIN CALCULATION, 2 TO STOP
1
ENTER THE BASIN NAME:
BAS-B
ENTER THE BASIN AREA (square miles):
6.38



**NOTE** THE FOLLOWING S-GRAPH VALUES ARE ONLY FOR THE HEC-l INPUT FILE.

ENTER L(feet), Lca(feet), S(feet/mile), Kn:
33440 18000 94.7 .050
ENTER 1 FOR THE GREEN-AMPT, OR 2 FOR THE INITIAL/UNIFORM SOIL LOSS METHOD:
1

**NOTE** MAY NEED TO ADJUST XKSAT FOR PERCENT VEGETATION COVER.
J

------------------------------------------------------ --------~--------~-------

ENTER lA, DTHETA, PSIF, XKSAT, RTIMP (0-100):
.25 .35 4.00 .34 0.0

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

ENTER 1 FOR THE PHOENIX VALLEY S-GRAPH, 2 FOR THE PHOENIX MOUNTAIN S-GRAPH:
2

'ENTER THE BASIN LAG TIME (minutes):
97.2

UNIT HYDROGRAPH FOR BASIN: BAS-B

TIME
(min. )

DISCHARGE
(ds)

TIME
(min. )

DISCHARGE
(ds)

TIME
(min.)

DISCHARGE
(cfs)

o. O. 280. 169.
20. 22!. 300. 129.
40. 725. 320. 108.
60. 1415. 340. 83.
80. 1975. 360. 42.

100. 2049. 380. 42.
120. 1304. 400. 42.
140. 1064. 420. 42.
160. 849. 440. 42.
180. 62!. 460. O.
200. 507. 480. O.
220. 392.
240. 277.
260. 233.

VOLUME OF CALCULATED HYDROGRAPH (Inches)= 1.00

INPUT DATA FOR BASIN: BAS-B

Storm size= 41.24
Area= 6.38, Point rainfall depth= 3.6, Reduction coefficient= .87
Rainfall distribution is 6-hour, Pattern Number is 3.55
IA= .25 DTHETA= .35 PSIF= 4.00 XKSAT= .34 RTIMP= 3.0
Phoenix Mountain S-graph was selected
Lag Time = 97.2 minutes, Hydrograph Time Step= 20 minutes.

HEC-1 INPUT IS STORED IN FILE: TEST2.DAT

ENTER 1 FOR A NEW BASIN CALCULATION, 2 TO STOP
2
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Computation of Precipitation Frequency-Duration Values

in the Western United States

Program User Manual

Flood Section
Surface water Branch

Earth Sciences Division
Bureau of Reclamation

Denver, Colorado
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COMPUTATION OF PRECIPlfATION FREQUENCY-DURATION
'HIUJES 11\1 THE l,JE::;TEFm UI\Il TED E;TATE~;

Th(? PREFRE cornputF2r progrum WClS writtl;~n to CDmpute th!-:?
prE'cipit.ot.ion frequf".:1nc:y vClluesi fDr eClch of .1.0 durot.ions and for
each of 7 return periods. This documel·lt describes how to prepare
the input dolo, how to E.'HE.'Cute the program, and gives on eHomple
o.f the output.

The PREFRE program computes frequency values for 5-, 10-, 15~,

Clncl ::IO-·minute nnd 1·_·, ;~)-, ::1-··, 6-·, J.2--·, ond ;~l;·--hClur dUI'ot.ionsi for
return per:i.od=,. of 2, 5,) 10, 2 1;;, 50, 10(>, ond 5uO yeors for clreos
in the 1.1. Wf?st.E~rn stotE'S ond presents the results in tabulC\r
form. It uses as input the precipitation frequency values token
from the NDf-\A !-)llos ~) (1.1. vCllumE!s). The PI~EFRE program al!:.o
duplicates the values in Weather Bureau Technical Pa~er No. 40
for t.he si>< P loins',stot.es wi t.hin th€:.> Bureou' 50 OTeo of operations
not included in the NOAA Atlas 2 volumes.

NOAA AtJ.GS 2 reflects the effects of topography on precipitation
fI·equenc:il~';;') but it conl~(Jins j'=.Dhyetal mope;:, for TE,turn peJ:·iods Df
2, I:;, 10, Z5,. SO, (lnd .lUu Yf"~aI S OU t on.1 y for b- onel ;;24--hour
durclt:.ions" For other durations, it i.s necessory to use the
nomograms and equations included in the atlos.

Th", ;::C)rllput:er progrcHIl I,.ICIS or.iginolly develDped by 1'11'. Ralpl-)
Frederick, Office of Hydrology, NWS (Notional Weather Service).
The progr·C\m w(J'5eHtens 1. ve l. y revi spd to fit Bur·eou of Rec lomCl t ion
neE~d·::; in :1.'175 by 1'11' ......kllnes t'lumforc! of what './L1S thc-m the Flood clnd
Sedimentation Section, Englneering and Reseorch Center. It WClS
furt.her revised in 1988 by Mr. Richard Eddy of the Flood Sect jon
to incorporate updated information fOl' short-duration values.

The program is written in FUR1·RAN V for the Bureau's CYBER
mainframe computer. This version has also been converted to
FORTRAN 77 for use with persona] computers (IBM compatible).

ThE~ follOWing dClta Clre requiTed for the program i.nput file:

CI" !:;i te "ClIne.

b. Et!llig~~ zone number identifying where the site is
.locctt:(~d, Dbtainl;?d from thl? mop inc lucled as Clppendi x A in
t.his IIlclnulll. The zone bCiuncicll'.iE·S c01.'respond to t.hCi:;ie found

I



in NO{~H ~4t.l(:lS ]2, but t1u;' num/)(o'I'<;; 11,0,/ bE di f.feI'ent.. I t: i.~;

C\ .::1 ....; j ",.() 1'< e 1..c:,·j! d o:;·rd.j f yl..he 1 c'c IJ l.i ,:,r, C\ J ':' ,"' 1 t e f l' om 1..h e z uri'::'

mop .tn tr'E' C\t.1l0(~; vD.1U'''(;' CIne! T"E'.fer te, Clpp.?ridi>< {-~ for thE?
zone nu~beI' u~ed in PREFRE.

c. lOlle rlumber for Ishort'-'c1uT(:ll:ion vClJues (oppendix 13)"

d. 81 te leI 1..1 ~ude and 10ng1 tude (required for bl.!:.im9!::i zone5
::1, (r, cF'ld 1..1; :opti.onal fell ot.her primClry zonE~::;)"

e. Site elevdtion (required for Q~imQL:i zones 1, 2, and 6;
opti.cmol for dthE'J: primc\ry zorH?s) •

.f. NOA~ Atlu$ ~'. prec:ipi Lotion vClIues (note t.hot (:~tllJS

\/0 lues c.re in I t'E'n t.hs 0 finches).

( 1) StclndU:rd: Enter the vCl.lue<::-i of 2-yel...11' Llnd 100"yEO!
return per;:iods for c1urotions of 6 hours .C\nd 24 hOllIS.

!

(2) Optioni~ The origincll. NWS progrlJm '....05 dE;sigr)(2d to
input. 01.2 p!rE~cipi.t.cd:ion frf2quency values. This format.
hos been r~tained os an option. The 2-, 5-, 10-,
25-, 50-", lond 100"'year values for 'duration!:; of 6

',hours:. cmd ;2'-1 hDurs must be used CIS input fot' this
optlon. ~he progrom uses the six return-period
vCllue<.:; Gnd! de\ielops a I.i.ne of best: fit to the points
I·em:!. frDm ,the t·-JCJ(...)A {H·las; ~~~ mops. It then .U:;~\5 t.his
line df bE',St fit to recompute the return'-period
values cmel uses thl;~<:;e computed vo.1ue5 in 01.\.
<5U bs~;q U (:-n t:' camp u to t.i on s ..

ThE~ :i.nput. dot.a fOI',lllof. :i.~; pr€,=-.entl;~c1 in llppendixes C1 throufJh [;3.
Each field 1n a .\.ihe must be separated from the next field by
ejth~r a blG~k or ri cDmma, ond an entry is required for each
fie<J.d (i..e .. , enter! zerDec:: .if latitude, longi.tude, and elevcd:.ir.:m
ele omi.t.ted). Inpwt dota con be 011 met.ric, if desireel.

The site name, zon~number5, ond latitude, longitude, lJnd
elevation (jf inclWded in the input data) are printed CIS a
heading. A toble lis UH?n given showing the precipi tation values
for ~~--', 5--, 10"',) ~~)~;-, ~:iO--, 100-'j Clnel 5UO"'year return peri.ods for
durnt.ions of ':1, 10', 15, and :30 minutE!:; IJncl 1,2, 3, 6~ :1.2, and 2'-1
hOUl'::;. Output. un:i.,ts cu'e the !:;C1I1lE' C\~; the :input uni tm. The PC
veT"~ii(Jn C1.l.S0 printp the input cloto for refer,.enCFJ. (-~ppendi)( Dl .is.
a sCIIIlple output JrFHn t.he CY8E.1~ version of PREFf~E. {~ppenclix 02 i!:;

the standarc PC output" AppendiH D3 is the output when the site
is in primoT'( zone! 7; it prints Ll note regClroing revi<:;ec! dept.h-
oreel Vll.lU(?!; for Arizonr:\ clnd Nt.;>'.... Me><icCl. (~ppendi>< DLI is the
output when the option to input. 12 preci.pitotion values .l.s
sel€~cted.

2



E",ec:ut:i.on (J f progrClm F'I~EFF~E: depE"'c\S orl the computer sysb'?m being
Li5ed. (~ppericlix E c!",!scribp;:, the steps of E-XE)cut..iDn fCll' both the
Eiur€~Clu Cl f I~ec l.omo t.i.on CYI3ER moin frome fJnd the 181'1 PC/AT cmd
c compel t J. b.l. e,,; ..

Sometimes the site will be very neor the boundory between two
ze.nes, Cl !:;itUClticw, in which CI we.ight.ing of colcLllClb:~c1 frequency'
volu(:'s ClITiCHli] nE~:i.ghbor·ing 2CiI'\85 moy pro\lide CI more oppropr:i.ote
O"=;"JE'I. In the,,;e coc.'E's, :i.t. con be helpJ-ul to mO~.e mClre them urle
run, using the rl(?i.ghbcH ing zone' 5 vCllue':;. Edi t the input file to
c.herngE-:- the zone rlUrnbE'I' (Clnd ol-hE'r c1CI to CIS needed) onel re--'run th·,,?
pr D~:jromn

The progrom follows procedures outlined in NOAA Atlos 2 to derive
t.r, e prE-c i p 1. to t iDn .f r equ el-,c y Vel J ues. The 2--yeor one! J OO--yec.u'
inpu t f :i. gl.lres for 6···hour ond 2'-j--'hou r' duro Lions orl-:2 used tD del' i ve
theS:.E' -::,ome return frequE'r,cy volLies U]r 1-, '~~-, cmd :=I·-hClLlr
durations. The relationships among the 6-hour ond 24-hour
volLles LInd the 1.-, 2-', ond ;:l'-'I-\our \,'olues WE're cletermirH?d by the
NWS and ore dependent on the zone in which the site is locoted.
ThE" L~-"hol_lr va lw?s 0.1' e del' i vecl by tclk in 9 the midpain t between the
6-hour ond 24-hour input YCllues for the 2-'1'eor ond 100-ysor
ret.urn p~:;~riodg,. The S-, l')-', j~i-", Clnd 30---minut.e durotion values
for 2-yeo1' clnd lOO--yeclI' event·:; ore detel-'mined by ffiul tip lying the
l-hOl.'I' values by C\ s-et. of foetors. These factor's c'.re de'pendent
on the s;ho:rt-duI'otion zone in whi.ch the site is located. 1.1_.1.2
i~QQ£19Q1_1Q_OQ1g_1bQl_lb§_2bQ[i=g~£QliQO_;QOg2_Q£@_Qiiigr€ol

LLgm_lbg_Q£im9[~_ilg0g~£_gY£QligOl_;gQ~§. The progr'om then
computes the values for the remaining return periods by fitting
the precipitation values to 0 Gumbel distributionn The 2-yeor
values for 011 durations are first Cldju~ted from 0 pcrtiol
du[··cd:.ion serle':; (input values) tCt on onnuol sf-:?ries. Then the S-,
10-, 25-, 50-, and SO()-yeor frequency values for all clurations
are calculated from their respective relationship to the 2'-year
ond lOO-yeor values in a Gumbel distribution. The 2-, 5-, and
lO-year values ore then converted bock to a portiol duration
series? which ~orrespond to the NOAA Atlos 2 mop values. All

/
output volues are for point locations. .

hIUTE: (~rt~ol VClll.H?::> elf prpcipitotion J:rpquenc:y ore often rH_"ecl~:'d.

Beccluse pr'ogrl1nl PREFRE dDes not provide th i. s in formclt:icm, it is"·
nE'cE'sSO.l.'y to follow t.he procedure found in t.he oppropi'.io tE~ NUAA
Atlas 2 volume. When oreol values ore required for Ari20no and
hlE'W IvIE·Hi.CO, use the information found 11'1 t.hE~ .l(7',~',t~ NOf-.)(~ Techniu]l
MemoTondum NWS HYORO-40n



I,: ""CI~;; c1('?c:idE~d in <i7S to chonge thEi progrum f rom the prCJc:edul'e
or Jgi.no.l.l.y u5pd by thp NW[-; to 0 more ':;i.mpli I i.'~d opprooc:h using
cnly the four key precipitation values for i.nput. This ollows
for quicker setup ~lj: t.he lnput delta Clnd foci.litotes the use of
the program. No .l.~ss of accuracy in the colculoted values occurs
os th e 2'-yeclr 6 -··h mi., 1', ~) --'leu!' 2 l+.- h elU l' , 1 uU" 'fE'ClI' 6--h OLi r , on cI 1 (1)--.

'r'ellr 2'-I--hclUr mops lilre the key mops in i t lolly del' i ved in the NWS
:~;t.ucli~~s" Thr~ mops; i in t>JU{)f-' f-'tla,:; ;i.) for return periclcls of ~i, 10,
2S, Clnd SO yeor,:; w(~re del' i ved ,frorn the 2-- and 100-"yeor mops in
the some monner th~t the PREF~E progI'om computes these volues.

In the or:i,ginol prqgrotrl, only one set of nClt.i.oflol foctDl'S weI';
Lisecl to dett'~J:rninE' 5--'rn,in to 30'--rn.in vc\1.ues JrCltTl i--helur valuE'S.

, ('
Papers by Freet.ick and Mi.l]er and Arkel.1. and Richords presented
sets of fClctClII~ thqt c1f:!pend,='d 011 thE' locotlon of thE' site. The':;!?
\··nl-U~>I- wI::>'''e lJC'='d t·mJ,!·, <::.1"!'e'" '·'e,-t· ('f' '!'I'\~' 1(151-1- rnprl.'dl'all" tl.... e 01(:1'f'L.. \~..::) ._ A. _ .:="It::: .\ I .:> _ _ .:.) .,.,. _ -'=' _ J. _, "-'= __ ._ I 1_ . , .. I ., _

fc;ctCl1.'"S were 1'etcli,rh;~c1 for the P.loins- '..:;t~Cltes E'ost of t.he 10Slh
f1,er:id ion"

The 1975 vE~r~;;ion o~ the program c\.llo'wed the user tC.l spec 1. fy t\.,ID

zones in the eventithot the SIte was near a zonal boundory. lhe
current version do~s not offer that option becouse two types of
zones (the origina~ long-duration zone and the new short-c1uroti,on
zone) are now requ~red ond major revisions to the program would
be rf?quirecl to Clccc:)rJlfT1odote various combinations of multiple runs.
The only woy to ge~ r·un<:. for h.,lo adjocent zOlles is tD edit the
input file clfter the fi,r.st: run (C\ quick c1ftd SImple procedure) cmd
execute the progro~ ogoin.

!
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Pr(~~c: ipi ta I:i.O!"l--Frl?qU(?nc y {·H:.los CJ f the WE>!;;tr2rn Un.i ted State,"
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14PPE:NUJ.){ Cl

Line 4 (optio~al):

Field 1. ENDRUN (alpha characters)

,

I

Line 3 (field~ separated by blanks or commas):
Field .1.. 2--'yr 6--hr precipitati.on volue from NOAA Atlcl!:; 2
Field 2. 10~-yr 6'-hr precipitation value
r·~·ie1d 3. ;2--yfr 24--tu' precipi totion value
Field 4. 10q-yr 24-hr precipitatioll value

Titl(~ 0,£ study Dr site Ilome, up to 32 ChllI'Clcters

HWLjT FUnl'l?H-- FUUR PRECIP ITfHIUN VAUJEE>

L.inf:) 1:
F il,dd .1.

Line 2 (f iEddJ. S;Rpi:U'O tC.ld by bl.ank!:; Clr commo!:;):
Field 1. Pr~mL1ry zone number (Clppendix Al
r'iedd ~~" ::;hqrt.--duI'at,ion zone number (oppendix El) it'

Field 3. La~itude, degrees and decimals (or 0)
Field l+. L.origi. tuc!e, degrees Clnd clec:imols (or (I)

Field 5. I::levcltion (o:r 0)
Field c). 0 (:nufIlber ~"':el'o)

t!!JI);'.::" Pli.::t.unl ilotit.ucle and .longitudF.~ values eire required for
sites in primary zones 3, 9~ and 11~ and elevation data ore
required for sites in pri.mary zones 1, 2, and 6. For other
primClry zorH:~s,1 erd:er either zeroe!:; or the latitUde,
longitude, and elevation values. Elevation may be entered in
mE~t.ers, if prekipitot.ion is also metric.

I

* Short-duration zones 12 through 15 are all for t.he
Southern Paci~ir:: Cow;t:. Zone 12 is .for sites with elevotion
greater than ~OO ft. Zone 13 is for sites with elevation
b!:.~tween 500 aqd 70U ft. Zone 14 is for si tes wi. th el('2vclticm
le~:5s them 5001ft. Lone 1::; reprE'S€,mts on overoge of 1.\11
elevCltions wi~,in the boundaries of the Southern Pacific
Coast.



m'PENDl>< C2

INPUT FDrH1(.\r - lWr:=.:LVE !='F<ECIP I TA r IUN VALUE!3

some C!!;, for four precipitation vnlues

L_in(~ 2:

Fields 1 through 5: same as for four precipitation values
Fi~?ld 6. 2

L.ine 3:
Fil~d.d 1"
Field ~~.

Fil?l.d :3...
F.i(~.ld 4.
Fi(?.l.d 5"
Field 6.
F i.sld 7 ..
Fi.!Z'lci 8.
Field 9 ..
Fi~:\ld 10.
Field 1.1.
Fielcl l;'~.

2-yr 6'-hr precipitation value from NOAA Atlas 2
S-yr 6-hr precipi.tation value
10-yr 6-hr precipitation va.Lue
:;?S--yr b,··tH' pr>::·c:ipitation value
50-yr 6'-hr precipitation valu~

lOO--yr 6--hr pre:·cipit.nt.i.on value
2-yr 24-hr precipitation value
!:i--'yr ~:)l;'-'-h!' prE'cipitcltion value
to-yr 24-hr precipitation value
25-yr 24-hr precipitation value
50-yr 24-hr precipitation value
lOO-yr 24-h1' precipitation value

Line 4 (optional):

Field L ENDRUN (alpha c.hclI'octers)

n
7



F ield::i
SE'pClr(] b?c1
by blonk,,;

Fields
sepclrClt(?d
by COIJlfTillS

SAI'li;)

{WFE.NDl>< C3

11\IPUT ... FUUH pr~E[;IYIT(·HI0N VALUES

qUARTZ HILL, CUL.CJr"U~DO

b 7 39. 80 101:;. ':l2 B'7'(l(J ()
J. • .I. 9 2. 0:> .1. 78 ll .. 2 J
ENDRLJI'J

LEADVILLE, COLORADO
7,6,3'1" 27, lU6. 31, 0, 0
.79,1..85, J." 00,2 .. 79
ENDRUN

S;AiY1Pl.E INPUT .- 1.2 pr~E.CJ p 1"1 AlION W·)LUES

KurCH (NW); COLpRADO
7 b 39.00 104.00 6100 2
1.04 1.20 2.00 ~.2S 2.40 2.50 1.39 1.75 1.90 2.25 2.60 3.30
EI\lIJFWhl

10



APPEI\l[J[>{ OL

Sf~MPLE. OUTPUT - CYBER

~IV1SED JUNB 1988 TO UPD~TB COHPUThTIOM OF SHORT-DURAtION VAL~16

PRECIPITATION FREQUENCY VALUES rOR QUARTZ HILL. COLORADO'
PRIMARY ZONE NO.- 6 SHORT-DURATION ZOMI NO.- 1
LATITUDE 39.80" LOMOITUDI 105.S2W ILIVATION 8900 FEEt

POINT VA LUIS

InURN PER 100
r DURAT ION 2-YR :S-YI 10-yt :l:S-YR :SO-YR 100-n :SOO-YI!

'-HIN .26 .34 .39 .41 .53 .59 .13 5-HIN
10-HIM .40 .53 .62 .14 .84 .93 1.16 10-HI"
15-"IN .48 .66 .78 .94 1.01 1.20 1.49 15-HIN
30-HIM .65 .90 1.06 1.29 1.41 1.65 2.05 30-"IM

1-HR .78 1.09 1.30 1r59 1.81 2.03 :1.54 I-HI
2-HI'< .92 1.26 1.50 1.82 2.06 2.31 2.88 2-HIt
3-HR 1.03 1.39 1.64 1.99 2.2~ 2.S2 3.13 3-HR

e £'-HR 1.19 1.60 1.87 2.26 2.S5 2.85 3.33 6-HI!
1;)-HI 1.49 1.98 2.32 2.80 3.16 3.53 4.31 l2-HI
24-HI 1.78 2.31 2.78 3.3" 3.18 4.21 3.4tl ;l4-HR

INPUt DfltA

PROJECT NAME-QUARtZ HILL, COLORADO
10NE- 6 SHORt-DURAtION ZONE- 7
UTnUDE-39.80 LONGitUDE- 10S.32 ELEVAtiON- 8900
2-Yl. 6-HI PCPN- 1.19 100-YR. 6-HI PCPN" 2.85
2-YR, 24-HR PCPM'- 1.18 100-YR, 24-HI PCPN- 4.21

UItUItItIt ItMe It ItIt
It It
It END or RUM It
It. It.
ItMe It.Me1tA1t.lt.1tA1t.It.

1.1



SAI'IPLE: 'JUH'UT .- F'C

*~* 0 U T PUT 0 A T A ***
REVISED, JUNE 1988 TO UPDATE COt'IPU1Al ION OF SHCJRT-DUR?HION VAU.lEl:;

i

PRECIPITATION FRE~UENCY VALUES FOR QUARTZ HILL, COLORADO
PRIMARY ZONE NUMBER= 6
SHORT-DURATION ZQ>NE NUMBER= 7

LATITUDE 39.80N LONGITUDE IOS.52W ELEVATION

POI~H VALUES

RETOON PERIOD
DURATION 2-YR S-YR lO-YR 25-YR SO-YR IOO-YR SOO-YR

5-MIN .26 . .34 .39 .47 .53 .59 .73 S-MIN
lO-MIN .40 .53 .62 .74 .84 .93 1.16 10-MIN
I5-·MIN .48 .66 .78 .94 1.07 1.20 1.49 IS-·MIN
30-MIN .65 .90 1.06 1.29 1.47 1.65 2.0S 30-MIN

I-HR .78 1.09 1.30 1.59 1.81 2.03 2.54 I-HR e2-HR .92 1.26 1.50 1.82 2.06 2.31 2.88 2-HR
3-HR 1.03 1.39 1.64 1.99 2.25 2.52 3.13 3-HR
6-HR 1.19 1.60 1. 87 2.26 2.55 2.85 3.53 6-HR

12-HR 1.49 1.98 2.32 2.80 3.16 3.53 4.37 12-HR
24-HR 1. 78 .2.37 2.78 3.34 3.78 4.21 5.21 24-HR

INPUT QATA

PROJECT NAME=QUARTZ HILL, COLORADO
ZONE= 6 SHORT-DURATION ZONE= 7
LATITUDE= 39.80 LONGITUDE= 105.52 ELEVATION= 8900
2-YR, 6-HR PCPN= 1.19 100-YR, 6-HR PCPN= 2.85
2-YR, 24-HR PCPN= 1. ij8 100-YR, 24-foiR PCPN= 4.21

* * * * E ~ 0 OF RUN ****

12



Ar'PElm 0< D3

~;I-)f'''··l.E UUTF'U-r .. F'e (F'F\ 1;~1?{F? -( J.:OI\IE 7)

~** 0 U T PUT 0 A T A ***
REVISED JUNE 1988 TO UPDA1E COMPUTA1ION OF SHOR1-DURA1ION VALLES

PRECIPITATION FREQUENCY VALUES FOR LEADVILLE, COLORADO
PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 6

LATITUDE 39.27N LONGITUUE l06.31W ELEVATION 10200 FEET

POINT VALUES

RETURN PERIOD
DURATION 2-YR S-YR 10-YR 2S-YR SO-YR 100-YR SOl)-YR

5-MIN .20 .26 .30 .36 .41 .45 .56 5--MIN10-MIN .31 .41 .47 .57 .64 .71 .88 lO-MINIS-MIN .37 .50 .58 .70 .79 .88 1.09 15-MIN30-MIN .48 .64 .75 .91 1.03 1.15 1.43 30-MINl-,HR .58 .78 .92 1.12 1. 27 1.42 1.77 l-HR2-HR .65 .87 1.03 1.24 1.40 1. 57 1.94 2-HR3-HR .70 .93 1.09 1.32 1.49 1.66 2.06 3-HR6-HR .79 1.05 1.22 1.47 1.66 1.85 2.29 6-HR12-HR .69 1. 25 1.49 1.81 2.07 2.32 2.90 12-HR24-HR 1.00 1. 4S 1. 75 2.16 2.48 2.79 3.52 24-HR

* IF YOUR SITE IS IN ARIZONA OR NEW NEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:

DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40
ZEHR AND MYERS
AUGUST 1984

INPUT DATA

PROJECT NAl'lE=LEADVILLE, COLORADO
ZONE= 7 SHORT~DURATION ZONE= 6
LATITUDE= 39.27 LONGlfUDE= 106.31 ELEVATION=102~)
2-yR, 6-HR PCPN= .79 IOO-YR, 6-HR PCPN= 1.85
2-YR, 24-HR PCPN= l~OO 100-YR, 24-HR pePN= 2.79

* * * * END OF RUN -11-***

1.3



SAM~LE OUTPUr - PC (12 PR~CIP VALUES'

***10 U T PUT 0 A T A ***
REVISEO JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUtNCY VALUES FOR KUTCH (NW), COLORADO
PRIMARV ZONE NUMBER: 7
SHORT-DURATION ZONt NUMBER: b

,

OPHON NUMBER 2 +--- INPUT OF 12 PRECIP VALUES
LATITUDE 39.00N LONGITUDE 104.00W ELEVATION 6100 FEET

POINT VALUES

RETURN PERIOD
DURATION 2-YR $-YR 10-VR 25-YR 50-VR 100-YR SOO-VR

S-MIN .29 !.to .47 .57 .65 .72 .90 5-HIN
10-MIN .45 61 .73 .89 1.01 1.13 1.1+1 10-MIN
is-MIN .54 75 .90 1.09 1.25 1.1+0 1. 7S IS-MIN
30-MIN .68 .97 1.16 1.42 1.63 1.83 2.30 30-MIN

I-HR .S2 l~lS 1.4~ 1.75 2.01 2.26 2.S4 I-HR
2-HR .91 L28 1.53' 1.87 2.11+ 2.1+0 3.01. 2-HR
3-HR .96 IJ 31+ 1.60 1.95 2.22 2.49 3.12 3-HR
6-HR 1.06 111+6 1.73 2.10 2.38 2.67 3.33 6-HR

12-HR 1.17 llss 1.S6 2.25 2.S6 2.86 3.SS 12-HR
21+-HR 1.29 IPl 2.00 2.1+1 2.73 3.05 . 3.78 24-HR

• IF YOUR SITE IS IN ~RIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR!REVISED DEPTH-AREA VALUES:

DEPTH-AREA RATIOS,IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL ME~ORANDUM NWS HYDRO-40
ZEHR AND MYERS
AUGUST 19SI+

INPUT DAtA
:

PRO.JECT NAME=KUTCH (NW), COLORADO
ZDNE= 7 SHORT-DURATION ZONE= 6
LATITUDE= 39.00 LONGITUOE: 104.00

12-VALUE PRECIPITATIGN OPTION
PRECIPITATION VALLIE:
1.04 1.20
2.00 2.25
2.40 2.50
1. 39 1.75
1.90 2.25
2.60 3.30

ELEVATION: 6100

* * * * E N ~ OF RUN ****

1.4



E}<r:~CUT ION OF F'F~(.Il:;f~f~1'1 PI~EFRE

T~e following steps are used to execute program PREFRE on the
Bureau of Reclamation CYBER mainframe computer:

1. Creote on input file, using any convenient nome,
J:rJllowing the .forrno t prE'sen t.ed in clppencli x C. Th i.s becomes
c\ pe:C'manent £ i Ie on the CYGER. Purg(.;? it when it is n(:i
1011 gE'r needf:-!d.

2. l:::ntE~r 01...1), PREF:-REEl [the binary (eHecutable) forfn]
then GET,INPUT=your input file name
then PI~EFRr:::F..l

3. 'rhe outt=-~ut in.form(Jtiorl is sent ,to tl-lS screen. It ct.,rl
also be printed; use the procedures appropriate for the
hardware available to you.

PREFRE is the executable version of the program. It may be
stored on the hard disk or it may be on a floppy disk. The
fo~lowing steps are used to execute the program on an IBM PC/AT
or compatible (a FORTRAN compiler must be available on the
particular PC being used>:

L CreDte on input fi.l.e, using cmy convenient name,
following the format presented in appendix C. This is a
permanent file on the hard disk or floppy disk.

2. For hard disk, enter PREFRE filename! filename2
(e.g., PREFRE PREINl PREOUT!)

For floppy disk, enter A:PREFRE filename! filename2
(e.g~, A:PREFRE A:PREINl A:PREOUT1)

Filename! (including device 10 and nome extensiori) is the
name of your input file and filename2 (including device ID
and name e~tension) is the nome of the file you wish the
output information written. Either or both files may be on
the hard disk or they may be on a floppy disk in device A.
If they are on a floppy disk, the filename must be
preceded by A:. The output file will be created by the
program. If you fail to enter the file names at this
point, the program will prompt you to enter those names.
Messages will appear on the screen, but the output data are
written to the file.

3. Enter PRINT filename2

15



IW PEND 1>< E (c: ()II l) rHJ ~!d )

The output data ~ill be listed at the printer. If you
directed the output file to be written to the floppy disk
(in device AJ, ehter PRINT A: fl1ename2. The output file is
0150 a permanent file on the hard disk or floppy d~sk.

:1.6
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II
Index

1. Rational Method
The Rational Method is used to determine the peak discharge and runoff
volume from a hypothetical 140-acre urban watershed.

2. Green and Ampt Losses
Loss parameters for input to the Green and Ampt method are calculated for
Subbasin No.4 of the Example Watershed.

3. Clark Unit Hydrograph (Urban)
Clark Unit Hydrograph parameters are developed for Subbasin No.2 of the
Example Watershed using the worksheet (manual) method. The results are
input to an example HEC-1 input file, and output is provided.

4. Clark Unit Hydrograph (Natural)
Clark Unit Hydrograph parameters are developed for Subbasin No.4 of the
Example Watershed using the worksheet (manual) method. The results are
input to an example HEC-1 input file, and output is provided.

5. S-Graph Applications
The Phoenix Mountain S-Graph is used to manually develop an unit
hydrograph for a hypothetical watershed. An HEC-1 input file example is
provided.

6. Kinematic Wave Routing
Flow is routed along a trapezoidal channel using the Kinematic Wave Routing
option. HEC-1 input and output file examples are provided.

7. Muskingum Routing
Flow is routed along a hypothetical natural stream using the Muskingum
Routing option. HEC-1 input and output file examples are provided.

8. Muskingum-Cunge Routing
Flow is routed along a hypothetical channel using the Muskingum-Cunge
Routing option. Examples are provided for both the Simplified and 8-point
cross-section options. HEC-1 input and output file examples are provided.
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FL90D CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT !HYDt<Ol.O§IC DESigN H ANUA I- PAGE ~ OF 2

DETAIL t-iKAMPLc WATERSHEJ> COMPUTED DATE--e
__---+- CHECKED BY DATE _

L /fiHT .Ihlr:>tlSTR,'AL.

~A/N' ARE'AS

;'Iul.il- (lA/It A~E"AS

ApARTMeNT AReAS

.5"0%

so%

/00%

170.

30.5

/0"1.

/.8S

/.13

21

33

2./1

0,8"

. /.52

2
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:
:
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IS-
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
2PAGE _'_ OF

COMPUTED DATE ~_

I"1ANUALPROJECT NYO/?tU O§IC f)ES IqN

DETAIL C><AMPLE' /Vo. J.

_R._A'-'--'--r._I_O-'-N_A--:....;.::.L_~'--"-=E_r._"J.I_O_D CHECKED 8 Y --'- DATE __

SCENARIO: USE THe RATIONAL HeTHOI) TO OG'TcIt!.MINE' rN£

/00- YEAR PEAl< [)ISCI-IAR~e AND RUNOFI: VOL(.,(HE FRall-f
AN URBAN WA,£RSNef) WITf-I 'THE FtfU.L()k)ING PHYSICAL

CNARACT£RIST/CS:

L.OCATION -------.... CAR.EFR.ec, AZ. Tt:.N- R~E,.. Sec. 6
DRAINAGE ARe"A .. /~o a.cr-cs
Ft.OW PATH LENGTH • 1.23'- Pli·.

AVERA~£ St.OPE • 33 ft//#/I
LAND USE • 70" S/NGlE )="Al'llty I<'F.s/~ENT/At

30 % L.1<£Nr .T/vPlISTR./A L

STeP .1 :
DETE'RH/Ne TI-IE !?tlNOFF COerFICI£NT C (TABLE 3. )

SINCe OUIl He-TUIUV Pc,(llOP IS 100- YeAR, USc caL-GINN (~).

R€SIO£NrIAL. (70~) .. C,· o. ~3
L.IGHT .:rNf)lISTRIA L (30 %) .. Cz =o. 82-.L- ...:::C~I~~(~.",_o~J(::..~'3~)_.,..~(_.3_0)~(~.8_2.~)_=_=O=.='='1 :..-. _

STEP Z : CALCULATE' 7C US/NI$ E'l'utltlon 3.2

7C = /1. 'I L' 50 A6 .sz. 5 -:31 l,:,,38

w6~re L:: I Z3~ Pk·.

5:: 33 Ft/mi
Kb = -.00'25 (Ioj /'Y'O) + .00/ = 0.027 (TABLE .3.1 f 3.2)

PLUG /11/ THE KNOWN VARIABLE'S:
-31 -38

Ie: /1.'-1 (/.23~)·G {.OZ7t 5Z (33)' (t.·r

Tc - /5.· r · -:3B
C - O. fQ .,:) L,oo

SINCE THE EQU~iloAlCOAl,AINS rwa UNKNOWNS, IT /"fUSr BE' St:'~VED
IJY AN ITE'RA r/vE P~oc£'.sS. WE"LL CHOOSE" .30. ",~'1'1. as a ~/teST Guess

AT' 7C. AT ~.=. 30 It'Iln., rNG /00· tE'A£ RAINFALL 'INTENSITY 1.5

~OO in/hr. (FIG. 3.3). BeCAUSE' THE WATE~SHcP IS OtJTSIPE THe

PH'O~NI)( A~E'A, THE' ZNrGNSITY VA LUt=S nUST BE' ADjllSTcD USING

£~LlATION 3.3: .. ( D")= L rIllL,.. .,. 2.07

wht!.re. i.p is the rainFetll intensity value For- PhoeniX (Aq3.3),

and ~: /2.07 ':5 fht: ratio e:>f' t-he. t- haul", /0 - ':Jear rain.fql/

depth (,F/ti 2,11) for ('Jur Qreq to that /'or Phoe"i~.



FLPoD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT i !lYIJROLO§IC DESIGN MANUAL PAGE~ OF

DETAIL ixAHPlE Na I COMPUTED DATE
I '

...:..R...:c;A:...:..:....;TI:.....;O:...:,.N..:.:.
i A-,-,L=--=.~~e,-,n'-.:"I-I-=-()~D=:..- CH ECKED 8 Y 0 ATE __

Fo~ ,I-IIS CASe: ip = t£(J() tnJir, rjf)':: 2.3 il'l

,L~~ = ~o~(-};,~ 1-:. ~ ~~ 4'n/hr
AT l. ~Dt:1 = ~fr il'l/l,r, 7C::: o. C:.ss ('1.1./1./r J8 =22.3mb)

!

TRY
i

7C :: 20 "",t,.
L.p,:: So]1 in/I,r, I.~DO = 5.1 (z~o~) :: ..s: ~7 inA,.
n :: ~·i "S5 (s: '7) -:0.18 :: 20. 3 M~'"

i, So k t _ = 20 P1~i1, (.~tlO = -5:"7 ~~/Ar

sre-e .3: CALCU!AT~ PeAK DISCI-IARc;~ t/SINri, EQUA.TlO/V 3.1
!

Qpk = C,OO ii,oo A = (O.~/I) (S'7) (I¥O):: sra cfs
i

S/'E"P 4 : )- CALCULATe- RETeNt/ON VOLUMf (V

i (P 2 )
i V = C,O{> /2. A

tJhere P,.~ is ire ~- ;'tJUl", /oo-year 'po(.~t n:u'n{4l/ d~rtJ, (l.n).

The ~~ cqn be. read f'rt:JrY) AG. 3.2, or C<a IculatecJ USl'J1!J
I

the. et/uatifJns 1/11 Se.ction 2. L/ ¥.
i

A:>r t-his easeL we.. wi II read FIll; f'rtJRJ rljtlrc 3.2. At-
T~N-R'IE"- S'ecr/c/J ~J the 4//r~~/"'t:lfe value is 2.75' in,

rH£'Ni: -V = 0.b9 (- ~;S'1/'1'0 = 22./'1 ac-Ft



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT h'YlJ!?OI. OGle f)GSIt;N I'1A/VUAL PAGE~ OF

DETAIL EXAI'1PLc M. 2 COMPUTED DATE

---:G,,-,R:.3.:E:,"-,E.='N~t,--A--:..:.H..:...:P:-..:T~L-:::..-O--.:S=S~£=-=S,-- __ CH ECKED BY DATE

i

SCENARIO: CALCULATE" TN£" GIlEEN AND AMPT LOSS PAR.AME7cRS
Fa~ SUBl3A,SI/II Nc. ~ Or THE" EXAMPLE WATE~SHcD.

ASSUME' THAT TNE WATeRSHED 1.5 L.OCATED WITHIN
TH~ BOUNDARIES OF THE "SOIL SU/l.VEY OF Ae:-UILA'

CARcF~cF A~E'A. PAR.TS OF' rtARICOPA AND PINAL

COLlA/TIE'S, ARIZONA'? ASSUME' THe DESIGN STORM

TO BE.4 ~ -N()l.I~, /otJ- YeAR Evc/VrOF' 3.5" ~o ~o INCHES:

Nt.j}1BF~S' A~£' ,J:(JUNlJ ON TNG' SOIL. SUR.VEY
I'1APS AND J)eNOTE" SOIL HAP UNITS.

I'1AP UNlr No. 22. -- A :: 2S"
2.<1-- A :: .3S~

10~ A ='Yo"

HAP till/IT No.
22

2'
/tJ¥

ROCK OUTCROP OR.
..IMpeR.VIOUSNeSS 0")

o
o'

'0

KI<5AT (in/hr)
.01./

.30/
.11./

,-OOK UP ,kKSAT ~ RT//'-fr PARAHETG".e5

IN APPENf)IX A :

P~ANI/'fcrG'R ~AP aNI T AREAS
WITHIN THE .sG/8BASIIV. ASSUHE

FaR. TNIS CASE':

STEP! :

STE'P 2 :

STep 3 :
CAl.c'ULA7€ A L.Ot=>- WtFIGHTG"() XKSAT ,c~R THE St./8BASI/V:

XI<SAT :: Ai.O(4 [ •ZS (/~ .01./) + ..35"(10' .34) .,. • Yc1 (/0' ./£1)]': O.l~ in/ltr

STEP If: /JeTE"AMINE" VALUES OF PSIF AND DTNE,A. ".ROM FIG>UR,E' '7'.3 USINt$

777£ XKSAr VA,LUE' /N STE'P 3 :
PSIF .. ".2 c:n
D7N£TA (. DR-V) = 0.3'

STe-PS: u'SE' F/~UAe ~ ~ TO AdjUST XKSAr BASeO ON V£~ErA'ION:

FoR rHI5 EXANPLE; ASSUME' Th'AT /"lAP UN I,S 22 f! 29 AVE~A(sE

20U VEGE'TATI()N caVER, AN D ul'l/r /o¥ AVERA tieS 30%.

XKSAT = (.,o( 1./1)+. ¥o(I.ZZ)].IIy':: 0.1t. LYI/hr

STeP," : CALCULATE" .IA AND ~TIMP:

;::OR. THIS EXAMPLe, ASSUME /'1AP UNI, 100/ IS ROuGh' Moult/rAINS ANt>
UNI TS 22 II. Zq ARE' Hlll..slOP€ ARE'AS:

IA. (. 'IOx.2S) + (. 'OX. IS) :: 0./94'"

RTII'1P : . ASSUME" 75% cONNccrEP IIV~,:,I(1VIOUSNcSSFOJe. NAP till/IT /oy:
.7$ (.&.b) :I I/S~

R,IIl1P = •~o ('YS~ ).: /8%



SCENARIO:

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT I/YIJHOI.O§1C f)£S/GN /'1ANUAL PAGE --L OF __

DETAIL eXAMPL.E M.3 COMPUTED DATE __

CLARK UN'T /-IYf)ROGRAPt-l (UI:6AN) CHECKED BY DATE __

D£VFLOP rN£ CLARK (,IA/lr HYDROGRAPI-/ IN"Dur ?AKAI'1E'TcR5
FOR. SUB/3ASIN Nd.2 CF THe EXAMPt.F k/ATE"RSI-IED.

STEP 2 :

STEP 1 ; ASSFM81..£ PHYSICAL BASIN CHARACTER.ISr,cs:

AIU'A = 2#'7 mi a a 1.38~ c::Ic.

F~Ow' PATH (L):r /. 85' mi
SLOPF (5) = 30.S' o/~i.'

II'1FQ~V{O(;(SNcSS;, 21 /6

CALCU LATE THE' B~/N K€SIS rANee COEFF,cleNT tti. GlS/Ne;

FI.J. s: S. TA8LE'S S/ ~ -s:z.. AN/) 'rHE" 7C I R. WOR.kSHeET" (Affe~Ji~ E).
SINCe THIS 1.5 AN URBAN 8AS/N: "":= -,O","ZS" a"ld I> =.01{

Kb = m (log A) + h = 700'2$'(, I~ 1381) + ~"Y =. 020

STep 3: RE'DUCe Tc ttl c:\ !'U'1C f:io'1 of i.l1teY)S(·t~ (i) :
NorE: ~ErEJe nJ r#E" W()KKSN££T DURINq THe RE;'1AINIII/~ STEPS.

7;= //.0/ L'S'°Aj"S'zS":.3'l':38; ]C= //.'1(lSS)'$() (.020)'sZ(30.sf3'i':38 = .103 ;-.38
STFPi.j: ENTeR RAINFAl.L. LOSS, ANO CLARK PARAMETER DATA

INTO AN HE'C -I INPUT FIl.e. WITH 7C ~ R SET TO ZI:'RO,
RUN THE PROGRAH WITH TNE.rO CA~P =0 ro Gt:Nc~ATE'

. A RAINFAlL - L..6,sS - eXce~ TABLE,

STEPS:

STEP <Q:

STeP 7:

STEPS:

US INtS TNe WORKSHFET AIUI) rH~ ~E"SUI.T:5 Or STirP ~~

TABtlL..A TE TNt pe-!?/"o OF PeA" RAINFA LL C'XCFSS AND
COMPuTE' THe AIIE'~A~E" IAlTFNSITIGS ,0 1'\ TIME
GRE'ATE"B. 'j-NAN THE" EXpecreP72.

CONSTRUCT THE' lil<APH OF AV£"RA~E' EXCeSS INTENSITY VS. T/HE.

CALCL/I.ATE 7C. BY ITGRA TIONo INTeNSIry (i.) VA.L lIe,s AR.G"
RS'AP FROIl1 TJ.I!: <E~API-I, CALClILA T£" R.

E"NTEI? Tl-le 7C, R VAl.UES /NTO TNE' H€C-I fiLe" SAV€;
AND RUN. A SAHPl.~ He'c-I INPUT AND DC4TPuT FIt-,£'
IS PROVIDE'D.

ALTERNATE /1ETH()D

P"O~"'GlM MCUHP~ CClVl be. use.~ tt> COWip/ete st:eps 3 - 8, See·

APPeNDIX Z Pt:'A. INSTR.Ue T/C>NS,



CALCULATICN OF Tc & R

Date :_---;:;-'- -:--::::;;,.-
pz;oject: E~Al'1e,€A/t:'.:5

Calculated by:
ChecKe.d by:

j

Yatershed: EXAMPL.E !w-A'E~SH£D- SU8BASIN #a.2
Rainfall Frequency: 10f;> - yr Duration: ~ - hr. Pattern H: ,. BS-c-,-- ---'-..::..=----

Rainfall Loss Method: [X] Green &-Ampt Method
[ ] IL + ULR by soil texture
[ ] IL + ULR by hydrologic soil group

Tabulate Period of
Peak Rainfall Excess
Clock Time IncrJm.
@ end of Exce~s
Increm. in~

Rearrange Incremental Excesses in
Order of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Ti~e Excess Excess Intensity
hr./min. in. in. in./hr.

033S"
03410

0350
Q355
01/00

04(10

i

. 11

.11
. 11

. 2~

", I

s- .2'- .Z~ 3.12-
/0 · Z" .52- 3.12.
/S" ·2' .78 3.1'2
20 · '7 .95 2.85
2S . '7 1.12 2.~"I

.30 .17 '.2:'1 2.Sff
3S' .11 I·LlO 2.0/0
t'O . " 1.51 2.27

ITc . '112 hr ./

1.11 -.51 .80
R .37 Tc A L

R = ./77 hr. I

A __...,2..,.....-.'_7_ sq. mi.
L I.e r '__~;..:.J==-_ mL

S = 30.S d/mi.
i

~.l

3. '2.

3.0

Z.,

2.5

l.t;

2.~

2.2.

l/O3530zS

"-
....... .......

r"-i'o..

"-
~

....... ......
j"

........

r--....

"
~

a
g
e

E
x
c
e
s
s

I
n
t
e
n
s
i
t

Y

i
n

/
h
r

A
v
e
r

."'0

.41Z

. '/82.

Calc. Tc

* 640)]+ b
log (2.~7 *640) + (.Ol()

Kb52 ~131 ~.38
-.381

i i

m [log(A
('70 ()'-ZS' )
.020

.50
11.4 L

Kb
Kb
Kb

Tc 0.703 )

Trial Tc i

. ~'7 2.,0
. L/S3 2.S8
.500 2.5e:,

Tc

Time (Tc) (hr./win.)



LINE

HEC-1 INPUT

10 1 2.•..... 3 4 5 6. ' 7 8 9 10

PAGE

1
2

10 SAMPLE HEC-1 INPUT USING TECHNIQUES OUTLINED IN THE
10 HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY
* *****************************************************************************

3 10 EXAMPLE NO. 3 - CLARK UNIT HYDROGRAPH (URBAN)
* *****************************************************************************

4
5
6
7
8

10 RAINFALL: 6-HR, 1oo-YEAR POINT RAINFALL DEPTH OF 3.25 INCHES
ID HYDROGRAPH: CLARK - TC &R FROM WORKSHEET
ID URBAN TIME-AREA CURVE
ID LOSSES: GREEN AND AMPT METHOD
ID BASIN AREA: 2.17 SQUARE MILES, RAINFALL PATTERN NO. 1.85
* *****************************************************************************

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

9
10

IT
10

5
o

85

97

.076

.940

94

OF 1.85
.067
.905

908477653016

KK BASIN2
KM COMPUTE DISCHARGE AT THE OUTLET OF SUBBASIN NO. 2
KM 6-HOUR RAINFALL, PATTERN NO. 1.85 WAS USED TO FIND TC & R FOR THIS BASIN
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .979
BA 2.170
IN 15
KM RAINFALL DEPTH OF 3.25 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
PB 3.182
KM THE FOLLOWING PC RECORD USED A 6-HOUR STORM WITH A PATTERN No.
PC .000 .009 .016 .025 .034 .042 .051 .059
PC .087 .100 .120 .159 .247 .440 .715 .848
PC .952 .964 .976 .988 1.000
LG .150 .350 7.500 .100 21.000
UC .492 .177
UA 0 5
UA 100
ZZ

11
12
13
'14
15
16
17
18
19
20
21
22
23
24
25
26
27



I ..... _

***************************************~****************************************************************************************
!

HYOROGRAPH AT STATION BASIN2

***************************************~************** *****************************************************************************
I •

OA MON HRMN ORO RAIN LOS~ EXCESS COMP Q • OA MON HRfoIN ORO RAIN LOSS EXCESS COMP Q
•

1 0000 1 .00 .Op .00 O. • 1 0335 44 .20 .04 .17 507.
1 0005 2 .01 .0' .00 1. • 1 0340 45 .20 .04 .17 ·822 .
1 0010 3 .01 .01 .00 4. • 1 0345 46 .20 .03 .17 1281.
1 0015 4 .01 .01 .00 10. • 1 0350 47 .29 .03 .26 1783.
1 0020 5 .01 .O~ .00 17. • 1 0355 48 .29 ..03 .26 2294.
1 0025 6 .01 .01 .00 21. • 1 0400 49 .29 .03 .26 2843 .
1 0030 7 .01 .01 .00 24. • 1 0405 50 .14 .03 .11 3273 .
1 0035 8 .01 .01 .00 26. • 1 0410 51 .14 .03 .11 3387 .
1 0040 9 .01 .01 .00 27. • 1 0415 52 .14 .03 . 11 3184 .
1 0045 10 .01 .01 .00 28. • 1 0420 53 .06 .03 .03 2826 .
1 0050 11 .01 .01 .00 30. • 1 0425 54 .06 .03 .04 2412.
1 0055 12 .01 .01 .00 31. • 1 0430 55 .06 .02 .04 1938.
1 0100 13 .01 .01 .00 32. • 1 0435 56 .04 .02 .01 1500 .
1 0105 14 .01 .01 .00 33. • 1 0440 57 .04 .02 .01 1155.
1 0110 15 .01 .01 .00 33. • 1 0445 58 .04 .02 .01 863.
1 0115 16 .01 .01 .00 32. • 1 0450 59 .01 .01 .00 636.
1 0120 17 .01 .01 .00 32. • 1 0455 60 .01 .01 .00 468.
1 0125 18 .01 .Oi .00 31. • 1 0500 61 .01 .01 .00 331.
1 0130 19 .01 .01 .00 32. • 1 0505 62 .01 .01 .00 226 .
1 0135 20 .01 .01 .00 32. • 1 0510 63 .01 .01 .00 155 .
1 0140 21 .01 .01 .00 32. • 1 0515 64 .01 .01 .00 111.
1 0145 22 .01 .01 .00 32. • 1 0520 65 .01 .01 .00 83.
1 0150 23 .01 .01 .00 31. • 1 0525 66 .01 .01 .00 65 .
1 0155 24 .01 .01 .00 31. • 1 0530 67 .01 .01 .00 56 .
1 0200 25 .01 .01 .00 30. • 1 0535 68 .01 .01 .00 51 .
1 0205 26 .01 .01 .00 30. • 1 0540 69 .01 .01 .00 48 . e1 0210 27 .01 .01 .00 30. • 1 0545 70 .01 .01 .00 46 .
1 0215 28 .01 .01 .00 31. • 1 0550 71 .01 .01 .00 45 .
1 0220 29 .01 .01: .00 32. • 1 0555 72 .01 .01 .00 45 .
1 0225 30 .01 .01, .00 33. • 1 0600 73 .01 .01 .00 45 .
1 0230 31 .01 .01i .00 35. • 1 0605 74 .00 .00 .00 44.
1 0235 32 .01 .01i .00 37. • 1 0610 75 .00 .00 .00 39.
1 0240 33 .01 .011 .00 39. • 1 0615 16 .00 .00 .00 31 .
1 0245 34 .01 .01i .00 42. • 1 0620 77 .00 .00 .00 22 .
1 0250 35 .02 .0"1 .00 44. • 1 0625 78 .00 .00 .00 15 .
1 0255 36 .02 .02 .00 49. • 1 0630 79 .00 .00 .00 10.
1 0300 37 .02 .O~ .00 54. • 1 0635 80 .00 .00 .00 6.
1 0305 38 .04 .O~ .01 62. • 1 0640 81 .00 .00 .00 4.
1 0310 39 .04 .O~ .01 74. • 1 0645 82 .00 .00 .00 2.
1 0315 40 .04 .O~ .01 90. • 1 0650 83 .00 .00 .00 1.
1 0320 41 .09 .051 .04 120. • 1 0655 84 .00 .00 .00 1.
1 0325 42 .09 .051 .05 191. • 1 0700 85 .00 .00 .00 O.
1 0330 43 .09 .04: .05 316 . •

, •I
****************************************~*******************************************************************************************



TOTAL RAINFALL = 3.18, TOTAL LOSS = 1.11, TOTAL EXCESS = 2.07

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 7.00-HR

+ (CFS) (HR)
(CFS)

+ 3387. 4.17 479. 412. 412. 412.
( INCHES) 2.054 2.059 2.059 2.059

(AC-FT) 238. 238. 238. 238.

CUMULATIVE AREA = 2.17 SQ MI

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

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

OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
+ BASIN2 3387. 4.17 479. 412. 412. 2.17

e *** NORMAL END OF HEC-1 ***



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT HYORO/, oGle DC-SIGN HANUAL PAGE --:4.- OF_~
DETAIL CxAnpl..E Ala ? COMPUTED DATE __

C:...-L.:....A:....R:.:..;I(--:.;U:.:..;N:....IT.:....-.:H~Y_D.:...:..RO.::....G=R_A_P:....H:--:-__ CHECKED BY DATE __
(NATURAL BASIN)

sCENARIO: oeVELOP THe Cl.AR.K UNI T HYL>/?O<:,RAPH INPUT

PARAMerl:~S r~R SU8BASIN Nc. ~ t1JF' THE"

EXAMPLE" WATER SUet>.

STeP~: ASscn/3t.E P~YS/CAL BASIN CHARAcrt:rRISTICS:
ARFA :: O.iU> 1"1!~:: 5So." ac.r~s

FL.OW PAr# Lell/~r/-l (L J = I. L/9~.

SL.OPE" (sJ = 310 ,ezc/ltlt' (AO.JUSTEO US//I/€J Ft~. .s. LJ)
IhPC'/(VltJI.IS/VcsS =/e ~

STe:-P z.: CALCULATE THE 8ASIN RESISTANCE COE'FFIC IENr K6 usIN~
F/~ 5:51 /A.tJ~ES S/ ~ 5:2. ANP rilE " 7C" I< WORKSHEeT"

C. APPENb/X E). ASSUHE rHAT rHIS $tlBBAS/N 1.5 So,,",
"HII..LS~Ope·· ANI> 50% "1'10UNTA1N".

-.025" (/og SSO.'!) -I- O.IS- = ,OBI > .SO(.O~I)+.SO(./I')= O.IOO:~
-.030 (/~, sso. if) + 0.20 = . 118

STE'P3: ReDUCE' 7C. TO A FUNCTI()N OF EXcesS INTENSITY (i)"
NOTE': REFER r~ rHE W'O/(!<5HIJ'E'/ DURING, 'TN€" R~I'1AININti STFPS

k= /1'1 L·S";f6·s'S-::U; .... 3B; 7G= /1<.,{/.~9Js(.ltJ()'S'z(310fJli-<38:: O.7/a /.-:.3.

STEP Lf:

STEP S:

STEPZ:

STEP 8;

E.NrER. RAINFALL., LOSS. AND CLARk PARAMeTeR OATA INro
AN I-IGC-I INPur F/I.E', WlrN 7C: I R se-r 70 ZERO. ~UN THE'

/'100EL W'/rN T#€, .ro CARP =0 10 <SeNC'RATE" A RAINFAl.L.

- LOSS - eXCC-SS TAL3L£'.

US/IJ~ THE WORI<.SHFE'T AND THE" ReSUl.TS OF STE'"P LI, rABI..lLATE'
TI-IE" PC"RIOD OF PeAl< RAINFALL EXCESS AND COMPUTe rUE
AVERA<::rE EXCE'SS .INrcNSlr/~.s TO A T//"fli'" GR~ArE:R THAN
TH£ EXPECTeD 7C.

CONSTRUCT THE GiRAPH OF AVERA~£ E'XC£SS INTeNSITY VS. TIM£"

CALCULAI~ 7C BY ITERATION. XNrE/VsITY (i) VALUES
ARe R~AP FROM TilE' qRAPH. CALC.ULATE' R.

ENTC'R 'THE" Tc t R VALUES /N,a rl-lE'"" #EC-I i="ILE; SAVE' I'
AND RUN. SAMPLE' HE<:"-I INPt.tT AND OUTPUT F/t.t:S ARE
PROVIDeD,

ALTERNATE" t1€'THoD:

PROGRAM MCUHPl CAN BE USED TO COMPLETE' STEPS 3-6.
SeC APP~N£)IX .r Fa/< INSTRUCTIOI\IS,



CALCULATICN OF Tc & R

Calculated by:
Checked by:

1

1

Yatershed: ExAHPl.E WOo .y ,
Rainfall Frequency: /QO - yr

!

Date : .,...- _
Project: _

SAMPLE H!Are/lSHe-/2 ~. ~
Duration: 2 - hr. Pattern 11: M ......

Rainfall Loss Method: [X] Green & Ampt Method
[ ] IL + ULR by soil texture
[ ] IL + ULR by hydrologic soil group

1.11 -.5, .80
R = .37 Tc AIL

Tabulate Period of !

Peak Rainfall Exces1s
Clock Time Inc~em.

@ end of Exce~s

Increm. in.
1

,

3.0

L{.O

Z.S

2. 'IS
Z.7~

4.41

3.'(.,

s: '2

3S

1.28

'.53
I. oS

1.01
• Z7

.0,"
• 11

.03

.05

.33

.02

25

I

":~

~

I\.
I'\.

I'\.

1'\. .

"-
......

'" 1"'-
" ......

........

........

-

E
x
c
e
s
s

I
n
t
e
n
s
i
t

Y

i
n

/
h
r

A

s

v
e
r
a
g
e

10
15
20

30
25

Rearrange Incremental Excesses in
Order -of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Tioe Excess Excess Intensity
hr./min. in. in. in./hr.

. 1./38

Calc. Tci

3./10

3.S7

R =.222 hr. I

ITC 't38 hr. I

. SOD
. ~SO

ooss .0'
0100 . 19
o lOS' ."a
0110 .33
0' /5 .21
0120 . oS'
0/2S" . 0.3
0/30 .ot

I

A 0.8'- ! .
slq·mJ..

L /. '1.9 :.
m!~.

I •
S 3/0. f!t/mJ..

1
Kb = m [log(A * 640)]~ b
Kb = ( ) log ( ! *640) + (

Kb = ./00
.50 .52 -!.31 -.38,

Tc 11.4 L Kb s: i
I

-.381
Tc ( .7/0 i i

I

Trial Tc

Time (Tc) (hr./W.)



HEC-1 INPUT PAGE

4000005 03JAN92
o

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

KK BASIN4
KM COMPUTE DISCHARGE AT OUTLET OF SUBBASIN NO ..4
KM 2-HOUR RAINFALL DISTRIBUTION WAS USED TO FIND TC &R FOR THIS BASIN
KM THIS BASIN· USED RAINFALL REDUCTION FACTOR OF1.000
BA .860
IN 5
KM RAINFALL DEPTH OF 2.70 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
PB 2.700
KM THE FOLLOWING PC RECORD USED A 2-HOUR RAINFALL DISTRIBUTION
PC .000 .011 .018 .023 .028 .032 .046 .071 .100 .137
PC .176 .232 .327 .601 .743 .863 .901 .930 .954 .962
PC .970 .979 .982 .992 1.000
LG .190 .390 6.200 .160 18.000
UC .438 .222
UA 0 3 5 8 12 20 43 75 90 96
UA 100
ZZ

IT
10

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

10 RAINFALL: 2-HR, 100-YR POINT RAINFALL DEPTH OF 2.70 INCHES
10 HYDROGRAPH: CLARK - Tc &R FROM WORKSHEET, NATURAL TIME-AREA CURVE
10 LOSSES: GREEN &AMPT
10 SUBBASIN AREA: 0.86 SQUARE MILES
* *****************************************************************************

10 EXAMPLE NO. 4 - CLARK UNIT HYDROGRAPH, UNDEVELOPED BASIN
* *****************************************************************************

10 SAMPLE HEC-1 RUN USING TECHNIQUES PRESENTED IN THE
10 HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

10 1 2 3 4 5 6 7 8 9 10LINE

1
2

3

4
5
6
7

8
9

10
11
12
13
14
15,
16
17
18
19
20
21
22
23
24

e 25
26



***************************************r******************************************************************************************~
'!
! HYDROGRAPH AT STATION BASIN4
!
I

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

I *
DA MON HRMN ORO RAIN LOSS EXCESS COMP Q * DA MON HRMN ORO RAIN LOSS EXCESS COMP Q

! *
3 JAN 0000 1 .00 .00 .00 O. * 3 JAN 0140 21 .02 .02 .00 1131 .
3 JAN 0005 2 .03 .0* .01 O. * 3 JAN 0145 22 .02 .02 .00 829 .
3 JAN 0010 3 .02 .O? .00 1. * 3 JAN 0150 23 .01 .01 .00 592.
3 JAN 0015 4 .01 .01 .00 3. * 3 JAN 0155 24 .03 .02 .00 417.
3 JAN 0020 5 .01 .01 .00 8. * 3 JAN 0200 25 .02 .02 .00 293.
3 JAN 0025 6 .01 .01 .00 13. * 3 JAN 0205 26 .00 .00 .00 207.
3 JAN 0030 7 .04 .03 .01 15. * 3 JAN 0210 27 .00 .00 .00 148.
3 JAN 0035 8 .07 .O~ .01 16. * 3 JAN 0215 28 .00 .00 .00 108,
3 JAN 0040 9 .08 .06 .01 19. * 3 JAN 0220 29 .00 .00 .00 77.
3 JAN 0045 10 .10 .0$ .02 27. * 3 JAN 0225 30 .00 .00 .00 53.
3 JAN 0050 11 .11 .O~ .02 40. * 3 JAN 0230 31 .00 .00 .00 35 ..
3 JAN 0055 12 .15 .O~ .06 59. * 3 JAN 0235 32 .00 .00 .00 18.
3 JAN 0100 13 .26 .07 .19 88. * 3 JAN 0240 33 .00 .00 .00 10.
3 JAN 0105 14 .74 .06 .68 166. * 3 JAN 0245 34 .00 .00 .00 4.
3 JAN 0110 15 .38 .06 .33 335. * 3 JAN 0250 35 .00 .00 .00 3.
3 JAN '0115 16 .32 .O~ .27 692. * 3 JAN 0255 36 .00 .00 .00 2.
3 JAN 0120 17 .10 .05 .05 1268. * 3 JAN 0300 37 .00 .00 .00 1.
3 JAN 0125 18 .08 .05 .03 1690. * 3 JAN 0305 38 .00 .00 .00 1.
3 JAN 0130 19 .06 .O~ .02 1718. * 3 JAN 0310 39 .00 .00 .00 O.
3 JAN 0135 20 .02 .0 .00 1477. * 3 JAN 0315 40 .00 .00 .00 O.

I *
***********************************************************************************************************************************!

TOTAL RAINFALL = 2.70, TOTAL Lods .96, TOTAL EXCESS = 1.74
!
!

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6JHR 24-HR 72-HR 3.25-HRI

+ (CFS) (HR)
(CFS) !

+ 1718. 1.50 2~7. 297. 297. 297.
(INCHES) 1.~36 1.736 1.736 1.736
(AC-FT) BO. BO. 80. 80.

I

CUMULATIVE ARE~ = .86 SQ MI

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

~EAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION F,LOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
+ BASIN4 1!718. 1.50 297. 297. 297. .86

*** NORMAL END OF HEC-1 ***



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT f/ilUf.oLD4,c. lJesJ<.,1II t1ANtJA-l PAGE -L- OF_L

DETAIL :5-GtfAPtf APPI..lC-ATLOdS COMPUTED DATE _

. £X.AMPLF =1# S CHECKED BY DATE __

eJ9fr'AtqQ ~ b~l/el.DI' Ttltf AI'I'R.iJ/'I!./IF·o- tI.~l"r-f::,"ItPJl A,.Jo j)/,5CIIAIt6c J='6/t. -rife

NI.'OWINr.. .BIlS,""

SZtEl' /

AIe€A (Ii)::: '5.11 ~,2-

L.tF1I/4 Til ~F WA-ie.( COUICSc (L) -::: S.2.. ~
f.t1C~M Tile ,,""1fT To THe I>M,,(1f4E B6""Luter)

L.ttfl/G,TfI aF wAre-I< CaLlItS,: To'" "ouNT tJl'l'p.5'T6 ToCElI/r~tJlt}(iCA.) = ~.o )'M'

;5/..oI'F (s) -= ~fI :: Z'tfJQ-/)oo.= 2(,'1 /'t /~
L. SoL.

L.LCA,.

S '/J.-
(~.2X~·o) := • ~5

Z 1.1 'I'"

SreP2.: C,,/'ffJ,9IU WITH lIiLM./1L() ~ tC.'*"7 S/"'It.-;f/C W/t7tf"/f S'#cOs. /H ,PJ4~rlCu(.A~

&/1I'AIlE vlIT/{ Tile J.. t. (<lC, / S 1/1,. dF r/r;.u~c $'./1 1/1/ (/Ie rlI'P~OG4G"c..

Pt?SIf:.;V I1ANu/l-J..· THIS sre.-~(O ,s I"Tc",~~.J) TfJ J{cLf' WI TIl .!5!: 5(:-1.(.-:: c. 7,0";-

5

Lc.....

/·3

.:s - _' 't .. ./ 5 t/J,.. .4 ~ A - -ru:-c - -r. &'I/IICe;. c.-~ ... , f.. rrlLr. ~CL/tT'Vt?Lt ,-'-CSC,:1 /n~~(; ot/O dAS/'lI.J

"A~c tJD""5/j)~lt.c lJ Iftt>ROLtJ"~ C/Ju1 5/N/LIf~ II, EATeN vVlH,H /I/JS A

K;' VAL-Lit: of • oS.

as c/-:::'Ir;:tL,D t>8J{,~1(.1J/I Tlr; N $' 04 Tilt: tltf)~~Lll.a.. kti Tu/{e:5 of TilE

1'111'11/ wit-Ie <. Cl1ul{ ~G." AN}j 1l.6'IfLI elN6 7716 ~/r..N//=/(ANC(:- of K~ -= .05

£'5 -r"81...15 H. IF .05 /5 AI'I'1!4,o~11'/Tc- AA: 'Iou ~ BAs(N.
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FLPOD CONTROL DISTRICT OF MARICOPA COUNTY
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---+-----------' CHECKED BY DATE _

WII-T~SIlFt) 84 f/1II/)1I1t1

ELF~lI'r'fll( rll'9IU<



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

__£."-LXA~M-LL-P,,"-L~=--_-1t.&L--'5=- CHECKED BY DATE __

7IN~A.D loSS Ie 1JC:SllatV dAN"" I PAGE ..~ OF

s- a.gAPH AePLICAT/o"'S. COMPUTED DATE _

PROJECT

DETAIL

/J.sXlt1I.111u 711AT THe /1,416 WitTe.< Ct1u.I<Sc IS A wF"-J)erIN~j) ~~N~t. If//TH

()"'~'I !1'NIIM1- WiGle r~ TlDN;J /J.J5:.£. VIU.. I./t!' (IF~ IS g IFLi!'~rc.= iJ Nt! THIS CASG'·

.sg' .31

.LAG. ::: 2" ( K~)( La L"" Is liz.) ;: 2.1 (. 0 ~)(. 'is) :::::

.~ ,A T Ttlis I'IJ/,,;r ALL Of" rrlG /l/i?cc=.ssI1J1l. t ,oAIMHETERS A~c r6l./AliJ. THc-"'J

A UffIT- ~MPH t!f,( .&: /)E'v"I!'LOI'CP ..By UJI;r'{" TdE /1HC~#,P2. I~ ,Pl?ol:t~I9M'

AI. TC'I!.NA TJ IIEl.r.? ,4 tlNIT- 6,e.fll'J{ CIIA! ,sF ,L)':=V&--a;,JOEL) .-'I4A1U"LJ./.J 1I/1/ICt! /.f'

£XfLIlINCP ,NEXT.

STc,oJ.{ • SELecT 711e Af'I'RlJto~//tT(;-- 7i/'fc STeto:

rile etJ!'1puTI1Ttf?A! ilL liMt:" STt..:~ .5Ht1UL/) de WITH/A! THc- A!/J"'4t.= of

(,/0 ~ ,25)X (LAC. 7i/¥c) AS .suu4c-srcD /N TlfE fl/l""t1/JI.. HoTt~ THlfr

TillS CC/)l'/fJtlTAT/(JN~'- 7i/llc sreP IS 7Ht:- SAlffc As THe ~NC t/J /FA t:7N

THE "IT I' CA~j) IN HcC.-(. THIS VA£wE IS .5E~,=:C.7FD 7(; 8e: It!) H/NurC.cJ.e
STiff' 5

i>u~ATI1.;t/ tJF ~A/~r/l{,L. cXC~$J/ .sA"",-:" AS 7"1'TC"

S 76'1' ~AFl/I(JlISL t e;1l. (.tlLA -rcj) (NoaA '5 ) •

A

b-

C,dJ/J)cll. Tde p~cl//~"S('Y 1>c.5c..~/6cJj BAJ~d 111/1 Til T/le ro~~1JW'1"'l/4 I'IUUloHE'7'(.'geS:

A
. z-

::: 5 · I 'I 7""-

LA~ ::: 0, 9~ !#UI'<!o.

4>J.f5. 3 j Jf (,~S.3 j (S.I'!)
CP"i..7 -= - - za / D '1(, C/o'S

.f) ... - (ICJ/(,o)-
V'/1{cLC': rntLT -::: lILTIA/tTe l>1.sUfA~"c CCF5)';

::: 1:>M/~Il(;"c ,A,,(cA ('»U..z.);•



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJEC~
I

CHECKED BY DATE

____tl!...:....lt<....!!P::...::£fI=-='-::.;.c>-=c:it:..:.(.=c.--liI1>wC~'$:...!(~e:.~N:.._..I!rt.:...L.!JII~!l/1J"I!I.U.I9~"~__ PAGE~ OF -.:z.--e
5 -C:#IUtf'H APPt..I(.IlTto/llS . COMPUTED DATE

t=XAMPLE' .:It 5

DETAIL

(i)
i

i 0
CDNS r~ulT If TA8l.e i.1~~ Tile F~l;.l.f)w/,.ir:, 8'1 IetF1401/1/6or F T/lc vlI""FS ON %CPu'-7

AN/) %LAC. H#1'1 7$c i>/NC'~5IM'U.sS :5-~ I<AI'H T/f8LES (1'1I()c~/~ Hov",- r"'/N o.e
I

i

j>f!()CN/X VALLtF'f) /A/ V"Hc /ll"U{)~D4 IC. .oF.J/6N /'1/111/(/1"1(..

ORDINATE % Oult DI SCHARGE (cf s) ---L.1ML TIME (hours)

0 0 0 0.0 0.000
1 2 402 23.0 0.216
2 4 804 31.0 0.291
3 6 1206 37.0 0.345
4 8 1608 42.0 0.395
5 10 2010 46.0 0.432
6 12 2411 49.8 0.468
7 14 2813 53.4 0.502
8 16 3215 56.8 0.534
9 18 3617 60.0 0.564

10 20 4019 63.1 0.593
11 22 4421 66.1 0.621
12 24 4823 69.0 0.649
13 26 5225 71.8 0.675
14 28 5627 74.4 0.699
15 30 6029 76.8 0.722
16 32 6431 79.1 0.744
17 34 6832 81. 2 0.763
18 36 7234 83.2 0.782
19 38 7636 85.1 0.800
20 40 8038 86.8 0.816
21 42 8440 88.8 0.835
22 44 8842 91.0 0.855
23 46 9244 93.8 0.882
24 48 9646 96.8 0.910
25 50 10048 100.0 0.940
26 52 10450 103.4 0.972
27 54 10852 107.0 1.006
28 56 11254 110.8 1.052
29 58 11655 114.7 1.078
30 60 12057 118.7 1.116
31 62 12459 122.9 1.155
32 64 12861 127.3 1.197
33 66 13263 131.9 1.240
34 68 13655 136.7 1.285
35 70 14067 141. 7 1.332
36 72 14469 147.1 1.383
37 74 14871 152.8 1.436
38 76 15273 158.8 1.493
39 78 15675 165.5 1.559
40 80 160n 172.9 1.625
41 82 16478 181.6 1. 707
42 84 16880 191.0 1. 795
43 86 17282 201.0 1.889
44 88 17684 212.0 1.993
45 90 18086 226.0 2.124
46 92 18488 244.0 2.294
47 94 18890 265.0 2.491

48 96 19.292 295.0 2.773
49 98 19694 342.0 3.215

50 100 20096 462.0 4.343
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6,6RAb! Mpl.JcA 7!oN'S COMPUTED DATE
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*****************************************
* *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* SEPTEMBER 1990 *
* VERSION 4.0 *
* *
* RUN DATE 06/19/1991 TIME 14:45:00 *

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

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
x x x x x x
X X XXXXXXX XXXXX XXX

~********************~*****************

* *
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *
***************************************

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73). HEC1GS. HEC1DB. AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION. DSS:WRITE STAGE FREQUENCY,
DSS:READ .TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



HEC-1 INPUT PAGE 1

10 11 2 3 4 5 6 7 8 9 10
1

10 SAM~LE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE
10 HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY
* *******~******************************************************************
10 EXA~PLE #5 S-GRAPH APPLICATIONS
* *******~******************************************************************!

LINE

1
2

3

4
5

IT
10

300

2.35
.080 .091
.889 .929

1244. 963.
151 . 89.

O. O.
O. O.

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

KK
KM BASIN; BAS-A
KM THE IFOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
KM L= 27456.0 Lea= 15840.0 'S= 269.0 Kn= .040 LAG= 56.5
KM PHOENIX MOUNTAIN S-GRAPH WAS USED FOR THIS BASIN
BA 5.19:
IN 15

1

KM RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
KM AN AR~AL REDUCTION COEFFICIENT OF .959 WAS USED
PB 3.26i
KM THE FpLLOWING PC RECORD USED A 6-HOUR RAINFALL WITH PATTERN NO.
PC .0001 .011 .017 .027 .039 .049 .060 .070
PC .104i .118 .139 .184 .270 .458 .685 .822
PC .9491 .962 .974 ..988 1.000
LG .25: .35 3.50 .25 10.00
UI 309.: 790. 1682. 2302. 3300. 2382. 1788. 1508.
UI 763.1 666. 482. 383. 336. 237. 208. 151.
UI 59. I 59. 59. 59. 59. 59. O. O.
UI 0. 1 O. O. O. O. O. O. O.
zz

***********************************.***************************************************************************************

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD
OPERATION STATION FLOW PEAK

6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
3618. 4.67 908. 229. 111.

*** NORMAL END OF HEC-1 ***

BASIN
AREA

5.19

MAXIMUM
STAGE

TIME OF
MAX STAGE
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
i

PROJECT 1 lItt>eot.o6,/," .I>c-Slezto! I1ANl/Ifl PAGE __Z_ OF _z,__

DETAIL I GXAHPUi ., fD COMPUTED _---'-- DATE __e
____:~_,I'/..:....-c.-f~.:..:.~_=_fj_"{c.____:W;__:.,:..::'h....:"_B_.=...:KI.:=.:1JU::.Jn~1..:....N~~~_ CH ECKED 8Y __--..:.-__ DATE __

i

i

i® ~/o~ 10 JfUNrl'~ rNA /{ec.-I I'1tJ{)t:,-.? CHI/Nil/a CIIMClTy r!tlST Be CIIIi'<!<6'U

71> A5.Swt.e -rlll'Ji rife /)~prf( .AdtJ THE Si.IJG' SuP#£" AI!.t!' Pf<oPGe,'t 5cl.EC.TctJ

rOI( AD"" COIiIVIf,/A+C.e-. <' TIIC-R-wiSe ~ THe KIll/eMil TIc,. WIiV'c Pte.DCtN)"IU· WIL.L.

/fU7ol'1/t Ttl./JI..L.'7 cxr~",.D Tile C/'IItNNtf"1.. 8(H/I'tIA 1fl"~5 TD CfJNrAiN Tlft:- now.
i

® 7H/!' NIJ I:.E teG'l.CNT Y~j(.sION~ 0':- Ifee. -I (Iftt ANIJ 8c,/IJNO) ,A"DUAl r rDte. -r!lE

PIlDP6R StFt.ec.rltJN i6F TN& (,'01'11'(,/ 7ATt(JNIJt. fiJI/£' STafl. 711/~ /.5 l:JD",c ~t
I

Col(f'lIt.JiJfA TillS SG¥C.TC-.tJ rl/'fc S rC'p 41 nfe.- U~l!'te WI rIl7/16' CD/"fl'''Tc-.fj

liNe sre:p· Tlfe U}t:-r( I'1A'I NI..~aJ) To CH-i"'6tc 711e scL.cc.r,n) 7/MC- STC:-t<'I . __

To AII"/~ UI4/IU;AL/~ Tic. A rrc-wcJltTIDN iPr Tl'lc- ROU.Te-J) f't:-i91f j)/.s~HI9A?"IF. TIlE
I

E'tJCLD5t..C {) t!ec-I PItWTOU.T 'NCI.CI/Jt:S Tilt: Et/Al..cJli T/()N at: 7Ht:- 7i1'ft? STC:,o.



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

* RUN DATE 06/19/1991 TIME 12:42:11 *

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

* *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* SEPTEMBER 1990 *
* VERSION 4.0 *

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

* *
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *
***************************************

*

**

*

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ·TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



HEC-1 INPUT PAGE

LINE ID..•.... 1 2 3 4 5 6 7 8 9 10

1
2

3

4
5

ID SAMPLE H~C-1 RUN USING TECHNIQUES OUTLINED IN THE
ID HYDROLOGIC DESIGN MANUAL
* *************,****************************************************************
ID EXAMPLE ~ 6 - KINEMATIC WAVE ROUTING
* *************j****************************************************************
IT 5, 100
10 5
* ******************************************************************************

96

.076

.939

90

OF 1.89
.067
.904

7543201285

RECORD USED A 6-HOUR STROM WITH A PATTeRN No.
.016 .025 .034 .042 .051 .059
.120 .160 .248 .443 .710 .845
.976 .988 1.000

7.000 .300 12.000

BAS-A
COMPUTE PE~K DISCHARGE AT THE OUTLET OF BASIN-A
6-HOUR RAI~FALL, PATTERN NO. 1.89 WAS USED TO FIND TC &R FOR THIS BASIN
ABOVE PATT~RN NO. BASED ON A TOTAL WATERSHED AREA OF 2.3 SQ. MILES.
THIS BASIN iUSED RAINFALL REDUCTION FACTOR OF .98
1.800 '

15 :
RAINFALL DE~TH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
3.326 !
THE FOLLOWI~G PC

.000 .op9

.087 .1pO

.951 .9~4

.170 .2/30

.817 .4~0

o ! 3
100 !

KK
KM
KM
KM
KM
BA
IN
KM
PB
KM
PC
PC
PC
LG
UC
UA
UA

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27

* **************~***************************************************************
KK ROUTE I

KM ROUTE THROUGH BASIN-B USING KINEMATIC WAVE ROUTING
KO 1 ! 2
RK 5966.4 .00p8 .015 TRAP 30 .75
ZZ

,

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

COMPUTED KINEMATIC PARAMETERS
VARIABLE TIME STEP

(DT SHOWN IS A MINIMUM)

ELEMENT ALPHA M DT OX PEAK TIME TO VOLUME
PEAK

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

MAIN .36 1.58 2.76 1988.80 1673.94 281.12 1.56

MAXIMUM
CELERITY

(FPS)

12.66

CONTINUITY SUMMARY (AC-FT) - INFLOW= .149~E+03 EXCESS= .0000E+OO OUTFLOW= .1499E+03 BASIN STORAGE=
i,

!INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL
i

MAIN .36 I 1.58 5.00 1670.00 280.00 1.56

.2637E+OO PERCENT ERROR= -.2

******************************************J****************************************************************************************



STATION ROUTE

o. o.o.1800.

I
.0 I

I 0
oI

o

1600.

I
o

I.
O.

1400.

I
.0 .

O.

1200.

. 1.
o

o

1000.

o

o.
o

. . I .

. I

o.

o

(0) OUTFLOW
600. 800.

o
.0

o

(I) INFLOW,
400.

. 0
o

200.O.
DAHRMN PER
10000 11---------.---------.---------.---------·---------.---------.---------.---------.---------.---------.---------.---------.
10225 30. I
10230 31.1.
10235 32.1
10240 33. I
10245 34.1
10250 35.1
10255 36.1
10300 37.1
10305 38. I
10310 39.1
10315 40.1
10320 41.1.
10325 42.1
10330 43.01
10335 44.01
10340 45.0 1
10345 46.0
10350 47. 0
10355 48. 0
10400 49. 0
10405 50.
10410 51.
10415 52.
10420 53.
10425 54.
10430 55.
10435 56.
10440 57.
10445 58.
10450 59.

_ 10455 60.
• 10500 61.

10505 62.
10510 63.
10515 64.
10520 65.
10525 66.
10530 67.
10535 68.
10540 69.
10545 70. . I 0
10550 71. .1. .0.
10555 72. I .0
10600 73. I 0
10605 74. I 0
10610 75. I 0
10615 76. I 0
10620 77. I 0
10625 78. I 0
10630 79. 10
10635 80. I 0
10640 81. 10.
10645 82. I 0
10650 83.1 0
10655 84.10
10700 85.10
10705 861 0
10710 8710
10715 8810
10720 8910
10725 9010
10730 9110.
10735 9210
10740 9310
10745 941e 10750 951



RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
1682.1BAS-A 4.58 301. 220. 220. 1.80

I
ROUTED TO !

ROUTE 1670.! 4.67 301. 220. 220. 1.80

VOLUMEDTVOLUMETIME TO
PEAK

I
S~MMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING

! (FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPOLATED TO

COMPUTATION INTERVAL
PEAK TIME TO

PEAK

!

PEAK
!

DTELEMENTISTAQ

ROUTE MANE

(MIN) (~FS) (MIN) (IN) (MIN) (CFS) (MIN)
!

2.76 1673.94 281.12 1.56 5.00 1670.00 280.00
I

(IN)

1.56

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1499Et03 EXCESS= .OOOOE+OO OUTFLOW= .1499E+03 BASIN STORAGE= .2637E+OO PERCENT ERROR= -.2

*** NORMAL END OF HEC-1 ***
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT IJYO/lCJl.O~/C DcSICiN HAAJUAL

DETAIL EXAMPLE # '7- COMPUTED DATE _

_____________ CHECKED BY DATE _

ACTt,.(AL. C,I-IANNfL. t.~IIIt$r8

_., o. .0', ----f--____ F~O,., A .to A: I. ZS- Mi.

. ~ .... \ 12SO'
•.•~o. •• ". '/ ••...

~---...:-..

1~ .. ---.• -----....
,/ ® .".
I
I

SCENARIO: DEVcL~,D #US,fIN4UH Roq-r/Nfi PARAHEiE'RSFo/?
T#e 'p~/HAR.Y c:.NANNGL. //'/ SUBBASIN .:# 2 I USli
I-IGC -1 ro GENERATE A F4aCIJ#'IJJROt:1fRAPI-I AT
CO/lJC€IV'rRA TrON POINT A I 71-11:/'1 ReJUTF / r F/??JH
'p~/Ni AT~ . 'pOINT B.

STE'P 1,.: OEVcLoP#aSKIN~UM PARAJ1e-rGRS

ASSUME' AN AVi;".RA~E' CHA.NNEL x-s~cr/"N FO~ THe PI</HAR.Y
CI-IANNEl. //\1 S(,,(B/3A$/tV :# 2 :

•

A. CALCULATE' THE AVE"RA§E' VS"'I..OCITY USIN§ ttANNIIV§'sCQN:

A= (b+Z!Y);j::; (2~+-(l)(Z»2 = S~ ~t'2

p= b+2;J (/+i!2)Yz. =- 2S+(~)(Z)(/+ F")Yz = 30.~".pt:-

R::: A/p == So/' ri 2
/ 3CJ. ~~ F~ = 1.761 -/"1:.

S:: (/25'0'- //90) / (1.2S fYl.L x 5'280 f'Yml) ::0. 0091.f't/£¢

n = O.O¥O

V = /.~., ~% 5 Y. = (":o~:)(/.76f' (OO~l2= 5:/8 F~



-----j- CHECKED BY DATE _

FLboD CONTROL DISTRICT OF MARICOPA COUNTY
i

PROJECT I PAGE £ OF~

DETAIL F)(AHPLE :IF '1- COMPUTED DATE _

6. eST/HATE FLOOI:>WAVe VE"i.OC ITY (Vr):
SINCE A WIDE, rRAPEZd/PAL ~HANNFL IS De-oSr APPRen(/HAT/?J:>

I3Y A WIl>£ RE'<;TANqUI.AR CHANNeL I CHCt:1.$e V,.,/v::, /., 7 FRo~
TilE rAtJl.i: IAII SECr/t:JA/ 7.,. D.

i Vm:: I.' 7 V = I., 7 (s: /8 (:'Ys) ='8.'s- F$:S
C. CAL.CUt.A r£ !K:

! f': I l..he
;("'" 1.25""'1l xi 5280 n! )(.8IS f£ )( 3'00 .; = 0.212. hr:

i

D. ESTIMATe Ix :
i

SINCE' v-"L//S /S A #/bE"" SHAlt-OW CHANNe-L Wlrll
i

A L.oW iS40PE: I Cl-/oOS E" X::' 0.20
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i
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* RUN DATE 08/28/1991 TIME 13:13:09 *
* *
*****************************************

~ *****************************************

* FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* SEPTEMBER 1990 *
* VERSION 4.0 *
* *

* *

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

***************************************
* *
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 We

* (916) 756-1104 *
* *
***************************************

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE D~FINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



HEC-1 INPUT PAGE 1

LINE

1
2

3

4
5

ID 1 "j' .2 3 4 5 6 7 8 9 10
,

ID SAMPLE HEC-1 RUN USING TECHNIQUES OUT:LINED IN THE
ID HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY
* ************~*****************************************************************
ID EXAMPLE # '7 - MUSKINGUM ROUTING
* ************J*****************************************************************
IT 5! 300
10 5 '

96

.076

.938

90

OF 1.99
.067
.900

754320

!

KK INFLOW i
KM SUB-BASIN lA, COMPUTE INFLOW HYDROGRAPH
KM 6-HOUR RAliNFALL, PATTERN NO. 1.99 WAS USED TO FIND TC & R FOR THIS BASIN
KM THIS BASI~ USED RAINFALL REDUCTION FACTOR OF .975
BA 2.750 i

IN 15 i

KM RAINFALL ~EPTH OF 3.50 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
PB 3.413
KM THE FOLLO~ING PC RECORD USED A 6-HOUR STROM WITH A PATTERN No.
PC .000 .,009 .016 .025 .034 .042 .051 .059
PC .087 .1100 .120 .163 .252 .450 .695 .838
PC .950 .~63 .975 .988 1.000
LG .200 .~50 4.300 .250 6.500

~; .4~ 'fO~ 5 8 12
UA 100 i
*. *************~**************************************** ************************

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26

KK
KM
KO
RM
ZZ

ROUTE
ROUTE

1
2

INFLfW HYDROGRAPH THROUGH THE ROUTING REACH
. 2
.~12 .20



~*** *** *** *** *** *** *** *** *** *** *** ****** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***
.. **************

6KK
*
*
*

*
INPLOW *

*

8 BA

**************
COMPUTE INFLOW HYDROGRAPH

SUBBASIN CHARACTERISTICS
TAREA 2.75 SUBBASIN AREA

PRECIPITATION DATA

10 PB STORM 3.41 BASIN TOTAL PRECIPITATION

RATE

.20

.35
4.30

.25
6.50

14 LG GREEN AND AMPT LOSS

STRTL

DTH
PSIF

XKSAT
RTlMP

STARTING LOSS
MOISTURE DEFICIT
WETTING FRONT SUCTION
HYDRAULIC CONDUCTIVITY
PERCENT IMPERVIOUS AREA

.40 TIME OF CONCENTRATION

.20 STORAGE COEFFICIENT

15 UC

e 16 UA

CLARK UNITGRAPH
TC

R

ACCUMULATED-AREA VS.
.0 3.0

100.0

TIME, 11 ORDINATES
5.0 8.0 12.0

***

20.0 43.0 75.0 90.0 96.0

UNIT HYDROGRAPH PARAMETERS
CLARK TC- .40 HR, R-

SNYDER TP- .34 HR, CP-
.20 HR
.88

189.
419.

605 •.

277.
2046.

184.
4185.

122.

UNIT HYDROGRAPH
16 END-OF-PERIOD ORDINATES
4534. 3290. 2178.

81. 53.

1442. 955. 632.

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

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-HR

+ (CFSl (HRl
(CFSl

+ 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 Ml

~** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***



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

18 KK
*
*
*

*
ROUTE *

*

20 KO

**************
ROUTE INFLOW ~DROGRAPH THROUGH A ROUTING REACH

I

OUTPUT CONTROL VARIABLES!
IPRNT 1 j PRINT CONTROL

IPLOT 2 I PLOT CONTROL
QSCAL O. i HYDROGRAPH PLOT SCALE

I

HYDROGRAPH ROUTING DATA

21 RM MUSKINGUM ROUTING
NSTPS 2 NUMBER OF SUBREACHES

AMSKK •21 MU~KINGUM K
i

X .20 MUSKINGUM X
i

***********************************************************************************************************************************I

I HYDROGRAPH AT STATION ROUTE

***********************************~*****~********~*** *****************************************************************************
DA MaN HRMN ORO FLOW * DA MON HRMN ORO FLOW * DA MaN HRMN ORO FLOW * DA MaN HRMN ORO FLOW

* * *
12 JUL 0000 1 O. * 12 Jut 0135 20 13. * 12 JUL 0310 39 20. * 12 JUL 0445 58 2419.

i
12 JUL 0005 2 O. * 12 JUL 0140 21 13. * 12 JUL 0315 40 23. * 12 JUL 0450 59 1941. ei
12 JUL 0010 3 O. * 12 JUL 0145 22 13. * 12 JUL 0320 41 26. * 12 JUL 0455 60 1502.

i
12 JUL 0015 4 O. * 12 JUL 0150 23 13. * 12 JUL 0325 42 32. * 12 JUL 0500 61 1124.

I

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 JU~ 0200 25 13. * 12 JUL 0335 44 57. * 12 JUL 0510 63 575.

12 JUL 0030 7 4. * 12 JUt. 0205 26 13. * 12 JUL 0340 45 93. * 12 JUL 0515 64 398.

12 JUL 0035 8 6. * 12 Jut. 0210 27 13. * 12 JUL 0345 46 178. * 12 JUL 0520 65 270.
i

12 JUL 0040 9 8. * 12 Jut 0215 28 13. * 12 JUL 0350 47 355. * 12 JUL 0525 66 181.

12 JUL 0045 10 9. * 12 JUt. 0220 29 13. * 12 JUL 0355 48 685. * 12 JUL 0530 67 121.

12 JUJ~ 0050
i

11 10. * 12 JU~ 0225 30 13. * 12 JUL 0400 49 1184. * 12 JUL 0535 68 82.

12 JUL 0055 12 11. * 12 Jut 0230 31 13. * 12 JUL 0405 50 1775. * 12 JUL 0540 69 56.

12 JUL 0100 13 12. * 12 Jut 0235 32 13. * 12 JUL 0410 51 2375. * 12 JUL 0545 70 40.

12 JUL 0105 14 12. * 12 JUt. 0240 33 14. * 12 JUL 0415 52 2925. * 12 JUL 0550 71 31.
i

12 JUL 0110 15 13. * 12 JU~ 0245 34 15. * 12 JUL 0420 53 3348. * 12 JUL 0555 72 25.

12 JUL 0115 16 13. * 12 JUE. 0250 35 15. * 12 JUL 0425 54 3550. * 12 JUL 0600 73 22.
!

12 JUL 0120 17 13. * 12 JUIL 0255 36 16. * 12 JUL 0430 55 3499. * 12 JUL 0605 74 21.

12 JUL 0125 18 14. * 12 JUt. 0300 37 17. * 12 JUL 0435 56 3254." * 12 JUL 0610 75 20.

12 JUL 0130 19 13. * 12 Jut 0305 38 18. * 12 JUL 0440 57 2879. *
* * *

*****************************************t*****************************************************************************************
i

PEAK FLOW TIME i MAXIMUM AVERAGE FLOW
6-HR· 24-HR 72-HR 6. 17-HR

+ (CFS) (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



STATION ROUTE

o.o.o.o.4000.3500.3000.2500.

I

(l) INFLOW. (0) OUTFLOW
1000. 1500. 2000.

I

o

I

500.O.
DAHRMN PER
120000 11---------.---------.---------·---------·---------·---------.~--------.---------.---------.---------.---------.------~--.

120315 4001
120320 41.1.
120325 42.1
120330 43.01
120335 44.0 I

120340 45. 0

120345 46. 0

120350 47.
120355 48. o I

120400 49. 0 I

120405' 50. 0 I
120410 51. • •• 0 • I

120415 52. O. I

120420 53. 0 I

120425 54. I .0

120430 55. 1 0
120435 56. 1 0

120440 57. 1 0

120445 58. I 0
120450 59. 1 O.

120455 60. I 0
120500 61. • I 0 ••.

120505 62. 1 0

120510 63. 1 .0

120515 64. I 0
120520 65. I 0

120525 66.1 0
120530 67.10
120535 68.10

120540 6910
120545 7010
120550 7110.

120555 7210
120600 731

120605 741
120610 751---------.---------.---------·---------·---------·---------.---------.---------.---------.---------.---------.---------.

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

HYDROGRAPH AT INFLO\~

ROUTED TO ROUTE

*** NORMAL END OF HEC-1 ***

OPERATION STATION

PEAK. TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD

FLOW PEAK.
6-HOUR 24-HOUR 72-HdUR

3835. 4.25 505. 492. 492.

3550. 4.42 505. 491. 491.

BASIN

AREA

2.75
2.75

MAXIMUM

STAGE

TIME OF

MAX STAGE
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*****************************************

* *

e= FLOOD HYDROGRAPH PACKAGE (HEC-1) *
SEPTEMBER 1990 *

* VERSION 4.0 *
* *
* RUN DATE 06/19/1991 TIME 14:30:15 *
* *
*****************************************

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

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

* *
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *
***************************************

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND ~RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW 'SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ ,TIME SERIES AT, DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



HEC-1 INPUT PAGE

96

.076

.939

90

OF 1.89
.067
.904

7543

.75

20

30

1285

5
5

~~~~~ THROUG~ BASIN-B USING MUSKINGUM~CUNGE ROUTING
12·

5966.4 .OOO~ .015 TRAP

10 1 ,2 3 4 5 6 7 8 9 10

10 SAMPLE HEd-1 RUN USING TECHNIQUES OUTLINED IN THE
10 HYDROLOGId DESIGN MANUAL
* **************~***************************************************************
10 EXAMPLE # 18 - MUSKINGUM-CUNGE ROUTING (URBANIZED CHANNEL)
* **************~***************************************************************

100IT
IO

1

* **************~***************************************************************
KK BAS~A I

KM COMPUTE PEA~ DISCHARGE AT THE OUTLET OF BASIN-A
KM 6-HOUR RAINF~LL, PATTERN NO. 1.89 WAS USED TO FIND TC & R FOR THIS BASIN
KM ABOvE PATTERN NO. BASED ON A TOTAL WATERSHED AREA OF 2.3 SQ. MILES.
KM THIS BASIN U:SED RAINFALL REDUCTION FACTOR OF .98
BA 1.800 !

IN 15 !

KM RAINFALL DEP~H OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
PB 3.326 1

KM THE FOLLOWINF PC RECORD USED A 6-HOUR STROM WITH A PATTERN No.
PC .000 .00p .016 .025 .034 .042 .051 .059
PC .087 .1Op .120 .160 .248 .443 .710 .845
PC .951 .96r .976 .988 1.000
LG .170 .28p 7.000 .300 12.000
UC .817 .44p
UA 0 ~
UA 100 !

* ******************************************************************************
KK
KM
KO
RD
ZZ

4
5

1
2

3

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27

LINE

I

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

COMPUTED MUSKINGUM-CUNGE PARAMETERS
ICOMPUTATION TIME STEP

ELEMENT ALPHA 1M DT OX PEAK TIME TO VOLUME MAXIMUM
PEAK CELERITY

i (MIN) (FT) (CFS) (MIN) (IN) (FPS)
I

MAIN .36 ! 1.58 5.00 2983.20 1595.11 285.00 1.55 9.81
I

iNTERPOLATED TO SPECIFIED COMPUTATION INTERVAL
i

MAIN .36 11.58 5.00 1595.11 285.00 1.55

I . . .
CONTINUITY SUMMARY (AC-FT) - INFLOW= .1499E+03 EXCESS= .OOOOE+OO OUTFLOW= .1490E+03 BASIN STORAGE= .1894E+OO PERCENT ERROR= .4

I

***********************************************************************************************************************************,... i .



STATION ROUTE

(I) INFLOW, (0) OUTFLOW

•

O. 200. 400. 600. 800.. 1000. 1200. 1400. 1600. 1800. O. O. O.
DAHRMN PER

10000 11---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.---------.
10225 30. I
10230 31.1.
10235 32.1
10240 33.1
10245 34.1
10250 35.1
10255 36. I
10300 37.1
10305 38. I
10310 39. I
10315 40. I
10320 41. I.
10325 42. I
10330 43.01
10335 44.01
10340 45.0 I
10345 46. 0 I
10350 47. 0
10355 48. 0
10400 49. 0
10405 50. 0
10410 51. . 0. I .
10415 52. .0
10420 53. 0
10425 54. O.
10430 55. 0
10435 56. 0
10440 57. O.
10445 58. I 0

10450 59. I. 0
10455 60. 0e 10500 61. . 1. . .0 .
10505 62. 0
10510 63. 0
10515 64. . I 0
10520 65. 0
10525 66. 0
10530 67. 0
10535 68. 0
10540 69. .0
10545 70. . I 0
10550 71. . I. ..0.
10555 72. I . 0
10600 73. I . 0
10605 74. I 0
10610 75. I O.
10615 76. I 0
10620 77. I 0
10625 78. I 0
10630 79. I 0
10635 80. I 0
10640 81. 10.
10645 82. I 0
10650 83.10
10655 84.10
10700 85.10
10705 8610
10710 8710 r.

10715 8810
10720 8910
10725 901
10730 911
10735 921
10740 931
10745 941e 10750 951



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

1

~EAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION fLOW PEAK AREA STAGE MAX STAGE

I
6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT I
BAS-A 1682. 4.58 301. 220. 220. 1.80

ROUTED TO i
I

ROUTE 1595 . 4.75 299. 219. 219. 1.80

ISTAQ ELEMENT DT

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

INTERPOLATED TO
COMPUTATION INTERVAL

PEAK TIME TO VOLUME DT PEAK TIME TO
PEAK PEAK

VOLUME

5.00 1595.11 5.00 1595.11ROUTE MANE

(MIN) (CFS) (MIN)

285.00

(IN)

1.55

(MIN) (CFS) (MIN)

285.00

(IN)

1.55

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1499E+03 EXCESS= .0000E+00 OUTFLOW= .1490E+03 BASIN STORAGE= .1894E+00 PERCENT ERROR=

*** NORMAL END OF HEC-t ***



HEC-1 INPUT PAGE

LINE 10 1 2 3 4 5 6 7 8 9 10

1
2

3

10 SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE
10 HYDROLOGIC DESIGN MANUAL
* ************-******************************************************************
10 EXAMPLE # 8 - MUSKINGUM-CUNGE ROUTING (NATURAL CHANNEL)
* ******************************************************************************

4
5

IT
10

5
5

100

* *****************************************************~************************

96

.076

.939

90

OF 1.89
.067
.904

7543201285

BAS-A
COMPUTE PEAK DISCHARGE AT THE OUTLET OF BASIN-A
6-HOUR RAINFALL, PATTERN NO. 1.89 WAS USED TO FINO TC & R FOR THIS BASIN
ABOV~ PATTERN NO. BASED ON A TOTAL WATERSHED AREA OF 2.3 SQ. MILES.
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .98
1.800

15
RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
3.326
THE FOLLOWING PC RECORD USED A 6-HOUR STROM WITH A PATTERN No.

.000 .009 .016 .025 .034 .042 .051 .059

.087 .100 .120 .160 .248 .443 .710 .845

.951 .964 .976 .988- 1.000

.170 .280 7.000 .300 12.000

.817 .440
o 3

100

KK
KM
KM
KM
KM
BA
IN
KM
PB
KM
PC
PC
PC
LG
UC
UA
UA

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

* ******************************************************************************
23 KK ROUTE
24 KM ROUTE THROUGH BASIN-B USING MUSKINGUM-CUNGE ROUTING
25 KO 1 2
26 RD
27 RC .05 .035 .055 5966.4 .0008 83.0
28 RX 200 210 220 230 260 270 280 290
29 RY 84 81 79 75 75 79 81 83.5
30 ZZ

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** **x· *** *** *** *** *** *** *** *** *** *** ***

CROSS-SECTION DATA
LEFT OVERBANK --- + ------ MAIN CHANNEL ------- + --- RIGHT OVERBANK ---

29 RY ELEVATION 84.00 81.00 79.00 75.00 75.00 79.00 81.00 83.50
28 RX DISTANCE 200.00 210.00 220.00 230.00 260.00 270.00 280.00 290.00

COMPUTED STORAGE-OUTFLOw-ELEVATION DATA

STORAGE .00 1.79 3.70 5.74 7.89 10.17 12.57 15.09 17.73 20.49
OUTFLOW .00 8.62 27.65 54.97 89.89 132.07 181.39 237.79 301.29 371.94

ELEVATION 75.00 75.42 75.84 76.26 76.68 77 .11 77.53 77.95 78.37 78.79

STORAGE 23.39 26.51 29.88 33.49 37.35 41.43 45.69 50.13 54.74 59.54
OUTFLOW 455.95 554.26 661.44 777.84 903.73 1039.76 1185.64 1341.30 1506.83 1682.33

ELEVATION 79.21 79.63 80.05 80.47 80.89 81.32 81.74 82.16 82.58 83.00

ELEMENT

MAIN

MAIN

COMPUTED MUSKINGUM-CUNGE PARAMETERS
COMPUTATION TIME STEP

ALPHA M DT OX PEAK TIME TO VOLUME MAXIMUM
PEAK CELERITY _

(MIN) (FT) (CFS) (MIN) ( IN) (FPS)

5.00 1491.60 1287.13 295.00 1.51 4.44

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

5.00 1287.13 295.00 1.51

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1499E+03 EXCESS= .OOOOE+OO OUTFLOW= .1452E+03 BASIN STORAGE= .5683E+00 PERCENT ERROR= 2.7
~**********************************************************************************************************************************



STATION ROUTE

---------.---------.---------.---------.---------.---------.---------.---------

OUTFLOW
800.

(I) INFLOW,
O. 200. 400.

DAHRMNPER
10000 1I---------.---------.---------.-~-------
10225 30.1
10230 31.1.
10235 32.1
10240 33.1
10245 34.1
10250 35.1
10255 36.1
10300 37.1
10305 38.1
10310 39.1
10315 40.1
10320 41.1.
10325 42.1
10330 43.01
10335 44.01
10340 45.0 I
10345 46.0
10350 47.0
10355 48.0
10400 49.0
10405 50.0
10410 51. 0
10415 52. 0
10420 53. 0
10425 54. 0
10430 55.
10435 56.
10440 57.
10445 58.
10450 59.
10455 60.
10500 61.
10505 62.
10510 63.
10515 64.
10520 65.
10525 66.
10530 67.
10535 68.
10540 69.
10545 70. .1 0
10550 71. .1. 0
10555 72. 1 .0
10600 73. I O.
10605 74. I 0
10610 75. I 0
10615 76. 1 0
10620 77. I 0
10625 78. I 0
10630 79. 1 O.
10635 80. I 0
10640 81. 1 .0.
10645 82. I 0
10650 83. I 0
10655 84.1 0
10700 85.1 0
10705 861 0
10710 871 0
10715 881 0
10720 891 0
10725 901 0
10730 911 0
10735 921 0
10740 931 0
10745 9410
10750 9510

1000. 1200. 1400. 1600. 1800. o. o. o.



,
RUNOFF SUMMARY

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

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
+ BAS-A 1682. 4.58 301. 220. 220. 1.80

ROUTED TO
+ ROUTE 1287. 4.92 291. 213. 213. 1.80

ISTAQ ELEMENT DT

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

INTERPOLATED TO
COMPUTATION INTERVAL

PEAK TIME TO VOLUME DT PEAK TIME TO
PEAK PEAK

VOLUME

5.00 1287. 13 5.00 1287 .13ROUTE MANE

(MIN) (CFS) (MIN)

295.00

(IN)

1.51

(MIN) (CFS) (MIN)

295.00

(IN)

1.51

•

CONTINUITY SUMMARY (AC-FT) - ,INFLOW= .1499E+03 EXCESS= .OOOOE+OO OUTFLOW= .1452E+03 BASIN STORAGE= .5683E+00 PERCENT ERROR= 2.7

*** NORMAL END OF HEC-1 ***




