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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-1 Flood
Hydrology Program facilitates the use of the procedures that are contained in the
Hydrologic Design Manual of Maricopa County. (The Hydrologic Design Manual was
written to supplement the HEC-1 Users Manual.) '

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

Therainfall-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 procedureis physically based this does not assure that the rigorousapplication
of the procedures will, in fact, reproduce the actual rainfall-runoff phenomenon of
any storm that has occurred or may occur in the future. However, the procedure,




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

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

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

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

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

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

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

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




and this modification includes using the hypothetical distribution for drainage

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

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

Chapter 4, Rainfall Losses: Several procedures are provided for the estimation
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 Hydrograph Procedures: The use of unit hydrographs to route rainfall
excess from the land’s surface is recommended and the procedures recom-
mended to do so are either the Clark unit hydrograph or the application of
selected S-graphs. The Clark unit hydrograph is recommended for watersheds
or subbasins less than five square miles in size with an upper limit of 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 S-graphs have been selected for use in flood
hydrology studies of major watercourses in Maricopa County. The Phoenix
Mountain S-graph is to be used in studies of watersheds that drain
predominantly mountainous terrain. The Phoenix Valley S-graph s to be used
in studies of watersheds that have little topographic relief or urbanized water-
sheds. A procedure is provided for the estimation of the S-graph parameter,
lag.

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




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.




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

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

Arthur G. Cudworth, Jr., Former Head (retired), Flood Section, Surface Water
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Leonard J. Lane, Ph.D., Arid Lands,Management Research Unit, U.S. Department
of Agriculture, Tucson, Arizona.

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

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

Herbert B. Osborn, (retired) Arid LandgManagement Research Unit, U.S. Depart-
ment of Agriculture, Tucson, Arizona.
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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 goals of the task force were provisions for consistent
analysis of drainage requirements, reducing costs and staff time when annexing
County areas, and supplying equal and common protection from the hazards of
stormwater drainage for all County residents. Additionally, developers would be
benefitted by having only one set of drainage standards with which to comply when
‘ developing land within the incorporated or unincorporated areas of Maricopa County.
The task force determined that these efforts would be achieved in three phases:

Phase1 Research, evaluate, develop, and produce uniform policies and standards
for drainage of new development within Maricopa County (Resolution
FCD 87-7).

Phase2 Establisha Stormwater Drainage Design Manual for use by all jurisdictional
agencies within the County.

Phase3 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.




Introduction Hydrologic Design Manual
for Maricopa County

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 whichmight result froma design storm
of a given return interval.

Third, the design storm has no point of reference in terms of a singular historicevent.
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-1, are approximately equivalent to the graphs used to determine the rainfall
intensity to be used in the Rational Method. The net effect is that regardless of the
size of the area being investigated or the method of analysi ,the same design storm
is used as the driving input.

Using this Manual

The use of the methods presented in this manual, even the rigorous application thereof, in
no way ensures that the predicted values are reasonable or correct. Hydrology is a
discipline which, in some respects, is much like music—quality requires not only
technical competence but also a feel for what is right. It often requires the exercise
of hydrologic judgement. The Flood Control District of Maricopa County does not
warrant or guarantee the reliability of the hydrologic methods, techniques, and/or
parameter values set forth in this design manual. The user of the Hydrologic Design
Manual has no right to rely or depend on the methodology, techniques, and/or
parameter values described herein. The user of this manual is thus directed to
validate the reasonableness of the predicted values by applying alternative
methods, suchas 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 tosolvea particular problem. A number of examples weredesigned
to aid the user with the development of input variables and parameter estimation.

It is not the intent nor purposg of this manual to inhibit sound innovative design or
the use of new techniques*Itis 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.

* T\Mx&o\m. ul\~w4- eq\‘@c.-b\ cw3:¥\h< ay’ w-ul"» Qxlﬁt(ék‘\«»w ’
Mq:\s(,_gés avd ?(oce—cluu‘(*ﬁ-s way be wsed w\"H'»_—TPm‘cf a.p'prav_g'_l_’

Z /'/'Jl"‘-s




General

Precipitation in Maricopa County is strongly influenced by variation in climate,
changing froma warmand arid desert environment toa cooland moderately humid
mountainous area. Mean annual precipitation ranges from about 7 inches in the
Phoenix vicinity to more than 3Q.inches in the mountain regions of northern
Maricopa County. Precipitation is typically divided into two seasons, summer
season (June 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 locally heavy rain cells within a larger area of light to moderate
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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 spatial and
temporal variation of precipitation and lack of long-term rainfall data. Regardless
of whether the desired output is a peak discharge for sizing a conveyance structure,
or a volume for sizing a basin, or the overland flow from a natural watershed, the
designer needs to know the total depth of the design precipitation event and how
itis structured both in time and space. However, selection of theappropriate criteria
is constrained by availability and quality of data.

2.2.1 Source of Data

The most comprehensive, available source of data for depth-duration-frequency
analysis is the Precipitation-Frequency Atlas for Arizona, published by the National
Weather Service (NWS), National Oceanic and Atmospheric Administration
(NOAA), (Miller, 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.

R e e
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Depth—Area Relation

2.3.1

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

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

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. Canbe used for watersheds greater than 100 square miles,
depending on the other site-specific rainfall design criteria that is to be used.)
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Table 2.1
Depth-Area Reduction Factors
for 6-Hour Duration Rainfall

Area, Ratio to
Square Miles Point of Rainfall
0 1.0

1 0.987
5 0.96
10 0.94
20 0.91
30 0.89
40 0.87
50 0.86
100 0.80
200 0.72
300 0.66
400 0.61
500 0.57

Selection of Appropriate Design Storm

The design hydrologist must specify the appropriate rainfall frequency, duration,
depth and the corresponding time distribution for any design purposes which
require calculation of runoff volume and peak discharge. Application of the Ration-
al Formula does not require a time distribution. The Hydrology Manual applies the
NOAA proiedures which led to the 100-year, 6-hour mass curve for small areas up
to 0.5miles™ This mass curve is also known as Pattern 1, and will be discussed later.
If a particular application requires that a'mass curve should be developed, the
following procedures (NOAA) or, alternatively, a program referred to as PREFRE
by the National Weather Service can be used:

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

2. Plot the values from 1 for each duration on a separate line on Figure 2.14, look for
any deviation from a straight line and make corrections ontheline. 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.




Rainfall Hydrologic Design Manual
for Maricopa County

3. At this point the data should include 6-hour and 24-hour durations for all
frequencies with the exception of 1-yearvalues.

4. A particular design may require a duration different from 6- or 24-hour. For
example retentiondesign requiresa 100-year frequency, 2-hour durationdesign
storm. Insuch cases the following procedure (the established method inNOAA,
1973) is used. [Note: The only exception is the use of the values by Arkell and
Richards (1986) for durations of less than 1 hour.]

First the 100-year and the 2-year, 1-hour depths are calculated as follows:
Compute Y2 =-0.011 + 0.942(X1)(X1/X2)
Compute Y100 = 0.494 + 0.755(X3)(X3/X4)
where:
Y2 = 2-yr, 1-hr estimated value;
Y100 = 100-yr, 1-hour estimated value;
X1 = 2-yr, 6-hr value from precipitation-frequency maps;
X2 = 2-yr, 24-hr value from precipitation-frequency maps;

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

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

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

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

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

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

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

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

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

At this point the data includes all depths for the 100-year and the 2-year frequencies,
for all durations. Depths for 5-, 10-, 25-, and 50-year frequencies will be estimated
by reading the corresponding values from Figure 2.14. A rainfall mass curve can
then be constructed by nesting around a desired duration, i.e., 15-min, or 30-min
(see gxample 3).
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Development of Design Storm Distributions

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, as ma ndated
The 6-hour storm is for all hydrologic analysis for areas of up to 100 square miles.?¥ £h< Unforn

For watersheds larger than 100 square miles, the selection of design rainfall criteriaggi: " 2;,5
must be performed on a case-by-case basis, by a qualified hydrologist. and Policies.

2.5.1 2-hour Storm D1str1butv1gor: sekention /detention desian

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 Chapter 3 of this manual. If a time
distribution is required, i.e., rainfall input for HEC-1, the dimensionless 2-hour
cumulative rainfall distribution of Table 2.2 should be used. These values are for
direct input into HEC-1, assuming either-a 5-minute i i i
rainfall time step. Figure 2.16 illustrates the graphical form of this distribution.

2.5.2 6-hour Storm Dlstnbutlogl& tains & dimensiontess rainfall patterns.

reloped. Pattern 1 applies NOAA 4 .

t ¢l cl TS 3 \;V v een
Airport,data—+atterns2 through-5are-intended toprovide

procedures to’

1a.b O
Ll Tty

¢ Erver _1974). This inf L ifred £ » Sorriet A
rainfall pattern can be selected from Table 2.3 for direct input into HEC-1, 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 7
35 7.1 95 96.2 Cf// )
40 10.0 100 970 )~
45 13.7 105 (9797 —
50 17.6 110 98.2
95 23.2 115 99.2
60 32.7 120 100.0

¥ Pasz‘erns 2 Z‘Araag/t( werc deve /0/935{ From ZThe Zn/for‘Maz‘/o/,

rovided by the Corps of Engineers n Desigrn Memeorandam Ao L,
' e e s i d i T Losidogus: e G

Gilp Krver Bascn, and are base

as a Functron of ;/rez'naje area.
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2-Hour Mass Curve for Retention Design
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size of the drainage area is determined. Figure 2.17 illustrates the dimensionless
' rainfall patterns. Use Figure 2.18 to select a rainfall pattern between 1 to 5 and

interpolate as necessary for watershed areas of up to 100 square miles. Alternatively,
pregrams AMCUHPL and MCUHPZ can be dsed For #his pUrpese.

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

Table 2.3
6-Hour Distributions*
-(I;::S Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5
0:00 A .0 .0 .0 .0 .0
0:15 g .8 B .9 1.5 2.1 2.4
0:30 049 1.6 12 1.6 2.0 3.5 4.3
0:45 14 2.5 20 2.5 3.0 5.1 5.9
1:00 22 3.3 34 3.4 4.8 7.1 7.8
1:15 30 4.1 39 H.2 6.3 8.7 9.8
1:30 38 5.0 49 51 7.6 10.5 11.9
1:45 A7 5.8 57 5.9 9.0 12.5 14.1
2:00 54 (.6 6.7 10.5 14.3 16.2
2:15 62 74 7.6 11.9 16.0 18.6
2:30 15 87 8.7 13.5 17.9 21.2
2:45 88 1.9 10.0 15.2 20.1 23.9
3:00 107 1.8 12.0 17.5 23.2 27 1
3:15 127 13.8 16.3 22.2 28.1 32.1
3:30 205216 25.2 30.4 36.4 40.8
3:45 36:6 27.7 45.1 47.2 50.0 51.5
4:00 823 83.4 69.4 67.0 65.8 62.7
4:15 90-:0491.1 83.7 79.6 77.3 73.5
4:30 920 73.1 90.0 86.8 84.1 81.4
4:45 939 7950 93.8 91.2 88.8 86.4
5:00 952 9.2 95.0 94.6 92.7 90.7
5:15 965 97.2 96.3 96.0 94.5 93.0
5:30 9F7 783 97.5 97.3 96.4 95.4
5:45 988 77.1 98.8 98.7 98.2 97.7
6:00 100.0 100.0 100.0 100.0 100.0

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

Rational Equation

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

Q=CiA M
where

=  the runoff (cfs) from a given area.

C =  acoefficient relating the runoff to rainfall.

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

A = drainage area (acres).

The Rational Equation is based on the concept that the application of a steady,
uniform rainfall intensity will produce a peak discharge at such a time when all
points of the watershed are contributing to the outflow at the point of design. Such
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which is defined to be the timme-fer-~aiss-te-ficv: 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):

a condition is met when the elapsed time is equal to the time of concentration, Tc, ‘

Te=114 L0.5 Kb0'525_0'311'_0'38 )
where

Tc = time of concentration in hours

L =  length of the longest flow path in miles

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

S =  water course slope in feet/mile

i = rainfall intensity in inches/hour*

*It should be noted that i is the “rainfall excess intensity” as originally
developed. However, when used in the Rational Equation, rainfall inten-
sity and rainfall excess intensity provide similar 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=mlogA+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)
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Assumptions

Application of the Rational Equation requires consideration of the following:

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

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

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

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

. 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 thedrainagearea at a uniform ratelasting 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 coefficient, C from Table 3.2

3. Calculatetime of concentration (see example4). Thisis tobedoneby an iterative
process. Select a duration from the I-D-F curves, Figure 3.2. This value should
not be longer than two hours and normally it will be less than an hour.
Determine the maximum rainfall intensity indicated on the I-D-F curve for a
frequency that includes the 100-year. The intensity value of the corresponding
Tcin the above s for the Phoenix Airport-data. Use ip in the following equation
for estimating i for other areas: |,

( p5; 0) 3)

i=ip 507
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. where

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

ip = theintensity for the Phoenix Airportdata.

P610 = 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. Determine 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 0.40-0.60
Industrial Areas
‘ Flat commercial (about %90 impervious) 0.80
Heavy areas 0.60 - 0.90
Light 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 0.25-0.40
Single family areas ; 0.30 - 0.50
Multi - unit areas 0.40-0.60
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 - 0.40
Mountain Terrain (slopes > 10 percent) 0.60 - 0.80
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. 3.5.2 Volume Calculations
Volume calculation should be done by applying the following equation:
v=C (TPZ] A @
where
\' =  Calculated volume in acre-feet
C =  Runoff coefficient from Table 3.2
.4 = 188-ear;2-%owur rainfall depth in inches
A = Drainage area in acres




Rainfall

General

Rainfall excess is that portion of the total rainfall depth that drains directly from the
land surface by overland flow. By a mass balance, rainfall excess plus rainfall loss
equals precipitation. When performing a flood analysis using a rainfall-runoff
model, the determination of rainfall excess is of utmost importance. Rainfall excess
integrated over the entire watershed results in runoff volume, and the temporal
distribution of the rainfall excess will, along with the hydraulics of runoff, deter-
mine the peak discharge. Therefore, the estimation of the magnitude and time
distribution of rainfall losses should be performed with the best practical technol-
ogy, considering the objective of the analysis, economics of the project, and conse-
quences of inaccurate estimates.

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

Interception, also illustrated in Figure 4.1, varies depending upon the type of
vegetation, maturity, and extent of canopy cover. Experimental data on intercep-
tion have been collected by numerous investigators (Linsley and others, 1982), but
little is known of the interception values for most hydrologic problems. Estimates
of interception for various vegetation types (Linsley and others, 1982) are:
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' Interception,
Vegetation Type Inches
hardwood tree 0.09
cotton 0.33
alfalfa 0.11
meadow grass 0.08

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

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

. that losses during this first period are a summation of losses due to all mechanisms
including infiltration.

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

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

The actual loss process is quite complex and there is a good deal of interdependence
of the loss mechanisms on each other and on the rainfall itself. Therefore, simplifying
assumptions are usually made in the modeling of rainfall losses. Figure 4.2 represents
a simplified set of assumptions that can be made; that surface retention loss is the
summation of all losses other than those due to infiltration, and that this loss occurs
from the start of rainfall and ends when the accumulated rainfall equals the magnitude
of the capacity of the surface retention loss. Itisassumed 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 theinfiltration 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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Surface Retention Loss

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

A relatively minor contribution by interception is also considered as a part of the
total surface retention loss. Estimates of surface retention loss are difficult to obtain
and are a function of the physiography and land-use of the area.

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

Infiltration is the movement of water from the land surface into the soil. Gravity
and capillary forces drawing water into and through the pore spaces of the soil
matrix are the two forces that drive infiltration. Infiltration is controlled by soil
properties, by vegetation influences on the soil structure, by surface cover of rock
and vegetation, and by tillage practices. The distinction between infiltration and
percolation is that percolation is the movement of water through the soil subsequent
to infiltration.
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Table 4.1
Surface Retention Loss for
Various Land Surfaces in Maricopa County

Surface Retention
Land-use and/or Loss
Surface Cover IA, inches
(1) (2)
Natural
Desert and rangeland, flat slope 0.35
Hillslopes, Sonoran Desert 0.15
Mountain, with vegetated surface 0.25
Developed (Residential and Commercial)
Lawn and turf 0.20
Desert landscape 0.10
Pavement 0.05
| Agricultural
Tilled fields and irrigated pasture | 0.50

Infiltration can be controlled by percolation if the soil does not have a sustained
drainage capacity to provide access for more infiltrated water. However, before
percolation can be assumed to restrict infiltration for the design rainfalls being
considered in Maricopa County, the extent by which percolation canrestrictinfiltra-
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 relatively small design rainfall depths in Maricopa County,
this definition could result in underestimation of the rainfall losses. This is because
even a relatively shallow horizon of soil overlaying an impervious layer still has the
ability to store a significant amount of infiltrated rainfall.

For example, consider the situation where only 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
beinfiltrated 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 using-drainage-studies-for Maricopa County that contain significant areas
classified as hydrologic soil group D, the reason for that classification should be
determined.
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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 (fc). The Holtan equation is not extensively used and there is no known
application of this method in Arizona. Data and procedures to estimate the
parameters for use in Maricopa County are not available. Therefore, the Holtan
equation is not recommended for general use in Maricopa County.

The Exponential Loss Rate Method is a four parameter method that is not exten-
sively used, but it is a method preferred by of the U.S. Army Corps of Engineers.
Data and procedures are not available to estimate the parameters for this method
for all physiographic regions in Maricopa County, but Exponential loss rate
parameters have been developed from the reconstitution of flood events for a flood
hydrology study in a portion of Maricopa County (U.S. Army Corps of Engineers,
1982). However, adequate data 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 firms, and individuals throughout the community, -This-
method is limited; however, by both theoretical and practical deficiencies; and thus
is not recommended for general use in Maricopa County. Deficiencies of the SCS
CN method include:

However, pecause of both theoretical concerns
and practical [imitaZlrons, the SCS CN me Lhod
(S ol recommended For jar:nz/ wse en SFarrcera

Coanty.
Fhus1s contrary to the generally accepted infiltration relation as-illustrated in
Figure 4.2.

3. The-infiltration rate-approaches zero rather than a-minimum-infiltration rate
(fe):

>< The initial abstractionis equal to 0.2S
where 5 =1000/CN-10

This equationis not theoretically-justified norisit based ondata for hydrologic
conditions that are representative of Maricopa County.

>< The selection of CN is too subjective and is often based more on traditional
acceptance of CN values rather than on scientifically substantiated findings.

X Atlow rainfalls (less than4 inches), the estimate of rainfall loss is very sensitive
to the selection of CN.

<[ As mentioned previously, the two recommended methods for estimating rainfall

losses in Maricopa County are the Green and Ampt infiltration equation and the

initial loss and uniform loss rate (IL+ULR) method. Both methods, as programmed

into HEC-1, can be used to simulate the rainfall loss model as depicted in Figure

4.2. (Fora full discussion of these methods, see Sections 4.4.1and 4.4.2.) The IL+ULR

is a simplified model that has been used extensively for flood hydrology and data

/'t js available to estimate the two parameters for this method. The Green and Ampt

infiltration equation is a physically based model that has been in existence since
1911, and has recently been incorporated as an option in HEC-1.

* Procedures have been developed to estimate the three parameters of the Green and
Ampt infiltration equation. The preferred method, and the most theoretically
accurate, is the Green and Ampt infiltration equation. The IL+ULR is recommended
as an alternative if it is not possible 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:
f=Ks(1+—‘lI’_,2) forf<i o
f=i forf>i
where
f = infiltration rate (L/T),
i =  rainfall intensity (L/T),
Ks = hydraulic conductivity, wetted zone, steady-state rate (L/T)
w =  average capillary suction in the wetted zone (L),
) =  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, fis inversely related to time. Equation 1 is implicit with respect to f which
causes computational difficulties. Eggert (1976) simplified Equation 1 by expand-
ing the equation in a poewer series and truncating all but the first two terms of the
expansion. The simplified solution (Li and others, 1976) is:

F=-05(2F - Ks At) + 0.5 [(2F - Ks At)> + 8KsAt (Oy + 9iG @
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where

At

the computation interval

F accumulated depth of infiltration at the start of At.

The average infiltration rate is:

_AF (3)
T At

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 [A
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 (XKSAT) equal to Ks in Equation 1;
» wetting front capillary suction (PSIF) equal to ¥ in Equation 1; and

»  volumetric soil moisture deficit at the start of rainfall (DTHETA) equal to
0 in Equation 1.

The threeinfiltration 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 parameters
alone (bare ground condition) have been obta from published reports (Rawls
and others, 1983; Rawls and Brakensiek, 19 ; ) Avery ge values of XKSAT and PSIF
for each of the soil texture classes feesr ds-and: 83) are shown in
Columns (2) and (3) of Table 4.2. Values of XKSAT and PSIF (as a functlon 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 Figures 4.3 and 4.4, respectively (Rawlsand
Brakensiek, 1983). The values of XKSAT and PSIF from Table 4.2 should be used if

as a function of soil characteristics
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Green and Ampt Loss Rate
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general soil texture classification of the drainage area is available. “Fhe-values.of
‘ XKSAT 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. The-use
of the information in Figures 4.3 and 4.4 will require an extensive study of the soil
for the drainage area, #md for most drainage studies only general soil texture

classification will be known so the values from Table 4.2 should be used, Kefcrences

%Scd €0 create Table 42 can be Found in “Yhe Oocuwmesntation
avuo.

The soil moisture deficit (DTHETA) is a volumetric measure of the soil moisture storage

capacity thatis 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 soil texture (percent of sand and percerit 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. Figure 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
Soil Texture XKSAT PSIF DTHETA'
Classification inches/hour| inches Dry Normal | Saturated
(1) (2) 3) (4) (5) (6)
sand ‘ 4.6 1.9 0.35 0.30 0
loamy sand 1.2 2.4 0.35 0.30 0
sandy loam 0.40 |43 35%x | 0.35 0.25 0
loam 025 |3.5487%% ] 035 0.25 0
silty loam 0.15 6.6 0.40 0.25 0
silt 0.10 15 0.35 0.15 0
sandy clay loam 0.06 8.6 0.25 0.15 0
clay loam 0.04 8.2 0.25 0.15 0
silty clay loam 0.04 10.8 0.30 0.15 0
sandy clay 0.02 9.4 0.20 0.10 0
silty clay 0.02 11.5 0.20 0.10 0
clay 0.01 12.4 0.15 0.05 0

1 Selection of DTHETA:

Dry = Nonirrigated lands, such as desert and rangeland;
Normal = lIrrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.
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However, Maricopa County also has a large segment of its land area under irrigated
. agriculture, and it is reasonable to assume that the design frequency storm could
occur during or shortly after certain lands have been irrigated. Therefore, it would
be reasonable to assume that soil moisture for irrigated lands could be at or near
effective saturation during the start of the design rainfall. :

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

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

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

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

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

The value of DTHETA “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
Figure 4.5. The value of DTHETA “Saturated” is always equal to 0.0 because for
this condition thereis no available porespace in the soil matrix at the start of rainfall.
Values of DTHETA for the three antecedent soil moisture conditions are shown in
Table 4.2. DTHETA “Dry” should be used for soil that is usually in a state of low
soil moisture such as would occur in the desert and rangelands of Maricopa County.
DTHETA “Normal” should be used for soil that is usually in a state of moderate
soil moisture such as would occur in irrigated lawns, golf courses, parks, and
irrigated pastures. DTHETA “Saturated” should be used for soil that can be
expected to be in a state of high soil moisture such as irrigated agricultural land.

The hydraulic conductivity (XKSAT) can be affected by several factors besides soil
texture. For example, hydraulic conductivity is reduced by soil crusting, increased
by tillage, and increased by the influence of ground cover and canopy cover. The
values of XKSAT that 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
Ampt parameters based solely on soil texture and would be applicable for bare
‘ ground conditions. Past research has shown that the wetting front capillary suction
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DTHETA “Dry”
for Initially Dry Soil Moisture Condition (wilting point)
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Figure 4.9
DTHETA “Normal”

for Initially Wet Soil Moisture Condition (field capacity)
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parameter (PSIF) is relatively insensitive in comparison with the hydraulic conduc-
tivity parameter (XKSAT); therefore only the hydraulic conductivity parameter is
adjusted for the influences of cover over bare ground.

Procedures have been developed (Rawls and others, 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 adjust the bare ground hydraulic conductivity for vegetation cover is
shown in Figure 4.10 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 sandy-leam.
| { {

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
prediction 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 predietion 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 assumption
for most nonirrigated lands in Maricopa County because of the infrequency of
rainfall and because of the rapid drainage of these soils after rainfall. The value of
IL “Normal” should be used for soil that is usually in a state of moderate soil
moisture such as occurs for irrigated lawns, turf, and permanent pastures. The
value of IL “Saturated” is used for a soil maintained in a state of high soil moisture,
such as in irrigated agricultural lands.

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

The uniform loss rate (CNSTL) represents the long-term, equilibrium infiltration
capacity of the soil. The values of CNSTL shown in Column (2) of Table 4.3 for soils
according to soil texture elassification are equivalent to the hydraulic conductivity
at natural saturation (XKSAT) as determined for the Green and Ampt equation
(Table 4.2). The values of CNSTL for soils classified according to hydrologic soil
groups are shown in Table 4.2. 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.
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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

Initial Los?, inches
Soil Texture Uniform Loss Rate IL
Classification CNSTL Dry Normal Saturated
(1) (2) (4) (5) (6)
sand 4.6 1.3 1.3 0
loamy sand 1.2 0.8 0.8 0
sandy loam 0.40 0.7 0.6 0
loam 0.25 0.8 0.7 0
silty loam 0.15 0.6 0.5 0
sandy clay loam 0.06 0.6 0.5 0
clay loam 0.04 0.5 0.4 0
silty clay loam 0.04 0.6 0.5 0
sandy clay 0.02 0.4 0.3 0
silty clay 0.02 0.4 0.3 0
clay 0.01 0.3 0.2 0
1" Selection of IL:
Dry = Nonirrigated lands such as desert and rangeland;
Normal = lIrrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.
Table 4.4
Initial Loss Plus Uniform Loss Rate Parameter Values
for Bare Ground according to Hydrologic Soil Group
Initial Los?, inches
Hydrologic Soll Uniform Loss Rate IL
Group CNSTL Dry Normal | Saturated
(1) (2) (4) - (5) (6)
A 0.4 0.6 0.5 0
B 0.25 0.5 0.3 0
C 0.15 0.5 0.3 0
D 0.05 0.4 0.2 0

L Selection of IL:

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 Soil Uniform Loss Rate, inches/hour
Group Musgrave (1955) USBR (1975)" USBR (1988)°
(1) (2) (3) (4)
A 0.30-0.45 0.40 0.30 - 0.50
B 0.15-0.30 0.24 0.15 - 0.30
c 0.05-0.15 0.12 0.05-0.15
D 0-0.05 0.08 0-0.05

1 Design of Small Dams, Second Edition, 1975, Appendix A
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 procedureis provided and
approved.

2. Estimate the hydraulic conductivity (XKSAT) for bare ground from Table
4.2 if general soil texture classﬁlcanon is avaﬂable er—ﬁ-om—Flgufe—ilr%—&

gram_

| ap F ro r‘la‘fe
3 If ’ ad]ust the value of XKSAT for the influences of vegetation cover

using Figure 4.10.

4. Estimate the wetting front capillary suction parameter (PSIF) from Table
42 1f general soxl texture classmcatlon is avaﬂable er—&em—FiguLeM

5. Estimate the value of DTHETA from Table 4.2 if general soil texture
classmcatlon is avallable Qc—ﬁrem-eltherﬁgureél—sﬁr%tf—adequateseﬂ
exture v oved-sampling program. The value
of DTHETA must be selected based on the appropnate 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. Alternative methods:

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

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

12

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.

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

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

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

STRTL =IA + IL.




Unit Hydrog
Procedures

General

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

ds (1)
I-0= I
Examples of hydrologic routing by direct application of the equation of continuity
are the Clark Unit Hydrograph (Clark, 1945), the Santa Barbara Urban Hydrograph
(Stubchaer, 1975), and the Single Linear Reservoir Model (Pedersen and others,
1980). Both the Santa Barbara Urban Hydrograph and the Single Linear Reservoir
Model are simplified (one parameter) versions of the Clark Unit Hydrograph (three
parameter) procedure (Sabol and Ward, 1985). Examples of unit hydrographs that
require a graphical procedure are the SCS Dimensionless Unit Hydrograph,
Snyder’s Unit Hydrograph, S-graphs, and unit hydrographs that are derived direct-
ly from recorded runoff data. Graphical or tabular methods of routing rainfall excess
by unit hydrographs are very amenable to hand-calculation methods commonly
used before computers became readily available. Direct mathematical solution of
the equation of continuity, such as the Clark Unit Hydrograph, is more efficiently
conducted with computers and appropriate computer programs.

The recommended procedures for routing rainfall excess in Maricopa County are
either the Clark Unit Hydrograph or the application of selected S-graphs, The Clark
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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 hydrograph is a graph of the time distribution of runoff from a specific
watershed as the result of one inch of rainfall excess that is distributed uniformly
over the watershed and that is produced during a specified time period (duration).
The duration of rainfall excess is not generally equal to the rainfall duration, because
a unit hydrograph is derived from or is to be representative of a specific watershed.
A unit hydrograph is a lumped parameter and reflects all of the physical charac-
teristics of the watershed that will affect the time rate at which rainfall excess will
drain from the land surface.

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

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

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

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

Application of these principles requiresa linear relation betweén watershed outflow
and storage within the watershed, S = KO. However, Mitchell (1962) has shown that
nonlinear storage, S = KO, is a condition that occasionally occurs in natural
watersheds. A method has been developed by Shen (1962) to evaluate the linearity
of the storage-outflow relation for gaged watersheds. Mitchell (1972) developed the
model hydrograph for use in watersheds that have nonlinear storage-outflow
characteristics. Presently no method has been devised to evaluate the linearity of an
ungaged watershed, and the assumption of linearity is a practical necessity in
virtually all cases.

Clark Unit Hydrograph

Hydrologic routing by the Clark Unit Hydrograph method is analogous to the
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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Oi=Cli+ I+ C)0j-1 2
where
Ce 2 At 3)
T 2R+ At =

Oij is the instantaneous flow at the end of the time period; Oj-1 is the instantaneous
flow at the beginning of the time period; Ii is the ordinate of the translation
hydrograph; At is the computation time interval; and R is the watershed storage
coefficient. The Clark Unit Hydrograph of duration, At, is obtained by averaging
two instantaneous unit hydrographs spaced At units apart:

Qi =0.5(0i + Oi-1) 4)
where Oj = the ordinates of the Clark Unit Hydrograph.

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

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

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

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

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

The application of the Clark Unit Hydrograph method is best described with a
simple example. A watershed is shown in Figure 5.3(a), and a rainfall hyetograph
and rainfall excess distribution are shown in Figure 5.3(b). For the example water-
shed and given intensity of rainfall excess the time of concentration is estimated at
25 minutes. An isochrone interval of 5 minutes is selected and the watershed is
divided into five zones by isochrones as shown in Figure 5.3(a). The areas within
each isochrone zone are measured and the dimensionless time-area relation is
developed as shown in the table and depicted in Figure 5.3(c). The translation
hydrograph of the time rate of runoff is developed by considering each incremental
unit of runoff production that would be available as inflow to a watershed routing
model. For example, at the end of the first 5 minutes of rainfall excess the runoff
thatis available at the outlet of the watershed is the product of incremental area A1,
and the rainfall excess R1.

= k3
It =(A1R1) x A

. where ¢ = 60.5cfs/acre-inch/minute, and At = 5 minutes.
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Table showing development of dimensionless time—area relation

Isochrone Area Accumulated
Zone Acres Area
(1) (2) (3)
Aq 8 X 8
Ag 24 32
Az 38 70
Ay 32 102
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Accumulated Area Travel Time
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(4) (5)

6.7 20

26.7 40

58.3 60

85.0 80

100.0 100

Translation Hydrograph
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Runoff Hydrogreph

/RN

30 43 50 75
Time since start of rainfall excess

Figure 5.3
Example of Storm Hydrograph Generation using the Clark Unit Hydrograph Method
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I1 (8 acres)(.10 inch)(60.5 cfs/acre-inch /minute) / (5 minutes)

9.7 cfs
At the end of 10 minutes the available runoff is

€
Ip =(A1R2 + A2R1) X A

= [(8)(.55) + (24)(.10)] x 80

5
=823 cfs
At the end of 15 minutes the available runoff is

3= (A1R3 + A2R2 + A3R1) X 7

= [(8)(:30) + (24)(.55) + (38)(.10)] X %
=234.7 cfs

At the end of 20 minutes the available runoff is

Is=(A1R4 + A2R3 + A3R2 + A4R1) x ﬁ

= [(8)(15) + (24)(.30) + (38)(.55) + (32)(.10)] X %
=3935 fs
At the end of 25 minutes the available runoff is
I5=(A1RS + A2R4 + A3R3 + A4R2 + ASR1) X 77
= [(8)(0) + (24)(.15) + (38)(.30) + (32)(.55) + (18)(.10)] X %

=4162cfs

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

l6=(A3R4+ A4R3 + ASR2) X

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

C
I7 = A4R4 + A5R3) X Af

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

=1234cfs

At the end of 40 minutes the available runoff is

[
Ig = (A5R4) X A

=[8)15)] x 22

=327 cfs

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

I9=0cfs

The translation hydrograph (li) 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
hydrograph. For this example, assume that R = 15 minutes, and the runoff ‘
hydrograph is shown in Figure 5.3(d). Notice that the Clark Unit Hydrograph itself
was never developed per se but that the three principles of the unit hydrograph
were applied directly (mathematically) to the rainfall excess without performing
graphical superposition of ratios of a unit hydrograph. Computationally, this
process can be completed very quickly and conveniently with a computer program
such as is done with HEC-1.

Limitations and Applications

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

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

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

Development of Parameter Estimators

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

Estimation of Parameters

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

5.5.1 Time of Concentration

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

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

Watercourse slope, S, is the average slope of the flow path which-is-the same
watercourse that is used to define L. The magnitude of S can be calculated as the
difference in elevation between the two points used to define L divided by the
length, L. Watersheds in mountains can result in large values for S—which may
result in an underestimation of Tc. This is because as slope increases in natural
watersheds the runoff velocity does not usually increase in a corresponding 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 nin open-channel flow, is very subjective and therefore a high
degree of uncertainty is associated with its use. To diminish this uncertainty and to
increase the reproducibility of the procedure, a graph is provided in Figure 5.5 for
the selection of Kb based on watershed classification and watershed size. Interpola-
tion can be used 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, which s, of course, unknown.
Therefore, Equation 5 must be solved in a trial-ang:5Tor procedure. First, the time
distribution of rainfall excess must be estimatgé %?the design rainfall distribution
and a graph of average rainfall excess intensi(, 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-1 input file.
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Table 5.1
Equation for Estimating Kb in the Tc Equation
Kb=mlogA+b
Where A is drainage area, in acres
Equation Parameters
Land Classification m b
(1) () (3)
Urban —0.00625 0.04
Bare or nearly bar9 ground —-0.01375 0.08
(attuviakfanydgricultural land,
desert rangeland)
Rough and/or moderate vegetation —0.025 0.15
(hillslopes}, atluvial fan)
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
Clark Unit Hydrograph. Clark (1945) had originally proposed a relation between
Tc and R since they can both be defined by locating the inflection point of a runoff
hydrograph (refer to Figure 5.2). The Corps of Engineers has discussed the develop-
ment of regionalized relations for Tcand R as functions of watershed characteristics
in Training Document No. 15 (U.S. Army Corps of Engineers, 1982b). According to
Corps procedures, Tc and R are estimated from relations of Tc + Rand R/(Tc + R)
as functions of watershed characteristics. These forms of empirical equations indi-
cate an interrelation of Tc and R, and such dependence was observed in the data
base, as discussed in the Documentation Manual. The equation for estimating R for
Maricopa County is:

where R

storage coefficient in hours

Tc = time of cancentration in hours

A drainage area in square miles, and

L

length of flow path in miles.

5.5.3 Time-Area Relation

Either a synthetic time-area relation must be adopted or the time-area relation for
the watershed must be developed. If a synthetic time-area relation is not used, the
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
available. The following general procedure is often used:

1. Use a topographic map of the watershed to trace along the flow path the
distance from the hydraulically most distant point in the watershed to the
outflow location; this defines L in both Equations 5 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-1

program:
A* = 1.414TH1? 0<T* <05 @)
1-A" =1.41401 - TH° 05<T" <10

where A* = 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. Thesedimensionless relations for urban and natural watershedsare shown
in Figures 5.6 and 5.7. Each of these figures show a synthetic time-area relation and
a shaded zone where the time-area relation is expected to lie. For an urban water-
shed, the synthetic time-area relation of Figure 5.6 is recommended, and for a
natural (undeveloped) watershed the synthetic time-area relation of Figure 5.7 is
recommended. If a time-area relation is developed from the watershed map, which
is generally recommended for unusually shaped watersheds, then the resulting
relation should lie within the shaded zones in either Figures 5.6 or 5.7. The HEC-1
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 8 . 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-1 must be selected to
correspond to the time of concentration for the unit hydrograph. This requirement
is necessary to adequately define the shape of the unit hydrograph. From Snyder’s
unit hydrograph theory, the unit rainfall duration for a unit hydrograph (computa-
tion interval) is equal to lag time divided by 5.5. For the SCS Dimensionless Unit
Hydrograph, the unit rainfall duration is to equal 0.133Tc, 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, froma practical standpoint,
too small of a NMIN could result in excessive computer output. Therefore, as a
general rule the computation interval should meet the following:

NMIN =0.15Tc 8

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

0.10Tc < NMIN <0.25Tc )

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

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

An example of an S-graph from Design of Small Dams (USBR, 1987) is shown in
Figure 5.8. The discharge scale is expressed as percent of ultimate discharge (Quilt),
and the time scale is expressed as percent lag. Lag is defined as the elapsed time,
usually in hours, from the beginning of an assumed continuous series of unit rainfall
excess increments over the entire watershed to the instant when the rate of resulting
runoff equals 50 percent of the ultimate discharge. The intensity of rainfall excess
is 1 inch per duration of computation interval (At). An equivalent definition of lag
is the time for 50 percent of the total volume of runoff of a unit hydrograph to occur.
It is to be noted that there are numerous definitions for lag in hydrology and the
S-graph lag should not be calculated by methods that are not consistent with this
definition.

Ultimate discharge is the maximum discharge that would be achieved from a
particular watershed when subjected to a continuous intensity of rainfall excess of
1inch per duration (At) uniformly over the basin. Ultimate discharge (Qult), in cubic
feet per second (cfs), can be calculated from Equation 10:

_ 645.33A (10)
Quit= A
where A = drainage area in square miles, and
At = duration of the 1 inch of rainfall excess in hours.

S-graphs are developed by summing a continuous series of unit hydrographs, each
lagged behind the previous unit hydrograph by a time interval that is equal to the
duration of rainfall excess for the unit hydrograph (At). The resulting summation is
a graphical distribution that resembles an S-graph except that the discharge scale is
accumulated discharge and the time scale is in units of measured time. This graph
is terminated when the accumulated discharge equals Qult which occurs at a time
equal to the base time of the unit hydrograph less one duration interval. The basin
lag can be determined from this graph at the time at which the accumulated
discharge equals 50 percent of Qult. This summation graph is then converted to a
dimensionless S-graph by dividing the discharge scale by Qult and the time scale
by lag.

In practice, S-graphs have generally been developed by reconstituting observed

floods to define a representative unit hydrograph and then converting this to an
S-graph. Prior to the advent of computerized models, such as HEC-1, flood
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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 hydrograph separation along
with numerous hand-cranked simulations to define the representative unit
hydrograph. Modern S-graph development generally relies on use of optimization
techniques, such as coded into HEC-1, to identify unit hydrograph parameters that
best reproduce the observed flood.

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

Limitations and Applications

S-graphs are empirical, lumped parameters that represent runoff characteristics for
the watershed for which the S-graph was developed. S-graphs that are developed
from recorded runoff data from one watershed can beapplied to another watershed
only if the two watersheds are hydrologically and physiographically similar. In
addition, a recent study for the Flood Control District of Maricopa County (Sabol,
1987) has demonstrated that the shape of S-graphs is significantly affected by storm
characteristics, particularly the maximum intensity of the rainfall. Therefore, it may

900
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not be advisable to adopt S-graphs that have been developed from one hydrologic
zoneand toapply these to watersheds in other hydrologic zones because of possible
differences in rainfall characteristics in the two zones that may affect the shape of
the S-graph. Application of S-graphs requires the selection of an appropriate
S-graph and the estimation of the one parameter, basin lag. Two S-graphs have been
selected for use in Maricopa County and a method to estimate lag is provided.

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

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

Although the S-graph is completely dimensionless and does not have a rainfall
excess duration associated with it, the unit hydrograph does require the specifica-
tion of a duration. In general, the same rules and recommendations apply to the
S-graph as were made for the Clark Unit Hydrograph; that is, the duration (com-
putation interval, NMIN) selected for the development of the unit hydrograph from
a S-graph should equal about 0.15 times the lag. A duration (NMIN) in the range
0.10 to 0.25 times the lag is usually acceptable.

Sources of S-Graphs

S-graphs for Maricopa County have been selected from a compilation of S-graphs
for the Southwestern United States that was recently completed (Sabol, 1987). The
sources of S-graphs for that compilation were reports and 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
graphs listed in Table 5.3. These same two S-graphs have been selected for similar
use in Maricopa County by the U.S. Army Corps of Engineers (1974 and 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
County is provided in the S-Graph Study report for the Flood Control District of
Maricopa County (Sabol, 1987). It is possible that S-graphs other than the two that
have been recommended for general use in Maricopa County be selected. The
selection of S-graph should be made based on a comparison of the watershed of
interest to the watershed(s) used to develop the various S-graphs.

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

Percent Ultimate Time in Percent Lag
Discharge Phoenix Valley ’ Phoenix Mountain
1) 2 @)
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
28 715 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 1471
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 S-graph requires the estimation of the parameter, basin lag.
A general relationship for basin lag as a function of watershed characteristics is
given by Equation 11:

m (11)
Lag=C LL_C“
P

where Lag = basin lag in hours
L = length of the longest watercourse in miles

Lca= length along the watercourse to a point opposite the centroid in

miles
S = watercourse slope in feet per mile
C = coefficientand

m & p = exponents.

The Corps of Engineers often uses C = 20Kn where Kn is the estimated mean
Manning’s n for all the channels within an area, and m = 0.38. The USBR (1987) has
recommended that C = 26Kn and m = 0.33. Both sets of values in Equation 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 other relations
that should be consulted when using S-graphs are contained in Design of Small Dams
and the USBR Flood Hydrology Manual (Cudworth, 1989).

When estimating basin lag the following steps should be used:

1.

6.

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

Calculate the basin factor LLca/ (")

Usedata 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.

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

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.

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

The use of measured values of Kn from hydrograph reconstitutions of similar
watersheds will provide the most reliable estimates of Kn and basin lag.
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li S e oo it e € gE o 1 O dr g o
18, A 2840.0 ; ) : y ;  DRAINAGE IS GENERALLY ROLLI I Ul
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General

Channel routing involves generation of an outflow hydrograph for a reach where
an inflow hydrograph is specified. A reach is either an open channel with certain
geometrical/structural specifications, or a pipe with open channel flow. This type
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 Wave Routing methods are options in HEC-1 which is again the principle
modeling tool of the Hydrologic Design Manual. The Modified Puls method which is
typically used for routing through a structure or a detention basin is discussed in
detail in the Hydraulic Design Manual.

Kinematic Wave Routing

The Kinematic Wave Routing as described in HEC-1 can be applied for routing of
overland flow, collector channels and the main channel. However, for the purposes
of this manual the overland flow option of the Kinematic Wave will not be used.

The overland flow analysis will be performed using the Maricopa County Unit
Hydrograph Procedure (MCUHP), described in Chapter 5 of this manual. Once a
hydrograph is generated through the MCUHP, it can be used as the inflow
hydrograph for an urbanized open channel or a pipe where an outflow hydrograph
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6.2.1

6.2.2

6.2.3

for Maricopa County

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

Collector Channel

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

Main Channel

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

Parameter Selection

The data requirement for channel routing include surface drainage area, channel
length and slope, channel shape and geometry, Manning’s n, and the inflow
hydrograph. The designer is referred to the HEC-1 manual for the proper selection
of these parameters.

When working with the Kinematic Wave Method, it is important to be familiar with
the computational procedures inherent in the model. In order to solve the governing
equations which theoretically describe the Kinematic Wave Method, proper selec-
tion of time step and reach length are required. The designer will specify a channel
reach length and a computational time step for the inflow hydrograph. This time
step could very well be different from the one selected by the computer for
computational purposes. Further more, the computer will use this information to
select distance intervals based on the given reach length.

The computational process could unrealistically attenuate the outflow peak. It
appears that a longer reach length would cause more attenuation. To overcome this
problem, the new version of HEC-1 will calculate the outflow peak by applying both
the time step selected by the designer as well as the one selected by the computer.
If the resulting peaks are not reasonably close, the designer can modify the selected
time step or the reach length to improve the calculations. It should be noted that the
computer will compare peak flow values for the main channel and not the collector
channels.
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Muskingum Routing

6.3.1

- 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.

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 travei
timethrough the entire routed reach. There are several methods which can be used
to estimate K such asaverage flow velocity, the time difference between peak inflow
and peak outflow, or by using stage-discharge relationships. For more details the
readeris referred to the HEC-1 manual. Once again, since the computational method
within HEC-1 may result in an unstable solution, parameters K, X, and NSTPS
(number of steps) must be checked to insure that an adequate number of subreaches
is used.

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




General

The methodologies presented in this Manual are, for thé most part, standard
procedures and practices commonly used in hydrologic design: 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 rainfall distribu-
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.

A particular site might have orographic features, restilting in a 100-year, 6-hour
rainfall depth, which differ significantly from the Airpert value. In that case, the
short duration part of the rainfall such as the 15-minute depth may be 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-performing the computations-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 may or may not control the total volume and rate of infiltration. The
decision of which soil layer controls the infiltration rate is based on soil texture,
horizon thickness, and the accumulated depth of water during the initial
low-intensity period of a design storm. As a general rule, sandy and loamy
sand soils less than 2 inches thick will not act as the controlling horizon during
a 100-year design storm.

2. Percent Sand & Gravek Sand is defined by the SCS as that percentage of the
soil matrix between 0:5'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+ULR loss parameters have not been developed for cobbly,
gravelly, channery, etc. soils.

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

: enter Figure4-intheappendix to determine the textural class for that particular

—50il. 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 onetpercentagesfor alt he
(usual}lzr 2 to 4) minor soils, Wl}erg calculating weighted averages for the minor
soilsya5suean Jual contribution from each. For example, if a minor group
makes up 20 percent of the map unit and consists of 3 soils, then each group

member contributes (20/3)=6.67 percent. ¥

4. HydrologicSoil 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 or
six-hour design storm. In many cases, “D” soils are so designated because of
a large percentage of exposed, impervious rock outcrop. When using the
IL+ULR loss rate method in HEC-1 with hydrologic soil groups in this situa-
tion, do not use the “D” soil loss rate parameters with the impervious cover
value (RTIMP), or severe underestimation of losses will occur.

bare. ground

* A wexghfco/ value of YXKSAT can be wsed 7o .

ZL4«: peed T2 wc/}/,t PSIF values,
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b /5/ Hydrologic soil groups can be weighted in the following manner:
A=1 B=2 C=3 D=4

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

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

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

7~ 6. Textural Classes: Textural class descriptions, as used in this context, contain
) only adiectives from the three primary textures: sand, silt, and clav. To deter-
Appi™ions o B

13 = s
#5. Use caution when applying impervious cover percentages using .
the RTIMP variable. Remember that RTIMP will directly convert the assigned
percentage of areal excess rainfall to runoff. If the SCS soil description \
lists a soil group as having 257 rock outcrop, 25Z% of the area will contribute |
direct runoff to the outlet only if the rock outcrop areas are hydraulically \
connected, which is rarely the case. This situation also exists in urban \
areas, where the impervious areas are streets and driveways rather than rock \
outcrop. Good judgement should be used to assess flowpaths and the
infiltration characteristics of soils adjacent to impervious areas when using
the RTIMP variable.

\
)
/

caaupieo, wreen & 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. Thereare 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. Tcrepresents the time for waterto travel from the hydraulically most distant
point in the watershed to the outlet during the most intense period of rainfall
excess. The flow pathlength (L) represents the hydraulic length corresponding
to Tc. For a natural channel, L is the length of watercourse from the outlet to
a point defining the hydraulically most distant point. Foran urban basin where
flow is mainly in 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 of Tc & R” worksheet (Appendix E), start at the highest depth
for the At used, then choose the largest value above or below the peak, then
the value above or below those two, and so on so that a contiguous grouping
results. Do not list the depth values in a strictly descending order unless they
are contiguous. Example:

Time Excess(in) Rank Sorted
1415 0.21 6 0.40
1420 0.28 5 0.35
1425 0.35 2 0.32
1430 0.40 —_ 1 —> 0.33
1435 0.32 3 0.28
1440 0.33 4 0.21
1445 0.18 7 0.18

Alternatively, program “MCUHP1” can be used to calculate Tc and R. This
program will also construct the basin HEC-1 input file for immediate application.

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

e 4. Remember that Tcis a function of excess rainfall intensity and must be recalcu-
Wap 25 lated when the duration or frequency of a design storm is changed. If multiple
2q Qae" Sheg ~ncies are desired for a given duration, it may be acceptable to construct
T & % 7~ vs. Frequency, when the peak producing portion of the distribu-
Sg bag in Ses vh © ™ such a case plot the 2, 10, and 100 year Tc values on

Yo 3 3 Foyg, Te , *~+a intermediate values.

vey Shr 5 Sq Tesg fore t
8 g, Capo B, Wty R g ~ith overall slopes greater than 200
001- . ulat Vat r (k.. Ne b
d o " e % b 5 Qs 1

n
T'he Co ' 034) +* i 75 * 6640) " gOry’ ti d
realistican, (.65, ( %) . O.0g 2 /
cause more ati-—_ "6, N 0.15 : 0.034 ///
HEC-1 will calcula. it .0, 0. 065 /
-~ #
N




Hydrologic Design Manual Application
for Maricopa County

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

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

Notes on Developing Muskingum Parameters

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):

1 " K < 1
2(1-X) = NSTPSAt = 2(X)

whereK = the travel time through the entire reach in hours
X = Muskingum ‘X’
At = the computational time step (hrs),
NSTPS = the integer number of subreaches.

3. K: K is the travel time of the floodwave peak through the entire reach.
Calculation using Manning’s equation is usually an appropriate method for
estimating the floodwave velocity, V; with the following provisions:

A. Use an average channel area and wetted perimeter for the reach—
assume bankfull conditions.

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

C. Calculate an average flow velocity for the reach (V).
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D. Use the following ratios by the U.S. Bureau of Reclamation, 1989, to
estimate Vi, wave celerity:

Channel Geometry Vi /V
Wide rectangular 1.67
Wide parabolic 1.44
Triangular 133

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
isin 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, while similar to LAPRE1 (Section 5.6.1), shall provide the necessary basin
HEC-1 file with the appropriate rainfall pattern distribution.
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Agulla-Carefree Loss Rate Parameters

Fragments XKSAT/ IL(In) | IL(In)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF (DTHETA|DTHETA| (Dry) |(Normal)

Unit # Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (in/hr) (In) (Dry) |(Normal)] (Top Horlzon) 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 925 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 75 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 15 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 B
Arizo Very Gravelly Sandy Loam (1-8) 85 125 Loamy Sand 1.20 2.4 0.35 0.30 0.8 0.8 A

8 Arizo Very Cobby Sandy Loam (1-8) 70 125 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 A

9 Besline Sandy Loam (1-9) 57.5 175 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 D*
Cipriano Very Gravelly Loam (0-6) 725 20 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*

10,11 | Brios Gravelly Coarse Sand (2-60) Gravelly” 875 85 Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 A
Carrizo Coarse Sand (2-60) 925 25 Sand 4.60 1.9 0.35 0.30 1.3 1.3 A

12 Carefree Cobbly Clay Loam (0-1) 35 35 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 D*




Agulla-Carefree Loss Rate Parameters, continued
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Fragments XKSAT/ IL (in) IL (in)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL| PSIF |[DTHETA|DTHETA| (Dry) [(Normal)
Unit# | Soll Name (Control Horlzon) mm, % | Clay, % (Appendix) (in/hr) | (in) (Dry) [(Normal)| (Top Horizon) | H-S.G.
18 Carelree Cobbly Clay (0-1) 25 475 Clay 0.01 12.4 0.15 0.05 0.3 0.2 D
Beardsley Cobbly Clay Loam (0-2) 375 27.5 Loam 0.25 43 0.35 0.25 0.6 0.5 C
14 Carrizo Gravelly Coarse Sand (1-60) 92.5 25 Sand 4.60 1.9 0.35 0.30 1.3 1.3 A
15 Carrizo Gravelly Sandy Loam (0-5) 75 10 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 A
Gunsight Very Gravelly Loam (1-60) 80 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
16,17 | Cellar Very Gravelly Sandy Loam (0-3) 80 17.5 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
18 Cherioni Very Gravelly Sandy Loam (1-10) 87.5 125 Loamy Sand 1.20 24 0.35 0.30 08 0.8 D*
19,20 | Chuckawalla Extremely Gravelly Loam (0-2) 775 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6
Gunsight Very Gravelly Loam (0-3) 715 20 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
21 Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
22,23 | Contine Clay Loam (0-2) 25 36 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C
24 Continental Clay Loam (0-1) 375 215 Clay Loam 0.04 8.2 0.25 0.15 05 0.4 c
25 Continental Clay (0-1) 25 45 Clay 0.01 124 0.15 0.05 0.3 0.2 c*
26 Continental Cobbly Clay Loam (0-2) 40 31 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C
27 Continental Clay Loam (0-1) 37.5 215 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C
Mohave Sandy Loam (0-2) 65 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B




Agulla-Carefree Loss Rate Parameters, continued
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; Fragments XKSAT/ IL (In) IL (In)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |[DTHETA|[DTHETA| (Dry) |[(Normal)

Unit# [ Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (In/hr) (In) (Dry) [(Normal)| (Top Horlzon) | H.S.G.

28 Continental Cobbly Clay Loam (0-2) 40 3 Clay Loam 0.04 82 0.25 0.15 0.5 0.4 ]
Ohaco Gravelly Loam (0-2) 52.5 235 Sandy Clay Loam 0.06 86 0.25 0.15 0.6 0.5 Cc

29,30 | Denure Fine Sandy Loam (0-2) 65 10 B
Momoli Gravelly Sandy Loam (0-10) 75 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Carrizo Gravelly Sandy Loam (0-10) 75 10 A

31,32 | Dixaleta Extremely Channery Sandy Loam (1-8) 83.75 16.25 | SandyLoam 0.40 35 0.35 0.25 0.7 0.6 D*

33,34, | Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 c*

35 '

36 Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 c*
Continental Clay Loam (0-1) 375 215 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C

37,38 | Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 c*
Continental Clay Loam (0-1) 375 275 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C
Cave Loam (1-14) 50 125 | Loam 0.25 43 0.35 0.25 06 05 D*

39 Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 c*
Nickel Gravelly Loam (1-10) 65 20 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Cave Loam (1-14) 50 125 Loam 0.25 43 0.35 0.25 0.6 0.5 D*
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Agulla-Carefree Loss Rate Parameters, continued
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Fragments XKSAT/ IL (In) IL (In)
Map U.S.D.A. Soil Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |(Normal)

Unit# | Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (in/hr) | (In) (Dry) |(Normal)| (Top Horlzon) | H.S.G.
40,41, | Eba Very Gravelly Loam (0-3) 75 13 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 c*
42,43 | Pinaleno Very Gravelly Clay Loam (0-1) 65 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*
44,45 | Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 Cc
46 Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 C

Conline Clay Loam (0-2) 22,5 36 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 (o}

47 Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 C

Gunsight Very Gravelly Sand Loam (0-3) 85 125 Loamy Sand 1.20 24 0.35 0.30 0.8 08 B
Cipriano Very Gravelly Loam (0-8) 72.5 20 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
48,49 | Ebon Very Gravelly Sandy Clay (1-43) 65 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 C
Pinampt Extremely Gravelly Sandy Loam (0-3) 88.75 11.25 | Loamy Sand 1.20 24 0.35 0.30 08 0.8 B
50 Estrella Loam (0-21) 40 17.5 Loam 0.25 43 0.35 0.25 0.6 0.5 B
51,52 | Gachado Very Gravelly Sandy Clay Loam (2-8) 715 225 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
Lomitas Very Gravelly Sand Loam (2-17) 80 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*

53 Gadsden Clay (0-3) 15 52.5 Clay 0.01 124 0.15 0.05 0.3 0.2 D
54 Gila Fine Sandy Loam (0-2) 425 15 Loam 0.25 43 0.35 0.25 0.6 05 B
55,56 | Gilman Loam (0-5) 35 235 Loam 0.25 43 0.35 0.25 0.6 0.5 B
57 Gilman Clay Loam (0-11) 25 325 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B*
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Fragments XKSAT/ IL (In) IL (In)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF [DTHETA|DTHETA| (Dry) |(Normal)
Unit# | Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (In/hr) (In) (Dry) |(Normal)| (Top Horizon) H.S.G
58,59 | Gilman Loam (0-2) 35 235 Loam 0.25 43 0.35 0.25 0.6 0.5 B
Momoli Gravelly Sandy Loam (0-22) 75 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Denure Gravelly Sandy Loam (0-9) 75 125 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
60 Glenbar Loam (0-6) 25 235 Silty Loam 0.15 6.6 0.40 0.25 0.8 0.7
61,62, | Gran Very Gravelly Sandy Clay (1-12) 66.25 33.75 | Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
63,64 | Wickenburg Very Gravelly Sandy Loam (1-12) 715 20 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
65 Grey Eagle Very Gravelly Loam (0-5) 67.5 14 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
Continental Loam (0-2) 37.5 21.5 Loam 0.25 4.3 0.35 0.25 0.6 0.5 Cc
Nickel Very Gravelly Loam (0-5) 70 175 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 B
66 Grey Eagle Very Gravelly Loam (0-5) 67.5 14 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 D*
Sun City Variant | Clay Loam (2-9) 50 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
67 Guest Clay (0-2) 15 45 Clay 0.01 12.4 0.15 0.05 0.3 0.2 D
68,69 | Gunsight Very Gravelly Loam (1-60) 81.25 18.75 | SandyLoam 0.40 3.5 0.35 0.25 0.7 0.6 B
Cipriano Very Gravelly Loam (0-6) 725 20 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
70,71 | Gunsight Very Gravelly Loam (0-11) 715 20 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 B
Rillito Gravelly Loam (0-12) 60 14 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
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Aguila—Carefree Loss Rate Parameters, continued
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Fragments XKSAT/ IL(In) | IL(In)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |(Normal)
Unit# | Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (In/hr) (In) (Dry) |(Normal)| (Top Horizon) [ H.S.G.
72,73 | Lehmans Very Gravelly Clay Loam (0-2) 70 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 05 D*
74 Luke Very Gravelly Sandy Clay (1-28) 63.75 36.25 | Sandy Clay Loam 0.06 86 0.25 0.15 06 0.5 Cc
Cipriano Very Gravelly Loam (0-6) 72.5 20 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
75,76, | Mohall Loam (0-7) 25 275 Loam 0.25 43 0.35 0.25 06 0.5 B
77,78, Loam (0-7) 325 225 Loam 0.25 43 0.35 0.25 0.6 0.5 B
79, Clay Loam (0-2) 25 275 Loam 0.25 43 0.35 0.25 06 0.5 B
Clay Loam (0-6) 32,5 35 Clay Loam 0.04 8.2 0.25 0.15 05 0.4 B*
Clay (0-12) 20 45 Clay 0.01 124 0.15 0.05 03 0.2 B*
80, 81 Mohall Loam (0-2) 25 27.5 Loam 0.25 43 0.35 0.25 0.6 0.5 B
Tremant Clay Loam (1-5) 45 325 Sandy Clay Loam 0.06 86 0.25 0.15 0.6 0.5 B*
82,83, | Mohave Clay Loam (2-20) 25 27.5 Loam 0.25 43 0.35 0.25 0.6 0.5 B
84, 85, Loam (0-2) 30 235 Loam 0.25 43 0.35 0.25 06 0.5 B
86 Loam (0-2) 35 17.5 Loam 0.25 43 0.35 0.25 0.6 0.5 B
Clay Loam (0-6) 25 35 Clay Loam 0.04 8.2 0.25 0.15 05 0.4 B*
Clay Loam (0-2) 21.5 335 Clay Loam 0.04 82 0.25 0.15 05 0.4 B*
87 Mahave (Noncalc) | Clay Loam (2-20) - 25 21.5 Loam 0.25 43 0.35 0.25 06 0.5 B
Mohave (Calc) Loam (2-20) 35 27.5 Loam 0.25 4.3 0.35 0.25 0.6 0.5 B




Aguila—Carefree Loss Rate Parameters, continued
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Fragments XKSAT/ IL (in) IL (in)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) [(Normal)
Unit# | Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (in/br) | (In) (Dry) [(Normal)| (Top Horlzon) | H.S.G.
88 Mohave Clay Loam (2-20) 25 215 Loam 0.25 43 0.35 0.25 0.6 0.5 B
Guest Clay Loam (0-2) 20 35 Clay Loam 0.04 82 0.25 0.15 05 0.4 D
89 Mohave Clay Loam (2-20) 25 215 Loam 0.25 43 0.35 0.25 0.6 0.5 B
Tres Hermanos | Gravelly Loam (0-2) 40 17.5 Loam 0.25 43 0.35 0.25 0.6 0.5 B
90 Momoli Gravelly Sandy Loam (0-3) 75 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
91,92 | Momoli Very Gravelly Loam (1-60) 715 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Carrizo Very Gravelly Sandy Loam (0-11) 85 10 Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 A
93,94 | Nickel Gravelly Loam (1-10) 65 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Cave Loam (1-14) 50 125 Loam 0.25 43 0.35 0.25 0.6 0.5 D*
95 Ohaco Clay (2-27) 275 40 Clay Loam 0.04 82 0.25 0.15 05 0.4 G
96,97 | Pinaleno Gravelly Clay Loam (1-12) 60 35 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*
Tres Hermanos | Very Gravelly Clay Loam (2-22) 475 25 Sandy Clay Loam ' 0.06 86 0.25 0.15 0.6 0.5 B*
98,99 | Pinamt Very Gravelly Sandy Clay Loam (1-28) 76.25 23.75 | Sandy Clay Loam 0.06 8.6 0.25 0.15 0.5 0.4 B*
Tremant Gravelly Loam (0-5) 65 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
100 Quilotosa Extremely Gravelly Loam (2-14) 88.75 11.25 | Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 D*
Vaiva Very Gravelly Loam (0-3) 67.5 12.5 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*




Aguila-Carefree Loss Rate Parameters, continued
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Fragments XKSAT/ IL (In) IL (In)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |(Normal)
Unit# | Soll Name (Control Horlzon) mm, % | Clay, % (Appendix) (In/hr) (In) (Dry) [(Normal)| (Top Horizon) | H-S.G.
101, 102 | Rilito Loam (0-24) 57.5 14 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Rilito Gravelly Loam (0-14) 60 14 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
103 Gachado Very Gravelly Sandy Clay Loam (1-7) 73.75 26.25 | Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
104, 105 | Lehmans Very Gravelly Clay Loam (0-2) 70 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
106, 107 | Sal Very Gravelly Clay Loam (2-20) 71.75 27.75 | Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
Cipriano Very Gravelly Sandy Loam (0-20) 725 20 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
108, 109 | Schenco Very Channery Loam (2-11) 70 21 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
110 Sun City Clay Loam (1-9) 45 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
Cipriano Very Gravelly Loam (0-6) 725 20 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
T Tl
A" (112, | Tremant Gravelly Sandy Loam (0-9) 65 15 | SandyLoam 040 | 35 035 | 025 | 07 06 B
I | 143,114
115 Tremant Gravelly Sandy Loam (0-9) 65 15 Sandy Loam 0.40 4.3 0.35 0.25 0.7 0.6 B
Antho Sandy Loam (0-3) 65 10 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
116, 117 | Tremant Clay Loam (2-26) 45 325 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*
Gunsight Very Gravelly Sandy Loam (0-10) 85 125 Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 B*
Rillito Gravelly Loam (2-60) 55 20. Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
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Fragments |- XKSAT/ IL (In) IL (in)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |(Normal)
Unit# | Soll Name (Control Horizon) mm, % | Clay, % (Appendix) (in/hr) | (in) (Dry) [(Normal)| (Top Horizon) | H.S.G.
118 Tremant Gravelly Sandy Loam (0-9) 65 15 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Rillito Gravelly Loam (0-12) 60 14 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
19 Tremant Gravelly Loam (0-9) 65 15 Sandy Loam 0.40 35 0.35 0.25 0.7 06 B
Sun City Clay Loam (2-12) 45 30 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 05 D*
120 TresHermanos | Very Gravelly Loam (2-22) 50 325 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 05 B*
121 Tres Hermanos | Very Gravelly Clay Loam (2-22) 50 325 Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*
Anthony Very Gravelly Sandy Loam (2-40) 80 75 Loamy Sand 1.20 24 0.35 0.30 0.8 08 B*
122 Vado Gravelly Sandy Loam (0-60) 80 13 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
123 Vaiva Very Gravelly Loam (0-3) 67.5 20 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
124 Valencia Sandy Loam (0-20) 67.5 125 Sandy Loam 0.40 35 0.35 0.25 0.7 06
125 Vint Loamy Fine Sand (0-60) 70 75 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6

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

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




Eastern Maricopa/
Northern Pinal Counties
Loss Rate Parameters




Eastern Maricopa/Northern Pinal Countles Loss Rate Parameters

Fragments XKSAT/ IL(In) | IL(In)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |[(Normal)
Symbol | Soll Name (Control Horlzon) mm, % | Clay, % (Appendix) (In/hr) | (In) (Dry) [(Normal)| (Top Horizon) | H.S.G.
Af, Ag Agault Loam (0-27) 45 - Loam 0.25 43 0.35 0.25 0.6 0.5 B
Am AlluvialLand | Gravelly Sand (0-60) 5510100 - Loamy Sand 1.20 2.4 0.35 0.30 0.8 08
AnA, AnB, | Antho Sandy Loam, Gravelly Sandy Loam 725 9 Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 B
AoB (0-46)
Av Avondale Clay Loam (0-13) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B*
Ca,Cb Carrizo Fine Sandy Loam, (0-15) & Gravelly 57.5 - Sandy Loam 0.40 35 0.35 0.30 0.7 0.6 A*
Loamy Sand
Ce Cashion Clay (0-28) 10 - Clay 001 | 124 0.15 0.05 0.3 0.2 c
CeC Cavelt Gravelly Loam (0-10) 50 - Loam 0.25 4.3 0.35 0.25 0.6 05 D*
Co Contine Clay Loam (0-12) 30 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C
Es Estrella Loam (0-26) 35 - Loam 0.25 43 0.35 0.25 0.6 0.5 B
Gf, Gm Gilman Loam (0-13) 275 - Loam 0.25 4.3 0.35 0.25 0.6 05 B
Gn Glenbar Clay Loam (0-14) 15 - Silty Loam 0.15 6.6 0.40 0.25 0.8 0.7 B
Gr Gravelly Very Gravelly Sandy Loam & Loamy 90 - Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 A
Alluvial Land Sand (0-60)
LaA, LaB, | Laveen Loam (0-14) 30 - Silty Loam 0.15 6.6 0.40 0.25 0.8 0.7 B
LeA




Eastern Maricopa/Northern Pinal Counties Loss Rate Parameters, continued
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Fragments XKSAT/ IL (in) IL (In)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL| PSIF |DTHETA|{DTHETA| (Dry) [(Normal)

Symbol | Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (in/hr) (in) (Dry) [(Normal)| (Top Horlzon) H.S.G.
Mo, Mv Mohall Loam (0-15) 40 21 Loam 0.25 43 0.35 0.25 0.6 0.5 B
Pm Pimer Clay Loam (0-15) 15 - Clay Loam 0.04 82 0.25 0.15 0.5 0.4 B*
PnA,PnC | Pinal Gravelly Loam (0-5) 50 - Loam 0.25 43 0.35 0.25 06 0.5 D*
Po Pinal Variant Loam (0-9) 45 - Loam 0.25 43 0.35 0.25 0.6 0.5 C
PvA, PvC | Pinamt Gravelly Loam (0-13) 85 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
R1A,R1b | Rilito Gravelly Loam (0-13) 62.5 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Ro, Ru Rock Land 50 - 70% Rock Outcrop, Shallow - - Use Sandy Loam For Pervious 0.40 35 0.35 0.25 0.7 0.6 B

Areas of Clay Loam, Sandy Loam, Areas

and Gravelly Loam.
TiB Tremant Gravelly Sandy Clay Loam (1-15) 60 - Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*
Tx Trix Clay Loam (0-14) 15 - Silty Clay Loam 0.04 10.8 0.30 0.15 0.6 05 B*
Va Valencia Sandy Loam (0-13) 65 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Ve Vecont Clay (0-14) 15 48 | Clay 0.01 124 0.15 0.05 0.3 0.2 c
Vi Vinl Loamy Fine Sand (0-12) 80 - Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 B*

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




Loss Rate Parameters




Maricopa County-Central Part Loss Rate Parameters

Fragments XKSAT/ IL (In) IL (In)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|[DTHETA| (Dry) |(Normal)
Symbol | Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (In/hr) (In) (Dry) |(Normal)| (Top Horlzon) H.S.G.
Aa Agualt Loam (0-27) 40 - Loam 0.25 43 0.35 0.25 0.6 0.5 B
AbA, AbB, | Antho Sandy Loam, Gravelly Sandy Loam 715 - Sandy Loam 0.40 3.5 0.35 0.25 0.7 0.6 B
AdA, AdB, (0-60)
Ae, AfA,
AfB, AGB,
AHC, AkB,
AL, AM, Ac
An Avonda Clay Loam (0-13) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B*
Ao, Ap Avondale Clay Loam (0-12) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B*
BE Beardsley Clay Loam (0-10) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C
Br,Bs,Bt | Brios Sandy Loam (0-14) 70 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 A*
CA2 Calciorthids Loamy Sand To Clay Loam - - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Cb,CeD, | Carrizo Gravelly Sandy Loam (0-5) 75 - Loamy-Sand 1207 | 24" 0.35 0.30 08 0.8
cr Sandy Loam v | 43
Cg, Ch, CasaGrande | Clay Loam (1-22) 49 15 Loam 0.25 A3 0.35 0.25 0.6 0.5 o]
Ck,Cm 35
Cn Cashion Clay (0-27) 12,5 - Clay 0.01 12.4 0.15 0.05 0.3 0.2 D




Maricopa County-Central Part Loss Rate Parameters, continued

Page 2 of 5
Fragments XKSAT/ IL (In) IL (In)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|{DTHETA| (Dry) [(Normal)

Symbol | Soll Name (Control Horizon) mm, % | Clay, % (Appendix) (In/hr) (In) (Dry) [(Normal)[ (Top Horlzon) | H-S.G.
co Cherioni Very Gravelly Loam (1-6) 715 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 D*
Cp, CiB, Coolidge Sandy Loam (0-13) 70 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Cs,CV
Dn Dune Land —_— - - Sand 4.60 1.9 0.35 0.30 1.3 13 A
EbD, EPD | Ebon Very Cobbly Clay Loam (2-13) 62.5 - Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 C
Es, Et Estrella Loam (0-24) 30 - Loam 0.25 43 0.35 0.25 0.6 0.5 B
GA Gachado Very Gravelly Clay Loam (0-1) 67.5 - Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 D*
Gb, Gc, Gd | Gadsden Clay (0-10) 15 - Clay 0.01 124 0.15 0.05 03 0.2 D
Ge, GgA, | Gilman Loam (0-36) 52.6 10.6 | Loam 0.25 43 0.35 0.25 0.6 0.5 B
GgB, GM,

GN, Gf,

Gh, GL,

Go3

Gp Gilman Variant | Loam (0-3) 30 - Loam 0.25 43 0.35 0.25 0.6 0.5

Gr, Gt, Gv, | Glenbar Clay Loam (0-15) 30 - Silty Loam 0.15 6.6 0.40 0.25 0.8 0.7 B
Gs, Gu




Maricopa County—Central Part Loss Rate Parameters, continued

Page 3of5
Fragments XKSAT/ IL (In) IL (in)
Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) [(Normal)

Symbol | Soll Name (Control Horlzon) mm, % | Clay, % (Appendix) (in/hr) | (In) (Dry) [(Normal)| (Top Horlzon) | H-S.G.
GWD, Gunsight Gravelly Loam (0-60) 825 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
GxA, GxB,

GYD

HAB, HAC, | Harqua Gravelly Clay Loam (0-14) 37 37 Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 C
HLC, HM,

HrB

La La Palma Very Fine Sandy Loam (0-7) 41 6 Silty Loam 0.15 6.6 0.40 0.25 0.8 0.7

Lb, LcA, Laveen Loam (0-6) 52 13 Loam 0.25 43 0.35 0.25 0.6 0.5 B
Le, Ld, Lf

Ma Maripo Sandy Loam (0-13) 65 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Mo, Mp, Mohall Clay Loam (0-12) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 0.4 B*
Mr, Ms,

MTB, MV

Pa, PeA, | Perryville Gravelly Loam (0-9) 63 18 Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Pb, PeB,

PRB

S raTervess




Maricopa County-Central Part Loss Rate Parameters, continued

Page4 of 5
Fragments XKSAT/ IL (In) IL (In)

Map U.S.D.A. Soll Texture >0.0074 Textural Class CNSTL| PSIF |DTHETA|DTHETA| (Dry) [(Normal)
Symbol | Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (In/hr) (In) (Dry) [(Normal)| (Top Horizon) | H-S.G.
PsA, PsB, | Pinal Loam (0-8) 50 - Loam 0.25 43 0.35 0.25 0.6 0.5 D*
PT, PvB,
PWB
PYD Pinamt Very Gravelly Sand Loam (2-6) 715 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
RaA, RaB, | Rillito Gravelly Loam (0-60) 65 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
RbA, RbB,
RhB, RpE

— Sun City Clay Loam (0-13) 35 - Clay Loam 0.04 8.2 0.25 0.15 0.5 04 D*
Ta Toltec Loam (0-28) 325 - Loam 0.25 4.3 0.35 0.25 0.6 0.5 C
Tc,TB, TD | Torri- Cobby Sandy Loam - - Loamy Sand 1.20 24 0.35 0.30 0.8 0.8 A
Te, TIA, Tremant Clay Loam (1-8) 57.5 - Sandy Clay Loam 0.06 8.6 0.25 0.15 0.6 0.5 B*
TiB, Tg,
Th, TPB,
TrA, TiB,
TSC
T Trix Clay Loam (0-10) 225 - Clay Loam 0.04 8.2 0.25 0.15 05 04 B*
Tu, Tw Tucson Loam (0-14) 325 - Loam 0.25 43 0.35 0.25 0.6 0.5 B




Maricopa County-Central Part Loss Rate Parameters, continued

Page5o0f 5
Fragments XKSAT/ IL (In) IL (In)
Map U.S.D.A. Soll Texture »>0.0074 Textural Class CNSTL | PSIF |DTHETA|DTHETA| (Dry) |[(Normal)
Symbol | Soll Name (Control Horlzon) mm, % |Clay, % (Appendix) (In/hr) (In) (Dry) |(Normal)| (Top Horlzon) | H.S.G.
Va, Wb, Vc | Valencia Sandy Loam (0-10) 70 - Sandy Loam 0.40 35 0.35 0.25 0.7 0.6 B
Ve, Vi Vecont Clay (0-15) 175 - Clay 001 | 124 0.15 0.05 0.3 0.2 D
Vg, Vh, VK, | Vint Loamy Fine Sand (0-27) 80 - Loamy Sand 1.20 24 0.35 0.30 0.8 08 B*
Vn, Vr
Wy Wintersburg Clay Loam (0-12) 25 - Clay Loam 0.04 8.2 0.25 0.15 0.5 04 C

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

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



Textural Classes




40

50

70

go

70

00

L

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

proJECT _MCFCD  HYDROL 045Y

MANUAL

PAGE __ OF
DETAIL COMPUTED DATE
CHECKED BY DATE
SAND (%)
10 z0 30 7] &0 52 Eio 2o 24 129
. TR
LOAMY .‘FAND
SILT , SAND
A 1 - . s N
7 SANDY | LOAM
SILTY LOAM | : i
| | |
i . i I:
| SANDY |
- : ‘ CyAy !
Sitry B i
CLAY CLAY [OAM | ‘
LOAM | !
5 ; SANDY
SILTY, | CLAY
CLAY ; l

CLAY




Tcand R Wbr sheet




CALCULATICN OF Tc & R

Calculated by: Date:

Checked by: Project:
Watershed:

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

Rainfall Loss Method: ]
(]
(]

Tabulate Period of Rearrange Incremental Excesses in
Peak Rainfall Excess Order of Decreasing Average Intensity
Clock Time Increm. Accum. Increm. Accum. Avg. Excess
@ end of Excess Time Excess Excess Intensity
Increm. 31 . hr./min. in. in. inL/he.
A= sq.mi. A
L = mi. v
S = ft/mi. e
r
Kb = m [log(A * 640)]+ Db a
Kbz ( ) log ( *640) + ( ) g
Kb = e
.50 .52 -.31 -.38
Tc = 11.4 L Kb S i E
-.38 pd
Tc = ( Yy 1 e
e
Trial Tc b Calc. Tc s
s
I
n
E
e
n
Tc = ht- s
i
t
1.11 =.57 .80 y
R = .37 Tc A L
i
n
R = hr. /
h
r
Time (Tc) (hr./min.)

Green & Ampt Method
IL + ULR by soil texture
IL + ULR by hydrologic soil group
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Method Comparison

The Flood Control District staff has conducted a comparison of different hydrologic
methods for tutorial purposes. The results from these comparisons support a major
objective for developing the Drainage Design Manual of Maricopa County: the stand-
ardization of drainage analyses. This alleviate problems that occur after a
developed parcel is annexed. The comparisons are summarized below.

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

Table 1
Peak Discharge from 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 e 20 7
5 48 41 2l o1 44 17
10 60 48 32 & 61 26
25 78 57 48 59 86 42
50 93 - 67 19 B8 105 53
100 110 74 163 1127 126 68
*Tr = Return Frequency.
**U.H.P. = Unit Hydrograph Procedure.
***SCS = Soil Conservation Service.

For virtually all return periods the Maricopa rational method generates higher peak
discharges than that being used by the City of Phoenix. However, in most instances,
these figures are not overly conservative when compared to recorded data. The
significance of this difference depends on which return frequency is used and for
what purpose.




The second application compares retention requirements for various cities with
those outlined in the Hydrologic Design Manual, and is summarized in Table 2.

Table 2
Comparison of Retention Requirements
City Method Maricopa County Method
City Q100+, cfs V*, act Q100, cfs V, act

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 208 244 /0.23 189 7.68
Tempe 138 15.80 147 7.10

*One-hundred Year Peak Discharge.

**Volume.
***Fifty Year Peak Discharge.

There is a 50 percent difference in discharge values between municipalities, as
compared to a 24 percent difference using the Hydrologic Design Manual; and there
isan .8'5' percent difference in volumes between cities, as compared to a 12 percent
difference using the Hydrologic Design Manual. The significance of the difference
becomes important when the runoff from one jurisdiction impacts another.

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

Table 3
Comparison of Flow Frequencies for a Large Watershed
10 Year 50 Year 100 Year
Method of Analysis - Discharge, cfs Discharge, cfs Discharge, cfs
Hydrologic Design Manual 18,455 26,801 29,790
SCS Methods 20,601 32,975 36,841
Flow Frequency 9,000 22,000 28,000

If a further understanding of the results is needed before a decision is made on
whether or not to accept the impacts from these differences, please contact us. The
Flood Control District will make every attempt to present the Drainage Design
Manual in a comprehendable format.
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FoLLOwING /S A COMPARISON OF 7A&
METHODOLOG/ES USED BY SIX DIFFERENT
CI)77ES N MARICOP4 COUNTY 70 CALCQLATE
RETENTION VOLUMNES, anp THE /STARICOPA
COUNTY HMETHOD AS APPLUED 7O SP&C/F/C
LOCAT/ONS (N EACH Cr7). A GASIN INLET
CULVERT Wit ARLSO LBE SI2EL WSING THE
/700 - YEAR FRERXRUEAY STORM FOR EACH
JURISDICTION WHERE FisSsIBLE.

FOR EASE OF COMPARISON, THE YOUNGTOWN
WATERSHED WILL B& USED /N SC/GHTLY
MOOIFIEP FORM:
A= 013 m*= 832 ac
Zoning: RI1-6 (PHx), Rl!-7 (Scottsdale)
LAND USE: [ROOFS —~ /0%
PAVENENT — (0%
DESERr tAuosCAPr- Yo%
LAWNS - 30%
BARE GROUND - /0%

SOIL TYPE: VARIES WITH LOCATION

. CULYLRT —> | |X W30.07

R o oW LENZTH & /30
AveRAGE OvaRLAND FL 574 3 m — RETENTION
Basmw

CITY OF CHANDLER
SOURCE © CITY OF CAHANDLER TECHNICAL DESIGN MANUAL #3 — SToRM DRAINAGE
SYSTEM D&ES/GA 1987

CITY Mersop RATIONAL EFQUATION

Basin OUTLET [LocArroN . WARNER RO AT ARizona A4uE
C = 0.65 (PETACHED SINGLE FamiLy)

RAainFALL SourRc&E: USWE AMAPS /N ADOT DRAINAGE SAMUAL

Fog = 3.00 <n (L)
/ox:=3-‘/o én /;go Y9 *, 758 Dy P = 2.‘/?4.0

. 77

GG L T, iR s

te: Use /‘/a/m/ngs' £R. .S'I___———-’ai—""—
ns, o0l

A= .s(25)h = .25 ft°
Pz .5+ /5% ¢ 28 = 25,505 Ft
E Ap = 298

V= ;Zf(zq{) (005 = 275 it

= Y%ov = 55”/50(275‘) = 33.58 min
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ecverse the order..
FoLLOowING /S A COMPARISON OF 7, R

METHODOLOGIES Usep 87 six piFrex of " Retention

C/77ES N MARICOP4 COUNTY 70 CALCL Men—ts . d
RETENTION VOLUMES, anp THE AR/ Rciulrc an
COUNTY HMETHOD AS AFPPLUED 7O SPECHF | h (J”
LOCAT/ONS (A EACH Cr/7r. A GASIN /A Youﬂﬁ town Wa tershec
CULVERT Wil ALSO BE SI12ED USING . fO matc;l/? tkc Y -
/00 -~ YEAR FRERUEANY STORM FOR EACs ‘ L‘
JURISDICTION WHERE FISSIBLE. of the tables (n the

N

For gase oF CompaRison, THE Youns7 Method (owmparison
WA7Z7ERSHED WILL B& USEL /N Sc/GHT LY {: f
MODIFIED f~ORM: cX
A= 013 mi?= 832 ac
Zonng: RI-6 (Pux), RI-7 (Scottsaale) 4
LAND USE: [ROOFS — /0% ] 5
'gquﬂawr - /0% l |
DESERr uuosc.«pr- Yo% :
LAWNS - 30% \ 2
BARE GROUND - /0% . Sy
SO/ TYPE: VARIES WiTst LOCATION am—y |

CULYEFRT —> X \130.07
AVERAGE OVERLAND FLoW LENBTH @ /30° =
. D) gETENTION

BAasv

-

CITY OF CHANDLER

SOURCE & CITY OF CHANDLER TECHNICAL DOES/GN MANUAL #3 — SToRM DRAINAGE
SYSTEM De&s/eoa 1987

CITY MerrHop RATIONAL EFQUATION

Basin OUTLET [ocA7rroN . WARNER RO AT ARiZoNA AuE
C = 0.65 (PETACKED SINGLE FarmiLy)

RAINFALL SOURCE . USWB AMAPS /N ADOT DRAINAGE AAMUAL
P,i = 3.00 in (P..)

208 =3.40in = fae T 494 +.755 e = 2.99¢n
P 8)’
Zit+ b £, 20573 (/3) = 2.55 min
(.S)'"‘
te: Use /NMannings' £Q. .S'I_,.,———z—s——-—’"
'\I.OIS

A= .s(28)k = c.25 ft°
Pz .85+ /5% +25° = 25,805 Ft
E Ap =, 298

Ve ;,‘:f(z«:) “(oos)’ = 275 Fes

= %a\/ = 5-5"’0/50(275’) = 33.58 min
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CI7y OF CHANDLER CONTI/NUED 76‘.. Z""'Z-‘t = 346./3 min
= 7 i

AT 7¢ = 36./3 run. and
Pl = 2.47cn, £ =3.98 infor Qoo = ((65)(3.48)(%3.2) = /88 crs
V = ss[ca £2]
/900 3‘//(/0.) >, 65?//010) = 2 éé 4/?

= //[(65)(832)(“‘)] /3.19_ac-£¢

Votumre

/MARICOPA [1ETHOD FOR CHYANDLER
C=0.40 (Single Family Residential)

Te= My hsFSs ™" & ) 028 g
Ki= <00625 (e983.2)+ 04 = 0.028

S= 27.08 ft/mi

Te =, E¥e& ™
P = 1874

TRY Te = 20 min, ip = Slinfnr , o= ($1)(1.87)/2.07= 4.6/ infhr
Te = 696 (s/e/) T 20,69 min. - WO Goop
TRY Te = 23 min, Zp= 47in/hr, = (47)(187) [207 = %25 infhr

Te=.6% (%35)77 = 22.9 min
TRY Tc = 22 min, ¢p= 4.8 infhr, iee= (43)(1.87)[/2.07 =

Te = .646 (434)73%= 22.2min. 2K
Quo = ( ¥0)(434)(83.2)

Lco

43y t'n/hr

= [¥Y cFs

Vorume : V= C‘A(i?‘—:) A= 391(Ak)+. 659 (Rul) = 2.6C in
738 ac- £t

V= (. 9) (83 2) (&Ll

CITY OF GLENDALE DESIEN GUIPELINES FOR SITE

@ CiTY oF GLENDALE Source:
DEVELOPMHENT AND ZFRASTRUCTLIRE CoNSTRUCTION- /790
BASIN Ourte&Er LOCAT70N.: NORTHERN AT 67177 AVE.

LPAT/ONAL EQUATION
C = 0945 (/?'om C/zfy oF FAAZ. /'74,)04/)

) 17
2, = ~2¥533 ﬁ/;o) = 2.55 min
(S <

P —
A: 625 /t
®

C/TY QMMETHOO S

T&=é4'7"ft+ /0/’7(./)

Zr: QR=.5¢ (0,5)/005) (5)% 20.78 c~s

V= &/A = 333 crs
tp= Lhov = 5% o 333) 2773 mun
= ¢0.3 men

T = 285 +2773 + /O
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CITY 0F GLEMDALE CONT/INUED

AT 7¢= 0.3 min, cu® 2.8 infar  (USWB - City of Phx fanual)

Ros = (45)(2.8)(83.2) = /05 cfs

Vorume: Vr = 7200 Aa C T C=. 45
Aoz 83.2 ac = 3,624,192 £t°
V= 7200 (832)(.%5)(1.25) T = /25 in/u

Y3560 ftlac

Ve = F.74 ac-F¢

MARICOPA COUNTY METHOD For CI/TY OF (GLENDALE

"

7e= /Y (f023)5(028)°% (2108) ;!
Te=.¢9% ¢°°*

TRY Te =22 mn, ip= 4% infhr, Cuot (48)195)/207 = %52 infhe
Te=.696 (452)%%= 21.85 min ok

Qo = ((40)(452)(83.2)= /50 cps

: a5
VOLUME : Al = 499 v 755 (2.95) (22) = 2.25 in e 2l

A 3.75¢n
Puk = 341 (2.95) + .¢59(2.25) = 2.49 in
V= ca (B2) = (wl(s32) (22) = 4.9/ ac- £

Po = 195 in

"

SOURCE: /MESA ENGINEERING PRICEDURE MANUAL JunE /983, AU§. 1989

BASIN OUTLET LOCATION.: PClowete ANO RECKER Rd.
CITY NETHOL . LATIONAL EQAUATIOAN

"C" i 10% Reers (.85), /0% PAVEMENT (.8S), 0% Deserr lawoscare (. 10)
10% BABE GRounD (.507), 30% Srass Lawosears (./5)
C = .20(.85)r. v0(.70) # 10(50)+ 30(.15)= O.5%%5
Te @ 2= _oy?z){;_::)"" = 2.855 min
' . S=.005 fY,
e = /7.5 Cﬂ/r/‘dc (nomojnvpé)

5[_,_,,,-/
V= Q/A B 2?2%, t - 55-‘/70 (2‘72) 31.62 min & ft’
Te = 2.55 + 3162 = 342 min

@7c=342 min, L= 317 cnfhr (no 100-yr curre available)

= (svs)(3.17)(83.2) = /YY ces
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CITY O0F NMESA Cony/AMUED

Voeume = ((25)CA = (25)(.5v45)(83.2) = /1. 34 ac- £t

MARICOPA CounNTY [TETHOD for Cr7y o /ESA

-5 .52 <31 .38 P’: i
7e = in.4 (Lo2s) (,028) “(z1.08)" "¢ PE = 3.00in
Te =.646 (7% e 35 o

TRY Te = 22 mn, L'f"' 48 t'n/l;r, 2 106 = (‘4.8)(!.?0)/2-07’ Y441 infhe
Te= .é46 (4.41)°" = 22.05 min ok

Que = (40)(%.41)(83.2) = _/47 c~s
VoLuME : ,
Foo = . Y99+, 755 (3.00)(2L) = 2. 44 in
Pos = .341(3.06) +.659 (2.4¢) = 2.63 ¢n
Ve CA(%)‘ 690)(33-2)(%6"3 sV 2 29 ac-Ft

@ CITY OF FHHOENIX

Source: Cityof Phx. STorn DRAIN DestGn /Tavual, Jucy /788
BASIN Oureer LocaTioN @ RAy Rp. ® Yo TH <77
CcITY METHOD : B¢S

C=.%5 (RI-C zowing)

S= .005 ft/fft , HyoroLoeic Seil reup B, <A/ BY

W= A/L = Y35eox 82.3/53'5/0 = g8y’ £ [4/74‘-_-, 470

Te= 2.+ 2Z¢ . = o593 (/30)7 .
(.5)'333 2. 5‘5 »en

£2: V= 3.25 1% (from p.33), 24+ Lfeov = %0 (325) = 28.4/ min
Tc= 255+ 28.4/ =3I min, Tp= TexWf = 3%/ min = .5C8 4r.
Pe = 2.66 in, Q= /25 cn

. 484 (. .25} .
QG By v f38ea

VOLUME : V= 7200 €74 |, C=,45
L= L2585 AI%r
A= 83.2 ac

= 7200 (.v5) (1.25) (83.2)
V= 7200 ( ‘/.3),5(60 ) = 7Y ac-£2
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C/7Y OF PHOEANIX CONTINUED :

MARICOPA Counry fETHOD FOR CITY OF [FHIENIX Pf = 2.00 in
¥ .5 .52 -y =38 _ . -38 Pos = 3.30 (n
Te= 1y (1023)" (.028)™" (27.08)" , = .69 ¢ 2Y = 3.90 /n

TRY Tc=22min, Lp= 48 “hr, Ly = (200)(78)/2.01 = 46 infhe
7= 696 (469) %= 2,63 min _OK
Qoo = ((40)(4.6%)(83.2) = /8¢ cFs

. 2
VO © “gra= ca (—%"-) Pod = . 494 +.755 (3.3) (3-3/5.9) = 2.60 <1
Pod = .341 (3.3)+, 659 (2.640) = 2.89 ¢n

V= (40)(83.2)(28%/12) = 788 ac-ft

CiT co
@ EscunE SOURCE : C/TY OF SCOTTSDALE DES/IGN PROCEDURES AND
CRITERIA, S&c77o2 , JULY /985
BASIN OUTLET LOCAT/oN . Tomax AT I136TH ST,
‘ CITY METHOO : [RATIONAL FQUATION
ZONING : RI-7, HYDROLOGIC SO/. GRoUP B, CAN= 12, Cp= 0.65
T=t+ > - = . 04593 30'” Ve ” =
ok ak ?-5)(-{'05'2 2255 min ; Y=5YS5 * (¢" curs) = 3.82 F%,
e = 24 /7 min, Te=255+2917= 26.72 run

AT T2 = 26.12 min AND Pod = 2.27 in, Clsee = 3.85 injfbr
Qoo = (65)(3.85)(83.2) = 208 ces

Ve GA (L) = (65)(83.2)(*t2) = _£0.23 ac-ft

OPTIONAl SCOTISDALE METHOD: TECHN/IQUES USED N THE "GENERAL
RUNOFE : KINEMATIC LAVE DRAINAGE PLAN FOR NORTH SComrsDPALE, Ariz"
LOSSES ' SCS CURVE NUMEERS
RAINFALL @ SCS 2¥Y-+touUR TYPE ZA
THE HEC=) MODEL GENERATED A PEAK pDISCHARGE OF 225 cfs AAND A
RUNOFF VOLUME oOF (8.4 ac-ft LUS/NG THE FOLLOLING INPUT :

it 5 200

10 3

KK

PB 45

PC ... TYPEITA

LS 74 5
‘ ux 30 .oos 200 é5

uk s .ol .05 as

RK 420, .005 ,020 ,0l08 TRAP 40.
RK #6i15. .005 o025 .13 TRAP s




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT MerTHon ComPAR IsON PAGE 6 oF T
DETAIL RETENTION EQUIREMENTS _ COMPUTED DATE .
CHECKED BY DATE

CI1TY OF ScormrsDALE Con7T/NUED

MARICOPA COUNTY /[TETHOD fae Crry 0F Sco77SDA4LE
-3 - .
7e= sy (1023)F (0238) 5% (2208)7 ;% PL= 230 in
Tes . o9 (% Pl = 3.42 in

7—‘RY Te = 22 min, L}: 48 “,,/é,\, ID"I.Y= Y. 855 ¢n

Liroe = (5,/472‘2.3) & 533 l'n//,,-

2‘07

7e= . 696 (533)%%= 20.52 men
TRY Tc= 20 min, ¢p= 8/ énfhr, tioe= S5.67 ‘nSar
7e =.e4¢ ($567)"% = 20,05 min oK
Q,.,:(,W)(.f.é?)(?B.Z) = /897 ces

VoLure : Bl = 499 +,755 (3.42) (3.42/955) = 2.9435 in
Pos = . 341 (3.42)+ . 659 (2435) = 2.77 in ‘
V= (40)(832)(27/12)= 768 ac-f2

@ <ciry OF TJEMPE  Source: PuBiic WoRKs DEPT. - PRIVATE DEVELOPIENT
DESIGN CRITERIA , June [987

BASIN OUTLET LocATioN: [FrRIcE P Sowr7rHERN

CITY METHOD . KRAT/ONAL L RUATION

'C": 10% Roors (.95), 10% pavErENT (95), Y0 % PESERT LawpscAps (.70),
/0% BARE Grounp (.25), 30% Ave. Steped Laums ((20)
= ,20(.95)+ yoliw0) + .r0(.25)+ 30(.20) = .56

- . . -~ .37 .37
Tc= 2d+ e . t,.-g{“ ” /57(?/);3L . 0.9 min

te= V= 2797, Z4= YYhov s %o (2.74)F 33.70 min
Te == 0.9+ 337 = Y6 min

AT Te = 496 min, Li00% 2.97 <n/br, Que: (S6)(297)(33.2): /38 ces

J

D
Vocume: V=72 AC = 2).2’0 /8’3.2)(.95) = /5.8 dc-ft




PROJECT METHOD CoMPARISON

DETAIL RETENTION KFQUIRE MENTS  COMPUTED

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PAGE *. OF _T

DATE

CHECKED BY

DATE

CITY OF TEMPE CONTINUED

MARICOPA Counry /7ErioD For Cyry oF JEMmPE
Te= 1Y (r023) 5 (028) ¢ (2708 )7 ; *7F b2 900

. ¢ - ¢
Te= 696 /= fe
©0 . en
TRY Te = 22 mén , Cp= %8 “/hr, Lo =_(48)(19) . .
: o no e =LY < 1 inp
Tc = . 6496 (441) 7" = 22.08 min ox
Qoo = ((40)(441)(83.2): /47 <F5
VoLUME :  Fod = . 474 +. 755 (3.0)%/3.7 = 2.33.in

Pt = .3¢41(3.0)+,¢59 (2.33)= 2.5¢ ¢n
V= CA(B2) = (wo)(832)(538) = F /O ac-f¢

_SUMHMARY TABLE
_CITY METHOD MARICOPA COUNTY MHETHoD

. tes] IV accfi ) Qu(cFs) V (ac-f¢)
[, CHANDLER 188 (3.19 /Y 7 38
2. GLENDALE /08 L74 /50 6.91
3. MESA /44 (Qs) 11.34 /47 7.29
Y. PHoeNIX /38 7274 /5Y 7. 88
5. ScomsDALE 208 /0.23 /89 768
b. TEMPE /38 /5. 80 r 7.10




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT __METH0D Comparison PAGE L oF &
DETAIL Youn/'srors” Mrz‘ml/[p COMPUTED DATE .
CHECKED BY DATE

AV RBAN WATERSHED WNEAR W7 AVE. AND Frok)4 FHAS BEEN
DELINIATED ON F/SEURE L. [IVE METHOLS 4Ll B USED 7D
CALCULATE MUTI -~ FREQUEANCY PEAK DISCHARGES A7 7HE OUTLET:

[ THE MARICOPA Co. Agrrar/dl /E7FR€0

THE Cr7Y OF PIOENX RATIONAL METHOD

THE MARICOPA Co. UNIT MyprogRrAPY PFRICEDURE (CLARK UMIT 4YLR0G£APH)
THE C/7Y OF FAoENIX SCS METHOD

THE CI7V OF PEOEN/ X COMPUTER GENERATED DRAINAGE ANALYSIS AROCLDURE

Hrud

() _t14RIcopA coun'Ty RATIONAL METHOD

APPLI CABLE BASIN PARANET7ELRS :
AREA: 0./13 mi?* = 83.2 ac
LAND USE: SINGLE FAMLY AREA — C = 0.40
L= 1023 me
S= %58 f;(m’
Kb= —ooé25 (£983.2) +.04 = . 028

2- Year PEAK DISCAHARGE

7e= iy LSS
T = (1.4)( 1023)"(.028) 2 (58)™%( &%)
Te,= 1.042 %8
TRY Te,= [.0 HOURS : (2= 0.93 injhr
Tc2 = /'0‘/2('73)-:”3 LOT/ hes — Ao S0

TRY Tca= /.10 fours: La= O.88 in/far
Fr= [042 ((88)® = L0 hr —> OK

THEN  @y=ciA = (.46)(88)(832) = 29 crs

S5=~YEAR PEAK DISCHARGE

TRY Te =7 Mours s ts = /Y5 infbr
Tes= 042 (L 45)™8 = . 908 s —> OK

THEN Qs = ( v0)(lv5)(832) =_48 ces

[0— YEAR PEAK DiScHARGE
TRY Te = .7..5'/”:5, L./o.:/-?S-L'n//)p

TRY Te =.807 hrs, L= L8O infhr
o= LO¥2 (480)7%% = 833 — 0K

THEN Qo= (¥0)(1.80)(83.2)= 60 ces




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

prosecT _ MeTHoD CorpARISON PAGE 2-0F _5
DETAIL YouNg TOWA %TEESHED COMPUTED DATE
CHECKED BY DATE

25-YEAR PEAK DiscHARGE

TRY Te = .77 hrs: Les= 2.90 “Yhr
Tew = L0¥2 (2.%0)%8 = O.747 4r — N0 Gaob

TRY 72 = .75 hrs : s =235 nfbr
Tees = L0942 (2.35)™%8 =0.753 hr — XK
THEN Qs = (.%0)(2.35)(83.2) = 78 car

50 -Yze FrFAK DiSCHARGE

TRY Tz = .650 brs: Coy= 2.95 “hr
T = /092 (295)78 = 0.A i — M GooD
TR 7C=.700 his i i = 2.80 njhr
Tesp= Ao¥2 (2.80)°%8 = 0,705 hr — OK
7y Qso= (.%0)(2.80)(83.2)= 73 css

(00~Year JEAK DiSCHARsE

TRY Te=.633 hrs : 2)= 3.40 in/br
Terws = 1042 (3.90) " ¥= 0,45% 4o —> No Good
TRY Te = 66T hrs: Lo = 3.30 infhr
Teo= L0942 (330)™ = 0.662 hrs
TREN Qoo = (%0)(330)(832) =_L/O cFs

CITY OF PHOEN/IX KLATIONAL NME 770D Frer: <ITY oF ,we—,wx ﬁ§5’ DrAIN
APPLICABLE BASIN PARAMETERS : besign

AREA = 832 ac
OVERLAND Fiow LensTr (Ave. Ausy 75 Srreer) = /307
MAX. Gutter Frow Leng7#: S3%07
S=.00! %4
C= 0.45 (Resivewv/AL ARGA, AVERAGE Foming)
CALCYLATE 75 —» Sum of Overland ¢ GQutter Fow
o i 77 ’
£l = .04253.3- 130 s i ‘é , \/=/5 Py @ S=0d ard y=05
= $5WLos) = 6l.6 min
Twern Te= 47+6L6 = 6.3 min

7z & (“Yhe) Qpe €£5)

2 .78 29
Q= CLA — 5 /.09 7

/0 /.29 48

25 /.52 £7

L0 /.78 &l

100 /.98 77




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

prOJECT _ METHOD CorPaARISON PAGE 3 oF _5
DETAIL YO W TERSHE COMPUTED DATE .
CHECKED BY DATE

@ _LMuagicoPd Counry UiT Abowogrart/ _(RoceDURE

APPLICABLE BASH/ FARAMETERS: AREA = . /3 m? Runoee Mooez:
S = 5S8%m 4 -1
L= L023 mi
Ke= .028

T7me AREFA Curve t UREBAN

LoSSES BY GREEN £ AmpPr Mer#oo :
Sonus: SV% LA, 352 ~A, ﬁ‘ 52 VF
DTHETA= .50(.35)#+.35(35) + . /5(15) = .32 n
PsiF = .50(43) +.35(35) + ./5 (1z9) = 52:/0,

XKSAT= %0 (.25) #+ .35 (.%0) + -45(.2¢) = 0.27 Whr
JA = .50(20) 7+ .50(.10) = 0./S ¢n (S0% Lesert londscapim # SO% Launs)

RTIMP = 25% (conmected Lmperviousness)
C-He RAINFALL LDEFPTHS (adjusted) # 72, R (from McuHP. EXE)
7R 2 5 /0 25 S0 /joo

Din) I 1é0 155 231 280 3.5

) 27  1/33 w3 .883 783 .77
R(hr) 147 /385 [I33 Jom .7/ .833

Peak Discharse Fs) —> 13 271 41 59 88 /2

@ CITY OF PHOEMIX SCS METHID

APPLICABLE BASIN FARAMETERS : —>» A= ./3 mi* = §3.2 ac

L= &¢70 ft
O'p =_iﬁ%d_§_ S= .or ftfet (1% slope 15 mimmum on Avs.Tc 3rafl1)
Where: Qp = Peak Drscharge (<f3) W= (43560x83.2)/5¢70 = 639 £, W¥= /10
A = Dminage Area (mid) Te= 104 hr, Tp2Tchf = /1YY k5
Q = Storm Rundf¥ (in) Soil Group B, CN=8Y (RI-& Zowng)

Tp = time topeak (hr)

7~ (vers) 2 S /o 25 S0 v
A" (in) & Id M 02 2 26 ¢
Q7 (in) g2 L il 9 i3

Q (ofs) T 17 2" 42 5. {8
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

proJECT _ METHOO CO0rHPARISON pace 4 oF 5
DETAIL YOUNGTOWN MT&?-SWFD COMPUTED DATE
CHECKED BY DATE

© CirroF Asoewrx "CoMPUTER GENERATED ANALYSIS [Rocevure ”

Curve NunBer : 8576 B soi . 85(84)+.r5(0)= 85

/5% O soi/

las  Zzwe: o= 0.6(7%)

T =46.3 min. from CO.R EATreNAL [fTE72600 CALcs,
72=0.6(663)= 39.8mn = 0.663 hows

RAINFALL : 24-hour LEFTHS & DUs7RIBUTION FRroM P e of the manwal

RESULTS :
77 (yea) DEP7H (tn) — FeAk DisciaRGE (<)
2 x4 20
A, & 2./0 %
_RUNOFF Mobet.: HEC-1 o 3 g 2/
25 3./2 86
50 3.57 /05
' Jo0 4oy /26
SUMNARY TABLE : PEAK DsHARGES in cfS
77 7 z 3 T 5
(years) MARIcopA Co. CiTY OF PHX. MARICOPA Co. CITY OF PHX. <ITY OF PHX
FAT/oNAL METROD  RATONAL METHOD U.H.P scs ConPUTER,
2 27 by | /3 7 20
5 48 7 27 17 144
10 é0 Y8 v /4 26 6l
25 78 57 K v 42 &%
50 & 67 88 53 /05
/00 /10 7% /02 68 /26

Fiqure 7 cllustrates the Summary TAms tn 9raphial Form




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

proJECT _METHOD CoMPARSON PAGE .S OoF _ 5
DETAIL YOuNGTOWN MTERSHED COMPUTED DATE

CHECKED BY DATE

RECORDED DATA:

The U.S.G.S. operated a sitream/precipitation gauge
at the outlet of Zhe Youngtown blatershed from March T19¢]
through September [9€8. A sammary of ths data follows :

*

Rank (m)  AnwuaL Maxaemr  PARTIAL- DURATION  GRINGORTEN — GRINGORTEN

seriEes (cf3)  SERIES (<fs) TR (yRr) P (%)
1 73 73 13.7 73
g 2 2l 5.1 9.5
3 17 20 3.2 3.3
9 16 17 2.3 3.9
5 9 le 1.8 56.2
é 8 5 I.5 é8.5
1 7 74 1.2 80.6
8 6 /3 L1 92.6
The Fartial DuraTron/ Serics ,o/a#d én Discharge — Freguency ‘

ormat (#79.3 ) Suggests a 2-yr return per/'oc/ a/isc:harjc of
f7 cfs anclja = jr?ﬁorc 25 cfs. Extpmpolation beyond Te=35
Yyears ail| likely result in in valid aé’sc/mrge estimates pecause
the 73cf valae appears fo be an out/ier (le. i hesa qreater
retuwrn /oem'oa/ Zhan s indicated @ S plotting ﬁzﬂ‘f«'m)_

X GAUGE # 9- 5137+ AGUA FRIA TRIBITARY AT Young7own, * surFace WATER surrty )
of 7wEU.S.", water years 6l-&E5 £ &-70, PART 9, Vo, 3, US§S
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DiscHARGE (<Fs5)

130

120

1o

80

70

Ho

30
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| FLo0D CoNTROL!

DETAIL YOCINGT_ak/A/ %7’5?3//50 COMPUTED

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
erosect . MeTHor Cormoaplson

PAGE

4+ OF

Fgure 2.

CHECKED BY

_D/SCHARGE - fFreauency CURVES

Merwops -5

O 1: MARICORA Counry KATIONAL NMETHCD
O 2: CIiry ofF FHocnrx RATIONAL NrE7P/0D

A 3 MARICOPA COUNTY UNIT AYDROGEAPH PROCEDURE
G 4: €7v OF Awacan — SCS ME7+oD

B §: cv OF Puoskixx ~ COMPUTER GENELATED

X FRoH FREQUENCY DISTRIBUT /0N

Ly 10 25
7x (years)

S0

/00
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ID MARICOPA COUNTY UNIT HYDROGRAPH PROCEDURE
ID YOUNGTOWN WATERSHED: 6HR - 100 YR RAINFALL, CLARK UNIT HYDROGRAPH,
ID GREEN & AMPT LOSSES, URBAN TIME/AREA CURVE

IT 5 100
10 0
KK SUBL
BA .13
IN IS

PC 0.000 0.016 0.028 0.044 0.069 0.094 0.1200 0.148 0.170 0.195
PC 0.236 0.277 0.337 0.400 0.646 1.153 2.592 2.835 2.898 2.958
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 90 94 97
UA 100

uc 0.717 0.833

YA

ID MULTI-FREQUENCY RUN FOR YOUNGTOWN WATERSHED
ID USING CRITERIA ESTABLISHED IN THE CITY OF PHOENIX
ID STORM DRAIN DESIGN MANUAL

IT 10 250
0 3

JP 6

KK YOUNG

BA .13

IN 30

PB 1.446 N\

PC 0 .004 .008 .013 .018 .022 .026 .031 .035 .040

PC .044  .048  ,053  .057  .062  .066  .071  .075  .080  .093

PC .107  .120  .140  .170 .50  .830  .860  .880  .893  .907

PC .920  .924  .928  .933  .937  .942  .947  .951  .956  .960

PC .964  .969  .973  .978  .982  .987  .991  .995  1.00 1.00

LS 85

UD .663

KP 2

PB 2.1 Froure ¢

P /3

=y Maricors  Couwry amwop  Ciry oF  AraENIX
PR/ 3.12

k2 s HEC-1 SAMPLE ProgRAMS
PB 3.57

KP 6

PB 4.04




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HybRotoGre _DeSlad lanudl N I
DETAIL COMPUTED DATE
CHECKED BY DATE

/%FT!/OD CormPArISon: FPrricarion To LARe:, A/QTurar NATERSHEDS

5 CENARG e THIS EXAMPLE ComMPARES THE METHIDS OUTLUNED /N THE [7YDRecotric
DESIan rIaNuAC WITH THE Communty LISED TECHNIRUES 5 /.., THCE
SCS Me7HeDS, For APPLULATION To LARGE ; NATURAL WATERSHEDS . THew,

THE RESALTS ARE CorPARED wWi7H DISCHARGE FREPUENCY ANALYSIS .

WATERSHED DISCRIPTIoN :

LoCATION 3 WPPER CAVE CREEK WATSRSHED
.2
DRAiARE AREA : [A4 Mi

¥ 2 2 2 2
. INDIVIOUAL BASnS: BO-28Mi ; 3G Mi 5 633 M3 .81 M7 & .5 M

THE CACE CReck WATERSHED /S CHARACTERIZED By Gewncray STcEP
StoPials AREAS WITH RATHER DENSE VELGETATIVE CBVER. AAN) /RREGUAL

CHANMAEL S »

STusy DISTRIPTioA:
THIS STuby wice CoMphes THE GENERATED LEAK DISCHARGE VAwEes OF
/0= YEAR 5 §0 —YEARS AND /06 ~YEAR FRERUSN CIES Amounte THE THEES
METH DS NESCrIBED FARLICR. THE GENERATED BAsin HY0R0 GRAPH S
ARE ADDED AMD WHEN NECESSARY, RouTeDd THRouGH 7HE CAvE (eeck
WASH . THE FikdAt FEAK D/SCHARGE VALur 15 CoMPUTED AT THE EXTREME
SouTH WEST L(eCATION OF THE WATERSHED WHERE A ComMFarisor/ OF

VALUES 1S MADE <5sc- ENCLSEN /‘/AP).




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYDRoLoG I DESIGN MANUAL PAGE 2 ofF
DETAIL COMPUTED DATE _'
CHECKED BY DATE

HYBRelo GIC /WPUT CRITELIA

METHOD ofF RAIN FALL METHoD oF HYDLRoGRAPH | RouTine | CoMPuter
CoMPRTATI4N CRITERIA Loss CortPaTATUN|  (GawsrATiont | METHOD | ProarAM
HYORoLoGIC 106-YEARS b ~HouR | INITiAL € Un ko Corps oF Enli. N, T
DESlanl MANUAL | PATTIERA DISTRIBUTRN| L0SS METHES S - G1RAPHS
S¢S l0a- YEAR 5 2¢- HouR ses
-2
ME THOO S Ses TYPE L Curvs alumsens NI T- Grapr | MuSkiGam| TR-20
[o [V Rotocic DESGN [IANUAL
A = CALCUtATION OF RAINFAL. DEPTHS:
BASIN |Reds /0-EAR o - YEAR /06 - YEAR
SIB&E |FARR|  Rain FALL RAIN FALL RAIN FALL

Ro.2% |.¢15] -R15(2:5)=2.04].815 (3.3) =260 |85 (3-65) =297

34.86 |[-%3 | 88 (2'5) a2:20| +8% (2Q) =2:%2 -K$<3-Lo)=3-lz

3% [.96| Al (25) =240| +q6 (3:2) =307 | T (36o)=34p

4.8 97| «a7(25)=243| a7 (32) =300 | 97(3:6s) =349

.59 1o 10 (2\5) =2.50| 1w (3:2) =3.20 10(3.60)=3 6o

B - SECECTION GF LoSsS PARAMETERS :

Arca (M%) 80.2% | 34.%6 L 3% 4.8l 059
INITIAL LosS 073 o075 075 021 075
UNIFORM LosS o:/2 0./8 o-le 0:20 020




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT (EYLROLatic DESIGal IMANUAL PAGE 3 oF _b
DETAIL COMPUTED DATE
CHECKED BY DATE

C- CaccutatioN oF BASw LA&S:

3 =
@ AREA = €023 Yy 5 L = libibo Fr 5 Lea = 79200 €/ , M = .05

2
Sporr = 400 =2100  _ 45 fr /ol ; BAS Fcme = (”""'”7"'24’”:32-3
1ol 60/5 280 (105) /2

‘3%
Q%—- LAG = 20 [‘05)(32-3) = 37 Houks

2
G AecA = 3486 m > [ - 49250 fr, Lca =29720 (7 , n =108

2
L P Nl o R S fr/m(,') Baswl Fcwe - (H200X299:0)f5e50 _ /74
1-/7280/5280 e (5 ) r

—— LAl = 2D (-as‘){#zt,’)l = /7Y Hours

.L - et
B Area= 435 mi , L= 33440k , Lea = Is00 FF 5, 5 = 008

P
Stops = 2590 ~l900 _ 494.7 /f/)m,' . BASI FACTOR = (33440 X 18009) /0" 5,29
33940 /5290 g (917) % :

3¥
—_—— LAt = zo (‘os’)(d'm) = /i35 Aours

L - -
® Aeeh = 45 w5, L= dfoss 7, Len = 29640, N = 0 Y

2
Seopst /082000 _ 35 /f/m,‘)- BAsil FAcToR = (‘/”””’X’%"”)éﬂ: 355
‘/‘/Ild/ﬂfd 5 (/20 l/2

3
— {A6G =20 [va/E)(j.S'f) = /b HouRS

‘L —
® AeeAa = .59 e > L= ssme fr 5 Lea =300t fF , n =090

: : / z
Seofs = 222 4N . p3 f"f/mc g Brasw/ FAcme - (15000K s900)/52%0 _ .29
(5029 /5150 pu (%3)% %
"» —s— 244 =20 (045)(:29) "= /Sb Hurs .




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT (74D oot e  DESIGAl MANUAL PAGE 4 oF Lo
DETAIL COMPUTED DATE .
CHECKED BY DATE

2. Ses MezmdSs,

SinCE A CGHPLETE DBLUMENTATION OF THE 1977 Study OF 7HE CAVE CeEEK WA Tse shed
WAS AoT AVAILABLE 5 ONLY THE FARAMETER DESCRIPTIoN AND THE REsuers BY
THE TR-20 PRIGRAM JRE /N CLUDED. THE ifFsrmprion NLUDES SEtECTION
0F CurVE AJUMBERS F3R LosS CoMPUTATIONS 5 LEAGTH oF RouTiAly REACHES 5 AND
THE RESULTING DISCHARGE VALUES .

3. DISCHARGE— FREQueNcYy ANALYSIS

30 YEARS OF DATA ON ANNUPL DESCHARGE WAS AVAILABLE FoR THE PERID  aF
1958~ 1987 THIS INFORMATION WAS USED To ESTIMATE THE /00-YEAR DISCHARGE

BY THE WEIBULL PasinioniNG METHo ( NEXT PAGE SHows THE /NDIVIOUAL AND THE
RANKED VALWES. THEN DATA WAS ARRANGED BASED oN WEIBuww PrIsmisN AnD Purred .
ON FRe QueNCy PAPER [FoR AN ESTIMATION OF A DESIREF) FREpuEncY,
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7-16-45 4/0 z2 /Y 24
2-Y4-7/ 3464 23 /.3 z1
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PAGE & OF _b

DATE

CHECKED BY

DATE

CoMPARISON OF (00-YEAR DISCHARGE AS A

FUNCTIonN OF AREA

T DramAe Area (Mi’)

Dis CHARGE BY HDM@

DiScHARGE By 5cCs

(CFS) (ceFs)
« 59 986 730
{3 | 336 3989
.38 4443 4% 7
34. 86 16 759 18%6Y
go0.2% 19971 23 koY
12-92 297490 3L341

@ Hypeotoaie ) ESlaN MANUAL

CoMPARISON 6F DISCHARGE VALUES WITH Firew 7<RsQuency

10~YR DiScusesd] So-1R Discuarsc| lse-ve Discuares
Ccrs) (ces) D)
HYbRILo G OESIGAN /845 2bo8 ! 29790
MANULAL
SCS METHeLS 20610 3297y 36%4]
Ftew/ FREQuENLY 9oo00 2 2000 200w
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RUNOFF
REACH

RUNOFF
ADDHYD
REACH

RUNOFF
ADDHYD
RUNOFF
REACH

RUNOFF
ADDHYD
ADDHYD
ENDATA

(o)) B B e W e W) Je e e i e o) I o))
S HHEHWFREFSsSFRFWESEREWRE

END OF LISTING

28
28
28
29
29
29
30
31
31
31
32

STANDARD CONTROL INSTRUCTIONS

6
6 £5)
6
51 6
7
5 6
6
6 1
7 5

TR-20 DATA INPUT FOR:
CAVE CREEK WATERSHED

OO ULOFEF OO

80
6200.
34

14100.

15000.

.2800

0000

.8600

0000

.3800

.8100

0000

.5900

82

83.

80.

79.

79.

.0000
.8800
5000

.8800
0000

0000
.8800
0000

.45000
.00000
.21000

.00000
.10000

.90000
.00000
.35000

[eNelNelNelNelNelNo ool oo RNo)

‘> = (= Wl = = i oo il = i = S = = <> =)
[eNelNelNelNelNolelNolNolollollo]
OO0 OO0 O0OO0OO0OO0OOoOOoOo

HFRRERRERERRRERPRBPEPRP



SUMMARY TABLE 1

ALT STORM D DA RAIN AMC DELTA-T TZERO PRECIP  PRECIP PEAK-Q  PEAK- PEAK- RUNOFF CSM
SG-MI. TBLE HRS. HRS. IN. DURATION CFs TIME ELEV IN.
1 1 1 80.28 1 2 .20 0.00 3.29 24.00 13212.43 14.69 0.00 1.61 164.58
1 1 28 80.28 1 2 .20 0.00 3.29 24.00 13187.85 14.90 0.00 1.61 164 .27
1 1 28 34 .86 1 2 .20 0.00 3.:33 24.00 10746.21 13.27 0.00 1.75 308.27
1 1 28 115.14 1 2 .20 0.00 3.33 24.00 19643.48 13.90 0.00 1.65 170.61
1 1 29 115.14 1 2 .20 0.00 3.33 24.00 19577.37 14.22 0.00 1.65 170.03
1 1 29 6.38 1 2 .20 0.00 3.10 24.00 2377.49 12.57 0.00 1.32 372.65
1 1 29 121.52 1 2 .20 0.00 3.10 24.00 20129.47 14.18 0.00 1.63 165.65
1 1 30 4.81 1 2 .20 0.00 3.10 24.00 1928.89 12.43 0.00 1.26 401.02
1 1 31 4.81 1 2 .20 0.00 3.10 24.00 1828.84 12.77 0.00 1.26 380.22
1 1 31 .59 1 2 .20 0.00 3.10 24.00 376.51 12.06 0.00 1.27 638.16
1 1 31 5.40 1 2 .20 0.00 3.10 24.00 1914.15 12.75 0.00 1.26 354.47
1 1 32 126.92 1 2 .20 0.00 3.10 24.00 20610.58 14.13 0.00 1.62 162.39
1 2 1 80.28 1 2 .20 0.00 4.42 24.00 21480.38 14.66 0.00 2.56 267.57
1 2 28 80.28 1 2 .20 0.00 4.42 24.00 21414.28 14.85 0.00 2.56 266.74
1 2 28 34.86 1 2 .20 0.00 4.41 24.00 16668.87 13.25 0.00 2.68 478.17
1 2 28 115.14 1 2 .20 0.00 4.61 24.00 31428.40 13.88 0.00 2.60 272.96
1 2 29 115.14 1 2 .20 0.00 4.4 24.00 31301.63 14.20 0.00 2.60 271.86
1 2 29 6.38 1 2 .20 0.00 4.20 24 .00 4065.01 12.54 0.00 2.20 637.15
1 2 29 121.52 1 2 .20 0.00 4.20 24.00 32182.89 14.15 0.00 2.58 264 .84
1 2 30 4.81 1 2 .20 0.00 4.20 24.00 3347.66 12.41 0.00 2.12 695.98
1 2 31 4.81 1 2 .20 0.00 4.20 24.00 3172.77 12.74 0.00 2.12 659.62
1 2 31 .59 1 2 .20 0.00 4.20 24.00 649.57 12.05 0.00 2.13 1100.97
1 2 31 5.40 1 2 .20 0.00 4.20 24.00 3315.77 12.72 0.00 2.3 614.03
1 2 32 126.92 1 2 .20 0.00 4.20 24.00 32975.39 14.10 0.00 2.56 259.81
1 3 1 80.28 1 2 .20 0.00 4.70 24.00 23603.94 14.65 0.00 2.81 294.02
1 5 28 80.28 1 2 .20 0.00 4.70 24.00 23527.20 14.84 0.00 2.81 293.06
1 3 28 34.86 1 2 .20 0.00 4.80 24.00 18864.46 13.24 0.00 3.03 541.15
1 3 28 115.14 1 2 .20 0.00 4.80 24.00 35000.54 13.86 0.00 2.87 303.98
1 3 29 115.14 1 2 .20 0.00 4.80 24.00 34854.32 14.18 0.00 2.88 302.71
1 3 29 6.38 1 2 .20 0.00 4.70 24.00 4871.41 12.53 0.00 2.63 763.54
1 3 29 121.52 1 2 .20 0.00 4.70 24.00 35906.32 14.12 0.00 2.86 295.48
1 3 30 4.81 1 2 .20 0.00 4.70 24.00 4028.78 12.40 0.00 2.54 837.58
1 3 31 4.81 1 2 .20 0.00 4.70 24.00 3818.32 12.73 0.00 2.54 793.83
1 3 3 9P 1 2 .20 0.00 4.70 24.00 780.38 12.04 0.00 2.55 1322.68
1 3 31 5.40 1 2 .20 0.00 4.70 24.00 3988.80 12.71 0.00 2.54 738.67
1 5 32 126.92 1 2 .20 0.00 4.70 24.00 36860.94 14.07 0.00 2.85 290.43

TR-20 OUTPUT FOR CAVE CREEK WATERSHED




AR AR RRR AR R A A AR R AR A AR AR A AR R IR AT RAA R
* Y

. FLOOD HYDROGRAPH PACKAGE (HEC-1) * L U.S. ARMY CORPS OF ENGINEERS

* FEBRUARY 1981 * * THE HYDROLOGIC ENGINEERING CENTER
=

* REVISED 05 DEC 88 * % 609 SECOND STREET

*

* * i DAVIS, CALIFORNIA 95616

*

* RUN DATE 01/10/1990 TIME 16:01:06 * * (916) 551-1748

AR AR AR AR R AR R K R AR AR A AR R KR AR KRR RRRKRR

X OXXXXXXX XXXXX X
X X X X XX
X X X
XXXXXXX XXXX X XXX X
X X
X X X
X OXXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HAEC1 (JAN 73), HEC1GS, HEC1DB, AND HECTKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM




HEC-1 INPUT

LINE IDicespas Aseimas o el Sisianiti s wiw & o varns s Dudilepantie Giverors o s s v Biois s wins Dol s 70 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 1D ORIGINAL ANAYLSIS IN 1977, THIS ANAYSIS BY DDK, DEC. 1989.
5 IT 20 120
<] 10
7 KK
8 KM UPPER CAVE CREEK BASIN
9 PB 2.97
10 IN 15
1 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 Ul 11202. 8727. 7811. 7156. 5831. 5454. 5325. 3846. 3638.  3451.
18 Ul  2677. 2543. 2430, 2327. 2232. 2119. 1470. 1416. 1366. 1299.
19 uI 718. 695. 674. 654. 687. 687. 383. 372. 362. 353.
20 Ul 344, 335. 327. 320. 284. 169. 166. 162. 159. 1552
21 Ul 152. 149. 93. 0. 0.
22 KK 1
23 KM ROUTE TO ANDORA HILLS CONFLUENCE
24 RM 1 .25 .20
25 KK
26 KM  MIDDLE BASIN
27 PB  3.168
28 IN 15
29 PC 0.000 0.018 0.027 0.040 0.058 0.074 0.089 0.106 0.122 0.137
30 PC 0.155 0.174 0.201 0.249 0.331 0.485 0.665 0.78 0.856 0.901
3 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 Ul 2683, 2263. 2104. 1353. 1215. 656. 614. 440. 33¢. 319.
36 uI 349. 160. 152. 145. 139. 15 0.
37 KK
38 KM  ADD HYDROGRAPHS
39 HC 2
40 KK
41 KM  ROUTE TO LOWER WATERSHED
42 RM 2 .70 ED




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

55
56
57

58
59
40
61
62
63
64
65

67

69

70
71
72

73
74
75
76
77
78
79

81
82

83
84
85

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

KK
KM
HC

KK
KM
PB
IN
PC
PC
PC
BA
LU
uI
ul
uI

KK
KM
RM

KK
KM
PB
IN
PC
PC
PC
BA
LU
uI

KK
KM
HC

LOWER BASIN

3.456
15
0.000
0.110
0.957
6.38
51D
304.
399.
0.

ADD HYDROGRAPH

2

0.010
0.125
0.980

.20
1136.
297.
0.

0.016
0.146
0.985

2119.
151.

0.025
0.191
0.988

2422.
137.

BASIN ALONG CAREFREE HIGHWAY

3.49
15
0.000
0.101
0.961
4.81
1D
204.
355.
23.

ROUTE

SMALL
3.60
15
0.000
0.075
0.952
0.59
.75
212.

ADD HYDROGRAPH

3

0.009
0.116
0.982

.16
745.
222.

2.

.58

0.014
0.137
0.987

1431.
174.
.0

.25

LOWER BASIN

0.005
0.088
0.965

.20
484 .

0.009
0.107
0.977

239.

0.023
0.181
0.989

1724.
105.

0.014
0.127
0.988

114.

0.039
0.277
1.000

1771.
80.

0.036
0.268
1.000

1406.
87.

0.022
0.205
1.000

52.

0.051
0.461

1248.
74.

0.046
0.457

986.
56.

0.030
0.366

22.

0.062
0.682

896.
73.

0.057

0.687

734,
93

0.038
0.823

13.

0.073
0.817

630.
36.

0.067
0.825

518.
50.

0.047
0.900

13.

0.085
0.885

512.
34.

0.078
0.8%90

386.
26.

0.054
0.920

0.097
0.926

399.
32.

0.089
0.930

386.
24.

0.062
0.939




RUNOFF SUMMARY .

FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE HMILES

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

OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT

+ 19971. 7.00 12977. 4138. 2504 . 80.29
ROUTED TO

+ 1 19712. 7.33 12959. 4138. 2504. 80.29
HYDROGRAPH AT

+ 16759. 5.33 7284 . 1884. 1140. 34.86
2 COMBINED AT

+ 27089. 6.00 19609. 6022. 3644, 115.15
ROUTED TO

+ 26753, 7.00 19426. 6022. 3644 . 115.15
HYDROGRAPH AT

+ 4443, 5.00 1568. 397. 240. 6.38
2 COMBINED AT

+ 27886. 6.67 20586. 6419. 3884. 121.53
HYDROGRAPH AT

+ 3361. 5.00 1255. 318. 193. 4.81
ROUTED TO

+ 3125 5.67 1250. 318. 193. 4.81
HYDROGRAPH AT

+ 986. 4.33 152. 38. 23. .59
3 COMBINED AT

29790. 6.33 21845, 6775. 4099. 126.93

**x* NORMAL END OF HEC-1 ***
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

| FLboD GoMTAGL
N DISTRIST PROJECT HYDRoLoG e DESlan /1TANUAL PAGE /_OF .S
DETAIL EXAMPLE # | COMPUTED DATE
CHECKED BY DATE

EXAMPLE FH | ¢ DEVELo PHMENT 0F DEPTH-DUrATIoN - FREQUENCY TABLE.

Locarion » CAgirese Firfiet AT Ton, RIE S SEC 36.

() usints Flouees 2-2 To 2.13, READ LocATion RAw/FAL DEPTHS

@) PuoT DATA ON FIGURE 2.4 AND DRAW LinE OF BEST FIT

KErurn FREQuency b-HodR DdyrATIoN DEPTH 24— HouR DuraATioN DEPTH
(INCHES) (NCHES)
2~ YEAR /i SS 2.00
@®
5. YEAR 2.00 2.70 2.60
[0~ YEAR 2-30 3/0/5 3./0@
. 25- YEAR }ﬁ Z~(po@ y/o 3..{0@
S0~ 7€AR 3.10 4.20
loa - YEAR 3.¢0 Y. 70

B GRLECTED IALuE FrRoM FIGoURE 2214,

@ THEN 5 DEPTHS FRoM OTHER FAEQUENCIES AND DURATONS ARE CALCUtATED !

Yo= — -0l 4+ .942 (X ) x1/x2)
Tioo = 444 + -755 (Xs)(’(s/Xq)
WIERE: Y, = 2-YeAR 5 |-HouR DEPTH ;
Yioo = l00-Year, 1- Hour DEPTH ;
X\ = 2~ YEAR, l-Hour DEPTH
X; = 2- YeAR > 24~ Hugr DePTH;
X3 = 106~ YeAR 5 & - Houk DePTH;
. X4 = 100-YEAR, 24~ Houk DEPTH .
= Y, =z - .ou+~‘141(|-55)("55/2903 =2

oo = + 44y + 755 (3.96)(3:98/4.7¢ ) = 235




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYDRorotuic DESIanl 1IANUAL PAGE 2 OF _5
DETAIL EXAMPLE # | COMPUTED DATE '
CHECKED BY DATE

@ PoT Yz AND Yivo oM Fibure 214 AND FinNd DEPTHS /oR OTHER

FREQUENCIES !
== 5- Y€AR, /-HpuR deprH = /'35
|0~ YEARy [-~MHouR DEPTH = /S
25-YeAR, |- HpuR DEPTH = /: &2

50~ JAR, /-HurR DEPTH = 2:1L

@ NEXT THE 2-Hour JEPTHS Are CALLULATED:
2- Yenr, 2-thur DEPTH = .341( 2-YEAR 5 6-Hour) +-659( 2 -/ehR, J-Hour)

= 341(/55)+ 651 (112) = 127

(00 - YEAR 5 2-Hue DepTh = 391100 ~YeAR, b-tHour ) ++659( 100-YEAR 5 /-//me)
= «34/(340) +.659(2:35) =2.7/ .

7.0T ABoVE DEPTHS oN FIGURE 214 AND FiNp (EPTHS Fok OTHER

FREQUENCIES !
— 5-YEAR, Z-Hour DEPTH = /6Z
[0~ YEAR , 2~Hode DEPTH = /87

25 YEAR , 2-Hme DEPTH = 2:/2
S0- JEAR, 2-HouR DePTH = 296

@ NEXT THe 3-Howk DEPTHS ARE CALCUWATED !
2-vEAR , 3-HouR DEPTH = Sb9(2-Y5AR 5 b-Houe ) +143(2-1EAR 5 /= HouR )
= -565(1.55) +-431(112) =/).3¢
100 ~YEAR 5 3-Hour DepP7H = .S69(100~YEAR 5 b-1uR) +'L/3/(/oa-y:,4<, /—Haat)
=« 569(3.40) +.931(2:35) = 295
PLoT ABole JePTAS oN FIGure 2:1Y AND Find DSPTHS R OTHER TFeeq.
=—— 5-7YFAR; 3-Houk DePTH = 17y .

10- YEAR 5 3- Hour DEPTH = 205
25- YEAR, 3-}ouR DepTH = 2:30

So- YEAR, 3-/oue DEPTH = 2:6S




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HIDkora tric  DESIant MANUAL PaGE 3 ofF _5
DETAIL EXRMPLE # | COMPUTED DATE
CHECKED BY DATE

@ UsiWG Fisure 2.5 FIND THE /2-HouR Fes@uency OEPTHS . TH/S
1S DonE BY DRAWING A STRAIGHT LINE EeTwesw THE L-HouR A
THE 72~ HouR DEPTHS PR ALl FREQuEMCIES !

= 2-Y€AR , 12-HourR DerPTH = 1180
5-YE€AR, |2-HouR DePTH = 2.30
16- YEAR, [2-HoR DePTH = 270
25-Y6ARS 12-HouR DEPTH = 310
50 - YEAR> 12-HouR DePTH = 3.65

(60 - YEAR 5 12- HouR  DErTH = 4 /0
Bo-Hin JEPTHS ARE Fouwd Fiem THE FollowinlG:

CZ-YEAR, 3o0-Mw DEPTH) =.82(2-YeAR, 1~ 1HouR ) - .82 (,,,z) =.92
( 100-€AR, 30-MiN DEPTH) = 82 ( loo-YenR, (-/fsur) =.%2(2:35) =143
PoT THE ABovE VAWES ON FiGuee 214 AV Find 2epsHsS Foe
OTHER FREPUENCIES:!

5- YEAR s Zo-mid 26PTH = [ 1S
/0- YEARs 30-mMw DEPTH = /'35
25- YEAR, Sa-mMw DEPTH = /'5O
So- YEAR> 3o-Mul DePTH = )75

@ /S- MiN DEPTHS ARE ESTIMATED FRor TIHE FoLLowiNé'
(2-VEAR 5 S0/ bé‘/’r//) =62 (2-v2RR, ,-Hou,g) =u (6%
(loo-YEAR, IS-MA DePTH ) = .62( 100-YEAR, |-HouR) = L Y4
=T PloT ABWE JEPTHS ON Flbure 2.14 AND FiND DEPTHS foR OTHER FREP.,
S- YEAR, IS-MinN DEPTH = . ¥7
/16- YERR 5, \5-MiAl DELTH = |.o0
25- YEAR, IS-MIN DePTH = 'S
S0- YEAR, 1S-MI¥ DePTH = \:2%



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

T

FLOOD CONTRGL Y

i\; DSTRGT e PROJECT Hydrorotie deSioal FIAnuAL PAGE 4_oF S

" cotpm DETAIL Expr1Ple # | COMPUTED DATE
CHECKED BY e 28 "¢

10-Min DEPTHS fRE Found From 7HE 5 icowinin:

(2-Y€AR; (0- Muin bePTH) = -5) (2-y6hR 5 1- Hour )=-51(112) =57
(100 -YEAR, 10-Min DEPTH ) = 51 (l00-Y£AR, |-HOUR) =-5(2.35) =).20
—=S—— 76T ABeYE DEPTHS ON FiGuRe 214 AND FIND  DEPTHS FoR

OT/HER FREQUEANCIES !

S-YEAR, 10-Min/ DEPTH = Do
&3

/0- YEAR, (0-MIN DEPTH
15- YEAR> [0-rIt) DEPTH = +F2

So- YEAR , (O-Mid DEpTH = 110

@ S-MIN DEPTHS Al Fouwd Rermt THE FoLtlowiné
(2-YEAR, 5-Min Dc‘pm) =.34 (Z~‘/c‘hk) 1= Hour ) = 3#(;.12) =33
(100 ~YEAR , S~M DERTH) =‘3‘/(Iao-\{5AR,1-Hau2) = -34(2:35) =. k0
=== 20T ABoVE DEPTHS 2N Fleues 2.1 AND FiNd Ddep7rs Fok
OTHER FREPUENCIES
5-YEAR, S=1In DEPTH - S50
(0-YEAR 5 S-# N DEOTH = +S¥
25-YEAR s S-Miv JePTH = bl

So-YErR, S-r DePTH =73




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HoSDRotoGIC DESIGH FIANUAL PAGE 9 OF .S
DETAIL __LXAMPLE # [ COMPUTED DATE
CHECKED BY DATE

DEPTH- DuRATION- FREQUENC y TABLe TR

OprE Free AkproeT

FREQuUENCY

2-EAR | 5-YEAR |10-YEAR |25-YeAR | So ~Jemr | 100-veme

S-MIN -3% 5o ‘8% ‘62 73 | %o
I w-riw | 57 | 70 | g3 | e | 110 | 120
/S-rm/ b9 87 /100 /75 /28 /Y6

30-MiV | w9y | Juy | 135 | /S0 | o8| 7493

/= HouRr /2 735 /'S8 /82 212 z2.35

DurAtion

2 ~HouR /27 Yo’y /87 22 2% 2:7/

3-Hour /36 174 205 2 30 2.65 295

6-HWR /')ff 2.00 2'30 2-60 3'/0 3"/0

12- Houe | /.80 2.30 2.70 3./0 365 410

2¢- fHoug | 2.00 2o 3.0 | 3.5% qozo | 7
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

\.)/' Y

F“boa GONTAOLY
DISTRIGT = PROJECT KDL LoGic Desianl 11AMuAL PaGE [ oF _3
DETAIL EXAMPLE #2 COMPUTED DATE
CHECKED BY DATE

EXAMPLE # 2. DEVELOPMENT OF INTENSITY - DURATION - FREQUENCY TABLE & GRAPH
Lo CATIon ; CARE FEEE AIRAPIRT AT TN 5 RYE , SEC 3.

THE DEPTH- bummn/—kaumc/ TABLE OF EXAMPLE # | Wu. BE wsa),

THE TABeE 0F EXAMPLE #] Wit BE Cowverrsd To /NTENS/TY
vacues (v /ir):

5-Min_Duksrion PeprHs:

2-yénr FreQuency @ 3% () botti)_ .56 /KR

5-MIN HR
5. Jerr FREQuENCY : 50 () X ba{/‘?J 600 ¥/
S-rMa/
‘ 10~ YeAR FRE$uEnCY 5; (:;"’V _év_C_”_"_’Z é.95 /4//7&
= ; b2 Un) .y (m(»/m// - Y
15— JEAR FREQPuEMLY 2 L (o =79 ¢ /1t

S0- JEAR /'f',esepus«c/: JL(’—’/L; _é%%”—d = 876 /7 /e

5-
l0o -~ JEAL thcpuzwcy: 24 (M/L/’\ bo (M = 940 ////,4/(
5-Mew HR

10 M) Durntiol Depr#s: 6

2-VEAR FREQUENCY : 57 (m) x bol() _ 3 s m e
(O0-Miad HR

LM DURATIon DERTHS: @

2~ YEAR FREQUENCY: ‘b’("dx 4”/””4= 2.76 /M
1S~ Mt IR

30-rid DurAtioN DeP7H: &

. 2-YEAR FZFgDuEdC/: <92 (N{/X le;/:/»’): /.54 /A//yg
30-M1




! COMNTY

PROJECT

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PAGE 2 oF _3

DETAIL

COMPUTED

DATE ‘

DATE

CHECKED BY

[=Hour DuraTion Dc’@f//.s :®

/‘/2 (/,‘/Z‘X

2 -YEAR FREQuENC 7

botm) . ;.12 /w fe

ba./’/ty

2-Houk DURATION DEPTHS: ®

/27 /Md_ v

2 - YEAR FREGUENCY :

HR

éa(ﬂm’/: &4 /o//e/(

720 M

3- faur DurATioNd _Der7HS: @

2-Yerr FREpuswey i L€ ()

HR

60[”/4/): S /ﬁ//f’ﬁ

/80 Mial
- Houk  DurATION DEPTHS: @

2-YEAR FREQuEwncy : M.)X
360 Hun/

/2~ fhour  DuRATIon) DEPTHS @

2-YEAR TREQuSN:C i 2 /.80(tn)) X

HR

bo(mw)

Rl 2 /N e

21G27 8P,

720 N

29~ four_ Duration Derrys @

2-JEAR FREQuENCY 200lrt)

/1R

KOO/”/A/ = 4§ ///7’2

/990 r9:4/

/e

® VALUGS For OTHER [Reguenciss (5-YEAR, [6-YEAR » ETC) CAN RB&

CALCwATED /N A SiMitAR wAY AS THE 2-YEAR FREQUENCY,




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT __ HYDrototic DESiaa/ fPaduAC  PAGE 3 OF 3
DETAIL EXAMPLE # 2 COMPUTED DATE
CHECKED BY DATE

/A/TEMS/T/—.bu/ur/oa/-;&'zs@uﬁ/c/ TABLE FoR :

hes Frec ArrRT

FREGuENC
2-YR | B-YR | lo~YR | 25-YR | So-YR | loo-YR

S-MN | 456 | boo 695 | 7.4 87% | 9o

‘ (0-MiN | 342 | 420 | 498 | 552 Gl | 7120

I[S<MN | 276 | B.Y§ | 400 | 4o | S22 | S84

}-\, 30-Hw/ | [ §Y | 2:30 | 2.70 3.00 | 350 | 3.0

R

€

§ /~1ourR | )2 /35 | /58 | /82 22 | 2.35

A
2-Houk | .l g/ 9/ | ok | 123 | /136
3-HuR | s | S8 6§ 77 <88 | 95
b-Hourk | 206 33 38 143 252 - $7
J2~Houk | IS 19 23 26 30 « 34
24-Hour | 08 | -1/ /2 o BN R B B

NEXT PAee SHows THE CobreSPor/dinly GRAPH.
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT /LYD@#LUGIL DESILAl MIANUAL PAGE _/ OF _S
DETAIL ___EXAMPLE # 3 COMPUTED DATE
CHECKED BY DATE

EXAMPLE H 3-8 DESIGHN A 100-YEAR> - HouR  PAiNEsc. DISTRIBATION

ks
FOR A 0.2 /) Basi /4 THE CALEFLTE ArePIrRT SREA.

PLocedURE : SIMCE THIS /S A Smaw BASiAl> No ARéac LEducTion 1S5 AEoED .

AL80, Since THis BASIN /S LESS THAN O.5 F) z.’ 178 mASS Curvee
Wewd BE SimUAR Top THE PATTCRN #/| [IASS Cukve oFF 77
MAMUNL . Sg THE SAME PRoCDURES (NoAA) wie B «SED.

(1) DES16M A TABE OF IS-Min TiME INTERVALS FoR A b-teur Loale Dueriom

@ CALCULATE THE HIGHEST IS-Min RANFALL DEPTH. THIS 1S Dande BY USineG
THE NFORMATION FRoM L£XAMPLE FH]:
[5=Men) QePTH = ((30 M) ~ (:s»rw)) VefTH = /93 -1 =0.47.
‘ THIS VALuE 1S CoNSIDERED To BE THE MoST /NTENSE PokTion oF THE RAMFALL

DISTRIBUTUN AND THUS MUST BE PLACED AT THE CRITICAL LOCATION OF THE
MASS CuRyE . Gau,smzc/v IT /S PLACEd AT THE CENTER OF THE MASS CuRveE.-
FoR THE PuRPISES oF THIS EXAMPLE, \WE wie PLACE 1T To THE RIHT. THIS
Wite BE I RBCORDANLE WITH THE RAWNFALL LRITERNS i THE FIANUAC 3 Fle 0/~
WHICH ALE SHIFTED To THE LIGHT By oS MUMUTES. THEN, FACE THE I15-Muy
PEAK PRIDUUNG lfaeuc AT 7iME /400 6F THE DEStea) TABLE -

(AL CUATE THE HGHEST 30-MW VALUE ANB CONTINUE oN N THAT FASIA
36 - M DEPTH = ((/muk) - (30#/4’))&5/’7'// =(Z~33’—/-73)/2 =21
THIS VAtuE Wiee Be PLACED AT 7imeS 32130 AND o175
(= touR DEPTH = (( ztour ) —(lHduR)) deerd = (2.70-2:35)/y = 09
THIS VALUE 1S PLBcED AT TimEs 3iedy 31155 4130, AND 4:45.

[=Hour DEPTH = ((3 HourR) - (2 Houk)) D&EPTH = (2-‘!5—-2\7/)/‘( = + 06
THIS VAwue /S PeAEd AT Times 2:305 2:45 5, Sioo , Ayp S:1S.
. 3-HouR DEPTH :(Uo Houe) - (3 Hout)) DépTH =(3-4a-z-45)//2 = 6375

THIS VALuE /S PLACED AT TiMES 160 To 2:/S ANA 5:30 To {!od:




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT PAGE |2 OF S
DETAIL COMPUTED DATE
CHECKED BY DATE

SikteE THE IS=-Minf PokTion OF 7THE DISTRIBuTioN WAS SHIFTED 8Y 4§ MNITES,
THE LAST 3 MUMBERS Wit &GO BEJoND (.00 . THIS 1S TAKEN CAks aF BY
PLACinita THESE MYMBERS FoR TIMES 0:1S TO 01 4S WHICH CurRrReNTLY I1AVE
No NUNBERS 1a) THEM.

@ THE GENERATED AMUMBERS CAN Now/ BE REPRESENTED /N THE CUMULATIVE
ForM WHICH (AN B& breectey JSEO ForR  [HEC-( InNPUT.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT ¢ r p PAGE ~ 30F . .S
DETAIL ___ LXAmAE 4 3 -A COMPUTED DATE
CHECKED BY DATE

DESIea) LA AL DMTe;Sarw,J

“VABLe
Thme (HouRSB K ANFALL (/Malc‘s) Cure RamFac (/,m,eQ

0: 00 o100 0.0 0
615 0375 037§
o 30 0375 i
o:4S 0375 28
[0 037§ 5

11 15 6377 Nivid
1230 0375 225
1145 0375 2625
2100 0375 =30
2315 0375 2375
2:30 O-0b et
2:45 7.0 b &y 75
3:00 Jg.0 g S y25”
3115 G09 174 4e
3130 o021 < 8475
3145 Y7 /137725
4ra0 /4G 27775
4215 021 298725
430 009 30775
Y145 009 2067
5:00 006 3.2225
5215 0.0 3.287
5350 . 037{ 3.327
5 145 ' 0375 3.3625
b 200 16375 3.40




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYDRoLotare  DESIN STANUAL PAGE ¢ oF S
DETAIL EXBMPLE # 3 COMPUTED DATE ‘
CHECKED BY DATE

EXAMPLE # 3-R i DESten A 100-YEARS Lo-Houk RANFALL D)STRIBUTION JoR.
4 5.0 MY WATERS HED 1N THE CARFFRES Aneprar  fech -

PRocELURE,  S/NCE THIS WATERSHED (S LARGER THAN 0-5 m‘z, 17 REQuILFS
AREAL REDUCTION . Us/Nl Flhuke 2-1 FRoM THE 1MANUAL 5 A
PEDUCTION FACTOR OF 01965 15 wSED. THIS wiel R2ESucT 27/
G465 (3.490) = 3.28IN 5 WHERE 340 S THE [00-/GAR
lo- HodR  PoiMT RAINFALL VALUE) CoMPUTED rnl LXAMPLE # (.
FRoM FIGuRE 218, 7HE PATTERN D/STrRiBurnion FoR THIS AEFA
1S BETWEEN PATICRN #2 AND PR77CN #3 . THE ClosSes T
VALuE woucd BE 2.39 , WHICH WE Witt RerFcR To A4S

FRTTERN # 2-3Y

70 GeT THE QRRESFRANL/G IMASS CURVE , VALUES FReM PArrcz,Q;,
ARE ADOED To 39 Y, oF THE DiFFcecacE Berwesry THE VALUES
OF PATTICEN # 2 AND PATTERN # 3, WHICH ARE ReAD FRoA
JABLE 2.2

ONCE PATTERN H 2.34 S ConSTRUCTED 5 /75 ELEMENTS A€E
MHITIPLIED BY THE RAmiFee (3.28 IN) 5, AND THEN THEY

CAN BE USED AS Drecer INPAT /N7p /HEc-I BY Divipeala
THE ELEMENTS 8Y /o0 .




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT /'7/3’[0(0/”/4 _/oa,n/ //ﬂ)/awa/y MANUAL pacE Y oF S

DETAIL Canrtiee # 3 COMPUTED DATE
CHECKED BY DATE
DEstew Bawnrrw WiTd Rese LREpucTion]
T Tae TR ygeem) B RS
©rov 0.0 00 0.0 2% o 0
g4ty 6.6 /5 013 0.9 030
o 30 /2 2.0 043 r+5 047
oL 9y 2.0 3.0 03 242 077
o bo 2 -f 4§ oG 3-7 2
§yF 3.9 b 3 ok o7 15
(130 47 76 o~ 5. ~190
(45 57 4.0 Y 68 223
2o 47 [0y /3 g0 22
PXT 7.6 /19 /5 9./ +299
2.30 g7 /35 /G 103 73§
25 (09 152 /1§ /8 377
Jio* & /28 (-7 139 -5
375 /63 202 2.0 /87 o0
3. %0 25.L 30-4 /17 269 gre
314y 5./ 472 67 45§ /5o
Yoo N 467.0 =07 65y AL |
S0y §3.7 796 -1y g2 3 z2.70
q4'J0 Gp.0 8. ¢ =/ %99 291+
445 9.8 92 ~0:9 92-§ 305
540 96 .7 996 ~0°7 9.0 By
St 4 25.5 479 -0y 98 / J22
5!%0 794 970 ~0'3 757 324
5145 770 997 —af 987 EAE 4
G 100 1070 J00.0 0o 1009 3.2¢




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
prosECT _ MYDROLOGIC LDESIGN IMMANUAL — pae 1 of 2

pETAIL _EXArPLE * 7 COMPUTED DATE
RaTionvar /MeErHoo CHECKED BY DATE
SCENARIO : A KRETENTION BASIN /S 70 BE PESIGNEDO FOR

AN URBAN WATERSHED WHICH HAS THE
Follow /NG [FHYSICAL CHARACTER/IST7T/CS

LOCAT/ON CAREFREE , TeN— RYE
AREA > /40 acres

\ 4

Frow FATH LengTH —s 1236 mi.

AVERAGE StoptE — 5 33 Filwy
LAND USE >  70% SINGLE Famicy KesiOENTIAL
30% LigeT TwOUSTRIA L

ESTIMATE 7THE FPLEAK DIScCAA RGE&E AT THE [FASIN INLET AND
THE VOLUME OF RUMNOFF 72 F& LETAINED,

STEP 4 ¢  DETERMINE THE RuwmorrF CoeFFIcIENT “C" (Tasie 3.2)

707  KesioeEnvTIAL o, o
30% LIGHT LZAMDUSTRIAL>0.65

(.70)(.40) + (.30)(.e5) = o©. 475

STEP2: CALCULATE T

=3 538

72 5 //-q A.SO /{6.:2 5 /

where [ = /236 mi,
Kb= 0.027 ( Tape& 3.1 oR F/6URE 5.1)

S = 33 ft/mi

PLUs IN 7HE ANowA' VARIABLES :
.50 .52 3, 738
7e = /4 (h23e) (.021)" (33.) (<)
72 = 0655 7%

CHOOSE A STARTING VALUE FOR Je, sAY 30 min. AT Te
= 30 min., THE /00~ YEAR RAINFALL ZINTENSITY IS 4.00 {0/hr,
(I-D-F Curves, F1g, 3.2). SINCE THE WATERSHED IS OUTSIDE
THE PHOEN/X AREA, 7HE /NTENSIFY VALUES MUST B& ADJIUSTED
USING THE EQUAT/ION /N SECT70M 3.5./.3 :

; .

— —ttl

L = tp 207
WHERE Lp 15 74& INTENSITY VALUE FROM F/G 3.2 AND PS5 /5
THE [O-YR, 6~HR pPorNT RAINFALL DEPTH FROM [F/G, 2.4.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

:F‘Lboo GoMTAGL
\H{Lls\l&wf/” PROJECT PAGE & oF _2
| HRRICOPA ™
" oam peTAIL _ExAMPLE  # 4 COMPUTED DATE
CHECKED BY DATE
IN THIS CASE : Lp = 400 infhe , P = 2.30 &

Ly 400 [%?—) = Y9y M/Ar
AT Liwe= ¥9¥ in/hr @ 7c = 0.655 (14%) = 22.3 min Wb Good
TRY Tc = 20 min: Llp = 5./0 infhr
Liva= 510 <j::) s 67 Ln/hr
AT Lpo= 867 infhr: 7c =0.655 (5"67) % 20.3 min oK

S50 T,e= 20 min, Lo = 567 %he

STEP3: CALCULATE PEAK DISCHARGE
Qpx = Cliwe A = (¥75)(S56T)(190) = 377 s

STEP 9 : CALCULATE RETENTION Voirume (V)
v = C Rao ) A
WHERE  Flao 15 THE z—/-/awz, 100~YEAR POINT RAINFALL DEPTH (in).

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

SECTION 2.4 & :

Yoo = 1 - mour , 100-Year po/nT RAINFALL (in)
Yioo = 0.494 + 0.755 (%X3) ( X3/ Xu)

WHERE X3 3 G&=HR , /00 YEAR Poinr RAINFALL = 3.40 cn  (F16 2.7)
Xy = 24-HR, 100 YEAR POINT RPAINFALL = ¥70cin  (FIG 2.13)

0.42y +0.755 (3.4)(3.4/417)= 235 in

So: Yieo =
s F ﬁooz = 0.34/ (X3)+ 0659 (Yao)

0.341(3.4) +0.659 (2.35) = 2.7/ in
FiNaLLy: V= 0475(27')/¢Oac = /5,02 ac-ftr




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYDROLOGIC 05’5/6” MANMAL PAGE _‘ OF _2;_
DETAIL EXAMPLE WATERSHED COMPUTED DATE

CHECKED BY DATE

LEGEND

_——— WATERSHED BOUNDARY
——--2 SUBBAS/N BOWNDARY
"~ WATERcoU RSE
SUuBBASIN NUMBER
£\ COMCENTRATION pPOINT
S

SECONDARY Flow FATHSS
PrmARY Flow' FPATH




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

proJECT A YDROLOGIC DESIGN MAanuaL
DETAIL EXAMPLE WATERS‘HS'D

PAGE £ OF _ 2

COMPUTED

SUBBASIN CHARACTERISTICS

CHECKED BY

DATE ‘

DATE

SUBBASIN  AREA  IMPERVIOUSNESS FLow' FPATH SLOPE LAND USE
3 (mid) (%) LENGTH (mE)  (ft/me)
A1 /.52 33 2.45 /70. Y% SuLTi- Unit AREAS
607 APARTMENT AREAS
2 2.17 21 /.85 30.5° /00% SiNGLE FAMILY
RESIDENTIAL
3 0.96 42 /.13 /104, 50%  L/GHT TNDUSTRIAL
50% Doww7orl AREAS
by 0.86 9 X% £37. /00%  UNDEVELOPED
4 7 Desert MountA h‘
WATERCOURSES
SUBBASIN DESCRIPTION  GEOMETRY BOA.,.Y,L;',., Dég‘fﬁl SIDE MANNINGS
3 W /IDTH (£t SLOPE ‘n’
(ft)
SO/t CEMENT ; o
/ Lz TRAP. 25 i 2:] .O/8
2 DREDG & Larry  Kect. /5 y  — o022
CONCRETE , 2 | o/5
3 £ 1D TRAP. 35 §/ 3 ]
NATURAL. : o
pa DESERT TRAP. /5 2 e % &
STREAM




SCENARIO :

FL00D coNTROLN
L DISTRIST g

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT _AYDROLOGIC Desicgn /I MANuAL

DETAIL £xAMPLE # &~

GREEN £ AMPT Loss /TETHOD

STEP 1

NUMBERS ARE FoUND oN THE SO/t
SURVEY MAPS AND /NDICATE Sor/i

PAGE | oF _2
COMPUTED DATE
CHECKED BY DATE

THAT THE WATERSHED IS LOCATEDL WITRIN THE
BOUNDARIES OF THE " SO0/ SURVEY OF AGUILA -~
CAREFREE AREA, PARTS OF MARICOPA AND PI/NAL

COUNTIES, ARIZONA ",

ASSUME THE DESIGAN STORM

CALCULATE THE GREEN AND AMPT LOSS PARAMETERS [FOR

SUBBAS/AN ¥ & oF 7iME EXAMPLE WATERSHED., ASSUME

7O BEA Gb-AR, J00-YR EVENT OF 3.§ Zo %O iNcHES,

MAP UNITS,

PLANIMETER MAP UNIT- ARFAS

WITHIN THE SUBBASIN, ASSUME
FOR 7H/S CASE :

MAP_UNIT

PERCENT TOTAL AREA

22
29
104

25%
35%
40 %

NOTE :

REFER TO "NOTES oN CALCULATING LOSS PARAMETERS

/N CAHAPTER

7 AND APPEDICES A-D FOR AODVICE ON CONSTRUCT/ION oOF THE
FOLLOW /NG TABLE,

STEP 2. CONSTRUCT A TABLE SIMILAR 70 7HE FOLLOW/ING:
L/;1‘:41\, l; H‘ép soiL 7EXTURAL DTHETA PSIF X KSAT
* UNIT NANHE GLASS (cn) (<n) Cinf he)
80 CONTINE cCLAY /5 12.4 .0l
22 CAREEREE CLAY .15 12.¢ .ol
20 EBON SAMDY CLAY LOAM .25 8.6 .06
MOMNALL SILTY LoAM . Yo 6.6 /5
40O DENURE FINE SANDY LOAM
30 MOMOL! GRAVELLY SANDY LoAN .38 3.5 . #0
29 20 CARRIZO GRAVELLY SANDY LOAM
GILMAN LOAM .35 .3 .25
10 MARIPO SANDY LOAM .35 3.5 . 40
CARRIZO SAND 35 2.9 4.60
20 LEHMANS | SANDY CLAY LOAM .25 8.6 .06
ro4 20 { 2o’ SANGY Loate! 3% iz ]
() o .
PINALENO SANOY CLAY .20 924 .02
60 ROCK OUuTCROP —_— s =




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PAGE 2 OF _2

PROJECT
DETAIL _EXAMPLE 5 COMPUTED DATE

CHECKED BY DATE

STEP 3 | CALCULATE WEIGHTED FARAMETERS FOR EACH IMAP UNIT

UNIT 22! DTHETA = .80 (.I5) + 067(.18)+ 061(.25)+. 0¢7(.40)= .17 in
PSIF = .80(124)+.067(12.9)+.067(8.6) +.067(¢.6)= /1.8 in
XKSAT = .80 (.O1)+ 067 (.01)+.067(.06)+ 067(./5)= .02 in/hr

UNIT 29 : DTHETA ® .35 in
PSIF = .90(3.5) + ,033(4.3)+.033(3.5)+.033(13) = 3.5 in

XKSAT = .90 (.40) +.033(.28)+.033(.#0) +.033(¥¢) = . £3 in/hr

UNIT /04:  DTHETA= .50 (.25) + /61(.35)+ /67(.3S)+ (67 (.20) = 28 in
PSIF = .50(8.6) +.167(3.5) +k7(3.5)+.167(2%) = 70 in
XKSAT = .50 (.06)+. 167 (.40)+ /67 (.%0)+ .167(.02)= ./7 in/hr

RTIMP = 69 %
STEP Y: CALCULATE WEIGHTED FARAMETERS For THE

SUBBASIN BY PERCENTAGE oSF Sorl /MAP UNITS

DTHETA = .25 (.17)+ .35(35) + .40 (.28) = ,28 in
PSIF = .25 (11.8)+.35 (3.5) +. ¥0 (7.0) = 70 in
XKSAT = .256(.02)+.35(.S3)+.40(.17)= .26 cn/br
RTIMP = . Y0 (60) = 24 %

STEP 5 : ADTUST XKSAT FOR PERCENT VEGETATION
COVER USING F7GURE 4./0

ASSUME 25% AVERAGE VEGETATION COVER OVER THE BASIN, THEN
XKSAT = .26 (1.17) = 0.30 én/he

SITEP G ¢ SELECT A SuRFACE FETENTION LOSS (TA) FOR
THE SUBBASIN FROM TABLE 4./ .
ForR THIS EXAMPLE, ASSWm&E

85% HrittscopEs —» /5 ip
15% Mountain — .25 in

TA= .85(./15)+ .15(.25) = 0.1} o
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DETAIL_EXAMPLE F & DATE

Tl + ULR

COMPUTED

CHECKED BY DATE

INITIAL LOSS PLUS UNIFORM (LOSS RATE
BY SolL TEXTURE AND MHYDROLOGIC So0iL. GROUP (HSG)

CALCULATE THE INITIAL AND UNIFORM LOSsS RATE
PARAMETERS FOR SUBBASIN # 4/ OF THE EXAMPLE
ASSUME THAT THE WATERSHED IS

LOCATED WITHIN THE BOUNDARIES OF THE " SoiL

SURVEY OF AGUILA - CAREFREE ARFA, PARTS OF
ASsumeE

NUMBERS ARE FOunNDd oN
THE SOIL SURVEY MAPS

SCENARIO:
WATERSHED .
MARICOPA AND P/NAL COUNTIES, ARIZONA",
THE DESIGAN STORM 70 B& A 6-HR, /00~ YEAR
EVENT OF 3.8 7o 40 /NCHES.

STEP .

aL L 30 PLANIMETER MAP UNIT AREAS

WITHIN THE SUBBASIN. ASSUAE
/~OR THA/S CASE :

AND INDICATE So/L
MAP UNITS.

MAP UNIT PERCENT TOTAL AREA
22 25K
29 35%
10y 40 %
100%
NOTE: REFER 70 “ NOTES ON CALCULATING LOSS
PARAMETERS " /N CHAPTER F AND APPENDICES
A-D FOR ADVICE onN CONSTRUCTION OF THE
Fotlowin'G TABLE.
STEP 2.5 CONSTRUCT A TABLE : soiL TEXTURE HSG
MAP, /o H | I CNST‘L1 [ TL c‘A/STLl
AP oL n :
ung Lnir NAKE TEXTAL 2 ¢én)  (indhr) Cen)  (in/br)
80 CONTINE CLAY .3 .0l
22 CAREFREF CLAY c
20 j’ B8N SANDY CLAY LOAM 2 ,'gi 23 -5
MOMALL SILTY LoAM b 15
) PENURE FINE SANDY LOAM
30 MOMOL/ GRAVELLY SANDY LoAM > 4 . Yo
29 20 CARRIZO  |SRAVELY SANDY LoAM B 5 25
10 GILMAN LOAM .6 .25 ’ '
MAR]) PO SAMDXNbOAH o7 . %0
CARRIZO S .3 4.60
20 LEHMANS |SANDY CLAY LOAM b .06
ARIZ0 ANDY LOAM , R
/0¥ 10 Faa SANDY (6AM D ;’ ) 4 .05
PINALENG SANDY CLAY .4 .02
60 ROCK OUTSROP —_— s g s




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PAGE 2 OF _2 _

PROJECT
DETAIL _EXAMPLE # 6 COMPUTED DATE ‘

CHECKED BY DATE

STEP 4: CALCULATE WEIGHTED PARAMETERS FOR EACH MAP UNIT
NOTE : SKIP THIS STEP IF USING THE LOSS PARAIr7TE 76ERS
FOR AHYDPROLOG|C SOIL GQROUPS

Tr= .80(3)+ 067 (3)+ 067(¢)+.067 (6)=.34 in

UNIT 22 :
CNSTL = .80 (.01)+. 067 (.01)+.067(.06)+.067 (.I15) = .02 Ln/4r
UNIT 29 Tt= .90(7)+.033(¢)+ . 033(.7)+. 033(L3)= .72 in
CNSTL= .70 (.¥0)+ 033 (.25)+ 033 (.40)+.033(4.60) = .83 cn/fhr
UNIT /09 IlL= .$0(e)+ .167(.7)#~ 167 (7)+ 167 (.¥) = .60 cn
CNSTL = .50(.06)+. 167 (.¥0)+ . 167(.40)¢. /67 (.02)= .17 infhr
RTIMP= 60%
STEP S5 : CALCULATE WEIGTED PARAMETERS FOR 7HE SUBBASIN

BY PERCENTAGE OF SO/ MAP UNITS

FOR SOIL TEXTURE
Tr= 25(.39)*.35(.72)+.5¥0(.60) = .$8 ¢n
CNSTL = .25 (.02)+.35(.53)+. ¥0(.17) = .26 infhr
RT/MP = . Y0 (60)= 24 %
FOR HYDROLOGIC SOIL GROYUPS :
Ze= .25(.5)*.35(5) =40 ()= .Y%in
CNSTL= .25(./5)¢.35(.28)+.Y0(.08) = ./5 cinfhr
NOTE: DO NOT INCLUDE A VALUE FOB RT/NHP WHEAN USING AHSG'S.
STEP & SELECT A SURFACE RETENTION [OSS (IA) FRoM TABLE ¥/
— e . AND RALCULATE STRTL »
FOR THIS EXAMPEES . o0 wirsioresiis S,
30% foanTAIN ————> 25 in

TA= 7(.15)+.3(.28)=./8:in
FOR SOIL TEXTURE STRTL =
FOR HYDPROLOG(C SOIL GROUPS:

SB<cn *+.,/8en = 76 cn
STRTL = . Ybin ». /18 ¢n= 69 (n

BTER £ ¢ SELECT A VEGETATION COVER ADTUSTHENT FACTOR

FOR THE BASIN FROM FI/GURE /0.
ASSUME 25 % AVERAGE VEQETATION COVER FOR THE ENTIRE BASIN, THEN

cNSTL = .26 (1.17)= .30 enfbr

FOR SOIL 7TEXTURE :
cnsre = /5(117)= .18 in/hr

FOR HYDOROLOGIC SO/t SROUPS:




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

S
| FLDOD CONTROL N

\,\W PROJECT _A/YDROLOGIC DESign /TANUAL page L or_1
| > °ﬁ\
ooy DETAIL _ExAmpLeE *7 COMPUTED DATE
CLARK UNnIT HyYpROGRAPH (URBAN) CHECKED BY DATE
SCENARIO: DEVELOP THE CLARK UNIT HYOROGRAPH INPUT PARAMETERS
FOR SUBBASIN #2 OF THE EXAMPLE WATERSHED.
STEPZ : ASSEMBLE PHYSI/ICAL [BAS/N CHARACTERIST/CS :
AREA = 2.7 mi? = /389 ac SLOPE (S)= 30.5 ft/m:
Flow PATH (L) = [ 85 mc % THPERVIOUSNESS = 2/
STEP 2 : CALCULATE THE BASIN RESISTANCE COEFFIC/ENT Kb wUSING

F/G. §5, TABLE £/, 0R THE "Tc fR WorksHeeT" (APPENDIX £ ).
SINCE T7HIS IS AN URBAN GFASIN, r==00625 Awo S=.0Y

Kb =m (/03 A) +b = sooezs (/03 /389)+ 0% = 0.020

STEP 3 : CALCULATE 7 AS A FUNCT/ON OF L :
NOTE: REFER TO riHE LORKSHEET DURING THE REMAINING STERPS, oR

USE THE FORTRAN FPROGRAM MCUMHPL.EFXE,
. - - . =3 - .-
7:= //V[“/% .4?5.3/‘.. Jl' 7¢'=/14/(/.85}"'(020)"(30.5) t..Sj 72:703‘ , 38

TEP & :
STEC Y farcr RAINFALL, LOSS, AND CLARK PARAMETER DATA

. INTO AN MHEC =1 /INPUT DECK, WITH 7c £ R s&7 FRUAL 7o
ZERD, RUN 70 GENERATE A RAINFALL —LOSS - EXCESS 7TABLE,

STERPS . USING THE LORKSHEET AND THE RESULTS OoF S7TEP ¥,
CONPUTE THE AUERAGE EXCESS INTENSIT/IES FOR A 7/r1E

PERIOO GREATER 74#AN T<.

STEPG : CREATE THE GRAPH OF AVERAGE L£XCESS ZNTENSITY Vs. 7T7/7&,
STEP7: CALCULATE Te BY I7TERATION. "t VALUES ARE READ FROM

THE GSRLRAPH. CALCULATE K.

STEPB: ENTER THE 72 £ L2 VALUES INT0 THE AEC-1 INPUT LECK.
SELECT A 77/MmE - AREA RELATION , 1A THIS CASE COLUmN
2 OF 7ABLE 52. Kuw 7HE HEC-1 PROGRAM. (Sce the
follewing sample AHEC-1 input and ocutput.)




CALCULATICN OF Tc & R

Calculated by: Date:

Checked by: Project:

Vatershed: EXAMPLE WATERSHED - Suspasin #2, ExampLe # F

Rainfall Frequency: - yr Duration: - hy. Pattern #:

Rainfall Loss Method: [ ] Green & Ampt Method
[X] IL + ULR by soil texture
[ ] IL + ULR by hydrologic soil group

Tabulate Period of Rearrange Incremental Excesses in
Peak Rainfall Excess Order of Decreasing Average Intensity
Clock Time Increm. Accum. Increm. Accum. Avg. Excess
@ end of Excess Time Excess Excess Intensity
Increm. in. hr./min. in. in. in./hr.,
0335 .18 5 e 1] S 4.4y
0340 .18 /0 37 oo 4.44
0345 .18 25 -37 gt y.44
0350 .37 20 .18 1.29 3.87
G38S .37 25 .18 [.47 3.53
0400 o 30 .18 1.5 3.30
o405 A 35 i .70 3.02
o¥/0 -1 Y0 Wi .87 2.8\
A = 2. /7 sq.mi. A
L = /.85 mi. v
S = 30.5 ft/mi. e
r
Kb = m [log(A * 640)]+ b a
Kb = (700625) log (2.17 *¥640) + (.09 ) |g
Kb = . 020 e 4
.50 .52 -.31 =.38 <
Tc = 11.4 L Kb S i E S
~o38 x AN
TN
Trial Tc b 1 Calc. Tc s
8 N
L 417 3.53 . 435 B
4 4S50 342 .44/ I :
. 430 3.48 .438 n
. 440 3.45 - 439 &
e
n
Tc =, 440h s
i
t
1.11 -.57 .80 y
R = .37 Tc A L
i
n
R = /4546 hr /
h
£ 20 25 30 35

Time (Tc) (hr./min.)

4.5

3.5

3.0

2.5

2.0
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FLOOD HYDROGRAPH PACKAGE (HEC-1) ¥
FEBRUARY 1981 %

REVISED 31 JAN 85 &

Je

RUN DATE 9/ 5/1989  TIMEl5: 4: 0 *

¥

*

% U.S. ARMY CORPS OF ENGINEERS

% THE HYDROLOGIC ENGINEERING CENTER
¥ 6C9 SECOND STREET

% DAVIS, CALIFORNIA 95516

* (916) 440-3285 OR (FTS) 448-3285

*

¥

Yo

¢ e v Yo Yo ¥ ¥ Yo e v v e e de Y 3k 36 ¥ v v vk 3k v e v d Y v e ke de e vk e e e de

X X XXXXXXX  XXXXX X
X X X X X XX
X X X X X
XXX XXXX X XXXX¥ X
X X X X X
X X X X X X
X X XXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), EECIGS, HECIDB, AND EECIKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
TEE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THE VERSION RELEASED 31JAN8S
CONTAINS NEW OPTIONS ON RL AND BA RECOPDS, AND ADDS THE EL RECORD. SEE JANUARY 1985 INPUT

DESCRIPTION FOR NEW DEFINITIONS.

SAMPLE RUN

ExampLe # /7




L1

%dexx FTRERE »exx

g

i

NE

0 N O U

10

11
12
13
14
15
16
17
18
19
20
21
22
23

HEC-1 INPUT
IDesssocslocenses2enscenadecenecebonoseeedeneaseibosoocealocacroesBiossnosTunnens 10
ID  SAMPLE EEC-1 RUN USING TECHNIGUES OUTLINED IN THE
ID  MARICOPA COUNTY HYDROLOGY MANUAL
de v vk e v v 3% ¥ 3 v ¥ v v ot e e ok 5% Y e ale ok ok v vk ke e e e ol e e e e e e e e e e e e e st vl e e v st ok e 3%t ol e v e e v ok v e e v e v e vk e v vl de e e de e ket
ID  EXAMPLE #7 - CLARK UNIT HYDROGRAPH
e e v vl ke v v e ke o 3% ok e el sk e e 5k e ke ke e e e ke v vl e ke vl ol e o 3 ok ok o 3 ok v ol e 3 ke 3 e i e 3 vk e e e ke o e e ok e i e e e v e e ok e o e s e v ke v
ID  RAINFALL: 6-HR, 100-YEAR POINT RAINFALL DEPTH OF 3.25 INCHES
ID  HYDROGRAPH: CLARK - TC & R FROM WORKSHEET
b URBAN TIME-AREA CURVE
ID  LOSSES: IL+ULR BY SOIL TEXTURE /.08
ID  BASIN AREA: 2.17 SQUARE MILES, PATTERN fieS”

de 3% v v e 3k 3% e v ok she e 3% v vk e v e e Fevie v e o 3% e e e v v e s vl vk e ok v e ke e e ok e S vk e 3 3 ol e ok e e el e e e ol e v v v de e o v e de ke e ke e e de ke e e ek

ET 5 05SEP89 0000 85

10 0

e e i e s s v e e e e e s de v e e v s e e ke e e s e e e e e e e e v e sk ve e e e e e ke ke e e e s e e e v S v v e e e d e e e e e S
KK BASIN2

KM COMPUTE DISCHARGE AT THE OUTLET OF SUBBASIN #2

IN 15 05SEP89 0000

PB 3.25

PC 0. 35 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 91. 93.85
PC . '95.95 97.5 98.35 98.9 100.

BA 2.17

LU .65 .20 21.

UA 0 -] 16 30 65 77 84 90 94 97
UA 100

uc 440 .156

2z

PAGE

1




. HYDROGRAPH AT STATION  BASIN2

¥ 3'e ¥ e ¥ ¥ e Yo Ve T Yo ¥ 3 3 3 v e e ¥ e 3¢ Fe e Ve v e vie v e v e e v Y ok e e vl v v v e v v v e e e e e 3k e 3 Yo e e e 3 e ok vk 3 ok ke 3 e ke e e e e 3 Y 3 3% ke ok 3 S ok ke e e e ke e v v o e 3% e ke v vl v e e e ke vle 3k e e e 3k ok ok e e vk e e vl ke ke ke e e e e e ke e e e e e ve e e

*

DA MON HRMN ORD RAIN LOSS EXCESS COMP Q * DA MON HRMN ORD RAIN LOSS EXCESS COMP Q
*
5 SEP 0000 1 .00 .00 .00 0. * 5 SEP 0335 44 «19 .01 .18 461.
5 SEP 0005 2 01 .00 .00 1. %* 5 SEP 0340 45 .19 .01 .18 955,
5 SEP 0010 3 .01 .00 .00 4. * 5 SEP 0345 46 w19 .01 .18 1563
5 SEP 0015 4 .01 .00 .00 8. * 5 SEP 0350 47 .38 .01 «37 2174.
5 SEP 0020 ] .01 .00 .00 12. * 5 SEP 0355 48 .38 .01 «37 2580.
5 SEP 0025 6 .01 .00 .00 15 * 5 SEP 0400 49 .38 .01 37 3915.
5 SEP 0030 7 .01 .00 .00 17 * 5 SEP 0405 50 12 .01 w11 4552.
5 SEP 0035 8 .01 .01 .00 18. * 5 SEP 0410 51 .12 .01 .11 4498,
5 SEP 0040 9 .01 .01 .00 20. * 5 SEP 0415 52 -12 .01 w11 3901.
5 SEP 0045 10 01 +01 .00 21. * 5 SEP 0420 53 .04 .01 .03 3207.
5 SEP 0050 Il .01 .01 .00 23. % .5 SEP 0425 54 04 .01 .03 2501,
5 SEP 0055 12 .01 .01 .00 25. * 5 SEP 0430 55 .04 .01 .03 1845.
5 SEP 0100 13 .01 .01 .00 28. * 5 SEP 0435 56 .03 .01 .02 1351,
5 SEP 0105 14 .01 .01 .00 31, %* 5 SEP 0440 57 .03 .01 .02 991.
5 SEP 0110 15 .01 .01 .00 32, %* 5 SEP 0445 58 .03 .Cl .02 729.
5 SEP 0il5 16 .01 .01 .00 32. * 5 SEP 0450 59 .02 .01 .01 552.
5 SEP 0120 17 .01 .01 .00 32. 5 SEP 0455 60 .02 .01 .01 420.
5 SEP 0125 18 .01 .01 .00 32. * 5 SEP 0500 61 .02 .01 .01 321.
5 SEP 0130 19 .01 .01 .00 33. ¥ 5 SEP 0505 62 .02 .01 .00 249.
3 SEP 0135 20 .01 .01 .00 33. * 5 SEP 0510 63 .02 .01 .00 197.
. 5 SEP 0140 21 .01 .01 .00 33, * 5 SEP 0515 64 .02 .01 .00 150.
5 SEP 0145 22 .01 .01 .00 33. * 5 SEP 0520 65 .01 .01 .00 115.
5 SEP 0150 23 .01 .01 .00 33. 5 SEP 0525 66 .01 .01 .00 89.
5 SEP 0155 24 .01 .01 .00 33, * 5 SEP 0530 67 .01 +01 .00 68.
5 SEP 0200 25 .01 .01 .00 33. * 5 SEP 0535 68 .01 .00 .00 54.
5 SEP 0205 26 .01 +01 .00 32. * 5 SEP 0540 69 .01 .00 .00 43,
5 SEP 0210 27 .01 .01 .00 324 * 5 SEP 0545 70 .01 .00 .00 35.
5 SEP 0215 28 .01 .01 .00 32. * 5 SEP 0550 71 .01 .01 .00 30.
5 SEP 0220 29 .01 .01 .00 335 * 5 SEP 0555 72 .01 .01 .00 29.
5 SEP 0225 30 .01 .01 .00 355 * 5 SEP 0600 73 .01 .01 .00 32.
5 SEP 0230 31 «01 .01 .00 38. * 5 SEP 0605 T4 .00 .00 .00 33.
5 SEP 0235 32 .01 .01 .00 40. * 5 SZP 0610 75 .00 .00 .00 30.
5 SEP 0240 33 .01 .01 .00 43. * 5 SEP 0615 76 .00 .00 .00 23.
5 SEP 0245 34 .01 .01 .00 45. * 5 SEP 0620 77 .00 .00 .00 15,
5 SEP 0250 35 .02 .02 .00 48, ¥ 5 SEP 0625 78 .00 .00 .00 10.
5 SEP 0255 36 .02 .02 .00 52. * 5 SEP 0630 79 .00 .00 .00 6.
5 SEP 0300 37 .02 .02 .00 58. * 5 SEP 0635 80 .00 .00 .00 3.
5 SEP 0305 38 .03 .03 .01 65. * 5 SEP 0640 81 .00 .00 .00 2.
5 SEP 0310 39 .03 .03 .01 - * 5 SEP 0645 82 .00 .00 .00 b %
5 SEP 0315 40 .03 .03 .01 89. * 5 SEP 0650 83 .00 .00 .00 1.
5 SEP 0320 41 .09 .07 .02 106. * 5 SEP 0655 84 .00 .00 .00 0.
5 SEP 0325 42 .09 .07 .02 142. * 5 SEP 0700 85 .00 .00 .00 0.
5 SEP 0330 43 .09 .01 .08 225, *




e ¥ e Yo 3 e ke 63 Y v e d vl v v e v sk ' 3% e e 3k Ve ve e e 3% v e ve vl
A

TOTAL RAINFALL =~ 3.25, TOTAL LOSS =~ .87, TOTAL EXCESS =

MAXIMUM AVERAGE FLOW

PEAK FLOW TIME
(CFES) (HER) 6-HR 24-HR 72-HR 7.00-HR
4552, 4,08 (CFS) 554. 475. 475, 475.
(INCHES) 2372 2.375 2,375 2.375
(AC-FT) 274, 275. 275, 275,
CUMULATIVE AREA = 2.17 sQ MI
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXTIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT  BASIN2 4552. 4.08 554. 475. 475. 2517

%%% NORMAL END OF HEC-1 %%¥

]




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYDROLOGIC D&ESIGN ManuAL pagE 1 ofF 1

DETAIL_ EXAMPLE * 8 COMPUTED DATE

CLARK UNIT HYDROGRAPH (NATURAL) CHECKED BY DATE
SCENARIO: DEVELOP 7HE CLARK UNIT HYOROGRAPH [NPUT

PARAMETERS FOR SUBBAS/IN & OF 7HE
EXAMPLE WATERSHED.

STER ASSEMBLE FPHYS/ICAL LBAS/IN CHARAST ER/IST/ICS !
AREA = 0.86 mi* = 550.4 ac 5c0PE (S) = 310.0 Ft/me (AdsusTeD wsing
Fl§. £ ¢)

FLOW PATH LENGTH (L) = [ 4F me
% Z/7PERVIOUSNESS | ASSUME HYDROLOGIC

SO/L GROUPS WERE USED 7O CALCULATE
LOSS PARAMETERS , SO oM IT

STEP 2 ¢ CALCULATE THE BASIN RESISTANCE CoEFF/C/ENT Kb USING

FIG. 5.8, TABLE 5./, 0R THE “Tc § R WORKSHEET (APPENDIX & ).
ASSUME THAT THE BASIN 15 S0% "HitestopEs ¥ AND S0% "MouNTAIN '
mz= (025 + =030)/2 = —. 0275 , bz (.US+.20)/2 = ./75
Ko=m(logA)+b = —0215 (log §50.4) +./75 = 0./00

STEFP 3: CALCULATE 7< AS A FUNCTION OF ¢ :

NOTE : REFER TO THE WORKSHEET DURING THE REMAINING STEPS,

OR USE THE FORTRAN PROGRAM MCUHPAL. £xE.

Test gl L% K S o o lival T Ca) T o i T 2 gt B

STEP 4/: ENTER RAINMFALL, LOSS, AND CLARK PARAMETER DATA /NTO

AN MHEC -1 INPUT DECK WITH 7c £ R S&ET EQRUAL TO ZERO.
RUN TO GENERATE A RAINFALL -~ L0SS - &£XCESS TABLE.

STERLS USING THE WORKSHEET AND THE RESULTS 0F STEPL ¥,

COMPUTE THE AVERAGE EXCESS TNTESIT/IES FOR A
TIME PERIOO GREATER THAN T7e.

STEP & . CREATE THE GRAPH OF EXCESS /NTENSITY VS. T/ME
STEP7. CALCULATE 7e BY T7ERATION. (' VALUES ARE READ

FROM THE GQRAPH. CALCULATE R,

STEP8: ENTER THE T7c £ R VALUES INTO 7THE HEC-1 INPUT DECK.

SELECT A T/ME- AREA RELATION, /N THIS CASE COLUMN
3 OF TABLE $5.2. RUN THE KHEC-/ FROGRAM AGAIN WITH
THE NEW CLARK PARAMETERS. (See the following sample
HEC-1 Lnpul and output).




CALCULATICN OF Tc & R

Calculated by:
Checked by:

Date:
Project:

Watershed: IE’XAHPLE #8/ .5.4455/‘15/4/ #5/

Rainfall Frequency: /99 - yr Duration: 2 - hr. Pattern #:_NM/A
Rainfall Loss Method: [ ] Green & Ampt Method
[ ] IL + ULR by soil texture
[X] IL + ULR by hydrologic soil group
Tabulate Period of Rearrange Incremental Excesses in
Peak Rainfall Excess Order of Decreasing Average Intensity
Clock Time Increm. Accum. Increm. Accum. Avg. Excess
@ end of Excess Time Excess Excess Intensity
Increm. in. hr./min. in. in. in.7he.
0/00 .20 & o 72 8. L4
o0/05 o 28 10 137 /.09 6.54
ol10 .37 L5 -3 /.40 5.0
ol/s 3 31 20 20 /- 60 4. 80
©120 .09 g5 .09 /.69 406
o125 .06 30 .06 .75 3.50
0130 05 35 .05 /.80 307
OI25 o 40 o /.80 2.70
A = 0.86 sq.mi. A &
L = /- 49 mi. v
S = 3i10. ft/mi. e
r =
Kb = m [log(A * 640)]+ b a
Kb = (=0.275 ) log ( .86 *640) + (.178) |g
Kb = _./00 e P
+30,. «52 -%31 -.38
Tc = 11.4L Kb S i E S L)
- X \
<
Tc = (HO i c
e R\P\
Trial Tc i Calc. Tc s <[ q
s
30 3.50 26.5 <
24 4.22 24.6 I =
25 4.06 25.0 n D
€
e
n
Tc = ,4/7 hr. s Z
- i
' t
1.11 -.57 .80 y
R = .37 Te A L
i
n
R =.2/0 br. /
h
TS 20 25 30 .
Time (Tc) (hr./min.)




% * *
% FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEE
b FEBRUARY :981 * % THE HYDROLOGIC ENGINEERING C
s REVISED 05 DEC 88 ¥ * 609 SECOND STREET

% * * DAVIS, CALIFORNIA 95616
* RUN DATE 12/07/1989 TIME 11:31:11 * ] (916) 551-1748

s * s

Sees's e ele e e seveiest deve e Se e e e Sede el ek e st e e e e e dee de e e e e de e vede e ek e s e e de e e e e e ek e e e ek

X X XXXXXXX  XXXXX X
X X X X X XX
X X X X X
XXXXXXX  XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC! (JAN 73), HECIGS, HEC1DB, AND HECIKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTUR
THE DEFINITION OF -AMSXX- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS 1S THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAKR QUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM




LINE

N OO U o

10
11
12
13
14
15
16
17
18
19
20
21
22

HEC-1 INPUT PAGE 1

ID e o suiefisliomsionia o s Dose o wiwininds o/o7eh 5 0 lliia o oioieleDie aiors Wwbis ¢ s lolelaia Tisaraie s ieaBls wite s v Duarstubin 1O
ID SAMPLE HEC-! RUN USING TECHNIQUES PRESENTED IN THE .
ID MARICOPA COUNTY HYDROLOGY MANUAL

S e el e e e e e ke e el e sl e e e e e e e e e e e o ke e sl ke e ke e e e e e e o e e e e e ok e o e e e e e e e s ok e

1D EXAMPLE #8 - CLARK UNIT HYDROGRAPH, UNDEVELOPED SUBBASIN

e dedeledestedestedeesede e K e et TR R SR 5k e dede e de e de e e e e s e s sk e e sk e e e e e e e e e e e e e e e e e e e ok ok e e e e

1D RAINFALL: 2-HR, 100-YEAR. POINT RAINFALL DEPTH OF 2.70 INCHES

1D HYDROGRAPH: CLARK - Tc & R FROM WORKSHEET, NATURAL TIME-AREA CURVE

1D LOSSES: IL+ULR BY HYDROLOGIC SOIL GROUPS

ID SUBBASIN AREA = 0.86 SQUARE MILES

e et de e e de e 5t e et ek ek e e e e e ke e e e e e e e e e e e e e 3 e ke e e e e e e e e e ke e e e e e e e
IT 5 05SEP89 0000 40

10 0

Fe ek e v ok Ve ke o e v Y v v e e e de e e 36 e e Yok e e e ke e

KK BASIN4

KM COMPUTZ DISCHARGE AT OUTLET OF SUBBASIN 4

IN 5 05SE>89 0000

PB 2.70

PC 0. 1.1 1.8 2.3 2.8 3.2 4.6 7.1 10. 13.7
PC 17.6 23.2 32.7 60.1 74.3 86.3 90.1 93. 95.4 96.2
PC 97. 97.9 98.2 99.2 100.

BA .86

LU 67 .20

UA 0 3 5 8 12 20 43 79 90 96
UA 100

uc 417 .210

YA




DA MON ERMN ORD RAIN

5 SEP 0000 1 .00
5 SE? 0005 2 .03
5 SEP 0010 3 .02
5 SEP 0015 4 .01
5 SEP 0020 5 .01
5 SEP 0025 6 .01
5 SEP 0030 7 .04
5 SEP 0035 8 .07
5 SEP 0040 9 .08
5 SEP 0045 10 .10
5 SEP 0050 11 .11
5 SEP 0055 12 i 19
5 SEP 0100 13 .26
5 'SER2 0105 14 T4
5 SEP 0110 15 .38
5 SEP 011 16 .32
5 SEP 0120 17 .10
5 SEP 0125 18 .08
5 SEP 0130 19 .06
S5 SEP 0135 20 .02

HYDROGRAPH AT STATION

LOSS EXCESS

.00
.03
.02
.01
.01
.01
.04
.07
.08
.10
.11
)
.06
.02
.02
.02
.02
.02
.02
.02

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.20
.72
.37
.31
.09
.06
.05
.00

COMP Q

73.
248.
705.

1416.
1883.
1882.
1599.

¥

*

¥

*

*

¥*

DA MON

SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP
SEP

L L LLLL LWL LL LL LGLOLOLuOLuumunmuuvuu

BASIN4

HRMN

0140
0145
0150
0155
0200
0205
0210
0215
0220
0225
0230
0235
0240
0245
0250
0255
0300
0305
0310
0315

ORD

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

RAIN

.02
.02
.01
.03
.02
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

LOSS EXCESS

.02
.02
.01
.02
.02
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.01
.00
.01
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

coMP

1232
917
658
457
317
223
161
118

83
55
30
17

9

© O = = N W WU

e e e v e v v e e e e v ve v Yo v ve ve v e sl v e e v vl ale e e v vl v e ke vl v v e e v v e e v e vl v i e v sk v v v v vl e e v vl e v vl e ke vk e 3k e e v v e e 3¢ ke e e sk v 3% ok e ¥ ke v v ol ok ol e vk sk ok e 3k e 3% e 3 ol e 3k sk e v ok e ok ol sk ok ok e sk ok ok e ok ve ke e e

TOTAL RAINFALL =

PEAK FLOW TIME

(CES) (HR)
(CES)

1883. 1.42
(INCHES)
(AC-FT)

CUMULATIVE AREA =

¥vese NORMAL END OF HEC-1 *¥¥

2.70, TOTAL LOSS =

6-HR

310.
1.818
83.

MAXIMUM AVERAGE FLOW

24-HR

310.
1.818

83.

.86 SQ MI

72-HR

310.
1.818
83.

.88, TOTAL EXCESS =

1.82

3.25-HR

310.
1.818
83.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYDRotoo 16 DESIGA LIANUAL PAGE L OF 1
DETAIL ___ EXAMPLE # 9 COMPUTED DATE
CHECKED BY DATE

APPLCATION OF S-GRAPHS

SCEMARIO : DEVELo L THE RPPRoPRLIATE UNIT- GRAPH For THE ENCLOSED BASsa/,

STEP | 2 Li1sT PIHISICAL CHARACTERISTICS *

Neea(A) = 519 e

LENGTH OF WATER CoursE (L) = 5.2 wa

( FRoM OUTLET TO DRAINAGE BounDARY)
&

LENGTH OF WATER Coukse To # PoidlT OPPISITE TO CENTRolD (/_“> N,
SloPE (5) - _LH _ 2900~ 1500 _ 269 Ff/nl.

L 5.2
BAS(W FActok = _Lla _ (si2)(30) _ q¢
R 26a '/t
. STeEP 2 ¢ SéEeT K 3/ CoMPARRISON WITH SiMILAR WATERSHEDS. LisT THE

DATA FRoM SrMILAR WATERSHEDS. FRoM LAG RELATIONSHIP 1a) THE
HYDRoLaGIC 1MMANUAL

_No. __plams A L Lea 8 Law K
3 Sawta Axirale. 0.8 568 25 690 // 05
5  EAToN WASH 95 73 44  lLoo /'3 05
1/ LwvE oak Co.  2-3 27 75  Toe &% 070

NEXT Look AT An FoR ///Azeauazc/la/ SIArItAR WATER SHENS .
RGAIN FRoM LAG RELATIONSHIPS

No. NAME (<n
22 N RWER AT Lock SPeidis 0Ys
23 Neaw! Brvce A7 Ve RER oS
24 New RvErR AT Bew RoAd 1037

‘ 25 SkuwK CREeK o33




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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S USTRiET PROJECT HYBRotoaic DEsten rHANuAL PAGE L oF _7

| DETAIL EXAMPLE =9 COMPUTED DATE ’
CHECKED BY DATE

LEsan/d

WATERSHED Bounpse y

ELEVATION HMARK

_NTS




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT [ YDRILoG ¢ DESIGA SIANUAL PAGE 3 oF _7
DETAIL EXAMPLE #9 COMPUTED DATE
CHECKED BY DATE

THEN, ASSumimlta THAT THIS IS A NATURAL WATSRSHAED (al THE PlounTAINS
AND  Foor HtS OF MIRIcCoPA (’aw/‘/ 5 Kn 1S S&Ecre) To B BETweEsY
040 AND 050,

EVEN THouaH THE WATERSHED IS SMALL WHICH Wite Ao T CoN7e8ute 7o Grear
HIDrAVLIC EFFICENCY 5 /'« &5 PookeY DEFINED CHANNES 5 STIL THE SLoPE
/S Quité STEEP . AS A RESHT [n= 090 (S SECECTED,

STEP3 . CALCtATE THE LAG « THE Followimla LAG REAhATIoN BY THE
CorPS gF ENGINEERS [S WSED

' 38 3%
L/?G:ZoKn(Llca/S"‘) &= 20(-04)(“35) = 0:78% HouRs
SZEP 4 Caccunre THE cirimare Oi5chrress @uer s

} » Qo Ly5S3A 645:33(5:19) _ 5,,94 crs
| yLr A D) (/0/60}

WHEES |
@uey = LTIMATE DIStHIRGE (C,cs)

A = DrawAse Aren (mu?)

D = DurnTioN OF EXCESS RAnFAL ( Hours),
D was Sceeered TO BE [0 MiMurss. THIS VALUE 1S WITHIY THE
RANGE o F (10> -25)/“(1"’6 TImME) AS Suasesre)) N THE /Aruse.
MoTE THAT D 15 AlSo THE HJ/DRoGRAPH Timg S7TER; BT, USED
N HEC-1 AS THE IT" Rccoed -

STERS L AT THIS Poi7 Fir oF THE NECESSARY FARAMETERS ALE Fouwd,
A UNIT- BRAPH CAN BE DEVELOPED BY USiNb THE e wHP2 " Proaram.

ALTERNA T VEC S A UNIT-GRARPH CAN BE Buwr /%wu,my , WHICH (S
EXPLAINED NEYT.




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

~

PAGE 4 OF

HYDPR0LOGIC DESlza! LIANUAL

EXAMPLE # 9

PROJECT

DATE

COMPUTED

DETAIL

DATE

CHECKED BY

MANUAL CoNSTRULTION OFF A [0-MINUTE UNIT HYPROGRAPH FRam TiHE

S ~-GeAPH

PHIENIX /Mounl TAIN DIMENSION LSS

CoMSIDER A WATERSHED WITH THE Foltowints CHARACTERISTICS

5.9 it
0:7% [Hours

-—
-

A
LAG

-
-

20, 096 CFs

—
-—

[64563(/\)]/0 = [645-33(5"‘1)] /~/(.7

QULT &

@ CoNSTRACT A TABLE SimicAR To THE Forrow/ialla !

THE DISCHARGE AND TiME Columm FRorm THE “Oimensiomeess” S -GrA PH)

71—”5 (Houl )

Y L1AG

Drscun ke (tes)

% Pur

ORDINATE

™ 32q4?7084337454

N SMRAAIPIVE AT RN Al g g 3TN m.._.b MEl —rSiNeo9e e O
%5 T3 WS RT s TS Om MmITANT AT Ty -

roanesy 3%y RS ~ 5”9 Cooll—qAmITNeTeg 0TS

mu¢qddGWW#w..ﬁd6mwmwwm-nﬂ..4..ﬁm.hhhrvhvhtvltnh2223

‘OmOOOJ

Q000000700 g ~~ 000X =00 rp0p0 0 T OB ~000000e 309 Y 22 A2 G0

o o Bl e e 2Lae Taiie % ie tedt—m S apisnayE T ONR-3 NV N =T o
03171093003691”%7g 5% lﬂ‘M””MWWHZS54455M7”HUL&*61
N TITTNNS9 9l MAEPeTERS 2o rar o Sa S

\
Vg —MAFE AT 3%Qd T a0 o N TN T -TVCC <~ N800 F o WY 9
e A S N e e
TRNIVIONI TN o TN S TS DTV ¥ QY °
TN 3 M TT TN GONN Besig 58 0 G == N N uMMTT TN S S g ST e o

ot ™t e e e S SN NS NN

NIQooNTIFOS TINO
QUTSP QN T INANTINCATINONT AN T %
ONT S T 2 e N ARMAMT I TTTIONNN2 439 N I~ pre e T e

- Q= NMTNIFNRT Q=M TNI N g NmTOI O~da N "Nperd
i et S 2 NN RN R A R A LT TTIT T T




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT [HYARoLoGit AESIGN /1TANUAL PAGE .S oF _7
DETAIL EXAMPLE # T COMPUTED DATE
CHECKED BY DATE

@ TRANSForM THE S-GRAPH To A 10-MNUTE UniT HIBRo&GRAPH » WSE LINEAR

INTERA PaLATION /A [0-Minle JNCEEMENTS /DR TimE AWD OISCHARGE VALUE.

® L 4
ORDINATE '77,46( Hes) @s, (C’FS ) @s2 (crs) Qua (cFs)
] 0 o o (6]
2 167 398 ) 3728
3 1333 1673 37§ 1298
o + Se0 4153 1673 249
5 667 2729 4153 3576
6 <833 /0924 7729 3095
7 11007 /2939 10824 2118
g 1167 14443 /2939 1704
” /333 /5992 14643 1299
/o [/ Soo 693/ 15972 789
‘ (l (667 /77232 /6931 go !
/2 /833 /8287 17732 5
/3 2.00¢ /78725 ] 32287 Y3y
Y 2.167 [ Gob! /8725 336
15 2333 (9327 1906! 264
[ 6 2.50v 1950 (9327 /83
17 2.667 19699 19 510 184
1§ 2:833 14768 ey 21
(9 3 .000 19837 19765 72
20 3./67 /990& 19837 ”y
21 3.333 19972/ 1990k b3
o /9971 "

® l6-Min LA
v ¢U(, = ¢51 - Ps,




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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PROJECT HYORotote DESiaal ITAAMUAL PAGE & oF _7
DETAIL EXAMPLE #9 COMPUTED DATE ‘
CHECKED BY DATE

(@) CoNTese. Momice THE BEWAVIOR OF THE UNIT GRAPH VALUES FRorf Time= 2:SHR ON,

THIS 15 CAuSED BY THE LiN6ER TIME INCREMENTS AT THE ENS oF THE
S-GRAPH. To CogrecT THIS, CoNSTRUC(T A GRAPH oF THE “TAIL" Region/
OF THE S-GRAPH, LAG IT BY THE APPRIPRIATE DURATION ; AND SuB7eALT
THE orpinATES ((SEE GRAPH A, AT PAGE )

FinAL 10 ~Min-  LUNIT - Gealy

TiME (h‘ﬂs) D/ScHARHE (CFS,)
o e}
167 3725
-333 1278
S00 2490
607 3776
533 3098

foos z21ls
(167 1704
[:333 1299
1500 9¢/
/6067 gol
/833 955
2001 ‘1’3 8
2067 330
2.333 2606
2.50¢ 183
2.447 JAY/
2.933 125
3.000 qs
3.167 75
3.333 bo
3.500 s
3. 667 (6]

THE (SER CAN EITHER Run ProarAr “"McunPz’ To Gencears THE
GRAPH » OR ALTCRNATIVELY PRoDULE /T MANUALLY , AS WAS S/Jaw‘
"ur" Recoed

UNIT-
Il EITHER CASE THE VALUES CAN Be USEDL AsS THE
o R /HEC- | APLPPLICATIOAN




26096 CFS
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HYDRototie DESIaal 11ANUAL PAGE 7. oF _7

DETAIL EXamoE #9 COMPUTED DATE

CHECKED BY DATE

35 3-75

Zime (Hours)

3.25

S- GraPH TAL
1

2.75

2.5

2.25

Zoooe |-
19508 |
[9000|

m nx% INYRISIT




AR ARRA KRR KRR AR KRR AN A KA A AR KRR R XA KA KRR AR R K ®
%

]

. FLOOD HYDROGRAPH PACKAGE (HEC-1) = * U.S. ARMY CORPS OF ENGINEERS
* - FEBRUARY 1981 x * THE HYDROLOGIC ENGINEERING CENTER
* REVISED 05 DEC 88 X L 609 SECOND STREET
*
* x * DAVIS, CALIFORNIA 95616
*
* RUN DATE 01/10/1990 TIME 16:01:06 * * (916) 551-1748
®
* *

XA KRR R R AR AKX KRR KA R AR KRR XA XA R AKX X XK

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 OOXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS AEC1 (JAN 73), HEC1GS, HEC1DB, AND HECTKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM




HEC-1 INPUT PAGE 1

LINE I....... , IR &k, N B Sty Rt B, Foah Tk, Do Bk i - S 10
D SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE

2 D MARICOPA COUNTY HYDROLOGY MANUAL
‘k*tt**tt*t******t*tttttttit*t*t*kt**t***t*‘t*t*ttt*ttt*tt***i*ttt*xttttt!tt*kt

B D EXAMPLE # 9 - S-GRAPH APPLICATIONS
t*ttttiﬁiﬁiti‘*'t*t***!t!t*!i**ﬂﬁ'**ttktt!ttti'ttttﬂtkt*kttt!i**xtltltltt*it!

4 1D RAINFALL: 6-HR, 100-YEAR POINT RAINFALL DEPTH OF 3.40 INCHES

5 ID UNIT-GRAPH: DERIVED FROM PHOENIX MOUNTAIN S-GRAPH

6 ID LOSSES: IL + ULR BY SOIL TEXTURE Pl

T ID BASIN AREA: 5.19 SQUARE MILES, PATTERN #2.35, AREAL REDUCTION 0.967
tt"titt!*!titR**ttﬂiﬂtt"*ttt’tit!ﬁtititt!l’!ttttiitt**ttttlttﬁ!*tltt*ﬁ!littt*

8 T 10 05SEP8S 0000 50 ’

9 10

10 KK BASIN

1" KM COMPUTE DISCHARGE AT BASIN OUTLET

12 IN 15

13 PB 3.28

14 PC  0.000 0.009 0.015 0.024 0.037 0.047 0.058 0.069 0.080 0.091

15 PC  0.104 0.118 0.139 0.18 0.270 0.458 0.686 0.823 0.889 0.929

16 PC  0.960 0.981 0.986 0.989 1.000

17 BA  5.19

18 L 0.7 0.25 3.00

19 Ul 373, 1308. 2472. 3570. 3110. 2107. 1703. 1327.  963.  799.

20 Ul 556.  438.  336.  266. 183.  183. 72. 72, 72. 72.

21 uI T, 0.

22 1z




P R R R LR R R S S T I

' HYDROGRAPH AT STATION  BASIN

AR A KK A A AR R KR A R R Rk A A R A A A R A A A R A A A R A A A A A A A A R A A A R R K R AR A AR R K A A A R A A A A AR KR A R A A AR R A A A AR A R A A AR K AR AR A AR KRR KRR AR AR R R AR AR R AR KX

*

DA MON HRMN ORD RAIN LOSS EXCESS COMP Q * DA MON HRMN ORD RAIN LOSS EXCESS COMP Q
*

S SEP 0000 1 .00 .00 .00 0. * 5 SEP 0410 26 .30 .04 .26 3399.
5 SEP 0010 2 .02 .02 .00 0. * 5 SEP 0420 27 .22 .04 .18 4414,
5 SEP 0020 3 .02 .02 .00 1. * 5 SEP 0430 28 .14 .04 .10 4818.
5 SEP 0030 4 .01 .01 .00 2. * 5 SEP 0440 29 .09 .04 .05 4609.
5 SEP 0040 5 .02 .02 .00 4. * 5 SEP 0450 30 .08 .04 .04 4060.
5 SEP 0050 6 .02 .02 .00 6. * 5 SEP 0500 31 .07 .04 .03 3435.
5 SEP 0100 7 .03 .03 .00 7. * 5 SEP 0510 32 .05 .04 .01 2812.
5 SEP 0110 8 .02 .02 .00 9. * 5 SEP 0520 33 .03 .03 .00 2255.
5 SEP 0120 9 .02 .02 .00 10. * S5 SEP 0530 34 .01 .01 .00 1792.
S SEP 0130 10 .02 .02 .00 1. * S SEP 0540 35 .01 .01 .00 1377
5 SEP 0140 11 .02 .02 .00 12. * 5 SEP 0550 36 .02 .01 .00 1054.
5 SEP 0150 12 .02 .02 .00 12. * 5 SEP 0600 37 .02 .02 .00 808.
5 SEP 0200 13 .02 .02 .00 13. * 5 SEP 0610 38 .00 .00 00 623.
S SEP 0210 14 .02 .02 .00 13. * 5 SEP 0620 39 .00 .00 .00 466.
5 SEP 0220 15 .03 .03 .00 14. * 5 SEP 0630 40 .00 .00 .00 354.
5 SEP 0230 16 .03 .03 .00 14. * 5 SEP 0640 41 .00 .00 .00 262.
5 SEP 0240 17 .03 .03 .00 14. * 5 SEP 0650 42 .00 .00 .00 212.
5 SEP 0250 18 .04 .04 .00 15. * S SEP 0700 43 .00 .00 .00 173.
5 SEP 0300 19 .05 .04 .00 16. * 5 SEP 0710 44 .00 .00 .00 129.
5 SEP 0310 20 .10 .10 .00 18. * 5 SEP 0720 45 .00 .00 .00 90.
‘ 5 SEP 0320 21 4 14 .00 23. * 5 SEP 0730 46 .00 .00 .00 53,
5 SEP 0330 22 .19 .08 1 69. * 5 SEP 0740 47 .00 .00 .00 39
5 SEP 0340 23 .41 .04 37 313. * 5 SEP 0750 48 .00 .00 .00 17.
5 SEP 0350 24 .45 .04 41 940. * 5 SEP 0800 49 .00 .00 .00 9.
5 SEP 0400 25 .50 .04 46 2042. * 5 SEP 0810 50 .00 .00 .00 5.

AR AR R A AR R R R A AR R R A A R A R A R R R AR A R A R R A R R A A R A A R R A R A A A R A R AR A A AR A A AR A A KA A AR XA AR KRR R AR A AR AR AR AR AN

TOTAL RAINFALL = 3.28, TOTAL LOSS = 1.24, TOTAL EXCESS = 2.04
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 8.17-HR
+ (CFS) (HR)
(CFS)
+ 4818. 4.50 1132. 833. 833. 833.
( INCHES) 2.028 2.032 2.032 2.032
(AC-FT) 561. 562. 562. 562.
CUMULATIVE AREA = 5.19 sQ MI




PEAK

OPERATION STATION FLOW
HYDROGRAPH AT

BASIN 4818.

NORMAL END OF HEC-1 **x

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

TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXTMUM
PEAK AREA STAGE
6-HOUR 24-HOUR 72-HOUR
4.50 1132. 833. 833. 5.19

TIME OF
MAX STAGE




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT HDRstoaic  DESIal  MANUAL
DETAIL EXAMPLE # 10

PAGE | oF 2

COMPUTED DATE

CHECKED BY DATE

\AQAQ*‘CA 1V \6\ 0

KINEMATIC  \WAVE Rouri(x

Leaend

L ™ Y WATERS HED Bo uﬂmr!/

N v —

NATURAL WASH
== ConCreTE WASH
ette—e N BASH Bounbary

o~ CoNCENTRATION
POINT

NTS

D

Seenario: P,Zé'wauscy /N EXAMPLE # T, PeAK Fiow/ AT ConceEnTRATION
AT () was Cacupred Fon Sug-8asi (B)« THIS EXAMPLE
Wit WSE AKINEMATIC WAYE RodTiAa THE 1113 Mite Lorta RKEACH
To CALLUtATE THE PEAK AT ConcenTrATION PenT (4).
STEPI:  JoLl€CT NECESSARY DATA FoR THE CHANNEL !
THPE CONCRETE LINE, TRAPoZeIDAL
LENGTH 1«13 Mg
v /
AVE:- DepTH: 4 FeeT / ?
SI1bDE StoPE: 075 ¢ 100 |
. ‘7
MANANING'S N2 0I5 :
Bo7toM wWipTH i 35 FEET < 35 5

CHANNEL SLoPE: 613 fr/er




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT ___ HYDAPRstloGale DESIan] MANUAL  PAGE Z OF _2
DETAIL EXaMPLE # 10 COMPUTED DATE ‘
CHECKED BY DATE

@ SinCE KINEmATIC WAVE RouTiNG DoEs Nor CHECK ok CHAwNEL (.’/)PACITy)
DESI@N PARAMETERS MUST BE CHECKED To ASSURE FPRoPER ConNVEYANCE
THRoG !l THE REACH OTHERWISE , THE /74DEL write AUuTomMA TICRLLY EXTEND
THE CHANNEL BoundARIES Ta CoNTAmn THE Fiow

() THE HorE RECENT YERSIONS OF //&c-1 (/78’8 ANO &wnw) ACCoun7 /08 7HE

PRoPIER SErecTion OF CoMPATATIONAL TiME STEL To ASsuec THAT 7THE

RouTED PEAK /S NOT UNREALISTICALLY ATIENUATED .
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FLOOD HYDROGRAPH PACKAGE (HEC-1) % % U.S. ARMY CORPS OF ENGINEERS *
FEBRUARY 1981 ® * THE HYDROLOGIC ENGINEERING CENTER ~
REVISED 31 JAN 85 X o 609 SECOND STREET b
¥ o DAVIS, CALIFORNIA 95616 ¥*

RUN DATE 9/ 8/1989 TIME11:18: 8 * * (916) 440-3285 OR (TrTS) 448-3285 *
* ~ g

X X XIXXXXX  XXXXX X
X X X X X X
X X X X X
IXXXXXX  XXXX X XXX X
X X+« X X X
X X X X X X
X X XXX XXXXX X

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS EEC1 (JAN 73), HECIGS, HEC1DB, AND HECIKW.

THE DEFINITIONS OF VARTABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CEANGED WITH REVISIONS DATED 28 SEP 81. THE VERSION RELEASED 31JAN8S
CONTAINS NEW OPTIONS ON RL AND BA RECORDS, AND ADDS THE HL RECORD. SEE JANUARY 1985 INPUT

DESCRIPTION FOR NEW DEFIRITIONS.
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HEC-1 INPUT
IDL e ) o & smbie@ics & 5 misis Doseen o w b 2 mes B2 ae. d L | Psjems s o Bicoomns 9
iD SAMPLE BEC-1 RUN USING TECHNIQUES OUTLINED IN THE
1D MARICOPA COUNTY HYDROLOGY MANUAL
* ek b e e T T — e ek e vk ek e ke e ke e e
D EXAMPLE § 10 - KINEMATIC WAVE ROUTING
% e v ke sk e ke ARk Fed ke deke e dekede s ok ke ke ke e ke e e e g de vk "
IT 5 05SEP89 0000 75
I0 3
* Yok eddedededk ke * ek el e2oa o
KK BASIN2
KM  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 4.35 5.20 6.05
PC 8.1 9.40 11.35 14.5 22.85 40.85 75.85 86.85 91.0
PC | 95:95 97.5 98.35 98.9 100.
BA 2.17
LU .65 .20 21.
UA 0 - 16 30 65 77 84 90 94
uA 100
uc -440 -156
* Fedodekddeodedok ek Hedededodedekdedododedek Fetededdedede Seddede e e e e e e ek Hededede
KK  ROUTE
KM ROUTE THROUGH DOWNSTREAM BASIN USING KINEMATIC ROUTING
.00 1 2
BK 5966.4 .018 0.015 TRAP 3s. 0.75
2z

6.90
93.85

97
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18 KK L ROUTE *
* *
AXKKRKKKKKRKKR

ROUTE THROUGH THE DOWNSTREAM BASIN USING KINEMATIC WAVE ROUTING

20 Ko OUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 2 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

21 RK KINEMATIC WAVE STREAM ROUTING

L 5966. CHANNEL LENGTH
S .0180 SLOPE
N .015 CHANNEL ROUGHNESS COEFFICIENT
CA .00 CONTRIBUTING AREA

SHAPE TRAP CHANNEL SHAPE
WD 35.00 BOTTOM WIDTH OR DIAMETER
& .75 SIDE SLOPE

DXMIN 2 MINIMUM NUMBER OF DX INTERVALS

* %%

COMPUTED KINEMATIC PARAMETERS

VARIABLE TIME STEP
‘ (DT SHOWN IS A MINIMUM)
ELEMENT ALPHA M DT DX PEAK TIME TO VOLUME MAXIMUM
PEAK CELERITY
(MIN) (FT) (CFS) (MIN) (IN) (FPS)
3 1.51 1.59 <39 994.40  4548.78 247.02 2.36 47.18
CONTINUITY SUMMARY (AC-FT) - INFLOW= 274.296 EXCESS= .000 OUTFLOW= 273.483 BASIN STORAGE= .762 PERCENT ERROR= .019

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

3 1.51 1.59 5.00 4516.93 250.00 2.36
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HYDROGRAPH AT STATION ROUTE '

B R R s I R R R e I I I I T I ™

*

* * *
DA MON HRMN ORD FLOW * DA MON HRMN ORD FLOW * DA MON HRMN ORD FLOW * DA MON HRMN ORD FLOW
* x *
5 SEP 0000 1 0. * 5 SEP 0135 20 32, * 5 SEP 0310 39 60. * 5 SEP 0445 58 898.
5 SEP 0005 2 0. * S5SEP 0140 21 32. * 5 SEP 0315 40 69. * S SEP 0450 59 679.
5 SEP 0010 3 0. * 5SEP 0145 22 33. % 5 SEP 0320 41 81. * 5 SEP 0455 60 524,
5 SEP 0015 4 0. * S5SSEPO01S0 23 33. * 5 SEP 0325 42 97. * 5 SEP 0500 61 407.
5 SEP 0020 5 0. * SSEPO155 24 33. * 5 SEP 0330 43 129. * 5 SEP 0505 62 318.
5 SEP 0025 6 0. * 5SEP 0200 25 33. * 5 SEP 0335 44 221. * 5 SEP 0510 63 253.
5 SEP 0030 7 0. * 5SEP 0205 26 33. * 5 SEP 0340 45 569. * 5 SEP 0515 64 204.
5 SEP 0035 8 2. * 5SEP 0210 27 33. * 5 SEP 0345 46 1208. * 5 SEP 0520 65 161.
5 SEP 0040 9 12. * 5 SEP 0215 28 33. * 5 SEP 0350 47 1873. * 5 SEP 0525 66 127.
5 SEP 0045 10 17. * S SEP 0220 29 32. * 5 SEP 0355 48 2631. «* 5 SEP 0530 67 101.
5 SEP 0050 11 19. * 5 SEP 0225 30 32. * 5 SEP 0400 49 3553. bl 5 SEP 0535 68 81.
5 SEP 0055 12 20. * S SEP 0230 31 33. * 5 SEP 0405 S0 4323. * 5 SEP 0540 69 65.
S5 SEP 0100 13 22. * S5 SEP 0235 32 34. * 5 SEP 0410 51 4517. * 5 SEP 0545 70 53
5 SEP 0105 14 24 . * 5 SEP 0240 33 37. * 5 SEP 0415 52 4119. * 5 SEP 0550 |71 43.
5 SEP 0110 15 27 . * S SEP 0245 34 40. * 5 SEP 0420 53 3477. * 5 SEP 0555 72 36
5 SEP 0115 16 30. * 5 SEP 0250 35 43, * 5 SEP 0425 54 2799. L 5 SEP 0600 73 31.
5 SEP 0120 17 32 * S5 SEP 0255 36 45. * 5 SEP 0430 55 2151. * 5 SEP 0605 74 30.
5 SEP 0125 18 32. * 5 SEP 0300 37 48. * 5 SEP 0435 56 1608. * 5 SEP 0610 75 31.
5 SEP 0130 19 32. * 5 SEP 0305 38 53. * 5 SEP 0440 57 1200. *

' ) i ‘II'
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*

PEAK FLOW TIME MAXIMUM AVERAGE FLOW _
6-HR 24-HR 72-HR 6.17-HR
+  (CFS) (HR)
(CFS)
+ 4517, 4.17 551. 536. 536. 536.
(INCHES) 2.361 2.361 2.361 2.361
(AC-FT) 273. 273. 273. 273.
CUMULATIVE AREA =  2.17 SQ MI
1 STATION  ROUTE




OPERATION STATION

HYDROGRAPH AT

+ B-2
ROUTED TO
+ ROUTE
1
ISTAQ ELEMENT DT
(MIN)
ROUTE 3 .35

CONTINUITY SUMMARY (AC-FT) - INFLOW=

*%%* NORMAL END OF HEC-1 #*=

PEAK
FLOW

4552.

4517.

45

274 .

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

TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN
PEAK AREA
6-HOUR 24-HOUR 72-HOUR
4.08 553, 538. 538. 2.17
4.17 551. 536. 536. Z2:1¢
SUMMARY OF KINEMATIC WAVE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPOLATED TO
COMPUTATION INTERVAL
PEAK TIME TO VOLUME DT PEAK TIME TO
PEAK PEAK
(CFS) (MIN) (IN) (MIN) (CFS) (MIN)
48.78 247.02 2.36 5.00 4516.93 250.00
296 EXCESS= -000 OUTFLOW= 273.483 BASIN STORAGE=

MAXIMUM TIME OF
STAGE MAX STAGE
VOLUME
(IN)
2.36

.762 PERCENT ERROR=

.019



STATION ROUTE
(I) INFLOW, (0) OUTFLOW
0. 1000. 2000. 3000. 4000. 5000 0.

DAHRMN PER

100 1I

-005 21
50010 31 .
50015 41
50020 s5I . .
50025 61 3
50030 71 - 4
50035 81 5 5
50040 91 s . s
50045 101 g . o
o TR SR (O A A T .
50055 121 = - s
50100 131 - . . s
50105 141 e . .
50110 151 . o =
50115 161 - . e
50120 171 " & . .
50125 181 . .
50130 191 : . . .
50135 201 . . .
50140 21T o & & 4 4w o . R L T R T e
50145 221 . o .
50150 231 . .
50155 241 . e
50200 251 . . .
50205 261 . .
50210 271 . " =
50215 281 . .
50220 291 . . .
50225 301 . . .
50230 31T . . .. ... ... " e e ey W s W 5 o e % @ e e e
50235 321 . . s
50240 331 . . .
50245 341 . . . .

250 351 . . . .
#0255 3601 . . . .
50300 3701 . . . S
50305 38.1 . . . .
50310 39.1 . . - .
50315 40.1 . . . .
5032041.1........................ e o s o oo o e
50325 42.1 . . .
50330 43.01 - . .
50335 44. 01 . . .
50340 45. o I . . .
50345 46. . 01 . . .
50350 47. . 0.1 .
50355 48. . . 01 .
50400 49. _ e . . 0.1,
50405 50. . . . . 01
50410 51.................. ..... Is s < e oae o @ #lE
50415 52. . . . 10
50420 53. . . .10 .
50425 54, . . 10 . .
50430 5s5. . I.0 . .
50435 5se6. . 10 . - .
50440 57. 10 - . .
50445 s8. Io. . . -
50450 59. 0 . . . .
50455 60. I0 . . . .
5050061..10...................... e« o e ol by
50505 62. 10 . . . E
50510 63. 1 . . .
50515 64. 1 - . .
50520 65.10 . . .
50525 66.1 . . . .
50530 67.1 . . s
50535 68.1 . . . .
50540 6910 . . .
40545 7010 . . . =
905505701 s et 6 51 % Al 5 o v owire wm w S i e . CRCP “ e e o e
50555 721 . - B 5
50600 731 . . . .
50605 741 . . . 3
50610 75I--=---ee- . -m——- em———————— e e e
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

prosecT A YDROLOGIC DESIGN /TANUAL pace [ oF _ 2
DETAIL EXAMPLE # || COMPUTED DATE
CHECKED BY DATE

Keuiseo S/alg90 “/1z|ac

MUSKINGUM ROUTING

le /.05 mi

_;_CEA/A RIO : DEVvELOP MusKkINGum FARAMETERS FOR SUBBASIN
#2  Roure A FLOO0 HYDROGRAFPKH FRav SUBBASIN

.N #1 THROUGH SUBBASIN # 2 FRor CoNCENTRAT/ION
PoINT A 70 8.

STEP L prveroP MUSKINGUM PARAMETERS :

ASSUME AN AVERAGE CHANNEL CROSS-SECT/I0N

ﬁmFROM SUBBAs/N # 2.:
v

N : Y=z’

v'/,,/,bglzs'/'/// -+
A, CALCULATE VELOCITY:
A= (b+24) Y= (25+)(2)2 = 54 ft*
P= b+zy(1+2)" = 25+ 2)(2)( 1+ (1))™ = 30.6¢ ft
R=Ap = SYft*/30. 66 £t = 76/ fL
S= 0170 ft/ft
n=.040
= 2 Vot _ % B _ a £t
® V= L43 R¥ G o LI (19)" (0120)" = 708 FY
5.18

. 040 .00q!1




FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT PAGE £ oF 2
DETAIL__EXAMPLE ¥ | COMPUTED DATE .
CHECKED BY DATE
— / . ) AL, 5/% 5, L)S-
Z{:- ] 7._//’//: ./.r,f-— ,/‘L’/r// VE (I:,‘ ELER/ ~,'r,\"/ C \/l\’{) — gy | / . " e .' 7( (/(),,—nk = ﬂ)ﬂ/, (8d) ’ /

Vv

CALCULATE K

= . £t _L S U5 . B
K= 125 mi x .5‘280.’4_(. X' = I e inq hr

ESTIMATE X :

SINCE THE CHANNEL IS SHALLOW WITH MODERATE
T LOow SCOPE , ckloos& X = 0.20

CHECK _NSTPS :

NSTPS MUST BE WITHIN | o _(ansxxxe0) oI
THE FOLLOWING LimiTs @ 2(1=X)  (wein X N5TPS) 2X

-l [P
TRy NSTPS=| : |, .289To) , _{

2(k2) ~ (5) (1) ~ 2(2) »
026 £ 34T £ 2.5 —> Ao Good !
2,54
X2
TRy NSTPS=2 * T .
5_<2) /'.;37 s et

STEP 2

ENTER MUSKINGUM PARAMETERS /INTO AN HEC-(
INPUT FILE oN Tz E KM CARD. AAND
CALCULATION TECHNIQUES cAN BE FOUND
IN MOST HYDROLOGY TEX7T LOOKLS.






