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Executive S:: 

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

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

The rainfall-runoff modeling procedure that is contained in the manual is physically 
based, that is, the procedures are based-to the extent practical-on the physical 
processes that occur during the generation of storm runoff from rainfall. While the 
basic procedure is physically based this does not assure tha t the rigorous application 
of the procedures will, in fact, reproduce the actual rainfall-runoff phenomenon of 
any storm that has occurred or may occur in the future. However, the procedure, 
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when applied with good hydrologic judgernent, should yield consistent results for 
d esign purposes. 

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

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

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

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

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

Chapter 2, Rainfall: The characteristics of severe storms in Maricopa County are 
documented as a setting for defining the design rainfall criteria. Procedures 
and information are provided for the determination of depth-duration-fre­
quency statistics of storms in Maricopa County. These are derived from NOAA 
Atlas 2, Arizona, which is the most comprehensive and authoritative source of 
such information. The limitations and potential inaccuracy of the NOAA Atlas 
is recognized and until an equivalently accepted source of rainfall statistics is 
prOvided, this source must be used. Recent reanalysis of the short duration 
(less than 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 for use in Maricopa County, 



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

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

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

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

Chapter 6, Channel Routing: General guidance is provided for the use of Kinematic 
Wave routing and Muskingum routing. Kinematic Wave routing can be ap­
plied to urbanized or artificial channels and closed conduits. Muskingum 
routing is to be used for natural channels. 
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Chapter 7, Application: General guidelines and some specific aids in the use of the 
manual are provided in this chapter. 

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

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

Purpose 

In April 1985 a task force was formed by the Flood Control District of Maricopa County 
to establish a common basis for drainage management in all jurisdictions within 
Maricopa County. Among the goa1s of the task force were provisions for consistent 
analysis of drainage requirements, reducing costs and staff time . when annexing 
County areas, and supplying equal and common protection from the hazards of 
stormwater drainage for all County residents. Additionally, developers would be 
benefitted by having only one set of drainage standards with which to comply when 
developing land within the incorporated or unincorporated areas of Maricopa County. 
The task force determined that these efforts would be achieved in three phases: 

Phase 1 Research, evalua te, develop, and produce uniform polides and standards 
for drainage of new development within Maricopa County (Resolution 
FCD87-7). 

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

Phase 3 Prepare an in-depth evaluation of regional rainfall data and establish 
precipitation design rainfall guidelines and isohyetal maps for Maricopa 
County. 

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

Scope and Limitation 

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

1 
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Second, the lack of runoff data for urbanizing areas of the County, for the most part, 
precludes the use of flood frequency analysis for stormwater drainage design. For 
those watercourses with sufficient record, flood frequency analysis may be accept­
able. Similarly, for those watercourses with established regulatory floodplains, the 
FEMA accepted flood frequency curves may be used for design purposes, unless 
they are demonstrably inappropriate. The purpose of this manual is to provide a 
means of assisting in the prediction of runoff which might result from a design storm 
of a given return interval. 

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

Using this Manual 

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

Section 7 of this manual is intended to provide some general suggestions for the 
user attempting to solve a particular problem. A number of examples were designed 
to aid the user with the development of input variables and parameter estimation. 

It is not the intent nor plil'lli>§:t)of this manual to inhibit sound innovative design or 
the use of new technique~Ifls anticipated that, over time, as more data becomes 
available and/ or more appropriate techniques are developed, this manual will be 
revised. With the exception 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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General 
Precipitation in Maricopa County is strongly influenced by variation in climate, 
changing from a warm and arid desert environment to a cool and modera tely humid 
mountainous area. Mean annual precipitation ranges from about 7 inches in the 
Phoenix vidnity to more than . ches in the mountain regions of northern 
Maricopa County. Precipitation IS typically divided into two seasons, summer 
season Oune through October) and winter (December through March), and these 
seasonal rainfall depths are about equal. The storm patterns are generally 
categorized into three types, though any combination of the storm types is possible. 
Warm, moist tropical air can move into Arizona at anytime of the year, but most 
often does so in the summer months. 

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

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

3 



Rainfall Hydrologic Design Manual 
for Maricopa County 

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. 

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

Depth-Duration-Frequency Analysis 

The commonly required precipitation parameters used in hydrologic modeling are 
depth, intensity, duration, spatial distribution and frequency of rainfall. The selec­
tion of a design frequency is often influenced by administrative or economic 
decisions as well as hydrologic ones. The duration of the design storm is usually a 
function of the size and topography of the watershed. In general, one should insure 
that the design storm is of sufficient duration to allow the entire watershed to 
contribute to the flow at the point of interest. 

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

2.2.1 Source of Data 

4 

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

Rainfall 

The problem of spatial variability of rainfall is quite difficult to handle because of 
an irregular,limited network of rain gauges. Work in the southwest by the United 
States Department of Agriculture, Agricultural Research Service, indica tes tha thigh 
intensity storms do not have large areal extent. Most runoff producing 
thunderstorms south of Tombstone cover less than twenty square miles. 

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

2.3.1 Procedure for Depth-Area Adjustments 
. Use the Depth-Area Reduction Curve developed for the historic storm of 1954 over 

the Queen Creek area (U.S. Army Corps of Engineers, 1974). This curve was 
developed for a major peak producing event within Maricopa County and should 
be representative of local conditions for design purposes. 

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

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

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

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

e. Multiply average rainfall by the depth reduction coefficient. 
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Figure 2.1 
Depth-Area Curve for Maricopa County 

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

for 6-Hour Duration Rainfall 

Area, Ratio to 
Square Miles Point of Rainfall 

0 1.0 
1 0.987 
5 0.96 

10 0.94 
20 0.91 
30 0.89 
40 0.87 
50 0.86 

100 0.80 
200 0.72 
300 0.66 
400 0.61 
500 0.57 

Selection of Appropriate Design Storm 

Rainfall 

The design hydrologist must speciiy the appropriate rainfall frequency, duration, 
depth and the corresponding time distribution for any design purposes which 
require calculation of runoff volume and peak discharge. Application of the Ration­
al-Ft:}l'fnllia does not require a time distribution. The Hydrolog¥ Manual applies the 
NOAA pros;edures which led to the 100-year,6-hourmass curve foi smallareas up 
to 0.5 milesJ.. This mass curve is also known as PatteI"Ifl, and will be discussed later. 
If a particular application requires that avmass curve should be developed, the 
following procedures (NOAA) or, alternatively, a progy;am referred to as PREFRE 
by the National'Weather Service can be used: -., .J... 

)r rn~l 
1. Using Figures 2.2 through 2.13, read rainfall depths for 2-, 5-, 10-, 25-, 50, and 

l00-year return periods for 6- and 24-hour durations, employing linear inter­
polation between isolines when required. The numbers on the isolines show 
tenths of inches of rainfall (i.e., 23 = 2.3 inches). 

J 

2. Plot the values from 1 for each dwation on a separate ./e on Figure 214, look for 
any deviation from a straight line and make corrections en~1ine. This process will 
minimize any error due to transposition of values on the maps. Also, any error due 
to reading and interpolating values between the isolines will be minimized. Note 
that these numbers are already in partial-duration series, so there is no need for 
annual to partial-duration conversion. 
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3. At this point the data should include 6-hour and 24-hour durations for all 
frequencies with-the-e"eeptien () ~=yearvalues. r J I- j ~ 

4. A particular design may require a duration different from 6- or 24-hour. For 
example retention design requires a 1 OO-year frequency, 2-hour dura tion design 
storm. In such cases the following procedure (the established method in NOAA, 
1973) is used. [Note: The only exception is the use of the values by Arkell and 
Richards (1986) for durations of less than 1 hour.] 

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

where: 

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

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

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

YlOO = 100-yr, I-hour estimated value; 

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

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

X3 = 100-yr, 6-hr value from precipitation-frequency maps; 

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

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

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

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

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

Compute 5-min depth = 0.34(1-hr) 

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

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

Compute 3O-min depth = 0.82(1-hr) 

At this point the data includes all depths for the 1 OO-year and the 2-year frequencies, 
for all durations. Depths for 5-, 10-,25-, and 50-year frequencies will be estimated 
by reading the corresponding values from Figure 2.14. A rainfall mass curve can 
then be constructed by nesting around a desired duration, i.e., 15-min, or 30-min 
(see xample 3). 

G. 
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Rainfall 

...• Development of Design Storm Distributions 

2.5.1 

2.5.2 

The design storms for use in Maricopa County will be either a 2-hour or a 6-hour 
distribution. The 2-hour storm is used for detention and retention design purposes':;" ...,Cl"clat::..! 
The 6-hour storm is for all hydrologic analysis for areas of up to 100 square miles. b~ t:~c: UfII for" , 
For watersheds larger than 100 square miles, the selection of design rainfall criteria ~:';~~cls I 
must be performed on a case-by-case basis, by a qualified hydrologist. o.Y1cJ Po lL·ct.es . 

2-hour Storm Distribution L ' / ' LL · A ~. t'\ 
1/ for (~t.C::Y1~lOV'l ", e.c.e~~ IGlVl cT~ l:J 

If the Rational Method is used, there is no need for a time distribution. The selected 
depth should be used based on the procedures in Cha pter 3 of this manual. If a time 
distribution is required, i.e., rainfall input for HEC-l, the dimensionless 2-hour 
cumulative rainfall distribution of Table 2.2 should be used. These values are for 
direct input into HEC-l, assuming Qithel' as-minute QHc 15 mHl.Mte mtEmsity fel!' 
rainfall time step. Figure 2.16 illustrates the graphical form of this distribution. 

6-hour Storm Distribution . L' I J.L 
co ... -t:ains .s- d,mr::.Yls(t"?/~5S ('a.G~ral f'Q rret'"l'ls . 

Ii 
The 6-hour rainfall distribution is a hrncaen ef drainage area si:2:e. For this pttrpese 

five dimeIl£ie~ ffi~att=~ :=~~~. Pattern 1 applies NOAA 1:. las 
procedures toY' o"e~t fl ort.daffi:~mtems2""tlu0ugh5 al e llltend ed to pro~ide 
'rariability ef fai:nfttfl iRteft£Hy as a functien of drainage area . -It set of l alltfatl 
~att8m.s hag beeR de"eleped: m De8ign lAel1tortmtitlm M1. l, Gi~ RiT:Jer Btlsiu, based 
eft {He Historie event ef Attgtt'3t 19, 1954 0 v el the Queel ~ ~r~ek ~r:a ~ Arm~ Co~ ~ 
ef. Engineers, 1974}. This informatien is modified for a~-hom druatiorr Iall IfaH. A 
rainfall pattern can be selected from Table 2.3 for direct input into HEC-l, once the 

Table 2.2 
2-Hour Storm Distribution for Retention Design 

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

0 0.0 

5 1.1 65 60.1 
10 1.8 70 74.3 
15 2.3 75 86.3 

20 2.8 80 90.1 
25 3.2 85 93.0 

30 4.6 90 95.4 q 35 7.1 95 96.2 
40 10.0 100 97.0 )/ 
45 13.7 105 (97~ 
50 17.6 110 98.2 

55 23.2 115 99.2 

60 32.7 120 100.0 

I" Paff:erns 2 through.s- w~rc. dt!! v t!! /oj?ecI rron1 cAe t:.·Hr~"'~(:n;L/O/1 
f'ro v'dt!!d~!J t-he Cor!'$" or E/?.f7ll'1ee rJ (. '17 f}~sI9n He_~~t::l.nd~m No . .1., 

9~/Q ,g{,/~r 8aSL" I aVId a rc based or! t:h~ 1}(~t-ortC even t: or 

... d.Hff)H.§S ...... L;" .. Jl§:/i ..... exs . .c, ....... :£:6li ... " .. /£H..:f..ert .. : ... £.';7.s.~ ..... qre:~ : ... &It:I(Cf.! ...... dc{t.(./i.q?f/o /75 

are intf'nded -to ?rovicl~ variabdt"r!1 Or rq/".;::4// l'Irer!S"t~23 
as a. /t.tAcitiJn a-r dr~//Jet.Je qrea. . 
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Rainfall 

size of the drainage area is determined. Figure 2.17 illustrates the dimensionless 
rainfall patterns. Use Figure 2.18 to select a rainfall pattern between 1 to 5 and 
interpolate as necessary for watershed areas of up to 100 square miles. A I h=-rVlOltl vel~1 
pro:yo."'lS IfcUHP1 "'-!'lei MCLlHPZ co." be ~sc:d -For &his purrose . 

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

Time Pattern 1 
(hrs) 

0:00 ,J?f .0 

0:15 .$ .8 
0:30 ~ U. 
0:45 j..:4 z.5 
1 :00 U 3.3 
1 :15 .u> If. / 
1 :30 U S .O 
1 :45 .k7 s: S 
2 :00 ..54 b.b 
2:15 f>2' 7. L( 

2:30 UJ 8.7 
2:45 &8 't.cr 

3:00 ur.r 1/.8 
3:15 12:-1' 13.e 
3:30 2C}52/.(,. 

3:45 .3&.G 37.1 

4:00 .B2:3 83.1' 
4:15 ~q/.l 

4:30 .921) 1.3.1 

4:45 9a-:9 t:tS.O 
5:00 .95-:2 7' .2 
5:15 ~ '17.2 
5:30 g:r.7 93.3 
5:45 .9a:6 1tf.1 

6:00 100.0 

Table 2.3 
6-Hour Distributions· 

Pattern 2 Pattern 3 

.0 .0 

$ .9 1.5 
jZ/.b 2.0 
.2& 2.$ 3.0 

...3-:'t 3. '1 4.8 
..3-:9' 4. 2 6.3 
;k9' s: 1 7.6 
JWf s.t:t 9.0 
6.7 10.5 
7.6 11.9 
8.7 13.5 

10.0 15.2 
12.0 17.5 
16.3 22.2 
25.2 30.4 
45.1 47.2 
69.4 67.0 
83.7 79.6 
90.0 86.8 
93.8 91.2 
95.0 94.6 
96.3 96.0 
97.5 97.3 

98.8 98.7 
100.0 100.0 

*Pattern represents percent Rainfall Depth . 

Pattern 4 Pattern 5 

.0 .0 
2.1 2.4 
3.5 4.3 
5.1 5.9 
7.1 7.8 
8.7 9.8 

10.5 11.9 
12.5 14.1 
14.3 16.2 
16.0 18.6 
17.9 21.2 
20.1 23.9 
23.2 27.1 
28.1 32.1 
36.4 40.8 
50.0 51.5 
65.8 62.7 
77.3 73.5 
84.1 81.4 
88.8 86.4 
92.7 90.7 
94.5 93.0 
96.4 95.4 
98.2 97.7 

100.0 100.0 

:::.:.:.:.:::.:::.:.:::::::.::: .:.:.:.:.:.:-:.::;::.;:::::: ::.:::::.:.:::.:::.:.:.:.:::.:.;.:.:::.:.:.:::.:.:.:.:':':::::':':"::::.:::::.''::'::::.:::.:.:::::=:::.:=:.:.:.:::.:::::::::.: .•.• : •.•.•...••.•• : •• ;.-•.••...•.. :.::.:=:.:.:.:.:.:.;=:.:.:::: ;::::::.:.:.:.:.:.:.:.:::.:-:::::.:::.:::::::.:.:::.:::.:.: .:::.;.;.;.:.:-:.;::.:::::::.:::-:::::.:.: ::::::.;:;.:.:.: ::.:.:-:::.:.:.:.;.;.:::::.:.:::.:.:: 
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Rational M d 

General 

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

Rational Equation 

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

Q=CiA (1) 

where 

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

C = a coeffident relating the runoff to rainfall. 

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

Tc = the time of concentration (hours). 

A = drainage area (acres). 

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

29 
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a condition is met when the elapsed time is equal to the time of concentration, Tc, 
which is defined to be the time . (H : '::-. ~ .... ~ re-i':' from the most remote part of the 
watershed to the point of design. The time of concentration should be computed by 
applying the following equation developed by Papadakis and Kazan (1987): 

where 

(2) 

100 IAJ V t: " I t:-i nl 

Tc = time of concentration in hours 

L = length of the longest flow path in miles 

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

S = water course slope in feet/mile 

i = rainfall intensity in inches/hour'" 

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

Table 3.1 
Equation for Estimating Kb In the Tc Equation 

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

Equation Parameters 
Land Classification m b 

(1 ) (2) (3) 

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

(alluvial fan, agricultural land, 
desert rangeland) 

Rough and/or moderate vegetation -0.025 0.15 
(hillslopes) 

Very rough and/or dense vegetation -0.030 0.20 
(mountains) 

30 
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..... Application of the Rational Equation requires consideration of the following: 

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

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

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

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

Limitations 

:: Application of the Rational Method is appropriate for small watersheds. This is 
based on the assumption that the rainfall intensity is to be uniformly distributed 
over the drainage area at a uniform rate lasting for the duration of the storm. Beyond 
this limitation the rainfall distribution may vary from the indicated point value. 

Application 

The Rational Method should be used to calculate the generated peak discharge and 
runoff volume for small drainage areas. 

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

2. Select the runoff coeffident, C from Table 3.2 

3. Calculate time of concentration (see example 4). This is to bedone by an iterative 
process. Select a duration from the I-D-F curves, Figure 3.2. This value should 
not be longer than two hours and normally it will be less than an hour. 
Determine the maximum rainfall intensity indicated on the I-D-F curve for a 
frequency that includes the 100-year. The intensity value of the corresponding 
Tc in the above is for the Phoenix Affport-datcr. Use ip in the following equation 
for estimating i for other areas: ~A . L 

I'IIT ro C\ r a. 
6 

. . (P 10) 
(3) 

1 = Ip 2.07 

:.;.:.:.;.:.;.:.;::.;.;:: .:.'.:.:.:.:.:.:.:.:.:.:.:.:.:::::.:.:.; .:::.:.:.::::::;::.::::: .;.:.:::.;.::;.:.::;:;::.;:;.;.:.;.;.:.;:; :::::;.:.:::.:::::.:.:::.::: :::; .:::.:.:.;.:.:::::::.:::::::::.;.::::::: .;.:.;.;.:.:::.:.;.::;.:::.;.:.:.:::::. :::.:::::.:::::.:::-:.:.:::::.:::::::.::: .;.:::::.:.:::' :;::::.:.:::::. :::.:::.:::-::;: :.:.:::::::::.:.:.:::. :::::::::.: .::::::::::::: .:.:.:.:::::::. 
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where 

= the desired intensity for a given duration and frequency. 

the intensity for the Phoenix Airpart'"Ci 
A H ( • . 

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

4. Use the adjusted intensity in Equation 2 to calculate time of concentration. 
Repeat this process until the selected and computed Tc values are reasonably 
close. For more details see example 4. 

5. Detennine peak discharge (Q) by using the above value of i in Equation 1. 

Table 3.2 
C Coefficients for Use with the Rational Formula 

Streets 
Asphaltic 0.70 - 0.95 

Concrete 0.80 - 0.95 

Gravel roadways & shoulders 0040 - 0.60 
Industrial Areas 

Flat commercial (about %90 impervious) 0.80 
Heavy areas 0.60 - 0.90 

Ught areas 0.50 - 0.80 
Business Areas 

Downtown areas 0.70 - 0.95 
Neighborhood areas 0.50 - 0.70 

Residential Areas 
Lawns - flat 0.05 - 0.15 

- steep 0.15 - 0.35 

Suburban areas 0.25 - 0040 
Single family areas 0.30 - 0.50 

Multi - unit areas 0040 - 0.60 

Apartment areas 0.50 - 0.70 

Parks, Cemeteries 0.10- 0.25 
Playgrounds 0.20 - 0.30 

Agricultural Areas 0.10 - 0.20 

Bare ground 0.20 - 0.30 

Undeveloped Desert 0.30 - 0040 
Mountain Terrain (slopes> 10 percent) 0.60 - 0.80 

.;::.:.;.;.;.;.;.;:;:: .:.:.:::.:.:.:.:: 
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Rational Method 

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

V=C(:Z)A (4) 

where 

V = Calculated volume in acre-feet 

C = Runoff coefficient from Table 3.2 

p = ~ "" ) ~C:i~ , :: ~. ':" ~' rainfall depth in inches 

A = Drainage area in acres 

r c of vol ~ c~lc(,,( fatlO 5 For 
re.l:entlO /de-cc.I t,O dcs'3 I p:: -cAe. IOO-j a 

2..-~o tr c ep-l:h i t!fI -fY'()«l Se.C1::IOVl 2·Lf 
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Rainfall s 

General 

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 of utmost importance. Rainfall excess 
integrated over the entire watershed results in runoff volume, and the temporal 
distribution of the rainfall excess will, along with the hydraulics of runoff, deter­
mine the peak discharge. Therefore, the estimation of the magnitude and time 
distribution of rainfall losses should be performed with the best practical technol­
ogy, considering the objective of the analysis, economics of the project, and conse­
quences of inaccurate estimates. 

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

for a Uniform Intensity Rainfall 
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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 pwposes interception is not considered for 
flood hydrology in Maricopa County. 

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

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

The third, and final, period occurs for rainfalls of sufficient duration for the 
infiltration rate to reach the steady-state, equilibrium rate of the soil (fc). The only 
appreciable loss during the final period is due to infiltration. L/ 7 't; L rt/I:d 

:ryrI9~ .c,' 
The actual loss process is quite complex and there is a ood deal of interdependence 
of the loss mechanisms on each other and on the rainfa1J. itself. Therefore, simplifying 
assumptions are usually made in the modeling of raiWalllosses. Figure 4.2 represents 
a Simplified set of assumptions that can be made; at surface retention loss is the 
summation of all losses other than those due to infiltration, and that this loss occurs 
from the start of rainfall and ends when the accumulated rainfall equals the magnitude 
of the capacity of the surface retention loss. It is assumed that infiltration does not occur 
during this time. After the surface retention is satisfied, infiltration begins. If the 
infiltration capacity exceeds the rainfall intensity, then no rainfall excess is produced. 
As the infiltration capacity decreases, it may eventually equal the rainfall intensity. This 
would occur at the time of ponding (Tp) which signals the beginning of surface runoff. 
As illustrated in both Figures 4.1 and 4.2, after the time of ponding the infiltration rate 
decreases exponentially and may reach a steady-state, equilibrium rate (fc). It is these 
simplified assumptions and processes, as illustrated in Figure 4.2, that are to be 
modeled by the procedures in this manual. 

.:.:::.:::.:::::.:::-;.:.:.:.:.;::::::.: .•.•. 
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INFILTRATION CAPACITY CURVE 
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SURFACE RETENTION LOSS 

Figure 4.2 
Simplified Representation of Rainfall Losses 

A Function of Surface Retention Losses Plus Infiltration 
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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 1055. Estimates of surface retention loss are difficult to obtain 
and are a function of the phYSiography and land-use of the area. 

The surface retention loss on impervious surfaces has been estimated to be in the 
range 0.0625 inch to 0.125 inch by Tholin and Keefer (1960), 0.11 inch for 1 percent 
slope to 0.06 inch for 2.5 percent slopes by Viessman (1967), and 0.04 inch based on 
rainfall-runoff data for an urban watershed in Albuquerque by Sabol (1983). Hicks 
(1944) provides estimates of surface retention losses during intense storms as 0.20 
inch for sand, 0.15 inch for loam, and 0.10 inch for clay. Tholin and Keefer (1960) 
estimated the surface retention loss for turf to be between 0.25 to 0.50 inch. Based 
on rainfall simulator studies on undeveloped alluvial plains in the Albuquerque 
area, the surface retention loss was estimated as 0.1 to 0.2 inch (Sabol and others, 
1982a). Rainfall simulator studies in New Mexico result in estimates of 0.39 inch for 
eastern plains rangelands and 0.09 inch for pinon-juniper hillslopes (Sabol and 
others, 1982b). Surface retention losses for various land-uses and surface cover 
conditions in Maricopa County have been extrapolated from these reported es­
timates and these are shown in Table 4.1 . 

Infiltration 

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

• :.:.:.:.:.:::::::.;.:.:.:::.;:;:::::: ,::::.:.:.:=:.;.;.: :.:.:.:.:.:.:::::::.:.:::::.:.:.:::.:::.:.: ... :.:.,::.:::::.:::::.:.:.:.:.:.:.:.:=:::.:.:.:.:.:.:.::.:: ••.. ::.:.:.:.:.:.:.::::::: .• :.:::.:=:.:::::::::.:::.:.:.:.:.:.:.:.:::.;.:.; •.•.. ;.; ••..• : ••• ::.:-: ..• :;.;:.:.;.::: 
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Table 4.1 
Surface Retention Loss for 

Various Land Surfaces In Maricopa County 

Surface Retention 
Land-use and/or Loss 
Surface Cover 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 landscaQe 0.10 
Pavement 0.05 

Agricultural 
Tilled fields and irrigated pasture 0.50 

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

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

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

For example, consider the situa tion where only 4 inches of soil covers 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 shallow soil horizon. For design rainfalls in Maricopa 
County, this represents a significant storage volume for infiltrated rainfall and so 
when usmg-drainage studies for Maricopa County that contain Significant areas 
classffied as hydrologiC soil group D, the reason for that classification should be 
detemUned. 

{() area e;f 

.................... : .................. :.: ... :.:.:::.: 
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Hydrologic soil group D should be retained only for: 

» clay soils, 

» soils with a permanent high water table, and 

» rock outcrop. 

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

Recommended Methods for Estimating 
,????:""" Rainfall Losses 

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

1. Holtan Infiltration Equation 

2. Exponential Loss Rate 

3. 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 (fe). The Holtan equation is not extensively used and there is no known 
application of this method in Arizona. Data and procedures to estimate the 
parameters for use in Maricopa County are not available. Therefore, the Holtan 
equation is not recommended for general use in Maricopa County. 

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

•...•••• .;.;.;.::: .:::=;.;:::;:::;::::::.::;::::.;.;.; ::.:.:.::: ::.:=:.:.:.:-:-;::' ':"'::" :':':':=:': ':':':':':':':':':':': .:.:.:.:.:.::;.;::::::::.:::-::;.;.:::.; .;.:.:.;.:.:.:::.: '::":':::':':':':': .:.:.:.:.:=:::::.:.::::;:::: .:::.:.;.:.:::.; ::::.:::::::::::.; .:.:.:.:::.:=:=:.:::.:.:::=:=:::.:.::. • •.•.•••.•.•....•..••.••..• • 
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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 finns, and individuals throughout the communit.Y: -TcWs­
method-is limited, hew eve ,by both theoretical and practical defidencies, a;na thus 
is not recommended for general use in Maricopa Gounty. Deficiencies of the SCS 
CN method include: 

/---
J-!Dwevt!!r, pecause of bar-I? t:i?eOl"'er/Ca{ ccmc~rns 
CH1d ;>ract:lca./ //~t. · rCl clons J t:he. scs eAJ /'I'U' r-Itad 
i.~ I1tJ'C' rec,p~m~N4t!"d ~/' ~Ht!"rtl/ C/5e en ~,../c0r'.::t 

C.oUIl1 ~:J' 

l~is is contrary to the generally accepted infiltration relation as illustrated in 
Rigure4.2. 

3. 'fhe-±nFllffat.ien ate-appI'eaeheS-2iefe-rafaer- than-a-mmimam-mfiltra tien rate 
(fe). 

i The initial abstraction-rs--equal to e.2S 

.where S = lOOO/e N - 11 

~uation is not t.heofeticall¥ justified nor is it based on data for hydrologic 
.conditions that are representative of Maricopa Eounty. 

'/... :I:h.-selection of eN is too subjective and is often based more on traditional 
acceptance of CN values rather than on sdentificallysubstantiated findings. 

V A+le.w-raiftfa.Hs..Gess-t-han-4tnffie-&).,..tRe-estimate ef-r-aWall=less is-very seflSitive­I' to the sele€tien.ef.GN. 

q.. As mentioned previously, the two recommended methods for estimating rainfall 
losses in Maricopa County are the Green and Ampt infiltration equation and the 
initial loss and uniform loss rate (IL+ ULR) method. Both methods, as programmed 
into HEC-1, can be used to simulate the rainfall loss model as depicted in Figure 
4.2. (For a full discussion of these methods, see Sections 4.4.1 and 4.4.2.) The IL+ ULR 
is a Simplified model that has been used extensively fo r flood hydrology and data 

(Are ' available to estimate the two parameters for this method. The Green and Ampt 
infiltration equation is a physically based model that has been in existence since 
1911, and has recently been incorporated as an option in HEC-l. 

Procedures have been de 0 ed to estimate the 'three parameters of the Green and 
Ampt infiltration ~uation. The preferred method, and the most theoreticall~ 
£l.ccura~, is the Green and Ampt infiltration equati~The IL+VLR is recommended 
as an alternative if it is not possi1:) e to estimate the Green and Ampt equation 
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parameters, or for other valid reasons. It should be realized, as explained later, that 
the use of the Green and Ampt equation and parameters, as defined herein, will 
probably result in lower peak discharges and runoff volumes than the use of the 
IL+ULR. 

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

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: 

where 

f=Ks (1 +~) 

f=i 

for f< i 

for r~ i 

f :: infiltration rate (LIT), 

i :: rainfall intensity (LIT), 

(1) 

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

'¥ :: average capillary suction in the wetted zone (L), 

e :: soil moisture deficit (dimensionless), equal to effective soil 
porosity times 

<:: the difference in final and initial volumetric soil saturations, and 

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

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

It is important to note that as rain continues, F increases and f approaches Ks, and 
therefore, f is inversely related to time. Equation 1 is impliCit with respect to f which 
causes computational difficulties. Eggert (1976) simplified Equation 1 byexpand­
ing the equation in a p0wer series and truncating all but the first two terms of the 
expansion. The Simplified solution (Li and others, 1976) is: 

F = -{).5 (2F - Ks dt) + 0.5 [(2F - Ks dt)2 + 8Ksdt (9'l' + F)] 1;2 (2) 

::;.;.;.:.;.;.;.:: .;::.;.::;::.:.:.:.:.:.:.::;:;::.;.; .. ; ..... ; ... ; ......... ; ... ; ... ; ..... ;.;. .:::::':' 
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where 

M = the computation interval 

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

The average infiltration rate is: 

M f=­
M 

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

The second phase of the rainfall loss process is the infiltration of rainfall into the soil 
matrix. For modeling purposes, the infiltration begins immediately after the surface 
retention loss (IA) is completely satisfied, as illustrated in Figure 4.2. The three 
Green and Ampt equation infiltration parameters as coded in HEC-1 are: 

» hydraulic conductivity at natural saturation (XKSA n equal to Ks in Equation 1; 

» wetting front capillary suction (PSIF) equal to 'P in Equation 1; and 

}} volumetric soil moisture deficit at the start of rainfall (DTHET A) equal to 
e in Equation 1. 

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

Values of Green and Ampt equation paramete s a function of soil characteristics 
alone (bare ground condition) have been 0 Wid om published reports (Rawls 
and others, 1983; Rawls and Brakensiek, 19 ):~ver ge values ofXKSAT and PSIF 
for each of the soil texture classes . . ) are shown in 
Columns (2) and (3) of Table 4.2. Values ofXKSAT and PSIE (as afunction of percent 
of sand and percent of clay for soil with 0.5 percent organic matter and base value 
[unaltered].soil porosity) are shown in Fi es 4.3 and 4.4, respectively (Rawls and 
Brakensiek,1983). The values of XKSAT and PSIF from Table 4.2 should be used if k 
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general soil texture classification of the drainage area is available. e alues £ 
XK£A T and PSIF from Figures 4.3 and 4.4 can be used if more specific soil texture 
classification is available from a detailed soil survey for which the percentages of 
sand and clay have been determined by an appropriate field soil survey. LIihe use 
of the information in Figures 4.3 and 4.4 will require an extensive study of the soil 
for the drainage area, _ It or most drainage studies only general soil texture 
classification will be known so the values from Table 4.2 should be used. I<efcf'cnc(!s 
uSe.d ~() cr~at.G la-hie.. ~. l Cct.>'\ be.. ro(..l.Vlcl i.n -the [:k;culMe'1 tc:t&/o'7 
Mt:t.V\ua../ . 

The soil moisture deficit (DTHETA) is a volurneb.ic measure of the soil moisture storage 
capacity that is available at the start of the rainfall. DTHETA is a function of the effective 
porosity of the soil. The range of DTHETA is 0.0 to the effective porosity. If the soil is 
effectively saturated at the start of rainfall then DTHETA equals 0.0; if the soil is devoid 
of moisture at the start of rainfall the DTHETA equals the effective porosity of the soil. 
The porosity of soil as a function of so~l texture (percent of sand and percent of clay) is 
shown in Figure 4.5 (Brakensiek and others, 1984). 

Under natural conditions, soil seldom reaches a state of soil moisture less than the 
wilting point of vegetation. Figtu:e--4.6 is a graph of volumetric soil moisture at 
wilting point as a function of soil texture. 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. Figure 4.7 
is a graph of volumetric soil moisture at field capacity as a function of soil texture. 

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

Soli Texture XKSAT PSIF DTHETAl 

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

sand 4.6 1.9 0.35 0.30 
loamy sand 1.2 2.4 0.35 0.30 
sandy loam 0.40 q.3 .~ 0.35 0.25 
loam 0.25 3.5% J .. 0.35 0.25 
silty loam 0.15 6.6 0.40 0.25 
silt 0.10 7.5 0.35 0.15 
sandy clay loam 0.06 8.6 0.25 0.15 
clay loam 0.04 8.2 0.25 0.15 
silty clay loam 0.04 10.8 0.30 0.15 
sandy clay 0.02 9.4 0.20 0.10 
silty clay 0.02 11.5 0.20 0.10 
clay 0.01 12.4 0.15 0.05 

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

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

Saturated 
(6) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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However, Maricopa County also has a large segment of its land area under irriga ted 
agriculture, and it is reasonable to assume that the design frequency stann could 
occur during or shortly after certain lands have been irrigated. Therefore, it would 
be reasonable to assume that soil moisture for irrigated lands could be at or near 
effective saturation during the start of the design rainfall. 

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

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

» "Normal" for antecedent soil moisture condition near field capacity due to 
previous rainfall or irrigation applications on nonagricu1turallands; and 

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

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

The value of DTHETA "Dry" as a function of soil texture is shown in Figure 4.8. 
This figure was prepared by subtracting the wilting point soil moisture in Figure 
4.6 from the soil porosity in Figure 4.5. The value of DTHETA "Normal" as a 
function of soil texture is shown in Figure 4.9. This figure was prepared by 
subtracting the field capacity soil moisture in Figure 4.7 from the soil porosity in 
Eigure 4.5. The value of DTHETA "Saturated" is always equal to 0.0 because for 
this condition there is no available pore space in the soil matrix at the start of rainfall. 
Values of DTHET A for the three antecedent soil moisture conditions are shown in 
Table 4.2. DTHETA "Dry" should be used for soil that is usually in a state of low 
soil moisture such as would occur in the desert and rangelands of Maricopa County. 
DTHETA "Normal" should be used for soil that is usually in a state of moderate 
soil moisture such as would occur in irrigated lawns, golf courses, parks, and 
irrigated pastures. DTHETA "Saturated" should be used for soil that can be 
expected to be in a state of high soil moisture such as irrigated agricultural land. 

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

Ground cover, such as grass, litter, and rock will generally increase the infiltration 
rate over that of bare ground conditions. Similarly, canopy cover-such as from 
trees, brush, and tall grasses-can also increase the bare ground infiltration rate. 
The procedures and data that have been presented are for estimating the Green and 
Arnpt parameters based solely on soil texture and would be applicable for bare 
ground conditions. Past research has shown that the wetting front capillary suction 

::::::.:.;.;.;.:.:.::::::;::.:.:.:::.:.;.:.-.:. ::=:::.:.;:;:; :.:.;=:.:: .::; :.:.:-:.:::.:.:::.:.:.;.:.:.:.:.:.:.:.:.:-:.:.:.:.;.;.:.:.:. :.:.:.:.:.:.;.;.;.;.:::::.;:;:; .... :-:. 
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parameter (PSIP) 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, 1988) 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 adju,sl the bare ground hydraulic conductivity for vegetation cover is /1" i..15 
shown in Figure 4::;t:e: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 be used based on an estimate 
of vegetation cover as used by the Soil Conservation Service in soil surveys; that is, 
vegetation cover is evaluated on basal area for grasses and forbs, and is evaluated 
on canopy cover for trees and shrubs. Note that this correction can be applied only 
to soils other than sand and samiy-l~ID. I 

loo ~ ~ SCI f 

The influence of tillage results in a change in total porosity and therefore a need to 
modify the three Green and Ampt equation infiltration parameters. The effect of 
tillage systems on soil porosity and the corresponding changes to hydraulic con­
ductivity, wetting front capillary suction, and water retention is available (Rawls 
and Brakensiek, 1983). Although this information is available, it is not presented in 
this manual, nor is it recommended that these adjustments be made to the infiltra­
tion parameters for design purpose use in Maricopa County, because for most flood 

r }*ffiictton purposes it cannot be assumed that the soil will be in any particular state 
, of tillage at the time of storm occurrence and therefore the base condition infiltration 

parameters, as presented, should be used for flood p-redietitn°purposes. However, 
appropriate adjustments to the infiltration parameters can be made, as necessary, 
for special flood studies such as reconstitution of storm events. 
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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 4.11.'"'\ 
First, all rainfall is lost to runoff until the accumulated rainfall is equal to the initial 
loss; and second, after the initial loss is satisfied, a portion of all future rainfall is 
lost at a uniform rate. 

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

The value of IL "Dry" should be used for soil that is usually in a state of low soil 
moisture at or near the wilting point for vegetation. This is a reasonable assU1nption 
for most nonirrigated lands in Maricopa County because of the infrequency of 
rainfall and because of the rapid drainage of these soils after rainfall. The value of 
IL "Normal" should be used for soil that is usually in a state of moderate soil 
moisture such as occurs for irrigated lawns, turf, and permanent pastures. The 
value of IL "Saturated" is used for a soil maintained in a state of high soil moisture, 
such as in irrigated agricultural lands. 

Values of IL for bare ground that have been classified according to hydrologic soil 
group are shown in Table 4.4. These values within each hydrolOgiC soil group have 
been derived from the data in Table 4.3 for the various soil texture classifications. 

The uniform loss rate (CNSTL) represents the long-term, equilibrium infiltration 
ca pacity of the soil. The values of CNSTL shown in Column (2) of Table 4.3 for soils 
according to soil texture GlasSrn€ati0R are equivalent to the hydraulic conductivity 
at natural saturation (XKSAT) as determined for the Green and Ampt equation 
(Table 4.2). The values of STL for soils classified according to hydrologic soil 
groups are shown in Table 4 .. These values within each hydrologic soil group have 
been selected from inspection of XKSAT values in Table 4.2 for the various soil 
texture classifications. Values of CNSTL shown in Table 4.4 are consistent with 
general information available for estimating CNSTL as shown in Table 4.5. 

:-: .. :.:.:.;.:::.:. :: •• ;.;=:.:.:.;.;::-:::-:.;.::., •• :.:. :::.:.;.;::.:.:.:.:::.:-:.:=:=;=::;.;::::::::::: •.••• ::::: ••••••.••..••.• ::::::. ·;·:·:·:·z::·z·:·;.:::·:·:·:·:-:······:· ::::.:::::.:::.:::.:::.:::.:.::::: 
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INITIAL LOSS (STRTL) - SURFACE RETENTION LOSS + 
INITIAL INFILTRATION LOSS 

UNIFORM LOSS RATE (CNSTL) = fc 

RAINFALL 
EXCESS 

~~~~~~~~~~ _______ l __ _ 

TIME 

INFIL TRATION 
INITIAL INFILTRATION LOSS 

SURFACE RETENTION LOSS 

LI 
Figure 4. 

Representation of Rainfall Loss According to the 
Initial Loss Plus Uniform Loss Rate (IL+ULR) 
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Table 4.3 
Initial Loss Plus Uniform Loss Rate Parameter Values 

for Bare Ground according to Soil Texture Classification 

Soil Texture Uniform Loss Rate 
Initial LOS~, Inches 

IL 
Classification CNSTL Dry Normal 

(1 ) (2) (4) (5) 

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

loam 0.25 0.8 0.7 
silty loam ') /1 \ 0.15 0. \ 0.6 \ 0.5 

sandy clay loam 
r 

0.06 I' 0.6 ; 0.5 

clay loam 0.04 0.5 0.4 
silty clay loam 0.04 O.S 0.5 

sandy clay 0.02 0.4 0.3 
silty clay 0.02 0.4 0.3 

clay 0.01 0.3 0.2 
.. 

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

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

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

Saturated 
(6) 

0 
0 
0 
0 

\ 0 
I' 

0 
0 
0 
0 
0 
0 

Hydrologic Soil 
Initial LO~, Inches 

IL Uniform Loss Rate 
Group CNSTL Dry Normal sa~~d (1 ) (2) J4r d ~!j(/..I .'s: 

A 0.4 O.S 0.5 0 
B 0.25 0.5 0.3 0 
C 0.15 0.5 0.3 0 
D 0.05 0.4 0.2 0 

1 Selection of IL: 

60 

Dry = Nonirrigated lands such as desert and rangeland; 
Normal = Irrigated lawn, turf, and permanent pasture; 

Saturated = Irrigated agricultural land. 
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Table 4.5 
Published Values of Uniform Loss Rates 

Hydrologic Soli Uniform Loss Rate, Inches/hour 
Group Musgrave (1955) USSR (1975) I USSR (1988)~ 

(1 ) (2) (3) (4) 
A 0.30 - 0.45 0.40 0.30 - 0.50 

8 0.15 - 0.30 0.24 0.15 - 0.30 

C 0.05 - 0.15 0.12 0.05 - 0.15 

0 0-0.05 0.08 0-0.05 

1 Design of Small Dams, Second Edition, 1975, Appendix A 
2 Design of Small Dams, Third Edition, 1988 

';':';:::;::':':':':':':':'" 

Procedure for Estimating Loss Rates 

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

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

2. Estimate the hydraulic conductivity (XKSAT) for bare ground from Table 
4.2 if general soil texture classification is available. or tTf)m Figlue 4.3 if 
adequate soiltextUie data is a~ ailable frf)m an approved sampling pre­
gram 

ar propr,aie., 
3. If.desll=eQ., adjust the value ofXKSAT for the influences of vegetation cover 

using Figure 4.10. 

4. Estimate the wetting front capillary suction parameter (PSIF) from Table 
4.2 if general soil texture classification is available .ar from Figure 44 if0 
adequate soil lo<ture data is available from an appro~ed sampling progmm. f4. -
u " or', 4.5' ~ 

5. Estimate the value of DTHETA from Table 4.2 if general soil texture 
classification is available.or from either Figme 4.8 or 4.9 if adequate soil 
texture data is ava1lable flOm M't apprf) 'v'ed sampling program. The value 
of DTHETA must be selected based on the appropriate antecedent soil 
moisture · condition: "Dry" for nonirrigated lands such as desert and 
rangeland; "Normal" for soil that would be expected to be near soil 
moisture field capacity such as irrigated lawn, turf, and permanent pas­
ture; and, "Saturated" for irrigated agricultural land . 

•••••..•••••••...•••••..•••••..•..•••••••...•••••...•••••...••••..•••••....••••••..••••...••.•••••...••••..••.••..•.•.•••••.•• = .•••••.••.•.•••. : ..• :: •• ::.=:.:.:.:::.:=:.:::::.=.: .:.:::.:::::=:::.:=:=:.:::.;=:.:.:=:=:= :=:::.:=:.:::=:=:=:=:' .:=;:;.:::.:::.:.;.:.:.:.:.:::.:.:.:.:.:.;.:=:.:.:=:=. :.:.:::.:.;.:::.:.: .:::.:.:.:::::.:.:=:=:::::=:::=:.:.::::: .:.;. ;.:.:=:. :.:.:::.:.:.:.:.:.:. 
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6. Determine the land-use and/ or soil cover for the drainage area and use 
Table 4.1 to estimate the surface retention loss (IA). 

B. Altemativemethods: 

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

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

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

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

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

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

5. STRTL = IA + IL. 

.;.: .•••• :.: .•. ; .•.• :.:=: .• ::.:.:.:::.:.:=:.:.:::.:.:.:.:.:.;.: ;.;.;.;:;.:.;::.;.;.:.:::.: ••.• ; •...• : ..••• : ••••••••.•..•• :.:.:.:.:::.:::::.::: .• ;.: •...•.••.••••.• : ••••. ; ••. : .•.•.•.•. ;.:.: ••. :;::.:.:.:::.:.:.:.;.:.:.:.:.:.:.;.;.;.;.;.:.:.:.;.:.::;. ;.:: •.•. 
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Rainfall excess can be routed from a watershed to produce a storm discharge 
hydro graph 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 (Le., the momentum equation plus the continuity equation); or 2) 
hydrologic routing involving the application of the continuity equation. Kinematic 
wave routing, as available in HEC-1, is an example of Simplified hydraulic routing. 
Hydrologic routing is usually accomplished by either direct application of the 
equa tion of continuity CEqua tion 1), or a graphical procedure such as the application 
of the principles of the unit hydrograph. 

1-0= dS 
dt 

(1) 

Examples of hydrologic routing by direct application of the equation of continuity 
are the Oark 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 H ydrogra ph (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 H ydrogra ph, S-gra phs, and unit hydrogra phs that are deri ved direct-
1y from recorded runoff data. Graphical or tabular methods of routing rainfall excess 
by unit hydrographs are very amenable to hand-calculation methods commonly 
used before computers became readily available. Direct mathematical solution of 
the equation of continuity, such as the Clark Unit Hydrograph, is more efficiently 
conducted with computers and appropriate computer programs. 

The recommended procedures for routing rainfall excess in Maricopa County are 
either the Clark Unit H ydrogra ph or the a pplica tion of selected S-gra phs The Clark 

M H ,,(7/' r r /I I 
rJ( ,. r~y ), - } 
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Unit Hydrograph procedure, as described herein, is recommended for watersheds 
or subbasins less than about 5 square miles in size with an upper limit of application 
of 10 square miles. The application of S-graphs is recommended for use with major 
watercourses in Maricopa County. 

A unit hydro graph 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). 
The duration of rainfall excess is not generally equal to the rainfall duration, because 
a unit hydro graph is derived from or is to be representative of a specific watershed. 
A unit hydrograph is a lumped parameter and reflects all of the physical charac­
teristics of the watershed that will affect the time rate at which rainfall excess will 
drain from the land surface. 

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

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

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

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

1~1l 
Application ofthese principles requires a linear relation betwe . watershed outflow 
and storage within the watershed, S = KO. However, Mitchell (J...962') 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 of an 
ungaged watershed, and the assumption of linearity is a practical necessity in 
virtually all cases. 

Clark Unit Hydrograph 

. Hydrologic routing by the Clark Unit Hydrograph method is analogous to the 

. 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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where 

OJ = CIj + (l + C)Oi-l 

C = 2 llt 
2R+M 

(2) 

(3) 

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

Oi = O.5(Oj + OJ-l) (4) 

where Oi = the ordinates of the Clark Unit Hydrograph. 

The Clark method uses two numeric parameters, Tc and R, and a graphical 
parameter, the time-area relation. The first parameter, time of concentration (Tc) is 
the travel time of water from the hydraulically most distant point in the watershed 
to the outflow location. Clark (1945) defined this time as the time from the end of 
effective rainfall over the watershed to the inflection point on the recession limb of I I 
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 
hydro graphs from the watershed are not often available. 

The second parameter is the storage coefficient, R, which has the dimension of time. 
This parameter is used to account for the effect that temporary storage in the 
watershed has on the hydrograph. Several methods are available to estimate R from 
recorded hydro graphs 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 hydro graph by the rate of change of discharge (slope of the 
hydro graph) 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 hydro graphs 
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 
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from hydrograph analysis 

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

" 
The application of the Oark Unit Hyckograph method is best described with a 
simple example. A watershed is shown in Figure 5.3(a), and a rainfall hyetograph < 

':.3 and rainfall excess distribution are shown in Figure 5.3(b). For the example water- ~ 

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

where c = 60.5 ds/acre-inch/minute, and t.t = 5 minutes. 
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11 = (8 acres)(.10 inch)(60.5 cfs/ acre-inch/minute) / (5 minutes) 

= 9.7 cis 

At the end of 10 minutes the available runoff is 

c 12 = (AIR2 + A2Rl) x Llt 

= [(8)(.55) + (24)(.10)] x 6~.5 
= 82.3 cfs 

At the end of 15 minutes the available runoff is 

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

= [(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 + A3R2 + A4Rl) x Llt 

= [(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 L'it 

= [(8)(0) + (24)(.15) + (38)(.30) + (32)(.55) + (18)(.10)] x ~.5 
= 416.2 cfs 

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 Llt 

= [(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 + AsR3) x L1t 

= [(32)(.15) + (18)(.30)] x ~.5 
= 123.4 cfs 

At the end of 40 minutes the available runoff is 

c 
18 = (AsR4) x -

L1t 

= [(18)(.15)] x 60.5 
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 2 through 4 resulting in the final runoff 
hydro graph. 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 hydro graph 
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. 

Limitations and Applications 

There are no theoretical limitations governing the application of the Clark Unit 
Hydrograph; however, there are some practical limitations that should be observed. 
The method tha t is used to estimate the parameters may dicta te limita tions 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 be appropriate for that particular watershed, 
regardless of type or size. This is the preferred method of parameter estimation, but 
there will be limited opportunity for this approach because of the scarcity of 
instrumented watersheds in Maricopa County. The parameters could be estimated 
by indirect methods, such as a regional analysis of recorded data. In this case, 
application of the parameter estimation procedures should be applied only to those 
ungaged watersheds that are representative ofthe watersheds in the data base. Most 
often, the parameters are estimated by generalized relations that may have been 

:.:.:::::=:.:=:.:.:=::::: .:::::.:.:.;::=:.:::.:.:.:.:.:.:.:.:.:.;::.:.:.:.: .: ..... :.:.:.:::.:.:::.:::::=:::.:=:.:.:.:=:.:.:.:=:::::::=:::::::::::::::::::::.:::::.::::: ::::::.:.:::.:;.;.,.; :::.:.:.:.:::.:.:.:.::: ::.:.:::::.::::::::: ::.:.:::::::.:::::-:::.:::::::::::.::::':':', 
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developed from a relatively large and diverse data base. The parameter estimation 
procedures that are recommended herein are of this last category. 

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

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

Development of Parameter Estimators 

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

:::::a~~::J:::: Estimation of Parameters 

The following procedures are recommended for the calculation of the Oark Unit 
Hydrograph parameters for use in Maricopa County. Other general procedures, as 
previously discussed, can be used, however, these should be approved by the 
jurisdictional agency prior to adopting such procedures. 

~ 1 f • 

5.5.1 Time of Concentration 

7 r :4me of concentration is defined as the-travel-t4me,drning the eonespantting..PQReQ. 
mas intense rainfall excess, for water to travel from the hydrattlically m st 

Gistant point in the watershed to the point of interest (concentration point). An 
empirical equation for time of concentration, Tc, has been adopted with some 
procedural modifications from Papadakis and Kazan (1987). 

Time of concentration is defined as the travel t ime, du ring the 
'correspon ding period of most intense rainfall exces s, for a f loodwave to 
travel from the hydraulically mos t 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 eng ineering 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). Since a wave moves faster than a particle of water, the 
time of concentration (and catchment equilibrium) occurs soone r than if based 
on overland flow or channel water velocities. 
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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,S, is the average slope of the flow path w-hie . - 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 man­
ner. 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 watercourses should be adjusted by using Figure 5.4. 

The selection of a representative watershed resistance coefficient, Kb, similar in 
concept to Manning's n in open-channel flow, is very subjective and therefore a high 
degree of uncertainty is associated with its use. To diminish this uncertainty and to 
increase the reproducibility of the proced~rre, 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 requires the knowledge of both the distribution of 
rainfall excess intensity and the time of concentration,)!I hich is, of course, unknown. 
Therefore, Equation 5 must be solved in a trial-a~gTor procedure. First, the time 
distribution of rainfall excess must be estimat~iM jhe design rainfall distribution 
and a graph of average rainfall excess intensKj versus time prepared. Then a value 
of Tc is assumed and the corresponding value of i is read from the graph. Equation 
5 is solved with that value of i. If the calculated value of Tc is reasonably close to 
the value that was assumed for i then the solution is finished; if not, then assume a 
new value of Tc, recalculate i, and recalculate Tc with Equation 5. 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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Figure 5.4 
Slope Adjustment for Steep Watercourses In Natural Watersheds 

(Source: Drainage Criteria Manual, Urban Drainage and 
Flood Control District, Colorado, May 1984.) 
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Table 5.1 
Equation for Estimating Kb In the Tc Equation 

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

Equation Parameters 
Land Classification m b 

(1 ) (2) (3) 

Urban -0.00625 0.04 
Bare or nearly bare ground 

(allu,,'ial fanycigfi ulturalland, 
-0.01375 0.08 

desert rangeland) 
Rough and/or moderate vegetation -0.025 0.15 

(hillslopesj , .::l/(uu\~1 fQt'\) 
Very rough and/or dense vegetation -0.030 0.20 

(mountains) 

5.5.2 Storage Coefficient 
Very little literature exists on the estimation of the storage coefficient (R) for the 
Oark Unit Hydrograph. Clark (1945) had originally proposed a relation between 
Tc and R since they can both be defined by locating the inflection point of a runoff 
hydrograph (refer to Figure 5.2). The Corps of Engineers has discussed the develop­
ment of regionalized rela tions for Tc and R as functions of watershed characteristics 
in Training Document No.1S (U.S. Army Corps of Engineers, 1982b). According to 
Corps procedures, Tc and R are estimated from relations of Tc + Rand R/ (Tc + R) 
as functions of watershed characteristics. These forms of empirical equations indi­
cate an interrelation of Tc and R, and such dependence was observed in the data 
base, as discussed in the Documentation Manual. The equation for estimating R for 
Maricopa County is: 

R = 0.37Tcl.l 1 A-Q.57LO.80 (6) 

where R :::: storage coefficient in hours 

Tc :::: time of concentration in hours 

A :::: drainage area in square miles, and 

L :::: length of flow pa th in miles. 

5.5.3 Time-Area Relation 
Either a synthetic time-area relation must be adopted or the time-area relation for 
the watershed must be developed. If a synthetic time-area relation is not used, the 
time-area relation is developed by dividing the watershed into incremental runoff 
producing areas that have equal incremental travel times to the outflow location. 
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This is a difficult task and well defined and reliable procedures for this are not 
a vailable. 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 and 6. 

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

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

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

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

(7) 

0.5 ~ T* ~ 1.0 

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

T* = time in percent of Tc. 

Equation 7 is a symmetric relation and is not recommended for most watersheds in 
Maricopa County. 

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

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

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 interval can be, from a practical standpoint, 
too small of a NMIN could result in excessive computer output. Therefore, as a 
general rule the computation interval should meet the following: 

NMIN = 0.15Te (8) 

Equation 8 is preferred, however, as a general requirement NMIN should fall in 
the range indicated in Equation 9. 

O.lOTe ~ NMIN ~ 0.25Te (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 hydro graphs from these separate runs 
read directly into the multi-basin model. 
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S-Graphs 

An 5-graph is a dimensionless fonn of a unit hydrograph and it can be used in the 
place of a unit hydrograph in perfonning flood hydrology studies. The concept of 
the S-graph dates back to the development of the unit hydro graph itself, although 
the application of 5-graphs has not been as widely practiced as that of the unit 
hydrogra ph. The use of 5-gra phs has been practiced mainly by the U.S. Anny Corps 
of Engineers, Los Angeles District, and the U.S. Bureau of Reclamation (USBR). 

An example of an 5-graph from Design of Small Dams (USBR, 1987) is shown in 
. Figure 5.8. The discharge scale is expressed as percent of ultimate discharge (Qult), 
and the time scale is expressed as percent lag. Lag is defined as the elapsed time, 
usually in hours, from the beginning of an assumed continuous series of unit rainfall 
excess increments over the entire watershed to the instant when the rate of resulting 
runoff equals 50 percent of the ultimate discharge. The intensity of rainfall excess 
is 1 inch per duration of computation interval (~t) . An equivalent definition of lag 
is the time for 50 percent of the total volume of runoff of a unit hydro graph 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 
1 inch per duration (~t) unifonnly over the basin. Ultimate discharge (Qult), in cubic 
feet per second (ds), can be calculated from Equation 10: 

Q 
_ 645.33A 

ult - ~t 
(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 of unit hydro graphs, 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 Qult which occurs at a time 
equal to the base time of the unit hydro graph 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 Qult and the time scale 
by lag. 

In practice, 5-graphs have generally been developed by reconstituting observed 
floods to define a representative unit hydro graph and then converting this to an 
S-graph. Prior to the advent of computerized models, such as HEC-l, flood 
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Figure 5.8 
Example of an S-Graph from Design of Small Dams (USBR, 1987) 

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

Although an S-graph is completely dimensionless and does not have a duration of 
rainfall excess associated with it as does a unit hydro graph, its general shape and 
the magnitude of lag is influenced by the distribution of rainfall over the wa tershed 
and the time distribution of the rainfall. Therefore, the transposition of an S-graph 
from a gaged watershed to application in another watershed must be done with 
consideration of both the phYSiographic characteristics of the watersheds and the 
hydrologic characteristics of the rainfalls for the two watersheds. 

5.6.1 Limitations and Applications 
S-gra phs are empirical, lumped parameters tha t represent runoff characteristics for 
the watershed for which the S-graph was developed. S-graphs that are developed 
from recorded runoff data from one wa tershed can be applied to another wa tershed 
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 ofS-graphs is significantly affected by storm 
characteristics, particularly the maximum intensity of the rainfall. Therefore, it may 
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not be advisable to adopt 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 S-graph. Application of S-graphs requires the selection of an appropriate 
S-graph and the estimation of the one parameter, basin lag. Two S-graphs have been 
selected for use in Maricopa County and a method to estimate lag is provided. 

The USBR has revised the Flood Hydrology Studies chapter of Design of Small Dams 
(USBR, 3rd Edition, 1987), and it has identified S-graphs for application in six 
generalized regional and physiogra phic type of wa tersheds. Recently, the USBR has 
issued a Flood Hydrology Manual (Cudworth, 1989) that contains extensive discus­
sion of flood hydrology in general, and S-graphs in particular. Both of these 
references should be consulted before using S-graphs. The 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 5-graphs that previously had been defined by the Los Angeles 
District from a rather long and extensive history of analyses of floods in California. 

An S-graph can, in theory, be used in any application for which an unit hydrograph 
can be used. In practice an S-graph must be first converted to an unit hydro graph, 
and this can be done by one of two methods. First, The 5-graph can be converted to 
an unit-hydro graph manually; or second, the S-graph can be converted to an unit 
hydrograph by use of the LAPREI program. The LAPREI program is a HEC-l 
preprocessor program that converts a psuedo- HEC-l input file containing input 
for an S-graph to a valid HEC-l input file. The LAPREI program outputs the HEC-l 
input file with the 5-graph converted to an unit hydrograph, and the unit 
hydro graph is written to the HEC-l input file using the VI (Given Unit Graph) 
record. The use of LAPRE 1 greatly facilitates the use of S-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
puta tion interval, NMIN) selected for the development of the unit hydro gra ph 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 

82 

5-graphs for Maricopa County have been selected from a compilation of 5-graphs 
for the Southwestern United States that was recently completed (Sabot 1987). The 
sources of 5-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 S-graphs and 18 regional S-graphs. An individual S-graph is one that 
can be identified with the watershed from which data was used to develop the 
S-graph. Regional S-graphs are those that are graphical averages or modifications 
of individual S-graphs to produce an S-graph that is representative of a specific 
phYSiographic type of watershed. 
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5.6.3 S-Graphs for Use in Maricopa County 
Two regional S-graphs have been selected for use in flood hydrology studies of 
major watercourses in Maricopa County. These two are referred to as the Phoenix 
Mountain and the Phoenix Valley S-graphs. The Phoenix Mountain S-graph is to be 
used in flood hydrology studies of watersheds that drain predominantly moun­
tainous terrain. It should be used for the Agua Fria River above Rock Springs, New 
River above the Town of New River, the Verde River, Tonto Creek, and the Salt 
River above Phoenix. Although the Corps of Engineers developed a separate 
S-graph for Indian Bend Wash, it is nearly identical to the Phoenix Mountain 
S-graph which is also appropriate for Indian Bend Wash. 

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

These two S-graphs are shown in Figures 5.9 and 5.10, and the coordinates of the / 1 
graphs listed in Table 5.3. These same two 5-graphs have been selected for similar LJ I 
use in Maricopa County by the U.S. Army Corps of Engineers (1974 and 1982). The ., 
justification for the selection of these two S-graphs is provided in the Documenta-
tion Manual, and a more comprehensive presentation of S-graphs for Maricopa 1")") 
County is provided in the S-Graph Study report for the Flood Control District of 
Maricopa County (Sabol, 1987). It is possible that S-graphs other than the two that 
have been recommended for general use in Maricopa County be selected. The 
selection of S-graph should be made based on a comparison of the watershed of 
interest to the watershed(s) used to develop the various S-graphs. 

Therefore, either one of the two recommended S-graphs should be selected or the 
selection of otherS-graphs, such as from Design of Small Dams (USBR, 1987), should 
be approved by the jurisdictional agency before proceeding. 
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Table 5.3 
Tabulation of Coordinates for the 

Phoenix Valley and the Phoenix Mountain 5-Graphs 

Percent Ultimate Ti me in Percent Lag 
Discharge Phoenix Valley Phoenix Mountain 

(1 ) (2) (3) 

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

10 45.7 46.0 
12 50.0 49.8 
14 54.1 53.4 
16 58.0 56.8 
18 61 .7 60.0 
20 65.2 63.1 
22 68.5 66.1 
24 71.6 69.0 
26 74.6 71.8 
28 77.5 74.4 
30 80.2 76.8 
32 82.7 79.1 
34 85.0 81.2 
36 87.2 83.2 
38 89.0 85.1 
40 91.1 86.8 
42 92.9 88.8 
44 94.6 91.0 
46 96.3 93.8 
48 98.1 96.8 
50 100.0 100.0 
52 102.0 103.4 
54 104.1 107.0 
56 106.3 110.8 
58 108.6 114.7 
60 111.0 118.7 
62 113.5 122.9 
64 116.1 127.3 
66 118.8 131.9 
68 121.6 136.7 
70 124.5 141.7 
72 127.5 147.1 
74 130.7 152.8 
76 134.1 158.8 
78 137.7 165.5 

80 141.5 172.9 
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Table 5.3, continued 

Percent Ultimate Time In Percent Lag 
Discharge Phoenix Valley Phoenix Mountain 

(1 ) (2) (3) 
82 145.5 181.6 
84 149.9 191.0 
86 154.6 201 .0 
88 159.6 212.0 
90 165.6 226.0 
92 173.6 244.0 
94 186.6 265.0 
96 200.6 295.0 
98 223.6 342.0 

100 298.6 462.0 

5.6.4 Estimation of Lag 
The application of an 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 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. 

(11) 

The Corps of Engineers often uses C = 20Kn where Kn is the estimated mean 
Milnning' 5 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 11 will 
often result in similar estimates for Lag. Traditionally the exponent, p, on the slope 
is equal to 0.5. 

It should be noted that Kn is a measure of the hydraulic efficiency of the watershed 
and it is not necessarily a constant for a given watershed for all rainfall depths and 
rainfall intensities. As rainfall depth and/ or rainfall intensity increases the efficien­
cy of runoff increases and Kn decreases. Therefore, some adjustment in Kn should 
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be made for use with rainfalls of different magnitudes (frequencies). Generally, Kn 
is the smallest for extreme floods such 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, 1982) is shown in Figure 5.11. Several otherrelations 
that should be consulted when using S-graphs are contained in Design of Small Dams 
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 LLca/ (So.\ 

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

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

5. Estimate lag by Equation 9. 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 hydro graph reconstitutions of similar 
watersheds will provide the most reliable estimates of Kn and basin lag. 
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WITH 1oA0 ST WATERCOURSES EITHER IMPROVED OR ALONG PAVED 
STREETS. GROUND COVER CONSISlS Of SOME CRASSES WITH 
APPRECIABLE AREAS DEVELOPED TO THE EXTENT THAT A lARGE 
PERCENTAGE Of THE AREA IS IMPERVIOUS. 
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Channel R g 

General 

il:i::: 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 
of application assumes that the flow is not confined, and that surface configuration, 
flow pattern and pressure distribution within the flow depend on gravity. It also 
assumes that there is no movement of the bed or banks. In addition no backwater 
effects are considered. 

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

"","" "., •• ,,·.~!: ,';I,!,I Kinematic Wave Routing 

The Kinematic Wave Routing as described in HEC-1 can be applied for routing of 
overland flow, collector channels and the main channel. However, for the purposes 
of this manual the overland flow option of the Kinematic Wave will not be used. 
The overland flow analysis will be performed using the Maricopa County Unit 
Hydrograph Procedure (MCUHP), described in Chapter 5 of this manual. Once a 
hydrograph is generated through the MCUHP, it can be used as the inflow 
hydrograph for an urbanized open channel or a pipe where an outflow hydrograph 
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is required. These reaches can be treated as collector channels or the main channel 
as the case may be. 

6.2.1 Collector Channel 
Modeling of flow a t a point where it becomes channel flow to a point where it en ters 
the main channel is done as a collector channel element. It is assumed that the flow 
along the path of the channel is uniformly distributed. This is a proper assumption 
for a case when overland flow runs directly into a gutter. It is also a reasonable 
approximation of the flow as it passes through a storm drain system from a catch 
basin and the collector pipes along the collector channels. 

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

6.2.3 Parameter Selection 

92 

The data requirement for channel routing include surface drainage area, channel 
length and slope, channel shape and geometry, Manning's n, and the inflow 
hydrograph. The designer is referred to the HEC-l manual for the proper selection 
of these parameters. 

When working with the Kinematic Wave Method, it is important to be familiar with 
the computational procedures inherent in the model. In order to solve the governing 
equations which theoretically describe the Kinematic Wave Method, proper selec­
tion of time step and reach length are required. The designer will specify a channel 
reach length and a computational time step for the inflow hydrograph. This time 
step could very well be different from the one selected by the computer for 
computational purposes. Further more, the computer will use this information to 
select distance intervals based oxrthe 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 new version ofHEC-l will calculate the outflow peak by applying both 
the time step selected by the designer as well as the one selected by the computer. 
If the resulting peaks are not reasonably close, the designer can modify the selected 
time step or the reach length to improve the calculations. It should be noted that the 
computer will compare peak flow values for the main channel and not the collector 
channels. 
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Muskingum Routing 

Channel Routing 

.•.. Flow routing through natural channels can be accomplished by applying the 
.. Muskingum Routing technique. The main characteristic of natural channels with 

respect to routing is that the outflow peak can be drastically attenuated through 
storage loss, a process which is simulated by Muskingum routing. 

6.3.1 Parameter Selection 
Application of Muskingum Routing requires input values for parameters X and K. 
Parameter X has a range of values 0.0 to 0.5, where 0.0 represents routing through 
a linear reservoir and 0.5 indicates pure translation. Parameter K indicates ~r 
time-through the entire routed reach. There are several methods which can be used 
to estimate K such as average flow velocit I he time difference between peak inflow 
and peak outflow, or by using stage-discharge relationships. For more details the 
reader is referred to the HEC-l manual. ce again, since the computational method 
within HEC-l may result in an unstable solution, parameters K, X, and NSTPS 
(number of steps) must be checked to insure that an adequate number of subreaches 
is used. 

In those rare situations that observed inflow and outflow hydrographs are available, 
K, X, and NSTPS can be calibrated by trial and error to enable reproduction of 
ou tflow hydrographs. 

U. I R~ct f'1a -tIO 
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Appli n 

General , 'd I" 
The methodologies presented in this Manual are, for th most part, standard 
procedures and practices commonly used in hydrologic ~ However, the user 
of the manual may not always be familiar with these techniques because of a 
different previous experience or interest. A number of examples were developed to 
familiarize the user with the presented methods as well as the details of parameter 
estimation. In addition, this Chapter should provide some general suggestions to 
facilitate particular applications. 

Notes on Design Rainfall 

Examples 1 through 3 illustrate the development of a Depth-Duration-Frequency 
(D-D-F) table, an Intensity-Duration-Frequency (I-D-F) table, and a rainfalldistribu­
tion for a particular site. The user does not necessarily have to redesign the rainfall 
distributions since those presented in the manual are adequate for all of Maricopa 
County. Chapter 2, Table 2.1, and Pattern 1 of Table 2.2 contain those distributions, 
which were developed from data at Phoenix Airport. If different distributions are 
needed, Table 2.1 and Pattern 1 of Table 2.2 can be redeveloped. However, Patterns 
2 through 5 are appropriate for all locations without modification. 

M t ( 
A particular site might have orographic features, re ting in a 100-year, 6-hour 
rainfall depth, which differ significantly from the AI value. In that case, the 
short dura tion part of the rainfall such as the 15-minute depth maybe different from 
the one by Pattern 1. This will give a different peak outflow, justifying the design 
of a new distribution. 

As a note to developing D-D-F table, the user can alternatively use PREFRE, a 
computer program by the National Weather Service. PREFRE will produce the 
D-D-F Table by ~rforming the romputatioIls internally . 

•••••.•.•.•••.•...•••••.•••• ::.::: .;.;.:.;::.:.:.;.: .:::.:.:.:.:.:::.:.:.::::: .:::.;.:.:::.:.:::-:::.: ::.:::::::.:::.:=:::::::::;:.:.:.:.:.:::.:::::.:.:::.:::.:.:.:::.; .:.:.:.::: .:.:::-;.:.:.:.:.:.:.:.:.:.:.:: :.:.:-:.:.:.:.;.:::::.;.;.:.:.:=:::.: .....• 
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Notes on Calculating Loss Parameters 

1. Since many of the soil groups contain horizons of different textures, the top 
horizon mayor may not control the total volume and rate of infiltration. The 
decision of which soilla yer controls the infiltra tion ra te is based on soil texture, 
horizon thickness, and the accumulated depth of water during the initial 
low-intensity period of a design storm. As a general rule, sandy and loamy 
sand soils less than 2 inches thick will not act as the controlling horizon during 
a 100-year design storm. " 

0 # ~ 

2. Percent Sand & Grav Sand is defined by the SCS as that percentage of the 
soil matrix between ·.5 and 2.0 mm. in diameter. The SCS Soil Survey books 
list a percentage of each soil type passing sieve #200, which has openings of 
0.074 mm. It can therefore be assumed as an estimate that the percentage of 
particles retained by this sieve are sand size and larger. It will also be assumed 
that soils with particle size between 2.0 mm and 3.0 inches (gravel) have 
infiltration rates greater than or equal to sand. This is necessary because Green 
& Ampt and IL+VLR loss parameters have not been developed for cobbly, 
gravelly, channery, etc. soils. 

When choosing the value for percent sand and clay, choose the median value 
from the range listed in the ''Engineering Index Properties" and "Physical and 
Chemical Properties" tables. For example, if a range of 10 to 35 percent clay is 
listed, choose 22.5 percent. On rare occasions, the sum of the median values 
for percent sand and clay will be greater than 100 percent. In this case, adjust 
both values equally until they total 100. With a known percent sand and clay, 

,1- ent Figure 4 in the appen~ to determine the textural class for that particular 
--"'s~o'!'17"'. Then choose Green & Ampt loss parameters from Table 4.2 or IL+ULR 

parameters from Tables 4.3 and 4.4. 

3. Most soil map units consist of major and minor soil areas, as listed in the 
"General Soil Map Units" sections of the Soil Survey books. The deSCriptions 
will list the percentage of each of the major soils, and one"ercentagesfor.,a-rr tt,e 
(usuallv 2 to 4) minor soils. When calculating weighted averages for the minor 

. WitCII onl,lj oneJ'.!rcer 't4gt: ,~ I jS~u(, . . 
soilst assume an t:yua contnbution from each. For example, If a mmor group 
makes up 20 percent of the map unit and consists of 3 soils, then each group 
member contributes (20/3)=6.67 percent. '*' 

4. Hydrologic Soil Groups: It is often necessary to check the hydrologic soil group 
classifications against the textural infiltration rates and the controlling 
horizon. In some cases, "C" and "D" soils may be so designated because of an 
underlying hardpan, but it may be at an unreasonable depth given a two ar 
six-hour design storm. In many cases, "D" soils are so designated because of 
a large percentage of exposed, impervious rock outcrop. When using the 
IL+VLR loss rate method in HEC-l with hydrologic soil groups in this situa­
tion, do not use the ''D'' soil loss rate parameters with the impervious cover 
value (RTIMP), or severe underestimation oflosses will occur. 

b~1'G ~ rourd *" A wefght:ed valcu~, of II XKSAT C.:tV1 be::.. used -Co 
Cct/cu fa t~ cJ ~ corrt:s/,OPld/HJ Va lUG oP 
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b/. Hydrologic soil groups can be weighted in the following manner: 

A=l B=2 C=3 0=4 

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

(.20)(2) + (.25)(3) + (.55)(4) = 3.35 

Since 3.35 is less than 3.5, round down to 3.0, and choose "C" group loss 
parameters for this soil group. 

Textural Classes: Textural class descriptions, as used in this context, contain 
only adiectives from the three primary textures: sand, silt. and clay. To d eter-

ADOl1"ION> 

#5. Use caution when applying impervious cover percentages using 
the RTIMP variable. Remember that RTIMP will directly convert the assigned 
percentage of areal excess rainfall to runoff. If the SCS soil description 
lists a soi l group as having 25 % rock outcrop, 25 % of the area will contribute 
direct runoff to the outlet only if the rock outcrop areas are hydraulically 
connec t ed, whi ch is rarely the case. This situation also exists in urban 
areas, where t he impervious areas are streets and driveways rather than rock 
outcrop . Good judgement should be used to assess flowpaths and the 
infiltration characteristics of soils adjacent to impervious areas when using 
the RTIMP var i able. 

• I 
CAQll1t-'.~", ureen & Ampt and IL+ULR (by soil texture) loss parameters have 
been calculated for Maricopa County soils and are presented in Appendices 
A, B, and C. Choose the parameters for each soil type within a Map Unit, then 
calculate a weighted average as in Step 3 of Example 5. 

10. There are currently three Soil Survey volumes available for Maricopa County 
and adjoining areas, generally in the central, eastern, and northern regions. 
Copies of the Soil Surveys can be obtained from the Soil Conservation Service 
Field Offices. 

Notes on Calculating Parameters for use in the 
Clark Unit Hydrograph 

1. Tc represents the time for wa :eh o h avel from the hydraulically most distant 
point in the watershed to the outlet during the most intense period of rainfall 
excess. The flow pa th length (L) represen ts the hydraulic length corresponding 
to Tc. For a natural channel, L is the length of watercourse from the outlet to 
a point defining the hydraulically most distant point. For an urban basin where 
flow is mainly in streets and no primary channels exist, an average flow path 
should be selected, such as a line parallel to grade from the outlet to the upper 
watershed boundary . 

. =:::':':::':::::::::::':::':';::' ................................ : ••..•.• : .•..•..•.•....•••••••.•.•••••...••••..•.•.•...•.•...........•.•.•••...•••••••••. .••• : ••..•••••..••••••••••••••••••••• :.:::.:.::. :::.:-:.:.:.;.:.:::::.:.:::.:.:.:.::. :.:.:.:.:::::::.:.:.:.:-: :.:.: •• •• . .. .... . ....•.•.•..••.•••...•••.•.•••••••••..•••••.•..••..•..•.•••.•..•••••.•......••••••..•••..•..••..•• 
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2. Excess Rainfall Values: When developing the peak period of rainfall excess on 
the "Calculation ofTc & R" worksheet (Appendix E), start at the highest depth 
for the Llt used, then choose the largest value above or below the peak, then 
the value above or below those two, and so on so that a contiguous grouping 
results. Do not list the depth values in a strictly descending order unless they 
are contiguous. Example: 

Time Excess(in) Rank Sorted 

1415 0.21 6 0.40 

1420 0.28 5 0.35 

1425 0.35 2 0.32 

1430 0.40 -> 1 -> 0.33 

1435 0.32 3 0.28 

1440 0.33 4 0.21 

1445 0.18 7 0.18 

Alternatively, program "MCUHPI/l can be used to calculate Tc and R This 
program will also construct the basin HEC-l input file for immediate application. 

3. Worksheet: The worksheet allows a maximum of eight excess rainfall values to 
be entered, and this is sufficient in most cases. As a result, if Llt = 5 minutes 
(where Llt is hydro graph time step), then Tc should be less than (8*5)=40 
minutes. For Llt = 10 minutes, Tc < 80 minutes, and so on. Remember that in no 
case should Tc be less than Llt for computational stability . 

.. ; th overall slopes greater than 200 

• 
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the designer as well as the one selected by the computer. Ii the resulting peaks are 
not reasonably close, the designer can modify the selected time step or the reach 
length to improve the calculations. It should be noted that the computer will 
compare peak flow values for the main channel and not the collector channels. 

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

Notes on Developing Muskingum Parameters 

1. The following parameter estimation procedures apply primarily to natural 
stream channels which convey a significant amount of flow in the overbank 
areas during deSign-frequency events. 

2. NSTPS: The choice of a number of subreaches for a particular stream reach can 
be checked for computational stability using the following equation from the 
HEC-1 Manual, (Hydrologic Engineering Center, HEC-1, 1985): 

I(~ 

1 < K ~ 1 
2 (1 - X) - NSTPSL1t 2 (X) 

whereK = the travel time through the entire reach in hours 

x = Muskingum 'X' 

L1t = the computational time step (hrs), 

NSTPS = the integer number of subreaches. 

3. K: K is the travel time of the floodwave peak through the entire reach. 
Calculation using Manning's equation is usually an appropriate method for 
estimating the floodwav~el~i~~, with the following provisions: 

~"'e-Ig,._'" V", 
A. Use an average channel area and wetted perimeter for the reach­

assume bankfull conditions. 

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

C. Calculate an average flow velodty for the reach (V) . 

. :.:.:::;;.; .;::=:.:.:.;.;.:.;-:.:. :.:.;.:.;::.:.:.: .·.·.·.·;·.·.·;·.:.·:·.:z::: ,.::.;.;::::.:::.:.:: .. ; 
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D. Use the following ratios by the U.S. Bureau of Reclamation, 1989, to 
estimate Vm, wave celerity: rl I 

t~c. I Ve ; 
_C_h_a_n_n_e_l G_eo_m_et_r ...... y ____ Vr.I/V 
Wide rectangular 1.67 
Wide parabolic 1.44 
Triangular 1.33 

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

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

Notes on the Application of S-graphs 

: The recommended S-graphs for Maricopa County, i.e., Phoenix Mountain and 
Phoenix Valley S-graphs, should only be applied to large, natural watersheds~This 
is in part due to the fact that the original data base in Arizona applied the methodol­
ogy to large watersheds. As a lower limit of application a watershed area of 5 square 
miles can be considered, although that should be used as the absolute minimum 
size. 

The manual discusses two slightly different methods of LAG computation, one by 
the US Corps of Engineers and one by the US Bureau of Reclamation. The recom­
mended method would be the one by the US Corps of Engineers. 

Program "MCUHP2" can be Used to convert an S-graph into a unit-graph. This 
program, w hUe similar to LAPRE1 (Section 5.6.1), shall provide the necessary basin 
HEC-1 file with the appropriate rainfall pattern distribution. 

*" -r he. ~ f\O~ V III ~ S - J VI G...A I' ' ( 
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Aguila-Carefree Loss Rate Parameters 

Fragments X KSATI IL (In) IL (In) 
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I (Normal) 

Unit # Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G. 

1 Antho Sandy Loam (0-3) 65 10 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 B 
Calc. & Non. 

2 Antho Gravelly Sandy Loam (0-3) 75 10 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 B 

Calc. & Non. 

3,4 Antho Sandy Loam (0·3) 65 10 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 B 
Carrizo Very Gravelly Sand (0-28) Sandy 92.5 5 Sand 4.60 1.9 0.35 0.30 1.3 1.3 A 
Maripo Loam (0-18) 65 10 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 B 

5 Anthony Very Gravelly Sandy Loam (2-40) 80 7.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B 

6,7 Anthony Very Gravelly Sandy Loam (2-40) 80 7.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B 
Arizo Very Gravelly Sandy Loam (1·8) 85 12.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A 

8 Arizo Very Cobby Sandy Loam (1-8) 70 12.5 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 A 

9 Beeline Sandy Loam (1·9) 57.5 17.5 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 0* 

Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 0* 

10,11 Brios Gravelly Coarse Sand (2-60)-6raveliy" 87.5 8.5 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A 

Carrizo Coarse Sand (2-60) 92.5 2.5 Sand 4.60 1.9 0.35 0.30 1.3 1.3 A 

12 Carefree Cobbly Clay Loam (0-1) 35 35 Clay Loam 0.04 B.2 0.25 0.15 0.5 0.4 0* 

• • • 



• e 

Fragments 
Map U.S.D.A. Soli Texture >0.0074 Textural Class 

Unit # Soli Name (Control Horizon) mm,% Clay, % (Appendix) 

13 Carefree Cobbly Clay (0-1 ) 25 47.5 Clay 

Beardsley Cobbly Clay Loam (0-2) 37.5 27.5 Loam 

14 Carrizo Gravelly Coarse Sand (1-60) 92.5 2.5 Sand 

15 Carrizo Gravelly Sandy Loam (0-5) 75 10 Sandy Loam 

Gunsight Very Gravelly Loam (1·60) 80 15 Sandy Loam 

16,17 Cellar Very Gravelly Sandy Loam (0-3) 80 17.5 Sandy Loam 

18 Cherioni Very Gravelly Sandy Loam (1·10) 87.5 12.5 Loamy Sand 

19,20 Chuckawalla Extremely Gravelly Loam (0-2) 77.5 15 Sandy Loam 

Gunsight Very Gravelly Loam (0-3) n.5 20 Sandy Loam 

21 Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Clay Loam 

22,23 Contine Clay Loam (0-2) 22.5 36 Clay Loam 

24 Continental Clay Loam (0-1) 37.5 27.5 Clay Loam 

25 Continental Clay (0-1) 22.5 45 Clay 

26 Continental Cobbly Clay Loam (0-2) 40 31 Clay Loam 

27 Continental Clay Loam (0-1) 37.5 27.5 Clay Loam 

Mohave Sandy Loam (0-2) 65 15 Sandy Loam 

• • 

XKSATI 
CNSTL PSIF 
(In/hr) (In) 

0.01 12.4 

0.25 4.3 

4.60 1.9 

0.40 3.5 

0.40 3.5 

0.40 3.5 

1.20 2.4 

0.40 3.5 

0.40 3.5 

0.06 8.6 

0.04 8.2 

0.04 8.2 

0.Q1 12.4 

0.04 8.2 

0.04 8.2 

0.40 3.5 

• 

Agulla-Carefree Loss Rate Parameters, continued 
Page 2 of 9 

IL (In) IL(ln) 
DTHETA DTHETA (Dry) I (Normal) 

(Dry) (Normal) (Top Horizon) H.S.G. 

0.15 0.05 0.3 0.2 D 
0.35 0.25 0.6 0.5 C 

0.35 0.30 1.3 1.3 A 

0.35 0.25 0.7 0.6 A 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 0' 

0.35 0.30 0.8 0.8 D' 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 B 

0.25 0.15 0.6 0.5 D' 

0.25 0.15 0.5 0.4 C 

0.25 0.15 0.5 0.4 C 

0.15 0.05 0.3 0.2 C' 

0.25 0.15 0.5 0.4 C 

0.25 0.15 0.5 0.4 C 

0.35 0.25 0.7 0.6 B 

• 



Fragments 
Map U.S.D.A. Soli Texture >0.0074 Textural Class 

Unlt# Soli Name (Control Horizon) mm,% Clay, % (Appendix) 

28 Continental Cobbly Clay Loam (0-2) 40 31 Clay Loam 

Ohaco Gravelly Loam (0-2) 52.5 23.5 Sandy Clay Loam 

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

Momoli Gravelly Sandy Loam (0-10) 75 15 Sandy Loam 

Carrizo Gravelly Sandy Loam (0-10) 75 10 

31.32 Dixaleta Extremely Channery Sandy Loam (1-8) 83.75 16.25 Sandy Loam 

33.34, Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 

35 

36 Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 

Continental Clay Loam (0-1) 37.5 27.5 Clay Loam 

37,38 Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 

Continental Clay Loam (0-1) 37.5 27.5 Clay Loam 

Cave Loam (1-14) 50 12.5 Loam 

39 Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 

Nickel Gravelly Loam (1-10) 65 20 Sandy Loam 

Cave Loam (1-14) 50 12.5 Loam 
--------_._--- --- -- --- ------

• • 

XKSATI 
CNSTL PSIF 
(In/hr) (In) 

0.04 8.2 

0.06 8.6 

0.40 3.5 

0.40 3.5 

0.40 3.5 

0.40 3.5 

0.04 8.2 

0.40 3.5 

0.04 8.2 

0.25 4.3 

0.40 3.5 

0.40 3.5 

0.25 4.3 

Agulla-Carefree Loss Rate Parameters, continued 
Page 3 of 9 

IL (In) IL (In) 
DTHETA DTHETA . (Dry) I (Normal) 

(Dry) (Normal) (Top Horizon) H.S.G. 

0.25 0.15 0.5 0.4 C 

0.25 0.15 0.6 0.5 C 

I B 
0.35 0.25 0.7 0.6 B 

A 

0.35 0.25 0.7 0.6 D· 

0.35 . 0.25 0.7 0.6 C· 

0.35 0.25 0.7 0.6 C· 

0.25 0.15 0.5 0.4 C 

0.35 0.25 0.7 0.6 C· 

0.25 0.15 0.5 0.4 C 

0.35 0.25 0.6 0.5 O· 

0.35 0.25 0.7 0.6 C· 
0.35 0.25 0.7 0.6 B 
0.35 0.25 0.6 0.5 O· 

• 

I 



e • 

Fragments 
Map U.s.D.A. 5011 Texture >0.0074 Textural Class 

Unlt# 5011 Name (Control Horizon) mm,% Clay,% (Appendix) 

40, 41, Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 

42, 43 Pinaleno Very Gravelly Clay Loam (0-1) 65 35 Sandy Clay Loam 

44 , 45 Ebon Very Gravelly Sandy Clay (1 -43) 65 35 Sandy Clay Loam 

46 Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 

Contine Clay Loam (0-2) 22.5 36 Clay Loam 

47 Eben Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 

Gunsight Very Gravelly Sand Loam (0-3) 85 12.5 Loamy Sand 

Cipriano Very Gravelly Loam (0-8) 72.5 20 Sandy Loam 

48,49 Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 

Pinampt Extremely Gravelly Sandy Loam (0-3) 88.75 11.25 Loamy Sand 

50 Estrella Loam (0-21) 40 17.5 Loam 

51,52 Gachado Very Gravelly Sandy Clay Loam (2-8) 77.5 22.5 Sandy Clay Loam 

Lomitas Very Gravelly Sand Loam (2-17) 80 15 Sandy Loam 

53 Gadsden Clay (Q-3) 15 52.5 Clay 

54 Gila Fine Sandy Loam (0-2) 42.5 15 Loam 

55, 56 Gilman Loam (Q-5) 35 23.5 Loam 

57 Gilman Clay Loam (0-11) 25 32.5 Clay Loam 

• • 

X KsATI 
CNsTL PslF 
(In/hr) (In) 

0,40 3.5 

0.06 8.6 

0.06 8.6 

0.06 8.6 

0.04 8.2 

0.06 8.6 

1.20 2.4 

0.40 3.5 

0.06 8.6 

1.20 2.4 

0.25 4.3 

0.06 8.6 

0.40 3.5 

0.01 12.4 

0.25 4.3 

0.25 4.3 

0.04 8.2 

• 

Agulla-Carefree Loss Rate Parameters, continued 
Page 4 of 9 

IL (In) IL(ln) 
DTHETA DTHETA (Dry) I (Normal) 

(Dry) (Normal) (Top Horizon) H.s.G. 

0.35 0.25 0.7 0.6 C* 

0.25 0.15 0.6 0.5 S* 

0.25 0.15 0.6 0.5 C 

0.25 0.15 0.6 0.5 C , 

0.25 0.15 0.5 0.4 C 

0.25 0.15 0.6 0.5 C 

0.35 0.30 0.8 0.8 S 
0.35 0.25 0.7 0.6 0* 

0.25 0.15 0.6 0.5 C 

0.35 0.30 0.8 0.8 S 

0.35 0.25 0.6 0.5 S 

0.25 0.15 0.6 0.5 0* 

0.35 0.25 0.7 0.6 0* 

0.15 0.05 0.3 0.2 0 

0.35 0.25 0.6 0.5 S 

0.35 0.25 0.6 0.5 B 

0.25 0.15 0.5 0.4 B* 

• 



Fragments 
Map U.S.D.A. Soli Texture >0.0074 Textural Class 

Unh# Soli Name (Control Horizon) mm,% Clay, % (Appendix) 

58,59 Gilman Loam (0-2) 35 23.5 Loam 

Momoli Gravelly Sandy Loam (0-22) 75 15 Sandy Loam 

Denure Gravelly Sandy Loam (0-9) 75 12.5 Sandy Loam 

60 Glenbar Loam (0-6) 25 23.5 SinyLoam 

61 ,62, Gran Very Graveny Sandy Clay (1-12) 66.25 33.75 Sandy Clay Loam 

63,64 Wickenburg Very Gravelly Sandy Loam (1-12) 77.5 20 Sandy Loam 

65 Grey Eagle Very Gravelly Loam (0-5) 67.5 14 Sandy Loam 

Continental Loam (0-2) 37.5 27.5 Loam 

Nickel Very Gravelly Loam (0-5) 70 17.5 Sandy Loam 

66 Grey Eagle Very Gravelly Loam (0-5) 67.5 14 Sandy Loam 

Sun City Variant Clay Loam (2-9) 50 30 Sandy Clay Loam 

67 Guest Clay (0-2) 15 45 Clay 

68,69 Gunsight Very Graveny Loam (1-60) 81.25 18.75 Sandy Loam 

Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Loam 

70,71 Gunslght Very Graveny Loam (0-11) 77.5 20 Sandy Loam 

Rillito Gravelly Loam (0-12) 60 14 Sandy Loam 
---_ .. _----

• • 

X KSATI 
CNSTL PSIF 
(In/hr) (In) 

0.25 4.3 

0.40 3.5 

0.40 3.5 

0.15 6.6 

0.06 8.6 

0.40 3.5 

0.40 3.5 

0.25 4.3 

0.40 3.5 

0.40 3.5 

0.06 8.6 

0.01 12.4 

0.40 3.5 

0.40 3.5 

0.40 3.5 

0.40 3.5 

Agull8-Carefree Loss Rate Parameters, continued 
Page 5 of 9 

IL (In) IL(ln) 
DTHETA DTHETA (Dry) I (Normal) 

(Dry) (Normal) (Top Horizon) H.S.G. 

0.35 0.25 0.6 0.5 B 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 B 

0.40 0.25 0.8 0.7 B 

0.25 0.15 0.6 0.5 0* 

0.35 0.25 0.7 0.6 0* 

0.35 0.25 0.7 0.6 0* 

0.35 0.25 0.6 0.5 C 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 0' 

0.25 0.15 0.6 0.5 0* 

0.15 0.05 0.3 0.2 0 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 0' 

0.35 0.25 0.7 0.6 B 
0.35 0.25 0.7 0.6 B 
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Fragments 
Map U.S.O.A. Soli Texture >0.0074 Textural Class 

Unlt# Soli Name (Control Horizon) mm,% Clay,% (Appendix) 

72, 73 Lehmans Very Gravelly Clay Loam (Q.2) 70 30 Sandy Clay Loam 

74 Luke Very Gravelly Sandy Clay (1-2B) 63.75 36.25 Sandy Clay Loam 

Cipriano Very Gravelly Loam (Q.6) 72.5 20 Sandy Loam 

75,76, Mohall Loam (Q.7) 25 27.5 Loam 

77, 7B, Loam (Q.7) 32.5 22.5 Loam 

79. Clay Loam (Q.2) 25 27.5 loam 

Clay loam (Q.6) 32.5 35 Clay loam 

Clay (Q.12) 20 45 Clay 

80, 81 Mohall loam (Q.2) . 25 27.5 Loam 

Tremant Clay loam (1-5) 45 32.5 Sandy Clay loam 

82, 83, Mohave Clay Loam (2-20) 25 27.5 Loam 

84, 85, loam (Q.2) 30 23.5 Loam 

86 Loam (Q.2) 35 17.5 Loam 

Clay Loam (Q.6) 25 35 Clay Loam 

Clay Loam (Q.2) 27.5 33.5 Clay loam 

87 Mohave (Noncalc) Clay Loam (2-20) 25 27.5 loam 

Mohave (Calc) Loam (2-20) 35 27.5 Loam 

• • 

X KSATI 
CNSTL PSIF 
(In/hr) (In) 

0.06 B.6 

0.06 B.6 

0.40 3.5 

0.25 4.3 

0.25 4.3 

0.25 4.3 

0.04 B.2 

0.01 12.4 

0.25 4.3 

0.06 B.6 

0.25 4.3 

0.25 4.3 

0.25 4.3 

0.04 8.2 

0.04 8.2 

0.25 4.3 

0.25 4.3 

e 

Agull8-Carefree Loss Rate Parameters, continued 
Page 6 of 9 

IL (In) IL(ln) 
OTHETA OTHETA (Dry) I (Normal) 

(Dry) (Normal) (Top Horizon) H.S.G. 

0.25 0.15 0.6 0.5 0" 

0.25 0.15 0.6 0.5 C 

0.35 0.25 0.7 0.6 0" 

0.35 0.25 0.6 0.5 8 

0.35 0.25 0.6 0.5 8 

0.35 0.25 0.6 0.5 8 

0.25 0.15 0.5 0.4 8" 

0.15 0.05 0.3 0.2 8" 

0.35 0.25 0.6 0.5 8 

0.25 0.15 0.6 0.5 8" 

0.35 0.25 0.6 0.5 8 

0.35 0.25 0.6 0.5 8 

0.35 0.25 0.6 0.5 8 

0.25 0.15 0.5 0.4 8" 

0.25 0.15 0.5 0.4 8" 

0.35 0.25 0.6 0.5 B 
0.35 0.25 0.6 0.5 8 

• 
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Fragments 
Map U.S.D.A. Soli Texture >0.0074 

Unit # Soli Name (Control Horizon) mm, % Clay, % 

88 Mohave Clay Loam (2-20) 25 27.5 

Guest Clay Loam (0-2) 20 35 

89 Mohave Clay Loam (2-20) 25 27.5 

Tres Hermanos Gravelly Loam (0-2) 40 17.5 

90 Momoli Gravelly Sandy Loam (0-3) 75 15 

91,92 Momoli Very Gravelly Loam (1 -60) 77.5 15 

Carrizo Very Gravelly Sandy Loam (0-11) 85 10 

93,94 Nickel Gravelly Loam (1-10) 65 15 

Cave Loam (1 -14) 50 12.5 

95 Ohaco Clay (2-27) 27.5 40 

96,97 Pinaieno Gravelly Clay Loam (1-12) 60 35 

Tres Hermanos Very Gravelly Clay Loam (2-22) 47.5 25 

98,99 Pinamt Very Graveny Sandy Clay Loam (1 -28) 76.25 23.75 

Tremant Gravelly Loam (0-5) 65 15 

100 Quilotosa Extremely Gravelly Loam (2-14) 88.75 11.25 

Valva Very Gravelly Loam (0-3) 67.5 12.5 
----- ------

• 

XKSATI 
Textural Class CNSTL PSIF 

(Appendix) (In/hr) (In) 

Loam 0.25 4.3 

Clay Loam 0.04 8.2 

Loam 0.25 4.3 

Loam 0.25 4.3 

Sandy Loam 0.40 3.5 

Sandy Loam 0.40 3.5 

Loamy Sand 1.20 2.4 

Sandy Loam 0.40 3.5 

Loam 0.25 4.3 

Clay Loam 0.04 8.2 

Sandy Clay Loam 0.06 8.6 

Sandy Clay Loam 0.06 8.6 

Sandy Clay Loam 0.06 8.6 

Sandy Loam 0.40 3.5 

Loamy Sand 1.20 2.4 

Sandy Loam 0.40 3.5 

• 

Agulla-Carefree Loss Rate Parameters, continued 
Page 7 of 9 

IL (In) IL (In) 
DTHETA DTHETA (Dry) I (Normal) 

(Dry) (Normal) (Top Horizon) H.S.G. 

0.35 0.25 0.6 0.5 B 

0.25 0.15 0.5 0.4 0 

0.35 0.25 0.6 0.5 B 

0.35 0.25 0.6 0.5 B 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 B 

0.35 0.30 0.8 0.8 A 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.6 0.5 0 ' 

0.25 0.15 0.5 0.4 C 

0.25 0.15 0.6 0.5 B' 

0.25 0.15 0.6 0.5 B' 

0.25 0.15 0.5 0.4 B' 

0.35 0.25 0.7 0.6 B 

0.35 0.30 0.8 0.8 0' 

0.35 0.25 0.7 0.6 0' 

• 
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Fragments 
Map U.S.D.A. Soli Texture >0.0074 Textural Class 

Unit # Soli Name (Control Horizon) mm, % Clsy, % (Appendix) 

101 , 102 Rillito Loam «()'24) 57.5 14 Sandy Loam 

Rillito Gravelly Loam (0-14) 60 14 Sandy Loam 

103 Gachado Very Gravelly Sandy Clay Loam (1 ·7) 73.75 26.25 Sandy Clay Loam 

104,105 Lehmans Very Gravelly Clay Loam «()'2) 70 30 Sandy Clay Loam 

106, 107 Sal Very Gravelly Clay Loam (2-20) 71.75 27.75 Sandy Clay Loam 

Cipriano Very Gravelly Sandy Loam (0-20) 72.5 20 Sandy Loam 

108,109 Schenco Very Channery Loam (2-11) 70 21 Sandy Clay LOJrn 

110 Sun City Clay Loam (1-9) 45 30 Sandy Clay Loam 

-- Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Loam 
~. 112, Tremant Gravelly Sandy Loam (0-9) 65 15 Sandy Loam 

~ /11 113, 114 

115 Tremant Gravelly Sandy Loam (0-9) 65 15 Sandy Loam 

Antho Sandy Loam (0-3) 65 10 Sandy Loam 

116,117 Tremant Clay Loam (2-26) 45 32.5 Sandy Clay Loam 

Gunsight Very Gravelly Sandy Loam «()'10) 85 12.5 Loamy Sand 

Ril lito Gravelly Loam (2-60) 55 20. Sandy Loam 
-----

• • 

XKSATI 
CNSTl PSIF 
(In/hr) (In) 

0.40 3.5 

0.40 3.5 

0.06 B.6 

0.06 8.6 

0.06 8.6 

0.40 3.5 

0.06 8.6 

0.06 8.6 

0.40 3.5 

0.40 3.5 

0.40 4.3 

0.40 3.5 

0.06 8.6 

1.20 2.4 

0.40 3.5 

•• 

Agulla-{;arefree Loss Rate Parameters, continued 
Page 8 of 9 

IL (In) IL(ln) 
DTHETA DTHETA (Dry) I (Normal) 

(Dry) (Normal) (Top Horizon) H.S.G. 

0.35 0.25 0.7 0.6 S 

0.35 0.25 0.7 0.6 B 

0.25 0.15 0.6 0.5 D* 

0.25 0.15 0.6 0.5 0* 

0.25 0.15 0.6 0.5 O· 
0.35 0.25 0.7 0.6 0* 

0.25 0.15 0.6 0.5 O· 

0.25 0.15 0.6 0.5 O· 
0.35 0.25 0.7 0.6 D' 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 B 

0.25 0.15 0.6 0.5 S· 

0.35 0.30 0.8 0.8 B' 

0.35 0.25 0.7 0.6 S 

• 



Map 
Unit # 

118 

119 

120 

121 

122 

123 

124 

125 

Fragments \ XKSAT! 
U.S.O.A. Soli Texture >0.0074 Textural Class CNSTL 

Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) 

Tremant Gravelly Sandy Loam (0-9) 65 15 Sandy Loam 0.40 

Rillito Gravelly Loam (0-12) 60 14 Sandy Loam 0.40 

Tremant Gravelly Loam (0-9) 65 15 Sandy Loam 0.40 

Sun City Clay Loam (2-12) 45 30 Sandy Clay Loam 0.06 

Tres Hermanos Very Graveny Loam (2-22) 50 32.5 Sandy Clay Loam 0.06 

Tres Hermanos Very Graveny Clay Loam (2-22) 50 32.5 Sandy Clay Loam 0.06 

Anthony Very Gravelly Sandy Loam (2-40) 80 7.5 Loamy Sand 1.20 

Vado Gravelly Sandy Loam (0-60) 80 13 Sandy Loam 0.40 

Vaiva Very Gravelly Loam (0-3) 67.5 20 Sandy Loam 0.40 

Valencia Sandy Loam (0-20) 67.5 12.5 Sandy Loam 0.40 

Vint Loamy Fine Sand (0-60) 70 7.5 Sandy Loam 0.40 

, WARNING: Hydrologic soil group does not accurately represent son texture characteristics. Check soil description for rock 
outcrop, cemented hardpan, soil group associations, percent course fraction, etc. 

• • 

PSIF 
(In) 

3.5 

3.5 

3.5 

8.6 

8.6 

8.6 

2.4 

3.5 

3.5 

3.5 

3.5 

Agulla-Carefree Loss Rate Parameters, continued 
Page 9 of 9 

IL (In) IL(ln) 
OTHETA OTHETA (Dry) I (Normal) 

(Dry) (Normal) (Top Horizon) H.S.G. 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 S 
0.25 0.15 0.6 0.5 0' 

0.25 0.15 0.6 0.5 S' 

0.25 0.15 0.6 0.5 S' 
0.35 0.30 0.8 0.8 S' 

0.35 0.25 0.7 0.6 S 

0.35 0.25 0.7 0.6 0' 

0.35 0.25 0.7 0.6 B 

0.35 0.25 0.7 0.6 B 
._--

• 
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Eastern MarlcopaINorthern Pinal Counties Loss Rate Parameters 

Fragments X KSATI IL (In) IL (In) 
Map U.S.D.A. 5011 Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA ~Dry) I (Normal) 

Symbol 5011 Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G. 

Af,Ag Agau" Loam «()'27) 45 - Loam 0.25 4.3 0.35 0.25 0.6 0.5 B 

Am Anuvial Land Gravelly Sand (0·60) 5510100 - Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A 

AnA,AnB, Anlho Sandy Loam, Gravelly Sandy Loam 72.5 9 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 B 
AoB «()'46) 

Av Avondale Clay Loam «()'13) 25 - Clay Loam 0.04 B.2 0.25 0.15 0.5 0.4 B' 

Ca,Cb Carrizo Fine Sandy Loam, «()'15) & Gravelly 57.5 - Sandy Loam 0.40 3.5 0.35 0.30 0.7 0.6 A' 
Loamy Sand 

Cc Cashion Clay «()'2B) 10 - Clay 0.01 12.4 0.15 0.05 0.3 0.2 C' 

CeC Cave" Gravelly Loam «()'1 0) 50 - Loam 0.25 4.3 0.35 0.25 0.6 0.5 0' 

Co ConIine Clay Loam «()'12) 30 - Clay Loam 0.04 B.2 0.25 0.15 0.5 0.4 C 

Es Estrella Loam «()'26) 35 - Loam 0.25 4.3 0.35 0.25 0.6 0.5 B 

GI,Gm Gilman Loam «()'13) 27.5 - Loam 0.25 4.3 0.35 0.25 0.6 0.5 B 

Gn Glenbar Clay Loam «()'14) 15 - Silty Loam 0.15 6.6 0.40 0.25 O.B 0.7 B 

Gr Gravelly Very Gravelly Sandy Loam & Loamy 90 - Loamy Sand 1.20 2.4 0.35 0.30 O.B O.B A 
Alluvial Land Sand «()'60) 

LaA,LaB, Laveen Loam «()'14) 30 - Silty Loam 0.15 6.6 0.40 0.25 O.B 0.7 B 
LeA 

- -- ------ -- ---



Map 
Symbol 

MO,Mv 

Pm 

PnA,PnC 

Po 

PvA, PvC 

R1A, Rlb 

RO,Ru 

TrB 

Tx 

Va 

Ve 

VI 

e e • 

Eastern Maricopa/Northern Pinal Counties Loss Rate Parameters, continued 
Page2of2 

Fragments XKSATI 
U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL 

5011 Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) 

Mohall Loam (0-15) 40 21 Loam 0.25 

Pimer Clay Loam (0-15) 15 - Clay Loam 0.04 

Pinal Gravelly Loam (0-5) 50 - Loam 0,25 

Pinal Variant Loam (0-9) 45 - Loam 0.25 

Pinamt Gravelly Loam (0-13) 85 - Sandy Loam 0.40 

Ri llito Gravelly Loam (0-13) 62.5 - Sandy Loam 0.40 

RockLand 50 - 70% Rock Outcrop, Shallow - - Use Sandy Loam For Pervious 0.40 
Areas 01 Clay Loam, Sandy Loam, Areas 
and Gravelly Loam. 

Tremant Gravelly Sandy Clay Loam (1-15) 60 - Sandy Clay Loam 0.06 

Trix Clay Loam (0-14) 15 - Silty Clay Loam 0.04 

Valencia Sandy Loam (0-13) 65 - Sandy Loam 0.40 

Vecont Clay (0-14) 15 48 Clay 0.01 

Vinl Loamy Fine Sand (0-12) 80 - Loamy Sand 1.20 

WARNING: Hydrologic soil group does not accurately represent soil texture characteristics. Check soil descr~tlon lor rock 
outcrop, cemented hardpan, soil group associations, percent course fraction, etc. 

IL (In) IL(ln) I 
I 

PSIF DTHETA DTHETA (Dry) I (Normal) 
I (In) (Dry) (Normal) (Top Horizon) H.S.G. , 

4.3 0.35 0.25 0.6 0.5 B I 

8.2 0.25 0.15 0.5 0.4 B· 

4.3 0.35 0.25 0.6 0.5 O· 

4.3 0.35 0.25 0.6 0.5 C 

3.5 0.35 0.25 0.7 0.6 B 
3.5 0.35 0.25 0.7 0.6 B 
3.5 0.35 0.25 0.7 0.6 B 

8.6 0.25 0.15 0.6 0.5 B· 

10.8 0.30 0.15 0.6 0.5 B· 
3.5 0.35 0.25 0.7 0.6 B 

12.4 0.15 0.05 0.3 0.2 C· 

2.4 0.35 0.30 0.8 0.8 B· 
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Maricopa County-Central Part Loss Rate Parameters 

Fragments X KSATI IL (In) IL (In) 
Map U.S.D.A. Soli Texture >0.0074 Textural Class CNSTL PSIF DTHETA DTHETA (Dry) I (Normal) 

Symbol Soli Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G. 

Aa Agualt Loam (0-27) 40 - Loam 0.25 4.3 0.35 0.25 0.6 0.5 S 

AbA,AbB, Antho Sandy Loam, Gravelly Sandy Loam n.5 - Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 S 
AdA,AdB, (0-60) 

Ae,AfA, 

AlB, AGB, 

AHC,AkB, 

AL, AM,Ac 

An Avonda Clay Loam (0-13) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 S' 

Ao,Ap Avondale Clay Loam (0-12) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 S' 

BE Beardsley Clay Loam (0-10) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C 

Br, Bs, Bt Bnos Sandy Loam (0-14) 70 - Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 N 

CA2 Calciorthids Loamy Sand To Clay Loam - - Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 S 

Cb, CeD, Carnzo Gravelly Sandy Loam (0-5) 75 - Loamv SaRll .J.,2O"" ,2K' 0.35 0.30 0.8 0.8 A 

CF S~","-' L CDn? . o/() '1.3 
Cg,Ch, CasaGrande Clay Loam (1,22) 49 15 Loam 0.25 ;.,a-- 0.35 0.25 0.6 0.5 C 

Ck, Cm .J.r 
Cn Cashion Clay (0-27) 12.5 - Glay 0.01 12.4 0.15 0.05 0.3 0.2 D 

----- -- ----- ----
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Fragments 
Map U.S.D.A. Soli Texture >0.0074 Textural Class 

Symbol Soli Name (Control Horizon) mm, % Clay, % (Appendix) 

GO Gherioni Very Gravelly loam (1-6) 77.5 - Sandy loam 

Gp,GrB, Coolidge Sandy loam (0-13) 70 - Sandy loam 

GS,GV 

Dn Dune land - - - Sand 

EbD,EPD Ebon Very Cobbly Clay loam (2-13) 62.5 - Sandy Clay Loam 

Es, Et Estrella Loam (0-24) 30 - Loam 

GA Gachado Very Gravelly Clay loam (0-1) 67.5 - Sandy Clay loam 

Gb, Gc, Gd Gadsden Clay (0-10) 15 - Clay 

Ge, GgA, Gilman . Loam (0-36) 52.6 10.6 Loam 
GgB,GM, 

GN,Gf, 

Gh,Gl, 

G03 

Gp Gilman Variant loam (0-3) 30 - loam 

Gr, Gt,Gv, Glenbar Clay Loam (0-15) 30 - Silty Loam 

Gs, Gu 

• 

Maricopa County-Central Part Loss Rate Parameters, continued 
Page 2 of 5 

XKSATI IL (In) IL(ln) 
CNSTL PSIF DTHETA DTHETA (Dry) I (Normal) 
(In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G. 

0.40 3.5 0.35 0.25 0.7 0.6 D' 
0.40 3.5 0.35 0.25 0.7 0.6 B 

4.60 1.9 0.35 0.30 1.3 1.3 A 

0.06 8.6 0.25 0.15 0.6 0.5 C 

0.25 4.3 0.35 0.25 0.6 0.5 B 

0.06 8.6 0.25 0.15 0.6 0.5 D' 
0.01 12.4 0.15 0.05 0.3 0.2 D 

0.25 4.3 0.35 0.25 0.6 0.5 B 

0.25 4.3 0.35 0.25 0.6 0.5 C 

0.15 6.6 0.40 0.25 0.8 0.7 B 



Fragments 
Map U.S.D.A. 5011 Texture >0.0074 Textural Class 

Symbol 5011 Name (Control Horizon) mm.% Clay. % (Appendix) 

GWD, Gunslght Gravelly Loam (0-60) 82.5 - Sandy Loam 

GxA,GxB, 

GYD 

HAB,HAC, Harqua Gravelly Clay Loam (0-14) 37 37 Clay Loam 

HLC,HM, 

HrB 

La La Palma Very Fine Sandy Loam (0-7) 41 6 SlnyLoam 

Lb, LeA, Laveen Loam (0-6) 52 13 Loam 

Le, Ld, LI 

Ma Maripo Sandy Loam (0-13) 65 - Sandy Loam 

Mo,Mp, Mohall Clay Loam (0-12) 25 - Clay Loam 

Mr,Ms, 

MTB,MV 

Pa, PeA, Perryville Gravelly Loam (0-9) 63 18 Sandy Loam 

Pb, PeB, 

PRB 

Maricopa County-Central Part loss Rate Parameters, continued 
Page 3 of 5 

X KSATI IL (In) IL (In) 
CNSTL PSIF DTHETA DTHETA (Dry) I (Normal) 
(In/hr) (In) (Dry) (Normal) (Top Horizon) H.S.G. 

0.40 3.5 0.35 0.25 0.7 0.6 B 

0.04 8.2 0.25 0.15 0.5 0.4 C 

0.15 6.6 0.40 · 0.25 0.8 0.7 C 

0.25 4.3 0.35 0.25 0.6 0.5 B 

0.40 3.5 0.35 0.25 0.7 0.6 B 

0.04 8.2 0.25 0.15 0.5 0.4 B' 

0.40 3.5 0.35 0.25 0.7 0.6 B 
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Fragments 
Map U.S.D.A. Soli Texture >0.0074 Textural Class 

Symbol Soli Name (Control Horizon) mm,% Clay, % (Appendix) 

PsA, PsB, Pinal Loam (0-8) 50 - Loam 

PT, PvB, 

PWB 

PYO Pinamt Very Gravelly Sand Loam (2-6) 77.5 - Sandy Loam 

RaA, RaB, Rillito Gravelly Loam (0-60) 65 - Sandy Loam 

RbA, RbB, 

RhB, RpE 

- Sun City Clay Loam (0-13) 35 - Clay Loam 

Ta ToUee Loam (0-28) 32.5 - Loam 

Te, TB, TO Torri- Cobby Sandy Loam - - Loamy Sand 

Te, TfA, Tremant Clay Loam (1-8) 57.5 - Sandy Clay Loam 

TlB, Tg , 

Th, TPB, 

TrA, TrB, 

TSC 

Tt Trix Clay Loam (0-10) 22.5 - Clay Loam 

Tu, Tw Tucson Loam (0-14) 32.5 - Loam 

• 

Maricopa County-Central Part Loss Rate Parameters, continued 
Page 4 of 5 

XKSATI IL (In) IL(ln} 
CNSTL PSIF DTHETA DTHETA (Dry) I (Normal) 
(Inlhr) (In) (Dry) (Normal) (Top Horizon) H.S.G. 

0.25 4.3 0.35 0.25 0.6 0.5 O· 

0.40 3.5 0.35 0.25 0.7 0.6 B 

0.40 3.5 0.35 0.25 0.7 0.6 B 

0.04 8.2 0.25 0.15 0.5 0.4 O· 

0.25 4.3 0.35 0.25 0.6 0.5 C 

1.20 2.4 0.35 0.30 0.8 0.8 A 

0.06 8.6 0.25 0.15 0.6 0.5 B· 

0.04 8.2 0.25 0.15 0.5 0.4 B· 

0.25 4.3 0.35 0.25 0.6 0.5 B 



Map 
Symbol 

Va, Vb, Vc 

Ve, VI 

Vg, Vh, Vk, 

Vn,Vr 

Wg 

Maricopa County-Central Part Loss Rate Parameters, continued 
Page sot 5 

Fragments XKSATI 
U.S.D.A. 5011 Texture >0.0074 Textural Class CNSTL 

5011 Name (Control Horizon) mm,% Clay, % (Appendix) (In/hr) 

Valencia Sandy Loam (0-10) 70 - Sandy Loam 0.40 

Vecont Clay (0-15) 17.5 - Clay 0.01 

Vinl Loamy Fine Sand (0·27) 80 - Loamy Sand 1.20 

Wintersburg Clay Loam (0-12) 25 - Clay Loam 0.04 

• WARNING: Hydrologic soil group does not accuralely represent soil texture characteristics. Check soil description lor rock 
outcrop, cemented hardpan, soil group associations, percent course fraction, etc. 

IL (In) IL (In) 
PSIF DTHETA DTHETA (Dry) I (Normal) 
(In) (Dry) (Normal) (Top Horizon) H.S.G. 

3.5 0.35 0.25 0.7 0.6 B 

12.4 0.15 0.05 0.3 0.2 0 

2.4 0.35 0.30 0.8 0.8 B* 

8.2 0.25 0.15 0.5 0.4 C 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PROJECT (1(. FeD HYDROL C>GY t1ANU,AL PAGE _OF __ 

DETAIL COMPUTED DATE 

CHECKED BY DATE 
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Cn~CULATIC N OF Tc & R 

Calculated by: Date: __________________ __ 
Checked by: Project: ________________ _ 

~atershed: ____________________________________________________________________ ___ 
Rainfall Fr equer-cy: _____ - y r Dura tion : __________ - hr. Pattern #: ________ __ 

Rainfall Loss Method: 

Kb 
Kb 
Kb 

Tc 

Tc 

Tabulate Period of 
Peak Rainfall Excess 
Clock Time 
@ end of 
Increm. 

Increm. 
Excess 

in. 

A sq.mi. 
L mi. 
S = ft/mi. 

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

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

-.38 
i 

Trial Tc i Calc. 

ITC hr. / 

1.11 -.57 .80 
R .3 7 Tc A L 

R hr. I 

+ 

Tc 

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

( 

Rearrange Incremental Excesses in 
Order of Decreasing 
Accum. Increm. 
Tine Excess 
hr./min. in. 

A 
v 
e 
r 
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g 
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E 
x 
c 
e 
s 
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I 
n 
t 
e 
n 
s 
i 
t 
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i 
n 
/ 
h 
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Average Intensity 

I 

Accum. Avg. Excess 
Excess Intensity 

in. in./hr. 

Time (Tc) (hr./min.) 
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Precipitation Depth- lu'~ on 
Diagram (6-24 hour) 
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Method CoJ~!~lson 
The Flood Control District staff has conducted a comparison of different hydrologic 
methods for tutorial purposes. The results from these comparisons support a major 
objective for developing the Drainage Design ManU£li of Maricopa County: the stand­
ardization of drainage analyses. This alleviate problems that occur after a 
developed parcel is annexed. The comparisons are summarized below. 

Three separate applications were considered for making a comparison of 
hydrologic analyses. The first looks at a small urbanized watershed using several 
different methodologies, but primarily the Rational Method, ard is summarized in 
Table 1. 

Table 1 
Peak Discharge from a Small Urban Watershed 

1 2 3 4 5 
Maricopa Co. Phoenix Maricopa Co. Phoenix Phoenix 

Tr* years Rational, cfs Rational, cfs U.H.P.**, cfs Computer, cfs SCS···, cfs 

2 29 29 II % 20 7 
5 48 41 21 $" 44 17 

10 60 48 32 ,M' 61 26 
25 78 57 ~P> .%' 86 42 
50 93 67 1" )38' 105 53 

100 110 74 {03 ~ 126 68 

*Tr = Return Frequency. 
" U.H.P. = Unit Hydrograph Procedure. 
"'ses = Soil Conservation Service. 

For virtually all return periods the Maricopa ra tiona I method genera tes higher peak 
discharges than that being used by the City of Phoenix. However, in most instances, 
these figures are not overly conservative when compared to recorded data. The 
Significance of this difference depends on which return frequency is used and for 
what purpose. 
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The second application compares retention requirements for various cities with 
those outlined in the Hydrologic Design Manual, and is summarized in Table 2. 

Table 2 
Comparison of Retention Requirements 

City Method Maricopa County Method 
City 0100 *, cfS V .. , aC-f1 0100, cfS V, aC-f1 

Chandler 188 13.19 144 7.38 
Glendale 105 7.74 150 6.91 
Mesa 144'" 11 .34 147 7.29 
Phoenix 138 7.74 154 7.88 
Scottsdale 208 ~/O.Z3 189 7.68 
Tempe 138 15.80 147 7.10 

'One-hundred Year Peak Discharge. 
"Volume. 
" 'Fifty Year Peak Discharge. 

There is a 50 percent difference in discharge values between munidpalities, as 
compared to a 24 percent difference using the Hydrologic Design Manual; and there 
is an flJ5' percent difference in volumes between cities, as compared to a 12 percent 
differWnce using the Hydrologic Design Manual. The significance of the difference 
becomes important when the runoff from one jurisdiction impacts another. 

The third comparison looks at the application of hydrologic methods on a large 
watershed for floodplain delineation purposes, and is summarized in Table 3. This 
table indicates that current methodologies may be too conservative, thereby sig­
nificantly reducing the amount of potentially developable property when delineat­
ing floodplains. 

Table 3 
Comparison of Flow Frequencies for a Large Watershed 

10 Year 50 Year 100 Year 
Method of Analysis . Discharge, cfS Discharge, cfS Discharge, cfs 

Hydrologic Design Manual 18,455 26,801 29,790 

SCS Methods 20,601 32,975 36,841 

Flow Frequency 9,000 22,000 28,000 

If a further understanding of the results is needed before a decision is made on 
whether or not to accept the impacts from these differences, please contact us. The 
Flood Control District will make every attempt to present the Drainage Design 
Manual in a comprehendable format. 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT HE T@LI COH~Atf'ISCJN PAGE ~ OF _ 7_ 

DETAIL RET£NTION ;t1=QUIRcHENTS COMPUTED ______ DATE __ _ 

________________ CHECKED BY _______ DATE ___ _ 

F(,"'L OW/Ale; /S A CoI'tPA~/SON Or r#£ 
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CITY tiE'rHoo.' RATiONAL E~UA TlON 

BASIN OarLei L.OCA liON .. WAR~ER RI). AT AI?/ZOAIA AvE 

G = 0."5 (PcTACH~t> S/Nt::;,t...E' FANny) 

RAINPAL.L. SOURCe- : U S klB 

;::0 = 3.00 '-'11 

11:: = 3 . .yo in 

HAPS //\/ ADor f)RAINAt::.£ HAAJ(/AL 

p I (Roil' 2 'J9 . 
~ /100::' Wi' +. 7SS' DI, = ., t-n 

r, .. 

tt. : Us~ 1'tt1""I"~s' EQ . 
2.S' 

.s' CL =::::;;s;:======--
",. . 01 

A:: . s-(zS')Yz ::: ' .25 ft" 
p:: .5'+ I.tl. + 2S' • ZS":S-O,5' rt 
R = A/P .: . Zl/S' 

V=' .~/7 (1'l5'J'7 (005)'5' = 2.7'" ftls 

tt:: %0 V = 5S~~ 60 (:<.7S) = 33.58' Mit) 

N 



CD 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT HE Tr(t:1LJ CO/'1''pA~/SCJN PAGE -L OF _ 7_ 

DETAIL RFTElllrlON &QUI/?cA'ci1lTS CO MPUTED ___ ___ DATE __ _ 

_______________ CHECK ED BY _______ DATE __ _ 

;:;'u. ()WINej / S A COI'fPA~/sol\J Or r.. 
I'1ETN~~OL()<j/ES t/S6"O 8Y SIX f)/rrE;f 

CI7'/GS IN /'IARICOP4 COUNTY TO CAL.Ct 

R~rE/l/r/oN v~'-'nn:s, anD THE" /'fAR/Co 

COUN r Y Htrll~t:> AS A f'P(.IE"L) To SP<!"C/r 

l.oc-,qT/aAJ$ / AI trAOI C/TY. A 84S/11/ I,.. 

CUl.vcRr t.//~ L. .4'-50 BE SI"Z€~ t/$INCF, , 

lOa - Y=A~ p~ctSlt..u:lllcy SrORI'1 Po,,? G"AC, 

JURIS Ole ,(o N' WHee£" /'~5'51"LF. 

{<e v e ("S e. the.. 0 rde. r ,,0' 

af .. Re..t~~i::.lon 

RC<lu 1("(:. Wlevd:s II ClVld 

-fout1~towr'\ Wet -tcrshd I, 

to ma. tc ~ -C~e. 0 Y"d c:.r" 

of -t lA<:. to(, b 1<:.5 i Yl -t{" e 

rOR cAS E' o r:- CC,",PARISoA/, TN€" y't)(/~r. He.fltted. c.O Wl parISt:lY1 
WAr~SHcf) W ILL /Jc U.sC"i/ IN .5ut;HTl.y t L 
/VOOlr/£P F OR".,,: C)( C . 

A::: o. 13 ~ ~ ::: ~ 3. z ~ 
ZOAlu.J<j: /?/ - ' (PAA), RI-7 (S~"NsdQlt::) 

LANO USE': ~O()rS - /0% 
PAY£H6IVT - /0% 
D£SI~'" ~""JOSCApr- ¥o" 
i.4 WA;'S - 30" 
OA~E <Y,ROUIID - /o~ 

5 011.. ,(Pc,' I/A~IES WIT'N L.tJcA TION 

A VIR A46" OVC'/HA'VO Ftaw ~~N~r", ,' 1.30 " 

CITf O~ CIIANJJt. E& 
SOURCE,' C I T Y OF CHAA/£)t.E'R r.n::h'MICAL £)e.5/~"; I'1AIVUAL *3 - ST~,I(N ORAINA~E' 

SYS TeM /)e-.s/~N 1987 

C I i Y H€',HOQ ,' 

BASIN O UTLeT LacA rlo/\/ " WARAIER Ro. AT A~/ZONA AvE 

G = 0. "'5 (PeTACH~t> $IN41.C' FANII..Y) 

[<.AINPAI..I.. SOUR.CE,' U S W[J HAPS IN ADoI /)RAINA~C' HAAJt.lAL 

1:';' = 3 .00 ,.:" (0,)1 
Z'I P I rt- 119 . 

f100 = 3. +'0 i n - /100 =. 'l9t" +. 7SS- DI, ::; 2."T Ln r, .. 

U Se I'Itll1l1lll:Js' EQ . zs' 
.S· CL=::;:s;========--,,_ . 01 

A == . S'(zs-)Yz :: ' .25 ftl. 
p = . 5' + /.S' -;25' • ZS":S-05'rt 
R = A/P s: • Z'IS" 

I/~ .~/7 (ltlSJ'7 (aosr~ = 2. 7S' ft4 

t t == %0 V = 5S-s-'~ 6t> (~. 7S) = 33.S'8' Mit) 

N 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT f1 £rf/Of) C 011 PA I< I SON PAGE ~ OF ~ 

DETAIL J(€T€A.lTIOIII REtJtlIRE;'1€"AJT..5 CO MPUTED ------ DATE - e-
_ _____________ CHECK ED BY _____ _ DATE __ _ 

AT rc :: 3' .13 "'un . and 
PJOt = 2 . L/'f ~'n, i::..3. liB' t.·n/hr GID~ :: (. bS" }(3.1f8 )(13.2.): Igg CPS 

VOl.LI/'1£: V = 1.1 [ C A 'if·] 
f?: :: .3'11 (8.:) r. 657 (~.~) = 2.'~ t:/i 

V= /./[(.6S)(W3.Z} ( 2i;' )]:: /3.ICf ac-ft 

!'fARI (Of'A It£Ti-IOP ro,e C/(AAlt)LER 

C:: 0. ¥o ($/II)!}/t! P;:UIl1//!f R~.5ld~nt-IQI) 

7C = II ¥ L .S" k~ ·$"2 5 7.3/ i - . 31 L =- 1.023 ""L' 

A", =- -:OQ6ZS' (I'j t3.d"' . Oll .. 0 . 021 

Tc = . ~ '16 i. -:38 S = 27. O~ Ft/mt.' 

Ro':: I. 87 ~/) 
TI?Y 7( = 20 MI", i".:: SI'''/111' I '-,~= (.£:1)( /.87)/2.07 = '/.b/,·n/;'I' 

Tt:. = . ~ 'I' (¥. ('I) -:-J8: 21.' 9 mt'". _ N~ 9tX7t) 

T~Y Tc :: 23 tot':." i.:,:: '/. 7 i. ",/J,r I i/CI:: (I./. 7)( /. fl) /2. 07:: f( ZS- "'n/l,r 
Tc :: . ~iI~ (I./..lS)"-JI = 22. ¥' ""in 

TI?YTC. ... 22. t'1ifl, '-/: '(.g,·,,/hf", ,,',.,.= (If.1)(I.'17)/2. o7:: ~3¥b'/h" 
Tc. = . ~lI" (1I,3'-1)~Jr:: 22.2. ... i/l . . ~ 

GIDO = ('10)(¥.34 )(&3.2.):: /~'1 c,rs 

VtJ,- UHc: ~:: CA ( ~~!) Re.l = .3'11 (t:.:) +. '~9 (p,.;,) = 2. (,t, in 

® C,TY OF GLENDALE 

V·(9")(83.2)(Z;~('):: 138 ac-Ft-

SCLtfce : Clry Or qiENJ)AL£ PC-SIGN ~tll/)rLINI£S rOil S/T'e 

OEVE'LOPI1ENr A,.vO .r;:~ASTRtKTU~6" COMirRUC170N-/?<tO 

BAS/AI Otl7'L~T LOCA 7"/cN: ~~rHe~/I/ AT (,7 n-l AVE: 

C;ry t/CrHOD; RArl(),vAL E'auJATICJN 

C = tJ. '15 (;rem Cd.!! l!J# r'Jx. /7t:tAl./a/) 

7G = il.: .,. tt -I- I~ mi.l) t::t'= ."'1SQ3 (00)"7 ::: 
(;)-U-

tc : Q: .5' (::;~)(oos)Yz(S)~= 2678 CP5 

'1= Q/A '" 3.33 c'&"s 

Ct:. 0~ V : S'5.t,1~o (3.J~J ~ 27. 73 mL/] 

7C. =- 2.5S + 27. 7.3 -I- 10 = 1/(J. 3 ~,'t) 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT HeT/-IOD ColtPARISON PAGE ~ OF _1_ 

DETAIL RCTE',vrlON RE'~UlRe/'1eNTS COM PUTED ______ DATE __ _ 

______________ CH ECKED BY ______ DATE __ _ 

CITY' ~r qLENtJAlc CCA/r/NVe-£J 

AI 7C = -slt/.3 ""I.'I'I~ t.~ .. = 2 .8 i.l1/ltr (U.sw8 - Cd-JCt ?AxH4."u~J) 

Q/f). = (. ¥s) (2. ~)( 8 3.2.) =- lOS-c .fs 

VOLl)rl£ : Vr = 72()O A~ C I c. = . <SIS 
AQ,= 83.2 o.c = 3, ('l'f. \c:rz. ;t' 

'L = /. 2 S- i "'Ih, 

Vr ~ 1. t'-l at:. - f t 

/'1ARl coPA COllA.JT'T' /"te-THOt) reJo~ CITY OF t$L.ENOALe 

r;. = II. if (/. 02 3) ' S (. 028)"5Z (Z7.0! t J1 l - . ]1 

Ic ~ . ,</, l ': 1. 

T!l.Y Tc C ~2 Mit'l, I..~ = ~~ in/hr J L·;.o = (4/.8)( I. 9S)/? 0 7 = ¥.5Z i.n/hI" 

Ie =- . ~'I~ ('I. 5"2 r Jr = 21. 'is" ""t'" oK 

Q,oo:: (ila)(tJ.52 )(83.2) = ISO c:~.s 

VOl.. uHE ,' 1:../ - . t/9'1 +. 75'5 (2."IS) ( t;~) :: 2.25 in 

?t..:- ~ . 3'11 (2.9S-)'" . 'S9(2.25') = 2.'19 i" 

V ~ C A ( ~; ) = (. 1(0) ( ~ 3. 1.) ( Z; ~q ) = ~. 9 / a c - f t 

Ro! = 2.CfS in 

ptt:!~ = 3.7S"ir, 

Sou~CE' : He-SA EAltflAlFFl<lAlQ ;PR«':~,('F' I"fAI/(IAt. ..)tllVc l'ln, AUq.1981 
(3ASIN (')"Tt.£T L()~AT1~N: /'Ie 1?t:)Jc.J~-(.(. A.AlP RECK,:1l Rd. 
CITY IY€"Tf{OL1 : RA TIOIVAL Ea'-lA nON 

·e": 10 % RO.~$ ( . IS), 10% PAV~I'fENr (.gs), 'T'tJ~ Ptr.JE~T L"IlIIaSCAPF (.70), 

10% BA I!, E ~KOI..IN() (.S-O?), 3OY- ~~ASS ~AAlt>~APe- (./S') 
C: . 20(.J~)~ . t'4(7tJ)-I- . I"(.50)+ . 30(.1S-)': O. S"i/~ 

t . - . Ot'S'9.3 (130)"'7 = 2. S'S "u't] 
,,- ( .s) ·:trr 

t:t ::. 17. S- cfs/s'ide (n~md~F'lfph) . ~ [ 

V:. o/A :. 2.92% ) tt = 5S"+'~o (2.,Z): 31.~2 l'>1ill 

7G = 2 .55" + .3J. ~2 .: 3L/.2 ....,it'! 

@ 1G = 3"1. 2. ~4t) I i StJ • 3. J7 ,'n/A" (no ItJO-:J r C un~ av~i.I4bk) 

Gso = (. S¥~)( 3.17)( '63.2)::' Ii/if c;:s 

S=-. oos -f7fi: 
A::. ~ Ft Z 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT tI£THOIJ C OI1PA RISON PAGE !L OF _ 1_ 

DETAIL /(GTENrI(JA/ RE"QUIRc/'feNTf COM PUTED ------ DATE --e 
_ ____ _________ CH ECK ED BY ______ DATE _ _ _ 

VOLUHe = (.ZS)CA = (ZS)(.S'r'S)(83.Z) = 11, 3'-/ 4<: - ft. 

MARICOPA COUNTY l1€1liOO for Clry C,c" He-SA 

)
, S' ·5Z -II -it 

Tc'::II. 'r'(I, ()2.3 (.~28) (~7. o8)· i. ' 

re =. b4t:. (,. -;33 

P/~:; /, 90 L01 

Pt.~ : 3,ao i ., 
P,: = 3 ,50 i ., 

TRY T<!. = 22. """r'I, if' = ~ g t'nAr, L,tJo = (4.8)( U:to ) /2 .07" L/. 4 1 i. nji1 r 

VOLUt1C: 

Tc.= .~"I' ('I.Lllf
J8 = 22.05 ""i.n OJ(, 

GI.O = (. l/a)(4./.l/t)(83 , Z) = /~7 c,.s 

?too':: , '/9'/+. TSS (.3.00)(:';;) = 2."141.'1 

p,'; = .3l/J (3.00) t-, '59 (2 . 11"1) = 2 , '3 ~'" 

V· CA ( ff) :: (4(0)(83.2)( ~~"l) = 7. 29 ac- rt 

(3) CITY OF ?1I0ENIX 
Sou('C~ : C'lt~ of' l'J,x . .5TtlR,., DIU.IN /)e:f/~N /tAAlUa./, J('Il. 't' 1'788 
BASIN Ourt.£T LOCATION : RAY RD , ~ .yo TH Sl. 

C IT'( H!'THOO : SC$ 

C: . YS (RI-'- UN/NG) 

5: .ooS ft/ft , H~ortOL.OG.C Sea ~l"I!ll.l.p I3 I eN 8'-/ 

'vol:. AIL: 'IJS'OX82.3/S'5S1~= '5'1~ I Wf= /.10 

7c= tit-tt t'1.': . ()t'SV/3 (130)'77 _ 
(.S).38S - 2 . S'S M'I, 

i:t : V= 3.25'" of%- (froM /'. 33), t:t- = ~ .. ov = ..rfJl~<, (.3.2S) :: 28, 'II mt'1? 

y;, = 2,5'5 + 28. '-II == 31 mi.n J 7J = k)( t-vj :: 3~ / Mln = . '>"8 firs: 

A'/' :' 2." G, i. () I Q = I. ZS- ~:/} 

VOLlIHe : V= 72(JO CIA, 

Q :: r 
tl8L! (. 13)( /,2S) : 

.S'8 

C:: . ~s 

Is/. 25" lo/hr 
A= ~3. Z Gte. 

V· 7Z00 (. 'IS') (I.Z.S) (83.2) 
= '1. 7'1 ac- "ct 

'13, S'O 

/38 cr-s 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PAGE S OF _ 7-_ PROJ ECT HET/iOf) C OHPARISO", 

DETAIL RcTCNnON RcQu/Rcl'1eNTS COM PUTED ______ DATE __ _ 

_______________ CH ECKED BY ______ DATE __ _ 

CITY OF PHOE"NIX CONTINueD: 

F:6' = 2. 00 ill 

Ao~ = 3.30 i.n 

PI:: == 3.90 in 

!vfARI(O PA COl.lN'TY rtETflOD Fa/(, CITY Or PHI/tN/X· 

Tc = I/, 7' (I. ()13)" 5' (. OZS}S6 (27. 0 8 yJl t." -:.18 = . 6 'I' t.: -: 3' 

7Jey Tc = 22 m / i? I Lr:: 'I. 8 i"/J,,. I L~~:: (2.CO) ( '-1.8)/2.07 :. ~,~ t..~,. 

Tc :; . '¥6 (¥. 6.yr
J8 = 21. &3 1'11"17 ~ 

QIOO = (40)('1.''1)(83 .2.) ::. /Sf' CFS 

VOLUME' : ROd' = . 4(9'1 +. 75'S (3.3) (3.3 /.J. '1) :& 2." 0 ,,'t) 

Ao! :: .3'11 (3.3) +. 6S9 (Z. '0) = 2.8'1 ,'J') 

V= (. ,/0)(83.2)(2.B0z) = 7. 88 ac-f't 

® Clry OF scaTT5f)ALe 
SOURCE': CITY ~F SC()TT'S/)ALE f)cS/~N P/?OCE'/)I.IRE"S AIV.D 

C~ITE'R1AJ SEcrlt!N 2. I Jl.U .. Y 1'8S 

BASIN OG(rt..£'T L dCA rION: JcI1A)( AT 13' TH ST, 

cJry HET/·loO: f(ATIt:JNAL EGUAT/ON 

ZON/Nq : RJ-l, Hy/)~ol..(j<$IC SOIL qll.OLIP B, eN ~ 1Z, Cp = 0.~S" 
Tc :: ti.. + tt:: tl = . O'lS93 (130)'71 '. y = S'/ 5 Yz (," c ) :: 3 82 F~ 

(.5').J... .. 2. SS' ""LI/ J U R.13 • , 

rr = 2~ 17 /11/17 ~ Ie = 2.SS + 2<1.17 :: 26.72 min 

AT Tc:: 2&,.72 Min AAlO 19,,; = 2.27 "17 J i ,_: 3. 8S l,,/J,r 
QIfO" (. '5)(3. ~S')(83. Z) = 208 cF'"J' 

V: CpA (~;) = (G.s-)(83.2)(2.20z) = 10 .23 ac-.ft 

OPT/ONAL SC07TsJ)ALE ;VETI/O£) : TeclINIOucS lAScD /N THE' u G,,~NE'RAI-
RUNOFF: k'INct'1AT/C. WAVE ORAINA~E f't.AN FOR, !VORTIi SCO"SI>A.L~, Al:tlz" 

LOsses : sc::;s CU~V£ /Vt/Ht9£"~S 

RAINPALL : scs 2'1·H"(JR TYPE .II A 

TilE" /l'EC-/ jlt()PI!'"L. t:iENE~ATe£) A PEAK. P/SCRARGe OF 22S- c~s AND A 

RUNOFf:' VOL.UHc "F 18. 'I ac-t:t LJS/~ THE rtlLttJ6//A/<f lA/pur: 

IT S ZOO 

10 J 

KK 
PB ¥oS' 
PC T'r'I'E It' A 

LS 7'1 9S 
UK 130 .OO$' .zoo .5 
LU( ~ . 0/ .01S 3~ 

RK '20. . ooS' .020 .0/0' TltAP 110. 

R¥.. J./f.IS'. . COS .OlS .13 7"RAP .s-a 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT He-rHO£) COHPAR IS~N 

DETAIL ReTeNTION REt(UIRcltcNTS 

PAGE ~ OF _ 1-_ 

COMPUTED ----- DATE --e 
_ ____________ CHECKED BY ______ DATE __ _ 

I'1ARICO,PA CO(,tNry I'Irr#CJI) F~ CITY o,c SccTT5£)ALIT 

Tc z //.~ (!.()2')'S" (.ozr)'SZ (21.0~ )'7JI / '731 Ro'::: 2 .3 0 L.TI 

Ic::: . ~ L/' i -. 3f A,.' = 3 .iI 2 ,.;) 

Tk Y Tt: = 22 mM, Lr = ~ I t"rl//,;", . 
t/~" :: (ffl)(2.3) = 

2 .07 

P,.~f:: t/. S""S- itt 

Tc ... ~'1(, (5.33f3'1: 20. 5'2 ."."." 

Tn. y Tc = 20 min, t-j:. = S. / ~."/h/' I t-~co = So ~ 7 ~ ·n/~/" 

VOLlIl'fc: 

7C. s:: • ~~ ~ (s: (, 7 r' Jf: 20. 0 S- min OK 

Q,u :: (. '1()( 5." 7)( 'il3. 2.) = /8'1 c.es 

fj;.' = • '19'1 r. 75'S (3.~<) (3.42/~ss) = 2.'135" 1.:/1 

P,o! = .3'1/ (3.42) + . ~5"9 (2. ~3S) = 2.77 i" 

Va (."O)(g3.2)(2.7Y/2)~ Z'fac-ft 

54urce: PUlJt.lC W<',tf,/tCs ' f)C"I'T. - PIUv'ATE j)C"VELO;PHEN/ 

PC'SIGtJ Cle/TF/?JA I JLI"'~ /987 
!JAS/N ~UTL£r LceATlON .' ?~/C€" ~ 50GlrH~RN 

Clrl' I'IETHt:JL) : RATlt:J"vAL ECitUATION 

·c"; IO~ /(~OF"$ (.,s-), If}". fl'AII'FhEHr (.9S)1 1"'0% jlF.5i!""~T LAAI~5C'AI'F (.70)1 

I{)~ i3A/M" Ci/lOJiN/) (.U)I jill" Ave . slll~ed ~QWNS (.2<') 

c:: • • ta (. '5) +. ¥~ (.70) i" . 10 (. zs) of". J(J (.2<:)) = O.S' 

rl..:= XL· 17 = 
S·lO 

it. ::. V= 2. 7'1.f~, it = 

/C,:; ICJ.9 -r 33.7 = flY. ~ ~u· ,.., 

( ).]7 
I. S" 7 130 = /0. Cf min 

(. S"). 10 

Lfia V = f.5"~0o (2.7¥) ;: 33. 70 ~i. r') 

AI Tc = +"7': ~ Min I L/()o: 2 . '17 (:"jAr I GIM: (.S'}(Z . .,7)('l3.Z): /38 CF5 



t. 

2.. 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT 11 cTHOD C OH PA R 150N PAG E L OF _1-_ 

DETAIL ReTeNTION RFQl.A/ R€" HG"NT.5' COM PUTED _____ DATE __ _ 

_____________ CHECK ED BY ______ DATE __ _ 

Ic::: //.1/ { /.OZ3)'S" (.OZBj'S"Z (27.0g);J/ t' -.JI Ro": /. 9 0 , ' f) 

Ro! : 3 , (:) ,' n 

p~'1.. 3. 7 I.'/) 

TC.. == • ~ ~~ ~: - . Jr 

fc. :: 2 2 PI';/!, if' :: '1.8' ""/hr , I.:/~. = (I{.t)(/.'1) _ 
Z'()7 -

Tc. :. . 6"" ( ¥-I.//)-' Jr = 22 . ~5" "'H'" ~ 
G It). ;. (. 'I () ) ( tI. l{ I ) ( 83. 2 ): / ~ 7 cIS 

VO£.uHE': ?tD~ :: . '/91./ r . 75S' (3.0)/3.7 :: 2.33 i/) 

Pu! :. . 3'/1 (3.0) of- . ~S'9 (2.33): 2. S"~ L'" 
V c: c A (~) = (. +,d)(SJ.2) ( ~'i~) = 7. /0 ac- Ft: 

5 C.H1 f1 A r<.:I. 'LA (3 L E' 

CIT!:: t1 cTJ-IOD HAR1COPA COUNTY I1e-Th'OO 

Q I CD Cefs) tv ac -ft) Q .. (cfs) V(a.c-ft) 

CI-IANDLeR 188 (3 .1'1 IY'~ 7. 38 

Gf.E"A/[)AI.E' l OS' 7. 71../ ISO ,:=u 
3, /1E'SA /'1'1 ( GSIJ ) / /.3 'I 1'/7 7.29 

'I, PHO eNI'X /3 8 7.7¥ / S'/ 7. 88 

s. SCO TT'S OAL..f 20e 10.23 /8'1 7.~g 

4,. TEIfPE /38 /~80 / 7'1 7. /0 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT ----'N.----'--"-c-'-7...:..:.;¥C-=,,={)_=C:.....:O:....:./lI.~'P.'___''A~'R~/S.:..=O'~W~ _ _ _ _ _ _ __ PAGE ..4..- OF ~ 

DETAI L _Yc"'-O--=U=M.::...c(f:::L.cTc<-.:c:;I:::....M~:.y'_'-~~'A=1'2!j-=~.=..:....:..:~=..!~~_ CO MPUTED - - ---- DAT E --e 
___ ___________ CHECKED BY _ _ ____ DATE __ _ 

AN I/R84# JV.4rF~S+'EP ,A/EM 11/7N AVE. ANI> .ProA'/-4 HAS .BEE# 

DeL/,y'IATEJ) ON rlt$I/I'fE .:L ;=;VE #E7"tVaPS 4Q~~ #E UScl) 7"D 

CALCt..It.;4rE ~IN.TI-FREQLI£NCY PcM J)/Sc#~c:;£s AT THE oUTl..cT: 

I. r#E HARICtlAtf CO. ~GWAL ~~ 
2. 7"#E" c/rY of ..PM::U-N/X RAf/ONAL H£7¥()f) 
J. THE" HARICOPA CO. 1IN'11 hY~IeAPN !'RXE/Ju,eF (C~R~ tlMT h"")""AW~RA}W') 
'I. THE c//y Cr P#()E/VIJ( Sc.s H47NoJ) 

s: rilE' C/TY o~ ,P#~/x CON/Jtlr.:~ ~ENERATE/) ~AjIlA(je- AtYAL.ysIS n?oc&>U~E 

o HAR(COPA cOwrY RATIONAL /vETrcop 

API'L.I CABL.E' BASIN PARA/VET£~S: 
ARE:"A : 0.13""" ~ = 83.2. QC: 

'-AND tiS£': SIN($L.c FAH/~Y A~£A 
L:: /.oZ3 Me: 
5 = 5':8 -F'~i 
K.::: -.00'25' (h.,,83.Z) -1-.04/ = .028 

~ c= o.V() 

2 - 'Y'EAIt PeAK f)ISCHAAAE 
/c = II. ¥ L.'S' Al·n s-.3J L;J8 

Tca."" (lI.ll)( I.(JZ3)oS(cZS)..s2 (.s:8T·JJ(l.2.~") 
Tcz = /. OL.lZ ~;. -.~ 

TRY Tc. a= /.0 f/Ot..lK,s: it. = o. "13 in/A,. 

Tc:z. = /.O'IZ (. '13Y- = /"()7/ IIcs ~ ,M, <fa:7~ 

T~Y Icz. = /.10 /t&ulS: £2. = 0.88 ,/I /.4r 
-Kz.= /.tJ'I2 (.88)-38 = /.d!~ Ar ~ oK 

Pi'5V Q, = c~ = (.~) (.88)(83.2) .: 

£-YEAR PeAK DISCHAI<:EiE: 

TRY ~ =. '117 M:u~s' L's:; /. ilS" U1A,.. 

29 c.r.s 

!c.s = /.0,(2 (/'1IS"')-'~ = _ 90S" Ad --+ 01( 

THeN Qs-:: (. ~c) ( /. SIS) (83.2.):: f8 CPS 

10- YE"Ag PC-At< [)1.Sct(A8§E' 

~ Te. = . 75/trs I t.'1f) = l/t5' l.:n/llf1 
Te,O '" 1.0"2- (1.1S-r3l4 =O.808 hr - #0 qocd 

Tid rc. = . 817 hrs, L,(,) -= /'610 ~/A,. 
/c/o ': /.o~2 (/,80)-·38 = . 833 ~ 0 K. 

TNE.y ~'O:: (.'10)(1.80)(83.2) = hO c;:'s 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT ,vIetHOD C oHPARI50N PAGE 2- 0F ~ 

DETAIL YOUN§"TPWN wAteRSHeD COMPUTED _____ DATE __ _ 

_____________ CH ECKED BY ______ DATE __ _ 

2S"-YeA R PC-AI( PISC/{APfE 

TRY Tc. = .717 I,rs: i.~: Z. fo % 
TcZ& = /.01(2. (Z.ya)-·38::. O. 7~7 A/' -+ ~ ~I> 

TRY Tc = . 7S hr':$: ~: ZS' ':: 2...3S ~/./r 
/cZG -= /.o.yz (2.3S)-·.sB = 0.753 hr ~ 0< 
/#£# Gu"" (. fO)(Z . 3S) (83.2.) = '18 c~s 

So -Y€;41l. PEA K Dt.5CN4;!§e 

TRY Tc - . bSO !'rs : LJD:: 2. 9S ~/hr 
T~::. /.o¥z (z.t:ts)-·:J8 = o. ~I .I,. ~ ~ t$ow 

r RI Tc == .7c::t1 /,/.5' : ~. ~ :'. 2,eo o/hr 
Tcse=- /,(J'f/2 (Z.Sc:JP3. = O.70S- hr ~ o-t: 
~ QSD = (. I/O) ( Z. 80) ( 83. 2. ) = 93 c,c:s 

ICO-YEAR PEAK f)1s::#At:iS£, 

TRY' 7G == . ~33 hf'S : L;4IO:' 3 .40 ",j'hr 
Tc,tId ::; /.0"/2 (3. '10 )-: .38= O.6~1" ~/5 -- ~D qoccl 

TR. 'I Tc = . ",7 hrs.. LIOO:' 3 .30 in/I,,. 
k;tJD = /.o~z. (3.3C)r·38 = O.tP62- Ad 

7H£N' (\)/,,,, - (.~)(.3.30)(83.2.) == //0 cF5 

APPLICABLE BAslAI PABME7E..€S: 
ARE"A a 83.2 QC. 

OV£RL-AN{) /i0lAi LEMf7JI (4'e. ALlEY m ~E'£T) :: /.30~ 
H AX. a",*r ,:;:uw LEAtrrrl: ST'7f::)" 
s= .001 o/ft 
c:: o. ¥S (,fESlt>£'N7"IAL A R~, Av~E" j!rwJNti,) 

CALCl./LATE 7C - Sum or OJ/flr-lanJ /!. quihr- /'lM.! 

1:" :: .ot./.s93 c;;:.() )'77 L/"7 ' ...L _ L V= /.S hI @ S=.oal curl LI ~ O.S " 
( . I)- ~ 7,/ ;111/1 "Lt - "0 V) • iOlt" ..J 

i:.t: = S.sv~00S) = t/. ~ ""il1 
/#£# /c = 9.'7 r ~/. 6 =- 66. 3 I'Jti'L 

7R i. ("'/J,,. ) Q rK '=fS) 
2. .76 29 

QQ CLA ~ S- /.0"1 'fI 
10 1. '2.1 liB 
2S' I. S'2. n 
SO 1.78 "1 
/0(> /.~ 7f 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT !1ET/-IOO C oMPARtSON PAGE ~ OF ~ 

DETAIL YOUN<.17"?2WA/ ivArERSHED COM PU TED ----- DATE -e 
____ _________ CHECK ED BY ______ DATE __ _ 

APPLICABL-E" 8AS1N eARAI1E7F~: A ReA : . /3 "'" a 

S = 5:8o/lf11G 
L ::: /'cZ3 ML 

Kb: .028 

7/Ale ARl"A Cul'1le tURBAN 

LossES BY 9~eEiv' f AI1I"T' #t!'TNCO : 

SOILS: S7J J1, L.::AJ 35'% hA ~ ¢ /s;: W 
lYTIIETA= .50(3S)r.3S(~)+-./S(.IS) = . .32. il? 

PSlr = . 50 (¥.3J -r. 3S(3.5') + ./S' (12.¥) ::.5:2'1 ~ 
XJ<S,f1"== .~ (.25) -r . .3S(. "") + ·15(·~/) = O.Z7 (~,. 

RUlJoFI= H opcz. : 
#~-1. 

fA ::. . Sl:J (. zp) r .So(.le) = o. /s "" ( ~t.;' A:serl: LQ~c'Y"!J i ~A5 /Ac/lts) 
~HP:: 25% (C"C""eat.J ¥rvl«JS~) 

'-He. RItIIJ~ALL tJePrHS (adjustel> ~ 7C I g (ft?? tfCLlHP. Exg) 

TR 2. S- 10 25'" 5(J /00 

Debt) /./1 I.~ 1.9.)' 2.31 2.80 3 .1S' 

"k(;;) /.217 /./.13 .~ .843 .783 .717 
R (hr) I.W! /.385 /./'6.3 /. OSIJ • '119 .833 

27 ~I S7 88 112. 

(1) CITY a,c !'#(IC'N/X .scs /'tG7#"()£) 

APPUCABLE BAsIN &gAtte=r~s : ---. A· . /3 ",,:& .. 93. Z CIC 

L = .s; 670 .f't-
Gp = .felt' A Q 

7i-
QF = Peak PI.sc/Iq"je (<:{3) 

S:. .0/ ft:jft (1% ..s/o,Pe 1$ I'!,,,,iIIu,,, tY/ AIlS. Tc 3IQr~) 
k/= ('P,S'OX83.2.)/S'70 = 63Cf Fr, WI'::: /. 10 

A = ~)rr:u:'fOJe..Ar02 t",n,Z) 
Q ::: 5fcr"., RuMIF (b,) 

-r; = tPltC ro/coA (It/.) 

y;: (~rs) 

QJ; (cfs) 

7C - /. O"lllr~ ~ ... Tc."'f == /./~I/ j,~ 
Soi.l grcup (3" CN::8'1 (RI-Ct:. .z.::w..."4') 

2- .s- /0 2S' SO ..tV 

.8S 1.3' /.'1 2.02 2.35" 2." 

./2 .31 .~ .77 .97 /,23 

7 17 2{' '12 ~ '9 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT ;o/ETHOO COHPARISON PAGE ~ OF ~ 

DETAIL YOl/AI§ToWN tvATERSh'£D COMPUTED _____ DATE __ _ 

_____________ CH ECKED BY _____ DATE __ _ 

C U.RV e MIh'.Be~ : 8SYo 8 SOU 
'" /5% L) SOt.'/ .85(8'1)+ .15( 70 ) = 

u§ 7i~£: 7Z:: o.~ (h:) 
7C.;: ~h. 3 ",,;,. f'rrw C'(). P. RAr"'~4L HF~ CALeS. 

7i. =- d . It:, ('&.3) = 31.8 ntU a O. b~ Aaws 
RAINFALL .' 2'1-/ldar AFPT/I.> t 1J~I/3UTJoN F~(J1'f ,. /" c-f' i::;'~ ma"ual 

R£SULTS: 
~(.!I~) 

2. 
5 
10 

. RUNoFF HoDeL: h'EC-.1 

2S" 
,,0 

/00 

S{)#NARY 7A8LE: 

M .:.t. 
( !jeArs) MA~ICOPlt Ce. 

R A TIONAL #E7iWt> 

2. 29 

s 'fE 
10 '0 
25 78 

SO 93 

/()() //0 

HJure. 2 i. II tiS t f'CI tes the 

PEPT# (in) PEA/( {)ISCIIA~<sr (efS) 
/. -¥¥' 20 
2 .1(J 49' 
2.53 tol 
3.12. 8' 
3.e7 loS 
'/.a'l /2" 

p~1( PISCh"AK<;Es in c-fs 

2- :3 t 5 
CITY OF ,,/>IX . rl A f/COf'A Co. CliY O~ PHX. CITY (JP PH)( 
tAr.tJNAl. Hdf{(!p u .fI.P. SCS CctlPUTER., 

2'1 \/3 I 7 20 

1/1 12..7 2.1 11 '1'/ 

JIB \~/ .... 2' 1:" 

57 sr y ti2 8ft:, 

"7 88 11 5.3 laS--

7'/ //z - I r ~8 /26 

SUP1m1';j IABL.E /.n .JrcpAkal p,rJ'tZ 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT ME'rHOO COMPAg\SO/\/ 

DETAIL YoUN~TOWN lv,{rERsHcD 

PAG E -.£OF ~ 

COMPUTED ----- DATE - -e 
___ __________ CHECKED BY _ ____ DATE __ _ 

RECORDED DA TA : 

-rl;~ u. S. ~. S. o~rCf red a srr"eQY1 / prec'pL -b::e -!::i.on 9qU3~ * 
at t.he outlet oF -the Youn~rtown 41are.rshe.d Fr0rr, /1::tyeJ, 19~/ 
thl"'OlASh Sepix:.rr'lper /968. A S&lM/~o.r!:J oF -this data fO //otJS ; 

RANK (m) A MVlIAL II AXJ NC-' N 1?4 RTIA L - Du !?ATION ~R'NGORTE'N GfRI"'~OR.T€N 
SERJE:S (efS) SeRlE'S (eFs) Jk (yR) P (%) 

73 73 /3.7 7.3 
2J 2.( S. I [Cf.5" 
/1 20 3.2. 3 1.3 

16 17 Z.J 4~., 

Cf 16 1.8 ~. 2 

8 IS' 1.5" ~B . S"' 

7 /'/ J.2.. 80./' 

" 1.3 I. I <i2.'" 

Tlte Partlal DURAT'/oN' Se.t"L.Cs p/(J-IId i." .t>tsc:kt'3E! - Fre~v~nc!:J A 
Format: (h!1 . .3) sU:J'je sts a. 2 - '!jf': rei:url7 per/oJ disc ha r:J<'! crP -
17 cFs and a S:-.!If", ~ 2S"' cr.s. £xr~po/at:{(}n k.Jond 7F=..5"' 
!fears a./il/ IL.KeI;J result in i.n valid ~:s<:ha"':J~ es-ti.W1a-t~ k 4 t6e 
-I:hr: 73 cIS va/lie a?~rs -to k 411 out/lei" (i.e. L:f' httsq ,jrct;;tt~r 
Y~vrl1 ~erLod -&ha" /..s i,,~/cat~eI ~ ,'is //ot-6.iJ:l ~·ttO,,). 

~ ~ALIliE':JI: 9-5137 ~ A~~ rt?/A ml?fJTAKY AT YouA.«f~W~ II Sl.IRFAce WATER SlAPPLY _ 
of: THE 1.1.5.: ~tcr !/«trs 'I-~" "-70, PARTCf I VOL,3. ()S¥ 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT !1ETHOl? COH,..oARI50N PAGE _ OF __ 

DETAIL YOOAJ'iTOWN V4'L.tE7(.sNEO COM PUT ED - ---- DATE --e 
_ _ _ _ -=-A--'-/l-+~--=u:...:..:'Rt....:£=----.;2..=----_ _ CH ECKED BY ___ _ __ DATE _ _ _ 

DISCI-IAR§E - FREGUENCY CURVE"S 

z 

;1/ETh'OOS -' - .5 

o J: I'fA!eICOPA Cot/Nrl" RAIIC";A/... /ytrh/PtJ 

o 2: C Ir'1' of P-'*'EN/X Rifn6NAL He?loP 

.1\ 3: /'fA~/COPA CatA/7Y tJAlrT h'YLJ~9,eAPJ.l PRoct:PLlRE' 

B +; C"'rY 0,& /'A(!:JG'..v/X - sc.s ~e7M::;D 
• S: CI;ry' "p.' P#ct!'Nll( - Ct:»fPllT51! ($EJ(/E.eAr.£lJ 

s 10 so 100 



'::-U'~;fPROIlA8 ' LrrY x LOGA R IT H "'tC 359-24 . n·c -" KEUFF E L 6- ESS ER CO. " ACt ( , ,. U . S. " . 

2 C YCLES 

\.0 \ 1.11 1.2S' 1 . ~3 10 20 
In 99 98 95 90 RO i O 60 50 .: .- v ' • _ i~ " 0 5 C;> 0 J O.C~ 8~! ) 
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± :'~:i j " .. i! -~ lt!,,! "+-'[l' f::~ ~ --i---t ',,! I'! !. , I! iL i-t-_. - 1- 1- - " ~~J- ' 
1: : ; . ;: !.' !-,. l ! I i .. f-:'-:I--- '- I := IIJ'~" , I . i ; 
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I 

10 MARICOPA COUNTY UNIT HYDROGR)~H PROCEDURE 

10 YOUNGTOWN WATERSHED: 6HR - 100 YR RAI~1FALL, CLARK UNIT HYDROGRAPH, 
10 GREE N & AMPT LOSSES, URBAN Tll1E/ AREA CURVE 

IT 5 100 

10 0 

KK SUBl 

BA .13 

IN 15 

PC 0 .000 0.0 16 0.028 0.044 0 . 069 0.094 0.120 

PC 0 . 236 0.277 0.337 0.400 0 . 646 1. 153 2.592 

PC 2 . 999 3 . 040 3.078 3.112 3 . 150 

LG . 15 .32 5.24 .27 25 . 

UA 0 5 16 30 65 77 84 

UA 100 

UC 0.717 0.833 

ZZ 

10 MULTI-FREQUENCY RUN FOR YOUNGTOWN WATERSHED 

10 USING CRITERIA ESTABLISHED IN THE CITY OF PHOENIX 

10 STORM DRAIN DESIGN MANUAL 

IT 10 250 

10 3 

JP 6 
«; 

KK YOUNG 

BA .13 

IN 30 
('/ 

PB 1. 44 

PC 0 . 004 . 008 .013 .018 .02Z . 026 

PC .044 .048 .053 .057 .062 . 066 .071 

PC . 107 .120 .140 . 170 .50 .830 .860 

PC .920 .924 .928 .933 .937 .942 .947 

PC .964 . 969 .973 .978 .982 .987 .991 

LS 85 

UD . 663 

KP 2 

PB 2 . 1 

KP 3 

PB 2.53 
HARICOPA 

KP 4 

PB 3 . 12 

KP 5 f/EC-.1 
PB 3.57 

KP 6 

PB 4.04 

ZZ 

0.148 0.170 

2.835 2.898 

90 94 

.031 .035 

.075 .080 

.880 .893 

.951 .956 

.995 1.00 

0 .195 

2.958 

97 

.040 

. 093 

. 907 

. 960 

1. 00 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT __ ----"--'HL,1f-l>ILC&""'o'-"<.'-"o'--'c.~(<:... ____ ~~l!'_'So!.!./_"""cc::#<--..L.I1--LOAl.£l'IIuu ...... A<I...J.../ ____ PAG E L OF ~ 

DETAIL ___ ______ _ _ _ __ COMPUTED _____ _ DATE __ _ 

_ _ ___ _ _ _ ______ __ CHECKED BY _______ DATE ___ _ 

S' CL:::A//M.IO: THIS C;t.AI'1~LE OJMPAR..f5 Ille,t1e Nob$ OUTLINcU l,y 7lfc J-It/)~.LOc,,(c... 

DeSI&tN 1'11+1t/(//1' Wlrlf 711e C~"'~UVLr l.ISE./) 7Ectl'>'lfjJIU?S:J /.e.~ -nlC 

:s C 5 mr"6~.s/ ,F,,~ ,APPiIUlTION 70 1../1~r:.E; NArtJ;t,lft.. w/frEA!$/lerM.. T;16'~ 

rH~ i?e.5"a s. ARc c.ot4f'>I1fl.<!ib WITII »/SC.HI'fI((,,:' Fie~tp'-4e-"'c 't AN-4<. '15/~ . 

LdCA7IuJ: £,/PPt:~ CA"~ CA.t?f!!K, iJ/J'f7tFlt.SHc:j) 

])f04.I"'lt fn~ II ~';A : 1.2. 4> ;0/1 
• Z 

t ile eA{~ C"r:~K. whTGIl.SIlt--b IS (!IIAIU-CTt=~1 't:e:lJ ay a~"'tF/(,,1.L 'I S7ccP 

.5'LcI'IAI{" ,l/I!.EIt.5 WIT}f "e1t7'lfc~ 1Jt?/'/5t' Yb't,,£7I"trll/c ('o~t"~ AN'O 1~u.'l"1!. 

THIS 5 7v.c>y WILl- (!"I1?At.o- 7He. (),~""EIV"Ti!D ~clf.l<. ];/SC.Hl1tf~c I/AI.~e.s ~,r 

If) - '1C:AR.;1 s-~ -'iC=A~, /1NLJ /U6 -'IcA~ F~{'f)I."clII (./(~ S lil'lotll't t. THe T/I.(.t:e-

/l ite ~t>/JF~ A-Al/J W#c~ NC'C'::SSAIl.'1" ~d'./TGj) TII~olJ ~H Tile CAVE C~t:CI<.. 

WAs il. THE FlAI'Al ,PE~I< /JIJClM~"£ vA'-I4~ IS ('()/Y1~U.Tt?~ fir rife EXUc-"fc 

Sou Til w€ST ioC"q'TIO'; Or THe: WA 7E~.$HE~ wl-iEIU' ;9- C:'oI"1I'Alll'io/!/ 0' 

VALUES IS I"'MDE (St.=c CNCLoJ~j) /"fA/» . 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT __ ---'--'!I-Lt...!:()~,e.:::..:o::.!:L:J,!O..!o:4L.!./_""_C.___"'O~t?"_'-S./...'../J.:I(,~dL_Ld..!.!~'-'-'..I.NJ.Lu.u.A..I.o.L ____ _ PAG E ...J::.. OF ~ 

DETAIL --------- ---- - CO MPUTED --- - -- DATE --e 
- ------ _ _______ CHECKED BY _______ DATE __ _ 

HYtJR.,Lof.,l(. II'/PtCT C!LITc.tIA 

/,U rliD/) of I?IIIN JC'ALL I'1ErH(!{) cF" ;I tj)llo~VlPH ROUTI"60 CorlPuu~ 
C(J"'PIA7A1/~1I !.II.I Tcf{11t LoH C', I'1PIA TAn", ~~".1Y'I7/01t/ /'fE'Tl(o 1J 'PAo"IlAM 

f/ttJ/{DJ.06.IC- lo'-'I~AA., ~-ffDUI( /1'11 7'1ft... ~ l/'//I4tr1 ('ottps () F- eN c.. 
/"1/J S lei'" 6. tI,., HFC-I 

bcSlfal'l/ I'1ftlllLlAl. Plr1T61lJ ~ IST~, &rl&l'l ~;.s Mr:rK(I~ S - c:' .. 11 p)f 5 

SC 5 IlJtJ- Y~I4Il, ,.,,- jI"ClIl 
CClfit.tI& ~tI.o1~FI(S 

~~$ 
"~-?O /16 TH~O.s Scs iifliIt "'" I T- a,~P,"H 

1'1", SJcIl'lt..I.M 

13M 'N ~t>, Ic--,e-All 50 - ,/EI'I1l /00 - Y£AIt 
'S 121! PAc,./{ I<A I N Pi'll. L. 1!I't,,, ~A-I.t.. ;e"/~ ,:-AU 

80 .z.~ • ~ 1.5 .<lI'5(Z·S) :2 .0"1 . g15 (3·3) =2·60" .~ IS (,3 .r,5) ;:H7 

5£{. ~ ~ ·~t .g~ (Z.5) ... 2. Z0 • ~~ ( 5''1..) = 2·~1. . n (3.40) ::.3.12 

(q.3 i ,9ft, .q~(z.S) :2.,/0 • q ~ (3'2) -= 3 .07 .,,!~ (3.1.~ )~3.~" 

~·~I '~7 ·Q7 (z·s) ::::2·'43 • '17 (3.1.) = 3 ./0 ·'17 (3 ./,.) ~3·'1'f 

·5'7 1' 0 \ ' 0 (z 'S) ==2 ·50 1 '0 (3 .2.) :3·20 1'0 (3 . ~,)= 3 ' ~~ 

lI~c~ (H/ ') g" .2.& 3'i.~~ ~. -'C6 4. gl o·5<j 

''''IT/ltl. /..D.5S Q· 73 o'7S" O' 7! 0'7r o -7~ 

U""F~~1-1 LIJS5 0·12 0., 8 0'/" O·ZD 0 - 2. 0 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PROJ ECT __ --L/;.L'f~il<!.b=/G""_o ..... L -,,-,0 c. ............. ,,---..<lJ"'-!(;=-..= S.u.(J,LC,LJ£d--LI'1.hAcz..,N"'-'U ..... A==I'---___ PAG E ~ 0 F ~ 

DETAIL ____________ COMPUTED ______ DATE __ _ 

_____________ CHECKED BY ______ DATE __ _ 

1-® ,AP.EIi = f/o .2~ -n.u: , L -::- 11f,/f,O Pi J 

l. 

® AREA = 3·.J. ~ {p /J«.,.J i. = L/92.'iO (t.J L Ca. -; 21,z'D f1 J n -= 1 tJr-
z. 

<J9z.it7X2''1zpJ '.Jl.fd = ~29 
o jl- ) liz.. 

SL oPE:: z )tlrJ -/9uo 
3 J '/1./0 /S2~ () 

--2=' 1..116. 

S L(}fJE = 3;go -2/og 

I/'iov/Slid 

-=~ 1.116. 

L := 33/1(0 It;J !. ~ = / til rI Ir.J ;;::::: (1. d $:,-
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STANDARD CONTROL INSTRUCTIONS 

6 RUNOFF 1 1 6 80.28 00 82.0000 4.45000 0 0 0 0 1 
6 REACH 3 28 6 5 6200.0000 .8800 0.00000 0 0 0 0 1 
6 RUNOFF 1 28 6 34.8600 83.5000 2.21000 0 0 0 0 1 
6 ADDHYD 4 28 5 6 7 o 0 0 0 0 1 
6 REACH 3 29 7 5 14100.0000 .8800 0.00000 0 0 0 0 1 
6 RUNOFF 1 29 6 6.3800 80.0000 1.10000 0 0 0 0 1 
6 ADDHYD 4 29 5 6 7 o 000 0 1 
6 RUNOFF 1 30 6 4.8100 79.0000 .90000 0 0 0 0 1 
6 REACH 3 31 6 1 15000.0000 .8800 0.00000 0 0 0 0 1 
6 RUNOFF 1 31 6 .5900 79 . 0000 .35000 0 0 0 0 1 
6 ADDHYD 4 31 6 1 5 o 0 0 0 0 1 
6 ADDHYD 4 32 7 5 6 o 000 0 1 

ENDATA 

END OF LISTING 

TR-20 DATA INPUT FOR: 
CAVE CREEK WATERSHED 



e 

SUMMARY TABLE 

ALT STORM ID 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
3 

28 
28 

28 

29 

29 
29 
30 

31 

31 

31 
32 

1 

28 

28 
28 
29 

29 

29 
30 

31 

31 
31 

32 

28 

28 
28 

29 

29 

29 
30 

31 

31 

31 

32 

DA RAIN 
SG-MI . TBLE 

80 .28 

80 . 28 
34 .86 

115 .14 

115.14 

6 .38 
121 . 52 

4 .81 

4.81 

. 59 

5.40 
126 .92 

80 . 28 

80.28 

34 .86 
115.14 
115 . 14 

6.38 
121 . 52 

4.81 

4 .81 
. 59 

5.40 
126.92 
80.28 

80 . 28 

34.86 

115.14 

115 . 14 

6 .38 

121 . 52 

4 .81 

4.81 

. 59 

5. 40 
126.92 

AMC 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

DELTA-T TZERO PRECIP PRECIP 
HRS. 

. 20 

. 20 

. 20 

. 20 

. 20 

.20 

. 20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

. 20 

.20 

. 20 

. 20 

. 20 

. 20 

. 20 

.20 

.20 

. 20 

.20 

. 20 

. 20 

. 20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

. 20 

HRS . 

0.00 

0 .00 
0.00 

0.00 

0 .00 

0.00 

0.00 
0.00 

0 .00 

0 .00 

0 .00 
0.00 

0 .00 

0 .00 

0 .00 
0 .00 
0 .00 

0 .00 

0 .00 
0 .00 

0.00 

0 .00 

0 .00 
0.00 
0.00 

0 .00 

0 .00 

0.00 

0 .00 

0 .00 

0 .00 
0.00 

0 .00 

0 .00 

0 .00 

0 .00 

IN . DURATION 

3.29 

3.29 
3 .33 

3.33 

3.33 

3 .10 
3 . 10 
3 . 10 

3 . 10 

3.10 

3.10 
3 .10 

4 .42 

4 .42 

4.41 
4.41 
4 .41 

4 .20 

4.20 
4 .20 

4 .20 
4.20 

4 . 20 
4 . 20 

4.70 

4 . 70 

4.80 

4 .80 

4 .80 

4 . 70 

4 . 70 

4.70 
4.70 

4 .70 

4 .70 
4 . 70 

24 .00 

24.00 
24 .00 

24 .00 

24.00 
24 .00 
24 .00 

24.00 

24 .00 

24.00 

24 .00 
24 .00 

24.00 

24 .00 
24 .00 

24 .00 
24 .00 

24 .00 

24.00 
24 .00 

24 .00 
24 .00 

24 .00 
24 .00 

24 .00 

24 .00 

24 .00 

24 .00 

24 .00 

24.00 

24 .00 

24 .00 

24.00 

24 .00 

24 .00 

24 .00 

PEAK- Q PEAK-
CFS TIME 

13212.43 14.69 

13187.85 14 .90 
10746.21 13 .27 

19643.48 13.90 

19577 . 37 14 .22 

2377 . 49 12 . 57 
20129 . 47 14.18 

1928.89 12.43 

1828.84 12 .77 

376.51 12.06 

1914.15 12.75 
20610 . 58 14 .13 

21480 . 38 14 .66 

21414.28 14 .85 

16668 .87 13 .25 
31428 . 40 13 .88 
31301 .63 14 .20 

4065 .01 12.54 
32182 .89 14 .15 

3347 .66 12 .41 

3172 . 77 12 .74 
649.57 12.05 

3315 . 77 12 . 72 
32975 . 39 14 . 10 
23603 .94 14.65 

23527 . 20 14 .84 

18864 . 46 13.24 

35000.54 13 .86 

34854 . 32 14.18 

4871 . 41 12.53 
35906 . 32 14 .12 

4028 . 78 12.40 

3818 . 32 12.73 

780.38 12.04 

3988.80 12. 71 

36860 .94 14 .07 

TR-20 OUTPUT FOR CAVE CREEK WATERSHED 

e 

PEAK­
ELEV 

0 .00 

0.00 
0 .00 

0.00 

0.00 

0 .00 
0 .00 

0.00 

0.00 

0.00 

0 .00 
0 .00 

0 .00 

0 .00 
0.00 
0 .00 
0 .00 

0 .00 

0 .00 
0 .00 

0 .00 

0 .00 
0 .00 
0 .00 

0 .00 

0 .00 

0 .00 

0.00 

0.00 

0.00 

0 .00 

0.00 

0 .00 

0 .00 

0.00 

0 .00 

RUNOFF 

IN . 

1 .61 
1 .61 
1.75 

1. 65 

1.65 

1 . 32 
1 .63 

1 . 26 

1.26 

1.27 

1. 26 
1 . 62 

2 . 56 

2 . 56 

2.68 
2 .60 
2 .60 

2.20 

2.58 
2 . 12 
2.12 

2 . 13 
2 . 13 

2 . 56 
2.81 

2.81 

3.03 

2 .87 
2.88 

2. 63 

2.86 

2 . 54 

2.54 

2.55 

2.54 

2. 85 

CSM 

164.58 
164 . 27 
308.27 

170 .61 

170.03 
372.65 
165 .65 

401.02 

380.22 

638.16 

354 . 47 
162 . 39 

267 . 57 

266.74 

478 . 17 
272 .96 
271 .86 

637 . 15 

264.84 
695.98 

659 .62 
1100 .97 

614.03 
259 . 81 
294 .02 

293 .06 

541 .15 

303 .98 
302 . 71 

763 . 54 
295 . 48 

837 . 58 

793 .83 

1322 .68 

738.67 

290 . 43 

e 



FLOOD HYD ROGRAPH PACKAGE (HEC-1) u.s . ARMY CORPS OF ENGINEERS 

FEBRUARY 1981 THE HYDROLOGIC ENGINEERING CENTER 

REVISED 05 DEC 88 609 SECOND STREET 

• 
DAVIS , CALIFORNIA 95616 

RUN DATE 01/10/1990 TIME 16:01:06 * (916) 551-1748 

* * 

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

x X XXXXXXX XXXXX X 

X X X X X XX 

X X X X X 

XXXXXXX XXXX X XXXXX X 

X X X X X 

X X X X X X 

X X XXXXXXX XXXXX XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOYN AS ~EC1 (JAN 73), HEC1GS, HEC108, AND HEC1KU . 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED UITH THE 1973-STYLE INPUT STRUCTURE . 

THE DEF INITION OF -AMSKK- ON RH-CARO UAS CHANGED UITH REVISIONS DATED 2B SEP 81 . THIS IS THE FORTRAN77 VERSION 

NEY· OPTIONS : DAHBREAK OUTFLOU SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS : YRITE STAGE FREQUENCY, 

DSS: READ TIHE SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHH 



HEC-1 INPUT 
PAGe 

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

1 ID TEST OF COMPARISON: HYDROLOGY MANUAL METHODS VERSUS MOSTLY USED METHODS 
2 ID APPLICATION TO LARGE WATERSHEDS 
3 ID UPPER CAVE CREEK WATERSHED 
4 ID ORIGINAL ANAYLSIS IN 1977, THIS ANAYSIS BY DDK , DEC . 1989 . 
5 IT 20 120 
6 10 

7 KK 
8 KH UPPER CAVE CREEK BASIN 
9 PB 2.97 

10 IN 15 
11 PC 0 . 000 0 .021 0.035 0.051 0 . 071 0 .087 0 . 105 0 . 125 0 . 143 0 . 160 
12 PC 0.179 0 . 201 0 .232 0 . 281 0 . 364 0.500 0.658 0 . 773 0.841 0 .888 
13 PC 0.927 0.958 0.965 0 .976 1 . 000 
14 BA 80.29 
15 LU . 73 .12 
16 UI 695 . 1410 . 2571 . 4072 . 6090. 8011. 10016 . 10120. 11202. 11202 . 
17 UI 11202 . 8727 . 7811. 7156 . 5831 . 5454. 5325 . 3846 . 3638 . 3451. 
18 UI 2677. 2543. 2430 . 2327 . 2232 . 21 19. 1470. 1416. 1366 . 1299. 
19 UI 718 . 695. 674. 654 . 687. 687. 383 . 372 . 362 . 353 . 
20 UI 344 . 335. 327 . 320 . 284 . 169 . 166. 162. 159. 1552 
21 UI 152. 149 . 93 . O. O. 

22 KK 
23 KH ROUTE TO ANDORA HILLS CONFLUENCE 
24 RH 1 .25 .20 

25 KK 
26 KH MIDDLE BASIN 
27 PB 3.168 
28 IN 15 
29 PC 0 .000 0.018 0 .027 0 .040 0 .058 0.074 0 .089 0 . 106 0 .1 22 0. 137 
30 PC 0 . 155 0.174 0.201 0 . 249 0 . 331 0.485 0 .665 0 . 786 0.856 0. 901 
31 PC 0.937 0.967 0 .978 0 . 988 1 .000 
32 BA 34 .86 
33 LU . 75 . 18 
34 UI 1028. 3486. 7373 . 9720. 10463. 8065 . 6085 . 4896 . 3441 . 2683 . 
35 UI 2683 . 2263. 2104. 1353 . 1215 . 656 . 614. 440 . 337. 319. 
36 UI 349 . 160 . 152 . 145. 139 . 1 . O. 

37 KK 
38 KH ADD HYDROGRAPHS 
39 HC 2 

40 KK 
41 KH ROUTE TO LOWER WATERSHED 
42 RH 2 . 70 . 25 



43 KK 

44 KM LOWER BASIN 

45 PB 3.456 

46 IN 15 

47 PC 0 .000 0 .,010 0 . 016 0.025 0.039 0 .051 0.062 0.073 0 . 085 0 .097 

48 PC 0 . 110 0.125 0 . 146 0 . 191 0 .277 0 . 461 0.682 0.817 0.885 0.926 

49 PC 0.957 0.980 0.985 0 .988 1.000 
50 BA 6.38 
51 LU .75 .20 

52 UI 304 . 1136. 2119. 2422 . 1771 . 1248. 896. 630. 512. 399. 

53 UI 399 . 297. 151 . 137 . 80 . 74. 73 . 36 . 34 . 32 . 

54 UI O. O. 

55 KK 
56 KM ADD HYDROGRAPH 
57 He 2 

58 KK 
59 KM BASIN ALONG CAREFREE HIGHWAY 
60 PB 3 . 49 

61 IN 15 
62 PC 0 .000 0.009 0.014 0 .023 0 .036 0.046 0 .057 0.067 0.078 0.089 

63 PC 0 .101 0 .116 0 . 137 0 . 181 0 . 268 0.457 0 . 687 0.825 0.890 0.930 

64 PC 0 .961 0 .982 0 .987 0.989 1.000 

65 BA 4.81 

66 LU .75 .16 

67 UI 204. 745 . 1431. 1724 . 1406. 986 . 734 . 518 . 386 . 386. 

68 UI 355. 222. 174 . 105. 87. 56. 53 . 50 . 26 . 24 . 

69 UI 23 . 2 . . 0 

70 KK 
71 KM ROUTE 
72 RM 2 . 58 .25 

73 KK 
74 KM SMALL LOWER BASIN 

75 PB 3.60 

76 IN 15 

77 PC 0 .000 0 .005 0 . 009 0 .014 0 .022 0.030 0 .038 0.047 0 . 054 0 .062 

78 PC 0 .075 0.088 0 . 107 0.127 0.205 0.366 0 .823 0 .900 0 . 920 0.939 

79 PC 0 .952 0 .965 0.977 0 . 988 1 .000 

80 BA 0.59 

81 LU . 75 . 20 

82 UI 212 . 484 . 239. 114 . 52. 22 . 13. 13 . 6. O. 

83 KK 

84 KM ADD HYDROGRAPH 
85 HC 3 
86 ZZ 



RUNOF F SUMMARY 

FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS , AREA IN SQUARE MI LES 

PEAK TIME OF AV ERAGE FLOW FOR MAX IMUM PERIOD BAS IN MAXIMUM TIME OF 

OPERATION STATI ON FLOW PEAK AREA STAGE MAX STAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 

+ 19971. 7 .00 12977 . 4138 . 2504 . 80 . 29 

ROUTED TO 

+ 19712 . 7 .33 12959 . 4138 . 2504 . 80. 29 

HYDROGRAPH AT 

+ 16759 . 5. 33 7284. 1884 . 1140 . 34 .86 

2 COMBINED AT 

+ 27089 . 6 .00 19609 . 6022 . 3644. 115 . 15 

ROUTED TO 

+ 26753 . 7 .00 19426. 6022 . 3644. 115. 15 

HYDROGRAPH AT 

+ 4443 . 5 .00 1568. 397. 240 . 6 . 38 

2 COMBINED AT 

+ 27886 . 6 . 67 20586. 6419. 3884. 121 . 53 

HYDROGRAPH AT 

+ 3361. 5 .00 1255 . 318. 193 . 4 . 81 

ROUTED TO 

+ 3125 . 5.67 1250. 318 . 193 . 4 .81 

HYDROGRAPH AT 

+ 986 . 4 . 33 152 . 38 . 23 . . 59 

3 COM BINED AT 

+ 29790 . 6 . 33 21845. 6775 . 4099 . 126 .93 

** * NORMAL END OF HEC-1 *** 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

DETAIL _ _ ~E:..!:X'!LA!LM!..!.P...!:.'L-=-E----!!..#_'=--___ __ COMPU TED ______ DATE __ _ 

___ ________ _ ___ CH ECKED BY ______ DATE __ _ 

EXIJMPle ::lf / : DEo/t?L.iJ PttfbIT dr j)~p.,If-~lI~lJr/(N"- F~qJlUfNC.'f TIJBLE . 

L6CA rt(".I: eAI!EF~c A~f/~r 117 7~/'I, ~4c, SC:C 3{g· 

I?!:rutt,..; F/t€t;~NC.y (; - HaUl? }lIl!ATLoN lJePTtI .J. ,,- HoUR. ])UIVfTI 0# OeP7/1 
(IIv,HeS) (INOIFS) 

z - 1t?"A~ /. r-r-- Z , ()O 

z/o <FJ 
5 - ,,/tF'AIl.. z . (J (1 z .v () 

/0- j,:,A 1t, Z ·.JO ~ 3./oG) 

).5- ,/E,41l. 0 l'f#O@ yo 3.5",/1) 

50- 715"A I( 3 · /0 ~.z~ 

/ t/6 - ttAIl. 3·';0 1/· 70 

'(z.:: - ·011 + . q 1/ 2- (:1( 1)( x, I x. 7. ) 

1" '0 = ,'-I 'H + . 755 (X3) (X3/X4) 

~IO" :: I 00 -tEA~) /- /{OIJ~ ])€PTII ; 

X, = 2 -"'(cAR; irJ .. Hr>IJ~ b~prH'; 

)( 2. :: 2 - 1'e~n , 2+- ~R. '"DePTH.i 

><3 -: 100- Ye-.... A. ' ~ - HO(JR D€PiHj 

X+-=- /oo-Y€AR, .2"-HO(J~ ~cPTH . 

~ '1'z.:: _ . OII+.q~2.(' · S5)(I . S5/1P") == ',/2-

'1'0':: , ~qtf -\0 ' 7))"(3 .</6) (3 .'/0/"'7') :::;-2.·35 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PROJECT _-------<!I:/.-L-J.-i..;.<Dco.R'""'o ...... LJLOQ('1-'--'{(.."'---.l./).LJE'-->:s.u/..l2( .. ~,.;_Lf'1,e...'IIL!.lNlli(jLLIU'--_ ___ PAGE £ OF _6_ 

DETAI L _ ---.!::£)'-'-X'-'-'A!!...!M."-'P=L t:",---=-#~{~ _ _ _ _ _ CO MPUTED ---- -- DATE --e 
____________ __ CHECKED BY ___ _ __ DATE __ _ 

@) ?LoT Yt A;{A Yi~~ dtJ r-I(~l/~c 2.,,/ A,y~ NNA /J€f>THS ~I( OTHC:I!. 

F~€t1ue/llc/1? 5 : 

~ 5· 'i~AR.) / -H~u~ l>eP Ttl = /·35 

10 - Yt=A-~ , / -H,,,te o el' Til :: ,.st 

2. 5- t~A~.) / - /{PUR. ~GPTII = I · gl. 

511 - 1c.i4~, /-!-Iou ~ j)t:P Til :: 2"L 

® "'eXT Yllc 2 -f/fJull Ocl'711S Al!c CAL c.ut../T rej)! 

z. 1E"~) 2-lIfJu~ j)~prH =: .3'11( . 2.-'1cA~ J '-H(JlI(!.) + ,6>5'( 2. -)"EIII(, 1-1I,t/If) 

= . !-I' ( /''s"l") + . ~5'1 (I'IZ) = /,27 

/~(I''IEAI< ~ z..-fl(J(/~ j)~fJTII:: .3vl(I"'-'IeAIl..)'-HO(J~) +,~5'(I(J'-'t(!A~' l-fl(1u~ 
-:::: .3~/(3.'IO) +. (,,5'1(2.·35) = 2'7/ e 

rU)T ABoVe ~ePTII.s ON ,I-/~"R.c 2./'1 A,y~ rll'/!J /JEPTII.5 Foil (jT)/c~ 

FR.c~"~AI"~.s : 
>-- 5- 'IcAR.~ Z-/-I4t/R. l>cPTH:: 10{;2-

/b- 'Ielt!!.) 2-1I(J(}.1. bEPTIl = /017 

2s". 'lEAf<) 2-fhu ])t:Plll =- 2·/2-

5 () - jEA~) 2- fi()IJR bEI'TII::.2 ,'ib 

@ NetT Tile 3· !ltJv( j)~I'TtI.s Alle- CAl. (.(J/.A TEi:> .' 

2-'1EAR., 3-t.ftJ(j( ~EfJTI/:: oS/s,'1(2·1C:J41l. J ~-f/()lIt)+'''3t{2-'/EAR, l-tl()UI?) 

:. .5t.'1(I,sJ) +.'I11(1./Z) =/.3~ 

/00 -'I~AI?, 3-HD(j~ DEPTII = . S(,'1( /D"f£A~ / f6-JlCKJ~ + 1L./3J(/()0 ·yCJ4~, /-Hf1(J~) 
:= .5',,(3.";0) -+ . tlJI(z .3S):: z."i" 

fLoT A&t€ /JEf'TII..s ON Fi6,,,~~ [01'/ ,lilY}) FIN'.iJ OCl' Til! Fo~ C)T)lc~ r-ec:({.: 

;5 5 - iZ:IlR., .3 -Hou~ /)EP TH.:- 1-7'1 

I () - YEAR., 3· HoC/I. 'lJePTH = 2'o~ 
2.5"- YEAR. , 3 -HI"/~ DcPi!f = z· 3 tJ 

56- ,/cA~ , ~- HU(J~ Dep1H = ZoftJ) 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT ___ ..L<)/'--I->/....,:bc..o.,e.x.OL"'-'dL.J(.u."1.LLI(~< ----'4OL~"'---S"'-'/'-U(,LJd'---J..t1..L.>I1u...III'-1..>LU'-'-11 ",--L ____ PAG E -.a.. OF _5_ 

DETAIL £Ytl"lP?E # I COMPUTED ______ DATE __ _ 

______________ CHECKED BY DATE __ _ 

@ U~/N~ H6ull.c 2. IS- HN~ Tilt: /2-H~1I~ ~ectpu.c/llc 'I 6c.::p TIIS. T;'I/s 

® 

/S )JoNe B( ]>.eAwIN6 A 5T/l.AIf.flr L/,y6' gETWi=c"'; Tile ~-fl~"1? ,lJrI.Jj 

Tlfe /2 - Hotl I<. /) C P TII.5 ;=0 Ii. ALL FRF tptlc Net c: S ) 

=>= 2- 'IEA~ ~ /2.-Ht".(R DePTH :::: I. go 

5' - 'I eA R.) 12 - Hot.! R. Dc()nf. == 2,30 

10- '16~ R) 12.- Kou~ DePTH = 2 ' 7tJ 

z.5-7GAR ) 1'2. - Hout. }8PTH = 3', I 19 

50 -1t:AR.::> I Z. - Ho!l~ ~ePTH ::- 3 , ~5 

100 - ,/ff"AR.;J 12- Hoult Dc'" Til = J./.!O 

3o-I1'N ~EPTiI~ A~t£ RCl,y~ t-lltfM T;!~ ;rq I.L.D w/A/~ ! 

(2-'1€Af(, 3o-MIN bePTrl) = - 82.(2-'ICA~) I-H6"~) =- ·'ll (,./z) = ,crt. 
(/lJo-'1€AR) 30- fIII"" DePTH) -= -iZ( IO()-t€AR> /-j{,I./I.) =.~2.(2.3S).:: \·'i3 

'PLoT THE ABove VAUltS 01( Fi6(J~c 2.1'1 ~¥lJ RNj) ;tF,o T/IS ",co I!.. 

()111EIl T£e~c,vCl~S.' 

5- 'lEAR, 30-n1N ,)EI'TI/ = I · I.J 

I d - 'leAR, 30 - 1"111'/ oePTIi = / '3S' 

2)- YEAR.;) 30 -""'/# ~¢fJ Til =- / 'St) 

50- 'IFAR.~ 30 -11(041 /Jet:> 7# :::/ '7( 

® /S'- MIN' tJcPTilS ARe- I!FSiI""/lT,,=j) Fk.ol-1 TirE T(;)/_t..ow/A/6t : 

(2-1liA R., /S"-.I'1IN o c:p TIf ) = ." 2 (2- ic~f(" I-HDUt() ::: . Co., 
(Ioo-Y€'A~, I'S - Mt~ bEPTtt) ..:: , ~2..( / O()-'1~PtR., 1-l1oIJR) = l·ylp 

~ PLoT A8H/e ,)cPTII~ ON FI6t1~.E" 2 ./,/ AIV'~ FtN~ f)~I'TIiS Fo/f. ~"TIIE!!. R~q.: 

5- yEAi.. ~ IS-MI N DC:PTH = . "t 7. 
It; - YE/H? .. , '5 - M,/\/ Dc:fJ fH = 1,00 

25 .. 'lEAR., IS - MIN bEPTH -= /,1 S 

.50- '1t:f'tR, \~-MI" DeP Til ,.. \ '.n; 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PROJ ECT ___ -J.!I'-L-+-y'~l.>'_"£.p~LO'!.!.6iI..Ll c."'---...j.lLSii....t?~<;u.:/ (zz.c.N!L.-wt1u..A/LJWu"UfLl'8:...\.L'---_ __ PAG E !:L 0 F ~ 
DETAI L O/Tf'1eI.E -it I CO MPUTED --- --- DATE --e 
---------- - _ __ CH ECK ED BY DATE _ _ _ 

(2~'/EAR, (O-MIN bE'PTH) = .51(2,'/c~R.,)-Hou« )='5"/(1./2.)= .57 

(lfJ1r'lEAR., 1,,-1'11101 fJe:PTH) -=- ·'5'1 C,oD-yeAR) I-HoIIR) = -5'/(20.35) =' ,lO 

;:i Pl.6 7 AS~y€ ~FP TII~ ON ;-/u"~(" 2.1'1 ,Ato/LJ rl"';/) tJc:P T/iS ..c-o~ 

C1T;lE~ nctpuc";CIt: s .' 

s- YEA~) 10- ""'1# OC=P TI/ .:- ·7tJ 

10- ,/GAH.) /o-nllll tJE,o 711 = . K3 

25"- 'I€IJ~) 10 -/1IA1 ~ePTIi ~ 192-

S(J - yEAR.) 1(;) - /111'/ Otil'TIi :: 1. 1f) 

(2-'/E"AR:;J 5- 1'11'" lJePTtt) =. 3~ (2 -ic~R.) , - !ia\JR ) = . -3lt( I'/z) == . ~ ~ 
( /(H -'leA i.) 5' .I'!IAJ DePTH) =,3" (1(:)0 -'{cAR, t -HotJ~ ) :: ·3tr( z· 3$) ~ . ~O 

.:=-:-;::=-- ,?£oT 1'18oo/c ,L)tFI"TIIS t:)# /'"16tlLE 2.1'1 AtV~ ~/'I~ tJ~PTIiS Fq R.. 

OTilcR. ;Z£c~u.c"'Cl5S,' 

s- f~,4~" S-I'1I# /;c-PTIf - • SO 

I~ -(EAt. ) 5' -1'1 /tV ~c,o Tfl = . 5't 

2 J'- YEAR.) '5- f11¥ fleP Til -- . ;;'2-

.. _ MI. I ~cprll.=: ' 73 5tl - 'IE'A~) ~ r{.lV 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT HYPR.oL04 Ie J;~S/~ AI /1/1 tYc.r IJ L PAGE 5 OF ~ 

DETAIL #AI'1PL C #" I COMPUTED ______ DATE __ _ 

_____________ CHECKED BY ______ DATE __ _ 

z-'-ICA R. 5-'iEAR /O-'feAR 2.'5 -yEAR. ~o -'leAR. 100 -i~~R. 

5 - f"Il tV ·3 g ·50 15~ ·G:,2 '73 ·80 

If) -1'111'1 ·'S7 '7() .g3 ·91.. / ,/0 /'20 

1s"-I'1IN , iI~ ,t7 /,Of) I,IS' 1'.1.'1 I ' ';~ 

~ 
.3o-MII'I ·12- /'/) 1'3S" 1·S'0 /.?) / ·9.3 

() 

--.... 
1- /10 tit< /0/2 lojf l ojg l,g2 2 0/2.- 2 03S' 

" <:)!. 
:::s 
~ 2 -Haull. I')' 7 l 'iP1- 1''17 2. ./2. .2 ·ljlP 2 0 71 

3- Hflu/l /'3(P /071 2 '05 2·30 2 ' ~5 z''1j 

(p - If"" I< IfJ 2 ,00 2 · 30 2 , (Po '3 . /0 3·&/0 

12 - ;Iotl~ I·fo 2·30 2·7t) '3 0
/
0 3 . t,~ ~'IO 

21/- ;lD"~ z..oo 2. .t, 0 '3 . 10 3 ·55 L(. l..{) ~'7o 
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PROJ ECT __ ......J...LIi-t'l:...:.()~,l~{)~L..ILO a.r; 'u...c~~£\;-L...lS:..!.1./C:u,N:lL-.!..-I1.!.:...A~~~lI.'LI.I9-,-L ____ PAG E _ , OF ~ 

DETAIL __ J",£.LAlL1A!...JM:L-P~LE~;:#~2-=--_ ___ COMPUTED _____ DATE __ _ 

______ _______ CHECKED BY ______ DATE __ _ 

C:XM1PI.t::# Z! /:>5vC'LoPI1EI'/T OF I/'ITcNSIT,,/- DUfATION- rRc4>ufill/C 'I TA8t.c 4 GR.APH 

Lo CATIO N : (!A~E FeEc- A/~PtIlT /I, T~N J !?J./£.? 5EC 3(p. 

Th'€ TA8f..C of EXAn'pL.E:#1 W/i-L. tic CONYc~rc:jJ To /#T~tV5I T'I 

VAlueS (It! //I~ ) : 

2- t6'/'f~ RErplJ. eAlC! : .3<6 {II'/ 2 X 
~() (1'111'1) ::: ~. 5 ~ IN /rt~ 

5 _AIN 1M 

5 - ~-14'(' r~~~" clllCY : .'5 () (IN 2 x ~~ .(I'?,,.;') :; tv . ~ d II{/!I~ 
5-I'1IN H~ 

/0- iEA~ F:eE~"~NC.'I .' . 5~ (1#2 )( /Po (/'1,,0/) ::: ~ .ti'i 111/110(. 
:5 - ;1,,,,, H~ 

25- 16M f£Ecpu~Alt(: • ~2. (I,,;L X (,o( IfINL ::: 7.yt! IH'/II~ 
5' - /'11"; rI~ 

50- j~A~ r,acfu6'J'/(.!.· ·7/. (11'/2 ~ f.r,O(nIlt'J - f.7(P /1'1 /;t~ 
5- /"f I"; tilt. -

10& - 16".1 HE~ucAl(''I.' .g~ (1/,/2 ,., (;D (1f1#L - '/.(;fJ 1/1/11(, 
5-""1'1"1 ;I~ 

' b1 (11'/ ) X c;~( nIH) - ,2.7(Q 1;( ke 
/ ,j- /11..1 II ~ -

30-111,.,1 j)t.I~ltr/o# LJEI'TII.' ® 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT __________________ PAGE l OF _3_ 

DETAIL ----- - ----- - COMPUTED ----- DATE - e-
---------____ CH ECKED BY _ _____ DAT E __ _ 

/.J 6 (I,',) X 
leo 1'1111/ 

4- thcJ~ )IlM7(O# i>e::I'TII's.' (jJ 

2 - tE"AI{ ;::R~tPCl~A/{'!.' /,S.rlIA,tj.x ~()(!1INL, 26 IN /He 
3!'()I"I~# tI~-

12.- I*cu. j)1l~rl(}AI J)c,P7I!S' (if 
~ 

2.a 0 (/~) )( 

1'I¥o 1'11111 

® V,ALI./t.<:S Nil. 0 rflcll rf(ptPuFAlUES (J- y't!',4R.) I~ -'/~/M , ETC.) CAN Be 

~A-'- c..ULA-T~.o IN A- SII"IILAR. wAy AS TII6 2 - tEA~ FRE~"e:NC , . 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT IIW&OLo c." })Ei/("'.,.,f I1AAlUAL PAGE ~ OF ~ 

DETAIL ExAMPLE .:It z.. COMPUTED _____ DATE __ _ 

_____________ CHECKED BY _____ DATE __ _ 

~eQI1.F"'(,'/ 

2- ,/1{ ~-'1f( lo-i~ Z'5-'/R. 50-if{ l t)O-'I~ 

5 -11,,,, '/,51J (, ,00 &' .9'i 7-y1/ g'7!P 9·4-() 

/O-I1IH 3· t/l. if· 2o 4-9i S-·sz (.p,ufJ 7.ZtJ 

1~--I1IN' 2 ·71, 3·(8 ~.O() ~.(;() S'·/z 5"-it/ 

30-#1"/ / ,gJ/ 2.·3~ Z ·7tJ 3·()d 3·SD 3.¥~ 

1-llo,,~ / '/2 /.J,5' /·s-t /·82 z ./2, 2·35 

2-f/~,,~ , (Pi I f / ·91 I . ott; / ·23 /1 3~ 

3-;lPII~ ·l/5 -S-g ' {,$ -77 4gg 49i 

Is, ~ tI()lI~ ·2& ·33 -38 ·'-13 '1j2 ·r? 

J2- l!cul .. / s- -/ '1 ·23 • 2 {p -3D ,3-/ 

2~-fIotd. .og ~ / I ·/l · It! '17 ,/7 



5 min. 10 15 20 30 100 200 300 500 1000 min. 

5 min. 10 15 20 30 ioo 300; 500 1000 min. 
. . 

1 hr 2 3 6 12 24 h 

DURATION 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

DETAI L _~E<-.!lJX/1[LI1!...!.Lt..!<.t.J",.E-----"#'!:........3:2....-______ CO MPUTED ______ DATE __ _ 

---------______ CHECKED BY ___ ___ _ DATE __ _ 

El.AI1Pl.£ #' 3-.4: f)C:,SIt:.N A /C"-'jGAP.., ~-II~ul< ,eAINFAI.L tJIS71t.18f4710N 

Fo~ ,4 0.2. 11/L. .$-'ltt''''/ /N' Tlfc eA,t~Fgc ,.41.t.p(J~r ///1.0. 

?Rocc DC-/ R. e : 5iAlc~ T/l15 /5 A S MAu.. 13ASI;J;, .N'b t1~IA'- ZE~Uc.TIO'" IS Nc-i!'~t?/). 

AI.s()" St'KCC Tift! BAS",.; IS L.F".5.S THAN t1.f' 1'1/ 2.. ~ I'TS /"?/1S S C'l.I~II~­

W6(.ItO g~ S/M"AR.. To 711E PI97'1'C-~.v.:;t I /'1/155 C(J,t(c Or 7?1[ 

11,4,.J/I~t..· SCI Tile SA,+fc ?;trlc~""IlES (/yOA;1) WI(,! .$c 'ISF!>. 

@ C/:U.CUt.A Te Tilt: HI6tIICST 1$-/'1I,.t £AINh9l.L Oef'T/f· 7,#ls /.1 ~(J~t:- sy U.J/A/6, 

TilE /NF"~MI9 Tlo/ll F~o", EXAM!''-&'.:# I! 

15"-/"1 ,,.,/ pcP Til = (( 30 HIAI) - ( IS ""IAI) ) iJet'TIf = / -93 - /. '1& -:= ~ ." 7 . 

71115 VA,ue IS co,.;St'/)(:~t=D 7e 13'~ TilE l'1aS T INTelllSe p(J~rl(>N' ",c Tllc- RAt'AlFAlL 

/)/jT£I,~UT"N AN/) TilliS MUS'T t!t:- jJt/fct?'i> /fr Th"E ~,lITICAL L...o(.1TldN o,&" T#~ 

t1I1SS Cclll.'(E· a t:lllt=Mtt.j Ir /.5 I'UiC~/) t4 r TilE ec:;{rE,f 0;: THt:- /I/ISS CCll!.l/e. 

FoR. TIk: PL/(Pd.Jtrj t!F 'TIII$ 6XIII'1I'£E.) We WI£.'- PL/fCc I T To TilE" I?/~#'T. T//I.5 

WI'-'- rJt: I~ 4C(PI.OANtt: WITH rlie- ~AINr-1tl.. 1';9-T7C:~"'$ /N TlI'c I'1ANl.//1(." /It.t. t7/­

WlIlcH ALe SHlrTCD Tt:) 71ft: ,e/~IfT 8; '1j- H/A/(/Tti 5 . THf:rI) PeACE Tile 1S"-.M/'f/ 

P£IIK P/lAlq(I.vt:. 1/;4£/1'; AT li-"fE .e.;:dC of Tile bES/c,1'/ T/1&E. 

{'If.l C~Arc /#6 )/&HeS7 30-""1# VA'-uc AN./> CoAlTIAlU6 eN IN TH~7 rAS/rJN: 

30 - HI" /)~fJTII:, (( 11"# ) - ( 3 o HII'{ )) /JC:fJ711 =- (z -3 s-- ) -93)/z = 1'2. I 

1/1105 VALlii' VWa. gil" P~"'Cc~ AT lineS 3: 30 AlY'b 4(:/S-. 

/- HfJg R.. prffTH = ( l.H(JI./~) - ( I HdUf.)) /)C:I'TJ-I = (2. .7 (- 2,35)14 :: 101 

TillS VALue IS PLA1C.e-,j) AT 7t1'1C:S 3:o~) 3: IS -' ~: 30-, ;Clio/£) 4:4'0. 

1- IIdf/ ,q, OcP TIj = ( 3 Hau~) - ( 2 HOU~)) D("P Til = (Z.qS; -2 . 7 1 ) Ii{ = .0" 

TillS VALL/~ /.5 J>~lJcel; fiT littfe$. Z:30:; 2:45., :5:(0) Al'lt> 5:15. 

3- HdU( be/) Til == (( lD Hout J - (3 H(JU~)) bEPTII = ( 3.</" -2. ."5) iJ2. = I 631.r' 

TII15 VAluE /S PtAC(fLJ /J T 7iHc.s I: ~o T(J Z: If'" /JI'IA 5: 30 To 1,: dt! · 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT ___________ ________ PAGE ..L OF ~ 

DETAI L - ------- - - -- CO MPUTED ----- - DATE - -e 
______________ CHECKED BY DATE __ _ 

511"c.~ TflE IS--H IA/ P(JL 710'; ()F r#6'" bls 1~1 au TION WI9S S/fIFrtJ!ll 8 y # S I'1IN(/TG=·.s.~ 

711c LAST 3 NlIH8cRS WIU. G.() 8c'loAlO {; lOa. rillS IS TAKC'N t:!Al!.c (J~ sy 

PtI1CI"-I{" TII6'~& AI"118c~S Fo~ TIME'S O ." S' TCJ tJ : q5 WHICH c:.U/eIU?IV' TI..'/ ,IAVo 

No Nt/t1BtFRS IN THEn . 

® Tile- GEA/~~1f76'1:J NCJI1S€1!.5 eAN #(Jw 81: ~EP£C:S€N7,,:h 1/11 "Tile: C"M,,/..,4711/~ 

FOIU1 wfilCtI C,q,y te b/l!.l?cTt. 'I u.s c-=u Fol< licc -( I/IIPu T. 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PROJECT MA.I?( cQ/',4 eel"" r~ r~O&~O(~ I'2AttltllI-l PAGE · 3 0F ~ 2 , T!J:f+ / 
DETAIL Wtt'l"tf' -=#= 3 -A COMPUTED DATE _ _ _ 

_____________ CHECKED BY DATE __ _ 

.bC'.5I(:';'./ ~/lII{~,4LL {)!-STI!!.18U Tlr),.j 

\A$~£" 
~MC ( HouR ~ ') Rt1INFALL (ItVCIIe""r) ('u 1'1. KA,,"'/'A" 0dC/*;S) 

0: 00 v·(Jt) o.~ 0 

6 : 1$ 'O37~ ' (}37J 

0:30 '0.3 7 S'" ,IJ7J 

0: ~s .oS7.;' A/ltS 

I ~ () 0 ,oJ7[ .1] 

l ~ \5 .037J '/f75 
, ! 30 .o;?; ./ 

• 22) 

pt.j5' '037) '2~z{ 

2..:00 .037; ~JO 

2. : t5 .037{ ·J37) 

2 ! 30 (). 0 (p '397J 

2: ~5 (j.() (p *7'.)7,) 

3 : 0" tJ. " q 'SLf7,5 

3 : \5 O· 0 '7 '4>j?,j 

.3 : 30 () . z.! ' f'f 7.( 

.3 : "J5 c!J''-!7 /'3i 7f' 
"'I ~ (J (J I· J{f.s, 2 · 77~J 

~'·15 0'2.1 2,9'6 7)" 

Jo) '. 30 a ·D.C! 3.0775 

l.J ~ '15 3.1& 7) 
.--

o'()'l 
5! 0 0 o· 0 ~ 3.227; 

5~ 15 o·(){; :3 . 2. ~ 7J 

5 :30 • CJ3JJ 3'.3).)/ 

5 :'-15 ' d37f" 3.3 62.5 

~ ~co · 6J7.f 3, tiD 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PROJECT fltft>goLO{z,(. AESI(,H /1ANl/AL PAGE :L OF ~ 

DETAIL EXet1P1.£ #3 COMPUTED ---- -- DATE --e 
________ ______ CHECK ED BY ____ __ DATE _ _ _ 

EM I1Pl e II .3 -8 DFS(6N 11 IOD-t~A~, 6-H~Clt. l(,AuvPIfu.. ))1 S T.eJ$u 7/~N N/l... 

no ce/)u £E " 

It 5'.0 /'1/ 2. WAT€I?.~ Jle.D /# rile; 6I£Fr~t5' A-UPIIZT A £tA- . 

~ 
SINC€' TillS WATERSlltib IS L.A/U.irR. T/lfltV o· 5 1'1/ , 17 .e~tpul.etr5 

,4!?tF.At. RC:/)IJt.Tlol'/. tI'>ll'it. FiC."~lF Z./ FA.ol1 -rf/~ /'1/9/YU A L ;I ;4 
\ 

eC'PeUTlON FAcTO/(. o,t:' O.,r,S- IS t.;JlFt) . THI5 W l t..L /2. C::S U(, 7 /d 
. 'filS' ( 3· "0) == 3- 2~ I/II;J wHl?A!.E 3 · yo IS Tf/~ lo~ - t C-AR. ~ 

IP- /loull, ?tuAiT j2./'tlnFA(.l. 0J(. c.J 6".) CD/1'p~ T.:f'D //11' 5x/t~Ptt:" -# I . 

FRo,., P/~rJ~F 2.11;1 rile PIJTTGt.1'/ /)/STIlI$u,no/!/ ;::-(J~ r illS Aet=A 

IS ~TWCCN PfiT76'~A/=#Z. /f/ll/J P/fTTE.eN#3 . Tile:' et.(JS~ST 

V,4l."C W'out..£> .BE 2.]'-1, hi/hell We WIlL. KE,cEI!. To J1.S 

?11-77E'~~:# 2. -3,/-

To t:.eT TilE CoR.~c.5A/'IL:JIA/6 /!IUS Cl//l.I/F ~ t/ALLI~S FIi?~/'1 f',4TTcJZ. 

AR.E Al>bt=1> 10 $'/ % or: Tilt: blrFc,eFA/Cc 8ETyVEC=~ TilE VA(. IIc's 

tJj:" ?A7Tc~1I/ :I' z. AN'/J ?IfTTtf".eN -# 3 ~ W#I C /I AA:c A?t:<".Ab ;-""£o.A1 

IABS-.c 2 .2,., 

Cl;{(£ ?ATTEte."y :# 2.3-1 IS C'IJNS~t(C.T~.D;J 175 cLE/o-tEI1/'TS AeE 

I'ft/L7IPL./G.J} ..8t T!-IE ,R,A/,yr/9£L (3 . 2~ IN) ) /ttY./) T/lc,v 7'/;t~/ 

tAN 8&' t./.sEJ) ;4.5 bILc=c.r II'If>tJ7 /1'170 11£c.-/ ~1 /J /v'/JJIN6. 

TilE FLcMC:A/7S 8'1 /ot), 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT ,dAglCpjlA CoUNTi iltf)(U(.Ov,/ /'j/fNU/1-L PAGE:;- OF ~ 
DETAIL CJAl1fJLti # 3 COMPUTED DATE __ _ 

____ ____ _____ CHECKED BY DATE __ _ 

7/ /"Ie.': #2- :::#3 '3c({#J-th} 
.: 

=It 2- J1 /2A'N r/1(.(. 

0.' 0 () 0.0 {/. () tJ· () o· () o· () 
0 : IS" 0 - (p I'S ~'3 0''1 003 0 

0: JO I';' 2,0 tJ'3 /') ·0'-17 

(): 1f 2 ·0 3 '0 
./ 

0,3 £..) . 07) 

o : (p o 3 of if ,s u·(p 3-7 • I 2-/ 
, : If 3·1 t.3 0.& i ' 7 -/5"(./ 

I! J ~ i '1 7't;, 0" 5·t ~ I ~o 

,.' 'I) 5,7 1'0 I· / ljlt ·22. 3 

2-.'O() ~ '7 /6 If flj r .l) . 2 (P-V 

1. : If 7·~ 1/·9 
.... 

1· / .zt:t'l I') 

2.'J o g . 7 IJ ·[ /.& /0 '3 · J3~ 
Z: .. /r 10. rJ Jj,2 I 'f II . '6 ·3 f7 

): 0 ' 12 '0 f),§ I' '1 fJ. ~ - i)~ 
3: I) If/ ·J z. L · l- ~ o I f' ] · eo,f) 

3:Jo 2S·~ 30'/ /. 7 2(;. i ·t(l---

3.'L/f 15 .1 '-17' 2- (j'l ~;;g I·.)al-

'i.' Or) ~ ,/ ·1 ~7 · O - tJ1 7 f.J '/. t/ 2 . 'l. '-i 

r':/{' t3 '7 79-& -14 C62. . J 2· 70 

,,:j() 9tJ ·1) 'l(, I r -/ 11 g'~'1 2. • C) J.... 

'I; '15 qJ.g- 1/,2 -0,9 t:}z'7 3 'OJ 
5 :dO f~'7 q'l'~ -0'7 q(p , O ./ 

j , n 

s: If' 11:.5 tf7' c.f -0 ' '1 'fl· / J · 22-

5!.J() q?" fl·?! -0'3 9«'7 3 ·,,</ 

5:15 79·-0 1'1' 7 -0. / CfY' i 3·Z,'It/ 

cP:a{) /(Jo·o /(N.O 0'0 !po,{) 3· zq 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT i-IWROLOq/C OESlCiN MANUAL PAG E -.i OF _2_ 
DETAI L EXAI'1P/..c YP' y" CO MPUTED _____ DATE _ _ _ 

_ !....:R-=--A.:....::T--'-I-=-O.:....:N.....:....:.4..:.=L=----_~__=__=E:.......:r.:.......:I1:...:......__.:()O=___ __ CH ECK ED BY ___ ___ DATE _ _ _ 

SC£NAt<IO :- A RETeIYT/oN 8ASIN IS TO 8E PES/~N€() ~o"< 
AN URBAN WATeRsHED WA'/CH HAS IH~ 
Fo.LL6~/N~ P/~YSlcAL. C,LIARAcr.=RIsr/cs: 

LOC.ATION -------~~ 

AReA ----------------~> 
FL.OW PA TH Le'IVGiTH --~~ 

AvcRA~£ St.op£ ----~~ 
LAND USc -----~~ 

C.ARffFR.f: C I T"N - RifE 

17"0 ac:r"es 

/. Z 3 b f'YIl. 

3'3 Ft/1"11. 
70% S/NCjL.€' AHu"y RG'S/PcNTIAI-

30% L/~I-Ir IAJOLlSrR/A L 

ES-TII1AT c TNt: PEAK D/SCNARqt: AT rHI£' PASIN INt..t:T AND 
TH€ VOL. U I'1£ OF RUtVOrF To Be: ;l?E"TA/NE'J). 

STEP 1. : 

ST5'P 2.: 

fJ£TERJI1/NE" Tile RUNOFF CCJ§'FFIC/eNT .. C· (-rA~I.E" 3.2) 

70 C1
/. R /" E'SltJt:NrIAL .. o. I{O 

30/'0 LI(jHT INOiJ.STRIAL"'o.~~ 

(. 70) (. L{O) + (.30) (. IQS) ::: O . ~7S-

CA L. C U L.ATe -rc. 

L :: /. 23" mi.. 

Kb:: 0 . 027 C 
5 = 33 -t="tj,.,L 

.so v' sz 5-= II • ,J8 
Tc :. II. Lf L AI> L 

KAlowN VARIABLES: 
.so ) .SZ -;31 738 

Tc ~ I/, 'I (1. 23') (.027 (33.) (i) 
Tc. = o. '5'5 !:~3' 

CHOOSE A 5TARTI N€t VALLIE" FCJR Tc I SAY 30 min. AT Ie 
::: 30 mi.n' l r/t"E / 00 - YeAR RAINFALL INTENSITY 15 4<00 in/hr. 
(I-D-~ CL4 R. VaS I Flq . 3.2). 5INCF" Th"E WATERSHED IS OUTSIDC 

THe Ph'oEN/X AReA I Th'E: /NTcNSITY VALtlES #ijsr Bt: ADJ USTED 

US/I\I~ THt: eQUATION I N sE""Cr/oA./ 3 . S: 1. 3 : 
. . Pt~' 

L = 1..1' 2.07 

tJflER.E' 1.;> /S THE INrcNSITY VALU€'" T/?O"'f r/<i- 3.2.. AND A~ IS 

THE' 10 - YR I i. - HR j?ollvr RAINFALL. PE'PTH rRoM rl'i. 2.. L..{ • 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT _____ _ _____________ PAGE ~ OF _ 2_ 

DETAI L tXAHPLt =It Y CO MPUTED ----- - DATE --e 
_ _ _ _ ______ _ _ _ _ CHECKED BY ______ DATE __ _ 

IN THIS CASE: Lp = '1.00 in/!'r I R/' = 2030 ,,-on 

i,"= ¥.OO (: .. ~~) = ~ 'I¥ inftr 
~31 

AT L ,oo ::' Y. f"~ ~"'/Ar : Tc = tJ.6SS ('I.¥'1) : 2203 "",On 
TRY 7C = 20 /'lin : L~ = ..s: 10 In/hr 

i./~:: s: /0 ( ~ .. :;) : S". b 7 in/hr 
° ( )~3S AT LII~=S.h7in/j,r: 7C=CJ.fcSS S:"7 :: 20.3 1"1'1,'" OK 

So Tc:oo= 20 PI":", &.~t1(1= 5."7i~,. 

STE"P3 : CALCULATE' PEAK OISCI-IAR~E 

G pK :: CL',coA = ('I75)(5.b7)(/,/0) = 377 cfS 

STEP 1 : CALCULATEi' RETeNtiON VOt.UHE (vJ 
V s c(7f)A 

WNeRe /1": IS THe' 2.-H()"~ I /()o- YeAR PtJlNT RAINrALL DEPTH ( i n). e 
A<:tA/lV, SINCE rNE" WATERSH'E'L) IS OUT.5/L)E'" THE'" P;l(OE'NIX A~E"A I Pt': Husr 
SF CALCUl.ATeD F/?OM THE'" OUR-ATION CONVeRSION £"GUATfoNS /N 

SeCTION 2 . 'I. ~ : 

'(,00 ::. 1. - #M~ , /OC) - Y£A~ pC/NT /?AINFA LL ( in) 
'(,00 = 0.494 + O.75S" ()(3) (Xl / X It) 

wHE:R£" X3: tc-HR I 100 Y6""A~ palNr RAINFALL = 3'10 ~'n (FltEj 2.7) 
X'I :: 2'1- HR, 100 YcA~ POINT RAINF"At.L::: Ii. 70 in ( Flq 2. 13) 

50 : Y,oo = O.4If'l r O.7SS' (3 .'1) (3. 'I / ~ 7) = 2. 35 £.1'1 

Xl. :: 110: = O.3,{/ (><.3) + O. '51 (1,00) 
= 0.341 (3. '1) +O.6S? (2 .35) = 2.71 Ln 

FINALLY : V = 0. I./7S ( ~.;, ) lif'O aC = IS":02 ac-Fr 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT f/YOROl-oq/C DES/tiN HANuA L PAGE _ , OF ~ 

DETAIL E XAMPLE WATeRSHeD COM PUTED _____ DATE _ _ _ 

____________ CHECKED BY _____ DATE __ _ 

L£G;END 

__ WATcRSHEl> BOlANDAR.'f 

___ ... -' SU88AS/AI BOUNDARY 

.. -...-® 
£ 
~ 

WATERCO(J PS£ 

Su88As/..... NUM8~R. 

~NTIi'A TlON pOINr 

SE'CONfl'\R.Y FLow PAWs 

PI?WARY FLow 'pA Til 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PROJECT HYDROLOGIC DESIGN ;vi ANUA L PAGE ~ OF ~ 

CO MPUTED - ---- DATE - -e 
____________ CHECK ED BY _____ DATE _ _ _ 

DETAIL eXAMPLE' \tVA TeRSH~t> 

SUBBASIN CI-IARACTERI5T/CS 

S1.488AS/w AREA IM!£/(VIoUSN£SS FL.CHI' PAr" SLOPE' 
) =*1= (".t.i) (,,) LcN(jrH 'N) (Ft/ll'li. 

.J- /.52 33 2.. (,S' 110 . '10% /¥uL.T!- (jAJ/~ A~E'AS 

'0% ApAfl..TME:Wr ARE'AS 

2 2.17 21 1.8S' 30.S' 100% S,Alql.E" FAMILY 
~FSIDE/IIT/AL 

3 0.9' ~2 1.13 IOlf. so% L /qHT IN DUSTgIAL. 

50% /)ow{N71JPN AREAS 

:",,...1- 0.8" CJ /.¥? &37. /(Jo~ tJ",Dt:VEJ.O'G'f) 

O~·1*t /'1CUNTAI 

WATERcouRSES 

suS8ASIN OESC R.I PT ION 6iEO/"1 cTFl:'( 
AvE'. AV~. SlOE' MANNING,S BOTTOM DE:PTI-I 

:#: WIDTH ( fi:) 
$'-0 PE' ' n' 

(ft) 

/ SOIL CC/'fENr 
T~AP. ZS- S- 2:/ . 0 18 

'-'Ale/) 

DREPdfEJ) EAc'J/ /?ecr. IS"' .02.2 

3 
CONGJ(ETG TRAP. 

LINE!) 
35" 3: I o IS' 

1 NA7URAL 
TRAP. /5" .2 2: I . tJjlt) - DESE'RT 

STREAM 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT HYOROl.O~/C DeSICitY HANl.IAL PAG E _ , OF _2 __ 

DETAIL EXAHPL€' :II S- CO MPUTED ____ __ DATE __ _ 

(iREEN i AI1PI Loss /YETh'OO CHECKED BY ___ ____ DATE __ _ 

SCENAR IO CA Leu LA,£, THE ~/(EFN AN,:? AMPT L. OSS PA~ANE"TERS FO~ 

SUBBASIN # '¥ 01=' r#£ E><~HPt.t: WATG"RSHEO. AS..s'-lr1£ 
THAT THE WATeRSHeD IS LocA T'E'e> WITHI/oJ .,-He 

BOUNDARIeS 0;:' THe ., SO/~ S'-II? VeY OF A ~ U I LA -

CARS'FI!.EE' ARC'A I pARr,5 OJ:' /'IA~lCoPA AIVD PINA L 

COUNTIES I ARIZONA " . ASS LI~E tHE" f)ES/~/\I 5TOR"1 

7?J Oe- A b -I'r'~, /OO-Y'R EVENT' O~ 3. ~ to ~cJ INcHE'S. 

tV('/If~EI/S AK£ ,.e:4l4.l1,/b eN' rNe salt.. 

SU It VEY /'tApS ANt:> III/OleAT'E' .s~/L.. 

/"lAP l/Nlrs . 

srEP 1 PI.A N I f1eTeR /'lAP tI/VIT AREAS 

wl rlll# r#E' ,sll88A.SIN. ASSl.Il1c 

r-OR 7'1-11.5 CASE: 

HAP UNIT 
2 2 

PERcENT TOTAL AReA 
2.S% 

2 ' 3S"~ 
10'/ '1O % 

100 % 

NOTE: RE'F ER 10 · Nore5 0"'1 CALCCll.AIINC; LOSS PARA He TeRS ~ IN' cHApr~R. 

7 A NO API'EIJIC.c.s A - D FO~ A o VICE" ON CONS tRuer ION al=' Tile 
FOL.t. cW/,vC; rAI3LE. 

STeP 2.: CONS TRUCT A TAl3l.E" SI/'1IL.AR.. TO 7h't:' roaowlNq : 

/"lAP ~ 
UNIT HAP 

• UAUT 

SO IL r~TI.JR.At. Dr~orA PSI F xl<SAT 
NAMe CLASS (4t1) (i,,) (.:.,,1 hf') 

80 CONrIN~ CI.AY . IS' 12. " . 0/ 

22.. fCAItE,c:~1'I CLAY .IS 12 . 41 . 0/ ZO ElSON SANOY Cl.AY LOA.M . 2S" 8.(. .0' 
MOHALL SII.TY LOAM . 1(0 t. .' . IS" 

,{O OE'NUR.c FINE SANDr ,01411 ] .3 . S' 30 MOMO L..l GRAV6'I.I.'t'SANDY UAIf .3S . 110 

2'l ZO CAR~ ll0 CS/tAVELLY SAIIDr 1.01411 

[ G ILMAN LOAM . ~5 "'1.3 • ZS 
10 fTA RI PO SANOY LOAH . 3.5' 3 . S . -v0 

CARJU'ZO SAND .35 I.' 'T. '0 
20 I.E'H/'fAIJS SAfo/OY CLAY I.OAI1 . zS' 8.'- . 06 

f A IVZO SANDY LOA,., . 3S' 3.S . 'to 
[04 20 E'(JA SANDY /.0"'11 . 35 3.S . 'to 

PINALt:NO SANDY CL.AY . 20 ' .If . oz. 
'0 ROCK OIJTCRO' - - --



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PR OJECT _ __________ ________ PAGE 2. OF ----.L 
DETAIL FXAt1PLe S CO MPUTED ------ DATE --e 
_________ _____ CHECKED BY ______ DATE _ _ _ 

.5TE"P 3 : CALCULATE" WE"I<Sh"rG"D PA~ANcTeRS FO~ £"ACH NAP UNIT 

UNIT 22 : OTHETA = .80 (./S-)+-. O'7( . IS)+.O'1(.2S)-r . ~"1(.1I0)= ./7 i t'\ 

PSIF =. .80(IV/)+ . O'7(/Z.II)+ . O'7(!.,)+-.O'7('.')= 11.8 Ltl 
X/(SAT= . rO (.0/)+.0'7( .01) +-.0~7(.o')+.O<'7(./S)= .02. i. n / ltr 

UN IT 2." OTHETA:: .3S L.t'\ 
PSI ~ = ,'10 ( 3.S) + .033 ( "'.S) • . d.3~ (3S) 'f" . 03! (r.tf):: 3 .5 if! 

X KSAT = . eto (.1(0) + .033(. lS} +.033 ( .+'0) +. D3'.3 (<I.,) = . 5'.3 ~o/hr 

UNIT IO~ : DTHETA:::. SO (. 25') +. "7 (.3'5) +. "7( 35") +. I" 7 (. 20) = . 28 LI'I 

PSIF = . 50(8.1.)+-.1&.7(3.5)+-."7(3.5' ) + . ".7(9.'1) I; 7.0 t '" 

XKSAT:a . S~ ( .01.)+.11.7 (.1i0) + .IC.7( . IiO)+- . 1'-7(. 02):: ,/7 ~:n/hr 
RTlMP= '0% 

STEP Lf: CALCULATe W£'/~I-Ir£l> PAR.Af'1E:TeR..S FoR. THe 
SUBBASIN BY Pc/?CE"NTAqe OF SOI'L I'1AP UNITS 

DrHclA = .2~(.17)+ .~S'(.3 S) T. '/0 (.Z8) :: . 28 ':1'\ 
PsIF:: .ZS(II.S)+.3S" (3.5) ... . 110 (7.0) = 1:0 i.n 

XI<SAT .. . 2S ( . oz) 1'.35 (. $"3) +- . l./O (./7) = . 21. ,,,/1,,, 
R.TlMP = . ~o (~ol = 2.'-1 % 

srcp 5 AOJUST XkSAT FtJ;< PERC£NT Vt:~t:TATloN 
COVeR U51NCj nq.ClRe ~ /0 

ASSUHE" 25'% AVeR'A<$E VF($£rrA,ION COVe'R OVeR' /1,,;£ LiAS/IV , rNG'N 

XKSAi:: . 2b (I.17) = 0 .30 i.n/It,. 

STeP ~ : SE'L.E'CT A SURFACE' ;f'5TG'N,/OA/ LOSS (IA) FOR 

Th'e" SUB8ASIN FRol1 TAI3L£" ~/ . 

FoR. THIS EXAMPLE', ASSUH£ 

8.5"% /lU.LSLOPG.5 --+ . /5' 1.:/1 

15% t10GlNrAIN _. ZS" ~:'1 

IA = . gS- (.IS) +- . /5(. 25") = o. /1 t'l 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT !-IYDROLOCiIC DESIGN MANUAL PAG E ~ OF _2 _ _ 

DETAIL E"xA M PLc =#= ~ COMPUTED _ _____ DAT E __ _ 

_ ---.:I=L'--+_U--.:....::L..:....R-=-----________ CHECK ED BY _______ DATE __ _ 

XN/TI AL LosS PLUS U,v/poRI'1 LOSS RATE 
BY SOI L TE'XTURE AND HY{)R.OLO~/C SOIL GiROUP (HS~) 

SCENAR I O : CAI-CC.H.ATE THE' INITIAL AND UNIFORM LOSS RA"iE' 

PA I!.AMETE"R..S FOR., SUBC3ASIN #~ OF rHE E~AMPLe 

WArE"RSHEO . ASSUHE THAT THe WATERSHED 15 
LOCATE"'D ~JJTI-IIN THE' 8oU"IOARIe."S OF THe II SOIL 

SURVE"Y OF AqUIL.A - CAR~FIf!.Ec ARE'A, PA~T.S OF 

MARICOPA AN!) PINAL COUNTIC'S, AJ<I'ZONA". ASSUMt:' 

T HE ()C'S/(iN STORI'1 TO 8E" A "-I-I~, /00- YeAR. 

eVEN.,. OF 3.S' Co ¥. 0 INCJ.lE"S . 

S TE'P i 
-----.,;~ . f'LANIHc TcR NAP UNIT AI?EAS 

WITh'/N 7"..+'£" S(./B/jASIA/. A.s:5t1/yE 

r-()~ THIS CAS c : 
/'lAP UNIT 

2 2. 
PcRCfiNT TOTAL A~E'A 

2~" 
35" 

Nor~ : ReF ER. TO II NorE'S ON CALcuLAIINq LOSS 

PAR.A M ETER.S JI IN CHA.PTc/e t AAlO APPeNDICES 

A- 0 FoR. A()VICE' ON coNSrRuc.TION OF rHE' 

FOl./.OWNllt:, TABLe. 

STeP z. : CONSTR UCT A TA BLE' : 

MAP -/0 
U NIT MAP 

tt UNIT 

80 
22-

ZO 

/.(0 
3 0 

2. <1 20 

10 

20 

/0'1 10 

,0 

S OI l. 
N AME 

CONTINe rCA It6
"'U( EIJ~N 

NOHAL L 

DE'NU~E 
/"IOMOLI 
CA leflZ O 

(i1 t.MAN 
M ARIPO 

CA J:R IZO 

I. 6HHA N S f A RI ZO 
£ /JA 
PI NI-LEN a 

RaCK OIlTC:~OP 

TcXTU~AL 
CLASS 

CLAY 

CI.A'( 
SANOY Cl.A'{ L.eAPt 

S'L.TY LOAI1 

rlNe SANDy' J.(M.11 
~~Y84LY SAN,Y "aNI 
iUY,.", SM'Y LOAI1 

lOAM 
5AtJ~r..,~ OAI1 

$AAJO'( CLAY 1.01.11 

SANDY l.0.4M 
SANDY 1.0AI1 
SANDY ClAY 

H 
5 
~ 

C 

B 

0 

1 

501 L. Tel( TUIU' 

I L. C fVST'l.! 
U,,) (i.n//Ii,.) 

. .3 . 01 

.3 .01 

. " .O" 
.'- .IS 

.7 • "10 

." .Z5 

. 7 . '10 
1.3 '1.(,0 

." . 06 

.1 . 1/0 
.7 . 1/0 
. ~ . 02. 

-- --

I IL. 
(1.'11) 

. 5' 

.S 

.'1 

-

NUHaE'~S A12E' FOUN/) ON 
THE' sou. SU~VEY HAPS 
AND INDICATE SOIL 

HAP UNITS. 

HSGt 

cNSTt..l 
Ci.n/hd 

.IS' 

.25 

. oS" 

--



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT ____________________ PAGE .2:.... OF ~ 

DETAIL FXAM PL£ :# ~ CO MPUTED ------ DATE --e 
_______________ CHECKED BY ____ __ DATE __ _ 

STEP 'I : CAL.CULATE" WEIGHTED PARANcTERS FOR.. eACH H A P UNIT 
NOTE': SKIP rHI5 ST'E"P IF tlSINq THe L.CJSS r'ARAh'FrEI(S 

rOR HYPROLt:J<4/C SOIL GROU PS 

UN J T 22.: .IL::. 80 (.3) +-. 0'-7 (.3) T'. 0'7 (. ,) +.0' 7 (. ,) :. . 3'"1 in 
CNSTL" .80(.0/)+ . 0'7(. 0/)+-.0(;.7(.",)+.0'-7(. 15):; . 02. Lt)lA/' 

UNIT 2Cf: 'xL: . ~O(.7)+ . OJ3(. ')+.033(.7)r.O!3(1.3) = .72 in 

CNSTL = . 10 (. '10) + . 033 (.ZS")"'. O~$ (.'"IO)+.033(-Y.'O) " .S-.3 ,"'II/~" 

UN Ir /(11/: XL = .$'0(. ,,) + .1(.7( .7) +: I" 7 (.7) -1', 1'-7 (. "J = . ,,0 in 

CNSTI.= .S',,( . o,,)+./'7(.,,~).;. . 1"7(.'1a)of>."7 ( . Ol]:: .17 ~:I1/;',. 
~rIIfP" 60% 

STEP 5": CAL.CULA/c WE/t:$r£"LJ PAR.AHc/tRS FOR Thie SUBT!JASIN 

BY PEIi!.CcNTAfiijE OF' SOIL /"tA.P UNITS 

role 50/1.. TtXitlA1E: 
II..:' .ZS(.3'1)"" . 3S'(.7Z)+. '10(.60 ) = . $"8,'11 

CNSTI.: . ZS-(.02)+-, 35"(.5'.3)+. ¥O( . 17} = . 2' injl,,. 

RrIHP= . '/0 ('0) = 2'1% 
POR ;.IYPKOL.OGIC SOIL. ~KOLlPS : 

II..=- .ZS'(.$)+.3~(.S'),o-;~o(.'1)= . W"'·11 
CAISTL = . 2$ ( . IS)';. 35 (.25') .,.. '10(' oS ) = .IS-bl/;',. 

NOT£': f)(} Nor hllCU.lPE A VALUG: POL! R,/IfP W#E'N t./SIN4 HS~ 's . 

STEP t:, : SEL~C.T A ..suRFACE" R€'TENrloN LOSS (IA) FRO/'1 TAlJi. € ~ / 
AND CALCUI.ATG STRTL: 

FO~ r~/5 EXAH'LE: 70 % f/1t.l.SU:;Pcs ~ • IS"* , '11 

30% ~f./lflrAII1I ~ . Z~ (,11 

IA" .7( . 15)+.3 ( . 2S)=.I8£11 
;:-01( ~O/L r£xruR£"' : SiR-iL = . S8 ~ '" -1- . /8 I." = . 71, I.'" 

Fa~ NYP~OI.04IC SOIL ~ROUPS: SiRTL • . ¥, l" r. 16 /. '" :t • ,+' til 

STeP 7 : SEL.ECT A V£""<?Er'AT/c:1N COII~R ADj"USTI1€Nr' ;:A<: To~ 

FOR. tHe BASIA! FROH F/o/tI~e- ~ /0. 
AS5U/'fE ZSYt. AV€,RA4E' VE~E""TATIOA/ CoveR. Ft)/f! TN'E" cA/TIRE" BASIN, "THeN 

FOt< SOIL rFxrUl(e: C,.vSTL. = .2(, (1.17)= .30L'n/hr 

FOR. IIYt>FU'JL.oqlc SOIL. ~ROf./PS .' CNSTt... = . /s( 1./7) ~ . /8 i'l//'r 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT HY'OI?OL O§IC DC-sICiA! NAN UAL PAGE ~ OF _1_ 

DETAIL EXAt1PL£ #7 COM PUTED _ _ ____ DATE __ _ 

Cf.A~K UNIT f-/YDR04~APH (UR"AN) CHECKED BY _______ DATE __ _ 

SCENARI O : OE"VE"L.()P THE CLARK UNli H'I/)RO~~APH INPUt PA RA NcTO"RS 

FCR SUBBASIN #2 OF" T#ee-XAI1PL£' WATE""e'SHE£). 

srEP.J. ASSE"/'1fjL£ I'HY.sICA.L BASIN CHA RAC.teRIS TICS : 

AReA; 2 . 17 ht'z = 138'7a.c SLOPE (.5) = 30.S r:¥~i 
F~()W PArH (L.) = /. 3'5' 1'1(.' " :rh'Pc,/?WOa5h'css = 21 

STE"P 2 : C ALC ULATe- THE' BASIN RESISTANCe COcFrICIE'NI Kit U$I"'4 

r/(:,. S:s, rABLe 5:1, ~R rH'C- ·'t.;;R WO~KSHG"E'T"(A'P~NOIXe). 
SINCE THIS IS AN U~(JAN O'ASIN, M = -: 00(,,2.5" ANt!> ~=. o~ 

X" =,." (/OJ A) +6 : ~t10"ZS' (/O}] 1..18'1)+. ()~ = 0.020 

STeP 3 : 
/lorE: R€~c~ 7'0 rHF W'''~KSllcET I)(.IIlINt!t TrlE' RcHAININ~ STEPS, OR, 

USF THe' r()/iTRAN ,P~O~R.AI1 ft1CUJ.iP~. EX~. 

k:: If. ¥ L .,,~ ~ ·rr 5 -:JI " -. J~ 7C:: 1/."(/.8s)·~' (. 020)'rr (30. sri',.: ~ 31 7C. = , 703 i -,38 
~ 

STeP 7" : 

sr€PS" : 

S/eP~ : 

SiEP 7 : 

sr£P8 : 

CNre-R RAINFALL, L.OSS, ANt> Ct.ARK PARA!1c/E'/(. PArA 
INr" AN NFC-l I/V'Pt.lT £)6'"CI<, W/TH 7C. II? S"F7" E~I.../AL TC 

%EAeJ , RUN To ~eNe-~ATe A ~AINPAI.L -L.ass - E'¥CcSS rAB'-E'". 

US/N<:i T#i: WO~K5He-FT AND THE" tf'E'S(.l~rs "I' .srE"P ~ 

CCtfPure- THe- AVERAGE" ':XCE.ss /NrF"y$/Tlt:'.s rO~ A T//"fE 

P~~/OtJ ($~e-Arcl!. THAN 7G, 

CALCU'-ATE" Ic BY :rr£I?A il()l1/. -t.'" VALUeS AR~ R€"AD FRo,,", 
7'#E' ~RAPh'. CA'-ClIL. A. rE'" ;t? 

ENr-E~ TH£ 7C i,R VALU£;S /,.yro THE' /¥'e-c-.1. INPUT Pee;/(. 
SE'(..£c-r A //1"1'£- AR€"A ReL.AT/~N J IN' THIS cASE COUII't'N 

Z OF TABLe £2 . RUA/ THe #E'c-;t ;p~oqRAH, (St:e rAe. 
.f"o/Illw/"j .sa""p/~ ,.¥Iec-.t. ~ '/1j/ut- ~I'/J outp(..lt:'. ) 



. / . UPDA~ •. D) ....... . 
CALCULATION OF Tc & R 

Calculated by: Date: ______________ ~--

Checked by: Project: ______________ _ 

i¥atershed: EXAMPLE" ~TER.SI-IED - SU8C,ASIN #2, EXAMPL~ #] 
Rainfall Frequency: __ - yr Duration: ______ - h r. Pattern 1: ____ -;-_ 

Rainfall Loss Method: [ ] Green & Ampt Method 
[X] IL + ULR by soil text ure 
[ ] IL + ULR by hydrologic soil group 

Kb 

Tabulate Period of 
Peak Rainfall Excess 
Clock Time 
@ end of 
Increm. 

033S 
0340 
03L.1S 
035Q 
0355 
0'100 
OliOS 
O~/O 

A c.17 
L /.8S" 
S = 30.S" 

Increm. 
Excess 

in. 

. I B 
.18 
./8 
.37 
.37 
.31 
.1I 
·Il 

sq.mi. 
mi. 
ft/mi. 

m [log(A * 640)]+ b 
Kb - (-:OO''2S) log ( 2.11 *640) 
Kb .020 

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

-.38 
Tc ( 0.703 ) i 

+ 

Trial Tc i Calc. Te 

• L/17 3 .53 . ¥3S 
.4/50 3.'IZ . 'I'll 
. L/30 3 . 1/8 . '138 
. LIt.{O 3.'15 . L/3~ 

ITe . ¥¥Ohr., 

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

R =. /S~ hr . , 

Rearrange Incremental Excesses in 
Order of Decreasing Average Intensity 
Accum. Increm . Accum. Avg. Exc e ss 
Time Excess Excess Intensity 
hr. /min. in. in. in. /hr. 

/0 
/s 
20 

30 
3S 

( .0'1 ) 

A 
v 
e 
r 
a 
g 
e 

E 
x 
c 
e 
s 
s 

I 
n 
t 

e 
n 
s 
i 
t 

Y 

i 
n 

/ 
h 

i'-

r Zo 

........ 

.31 .37 4.44 

.37 4.4~ 

.37 t. 1/ 4 .44 
./8 ,.2"1 3.87 
./8 I. 47 3 .S3 
.18 /. foS 3 . 30 
.1/ 1 . 7~ 3.02 
.11 1. B7 

""-
i". 

i'-
r---.. ...... 

i"'"'-- ...... 
i'-

........, 

.......... 

30 

Time (Tc) (hr./min.) 

Y.O 

3.0 

i'-. 

2..5 

z.o 



***********,'(*********~~****** ";()'( ********)~** ********************** *********** ****** 

* * 
" FLOOD HYDROGRAPH PAC~~GE (REC - l) " " U.s . ARMY CORPS OF C:KG:C~lEERS ;, 

* FEBRUARY 1981 " " THE HYDROLOGIC ENGI ~;EEit::NG CE~;ER " 
" REVISED 31 JAN 85 ;, " 609 SECOND STREET " 
" ;, " DAVIS, CALIFO~~IA 95 61 6 " 

RUN DATE 9/ 5/1989 TlME15: 4: 0 * ;, (916) 440 -3285 OR (FTS) 448- 3285 " 
* * * * 
*****************~.(** ***)'(***************** *************************************** 

x 
X 

X 

X XXXXXXX XXXXX x 
XX 

X 

X X 
X X 

xxxxx:a ](XXX 

x X 
X X 

x 
X 

X 

X 

X 

x 

XXXXX X 

x 
x 
X 

X X XXXXX](.'{ XXXXX 

X 

X 

XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC- l KNOWN AS HECl (JAN 73), HEC1 GS, REC1DB, AND HE C1KW . 

THE DEFINITIONS OF VARIABLES -RT~- AND -RTIOR- HAVE Ca~GED FROM THOSE USED WITH THE 1973 -STYLZ INPUT STRUCTL~. 
THE DEFINITION OF - AMSKK- ON RM-C~~ WAS CHANGED WITH REVISIONS DATED 28 SEP Sl. THE VERSION RELEASED 31JANS3 
CONTAINS NEW OPTIONS ON RL AND BA RECOP.DS, AND ADDS THE HL RE CORD . SEE JANUARY 1985 INPUT 
DESCRIPTION FOR NEW DEFINITIONS . 

SAMPLE 

eXAMPLE 

( ()_J..)_ 

RUN 

~1 

) 



.,:"., ;-:-;.":t; 

LINE 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

HEC-l I NPUT 

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

ID 

ID 

S.~~LE EEC - l RUN USING TECHNI QUES OuTLINED I N THE 

MARICOPA COUNTY HYDROLOGY MANUAL 
* ****x************************* ~'(****i:****,'(*}~* }'r * ******,'t ·k**,·c****~'t***}·f **********1'C*** 

10 EXAMPLE Q7 - CLARK UNIT HYD ROGRAPH 

* *****************'~********************1':********************************* ***** *l't* 

ID 

ID 

ID 

ID 

ID 

~~INFALL: 6- HR, 100-YEAR POI NT RAI NFALL DEPTH OF 3 .25 INCKES 

HYDROGRA?B: CLARK - TC & R FRot~ WORKSHEET 

URBAN TIME -AREA CUR'IE 

LOSSES: IL+ULR BY SOIL TEXTURE ,_ 8~ 
BASIN AREA : 2 . 17 SQUARE MILES, PATTERN ~ 

* ****************~'c**********************************************~'(**********"dc**** 

IT 5 05SEP89 0000 85 

10 0 

* ********************************,'t*****************************-iC****l('***i<******** 

KK BASIN2 

KM COMPUTE DISCHARGE AT THE OUTLET OF SUBBASIN #2 

I N 15 05SEP89 0000 

PB 3 . 25 

PC O. .55 1.05 1.7 2 . 65 3 . 45 4 . 35 5.2 6 . 05 6.9 

PC 8.1 9.4 11. 35 14 .5 22.85 40 . 85 75 . 85 86.85 9l. 93.85 

PC 95 . 95 97.5 98.35 98.9 100. 

BA 2 . 17 

LU .65 .20 21. 

UA 0 5 16 30 65 77 84 90 94 97 

UA 100 

UC .440 . 156 

ZZ 

PAGE 



,,*,,***;,>,<;,***;,********,,***************,',*****************( ******"**;'***;'**,.*******""'***''''''*******'''*****,,********;,**,',;,****;.********** 

HYDROG~\PH AT STATION BASIN2 

'Wl't***W******';(X ..... **********************,'tX******************'k**********'~************"~***************************************"t********* 

DA MON gRMN ORO 

5 SEP 0000 

5 SEP 0005 2 

5 SEP 0010 3 

5 SEP 0015 4 

5 SEP 0020 5 

5 SEP 0025 6 

5 SEP 0030 7 

5 SEP 0035 8 

5 SEP 0040 9 

5 SEP 0045 10 

5 SEP 0050 11 

5 SEP 0055 12 

5 SEP 0100 13 

5 SEP 0105 14 

5 SEP 0110 15 

5 SEP 0115 16 

5 SEP 0120 17 

5 SEP 0 125 18 

5 SEP 0130 19 

5 SEP 0135 20 

5 SEP 0140 21 

5 SEP 0145 22 

5 SEP 0150 23 

5 SEP 0155 24 

5 SEP 0200 25 

5 SEP 0205 26 

5 SEP 0210 27 

5 SEP 0215 28 

5 SEP 0220 29 

5 SEP 0225 30 

5 SEP 0230 31 

5 SEP 0235 32 

5 SEP 0240 33 

5 SEP 0245 34 

5 SEP 0250 35 

5 SEP 0255 36 

5 SEP 0300 37 

5 SEP 0305 38 

5 SEP 0310 39 

5 SEP 0315 40 

5 SEP 0320 41 

5 SEP 0325 42 

5 SEP 0330 43 

RAIN 

• 00 

.01 

. 01 

.01 

. 01 

• 0 1 

.01 

.01 

. 01 

.01 

. 01 

.0 1 

.0 1 

.01 

.0 1 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.0 1 

.01 

.01 

. 01 

.01 

.01 

.01 

.02 

. 02 

.02 

.03 

.03 

.03 

• 09 

.09 

.09 

LOSS EXCESS 

.00 

.00 

. 00 

.00 

. 00 

.00 

.00 

.01 

.01 

. 01 

.01 

.01 

.01 

.01 

.01 

.01 

. 01 

.01 

.0 1 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

. 01 

.01 

. 01 

.01 

. 01 

.02 

. 02 

.02 

.03 

.03 

.03 

.07 

.07 

. 01 

.00 

. 00 

.00 

. 00 

. 00 

.00 

.00 

.00 

.00 

. 00 

. 00 

. 00 

• 00 

. 00 

. 00 

• 00 

.00 

.00 

.00 

. 00 

. 00 

.00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

.00 

.00 

.00 

.00 

. 00 

. 00 

.01 

. 01 

. 01 

. 02 

. 02 

. 08 

COMP Q 

O • 

1. 

4 . 

8 . 

12 . 

15 . 

17. 

18. 

20 . 

21. 

23 . 

25 . 

28 • 

3 1-

32 . 

32 . 

32 . 

32. 

33. 

33. 

33. 

33. 

33 . 

33 . 

33 . 

32 . 

32 . 

32 . 

33 . 

35 . 

38 . 

40 . 

43. 

45 . 

48 . 

52 . 

58 . 

65. 

76. 

89. 

106 . 

142. 

225 . 

* 
;. 

* 
" 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
" 
* 
* 
* 

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

* 
* 
* 

DA ~ON hlU-lN ORO 

5 SEP 0335 44 

5 SE? 0340 45 

5 SEP 0345 46 

5 SEP 0350 47 

5 SEP 0355 48 

5 SEP 0400 49 

5 SEP 0405 50 

5 SEP 0410 51 

5 SEP 0415 52 

5 SEP 0420 53 

5 SEP 0425 54 

5 SEP 0430 55 

5 SEP 0435 56 

5 SEP 0440 57 

5 SEP 0445 58 

5 SE? 0450 59 

5 SEP 0455 60 

5 SEP 0500 61 

5 SEP 0505 62 

5 SEP 0510 63 

5 SEP 0515 64 

5 SEP 0520 65 

5 SEP 0525 66 

5 SEP 0530 67 

5 SEP 0535 68 

5 SEP 0540 69 

5 SEP 0545 70 

5 SEP 0550 71 

5 SEP 0555 72 

5 SEP 0600 73 

5 SEP 0605 74 

5 SE? 06 10 75 

5 SEP 0615 76 

5 SfP 0620 77 

5 SEP 0625 78 

5 SEP 0630 79 

5 SEP 0635 80 

5 SEP 0640 81 

5 SEP 0645 82 

5 SEP 0650 83 

5 SEP 0655 84 

5 SEP 0700 85 

RAIN 

. 19 

• 19 

.19 

. 38 

. 38 

.38 

.12 

.12 

.12 

.04 

. 04 

. 04 

. 03 

. 03 

.03 

. 02 

.02 

.02 

. 02 

. 02 

.02 

. 01 

. 01 

. 01 

.01 

.01 

. 01 

. 0 1 

. 01 

.01 

.00 

.00 

. 00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

LOSS EXCESS 

. 01 

.0 1 

.01 

.01 

.01 

.01 

. 01 

.01 

.01 

.01 

. 01 

.01 

. 0 1 

.01 

.01 

. 01 

.01 

.01 

.01 

.01 

. 01 

. 01 

.01 

. 01 

.00 

. 00 

. 00 

.01 

.01 

. 01 

. 00 

.00 

. 00 

.00 

.00 

.00 

. 00 

• 00 

.00 

. 00 

.00 

. 00 

. 18 

.18 

. 18 

. 37 

. 37 

. 37 

.11 

.11 

.11 

.03 

.03 

.03 

.02 

. 02 

. 02 

. 01 

.01 

.01 

.00 

.00 

.00 

.00 

. 00 

. 00 

.00 

.00 

. 00 

. 00 

. 00 

.00 

.00 

. 00 

. 00 

. 00 

. 00 

. 00 

.00 

. 00 

. 00 

. 00 

. 00 

.00 

COMP Q 

461. 

955 . 

1563 . 

2174 . 

2980 . 

39 15 . 

4552 . 

4498 . 

3901. 

3207 • 

2501. 

1845 . 

1351. 

991. 

729 . 

552 . 

420. 

321. 

249 . 

197. 

150 . 

115 . 

89 . 

68 . 

54. 

43 . 

35 . 

30 . 

29 . 

32 . 

33. 

30 . 

23 . 

15 . 

10 . 

6. 

3. 

2 . 

1. 

1. 

O. 

O • 



r 
******************************************************************************************************************:~*~************** 

TOTAL RAINFALL - 3.25, TOTAL LOSS -

PEAK FLOW TIME 
(CFS) (HR) 6-HR 
4552. 4. 08 (CFS) 554 . 

(INCHES) 2. 372 
(AC-FT) 274. 

Cu~ULATIVE AREA -

.87, TOTAL EXCESS - 2. 3 8 

~L~IMUM AVERAGE FLOW 
24- HR 72-HR 7. 00 - HR 
475. 475 . 475. 

2.375 2. 375 2.375 
275 . 275 . 275 . 

2 . 17 SQ MI 

RUNOFF SUl1MARY 
FLOW IN CUBI C FEET PER SECOND 

TUlE IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXI~ PERIOD 
OPERATION STATION FLOW PEAK 

6-HOUR 24 -HOUR 72-HOUR 

HYDROGRAPH AT BASIN2 4552. 4.08 55 4. 475. 475. 

*** NORMAL END OF HEC-l *** 

BAS IN 
AAEA 

2. 17 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT f/'fDROL oGle DESIGN MANUA L PAGE ~ OF _ 1._ 

DETAIL EXA H PL E :#' 8 COMPUTED ______ DATE _ _ _ 

Cl.ARK UAJIT IIYPKO~RAPH (t~AT/JtAL) CH ECK ED BY ______ DATE __ _ 

SCENAR IO DEVEL.OP THE C~ARK UNIT j-IytJIeOC;R.APH I/VPl..(T 

PARAMC"TeRS FO~ SU8I3As/N #/y/ t:),,&" THE" 

EXAI1PL£ WATE~SHcO. 

STEP 1 : ASSEH8tE 'p#YSICAL. PAS/N CHARAcrC"f'IS T/CS ; 

A~FA ~ 0.8' fI'Ii. Z. :s sse.'! ac SLOPE (s) :: 3/0.0 ftj",l (ADJUsT,!"/) tlSINt; 

F'/. OW PATH L~-tY~rH (t.) = /.'11 m, rltf· ~ 1/) 
% .I'I'1PEIN'/Ot/S/VE,SS: ASSU/'I£' NY{)ROlO~1C 

SOIL ~R.bUPS (V£'ItE' t.JSe"J) 7"0 CALC Ut.A IE' 

J..o~.s pA~AN£'r~R.s, so """'1 

STE"P Z. : C A LC ~LA.TE:' tHE' BASIN RFS'lsrANCE C 6 E;:;:'It::IENr )(b t./SIAlq 

rlt$. S:S' I TABLE s: I, (),i( rHc H r; , ~ Wc~KS#£FT (APPeN,oI)( E'). 
ASSUM£ THA r THE' BASIAI 1.5 5"0 ~ "fllil.SU),PFS" ANt> SO% ut(Cl.INiAIN ~ 

MS (-'0 2~ t' ':030)/Z:: -.0275' I b:z ( . IS+.zoJ/Z = .17S-

K. ~ M (/":J A ) + b = -.0275" (Ioj S'SO. '-I) T-. 17~ = 0.100 

STEP 3: C ALC GlLATE /c AS A FtlNCTION OF i : 
/YorE: ReFeR TO rh'F h/ORKSHFE'T .l)tl2IN<4 THe REH,AINING sreps, 

OR us~ THE" PO~:IR.A.II/ P~()~RAH HCUHPJ.. FXt:. O"ltO 

TC= //.I/ L · S'D K,,·n 5-. 1 '1.-.3• = //''1(/''1'l)'S#(.I)'S'1(3/oF.31 £"':31
1 

Tc =~ i,':38 

STC'P S-: 

ST'cP 7.' 

STEP S,' 

EN"f'CR. RAINrALL, L.OSS, ANO CI..Ai!J<.. PARAI1CTE'R DATA /Nro 
AN HEC - j, INPlIr /)eCK WITH 7C i R .se-T e:-QUA L To 7£1l0. 

RUN TO GeNe-RATe A RAINFALL. - LOSS - ':XCe-SS TABLe. 

U S IAl~ THE WORKSHC'Et A/IIO THe RE'S(../~ TS C,c' STe-P ~, 

COIfPI.JTC' rHE AVE"~Ac$E EXCcSS .rNTe-.S'ITIC'S FOR A 
TIH£' PC"R/O~ G,RFAT€/i!. THAN Ti:.. 

CRE"ATE" THE' GRAPH OF EXCeSS INTC"NSITY Vs. TIHE 

11.11 

CAL.CUL ATe Ie 8Y .:rrtrRATloN. L VAL.U~S ARE" ReAD 
FRoH THE" G~APH . CAL.C,ULA;c R.. 

eNrcll. THe Tc f R VALI.(e>' INro TN': #cC-:J. INPur PE"CK . 

SE'LECT A //IVE- AReA R€"LATION, IN THIS CASE" CCJt.uHN 

:3 OF rA13l..€: 502. RON THE /,IcC-I PR()~RAI1 A~AIN wlrH 
TWF NEW" CL.ARK. PA RAHeTE"RS. (S~e th~ f'o/I()w;~ sa"'ple, 
/lFC-.1. L'nl'vr aYld "1 .. l'tpC.J'C) . 



( 

CALCULATICN OF Tc & R 

Calc ul ated by: Da te : ______________ ~_ 

Checked by: Proj ect: ____________ ~_ 

Watershed : ~XAHPt.c :# 8/ 5"1138/1$/11/ :#7/ 
Rainfa ll Frequency: /00 - yr Du ration: Z - hr. Pattern I: AI;t~ 

Rainfall Loss Method : [ J Green & Ampt Me thod 
[ J IL + ULR by soil texture 
~ IL + ULR by hydrologic soil group 

Tabulate Period of Rearrange Incremental Excesses in 
Peak Rainfall Excess Order of Decreas i ng Average Intensity 
Clock Time Increm. Accum. Increm. Accum. Avg. Excess 
@ end of 
Increm. 

0/00 
o lOS 
0110 
OilS' 
0120 
01 Z.S-
0130 
0135 

A o.8~ 

L I.'" 
S = .3IQ. 

Excess 
in. 

.2.0 
.72 
.37 
. 31 
.09 
.O~ 
.QS' 
0 

sq . mi. 
mi. 
ft/mi. 

Time 
hr ·Lmin . 

S 
iQ 
is 
2,0 
2.5 
.30 
3S 
'10 

A 
v 
e 
r 

Kb m [log(A * 640)]+ b a 
Kb = (-().Z7S ) log ( .8" *640) + (./75") g 
Kb .100 e 

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

- . 38 
Tc ( .1/0 i 

Trial Tc i Calc. Tc 

30 3.S0 2t,.S 
'-1.22. 

25:0 

ITC • if/7 hr., 

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

R .2/0 hr. I 

E 
x 
c 
e 
s 
s 

I 
n 
t 

e 
n 
s 
i 
t 

Y 

Excess Excess Intensity 
in. in. in. Lhr. 

.72 .72, 8. f2.l/ 
.37 L·O'1 ~.S~ 
.JI t..~O s:~O 
.zo I.. '0 'I. 80 
.0Cf I. '9 ~o, 

.0" /.7S :3.50 
.OS l.gO J.O~ 

0 I.RO 2..70 

f'.. 
I ........ 

f". 
...... 

i"--, 

1'"" 
f'.. 

1'-1'--. 
........ ......... 

......... 

30 

Time (Tc) (hr./min.) 

7 

,..... 

2. 



l*~*******~~****************************** ******************************* 
.. 
,', :~OOD gY9ROGRAPH PACKAGE (HEC-l) 
,', FEBRUARY :981 
.. REVISED 05 9EC 88 

* 

* 

* 
* U. S. ARMY CORPS OF EIIGI NEE 

;, THE HYDROLOGIC ENGINt:ERING C 

.. 609 SECOllD STREET 

* * * DAVIS, CALIFORNIA 95616 

(9 16) 551-1748 ,', RU N DATE 12/ 07 / 1989 TIME 11:31:11" * 
,', .. ;, 

**~************************************** ******************************* 

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 

TgIS P ROG~~ REPL~CES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HECIGS, HEClDB, AND HEClKW . 

THE DEFl!<lTlONS OF VARIABLES -RTl!-IP- AND -RTIOR- HAVE CHANGE9 :ROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTUR 

THE DEPl~nTION OF -A.~sn- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 

NEW OPTIONS: DAI'2l:tEAK O'JTFLOH SUBMERGENCE , S INGLE EVENT DAMAGE CALCULATION, DSS: IffiITE STAGE FREQUENCY, 

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 

KINEI1ATIC '-'AVE: NEW FINITE DIFFERENCE ALGORIT!1l1 



LINE 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 
16 

17 

18 

19 

20 

21 

22 

HEC- l INPUT 

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

10 

10 

SAMPL~ HEC-! RUN USING TECHNIQUES PRESENTED IN THE 

r~RICO?A COCNTY HY9ROLOGY MANUAL 

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

10 EXAMP~ #8 - CL~RK UNIT HYDROGRAPH, UNDEVELOPED SUBBASIN 

* *,'r*****,'c*******,'r*x**'k************,':*,'r***')'f************************************* 
10 

10 

10 

ID 

RAINFALL: 2-HR , 100-YEAR. POINT RAINFALL DEPTH OF 2.70 INCHES 

HYDROGRAPH: CLP_~~ - Tc & R FROM WO~~HEET, NATURAL TIME-AREA CURVE 
LOSSES : IL+ULR BY HYDROLOGIC SOIL GROUPS 

SUBBAS IN A.~A - 0.86 SQ~ARE MILES 

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

IT 

10 

5 05SE?89 

o 
0000 40 

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

KK BASIN4 

KM COMPUTE DISCHARGE AT OUTLET OF SUBBASIN 4 

IN 5 05SE?89 0000 
PB 2 . 70 

PC O. 1.1 1.8 2.3 2 .8 3 . 2 4.6 7 .1 10 . 13.7 
PC 17. 6 23 . 2 32.7 60.1 74.3 86.3 90 .1 93. 95 . 4 96.2 
PC 97. 97.9 98.2 99.2 100. 
BA .86 

LU .67 . 20 

UA 0 3 5 8 12 20 43 75 90 96 
UA 100 

UC .41 7 . 210 

ZZ 

PAGE 



+ 

+ 

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

HYDROGRAPH AT STATION BASIN4 

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

9A :':ON P.RMN ORO 

5 SEP 0000 1 

5 SE? 0005 2 

5 SEP 0010 3 

5 SEP 0015 4 

5 SEP 0020 5 

5 SEP 0025 6 

5 SEP 0030 

5 SEP 0035 8 

5 SEP 0040 9 

5 SEP 0045 10 

5 SEP 005 0 11 

5 SEP 0055 12 

5 SE? O!OO 13 

5 SEP 0 105 14 

5 SE? 0110 15 

5 SEP 0 115 16 

5 SEP 0120 17 

5 SEP 0125 18 

5 SEP 0 130 19 

5 SEP 0135 20 

RAIN 

. 00 

. 03 

.02 

. 01 

. 01 

. 01 

. 04 

. 07 

.08 

. 10 

. 11 

. 15 

. 26 

. 74 

. 38 

.3 2 

. 10 

. 08 

.06 

.02 

LOSS EXCESS 

. 00 

. 03 

. 02 

. 01 

.0 1 

. 01 

. 04 

. 07 

.08 

. 10 

. 11 

. 15 

.06 

.02 

.02 

. 02 

.02 

.02 

. 02 

.02 

. 00 

.00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

.00 

.00 

. 00 

.20 

. 72 

.37 

.3 1 

.09 

. 06 

. 05 

• 00 

COMP Q 

o . 
O • 

O . 

O. 

O. 
O . 
O • 

O • 

O • 

O . 
O . 
O • 

11. 

73 . 

248. 

705 . 

14 16 . 

1883 . 

1882 . 

1599 • 

* 
* 
" 
* 
* 
" 
* 
" 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
" 
* 
* 

DA HON HRl1N ORO 

5 SEP 0 140 

5 SEP 0145 

5 SEP 0 150 

5 SEP 01 55 

5 SEP 0 200 

5 SEP 0205 

5 SEP 02 10 

5 SEP 0215 

5 SEP 0220 

5 SEP 0225 

5 SEP 0230 

5 SEP 0235 

5 SEP 0240 

5 SEP 0245 

5 SEP 0250 

5 SEP 0255 

5 SEP 0300 

5 SEP 0305 

5 SEP 03 10 

5 SEP 0315 

2 1 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

RAIN 

.02 

.02 

.0 1 

. 03 

.02 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

LOSS EXCES S 

.02 

.02 

.01 

.02 

.02 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.01 

.00 

.0 1 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

COMP 

1232 

917 

658 

457 

317 

223 

161 

118 

83 

55 

30 

17 

9 

5 

3 

2 

1 

o 
o 

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

TOTA: RA~N~ALL -

PEAK ~LOW TIME 

(CFS) (HR) 

1883 . 1. 42 

2.70, TOT.~ LOSS -

(CFS) 

(INCHES) 
(AC - FTJ 

6- HR 

310. 

1. 8 18 

83 . 

CUMULATIVE AREA -

" ,',;, NOR.~ END OF HEC- l *** 

.88 , TOTAL EXCESS -

~~IMUM AVERAGE FLOW 

24 - HR 

3 10. 

1. 81 8 

83. 

.86 SQ HI 

72 - HR 

310. 

1. 8 18 

83. 

1.82 

3 . 25-HR 

310. 

1. 8 18 

83. 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT flV/J12 ot.. 06, Ie OES lc,!Ii rJlJ/Vt/IJL PAGE L OF _7 __ 

DETAI L EXAt1PLE :II q COMPUTED ______ DATE _ _ _ 

___________ ___ CH ECKED BY ______ DATE __ _ 

STeP I : L. IST PII'ISlcAL ~1f;1IUt'TG,e/S7'c..S: 

!1~c. I1(A ) == s-11 ..,......) 

LCN6 TfI of wATE'( COq/?Sc ( L) = 5 . z. ")t«... 

(F~o~ O"TLET ICJ lJIUI/,y/9(nc 1341V1l>A~'f) 

LEIIJr:. r /l OF WA7e='~ C'(J,USE ~ -4 "a,lt-vT dP/'4.5ITc TO C'E',yT.ett/.f) (LeA.) = 3 .(j "';t4L,2.. 

5L()~c (S ) ::: ~ = 2.,,#0 - ISoo = Z fD<t (t I ~ 
L 5.2.. 

BASIN FAC7()~ =. L L(A _ (S· z. )(3 . (7) = _ 4S" 
S 'It 2. (Q" liz. 

S-r€-Pz: Sct.fc.. T /(.", &y c.o"1I'AIl./.J41!/ WITH Silf1ll~/( WA7c/?SIII?OS. LIS7 71ft"" 

1JtfrA- F.e.f)/,{ $/l1ILAIl.. wA rc~.5l1cIJS. ~o/"f L 11-(. /cFLAT/o/l.5I1IP IAI T/I~­

Ilt~/l/)'-Q r-I <" I'1~N"AL • 

tk . JiiAt1( A L LCA ~ LA?! KI'I 

3 :S1+4I rA 1l,4// 7A- (~. IO·~ 5.& 2 · 5 6'10 / . / • 0 5 

5 c A 10 11/ WA5.11 &f .r 7·3 '1.t.( (Poo I ' 3 • () S-

// L l ye Ol'fK C~ . 2·.$ z. . "/ l ' S 700 0·8 .CJ7() 

A/C=,f7 L() oK AT K" ;:;,e l-Ijl>A!.OL4a.Ic.Aa j 5//'f/(A~ WATc~ 511-t<=Q.5 • 

/I f:" /11 N "'F7l 0 I"f L. IUJI I? Ei./t' Tt IU" S i'llI' S .' 

tI~ . 1'I~".,c 

z.z. 
23 

New ,el VeR. /tT ,e,cJc. 5,P~1~6t 

Ncw R, V~I!. AT ~::nI ~ I VEI?. 

NErv' ~I v'~~ /J T 8tFLL RPti.D 

5KCIIIK C~E'C= I<. 

/<", 

,037 

• 033 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT _----!.H--'---'--'iL)=K."""'4=L4"-!~::L!/~L_'='D'_"'_e=__"".s_'_"( 6LLd~t1~A NCL.I(JJ.JA..u.L~ ____ PAGE ~ OF _ 7_ 

DET AI L _---..I.£~X~ftC!....!f'1CLP""'-'L E"'-----=#-'-'--''l~ _ _ _ _ COMPUTED - ---- DATE --e 
- - ----- - ----- CH ECK ED BY ___ __ DATE _ _ _ 

'" \ " '" " .. \ 
, , 

\ 
.... 

" 

\ 
I 

tJ. I 
2'1,0 

,..of 
i~o(e-4I~-( 
(j"" 
/ 

W/tT9.SIlE"t) {J~l/tV/M~t 

ct.EtI'tT{() N /119R.K 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJ ECT ___ tl'--'--J.f,~'/J:....:...~--=--=..:t. O,,--,,6u.I-'-..c ~2J=e:,-",5C!..J,1 (,:z.....,d~..L/1.-L!'IIC'-!A/~U"'-'~C!.CL'==--___ PAG E ~ OF _7_ 

DETAIL __ £!:=..!!.XLLfT!....'J1'-'-P><..!L£~:#:L.....Lq _____ COMPUTED ______ DATE __ _ 

______________ CHECKED BY ______ DATE __ _ 

THEA!; A55",v;/~6 Tfllt- T THIS 1.5 A #~ TulUtL wA T6I{SIIc:-i> ~AI TII~ ndtiNTIIIN S 

,4N.D h(lTHta.s OF ~11~/C()I'A ~d(/A/TI -' 1\11 15 .JR.FCTtF/J To ~E 8C=Tw~t:A/ 

.O~O Al'liJ .()~~. 

5V~N 711o(/~H THe WIl7$"~.sIl~.lJ IS S~At.L wlllei! WIlL m 7" ~"AlT~.8u7c TO (J~(AT 

#,/.b,tAUl.IL CFI="Ic/t:A/C.y, /. e.,-, ~~(JI!..('I ..Je-r-rrYctJ (!!I/1,y'NEt.S:J ..sTilL 7M:=" St.()I'~r 

15 t;JtIITG 5TGi=,o . As A R€'5t/l.r Kn= .oio I~ SCu .. =C7<::l>. 

51~P3: t!At-CtlLAT€ Tift; ~. T/.,t~ ;=alLOWINo, L,4~ £6"L"'TTII?N 13'1 'Tile 

0J~P.s of CN~lrlcE~ IS USE/).' 

I ) .3~ ·3~ 
LI16 = zoKn.{LLc~ Sll.. == ZO (.0'1)(,95) ":" 0'78 Hou~S 

5TIZP,,/i (!At.Ct./Ut-Tt- Tile..- Ot.TII"1I'tTt:" IJI.scIIA~6l.::'~ Cll.lL7 : 

(J _ (P'l5·33 A _ (j,,/S", 3J(5.19) = Zo~'fh (6'S 
"fl./L T - 1:> - ( I 0/11 c ) 

\/If/eel? : 
CfJU/..1 - (./1., 7/~"'7e /)IS{Hlltt6e (CF5) 

A ;' blU~/dlf6 e /llCc:J1 (7Jc<.' Z) 
b = J) l/R..I+ (/oN OF 6'XcC:-,SS ,e~/";;:-A'-'- (lfdU~.s). 

)) wA-.5 ScU'=Cit:'O To &E /o/'1/AtUT(i''s. Tf/15 VA-t.r.<E IS WITHI"; TilE 

Mllf.?£ a,c ('If) + .25),x (L A~ TII41E) As S r.lt:.r. €src:-.Jj IN 711£ ~..4A/I//1L. 
!laTE 7/1/j T D /5 /f'.s~ T/I¢ /lYiJ~()6~A 1'/1 T;/'f~ .s7Er'~ · A> T) tlSC:.L) 

I, II 

IN /lEc -/ As Tllc= .I T ~c=c.o~v· 

51{P 5: A- T r;lIs PnA/r RLJ.. 01=' Tile /'IE(ESSAli!j ?/lleAMcT5R.,S Ae~ hf/Nj), 

" II A £.h117 - B,fAP/f eA# Be j;)Fv€LoI'E~ l3y (./5/A/(' Tile ""'UIIfPl. ?,e060.eA~. 

,AL.7E'~A/A TI vC'(', ~ A VA/IT- Gt€t1Pi/ C.A# BE 8C1IL r /1~1Vl/-1(..t.1' vV#IC If IS 

CXPI..A/A/E~ NE'i..T. 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT /f'/P/C.OL.06IC })ESI&,J t1A/l./tJ6L PAGE -.!L OF _7_ 

DETAIL EXIY1PtE .::If. q COMPUTED --- --- DATE ---.e 
________________ CHECKED BY _______ DATE __ _ 

tt/AIJf.1AL Co"'Sr~II.'r'(JN OF A II) - fllA/4i~ aNli #jiJ;?,.o 6,NJ1PH FIUM T/f~ 

?1eZ:I'//X /tet/IIITA-IN 'l>!McAlSloNI..S5 5 -C:d~APH 

CoNSI£)t>R,. A J1/;1-T6~SHEb WITH TilE NLLDWII'I/t:.. cJlI.II!?/k.7e::~'STlCS : 

fl ::: 5 · 1'1 ;,d z. 

Lt14 :: 0 -7i l-!od.5 

Q"LT -::: [IP'-IS.33(A)]/lJ 

([) ~o",.srA...4cT A TI't4t.c 51M" "',( 70 TIft T-Ot-LOWI,v61 : 

( Ille bl.5cill9~b€ AN'1:J Til"fc c:.ot. t./I'f/tl F"~01'1 711E 1/ OtHl::/VSloNL.ESS 
II 

5 - C»RA,oH) 

O/i?t>INA1€ ~ Q",r lJ15CfIA~Cnc GI"S) % LA (" 77.-1G (HDI/It) 
0 0 0 0-0 . 0 
1 2- "/ol Z 3-0 • I ~ ct 
1 .. 'So'i 31 -0 .:. 1-

3 b 12.0~ 37- 0 ' a"l 
't i 1(,0' ~p ... o .J2i' 
'5 I~ 2.,,10 1#.0 • 3Z''' 6 I'Z 2'4 1 I ~.,. ft ,~ r 
7 \'1 l S 13 S3''l • '11 :41 
8 1/, 3 2 15 5' I.. i ' 'i'4i 
1 Ii 3 t./7 t. (J • (J - iiI-
16 tD 'Iolq tl3 • , ."'/ .. ~ 
II tt.. 411 1. 1 t.t. .t -SIt. 
'z 1'4 ~~l...J (.1. D · S~ 
IJ 

1._ 
U5 'I·g . ~"" 

''I z, 5 uZ7 7'(. 'f · ~r" 
I S ')0 bo 2.1 7f1.$ ·S'" , .. U ~" 3 1 

79.( '('/7 
11 ,., ,~:. ~ I . z. . c,Jo/ 
,I 3/1. 72.:,1{ l3.2 -(," '1 
11 3! 711 3f# Sol • li t.. 'I 
LO .. ~ 80 3~ ~".r ' (, 77 
11 441 t'f'iO 1'V .~ -u't 3 
L2. 

~t 
15'1z.,. 'f I · c1 , 710 

l3 4I!2."4~ "1,3.'& '73~ 
2,'4 '1~ 01"'1. 'f,. og '7ir 
2.$ '5" I 0(1 JI ., IOD" 41!4 
1&. fSl. 10LlSO \O3-~ • II 
Z7 ~~ l"f~Z. lo7·(1 - ~ 3 (' 
z'r lIZ ~., II o·t 'l "'i z., ~, ".S 5 II~' 7 . 1 5 
SO to 1 z057 \1'6'7 ., z. t. 

" "Z 12 t '''' I zz..", .", :5'1 
.3l. .~ 12 " 127.~ -9.,3 
H fl. 13Z.C,! 1 31 . I'CI~ ,&I , , 13t.:5S \ ~, .. 7 I . 0 (, 

36 70 I ~O ", I'll' 7 " / D ~ 
~" i% I g.q 1'17-/ ,.,'" ..37 7'1 I 'i 7, 15Z'1 I ·1 "I Z 
3& 7" 1 S273 I":SS · /. 2. 31 
,3'" 71 I~' 7~ I(.S. , • .z.q\{ 
~(J l~ I U(I 7t 172''1 1·3'4'1 
'/' '(.,'17 I 'i /. 1# 1'~/7 
"it- t" 1(,3 fD 1"" 0 

,. 10 

II' ,,- 172. z. -z.OI·o 1·5.lr 
"II{ " IU'l'f 1.11 " ".5<4 
'f~ 1~ ~f~~J 

u".o 1. 1 H 
~ .,'1 1.. '{oJ. ' 0 /'''03 
41 "14 In''1l) ~"s,o Z'6"7 
"I- 4" l'f,).tt~ Z15·0 Z' 3a , 
." eu I"" '" 3ZZ.o 2· "'S 
.... ~ IDO 1. .. 't'-' -( Z..II 1. ' 0't 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PROJ ECT __ ---J-IiL.'/u/).u.RuOu.L....,O ..... Urul.l...L ---..J,..i'>.LI.C";;:.- SJ...!/~CZ~"L-.<-ItLLAJ.LM'-XJ'UJ..J.Il~L'--___ PAG E 2 0 F ~ 

DETAI L _-.--!£~X~I1~ttLLp. __ :?.x.£--11#_ fl-____ _ COMPUTED _ _ ____ DATE __ _ 

__________ ____ CH ECKED BY _ _ ___ _ DATE __ _ 

cD 7/lAI'/SrtJ l!./'1 7f1~ S - G£.PtPH To A 10 -/'1INt! Te- t/1V'17 IIt/),f.~6.eA f'1I , (./.sE ~ 1A/c-/fR. 

11'1 TclUt ~t.1t 11111/ IN' I()-/'fllt/. /II/C£FI'1t'1I/7S i=o~ 7tHF /I ¥iJ bISCl{I9~4E VAlI.IG. 

7i,-,fc l fiRS ) QSI ( ~,:S) 
® ., 

a!?t)ll'/fi IC' Q.s2 (CFS) 9u~ (CF"S) 

D 0 0 0 

2 '/~7 37~ 0 37£ 

3 '3J3 1~7J 31S' 121r 

1 • S6d '-IIS3 ' " 7J z "'~6 
5 · ~1,7 7?1.9 4153 357(, 

" . g)J I" fiN 77~' 309S 
7 ,. (Jo; 1293'1 /082.<1 Z liS" 

~ ,. 1~7 11""3 12 ifJ' I 7d" 

c:y /· 333 I J"If'l2- ,'-16'13 J 2'1, 

/ 0 /. ,5"" 0 1{''iJI 1~'Nt 9f'f 

1/ /.(,(,7 /77J1- III'lll '00 I 
/2. /. 1J3 / !~B7 /7732- ~S"{" 
13 z.. 0 0 , /f7 Z-J Ifli7 L/3'i' 

I" 2 . 1(,7 I '1~~ / 1 ~7ll 33 (p 

IS z. . J J 3 I ~ 3 Z 7 1 '166, 1 z(,(, 

/61 2 . :)011 I q ~/ f) 1'1 32 7 Ig3 
17 2- . (,~ 7 I q(,'1" / 95'10 ,gi 
I i 2· g.3) 1'i7(,{ / 'I (,'14/ 71 
,t:! 3 .(Jo t) 19837 1 t;7~{ 72. 
J.~ 3·/(, 7 1'i'1t)f / 18') 1 7 J 
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* 

* 

FLOOD HYDROGRAPH PACKAG E (HEC- 1) U.S . ARMY CORPS OF ENGINEERS 

FEBRUARY 1981 THE HYDROLOGIC ENGINEERING CENTER 

REVISED 05 DEC 88 609 SECOND STREET 

DAVIS, CALIFORNI A 95616 

RUN DATE 01 /10/1990 TIME 16:01:06 * (916) 551-1748 

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

x X XXXXXXX XXXXX X 

X X X X X XX 

X X X X X 

XXXXXXX XXXX X XXXXX X 

X X X X X 

X X X X X X 

X X XXXXXXX XXXXX XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOYN AS ~EC1 (JAN 73) , HEC1GS , HEC1DB, AND HEC1KY . 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED YITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF - AMSKK- ON RM-CARD YAS CHANGED YITH REVISI ONS DATED 28 SEP 81 . THIS IS THE FORTRAN77 VE RS ION 
NEY OPTIONS: DAMBREAK OUTFLOY SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS :YRITE STAGE FREQUENCY, 

DSS: READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE :GREEN AND AMPT INFILTRATION 

KIN EMATIC YAVE : NE Y FINITE DIFFERENCE ALGORITHM 



LI NE 

1 

2 

3 --

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 
16 
17 
18 

19 

20 
21 

22 

HEC- 1 INPUT 

!D . .. .... 1 . . . .. . . 2 .. .. . . . 3 .. . .... 4 .. . .. . . 5 . .. . . .. 6 .. . .. .. 7 . .. .. . . 8 .. .. . . . 9 .. . ... 10 

!D 

ID 

SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE 
MARICOPA COUNTY HYDROLOGY MANUAL 

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

10 EXAMPLE # 9 - S-GRAPH APPLICATIONS 
* ******************************************************-----_. __ • __ ._--_._---

10 

10 

10 

10 

RAINFALL: 6-HR , 100-YEAR POINT RAINF ALL DEPTH OF 3.40 INCHES 
UNIT-GRAPH: DERIVED FROM PHOENI X MOUNTAIN S-GRAPH 
LOSSES: IL + ULR BY SOIL TEXTURE / ~ K 

BASIN AREA : 5 . 19 SQUARE MILES, PATTERN #2.35, AREAL REDUCTION 0 .967 
* *********.****************~**********.****************----- •• __ ._-----------
IT 10 05SEP89 0000 50 
10 

KK BASIN 
KM COMPUTE DISCHARGE AT BASIN OUTLET 
IN 15 
PB 3 . 28 
PC 0.000 0 .009 0 .015 0 .024 0 .037 0 .047 0 . 058 0 .069 0 .080 0 . 091 
PC 0 . 104 0.118 0 .139 0.184 0 . 270 0 . 458 0. 686 0 . 823 0 .889 0 .929 
PC 0.960 0.981 0.986 0.989 1 .000 
BA 5 . 19 
LU 0 . 75 0.25 3 . 00 
UI 373 . 1308. 2472. 3570 . 3110. 2107 . 1703 . 1327. 963 . 799. 
UI 556 . 438. 336. 266 . 183 . 183. 72 . 72. 72. 72. 
UI 72. o. 
ZZ 

PAGE 



HYOROGRAPH AT STATION BASIN 

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

DA MaN HRMN ORO 

5 SEP 0000 

5 SEP 0010 

5 SEP 0020 

2 

3 

5 SEP 0030 4 
5 SEP 0040 5 
5 SEP 0050 6 

5 SEP 0100 7 
5 SEP 0110 8 

5 SEP 01 20 9 
5 SEP 0130 10 

5 SEP 0140 11 

5 SEP 01 50 12 

5 SEP 0200 13 
5 SEP 0210 14 
5 SEP 0220 15 
5 SEP 0230 16 

5 SEP 0240 17 
5 SEP 0250 18 
5 SEP 0300 19 

5 SEP 0310 20 
5 SEP 0320 21 

5 SEP 0330 22 

5 SEP 0340 23 
5 SEP 0350 24 

5 SEP 0400 25 

RAIN 

.00 

. 02 

. 02 

.01 

.02 

.02 

.03 

.02 

.02 

.02 

.02 

. 02 

.02 

. 02 

. 03 

. 03 

. 03 

.04 

.05 

.1 0 

.14 

.1 9 

. 41 

.45 

.50 

LOSS EXCESS 

.00 

.02 

.02 

.01 

. 02 

. 02 

. 03 

.02 

.02 

. 02 

.02 

.02 

.02 

.02 

. 03 

.03 

.03 

.04 

.04 

.10 

.14 

.08 

. 04 

.04 

.04 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

. 00 

.00 

.00 

.00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

.00 

. 11 

. 37 

. 41 

.46 

COMP Q 

o . 
O. 
1 . 

2 . 

4 . 
6 . 

7 . 
9 . 

10 . 

11 . 

12 . 

12 . 

13. 

13 . 
14 . 
14 . 

14 . 
15 . 
16 . 
18 . 

23 . 

69 . 

313 . 

940 . 

2042. 

* 

* 
* 
* 

* 
* 
* 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

DA MON HRMN ORO 

5 SEP 0410 

5 SEP 0420 

5 SEP 0430 

26 

27 

28 

5 SEP 0440 29 
5 SEP 0450 30 

5 SEP 0500 31 
5 SEP 0510 32 
5 SEP 0520 33 

5 SEP 0530 34 

5 SEP 0540 3S 
5 SEP 0550 36 

5 SEP 0600 37 

5 SEP 0610 38 
5 SEP 0620 39 

5 SEP 0630 40 
5 SEP 0640 41 
5 SEP 0650 42 
5 SEP 0700 43 
5 SEP 0710 44 

5 SEP 0720 45 
5 SEP 0730 46 

5 SEP 0740 47 

5 SEP 0750 48 

5 SEP 0800 49 
5 SEP 0810 50 

RAIN 

.30 

. 22 

. 14 

. 09 

.08 

.07 

. 05 

. 03 

. 01 

.01 

.02 

.02 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

. 00 

LOSS EXCESS 

.04 

.04 

.04 

. 04 

. 04 

. 04 

.04 

.03 

.01 

.01 

. 01 

. 02 

.00 

. 00 

.00 

. 00 

. 00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

. 26 

. 18 

. 10 

.05 

.04 

.03 

. 01 

.00 

.00 

. 00 

.00 

. 00 

. 00 

. 00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

. 00 

.00 

. 00 

.00 

COMP Q 

3399 . 

4414 . 

4818 . 
4609 . 
4060 . 

3435 . 
2812 . 
2255 . 

1792 . 

1377 . 
1054 . 

808 . 

623 . 

466 . 
354 . 
262 . 
212 . 

173. 
129 . 

90 . 

53 . 
31 . 

17 . 

9 . 
5 . 

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

TOTAL RAINFALL 

PEAK FLOIJ TIME 

+ (CFS) (HR) 

+ 4818. 4.50 

3 .28 , TOTAL LOSS = 

(CFS) 

(INCHES ) 
(AC-FT) 

6-HR 

1132. 

2.028 
561. 

CUMULA TIVE AREA 

1 .24 , TOTAL EXCESS = 

MAXIMUM AVERAGE FLOIJ 

24-HR 72-HR 

833 . 

2 .032 
562 . 

5 . 19 SQ HI 

833 . 

2 .032 
562. 

2.04 

8.17-HR 

833 . 
2 .032 

562 . 



RUNOFF SUMM ARY 

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 
OPERATI ON STATION FLOW PEAK AREA STAGE MAX STAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 

+ BASI N 4818. 4.50 1132 . 833 . 833. 5.19 

*** NORMAL END OF HEC-1 *** 
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?a/NT 
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/. / !"']+4.I' ----.+ 
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57t=P I : 
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L t=f'J u ,.. H: I • 13M I L. e 

AI/G' · bEPn.: ~ FEE T 

51/>E 5LoPE: 

I1A.vN/It/&,' S 11: 
So TTd/L1 WIDTfI: 

0.75 : 1.00 

.~15 

35 FEET 

'''I'B ft/fr 

~--------35'----~~ 
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FLOOD HYDROGRAPH PACKAGE (iiEC-!) U, S , ARliY CORPS OF ENGINEERS 

THE HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 

FES;l.UARY 1981 

REVIS:::D 31 JAN 85 

DAVIS, CALIFORNIA 95616 w 
RUN DATE 9/ 8/1989 TIME11, IS, 8 .. ( 9 16) 440 -3285 OR (?IS) 448-3285 

x X XXXXXXX XXXXX X 

", X X X X X XX 

X X X X X 

x:xxxxxx XXXX X XXXXX X 

X X X X X 

X X X X X X 

X X xxxxnx xx:xxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-l KNOW AS HECl (JAN 73 ), HECIGS, HEClDB, AND HEClIal . 

THE DEFINITIONS OF VARIABLES -RTlMP- AND -RTlOR- HAVE CHANGED FROIi TEOSE USED ~TE THE 1973-STYLE INPUT STRUCTURE. 

THE DEFINITION OF -AMSKK- ON R1i-CARD ~ CHANGED \lITH REVISIONS DATED 2 8 SEP 8 1. THE VERSION RELEASED 3 1J AN85 

COlITAINS NEIl OPTIONS ON RL AND BA RECORDS, AND ADDS THE HI. RECORD. SEE JANUARY 1985 INPUT 

DESCRIPTION FOR NEIl DEFINITIONS. 



5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

( 18 

19 

20 

21 

22 

IIEC- I IN PUT 

Ii). .... . . 1 . .. ••.. 2 . . . .. .. 3 . . ..... 4 .... . .. 5 ....... 0 . . . ... . 7 •. . . . .. S • . . ... . 9 .•.... 10 

10 S;"''iP'-E BEC-I RUN US l/IC Tr:C:i111QUr:S OUTLI:i c:J IN 10E 

ID MA.'UCOPA COUNTY lITOROLOCY MAllUAL 

10 EX.>J-fi>LE I 10 - Ii:1NEMAIIC l1A 1lE ROUTING 

IT 

10 

KK 

5 05SEP89 

3 

BASIN2 

0000 75 

Klf COMPUTE DISCHARGE AT THE OUTLET OF BASIN #2 
IN 15 

PB 3.25 

PC 0 . 0 .550 1.05 1.70 2.65 3.45 
PC 8 . 1 9.40 11.35 14.5 22 . 85 40.85 
PC 95.95 97.5 98.35 98.9 100. 
BA 2.1 7 

LU . 65 .20 21. 
UA 0 5 16 30 65 77 

UA 100 

UC .440 .156 

KK ROUTE 

4 . 35 

75.85 

84 

IM ROUTE THROUGH DOllNSTREAK BASIN USING KINEMATIC ROUTING 

to 2 

RI. 5966.4 

ZZ 

.018 O.OlS TRAP 35. 0 . 75 

5 . 20 6.05 6. 90 

86.85 91.0 93 . 85 

90 94 97 

------------------_ .. . . - ---- - .. 

P.'.C::: 



18 KK 

20 KO 

21 RK 

*****'**-*** * ** 

* ROUTE 

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

ROUTE THROUGH THE DOWNSTREAM BASIN USING KINEMATIC WAVE ROUTING 

OUTPUT CONTROL VARIABLES 

1 PRINT CONTROL 

2 PLOT CONTROL 

IPRNT 

IPLOT 

QSCAL O. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

KINEMATIC WAVE STREAM ROUTING 

L 5966 . CHANNEL LENGTH 

S 

N 

. 0180 

.015 

.00 

TRAP 

SLOPE 

CHANNEL ROUGHNESS 

CONTRIBUTING AREA 

CHANNEL SHAPE 

COEFFICIENT 

35 .00 BOTTOM WIDTH OR DIAMETER 

.75 SIDE SLOPE 

CA 

SHAPE 

WD 

Z 

DXIIIN 2 MINIMUM NUMBER OF OX INTERVALS 

ELEMENT ALPHA 

3 1.51 

*** 
COMPUTED KINEMATIC PARAMETERS 

VARIABLE TIME STEP 

(DT SHOWN IS A MINIMUM) 

M DT OX 

(MIN) (FT) 

PEAK 

(CFS) 

1.59 . 35 994 . 40 4548 . 78 

TIME TO 

PEAK 

(MIN) 

247 . 02 

VOLUME 

(IN) 

2.36 

CONTINU ITY SUMMARY (AC-FT) - INFLOW= 274.296 EXCESS= .000 OUTFLOW= 273.483 BASIN STORAGE= 

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL 

3 1.51 1.59 5 .00 4516 .93 250 .00 2. 36 

MAXIMUM 

CELERITY 

(FPS) 

47.18 

. 762 PERCENT ERROR= .019 



-************* * *******************************************************************************-************* ***** * ** ~ **********.*** 

HYDROGRAPH AT STATION ROUTE 

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

* 

OA MaN HRM N ORO 

5 SEP 0000 

5 SEP 0005 

5 SEP 0010 

2 

3 

5 SEP 0015 4 

5 SEP 0020 5 

5 SEP 0025 6 

5 SEP 0030 7 

5 SEP 0035 8 

5 SEP 0040 9 

5 SEP 0045 10 

5 SEP 0050 11 

5 SEP 0055 12 

5 SEP 0100 13 

5 SEP 0105 14 

5 SEP 0110 15 

5 SEP 0115 16 

5 SEP 0120 17 

5 SEP 0125 18 

5 SEP 0130 19 

FLOW 

o. 
o. 
O. 
o. 
o. 
O. 
O. 
2. 

12 . 

17 . 

19. 

20. 

22. 

24 . 

27. 

30. 

32 . 

32. 

32. 

* 

* 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 

OA MaN HRMN ORD 

5 SEP 0135 

5 SEP 0140 

5 SEP 0145 

20 

21 

22 

5 SEP 0150 23 

5 SEP 0155 24 

5 SEP 0200 25 

5 SEP 0205 26 

5 SEP 0210 27 

5 SEP 0215 28 

5 SEP 0220 29 

5 SEP 0225 30 

5 SEP 0230 31 

5 SEP 0235 32 

5 SEP 0240 33 

5 SEP 0245 34 

5 SEP 0250 35 

5 SEP 0255 36 

5 SEP 0300 37 

5 SEP 0305 38 

FLOW 

32 . 

32. 

33 . 

33 . 

33. 

33. 

33. 

33. 

33 . 
32. 

32. 

33. 

34 . 

37. 

40 . 

43. 

45. 

48. 

53. 

* 
* 
* 
* 
* 

* 

* 
* 

* 
* 

* 

OA MaN HRMN ORD 

5 SEP 0310 

5 SEP 0315 

5 SEP 0320 

5 SEP 0325 

5 SEP 0330 

5 SEP 0335 

5 SEP 0340 

5 SEP 0345 

5 SEP 0350 

5 SEP 0355 

5 SEP 0400 

5 SEP 0405 

5 SEP 0410 

5 SEP 0415 

5 SEP 0420 

5 SEP 0425 

5 SEP 0430 

5 SEP 0435 

5 SEP 0440 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

FLOW 

60 . 

69. 

81 . 

97. 

129. 

221. 

569. 

1208 . 

1873 . 

2631. 

3553. 

4323. 

4517. 

4119. 

3477. 

2799. 

2151. 

1608 . 

1200 . 

* 

* 
* 

* 

* 
* 
" 
* 
* 
* 
* 
* 
* 
* 
* 

OA MaN HRMN ORO 

5 SEP 0445 

5 SEP 0450 

5 SEP 0455 

58 

59 

60 

5 SEP 0500 61 

5 SEP 0505 62 

5 SEP 0510 63 

5 SEP 0515 64 

5 SEP 0520 65 

5 SEP 0525 66 

5 SEP 0530 67 

5 SEP 0535 68 
5 SEP 0540 69 

5 SEP 0545 70 

5 SEP 0550 71 

5 SEP 0555 72 

5 SEP 0600 73 

5 SEP 0605 74 

5 SEP 0610 75 

FLOW 

898 . 

679. 

524. 

407 . 

318 . 

253. 

204 . 

161. 

127 . 

101 . 

81. 

65 . 

53 . 

43. 

36 . 

31 . 

30. 

31. 

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

PEAK FLOW TIME 

+ (CFS) (HR) 

+ 4517 . 4.17 

(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

551 . 

2 . 361 

273 . 

CUMULATIVE AREA 

MAXIHUM AVERAGE FLOW 
24-HR 72-HR 

536. 

2.361 

273. 

2.17 SQ I'll 

536. 

2 . 361 

273 . 

STATION 

6.17-HR 

536 . 

2.361 

273 . 

ROUTE 



RU NOFF SUI11'lARY 
FLOW IN CUBI C FEET PER SECOND 

TIME IN HOURS . AR EA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BAS IN MAXIMUM T! ME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

+ 6- HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ B-2 4552. 4.08 553 . 538. 538 . 2 . 17 

ROUTED TO 
+ ROUTE 4517 . 4.17 551. 536 . 536 . 2.17 

SUMMARY OF KINEMATIC WAVE ROUTING 

(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW) 

INTERPOLATED TO 

COMPUTATION INTERVAL 
I STAQ ELEMENT DT PEAK TIME TO VOLUME DT PEAK TIME TO VOLUME 

PEAK PEAK 

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

ROUTE 3 . 35 4548.78 247.02 2.36 5.00 4516 . 93 250.00 2.36 

CONTINUITY SUMMARY (AC-FT) - INFLOW= 274 . 296 EXCESS= .000 OUTFLOW= 273.483 BASIN STORAGE= .762 PERCENT ERROR= .019 

*** NORMAL END OF HEC-1 ••• 



STATION ROtITE 

(I ) 1NrLOw . (0) OUTFL~; 

O. 1000. 2000. 3000 . 4000. 5000. O. O. o. O. O. O. O. 
nA HRHN PER ~ 

)00 11-------__ . _______ __ . _________ . _____ ___ _ . ________ _ . __ ____ __ _ . ___ ___ ___ . __ _____ __ . __ __ _____ . ____ _____ . ____ __ __ _ . ____ _ ~ 

50015 

.J05 21 . . . . . . . . . . . . 
5001 0 31 

41 

( 

50020 51 
50025 61 
50030 71 
50035 81 
50040 91 
50045 101 
50050 111 
50055 121 
50100 131 
50105 141 
50110 151 
50115 161 
50120 171 
50125 181 
50130 191 
50135 201 
50140 211 
50145 221 
50150 231 
50155 241 
50200 251 
50205 261 
50210 271 
50215 281 
50220 291 
50225 301 
50230 311 
50235 321 
50240 331 
0;0245 341 

)250 351 
J0255 3601 
50300 3701 
50305 38.1 
50310 39.1 
50315 40.1 
50320 41.1. 
50325 42.1 
50330 43 . 01 
50335 44. o I 
50340 45. 
.50345 46 • 
.50350 
50355 
50400 
50405 
.50410 
50415 
50420 
50425 

47. 
48. 
49. 
50. 
51. 
52. 
53 . 
54. 

0 I 
0 I 

O • 

50430 55. I .0 
50435 
50440 
50445 
50450 
50455 
50500 
50505 
50510 
.50515 
.50520 
50525 
.50.530 
50535 
50540 
,0545 
50550 
.50555 
50600 
50605 

56. 10 
57. I 0 
58. I O. 
59. 10 
60. 10 
61 •• 10 
62. 10 
63. I 
64. I 
65.10 
66.1 
67.1 
68.1 
6910 
7010 
711 
721 
731 
741 

I 
0 I 

Or. 
o 1 
.r. 

10 
10 

1 0 

.e 
.50610 751---------.-________ . _____ ____ • _________ • _________ • _________ • _________ . ____ ___ __ • ______ ___ . ______ __ _ . _____ ____ . ______ __ _ . 
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DETAIL EXAMPLE =# 1/ COMPUTED ____ DATE __ 

___________ CHECKED BY _____ DATE __ 

Rev,sEO ~ -'/12../90 

I1USKIN§UM ROUT/NO. 

IE------ I, oS-".;. ----~ 

--- .. -- -

SCENA RIO ; £)EVELOP l1{JsK/NqUJ1 PARAJ1€TE'RS Fo~ SUBBASIN 

:12, ROLlTl!'. A FLaJP IIY'hfOq~A PH r~cr.1 SUBBASIN 

#1 TJlf<aJqJ./ Stl8BASIN #' Z FI?OH CoN'CcNn?ATloN 

POINT A ,0 B. 

ST£P 1. : DEV£LOP MI./5/(IN§UM PA~AI1ETt:RS: 

ASSUME AN AVe~A~£ CHAA./N€L CRoss-Seer/ON 
'it F~o"'" SU 8 BASIN # 2.: ~ 

-~ ..... ~.....t~ V d.:' 
I ~ f 7~::a2.' 
,OJ) I I I I I 7 I I 7 T r b·ZS~ 1 

A. CALCULATE:' VELOC tTY: 

A= (b+~~)~: (25'"+(1)(2.»)2 = S-~ft2.. 
P = b + Z'j ( ,+ z.a)Y~ = 25"'" (z)(z)( I + (J)~)lfz.: 30.'~ ft 
R = Alp : Sl/ rt2./ 30. ~~ Ft: = 1.7'1 ·pc 
S =.~ ft/.ft 

-;Ooqr 
n = . OLiO 

V = .!:.:f.J... R 2f3 5 r4 = 
n 



B. 

c . 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
PROJECT ___________ _____ PAG E ~ OF ~ 

r-7XAH PLe "# 1/ DETAIL -,,4:."---L }--'--'--'-'--'--'--'------- CO MPUTED ----- DATE - -e 
____________ CHECKED BY _____ DATE __ 

r-: , / /) V S'-I'O 8·05 
cST/hA.TE" w:4Vli: C£l-cRITY - tYM ~ :; -= /,(07 j V~ = 1.("7(~).: lUf:. ftls 

CALCULA IE I( 

K = I. 2 S-mt' X r-?80 Fe X -L L X .....L-....L -.a.2P1 Ar 
.w Co ML ~ ft 3,"00 hr -

'l.~ • ;u 2. 

D. ESTIMATE" X ; 

SINCF IIt-= CHANNeL IS SHAlLOW WITI-I MODeRATe­

TO Low SLoPE" / CNooSE" X = 0.2.0 

E . CHeCK Nsrp5: 

N5TPS MIAST Be: WITI-IIN I 6ft.. (AI1SrK x'D) ~ I 
THE FOl..LOWINe, LIMITS: 2 (I-X) - (NMI"')( NSrI"S) 2X 

. ;;?/z 

TRY NSTPS =,: I ~ JG'r1(,o) £ I 
2 (I-.z) (s-) (,) - 2{.Z) • 

-~) No ~ood ! 

TRY NSTPS= 2. : 
.001Z 
~",) 

STep 2. : 

S-(z) 
oK. --

ENTE/( I1USJ(/NG,UH PARA!1ETE"RS INTO AN H6"c-f 
;rNPUr FILE" ON rilE Rn CARD. HANO 
CALCULATION TE'CHNIG.Ue:S CAN BE" POUNP 

IN MOST HYDR.OLo~Y le-xrBooKS. 




