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1. BRIEF DESCRIPTiON OF PROPOSAL AND REQUESTED BOARD ACTION: It is requested that the Bc:ard of Directors

awIDVe a resoluticn adcpting volure one of a tw:>-volure drainage design rranual. Ehtitle::i the HyClrolcgic
Design Manual for Maric::p3. Ccunty, volure one provides technical prcce::1ures for estimati.rq stoI:ITWater
ruroff to assist engine=rs in the design of storm drainage facilities. Volure tw::l of the drainage design
rranual will provide ''hydraulic'' design guidelines as cg;:ose::i to "hydrolcgic" prcx:aJures and will J:e
presented for the Board IS OJl1Sideraticn at a future date. I:evelq;:mant of the rranuals was arrong the
cbjectives of a nulti-jurisdictional task force fome:i by the District in 1985 to establish a a::rnn:n 1:asis
for dra.ina.ge rranagarent within Marioq;:a Co.mty. By fomally ad:pting volure one, the Board will establish
the hydrolcgic design p:t'cx:edures descri.l::e::i in the rranual for use by District staff, by jurisdictions cost­
sharing with the District in fleed centrol projects, by centractors parfo!llli.ng w:>rk for the District aOO,
b;ginning January 1, 1992, by all parties suhnitting drainage rer;:orts and sb.rli.es to the District for
revie.; and awroval. '!he Flcx:d Control Mvisory Board reo:rmen::led adcpticn of this resolution at its
January '23, 1991 rreeting.

5. MOTION: It is moved that the Flood ContrOl District of Maricopa County Board of Directors. 'adopt Resolution
FCD 91-03, the Hydrologic Design Manual for Maricopa County, thereby requiring its use
by jurisdictions cost-Sharing with the District in flood control projects, by
contractors worki.ng for the District, and beginning January 1, 1992, by all pariies
subnitting drainage ref'Orts and sb.xlies to the District f.or review and awroval.
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The objective ofthe Drainage Design Manualfor Maricopa County, Volume I, Hydrology,
(hereinafter referred to as the Hydrology Manual) is to provide technical procedures for the
estimation offlood discharges for the purpose ofdesigning stormwater drainage facilities in
Maricopa County. Two methodologies are defined for the development ofdesign discharges;
the Rational Method, and rainfall-runoff modeling using a design stonn. 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 fWloffvolwnes and
this method should not be used ifa complete runoffhydrograph is needed, such as for routing
through detention facilities. For larger, more complex watersheds or drainage networks, a
rainfall-runoffmodel should be developed. The HydrologyManual provides guidance in the
development of such a model and the estimation of the necessary input parameters to the
model. Although not necessarily required, the use of the U.S. Army Corps of Engineers'
HEC-l Flood Hydrology Program facilitates the use ofthe procedures that are contained in
the Hydrology Manual. (The Hydrology Manual was written to supplement the HEC.,]
User's Manual.)

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

The rainfall-runoff modeling procedure that is contained in the manuaHs physically based,
that is, the procedures are based-to the extent practical-on the physical processes that
occur during the generation of storm runoff from rainfall. While the basic procedure is
physically based, this does not assure that the rigorous application ofthe procedures will, in
fact, reproduce the actual rainfall-fWloffphenomenon ofany storm that has occurred ormay
occur in the future. However, the procedure, when applied with good hydrologic judgement,
should yield consistent result~ for design purposes.
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Throughout the development ofthe Hydrology Manual three benchmarks were continually
applied injudging the applicability ofindividual procedures and the overall methodologies;
accuracy, practicality, and reproducibility. Accuracy is a measure ofhow 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 user's decision regarqing the best and most appropriate level oftechnology
to applyconsideringtheinformation'that is available, anticipated user, consequences oferror,
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 leveloftechnology is judged to be recommended in the
manual considering the state of current hydrologic knowledge ofarid and semi-arid lands.

ReproduCibility is a characteristic that provides a reasonable assurance that consistent results
will be achieved by all qualified users. Reproducibility is highly desirable for a design
standard in order to eliminate-to the extent possible-unnecessary conflicts over the
interpretation _and application of the design method. _Reproducibility is achieved through
c1earand concise manual procedures and user guidance. Every effort has been made toward
this end.

A brief discussion of the contents ofeach chapter of the Hydrology Manual follows:

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

Chapter2, Rainfall: The characteristics ofsevere 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-frequency statistics of storms in
Maricopa County. These are derived from NOAA Atlas 2, Arizona, which is the most
comprehensive and authoritative source of such information. The limitations and
potential inaccuracy of the NOAA Atlas are recognized and until an equivalently
accepted source of rainfall statistics is provided, this source must be used. Recent
reanalysis of the short duration (less -than I-hour) rainfalls by the National Oceano­
graphic and Atmospheric Administration have been used as a supplementto 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 ofEngineers, Los Angeles Distric~ ofthe 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 ofdrainage 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
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by a depth-area<f~cl~d:ion curve base~8h'ilid':1954 Queen Creek stonn. In some cases
a general stonn may be the accepted design rainfalL In Maricopa County, the general
stonn to be used is the SCS Type II pattern using NWS HYDR0-40 areal reductions
ofpoint rainfall.

Chapter 3, RationalMethod: Use of the Rational Method is to be limited to areas ofup to
160 areas, and is generally limited to urbanized conditions. The watershed should be
of unifonn land use for application of this method. Intensity-duration-frequency
(I-D-F) statistics are to: be obtained fromthe infonnation contained.inChapter 2, and
an' I-D.,.F curvei;'for, general use' is;,:contained~intthei:manuaD;:)\:tr§.·equation·-fot-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.

€haptet4, RainjciILLosses:'The·preferred.m:ethod-fortheestimationofrainfalllosses,js·the
Green and,Amptinfiltration'equation with an:estimate,ofsurface retentionloss'. This
requires the classification of soil accordingtosoil:texture, wmch..is availa:bleformost

"ofMaricopaCounty.Adjustment ofthe'iloss rateis'availableas a~functionofvegetation
cover. Other methods are available to estimate rainfall losses if adequate soils and/or
vegetation data are not available.

Chapter 5, UnitHydrograph Procedures: The use ofunit hydrographs to route rainfall excess
from the land's surface is recommended and the procedures recommended to do so are
either the Clark unit hydrograph orthe application ofselected S-graphs. The Clark unit
hydrograph is recommended for watersheds or subbasins less than five square miles
in size with an upper limit of application often 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 watersheds \
and the other for natural watersheds. Four S-graphs have been selected for use in flood
hydrology studies ofmajor watercourses in Maricopa County. The Phoenix Mountain,
Phoenix Valley, DesertlRangeland, and the Agricultural S-graphs are described and
guidelines are provided for their selection. A procedure is provided for the estimation
ofthe S-graph parameter, lag.

Chapter 6, Channel Routing: General guidance is provided for the use of Kinematic Wave
. routing, Muskingum and Muskingum-Cunge routing, and Nonnal-Depth routing.

Kinematic Wave routing can be applied to urbanized or artificial channels and closed
conduits. Muskingum routing is to be used for large natural channels where parameter
calibration data exists. Muskingum-Cunge or Nonnal-Depth routing may be used in
all other cases.

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

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

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

lImn}l} ml&$u:aibMli wal£~ UUrMt1 iIl\U;UI~~_iG"Aiml:%anl1 mom li1 a'I .nni' H1\l

January 1, 1995
1 I

iii
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Revision I

Changes to the originalHydrologic Design Manual for Maricopa County dated Septem­
ber 1,1990:

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

2. A copy of the Agenda Form, signed by the Board of Directors on April 15, 1991,
is included. This form indicates formal adoption of the manual, requiring its
use by jurisidictions that cost-:-share with the District in flood control projects,
by contractors working for the District, and by all parties submitting drainage
reports and studies to the District for review and approval.

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

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

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

6. Chapter 4: The methodology used to develop Green and Ampt loss parameters
has been substantially modified and simplified. The section on the Initial plus
Uniform Loss Rate Method has been reduced, and limitations for the use of
that method are provided. An equation is provided for calculation of the
XKSAT vegetation adjustment coefficient.

June 1, 1992 v





Drainage Design Mi~
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Volume' I, 'Ilydrology
Revision II

•

In additionto"the correction of a feW' typ.ographicaLerrors,', changes'of January 1, 1995 ,revision
of the Dra!nage'DesignManual, Volume1, HydrOlogy inc1udethe followin,g: .;;

1. Chapter 2: 1\he SCS TypeJIrainfaIl distribution is recommended 'for use£or the 24:..hour
general design storm. Areal reductions of point rainfall are to be made with Table 2.1a
which is based on the NWS-HYDRO 40 data. Guidelines have also been added as to
when to select the general storm for use in design hydrology in' Marieopa County.

•
2. Chapter 3: The RATIONAL.EXE program has been updated to better match 10-year

rainfall intensities for durations between 10 and 20 minutes as shown on the I-:D-F curve,
Figure 3.2. The revised program is supplied on the DDMS diskette available with this
revision (see 6. below).

3. Chapter 4: A table has been added to help with the selectionofIA, RTIMP, and percent
vegetation cover for representative urban land use types in Maricopa County.

4. Chapter 5: Two new S-graphs have been added for use in Maricopa County. The newly
added S-graphs are the Desert/Rangeland S-graph and the Agricultural S-graph. A table
has also been added to facilitate the selection of S-graph type and Kn values for those
S-graphs for estimation of basin lag time.

5. Chapter 6: The Normal-Depth routing method has been added to the Manual as an
additional routing method for use in flood hydrology studies in Maricopa County.

6. Appendix I: A new computer program and user's guide have been added to this revision
of the Manual. The new program brings together the PREFRE program, a modified
version of the loss parameter spreadsheet functionality, and the MCUHP programs to
speed up the creation of HEC-l models using the methodologies recommended in the
Manual. Additionally, two changes have been made to the MCUHP programs. First, the
SCS Type II 24-hour'design storm temporal distribution has been corrected and is now
entered into the HEC-l data file as a 15 minute distribution. Second, the two S-graphs
added to Chapter 5 have been incorporated into the MCUHP2 program.

•
7. Appendix K: An appendix of Kn values for various real watersheds has been supplied for

additional help in the selection of watershed Kn values. These data were taken from a
report by George V. Sabol Consulting Engineers, Inc., performed for the District since
the last Manual revision"
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Introd -.::-

1.1 Purpose
111111111111111[1111111 InApril1985 a taskforce was formed by the Flood Control District ofMaricopaCounty

to establish a common basis for drainage management in all jwisdictions 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
storrnwater drainage for all County residents. Additionally, developers would be
benefitted by having only one set of drainage standards with which to comply when
developing land within the incorporated orunincorporated areas ofMaricopaCounty.
The task force determined that these efforts would be achieved in three phases:

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

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

Phase 3 Prepareanin-depthevaluationofregional rainfalldataandestablishprecipita'­
tion design rainfall guidelines and isohyeta1 maps for Maricopa County.

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

Scope and Limitation

When using the proceduresdetail~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 even~though some of the methods
are physically based and would be amenable for uses other than design hydrology.

Second, the lack ofrunoff data for urbanizing areas of the County, for the mostpart,
precludes the use of flood frequency analysis for storrnwater drainage design. For

June 1,1992 1-1



•
Using this Manual

those watercourses with sufficient record, floodfrequency 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 ofassistingin the prediction ofrunoffwhichmight result from a designstorm
of a given return interval.

Third, the design storm has no point of referencein terms ofasingular historic event.
,;Rather, ibis'intended to provide the best available information by utilizing historic

data as well as other precipitation design concepts. The design storm provides not
onlythe peak intensities which would be expected from a storm of a givenduration
and return interval, butalso the volumes associated with it. The tables describing
the temporal distribution of the design storm for use in a hydrologic model, i.e.,
HEC-l, are approximately equivalent to the graphs used to determine the rainfall
intensity to be used in the Rational Method. The net effect is that regardless of the
size of the area being investigated or the method ofanalysis, the same design storm
is used as the driVing input.

_.......;~ 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, andI 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 I or
parameter values described herein. The user of this manual is thus directed to
validate the reasonableness of the predicted values by applying alternative
methods, suchas envelopecurves, regression equations, orotherchecks which have
been developed for this area. Failure to do so may result in erroneous values.

Section 70f this manual is intended to provide some general suggestions for the
user attemptingto solvea particularproblem. A numberofexamples weredesigned
to aid the user with the development of input variables and parameter estimation.

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

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

::::!i:I·::i:·:::·::·!::II,!I/:: The contents of this manual; with the exception of Chapter 3 (Ratiqnal Method),
were prepared to supplement the HEC-l User's Manual (U.S. Army Corps of
Engineers, September, 1990). Although the use of the HEC-l Flood Hydrology
Program is not required in conjunction with the procedures in this manual, its use
will greatly facilitiate the execution of the recommended procedures that are
contained herein. To further enhance and simplify the use of the HEC-IProgram
with the procedures in this manual, the Flood Control District has written two
HEC-l input loader programs, MCUHPI and MCUHP2 (see Appendix 1), that
interactively convert screen-prompted keyboard input into a HEC-l input file.
MCUHPl is written for use with the Clark Unit Hydrograph option and MCUHP2
is written for use with the S-graph option, and are provided with the Hydrology
Manual. .

June 1, '1992 1·3
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IICeneral
lilli:iiilliill!!illi!:llil:ii! Precipitation in·Maricopa County is strongly· influenced by variation in climate,

changing from a warm and semi-arid desert environment at lower elevations to a
seasonally cool and moderately humid mountain environment. Mean annual
precipitation ranges from about 7inches in the Phoenix vicinity to more than 25
inches in the mountain regions of northern Maricopa County.. Precipitation is
typically divided into two seasons of comparative rainfall depths: summer (June
through October) and winter (December through March). Warm, moist tropical air
can move into Arizona at anytime of the year, but most often does so in the summer
rponths, resulting in severe storms and local flooding. Storms of large areal extent
are usually associated with frontal or convergence storm activity:-thpt may result in
long duration rainfall and flooding of major drainage watercourses. These types of
storms and flooding usually occur in the winter, but occasionally occur in the
summer. °

•

2.1.1 Storm and Flood Occurrence in Maricopa County
Stemns in Maricopa County are·often classified as general winter, general summer,
and local storms. General storms are usually frontal or convergence type that cover
large areas and have traditionally contributed to flooding of the major drainage
watercourses in the County. Local storms are usually associated with convective
activity and hence normally occur in the summer, although local storm cells
(typicallyoflesser intensity than without frontal activity) can be imbeddedin larger,
general storm syst~ms.

General winter storms usually move in from the north Pacific Ocean, and produce
light to moderate precipitation over relatively large areas. These storms occur
between late October and May, producing the heaviest precipitation from Decem­
ber to early March. Such storms could last over several days with slight breaks
between individual storms. Because of orographic effects, the °mountain areas
generally receive more precipitation than the lower desert areas. These storms are
characterized by low intensity, long duration, and large areal extent, but on oc-

June 1,1992 2·1
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casion, with an additional surge of moisture from the southwest, can contribute to
substantial runoff volumes and peak discharge on major river systems.

General summer storms are often associated with tropical storms. The Pacific
Ocean north of the equator and south of Mexico is a breeding ground for such
storms. On the average, about two dozen tropical storms and hurricanes are
generated in this area from June through early October. ' Most move in a
northwesterly direction. The remnants of these storms can be caught up in the large
scale circulation around a low pressure center in southern California and tberefqre
can bring a persistent flow of moist tropical air into Arizona. The storm pattern
consists ofa bandof locally heavy rain cells within a larger area of light to moderate
rainfall. Whereas general winter storms can cover much of the state, general
summerstorms 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 oJ n:r.ographic influences. The period of late September through October
may have storm patterns which are similar to both general sununer and winter
events.

Local 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.

•

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

Record floods for large drainage areas, suchas for the Salt River near Phoenix, were
produced by large-scale general storms of multiple day duration and relatively low
rainfall intensities. Therefore/based on that observation, for drainage areas larger
than 500 square miles it was determined that the general storm should be used as
the design storm criteria. Because of the infrequent need for design criteria for such
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large areas as well as other considerations,' design ra1nfall criteria are not defined in
this manual. General storm criteria are to be defined for. such large, regional flood
studies on a case-by-case basis so that the most appropriate meteorologic and
hydrologic factors (possibly also including snowmelt for stream baseflow and
watershed antecedent moisture conditions) can be properly considered in the flood
analysis.

Fordrainage areas between the critical flood-producing upper limit for local storms
(190 square miles)" and the lower limitJor g~Q:e.t;~L)~tonns',(.f0"sqqare,rpi~~sJ,,it.,can . '.'
not be determined whetheca locaLstorm ·or agenerahstonn'willproduce the greatest
flood peak discharges or the maximum flood volumes. For such drainage areas,
generally. between 2nand 100 square miles,itis,necessarytoconsider both general
storms afld local storms. ,This may require that site,.specifie general storm criteria
be,developed for the .watershed and that various local storins'withcritical" stonn
.cenferIt'lg assumptions he'developed using the criteriainthis,:manua1.Bothofthese
sto,nn'typeswould be modeled and executed in.thewatershedmodel to .estimateflood
dischargesandrunoff:volumes~ It 'ispossible"inrcertain;situations; that'the"local
storm could result in the largest peak discharge and the general storm could result
in the largest runoff volume.

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

The design rainfall criteria to be used in Maricopa County are summarized in Table
2.1. The specific procedures that are needed to define the design rainfall for the
1aD-year, 2-hour storm and the 6-hour local storm are provided in the following
sections:

Table 2.1
Design Rainfall Criteria for Maricopa County

•

Purpose Criteria

On-Site Retention/Detention Facilities 100-year, 2-hour rainfall as defined in this manual.

All Other Purposes:

Drainage area: 0 to 20 square miles 6-hour local storm as defined in this manual.

Drainage area: 20 to 100 square Either a critically centered 6-hour local storm as
miles defined in this manual, or a 24-hour .

general storm using the SCS Type II
distribution.

Drainage area: 100 to 500 square 24-hour general storm using the SCS Type II
miles distribution.

"

at t III 'I 1 1?41ltl !. A~_J!! r n~'!lM~ ~~a =,1 'fIInnt tU~11'9jpjl'llllJ;!lU.L Tl tQ!1Ul:ttMa:~UlXP;JJMn:i'l" »me
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Rainfall Depth

.- Rainfall Depth

The most commonly used descriptor of rainfall is the rainfall depth; however, for
modeling purposes, two other types of rainfall descriptors must be defined. First,
the rainfall duration and frequency of occurrence of rainfall depth for that duration
must be assigned. Second, since the rainfall depth is a descriptor of the rainfall
occurrence at a point in space, both the spatial and the temporal distribution of the
rainfall 'depth must be·defined. In this section,:the·rainfall:'depth-'duration..frequency:·..
statistics for use in Maricopa County are described. Subsequentsections describe
the spatial and'temporal distributions that are to be applied for the 6-hour local storm,
and the temporal distributi'onforthe lOO"year, 2.;.hour storm.

•

•

2.2.1 Data:Anaty~es

The most comprehensive and, available source ofrainfall data· analysis for Maricopa
County is,tne',NOAA Precipitation-FrequencyAtlas ofthe. Western United States,
(Miller and others, 1973). Until a more up-to-date data base and data analysis
becomes available, the NOAA Atlas is to be used for all drainage design purposes
in Maricopa County. The only deviation from the NOAA Atlas procedures that are
currently recommended is the use of the short-duration (less than I-hour) rainfall
ratios that were published by Arkell and Richards (1986).

2.2.2 Depth-Duration-Frequency Statistics

The depth-duration-frequency (D-D-F) statistics in the NOAA Atlas are shown as a
series of isopluvial maps of Arizona for specified durations and return periods
(frequencies). Selected isopluvial maps for Maricopa County have been reproduced
from the NOAA Atlas and these are contained in the Manual (Figures 2.1 through
2.13). It is possible that flood studies of certain large watersheds may require
reference to the NOAA Atlas directly to determine the rainfall depths for the portion
of the watershed that exists outside the boundaries ofMaricopa County.

2-4
C· bt
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• Table 2.1a
Depth-Area Reduction Factors for 24a Hour Duration Rainfall

Rainfall

•

•

Area Ratio to

1--. Square Miles Point Rainfall
0 1
10 .' 0.94
20 0.91
30 0.90
40 0.88

~,. 50 0.87
60 0.86
70 0.856
80 0~855,

,.~

90 0.'8'46'
100 0.842
110 0.838
120 0.834-
130 0.833
140 0.829
150 0.825
200 0.817
300 0.80

1-'
400 0.79
500 0.78
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Depth-Area Curve for Maricopa County 6-hour Storm
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Depth-Area Relation

Table 2;2
Depth-Area Reduction Factors

for6-HourDuratioh Rainfall,
..

Area, '. Ratio to
Sauare Miles - Point of ~ . - ..

; 10
0.987

~E

l~
.t:l0 0_8~

1:0 086
1C 0 0.80
..,oc 07?
'iDe n RR
40C - 0.61
500 0.57

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

Ifthe flood study is for the design ofaretention/detention facility fora small drainage
area and the design rainfall criteria is the 100-year, 2-hour storm, then the point
rainfall depths from Figure 2.1 are not to be reduced for area. This is because local
retention/detention basins will be provided only for very small drainage areas and
the point rainfall from Figure 2.1 is representative of the equivalent uniform depth
of rainfall over the entire contributing area.

If a general storm is the accepted design rainfall criteria (as opposed to the 6-hour
local storm as defined in this manual), then the appropriate depth-area reduction
curve will need to be defined to correspond with the rainfall duration and the
temporal distribution of the general storm. Usually the general storm for use in
Maricopa County is the SCS Type II 24-hour design rainfall. Areal reductions for
point rainfall for this 24-hour storm should be performed using Table 2.ha. The data
for Table 2.1a have been taken from Figure 15 oftheNWS HYDRO-40 (Zehr and
Myers, 1984). For other general storms, the depth-area reduction and temporal
distribution will need to be performed on a case-by-case basis depending on the
purpose of the study, location of the watershed, and other meteorological and
hydrological factors.

2.3.1 Procedure for Depth-Area Adjustment

The following procedure is to be used with the 6-hour local storm rainfall depths
(Figures 2.2 through 2.7):

1. Determine the size of the drainage area.

January 1J 1995



Rainfall

• 1;-

2.. Calculat€;; the. point rainfall depth"or the areally,;;a:veraged point rainfall depth, from
Figw-es 2.2 through 2.7 depending on the desired rainfall frequency.' ,

3. Use either Figure 2.14 or Table 2.2 to determine the depth-area reduction factor.

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

'::: Desig_u Storm Distributions
.,:::: ,., .....

11!!!:!lli;'IIII!I!lilll According to Table 2.1, three types of design storm distributions are to be used in
Maricopa: County. This Manual contains information for two of those design storm
distributions; the 2-hour storm,for the design ofretention/detention basins,"and the 6-how­
local storm.. Information for the ''SCS, Type II 24-hourstorm has been encoded in the
MCUHP programs. Otherwise. data regarding the SCS:,,24-hour storm is generally
availableelse.where. DistributionsJor other generalstorms;;for larger watersheds willneed
to be developed on a case..;by-casebasis based on appropriate meteorologic and hydrologic
factors.

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

Table 2.3
2-Hour Storm Distribution for Retention Design

•

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

0 0.0
5 1.1 65 60.1

10 1.8 70 74.3
15 2.3 75 86.3
20 2.8 80 90.1
25 3.2 85 93.0
30 4.6 90 95.4
35 7.1 95 96.2
40 10.0 100 97.0
45 13.7 105 97.7-
50 17.6 110 98.2
55 23.2 115 99.2
60 32.7 120 100.0
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2-Hour Mass Curve for Retention Design
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2.4.2 6-hour Storm Distribution

The 6-hour storm distributions are used for flood studies in Maricopa County of drainage
areas less than 20 square miles, except for on-site retention/detention facllities (see Table
2.1). These distributions would also be used for drainage areas larger than 20 square
miles and smaller than 100 square miles by critically centering the storm over all or
portions of the drainage area to estimate the peak flood discharges that could be realized
on such watersheds due to the occurrence of a local storm over the watershed.

The Maricopa County 6-hour local storm distributions consist of five dimensionless storm
patterns. Pattern No.1 represents the rainfall intensities that can be expected in the "eye"
of a local storm. These high, short-duration rainfall intensities would only occur over a
relatively small area near the center of the storm cell. Pattern No. 1 is an offset,
dimensionless form of the hypothetical distribution derived from rainfall statistics found
in NOAA Atlas for the Western United States, Arizona ( Miller and others, 1973 )
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and Arkell arid Richards (1986) fo~ the Ph~enix·Sky Harbor Airport location.
Pattern Numbers 2 through 5are modifications of theU.S. Army Corp3 ofEngineers
(1974) analysis of the Queen Creek storm of 19 August 1954. The dimensionless
form of these 6-hour storm distributions are shown in Figure 2.16 and Table 2.4.

Inspection of the storm patterns in Figure 2.16 indicates that the peak rainfall
intensities are much greater for Pattern No. 1 than for the otherpattern numbers,
and that peak rainfall intensity decreases as the pattern number increases. The
selection. of the pattern number is based on ..the size of.th~ draina.ge area under
consideration, as shown in Figure 2.17. As illustrated by Figures 2.16 and 2.17, the
maximum rainfall intensities, averaged over the entire drainage area, decrease as
the size ·of the drainage area increases. This is to account for thespatial variability
oHocal storm rainfallwherein the maximum rainfall intensities occur at the rela-:
tively small eye of the storm but that the average rainfall intensities over the storm
a.rea decrease as the storm area increases.

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

1. Determine the size of the drainage area.

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

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

4. Use the dimensionless 6-hour distributions of Figw'e 2.16 or Table 2.4 t0i!'
calculate the dimensionless distributionbylinearinterpolationbetween the twqJW
bounding pattern numbers. ' L~

~~t

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

As analternative to theabove procedure, the MCUHPl and theMCUHP2 programs ...
will convert the point rainfall depth into the appropriate storm pattern based on a
given drainage area.

JuneJ,1992 2·23
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.. Rainfall

Table 2.4
6·Hour Dlstrlbutlons*

··~-~~··'·'oQ~"'~r""" iTime .Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5(hrs) I
1---

0:00 0.0 0.0 0.0 0.0 0.0
1--'

0:15 0.8 0.9 1.5 2.1 2.4-
0:30 1.6 1.6 2.0 3.5 4.3
0:45 2.5 2.5 3.0 5.1 5.9
1:00 3.3 3.4 4.8 7.1 7.8
1:15 4.1 4.2 6.3 8.7 9.8
1:30 5.0 5.1 7.6 10.5 11.9
1:45 5.8 5.9 9.0 12.5 14.1
2:00 6.6 6.7 10.5 14.3 16.2
2:15 7.4 7.6 .11.9 16.0 18.6..-
2:30 8.7 8.7 13.5 17.9 21.2
2:45 9.9 10.0 15.2 20.1 23.9
3:00 11.8 12.0 17.5 23.2 27.1
3:15 13.8 16.3 22.2 28.1 32.1
3:30 21.6 25.2 30.4 36.4 40.8
3:45 37.7 45.1 47.2 50.0 51.5
4:00 83.4 69.4 , 67.0 65.8 62.7
4:15 91.1 83.7 79.6 77.3 73.5

r--' -.....;......-
4:30 93.1 90.0 86.8 84.1 i 81.4_._--- -_.f...
4:45 95.0 93.8 91.2 88.8 _.J.._.. 86.41-----.....- ....

5:00 96.2 95.0 94.6 92.7
,

90.7-_..._-
5:'15 97.2 96.3 96.0 94.5 93.0
5:30 98.3 97.5 97.3 96.4 95.4
5:45 99.1 98.8 98.7 98.2 97.7
6:00 100.0 100.0 100.0 100.0 100.0

*Pattern represents percent Rainfall Depth.
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Rational Method

Table 3.2
C Coefficients for Use with the Rational Method

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

Streets and Roads
Paved Roads 0.75 -0.85 0.83-0.94 0.90-0.95 0.94-0.95
Gravel Roadwavs & Shoulders 0.60-0.70

"
0.66-0.77 0.72 -0.84 0.75 -0.88

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

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

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

-Steep 0.25-0.40 0.28-0.44 0.30 -0.48 0.31 - 0.50
Suburban 0.30 -0.40 0.33-0.44 0.36 -0.48 0.38 -0.50
Single Family", 0.45-0.55 0.50-0.61 0.54-0.66 0.56 -0.69
Multi-Unit >, 0.50-0.60 0.55-0.66 0.60-0.72 0.63 -0.75
Apartments 0.60-0.70 0.66-0.77 0.72-0.84 0.75 -0.88

Parks/Cemetaries 0.10 -0.25 o.n -0.28 0.12 -0.30 0.13 - 0.31
IPlaW.2!-1nds 0.40-0.50 0.44-0.55 0.48 - 0.60 ,0.50 - 0.63
Agricultural Areas 0.10-0.20 0.11':"" 0.22 0.12 - 0.24 "10.13 - 0.25
Bare Ground 0.20-0.30 0.22-0.33 0.24-0.36 0.25 -0.38

, Undeveloped Desert 0.30-0;40 0.33-0.44 0.36 -0.48 0.38-0.50
Mountain Terrain (Slopes> 10%) 0.60-0.80 0.66-0.88 0.72-0.95 0.75 -0.95

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

"June 1,1992 3-5
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Rational Method

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

(3.4)

•

•

V -" Calculated volume,inacre~feet

C = Runoff coefficient from Table 3.2

P = Rainfall depth in inches

A = Drainage area in acres

futhe case of volume calculations for retention/detention design, P equals the lOO"year,
2..;hour depth; in inches, from,':Section 2.2 or Figure 3 .3.

.. , ,.3-7
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_General
Illillllllllllllllllllllllll Rainfall excess is that portion of the total rainfall depth that drains directly from the

land surface by overland flow.. Bya mass balance, rainfall excess plus rainfall loss
equals precipitation. When performing a flood analysis using a rainfall-runoff
model, the determination of rainfall excess is of utmost importance. Rainfall excess
integrated over the entire watershed results in runoff volume, and the temporal
distribution of the rainfall excess will, along with the hydraulics of runoff, deter­
mine the peak discharge. Therefore, fhe 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 lossesare generallyconsidered to be the result ofevaporation ofwater from
the land surface, interception of rainfall by vegetal cover, depression storage on the
land surface (paved or unpaved), and infiltration of water into the soil matrix. A
schematic representation of rainfall losses for a uniform intensity rainfall is shown
in Figure 4.1. As shown in the figure, evaporation canstart 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 kpown of the interception values for most hydrologic problems~ Estimates
of interception for various vegetation types (Linsley and others, 1982) are:

June 1,1992 4-1
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• Vegetation Type
hardwood tree
cotton
alfalfa
meadow grass

Interception,
Inches

0.09
0.33
0.11
0.08

Rainfall Losses

•

•

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

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

Three periods of rainfall losses are illustrated in Figure 4.1, and these must be
understood and their implications appreciated before applying the procedures in
this manual. First, there is a period of initial loss when-no rainfall excess (runoff) is
produced. During this initial period, the losses are a function of the depression
storage, interception, and evaporation rates plus the initially high infiltration
capacity of the soil. The accumulated rainfall loss during this period with no runoff
is called the initial abstraction. The end of this initial period is noted by the onset of
ponded water on the surface, and, the time from start of rainfall to this time is the
time ofponding (Tp). It is important to note that losses during this first period are a
S\tunmation 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 (fe). The only
appreciable loss during the final period is due to infiltration.

The actua110ss process is quite complex and there is a good deal of interdependence
of the loss mechanisms on each other and on the rainfalli~. Therefore, simplifying
assumptions are usually made in the modeling of rainfall losses. Figure 4.2 represents
a Simplifiedsetofassumptions thatcanbe made. InFigure4.2, it isassUmed that surface
retention loss is the summation of all losses other than those due to infiltration, and
that this loss occurs from the start of rainfall and ends when the accumulated. rainfall
equals the magnitude of the capacity of the surface retention loss. It is assumed. that
infiltration does not occur during this time. After the surface retention is satisfied,
infiltration begins. If the infiltration capacity exceeds the rainfall intensity, then no
rainfall excess is produced. As the infiltration capacity decreases, it may eventually
equal the rainfall intensity. This would occur at the time ofponding (Tp) which signals
the beginning ofsurface runoff. As illustrated in both Figures 4.1 and 4.2, after the time
of ponding the infiltration rate decreases exponentially and may reach a steady-state,
equilibrium rate (fe). It is these simplified assumptions and processes, as illustrated in
Figure 4.2, that are to be modeled by the procedures in this manual. -
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Rainfall Losses

II Surface Retention Loss

iiiillif;;I:i//!!!i:)!;:!!!! Surface retention loss, as used herein, is the summation of all rainfall losses other
·.·.····w.·.·.·.·.·.········ 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:methanismJor 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 anci lawns, and so forth.

Arelatively minor contribution by interception is also considered as a part of the
tot"ll 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 andKeefer (1960), 0.11 inch for 1 percent
slope to 0.06 inch for 2.5 percent slopes byViessman (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 estimate;, of0.39 inch for
eastern plains rangelands and 0.09 inch for pinon-juniper hills10pes (Sabol and
others, 1982b). Surface retention losses for various land-uses and surface cover
conditions in Maricopa County have been extrapolated from these reported es­
timates and these are shown in Table 4.1.

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

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

(1 ) (2)
Natural

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

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

AgriCUltural
Tilled fields and irriaated oasture 0.50

June 1,1992 4-5
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Recommended Methods for Estimating
Rainfall Losses

initial loss and uniform loss rate (IL+ULR) method. Both methods, as programmed
into HEC-1,can be used to simulate the rainfall loss model as depicted in Figure
4.2. (For a full discussion of these methods, see Sections 4.4.1 and 4.4.2.) The IL+ULR
is a simplified model that has been used extensively for flood hydrology and data
often are available to estimate the two parameters for this method. The Green and
Ampt infiltration equation is a physically based model that has been in existence
since 1911, and has recently been incorporated as an option in HEC-l.

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

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

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

f=Ks (1 +~) for f< i (4.1)

f=i

where

f =
i =
Ks =• '¥ =

forf~ i

infiltration rate (LIT),

rainfall intensity (LIT),

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

average capillary suction in the wetted zone (L),
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Recommended Methods for Estimating
Rainfall Losses

Ampt method should be used with parametervalues for loamy sand or the IL+ULR
method should be used with appropriately determined values for the parameters.

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

Undernatural conditions, soil seldom reaches a state of soil moisture less than the
wilting point of vegetation. Due to the rapid drainage capacity of most soils in
MaricopaCounty,at the start ofa design stonn the soil would not be expected to
be in a- state of soil moisture greater than the field capacity. -

However,Maricopa 'County also has a large segment ofits land area under irrigated
agriculture, and it is reasonable, to assume thatthe design frequency storm could
occur during or shortly after certain lands have beenirrigated. 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 ofDTHETA have been estimated by subtracting the initial volumetric soil
moisture for each of the three conditions from the soil porosity.

The value of DTHETA "Saturated" is always equal to 0.0 because for this
condition there is no available pore space in the soil matrix at the start of
rainfall. Values ofDTHETA 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 ofhigh soil moisture
such as irrigated agricultural land.

4.4.1.1 Procedure for Areally Averaging Green and Ampt Parameter Values:
Most drainage areas or modeling subbasins will be composed of several subareas
containing soils of different textures. Therefore, a composite value for the Green
and Ampt parameters that are to be applied to the drainage areas or modeling
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subbasins needs to be determined. The procedure for deternlining the composite
value is to average the area-weighted logarithms of the XKSAT values and to select
the PSIF and DTHETA values from a graph.

The composite XKSAT is calculated by Equation 4.4:

where

(4.4)

XKSAT

·\,XKSATi

= composite subarea hydraulicconductivity, inches/hour

= hydraulic conductivity of amap.unit,incheslhour
(from Appendix A, B, or C)

= size of subarea

•

•

.:~~';~'rAT =sizeofthewatershed or mode&g:subbc1§miW

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

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

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

Procedures have been developed (Rawls and others, 1989) for'incorporating the
effects of soil crusting, ground cover, and canopy cover into the estimation of
hydraulic conductivity for the Green and Ampt equation; however, those proce­
dures are not recommended for use in Maricopa County at this time. A simplified
procedure to adjust the bare ground hydraulic conductivity for wegetation cover is
shown in Figure 4.4. This figure is based.on the documented'increase.in hydraulic
conductivity due to various soil covers as reported by investigators using.rainfall
simulators on native western rangelands (Kincaid and others, 1964; Sabol and
others, 1982a; Sabol and others, 1982b; Bach, 1984; Ward, 1986; Lane and others,
1987; Ward and Bolin, 1989). This correction factor can 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 areafor grassesandforbs;and is evaluated
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Figure 4.4
Effect of Vegetation Cover on Hydraulic Conductivity

For Hydraulic Soil Groups B, C, and 0, and for all Soil Textures
other than Sand and Loamy Sand

on canopy cover for trees and shrubs. Note that this correction can be applied only to
soils other than sand and loamy sand.

The influerrce of tillage results in a change in total porosity and therefore a need to
modify the three Green Ampt equation infiltration parameters. The effect of tillage
systems on soil porosity and the corresponding changes to hydraulic conductivity, 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 infiltration parameters for design
purpose use in Maricopa County, because for most flood estimation purposes it cannot be
assumed that the soil will be in any particular state of tillage at the time of storm
occurrence and therefore the base condition infiltration parameters, as presented, should
be used for flood estimation purposes. However, appropriate adjustments to the
infiltration parameters can be made, as necessary, for special flood studies such as
reconstitution of storm events.
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Rainfall Losses

4.4.1.3 Selection of lA, RTIMP, and percent vegetation cover for urban areas:
Table 4.2a contains suggested valuesforIA, RTIMP,>~dpercent vegetation cover '"
for six urban land use types. The values in Table 4.2a are meant as guidelines and
are not to be taken as prescribed values for these parameters. Note that the values
for RTIMP reflect effective impervious areas not total impervious areas. Also; one
should note that the values for percent vegetation cover are for pervious areas only.
These three parameter values are used in the calculation of average subbasm
parameters for the Green and Ampt loss method as described above. Sound
engineeringjudgementand experience should always be used when selecting rainfall

. Joss,parameters.;andassigningJanduse!categpri~s:tfor.iany given.,wa,tershed.. c" ,
- ",,,, ','. . "., : '\ '.', '::, :-, .. ~." :-. '. :' '; '~'. - " .':' ",

. 'Table 4.2aalsorelates the six land usetypest()'~onJnguni'tsf6t:several municipalities

i t~t,~:~~~~~2~0~~trd,; J:~a:d~gb~e~~~~:ri~~~:,~;6~t~~s~,:~c~~~~~Tabl: 11s.~~ '.
Likewise,. the, land,use"categoriesin Table'4.2aare.;not the"only-",valid land use
catego~esfor,usedn Maricopa County: .J,"

4.4~2' InLtiill' Loss Plus Uriiform LossRllle (ILC;;U]~jR) ":"

~~}~~:~;~~}1nii~;!~~1]iE~~r~~~
loss; and second; after the initial loss is satisfied, ac.portion ofall future rainfall is
lost at a uniform rate. All ofthe rainfall is lost ifthe rainfall intensity is less than the
uniform loss rate.

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

Because this method.is to be used for special cases where infiltration is not controlled
by soil texture, or for drainage areas and subbasins that are predominantly sand, the
estimation of the parameters will require model calibratlon, results of regional
studies, or other valid techniques. It is not pos,sible to provide complete guidance if!.
the selection of these parameters; however, some general guidance is provided: .

A. For the special cases of anticipated application, the uniform loss rate (CNSTL)
will either be very low for nearry impervious surfaces, or possibly quite hign
for exc~ptionally f8;st-drai~ing (highly pervious) land surt:aces. For land sur­
faces WIth very low mfiltratIOn rates, the value ofCNSTL wIll probably be 0.05
inches per hour or less. For sand, a CNSTL of0.5 to 1.0 inch per hour or larger
may be reasonable. Higher values of CNSTL for sand and other surfaces are
possible,however, use ofhigh values of CNSTL would require special studies
to substantiate the use of such values.

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

C. The estimation of initial loss (STRTL) can be made on the basis of calibration
or special studies at the same timethatCNSTLis estimated., Alternatively, since
STRTL is equivalent to initial abstraction, STRTLcan be estimated by use of
the SCS CN equations forestimated.initiaLabstraction, written as:

STRTL = 200 _ 2 (4.5)
eN
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Table 4.3
Publl'shed Values of Uniform Loss Rates

Hydrologic 5011
Group

(1)

Uniform Loss Rate, Inches/hour

Musgrave (1955) USSR (1975) USSR (1987)
(2) (3) (4)

A
B

c
D

0;30 - 0.45
0.15 - 0.30
0.05 - 0.15

0-0.05

0.40
0.24
'0.12
0.08

0.30 - 0.50
0.15 - 0.30
0.05 - 0.15

0- 0.05

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

Table 4.4
Initial LosS Plus Uniform Loss Rate Parameter Values
for Bare Ground according to Hydrologic 5011 Group

• Hydrologic 5011
. Group

(1 )
1---...,-----

A
B
C
D

Initial Infiltration, Inches
Uniform Loss Rate1-- -.-__11__-,-- -1

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

-
0.4 0.6 0.5 0
0.25 0.5 0.3 0
0.15 0.5 0.3 0
0.05 0.4 0.2 0

•

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

Normal = Irrigated lawn, turf, and permane{lt pasture;
Saturated = Irrigated agricultural land.
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Procedure for Estimating Loss Rates

Estimates ofCN for the drainage area or subbasin should be made by referring
to various publications of the SCS, particularly TR-55. Equation 4.5 should
provide a fairly good estimate ofSTRTL in many cases, however, its use should
be judiciously applied and carefully considered in all cases. '

~ Procedure for Estimating Loss Rates
--0+

1IIIjllli Green and Ampt Method
A. When soils data are available:

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

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

3. If the watershed orsubbasincontains soil ofall one texture, then determine
XKSAT, PSIF, and DTHETA from Table 4.2. Adjust XKSAT for vegetation

,cover using Figure 4.4, if appropriate.

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

a. Determine the size (Ai)and the XKSATi values for each soil subarea.

b. Calculate the area-weighted value of XKSAT by using Equation 4.4..

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

d. Adjust the XKSAT value for vegetation cover using Figure 4.4, if
appropriate. The adjustment factor may be area-weighted, if neces­
sary.

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

6. Estimate the impervious area (RTIMP) for the drainage area or subbasin,
and arithmetically area-weight average, if necessary.
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Definition Sketch of Clark Unit Hydrograph Parameters

from hydrograph analysis

•

The application of theOark Unit Hydrographmethod 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 rainfallexcess, the time ofconcentration is estimatedat'
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 ofrunoff is developed by considering each incremental
unit of runoff production that would be available as inflow to a watershed routing
model. For example, at the end of the first 5 minutes of rainfall excess the runoff
that is available at the outlet of the watershed is the product of incremental area AI,
and the rainfall excess RI.

II =(AIRl) x~

where c = 60.5 ds/acre-inch/minute

i-'/;:'-:'-»h::~~mX-;';'::*:::::-:~::::'!-::::(""'::';:~~f.:>,>,>;:~>;::~~::x::,?~qm:»m:::';~;~~"'l$::~;->;'~W"-»>Yh?h~#~:»,»m»xw'$";m::f.'X-;-;'»»fi$.::-..,:>;->,:X:;'>7hX,-;::m::~W.J)OYh:o~!V/./)'m~Y////k-;XW.#$~
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Clark Unit Hydrograph
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Figure 5.3

Example of Storm Hydrograph Generation using the Clark Unit Hydrograph Method
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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 proceduresthat are presented in
this manual have been adopted, modified, or developed from an analysis ofa 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 be5 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 networkand degree ofhomogeneity of thewatershed. The subdivision
of the watershed into near homogeneous units should result in improved accuracy.
Subdivision may also bedesirable or required to determine discharges at concentra­
tion po~tswithin the watershed.

:::1 Development of Parameter Estimators
.:.:

,;,;".,.0.-0

." ---i;i

1111111111111'111111111111111 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 dataare for instrumented watersheds in Arizona, New Mexico,
Colorado, and Wyoming. A discussion of the development and testing of these
procedures is contained in the Documentation Manual that is a companion to the
Hydroloy Manual.

•

111111:1:1111111[1[1[111:11::1 The following procedures are recommended for the calculation of the ClarkUniL
Hydrograph parameters for use in Maricopa County. Other general procedures, as
previously discussed, can be used, however, these should be approved by the
jurisdictional agency prior to undertaking such procedures. .

•

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

L--l-- I
! 1-' ,

~l-
l..- I I

V v

-1. /v I
, V

-
V

V
/

/
V

/ FLORIDA RIVER NEAR HERMOSA, COLO.
V ,

I
JULY 1957 EVENT

I
DRAINAGE AREA=69.4 SQUARE MILES

II

I
I
/

./

90

o o 50 100 150 200 250 300 350 '400 450 500 550 600 650 700 750 800 850 900

10

100

w 80
~
::t

5 70
::l

L..
o 60
I-
Z
W

~ 50
w
a.

~4{)

w
~,

~ .30
(J
III

a 20

•

Figure 5.8
• Example of an S-Graph from Design of Small Dams (USBR, 1987)

'1 inch per duration (M) uniformly over the basin. Ultimatedischarge (Qult),in cubic
feet per t;!OCond (cis), can be calculated from Equation 5.10:

Q
645.33A

ult= !it
(5.10)

•

where A = drainage area in square miles, and

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

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

In practice, 5-graphs have generally been developed by reconstituting observed
floods to define a representative unit hydrograph and then converting this to an
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S-graph. Prior to the advent of computerized models, such as HEC-l, floodrecon­
stitution 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 FlEC-l, to identify unit hydrograph parameters thatbest reproduce
the observed flood.

Although an S-graph is completely dimensionless and does not have a duration of
"'"rainfall excess;associ:ated:with'itasdoesa'unit,hy:drograph",dts,ge1\1emhs!ta:p.eJM¢the,' ",

magnitude oflag is influericed by thedistributiori of nunfalFoverthewatershed and
the time distribution of therainfall. Therefore, the transposition of an S-graphfrom
a gaged,watershed toapplication·inanotherwatershed;must be:doneiwithconsidera..
tion of both the physiographic characteristics ofthe watersheds. and the hydrologic
characteristics of the rainfalls for the two watersheds..

5.6.1 Limitations and Applications
S-graphs are empirical, lumped parameters that represent runoff characteristics for
the watershed for which the S-graph was developed. S-graphs that are developed
from recorded runoff data from one watershed can be applied to another watershed
only if the two watersheds are hydrologically and physiographically similar. In
addition, a recent study for the Flood Control District ofMaricopa County (Sabol,
1987) has demonstrated that the shape ofS-graphs is significantly affected by storm
characteristics, particularly the maximum intensity of the rainfall. Therefore, it may
not be advisable to adopt S-graphs that have been developed from one hydrologic
zone and to apply these to watersheds in other hydrologic zones because ofpossible
differences in rainfall characteristics in the two zones that may affect the shape of
the S-graph. Application of S-graphs requires the selection ofan appropriate S-graph
and the estimation ofthe one parameter, basin lag. Four 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 gene~alized regional and physiographictype ofwatersheds. Recently, the USBR
has. issued a Flood Hydrology Manual (Cudworth, 1989) that contains extensive
discussion of flood hydrology in general, and S-graphs in particular. Both of these
references should be consulted before using S-graphs.The S-graph has been adopted
as the unit hydrograph procedure by Orange County and San;Bernardino County,
California, and selected S-graphs are presented in the hydrology manuals for those
counties. The S-graphs in those hydrology manuals have been selected primarily
from S-graphs that previously had been defined by the U.S. Army Corps of
Engineers, Los Angeles District from a rather long and extensive history ofanalyses
of floods in California.

An S-graph can, in theory, be used in any application for which an unit hydrograph
can. be used. In practice an S-graph must be first converted·to an unit 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 MCUHP2 program. The MCUHP2 program outputs the
HEC-l input file with the S-graph converted to an unit hydrograph, and the unit
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hydrograph is written to a HEC-l input file using the VI (Given Unit Graph) record.
The use ofMCUHP2 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 specification
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 (computation
interval, NMIN) selected for the development ofthe unit hydrograph from as-graph
should equal about 0.15 times the lag. A duration.(NMIN}.in therange.O.1O~to,O.25,

times the lag is usually acceptable,

5.6.2 Sources of S~Grap.bs,.

S-graphs for Maricopa County have been selected from a compilation of S-graphs
for the Southwestern United States (Sabol, 1987a) and an evaluation of S-graphs
(Sabol, 1993.a) used in the Unit Hydrograph Study (Sabol, 1987b). 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, as well as data collected for the Unit
Hydrograph Study from gauged watersheds in Walnut Gulch, Tucson, Albuquerque,
Denver, and Wyoming.

5.6.3 S-Graphs for Use in Maricopa County

The four S-graphs selected for use in flood hydrology studies in Maricopa County
are the Phoenix Mountain, the Phoenix Valley, the DesertlR.angeland, and Agricul­
tural S-graphs. The Phoenix Mountain S-graph is to be used in flood hydrology
studies of watersheds that drain predominantly mountainous terrain, such as Agua
Fria River above Rock Springs, New River above the Town ofNew 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 may also be appropriate for Indian Bend
Wash.

The Phoenix Valley S-graph is appropriate for flood hydrology studies ofwatersheds
that have little topographic relief and/or urbanized watersheds. However, the Clark
method is still the preferred unit hydrograph method for use in urban areas in
Maricopa County. The Desert/Rangeland S-graph is appropriate for use in natural
areas with.,little to moderate relief, such as foothills, distributary flow areas, and other
undeveloped desert areas. The Agricultural S-graph as the name suggests should be
used for areas under agricultural crops like cotton, wheat, or vegetables. Table 5.4
summarizes the four S-graphs and describes their general areas of applicability.

The four S-graphs are shown in Figures 5.9, 5.10, 5.11, and 5.12 and the coordinates
of the graphs listed in Table 5.3. 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.
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Table 5.3
Tabulation of Coordinates for S-graphs

Percent Ultimate Time in Percent Lao
Discharge Phoenix Valley Phoenix Mountain ' Desert/Ranoeland Aaricultural

0 0.0 1- 0.0 0.0 0.0
2 23.0 23.0 23.0 21.0
4 30.0 31.0 31.0 31.0
6 36.0 37.0 36.9 37.0
!;l 41.0 42.0 41.7 41.0

,,'

10 " 45.7 46.0 45,9 45.0
12 50.0 49.8 49.7 :: I" 48.0
14 54.1 53.4 53.2 52.0
16 58.0 56.8 56.4 56.0
r8, 61.7 60.0 59.7 59.0
20 65.2 63.1 62.5 62.0
22 68.5 66.1 65.3 64.0
24"':f';'" 71.6 69.0

,

68,0 67.5
26 74.6 71.8 70.6 70.0
28 77.5 74.4 73.2 72.5
30 80.2 76.8 75.7 75.0
32 82.7 79.1 78.3 77.5
34 85.0 81.2 80.7 80.0
36 87.2 83.2 83.1 82.5
38 89.0 85.1 85.5 85.0
40 91.1 86.8 87.9 87.5

, 42 92.9 88.8 90.3 90.0
44 94.6 91.0 92.7 92.5
46 96.3 93.8 95.1 95.0
48 98.1 96.8 97.5 97.5
_90 100.0 100.0 100.0 100.0

- 52 102.0 103.4 102.5 103.0
54 104.1 107.0 105.1 106.0
56 106.3 110.8 107.6 109.0
58 108.6 114.7 110.3 112.0
60 111.0 118.7 113.0 115.0
62 113.5 122.9 115.9 117.5
64 116.1 127.3 119.0 120.5
66 118.8 131.9 122.3 123.0
68 121.6 136.7 125.6 127.0
70 124.5 141.7 129.3 131.0
72 127.5 147.1 133.2 135.0
74 130.7 152.8 137.4 138.6
76 134.1 158.8 141.9 142.0
78 137.7 165.5 146.8 147.0
80 141.5 172.9 152.1 152.5
82 145.5 181.6 158.0 158.0
84 149.9 191.0 164.5 165.0
86 154.6 201.0 172.0 172.5
88 159.6 212.0 180.4 179.0
90 165.6 226.0 190.7 190.0
92 173.6 244.0 202.9 203.0
94 186.6 265.0 217.9 220.0
96 200.6 295.0 239.6 243.0
98 223.6 342.0 273.2 280.0

100 298.6 462.0 367.7 448.0



• 5.6.4 Estimation ofLag

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

(5.11)

where Lag=basin lag in hours

L

Lca

s>:·;
C

=

=

=

=

length ofthe longest watercoursein miles'

length along the watercourseto.apointopposite the centroid in
miles

watercourse slope in feet per mile

coefficientand m & p = exponents.

•

•
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The Corps of Engineers often uses C = 24Kn whereKn 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 ofvalues in Equation 5.11
will often result in similar estimates for Lag. Traditionally the exponent, p, on the
slope is equal to 0.5 .

It should be noted that Kn is a measure of the hydraulic efficiency of the watershed
and it is not necessarily a constant for a given watershed for all rainfall d~pths and
rainfall intensities. As rainfall depth and/or rainfall intensity increases the efficiency
of runoff increases and Kn decreases. Therefore, some adjustment in Kn should be
made for use with rainfalls of different magnitudes (frequencies). Generally, Kn is
the smallest for extreme floods such as PI\1Fs and increases as the frequency ofevent
increases.

5.6.4.1 Selection of Kn The selection ofa representative Kn value for a particular
watershed is an inherently subjective process. However, some guidelines are given
for the selection of Kn in Maricopa County in conjunction with the fourrecom­
mended S-graphs. Table 5.4 contains a summary of these guidelines. Additional
guidance may be gleaned from the calculated Kn values for numerous watersheds
provided in Appendix K. Care should be taken to keep in mind the limitations
discussed above when selecting Kn for any given watershed.

Several graphical relations are available for estimating basin lag. One such relation
(U.S. Army Corps of Engineers, 1982a) is shown in Appendix K. Several other
relations that should.. beconsulted when using S-graphsare contained in Design of
Small Dams (USBR, 1987) and the USBR Flood Hydrology Manual (Cudworth,
1989).

January .1,1995
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When estimating basin lag the following steps should be used:

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

2. Calculate the basin factor LLcaI(S°.5).

'J~ ,'use·data,in,Appendix,Korthertiloles,iriDe.sigJ:,;.ojSmallJJdmsor thiFlood
HydrologyManual to attempt to identify watersheds ofthe:same physiographic,
,type and similar drainage area andhasin factor. ·Make aJistofwatersheds with·; '.

. <;'similar drainage areas. and basin,factors".and tabulate th.e estimated'¥alue.ofKn
for.those watersheds, and the measured lag..." '

4.'::';;Esrlrnate.Khifor the:watershed"'by inspection"ofthe:.:tabtilation,::step 3.
~:;:'.:\:~'_~.o~(,: ~..;' , ~;__ '!'';.';,::''

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

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

The use of measured values of Kn from hydrograph reconstitutions of similar
watersheds will provide the most reliable estimates ofKn and basin lag.
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Kn
S-Graph Type Description Min Avg Max Description

" .~ .

Phoenix Valley Very shallow slopes 0.0'15 --- 0.15 variations dependent upon slope, degree of urbanization
and/or partially and connected Impervious areas and development of
urbanized organized qrainage improvelllents; extreme high values

may be appropriqte in very flatqreas with little or no
.•... ' , .," ".

drainage networK --
Phoenix Mountain Mountain 0.045 0.05 0.055 quite rugged, with sharp ridges and narrow, steep

canyons through which waterc<:>Urses meander around
sharp bends, 'overlarge boulders, and considerable
.devbris obstruction; grojnd cover, excluding small areas
of rock outcrops, includes many trees and considerable
underbrush; no drainage improvements

Foothills 0.027 0.03 0.033 gently rolling, with rounded ridges and moderate side
slopes; watercourses meander in fairly straight channels
with some boulders <;Ind lodged debris; ground cover
includes scattered brush, cactus and grasses; no
drainage improvements

Desert/Rangeland Gently sloping natural 0.020 0.025 0.03 variations from minimum to maximum roughness dl;Je to
areas including degree of defihitionof watercourses, extent of
distributary flow areas vegetation, and land surface hydraulic condition

Agricultural Actively cultivated 0.06 0.10 0.15 variations from minimum to maxirnum dependent upon
areas with crops slope, crop type pod density ,

" "

Note: The majority of Kn data upon which these values are based come from rainfall-runoffevents of m~gnitude less than the tOO-year event.
Therefore, selected Kn values for a given design storm need to be evaluated for the pUf{>oses of modeling a particular watershed response
to that design storm.

L_--.....-..----------------------
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Channel Routing

Channel'H.,

Channel routing involves generation of an outflow hydrograph for a reach where an
inflow hydrographis, 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 may 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 may be
used for natural, undeveloped channels since the method simulates outflow peak
attenuation resulting from storage in the system. The Muskingum-Cunge Routing
method may be used for both natural and man-made channels. However, since the
1992 revisions to the Drainage Design Manual, Volume I, sOlneproblems have been
discovered with the use ofMuskingum-Cunge routing inceitIDn circumstances. For
example, different results may occur ifNMIN is changed. Also, peak discharges
have been noted to increase through a routing reach. This problem appears to be
especially acute when quickly rising hydrographs are routed through steep channel
reaches. .t\.nother problem occurs with flat or null hydrographs. The lack of wave
celerity in these flat hydrographs causes HEC-1 to fail to complete normal program
execution (Le. it crashes). Therefore, a third routing method is suggested as an
alternative to Muskingum-Cunge routing, if a change isrequiredor preferred by the
engineer or hydrologist. This third method is the Normal-Depth routing method.
All of these routing methods are options in HEC-1 which is again the principle
modeling tool of the Hydrology Manual. The Modified PuIs method which is
typically used for routing through a structure ora detention,basin is discussed in
detail in the Drainage Design Manual, Volume II, Hydraulics.
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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

j~"hydrograph is :generated :throughthe MCUFIPtitt;'cari''',be:usedras;'fhe;:iriflow' hy_;J:, ",
drograph for an urbanized open channel or a pipe where an outflow hydrograph js
required. These reaches can,be treated as collector channels or the main channel, as
the case may be.

6.2.1 Collector Channel

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

6.2.2 Main Channel

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

6.2.3 Parameter Selection

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

When working with the Kinematic Wave Method, itis importantto be familiar with
the computational procedures inherent in the model. In order to solve the governing
equations which theoretically describe the Kinematic Wave Method, proper selec­
tion of time step and reach length are required. The designer will specify a channel
reach length and a computational time step for the inflow hydrograph. This time step

, could very well be different from the one selected by the computer for computational
purposes. Furthermore, the computer will use this information to select distance
intervals based on the given reach length.

The computational process could unrealistically attenuate the outflow peak. It
appears that a longer reach length would cause more attenuation. To overcome this
problem, the September 1990 version ofIffiC-1 will calculate the outflow peak by
applying both the time step selected by the designer as well as the one selected by
the program. Ifthe resulting peaks are not reasonably close, the designer can modify

January , 1995
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the selected time step or the reach length to improve the calculations. It should be
noted that the program will compare peak flow values for the main channel and not
the collector channels.

Muskingum Routing

Flow routingthroughnatural.channelscan be accomplished by app~yingtheMusk­

···irigt.lm'R.outing'techriique:.:;rhe,main'ch'a.ta:cteniSu6or'mlturahchanriels'i'wi.tli'respect'
to routing is thatthe outflow peak can be drastically attenuated through storage loss,
a process which is simulated by Muskingum routing.

•

6.3.1 Parameter Selection
Application· ofMuskingum.Routingrequires·'inputvalues;for.parametersXandK.
ParameterX .has a.range ofvalues.0.0 to 0.5; where .O.Oil7epresents' routing through
a linear.reservoirandO.5 indicates;puretranslation..ParameterK indicates thetravel

. time ofa floodwave through the entire routed reach. There are several methods which
can be used to estimate K such as average flow velocity adjusted by a celerity factor,
the time 'difference;between.peak inflow 'and peak outflow,or by using stage-dis­
charge relationships. For more details the reader is referred to the HEC-l manual
and Chapter 7 of this manual. Once again, since the computational method within
HEC-l may result in an unstable solution, parameters K, X, and NSTPS (number of
steps) must be checked to insure that an adequate number of subreaches is used.

In those rare situations that observed inflow and outflow hydrographs are available,
K, X,and NSTPS can be calibrated by trial and error to enable reproduction of
outflow hydrographs. Chapter 5 ofthe U.S. Bureau ofReclamation's FloodHydrol­
ogy Manual (Cudworth, 1989) is an excellent source of Muskingum routing infor-
mation. .

Muskingum-Cunge Routing

The Muskingum-Cunge routing method is based on the principle of hydraulic
diffusivity, which simulates an attenuation of the flood 'peak through the routing
reach. This method can be used for both man-made and natural channels where
overbank flow is expected, provided the conveyance can be accurately described
with an eight-point cross section. A complete description of Muskingum-Cunge
applications and guidelines for parameter selection can be found in the September
1990, and later versions oftheHEC-l FloodHydrographPackage, User'sManual.

•
6.4.1 Parameter Selection

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

, 995 6-3
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Normal-Depth Routing

Normal-Depth Routing

The Normal-Depth routing method uses the modified PuIs routing method with
storage and outflow data being computed by HEC-l from channel characteristics
entered by the user into the HEC-l data file. This method allows the user to define
a representative 8-point cross-section for the routing reach as well as overbank and

,mainchannel roughness:values.. For,a complete gescri.lltionofthe use,and"applica~,
tionofNorma:l-"Depth:routingin HEC-l referto' the.HEC'-lUser'sManuaL' " .'

January 1,
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..i::~! Someof the design rainfall criteria thatare contained inChapters 2and 3 were based
on the analysis of published rainfall statistics for the Phoenix metropolitan area.
Specifically, the 2-hour storm distribution (Figure 2.15), Pattern No.1 of the 6-hour
stormdistribution (Figure 2.16), and the intensity-duration-frequency relation (Fig",
ure 3.2), were all developed from rainfall statistics in NOAA Atlas 2 for the Phoenix
Sky Harbor Airport location.

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

June 1,1992 7·1
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Notes on Calculating Loss Parameters

When using the Rational Method in Maricopa County, the intensity-duration-fre­
quency (I~D-F) curve (Figure 3.2) is for the Phoenix metropolitan area. That I-D-F
curve can be used throughout Maricopa County; however, there could besituations
where a site-specific I-D-F curve would be appropriate. In such cases, the I-D-F
curve can be developed from site-specific rainfall statistics from NOAA Atlas 2.The
use of the PREFRE Program is encouraged when developing the site-specific .
depth-duration-frequency statistics. I-D-F graph paper is provided in Appendix G.

Beforedeveloping and using site-specific rainfall cnteria(the2-"hour stotindistribu"­
tion, Pattern No.1 of the 6-hour distribution, or the rainfall intensity-duration-fre­
quency relation), this should be discussed with the Flood Control District and the
local agency.

:::~i::::::j:\j:llj:i:j:i!;;! •

i·:::I~I:ii Notes on CalculatIng Loss Parameters
::::::::::;:::::;:::::::;:;:;::

:Illillilliilli:iiilililliilili 1. Since many of the soil groups contain horizons of different textures, the top·
horizon mayor may not control the total volume and rate of infiltration. The
decision ofwhich 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-yeardesign storm.

2. Use caution when applying impervious cover percentages using the RTTh1P
variable. RTIMP will directly convert the assigned percentage of areal rainfall
to runoff. If the SCS soil description lists a soil group as having 25 percent rock
outcrop, 25 percent of the area will contribute direct runoff to the outlet only
if the rock outcrop areas are hydraulically connected, which is rarely the case.
This situationalso 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 imper- ,
vious areas when using the RTIMP variable.

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

4. Map unit values of XKSAT (bare ground) have been calculated based on in­
dividual soil textures, percentage of soil textures in a map unit, XKSAT values
from Table 4.2, and a logarithmic area-weighting procedure. These map unit
values of XKSAT are provided in Appendices A, B, and C. Those values can be
used, in most cases, to calculate basin or subbasin average values of XKSAT.

5. The PSIF and DTHETA values are taken from Figure 4.3 as a function of the
basin or subbasin average value of XKSAT (bare ground).

6. XKSAT (bare ground) is adjusted for the effects of vegetation cover by use of
Figure 4.4. ThePSIFand DTHETA values are not adjusted for vegetation cover.
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Application

·.1 Notes on the Application of ~eOark Unit
:::iJ:ri:i:iIli:ii Hydrograph and the CalculatIon of Parameters
:::;.:.::;.:.:.:.:-:.:.:.:.:-:.;

1. The Clark Unit Hydrograph procedure was developed from a database that
includes both urban and natural (undeveloped) desert/rangeland watershed.
Its primary application is for urban watersheds, but is applicable for
deserthangeland- watersheds also;" In general,it should:cuot: be "applied to
agricultural fields or steep mountain watersheds:-

2. The size limitation for a.watershed or modeling subbasin must be observed
when using the Clark Unit Hydrograph procedure. The recommended size
limit is 5 square miles with an upper limit of 10 square iniles. In addition to
that limit, the calculated Tc should not exceed the duration ofrainfall excess.
For example, a 4-square mile subbasin is being used for which the duration of
rainfall excess is calculated to be 1.0 hour and the Tc is calculated as 1.5 hours.
The Clark procedure should not be used and the modeler has two options:
(1) subdivide the subbasin into two or more smaller subbasins so that none of
the Tcs exceed the duration of rainfall excess; or (2) use another unit
hydrograph procedure such as the S-graph.

3. Tc represents the time for a floodwave to travel from the hydraulically most
distant point in the watershed to the outlet during the most intense period of
rainfall excess. The flow path length (L) represents the hydraulic length cor­
responding to Tc. For a natural channel, L is the length of watercourse from
the outlet to a pointdefining the hydraulically most distant point. Foran urban
basin where flow is mainly instreets 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.

4. Excess Rainfall Values: When developing the peak period of rainfall excess on
the "Calculation of Tc & R" worksheet (Appendix E), start at the largest depth
for the ~tused, 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 con­
tiguous. Example:

Time Excess(in) Rank Sorted

1415 0.21 6 0040

1420 0.28 5 0.35

1425 0.35 2 0.32

1430 0040 1 0.33

1435 0.32 3 0.28

• 1440 0.33 4 0.21

1445 0.18 7 0.18

June 1, 1992 7-3



TypeB

TypeC --

•

•

Notes on the Application of S-graphs

Alternatively, program IlMCUHPl" can be used to calculate Tc and R. This
program will also construct the basin HEC-l input file containing the appro­
priate Clark input (DC and VA records).

5. 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 .1t =5 minutes
(where .1t is hydrograph time step), then Tc should be less than (8*5}=40
minutes. For .1t = 10 minutes, Tc < 80 minutes,. and so on..Remember that in
no case'shOlIld' Tcbe'lessthan '.1tforcoriipufaUdnal,statiiIity: Theiwotksheet'"'·'
can be modified to allow calculation using any number of rainfall excess

,values., The worksheet is not needed ifthe MCUHP1 program is used.

6.. Remember that Tc is a function .of excess rainfallintensity· and must be
recalculated when the duration or frequency. of a design'$tonnis changed. If
multiple'fr::equenciesare desiredfora.given duration;'·,it may be acceptable 'to
construct a graph ofTc vs.Frequency, when.the peak producingportion ofthe
distribution is maintained; In such a case, plot the 2, 10,'and 100 year Tc values
on semi-log paper, and interpolate intermediate values.

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

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

Say a 3.75 square mile watershed is 35 percent "moderately low roughness"
(Type B) and 65 percent"moderately high roughness" (Type C). Calculate Kb
separately for each roughness category, then weigh according to percentages,
i.e.:

-0.01375 (log 3.75 x 640) + 0.08 = 0.034

-0.025 (log 3.75 x 640) + 0.15 = 0.065

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

•

Notes on the Application of S-graphs

1. The recommended S-graphs for Maricopa County, i.e., Phoenix Mountain,
Phoenix Valley, Desert/Rangeland, and Agricultural S-graphs,.should only be
applied to large, natural watersheds. The Phoenix Valley S-graph can also be
applied to large, urban basins.. This is in part due to the fact that the original
data base in Arizona applied the methodology to large watersheds. Asa lower
limit of application a watershed area of 5 square miles can be considered.

2. The Kn should be selected' from the best available information.. General
guidance and some regional data are available from the U.S. Army Corps of
Engineers (Figure 5.11). A broader range of data for watersheds in Maricopa
County is provided in the U.S. Bureau ofRedamation, FloodHydrologyManual

____....iL_. ;M~_U~I$4l_.._$I_._ ....Ul....IW1....'U_'q_,_~'a'n1l\',__....., ....:4% .......__.._..._.__....."
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Notes on the Application of Musklngum Routing

1 K 1
2 (1 - X) S; NSTPSM S; 2 (X)

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

2. The parameters, K and X, are best determined by the analysis of streamgauge
data, if available. Where such data are available, K and X can be determined
byanalytic methods as presented in many hydrology textbooks, or the HEC-1
parameter optimization option can be used. Other regional floo,\ ,studies (by
the U.S. Army Corps of Engineers and others) may'contain the results of such
analyses for larger rivers in the County.

3. 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.

4. NSTPS: The choice ofa number of subreaches for a particular stream reach can
be checked for computational stability using the following equation from the
HEC-1 Manual:

• whereK =

X =
~t =

the travel time through the entire reach in hours

Muskingum 'X'

the computational time step (hrs),

NSTPS = the integer number of subreaches.

•

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

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

B. Choosean 'n' value representative of the main channel only-do not
indude the overbank roughness ina weighted average.

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

~::::::::::::::::::::::::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::::::::::!::::i::::::::::::::::::::..::::::::~:::::::.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::~:::::::::::::::::::::::::::::::::::-,:::;:::::::::::::::::::::::::::::::~:::::::::::::::::::::::::~:::::::::::::::::
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Notes on the Application of
Musklngum-Cunge Routing

Several points, beyond those in the HEC-l User's Manual, are noted when using
the MU.3kingum-Cunge option:

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

2. The use of the Muskingum-Cunge routing option usually results in longer
computation time in HEC-1. Run time may be increased appreciably when

. using the Depth/Area Storm option (JD record); however, this alone should
not be a practical deterrent against using the Muskingurn-Cunge method.
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Loss Rate Parameters

Asoumptions and criteria used in developing XI<SAT tables in Appendices A, 8, and C:

1. SoU textures determined in the SCS SoU Surveys were used as a basis for
calculating XKSAT rather than individual soU sieve analyses.

2. If a soU texture was described as "gravelly," "very gravelly," "extremely
gravelly," etc., its textural classification was bumped up one level in Table 4.2
to account for higher infiltration rates caused by increased biotic activity below
surface gravels, and the decrease in areal pore dogging iron.l fuJling raindrops,
Exa.....,....l""· a "gravelly 'loam" b~~""me a "sandy lo!3."", " 1.7."', ..,... ,......,. sandy loamsu~r'<'''''l.·~;. 'fi;j;""'-W ~... .&.iI,'~, ...!>:::f.J~ ..1.~~l.... _

were not bumped to loamysands unless theyweredescribe(!: :;;;::; Ullery gravelly"
or "extremely gravelly." Conversely, "fine" and "very fimr ::;;:/J1.dy loams were
bumped down toloams, due to their sieve'analyses.

3. IfasurfacesoUhorizonwaslessthan3inchesdeep,itsXKSATvaluewascompared
to the adjoining horizon, and the slower rate was reported. in the table.

4. MinOT Soil Tenures: if more than one texture is assigned. to a soil name in the
map unit descriptions, then its minor soil designation was assigned as that
which most closely matched the major soil(s) for the map unit in question; Each
minor soil was given equal Weight in determining the weighted map unit
average XKSAT.

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

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

• Map %of Control XKSAT,
Unit Map Horizon Table 4.2 Inch/
No. Soli N~ma USDA SOU Texture Unit Depth, Inches Textural Class hour

12 Carefree Clay 80 1·50 Clay 0.01
Beardsley 4 Clay
Contine 4 Clay Loam
Eben 4 Silty Clay Loam
Sun City 4 Clay Loam
Gadsden 4 Clay

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

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

15 Carrizo Gravelly Sandy Loam 50 0-5 Sandy Loam 0.54

• Gunsight Very Gravelly sanely Loam 30 1-60 Loamy Sand
Brias 2.5 Loamy Sand
Carrizo 2.5 Loamy Sand
Denure 2.5 SanayL'J&T1
Cipriano 2.5 Sandy L,i,lam

Chuckawalla 2.5 Silt
Momoli 2.5 Sandy Loam
Pinamt 2.5 Sand
Rillito 2.5 Loam

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

18 Cherioni Extremely Gravelly Loam 71 Sandy Loam 0.33
Rock Outcrop 15 1-10
Cipriano 7.25 Sandy Loam
Gachado 7.25 Silt
Gunsight 7.25 Loamy Sand
Sun City 7.25 Clay Loam

•
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Aguila-Carefree Soli Survey----
Map %of Control XKSAT,

• Unit Map Horizon Table 4.2 Inch/
No. 5011 N~me USDA Soli Texture Unit Depth, Inches Textural Class hour

'_._-
19,20 Chuckawala Very Gravelly Sandy Clay Loam 45 2-14 Silt 0.19

Gunsi9,ht Very Gravelly Loam __.1L- 0-3 Sandy Loam
Sal 2.857 Silt
Pinamt 2.857 Silt
Tremant 2.857 Sandy Loam
Rillito 2.857 Loam
Antho 2.857 Sandy Loam
Gilman 2.857 Loam
Maripo 2.857 Sandy Loam

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

22 Contine Clay Loam 80 2-30 Clay Loam 0.04
Carefree 6.67 Clay
Ebon 6.67 Silty Clay Loam
Mohall 6.67 Clay Loam

• 23 Contine Clay 80 0·12 Clay 0.01
Carefree 6.67 Clay
Ebon 6.67 Silty Clay Loam
Mohall 6.67 Clay L.oml'1

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

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

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

27 Continental Clay 55 1-60 Clay 0.Q1
Mohave Clay Loam 20 2·20 Clay Loam
Guest 25 Clay

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

• Anthony 2.5 Sandy Loam
Ariza 2.5 Loamy Sand
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Aguila-Carefree Soil Survey

• Map %01 Control XKSAT
Unit Map Horizon Table 4.2 Inch/
No. 5011 N,1m~ USDA SOli Texture Unit Depth, Inches Textural Class hour

29,30 Denure Fine sandy Loam 40 0-2 Loam 0.34
Momoli Gravelly Sandy Loam 30 0-10 .. Sandy Loam
Carrizo Gravelly Sandy Loam 20 0-10 Sandy Loam
Gilman 3.33 Loam
Maripo 3.33 Sandy Loam
Carrizo 3.33 Loamy Sand

31,32 Dixaleta Extremely Cobbly Sandy Loam 85 1-8 Sandy Loam 0.33
Rock Outcrop 35....

Ohaco 2.5 Clay Loam
Nickel 2.5 Sandy Loam
Cave 2.5 Loam
Eba 2.5 Sandy Loam
Gran 2.5 Clay Loam
Lehmans 2.5 Clay Loam

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

36 Eba Very Gravelly Loam 45 (0-3) Sandy Loam 0.07

• Continental Clay 35 (1-60) Clay
Ohaco 5 Clay Loam
Pinaleno 5 Sandy Clay Loam
Sun City 5 Sandy Clay Loam
Tres Hermanos 5 Clay loam

37,38 Eba Very Gravelly Loam 40 (0-3) Sandy Loam 0.13
Continental Clay 25 (1-60) Clay
Cave

"~"

Loam 20 (1·14) Loam
Anthony 2.5 Sandy Loam
Arize 2.5 Loamy Sand
Greyeagle 2.5 Sandy Loam
Ohaco 2.5 Clay Loam
Nickel 2.5 Sandy Loam
Pinalene 2.5 Sandy Clay Loam

39 Eba Very Gravelly Loam 30 0·3 Sandy Loam 0.29
Nickel Gravelly Loam 25 1·10 SandyLeam
Cave Loam 25 1·14 Loam
Arize 4 Loamy Sand
Pinaleno 4 Sandy Clay Loam
Sun City 4 Sandy Clay Loam
Greyeagle 4 Sandy Loam

• Ohaco 4 Clay Loam
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Aguila-Carefree Soli Survey

• Map %01 Control XKSAT,
Unit Map Horizon Table 4.2 Inchl
No. Soil N&me USDA Soli Texture Unit Depth, Inches TexturalClass hour

". ,'"",,' .,;.,0

48,49 Ebon Very Gravelly Clay 45 1-43 Silty Clay 0.06
Pinamt Very Gravelly Clay Loam 35 3·15 Silt
Carrizo 2.5 Loamy Sand
Antl10 2.5 Sandy Loam
Contine 2.5 Clay Loam
Luke 2.5 Silty Clay Loam
Cipriano 2.5 Sandy Loam
Gunsight 2.5 Loamy Sand
Momoli 2.5 Sandy Loam
Tremant 2.5 Sandy Loam

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

'.51 " Gachado Very Gravelly Sandy Clay Loam 50 2-8 Silt 0.24
Lomitas Very Gravelly Sandy Loam 25 2-17 Loamy Sand
Cherioni 3.571 Sandy Loam
Carrizo 3.571 Loamy Sand

• Eben 3.571 Silty Clay Loam
Contine 3.571 Clay Loam
Tremant 3.571 San(i~f t.cam
Denure 3.571 Sandy Loam
Gunsight 3.571 Loamy Sand

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

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

54 Gila Fine Sandy Loam 80 0·2 Loam 0.29
Anthony 6.67 Sandy Loam

• Arizo 6.67 Loamy Sand
Gila 6.67 Loam
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Aguila-Carefree Soil Survey
"

• Map .. %01 Control XKSAT,
Unit Map Horizon Table 4.2 Inch/
No. Soli Name USDA Soli Texture Unit Oepth, Inches Textural Class hour

.._---------_._----_....
55, 56 Gilman Loam 80 0·5 Loam 0.27-_..------- --- -

Anlho 1.818 Sandy Loam
Carnzo 1.818 Loamy Sand
Estrella 1.818 Loam
GJenbar 1.818 Loam
Maripo 1.818 Sandy Loam
Valencia 1.818 Sandy Loam
Vint 1.818 Sandy Loam
Denure 1.818 Sandy Loam
Momoli 1.818 Sandy Loam
Carrizo "1.818 Sandy Loam
Gilman 1.818 Loam

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

':--~.

;·58,59 Gilman Loam 40 0-2 Loam 0.34
'i-:

Momoli Gravelly Sandy Loam 25 0-22 Sandy Loam
Denure Gravelly Sandy Loam 20 0-9 Sandy Loam
Carrizo 3 Sandy Loam• Anlho 3 Sandy loam
Carrizo 3 Loamy Sand
Estrella 3 Loam
Maripo 3 Sandy Loam

-(y 60 ., Glenbar ..-..........._- Loam 80 . 0-6 Loam 0.26
Anlho 4 Sandy Loam
Estrella 4 Loam
Gilman 4 Loam
Vint 4 Sandy Loam
Mohall 4 Loam

61,62 Gran Extremely Gravelly Sandy Clay 40 1-12 Clay Loam 0.15
Wickenburg Gravelly Sandy Loam 35 0-1 Sandy Loam
Eba 8.33 Sandy Loam
Pinaleno 8.33 Sandy Clay Loam
Arizo 8.33 Loamy5and

•
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. Aguila-Carefree Soli Survey

• Map %of Control XKSAT.
Unit Map Horizon Table 4.2 Inchl
No. Soil Na;me USDA Soli Texture Unit Depth, Inches Textural Class hour

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

65 Greyeagle Gravelly Loam 45 1-5 Sandy Loam 0.19
Continental Clay Loam 25 2-5 Clay Loam
Nickel 'jery Gravelly Loam 15 0-5 Sandy Loam
Ohaco 3 Clay Loam
Sun City 3 Sandy Clay Loam
Cave 3 Loam
Mohave 3 Clay Loam
Ariza 3 Loamy Sand

66 Greyeagle Very Gravelly Loam 55 1-5 Sandy Loam 0.23
Sun City Variant Gravelly Clay Loam 30 2-9 $andy Clay Loam

• Ariza 3.75 Loamy Sand
Cave 3.75 Loam
Ohaco 3.75 Clay Loam
Nickel 3.75 SandyLf.lam

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

68,69 Gunsight Very Gravelly Sandy Loam 45 1~ Loamy Sand 0.63
Cipriano Very Gravelly Loam 40 0-6 Sandy Loam
Gilman 3 Loam
Carrizo 3 Loamy Sand
Pinamt 3 Silt
Rillito 3 Loam
Tremant 3 SancfyLoam

•
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Aguila-Carefree Soil Survey
-------.--~--_ ...---,_._.

• Map %of Control XKSAl',
Unit Map Horizon Table 4.2 Inchl
No. Sol! Nama USDA Soli Texture Unit Depth, Inches Toxtural Class hour

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

70,71 .Gunsight VeryGravelly Loam 40 0-11 Sandy Loam 0.36
flillito ~lavelly Loam 40 0-12 Sandy Loam
Camzo 2.22 Loamy Sand
ChuckawaJla 2.22 Silt
Eben 2.22 Clay Loam
Mohall 2.22 Loam
Pinamt 2.22 Silt
Tremant 2.22 Sandy Loam
Cipriano 2.22 Sandy Loam
Anttlo 2.22 Sandy Loam
Gilman 2.22 Loam

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

:' Greyeagle 7.2 Sandy Loam
.~~. ,.:: \'; , ·1(';~· .

Nickel 7.2 Sandy Loam

74 '" Luke Very Gravelly Clay 45 1·28 Silty Clay 0.08• Cipriano Very Gravelly Loam 35 0-6 Sandy Loam
Beardsley 2.857 Clay
Contine 2.857 Clay LOflin

Ebon 2.857 Silty CIQI~ Loam
Pinamt 2.857 Sill
Sun City 2.857 Sandy Clay Loam
Gunsight 2.857 Loamy Sand
Canizo 2.857 Loamy Sand

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

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

•
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• Map %01 Control XKSAT,
Unit Map Horizon Table 4.2 inch/
No. Sol!N!:.~m~ USDA Soli Texture. Unit Depth, Inches Textural Class hour

-"---._--
77 Mohall Clay Loam 80 0-2 Clay l.oam 0.05-_.-

Gilman 5 Loam
Glenbar 5 Loam
Contine 5 Clay Loam
Tremant 5 Sandy Loam

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

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

80,81 Mohall Clay Loam 45 2-42 Clay Loam 0:08

• Tremant Sandy Clay Loam 25 1-5 Sandy Clay Loam
Contine 3.75 Clay Lc&m
Pinamt 3.75 Silt
Sun Cirt' 3.75 Sand} (;jI:J-Y Loam
Gunsight 3.75 Loamy t3and
Rillito 3.75 Loam
Antho 3.75 Sandy Loam
Carrizo 3.75 Loamy Sand
Valencia 3.75 Sandy Loam

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

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

85 Mohave· Clay Loam 80 0-20 Clay Loam 0.04
Gila 6.67 Loam

• Continental 6.67 Clay
Tres Hermanos 6.67 Clay Loam.
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•

Map % of Control
Unit Map Horizon
No. Soil Name USDA Soil Texture Unit Depth, inches

Table 4.2
Textural Class

XKSAT,
inch!
hour-_....._~-_. ._------------------------- -------

86 Mohave CI§l.Loam 85 2-15 9~Loam___ 0.05----- ------
Anthony 3 Sandy Loam
Gila 3 Loam
Tres Hermanos 3 Clay Loam
Mohave 3 Loam
Continental 3 Clay ..,- -------

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

---_.
15 Clay Loam

'--
88 Mohave Clay Loam 45 2-11 Clay Loam 0.02

Guest Clay 40 2-60 Clay
Mohave 7.5 Loam
Continental 7.5 Clay

--_.- ----
89 Mohave Clay Loam 50 2-11 Clay Loam 0.06

Tres Hermanos Gravelly Clay Loam 30 2-20 Sandy Clay Loam
Arizo 5 Loamy Sand
Anthony 5 Sandy Loam
Continental 5 Clay
Pinaleno 5 Sandy Clay Loam

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

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

93, 94 . Nickel Gravelly Loam 50 1-10 Sandy Loam 0.33 .
Cave Loam 35 1-14 Loam
Arizo 3.75 Loamy Sand
Anthony 3.75 Sandy Loam
Pinaleno 3.75 Sandy Clay Loam
Greyeagle 3.75 Sandy Loam

•
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Aguila-Carefree Soil Survey

Map .. %01 Control XKSAT.• Unit Map HO.rlzon Table 4.2 inch;
No. Soli Name USDA Soil Texture Unit Depth, Inches Textural Class hour

95 Ohaco Clay Loam 85 2·11 Clay Loam 0.04
Continentai 7.5 Clay
Sun City Variant 7.5 Sandy Clay Loam

96,97 Pinaleno Gravelly Clay Loam 45 1-12 Sandy Clay Loam 0.07
Tres Hermanos Clay Loam 40 24 Clay:Loam i

Arizo 2.5 Loamy Sand
Mohave 2.5 Clay Loam
Greyeagle 2.5 Sandy Loam
Eba 2.5 Sandy Loam
Vado 2.5 Sandy Loam
Nickel 2.5 Sandy Loam

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

• 100 Qui/otosa Extremely Gravelly Loam 62.5 2-14 Sandy Loam 0.40
Vaiva Very Gravelly Loam 25 0-3 Sandy Loam
Rock OutcroQ__ 20
Schenco 12.5 Sandy Loam

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

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

103 Rock Outcrop 65 0.10
Gachado Very Gravelly Clay Loam 71 1-7 Sandy Clay Loam

• Lomitas 29 Sandy Loam
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Map· %01 Control XKSAT,

• Unit Map Horizon Table 4.2 Inch!
No. Soli Nama USDA SOli Texture Unit Depth, Inches Tertural Class hour

--_.
104,105 Rock Outcrop 60 0.14

Lehmans __ Gravelly Clay Loam 50 2-15 Sandy Clay Loam
.Arizo 16.67 Loamy Sand
Eba 16.67 Sandy Loam
Pinaleno 16.67 Sandy Clay Loam

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

108 Schenco Very Cobbly Loam 71 2-11 Sandy Loam 0.31
Rock Outcrop 30
Antho 2.9 Sandy Loam
Beardsley 2.9 Clay
Cherioni 2.9 Sandy Loam
Cipriano 2.9 Sandy Loam
Eben 2.9 Silty Clay Loam
Gunsight· 2.9 Sandy Clay Loam

• .' Sun City 2.9' Sandy Loam
Gachado 2.9 Silt
Quilotosa 2.9 sandy Loam
Vaiv'd 2.9 Saflliy LDam

109. Schenco Very Cobbly Loam 85 2·11 Sandy Loam 0.35
,;--",.;:

Rock Outcrop 35
Beardsley 2.143 Clay
Cipriano 2.143 Sandy Loam
Eben 2.143 Silty Clay Loam
Gunsight 2.143 Loamy Sand
Gachado 2.143 Silt
Quilotosa 2.143 Sandy Loam
Vaiva 2.143 Sandy Loam ._--

110 Sun City Gravelly Clay Loam 55 1·9 Sandy Clay Loam 0.13
Cipriano Very Gravelly Loam 30 1-6 Sandy Loam
Carrizo 5 Loamy5and
Beardsley 5 Clay
Gunsight 5 Loamy5and

111 Torriothents 100 0-60 Sandy Loam 0.40

•
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• Map %01 Control XKSAT.
Unit Map Horizon Table 4.2 Inchl
No. Soil Namlt USDA Soli Texture Unit Depth, Inches Textural Class hour

112 Tremant Gravelly Sandy Loam 80 0·9 Sa~QD.Ciam 0.39
Antho 2.22 Sandy Loam
Carrizo 2.22 Sandy Loam
Valencia 2.22 Sandy Loam
Carrizo 222 Loamy Sand
Denure 222 Sandy Loam
Mohall 2.22 Loam
Momoli 2.22 Loam
Pinamt 2.22 Sill
Rillito 2.22 Loam

113 Tremant Gravelly Sandy Loam 80 0·9 Sandy Loam 0.39
Antho 1.818 Sandy Loam
Carrizo 1.818 Sandy Loam
Valencia 1.818 Sandy Loam
Carrizo 1.818 Loamy Sand
Denure 1.818 Sandy Loam
Momoli 1.818 Loam
Chuckawalla 1.818 Silt
Gunsight 1.818 Loamy Sand

• Mohall 1.818 Loam
Pinamt 1.818 Silt
Rillito 1.818 Loam

114 Tremant 80 0·9 SandyL&f!~ 0.39
Antho 2.0 Sandy Loam
Carrizo 2.0 Sandy Loam
Valencia 2.0 Sandy Loam
Carrizo 2.0 Loamy Sand
Denure 2.0 Sandy Loam
ChuckawaJla 2.0 Silt
Gunsight 2.0 Loamy Sand
Mohall 2.0 Loam
Pinamt 2.0 Silt
Rillito 2.0 Loam

115 Tremant Gravelly sandy Loam 45 0-9 Sandy Loam 0.39
Anlho Sandy Loam 35 0-3 Sandy Loam
Carrizo 4 Loamy Sand
Denure 4 Sandy Loam
Mohall 4 Loam
Momoli 4 Sandy Loam
Pinamt 4 Silt

•
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• Map %of Control XKSAT,
Unit Map Horizon Table 4.2 Inchl
No. So!! Nsmi!j USDA Soli Texture Unit Depth, Inches Tex'tural Class hour

..
-~-_.---'--'~"''''''--'----''

1'16,117 Tremant Gravelly Clay Loam 30 2·26 Sandy Clay Loam 0.23
Gunsight Very Gravelly sandy Loam 20 0-10 Loamy Sand
Rillito 9ravelly Loam 20 0-60 Sandy Loam
Cipriano 3.75 Sandy Loam
Pinamt 3.75 Silt
Mohall 3.75 Clay Loam
Contine 3.75 Clay Loam
Antho 3.75 Sandy Loam
Carrizo 3.75 Loamy Sand
Gilman 3.75 Loam
Carrizo 3.75 Sandy loam

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

119 Tremant Gravelly Loam 40 1-9 sandy Loam 0.14• Sun City Clay Loam 30 2-12 Clay Loam
Gadsden 3.75 Clay
Cipriano 3.75 Sandy l.o~.m

Beardsley 3.75 Clay
Gunsight 3.75 Loamy Sand
Mohall 3.75 Loam
Sal 3.75 Silt
Pinamt 3.75 Slit
Rillito 3.75 Loam

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

121 Tres Hennanos Clay Loam 50 2-6 Clay Loam 0.12
Anthony Gravelly Sandy Loam 35 2-40 Sandy Loam
Arizo 5 Loamy Sand
Pinaleno 5 Sandy Clay Loam

• Nickel 5 Sandy Loam
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Unit Map Horizon Table 4.2 Inchl
No. Soli NBm(,j USDA Soli Texture Unit Depth, Inches Textural Class hour

~~'._---

122 Vado f3ravelly Sandy Loam 75 0·2 Sandy Loam 0.33
Anthony 6.25 Sandy Loam
Arizo 6.25 Loamy Sand
Pinaleno 6.25, Sandy Clay Loam
Tres Hermanos 6.25 Clay Loam

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

124 Valencia Sandy Loam 80 0·20 Sandy Loam 0.39
Antho 4 Sandy Loam
Estrella 4 Loam

• Gilman 4 Loam
Denure 4 Sandy Loam
Tremant 4 Sanei}' Lm'J1'l

.~"""''''''''''''''''-'':

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

•
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Maricopa central Soil Survey

• Map %of Control XKSAT.
Unit Map Horizon Table 4.2 Inchl
No. Soli Name USDA Soli Texture Unit Depth, Inches Textural Glass hour

AfA Antho Sandy Loam 50 0-13 Sandy Loam 0.38
Canizo Gravelly Sandy Loam 30 0·5 Sandy Loam
Maripo Sandy Loam 5 Sandy Loam
Valencia Sandy Loam 5 Sandy Loam
Vint Fine sandy Loam 5 Loam
Gilman .. Fine sandy Loam 5 Loam

AtB Antho Sandy Loam 40 0-13 Sandy Loam 0.40
Canizo Gravelly Sandy Loam 25 0-5 Sandy Loam
Maripo Sandy Loam 20 0-34 Sandy Loam
Valencia Gravelly Sandy Loam 7.5 Sandy Loam
Rillito Sandy Loam 7.5 Sandy Loam

AGB Antho Sandy Loam 35 0·13 Sandy Loam 0.40
Carrizo Gravelly Sandy Loam 30 0-5 Sandy Loam
Maripo Sandy Loam 20 0·34 Sandy Loam
Brios Sandy Loam 5 Sandy Loam
Harqua Gravelly Loam 5 Sandy Loam

..~~
Valencia Sandy.Loam 5 Sandy Loam

AHC Antho Gravelly Sandy Loam 40 0-13 Sandy Loam 0.38
Tremant Gravelly Loam 30 0-10 Sandy Loam
Gunsight 3.33 Loam• Maripo 3.33 Sandy Loam
Rillito 3.33 Sandy loam
Laveen 3.33 Loam
Carrizo 3.33 Sandy Loam
Mohall 3.33 Sandy Loam
Gilman 3.33 Loam
Valencia 3.33 Sandy Loam
Estrella 3.33 Loam

AkB Antho Gravelly Sandy Loam 35 0·13 Sandy Loam 0.27
Antho Sandy Loam 15 0·13 SandyLoam .
Tremant Gravelly Clay Loam 20 1-8 Sandy Clay Loam
Mohall Gravelly Sandy Loam 15 0·10 . SandyLoam
CaciolTonio 5 Sandy Loam
Carrizo Gravelly sandy Loam 5 Sandy Loam
Gilman Fine Sandy Loam 5 Loam

AL Antho Sandy Loam 55 0·13 Sandy Loam 0.40
Antho Gravelly §andy Loam 30 0-13 Sandy Loam
Coolidge Sandy Loam 3 Sandy Loam
Laveen SandyLoam 3 Sandy Loam
Valencia Sandy Loam 3 Sandy Loam
Carrizo Gravelly Sandy Loam 3 Sandy Loam
Maripo . Sandy Loam 3 Sandy Loam

•
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Maricopa central Soil Survey

• Map %01 Control XKSAT,
Unit Map Horizon Table 4.2 Inchl
No. Soli Name USDA SOli Texture Unit Depth, Inches Textural Class hour

AM Antho Sandy Loam 40 0-13 Sandy Loam 0.39
Valencia Sandy Loam 40 0-10 Sandy Loam
Coolidge Sandy Loam 6.67 Sandy Loam
Maripo Sandy Loam 6.67 Sandy Loam
Gilman Fine sandy Loam 6.67 Loam

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

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

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

"(., :."', Gashion Clay 5 Clay
Gilman Loam 5 Loam

'·BE Beardsley Loam 90 0-3 Loam 0.24

• Vecont Clay .2.5. Clay
Sun City Very Gravelly Loam 2.5 Sandy Loam
Pinal Gravelly Loam 2.5 Sandy Loam
Beardsley Gravelly Loam 2.5 Sandy loam

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

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

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

CA2 Calciorthidsl Varies 80 0-60 Sandy Loam 0.38
Torriorthents
Gunsight Loam 5 Loam

• Pinal Loam 5 Loam
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Maricopa central 5011 Survey

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

Cb Carrizo Gravelly Sandy Loam 85 0-5 Sandy Loam 0.40
Maripo Sandy Loam 3 Sandy Loam
Srios Loamy Sand 3 Loamy Sand
Antho Sandy Loam 3 Sandy Loam
Vint Fine sandy Loam 3 Loam
Agua~ Loam 3 Loam

CeO Carrizo Gravelly Sandy Loam 60 0-5 Sandy Loam 0.19
Eben Very Cobbly Clay Loam 30 2·13 Sandy Clay Loam
Tremant Gravelly Clay Loam 10 Sandy Clay Loam

CF Carrizo Sandy Loam 45 0·5 Sandy Loam 0.50
Srios Sandy Loam 35 0-14 Sandy Loam
Vint Loamy Sand 20 0-60 Loamy Sand

Cg CasaGrande Loam 85 1-3 Loam 0.24
Laveen Loam 3.75 Loam
Harqua Gravelly Clay Loam 3.75 Sandy Clay Loam
Valencia Sandy Loam 3.75 Sandy Loam
Tucson Loam 3.75 Loam

Ch CasaGrande Loam 85 0-3 . Loam 0.24
Laveen Loam 3.75 Loam

• Estrella Loam 3.75 Loam
Harqua Gravelly Clay Loam 3.75 Sandy Clay Loam
Tucson Loam 3.75 Loam

Ck Casa Grande Loam 75 ·0·3 Loam 0.30
Laveen Loam 8.33 Loam
Harqua Gravelly Sandy Loam 8.33 Sandy Loam
Dune Land Loamy Sand 8.33 Loamy Sand

Cm Casa Grande Loam 40 1·3 Loam 0.26
Laveen Loam 40 0·15 . Loam
Gilman Loam 6.67 Loam
Coolidge Sandy Loam 6.67 Sandy Loam
Estrella Loam 6.67 Loam

Cn Cashion Clay 80 0-27 Clay 0.01
Gadsden Clay 5 Clay
Avondale Clay Loam 5 Clay Loam
Wintersburg Clay Loam 5 Clay Loam
Glenbar Clay Loam 5 Clay Loam

CO Cherioni .Very Gravelly Loam 62.5 0-6 Sandy Loam 0.29
Rock Outcrop 20
Gachado Very Gravelly Clay Loam 9.38 Sandy Clay Loam
Pinal Loam 9.38 Loam
Gunsight Loam 9.38 Loam
Rillito Loam 9.38 Loam•
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Maricopa Central Soli Survey

• Map %01 Control XKSAT,
Unit Map Horizon Table 4.2 Inchl
No. Soli Name: USDA SOli Texture Unit Depth, Inches Textural Class hour

Cp Coolidge Sandy Loam 80 0·13 Sandy Loam 0.40
.Laveen Sandy Loam 4 Sandy Loam
Antho Sandy Loam 4 Sandy Loam
Rillito Sandy Loam 4 Sandy Loam
Perryville Sandy Loam 4 Sandy Loam
Valencia Sandy Loam 4 Sandy Loam

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

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

CV Coolidge Sandy Loam 40 0-13 Sandy Loam 0.39
.·.'t' ';-<\ . laVeen Sandy Loam 40 0·15 Sandy Loam

Antho Sandy Loam 6.667 Sandy Loam
Perryville Gravelly Loam 6.667 Sandy Loam• Rillito Loam 6.667 Loam

Dn Dune Land Sand 100 0-00 Loamy Sand 1.20

EbD
"

Eben Very Cobbly Clay Loam 75 2·13 Sandy Clay Loam 0.10
i 4.' Pinamt Gravelly Loam 8.333 Sandy Loam

Camzo Gravelly Sandy Loam 8.333 Sandy Loam
Tremant Gravelly Loam 8.333 Sandy Loam

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

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

Et EstreDa Loam 80 0-11 Loam 0.25
CasaGrande Loam 6.667 Loam
Laveen Loam 6.667 Loam
Gilman Loam 6.667 Loam•
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Maricopa central Soil Survey

• Map %of Control . XKSAT,
Unit Map Horizon Table 4.2 Inch/
No. 5011 Name USDA SOli Texture Unit Depth, Inches TextUral Class hour

GA Gachado Very Gravelly Clay Loam 66.67 0·1 Sandy Clay Loam 0.10
Rock Outcrop 40
Cherioni Very Gravelly Loam 8.333 Sandy Loam
Rillito Loam 8.333 Loam
Pinal Loam 8.333 Loam
Gunsight Loam 8.333 Loam

Gb Gadsden ·...ClayLoam 80 0·14 Clay Loam 0.04
Glenbar Clay Loam 5 Clay Loam
Cashion Clay 5 Clay
Avondale Clay Loam 5 Clay Loam
Gadsden· Loam 5 Loam

Gc Gadsden Clay 80 0-10 Clay 0.01
Glenbar Clay 5 Clay
Cashion Clay 5 Clay
Avondale Clay Loam 5 Clay Loam
Gadsden Clay Loam 5 Clay Loam

Gd .' Gadsden Clay 85 0-10 Clay 0.01
Glenbar Clay Loam 3.75 Clay Loam
Cashion Clay 3.75 Clay
Avondale Clay Loam 3.75 Clay Loam

• Gadsden Clay 3.75' Clay

Ge Gilman Loam 80 0-5 Loam 0.26
Antho Sandy Loam 3.33 Sandy Loam
Agualt Loam 3.33 Loam .
Vint Fine Sandy Loam 3.33 Loam
Estrella Loam 3.33 Loam
Valencia Sandy Loam 3.33 Sandy Loam
Laveen Sandy Loam 3.33 Sandy Loam

Gf Gilman Fine SandY Loam 80 0·14 Loam 0.24
Vint Fine 8andy Loam 5 Loam
Antho Sandy Loam 5 Sandy Loam
Avondale Clay Loam 5 Clay Loam
Maripo Sandy Loam 5 Sandy Loam

GgA Gilman Loam 80 0·5 Loam 0.25
Agualt Loam 4 Loam
Antho Sandy Loam 4 Sandy Loam
Estrella Loam 4 Loam
Glenbar Loam 4 Loam
Laveen Loam 4 Loam

GgB Gilman Loam 80 0-5 Loam 0.26
Antho Sandy Loam 6.667 Sandy Loam
Gilman Loam 6.667 Loam

• Laveen Loam 6.667 Loam
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Maricopa central Soli Survty

e

Map %of Control XKSAT.
Unit Map Horizon Table 4.2 Inchl
No. 5011 NS.fnS USDA SOli Texture Unit Depth, Inches Textural Class hour

Gt Glenbar Clay Loam 80 0·15 Clay Loam 0.04
Avondale Clay Loam 5 Clay Loam
Gilman Loam 5 Loam
Trix Clay Loam 5 ·ClayLoam
Gadsden Clay Loam 5 Clay Loam

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

Gv Glenbar Clay 85 0·20 Clay 0.01
Casion Clay 5 Clay
Gadsden Clay 5 Clay ,

Avondale Clay Loam 5 Clay Loam

GWD Gunsight Loam 40 1·3 Loam 0.35
". Pinal Gravelly Loam 30 0-8 Sandy Loam

Pinamt Very Gravelly Sandy Loam 12 2-6 Sandy Loam
Rillito Gravelly Loam 6 Sandy Loam
Antho Gravelly Sandy Loam 6 Sandy Loam

eGxA

Carrizo Very Gravelly Sand 6 Loamy Sand

Gunsight Loam 45 1·3 Loam 0.23
Rillito Fine Sandy Loam 45 2·10 Loam
Laveen Loam 5 Loam
Harqua Gravelly Clay Loam 5 Sandy Clay Loam

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

GYD GunSight Loam 40 1·3 Loam 0.26
Rillito Fine 5andy loam 40 2·10 loam
Perryville Gravelly Loam 3.33 Sandy loam
Laveen Loam 3.33 Loam
Pinal Loam 3.33 Loam
Gilman Loam 3.33 Loam
Antho Gravelly Sandy Loam 3.33 Sandy Loam
Carrizo Gravelly Sandy Loam 3.33 Sandy Loam

e
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Maricopa central 5011 Survey

• Map %of Control XKSAT,
Unit Map Horizon Table 4.2 Inch/
No. Soli Na.ma USDA Soli Texture Unit Depth, Inches Textural Class .. hour

HAS Hargua Gravelly Clay Loam 85 0-1 Sandy Clay Loam . 0.07
Harqua Gravelly Clay Loam 3 Sandy Clay Loam
Rillito Gravelly Loam 3 Sandy Loam
Gunsight Gravelly Loam 3 Sandy Loam
Casa Grande Loam 3 Loam
Valencia Sandy Loam 3 .... Sandy Loam

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

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

HM. Harqua Gravelly Clay Loam 40 0-1 Sandy Clay Loam 0.15
Laveen Fine Sandy Loam 35 0-15 'Loam
Rillito Loam 15 Loam• Gunsight Gravelly Loam 5 Sandy Loam
Valencia Sandy Loam 5 Sandy Loam_.

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

La La Palma Very Fine 8andy Loam 80 0-5 Loam 0.26
Pinal Loam 5 Loam
CasaGrande Loam 5 Loam
Laveen Loam 5 Loam
Harqua Gravelly Loam 5 Sandy Loam

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

•
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Maricopa Central Soil Survey

• Map %01 Control XKSAT,
Unit Map Horizon Table 4.2 inch/·
No. 5011 Name USDA SOli Texture . Unit Depth, Inches Textural Class hour

LeA Laveen Loam 85 0-6 Loam 0,25
Gilman Loam 3 Loam
Mohall Loam 3 Loam
Estrella Loam 3 Loam
Perryville Gravelly Loam 3 Sandy Loam
Rillito Loam 3 Loam

LeB Laveen Loam 90 0-6 Loam 0,25
Perryville Gravelly Loam 3.33 Sandy Loam
Gilman Loam 3.33 Loarn
Rillito Loam 3.33 Loam

Ld Laveen Loam 80 0-6 Loam 0,25
Casa Crande Loam 4 Loam
Gilman Loam 4 Loam
Estrella Loam 4 Loam
Perryville Loam 4 Loam
Laveen Loam 4 Loam

Le Laveen Clay Loam 85 0·14 Clay Loam 0.04
Mohall Clay Loam 3.75 Clay Loam
Tremant Clay Loam 3.75 Clay Loam
Vecont Clay 3.75 Clay• Tucson Clay Loam 3.75 Clay Loam

Lf Laveen Fine sandy Loam 35 0·12 Loam 0,33
Laveen Sandy Loam 20 0·12 Sandy Lr.iM1
Antho Sandy Loam 30 0-60 SandvLoam
Coolidge Sandy Loam 5 Sandy Loam
Gilman Loam 5 Loam
Casa Grande Sandy Loam 5 Sandy Loam

Ma Maripo Sandy Loam 85 0·13 ..... Sandy Loam 0.40
Antho Sandy Loam 5 . Sandy Loam
Valencia Sandy Loam 5 Sandy Loam
Coolidge Sandy Loam 5 Sandy Loam

Mo Mohall Sandy Loam 92 0·12 Sandy Loam 0.39
Laveen Sandy Loam 2 Sandy Loam
Coolidge Sandy Loam 2 Sandy Loam
Valencia Sandy Loam 2 Sandy Loam
Tremant Loam 2 Loam

Mp Mohall Loam 92 0·16 Loam 0.25
Laveen Loam 2 Loam
Estrella Loam 2 Loam
Gilman Loam 2 Loam
Tremant Loam 2 Loam

•
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Maricopa Central Soli Survey

• Map %01 Control XKSAT,
Unit Map Horizon Table 4.2 Inchl
No. Soli Nanl\l~ USDA SOli Texture Unit Depth, Inches Textural Class hour

Mr Mohall Clay Loam 90 0·12 Clay Loam 0.05
Laveen Loam 2 Loam
Estrella Loam 2 Loam
Tucson Loam 2 Loam
Tremant Loam 2 Loam
Vecont Loam 2 .Loam

Ms Mohall Clay 80 0·19 Clay 0.01
Trix Clay Loam 2.857 Clay Loam
Glenbar Clay 2.857 Clay
Cashion Clay 2.857 Clay
Vecont Clay 2.857 Clay
Avondale Clay 2.857 Clay
Mohall Clay Loam 2.857 Clayloam
Mohall Clay 2.857 Clay

MTS Mohall Loam 40 0·12 Loam 0.15
Mohall Clay Loam 10 0·12 Clay Loam

(if;; .• . ;,Tremant Clay 20 1-8 Clay Loam
L',. ~.::~~ :.i" .Estrella Loam 15 0·11 Loam

Rillito Loam 5 Loam
Coolidge .Sandy Loam 5 Sandy Loam

• Laveen Loam 2.5 Loam
Gilman Loam 2.5 Loam

MV Mohall Clay Loam 25 0·12 Clay LoaIfi 0.15
Mohall Loam 20 . 0·12 Loam

. Laveen Loam 20 0·15 Loam
Laveen Sandy Loam 15 '0·14 Sandy Loam
Estrella Loam 6.667. Loam
Gilman Loam 6.667 Loam
Tremant Gravelly Clay Loam 6.667 Sandy Clay Loam

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

Pb Perryville Gravelly Loam 80 O-g Sandy Loam 0.38
Rillito Loam 5 Loam
Laveen Loam 5 Loam
Coolidge Sandy Loam 5 Sandy Loam
Perryville Gravelly Loam 5 Sandy Loam

PeA Perryville Gravelly Loam 78 O·g Sandy Loam 0.37
Rillito Loam . 10 Loam
Tremant Loam 4 Loam
Coolidge Sandy Loam 4 Sandy Loam

• Laveen Loam 4 Loam
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Maricopa Central Soli Survey

• Map %of Control XKSAT,
Unit Map Horizon Table 4.2 Inchl
No. Soli Name USDA SOli Texture Unit Depth, Inches Textural Class hour

-
PeB Perryville Gravelly Loam 80 0·9 Sandy Loam 0.38

Rillito Loam 6.667 Loam
Laveen Loam 6.667 Loam
Coolidge Sandy Loam 6.667 Sandy Loam

PRB Perryville Loam 35 O-g Loam 0.28
Rillito Fine sandy Loam 30 2·10 Loam
Perryville Sandy Loam 10 O·g Sandy Loam
Rillito Fine sandy Loam 10 2-10 Loam
Antho Sandy Loam 3.75 Sandy Loam
Coolidge Sandy Loam 3.75 Sandy Loam
Laveen Sandy Loam 3.75 Sandy Loam
Gunsight Gravelly Loam 3.75 Sandy Loam

PsA Pinal Loam 85 0-8 Loam· 0.25
Pinal Loam 3.75 Loam
LaPalma Very Ane Sandy Loam 3.75 Loam
Toftee Loam 3.75 Loam
Gunsight Gravelly Loam 3.75 Sandy Loam

PsB Pinal Loam 80 0-8 Loam 0.26
G~nsight Gravelly Loam 4 Sandy Loam

• Coolidge Gravelly Sandy Loam 4 Sandy Loam
LaPalma Very Fine Sandy Loam 4 Loam
Rillito Loam 4 Loam
Cherioni Very Gravelly Fine sandy Loam 4 Sandy Loam

PT Pinal Gravelly Loam 85 0-8 Sandy~~:m 0.40
Gunsight Gravelly Loam 7.5 Sandy Loam
Cherioni Very Gravelly Loam 7.5 Sandy Loam

Pv8 Pinal Loam 50 0-8 Loam 0.25
LaPaima Very Fine Sandy Loam 25 0-5 Loam
Toletec Loam 15 0-12 Loam
Laveen Loam 5 Loam
Pinal Loam 5 Loam

PWB Pinal Gravelly Loam 55 0-8 Sandy Loam 0.38
Sun City Gravelly Loam 35 0-3 Sandy Loam
Beardsley Loam 5 Loam
Gunsight Loam 5 Loam

PYD Pinamt Very Gravelly sandy Loam 40 0-6 Sandy Loam 0.20
Tremant Clay Loam 30 1-8 Clay Loam
Gunsight Gravelly Loam 6 Sandy Loam
Antho Gravelly Sandy Loam 6 Sandy Loam
Rillito Gravelly Loam 6 Sandy Loam
Ebon Gravelly Loam 6 Sandy Loam
Carrizo Gravelly Sandy Loam 6 Sandy Loam

•
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• Maricopa Central Soil Survey
Map % of Control XKSAT,
Unit Map Horizon Table 4.2 inchl
No. Soil Name USDA Soil Texture Unit Depth, inches Textural Class hour

RaA Rillito Sandy Loam 80 0-12 Sandy Loam 0.39
Coolidge Sandy Loam 4 Sandy Loam
Laveen Sandy Loam 4 Sandy Loam
Tremant Loam 4 Loam
.Perryville Sandy Loam 4 Sandy Loam .
Pinal Loam 4 Loam

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

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

RbB Rillito Loam 80 0-10 Loam 0.25
., •.;:t; Laveen Loam 6.667 Loam

Perryville Gravelly Loam 6.667 Sandy Loam
Pinal Loam 6.667 Loam

• RhB Rillito Loam 10 2-10 Loam 0.23
Rillito Loam 10 2-10 Loam
Rillito Loam 10 2-10 Loam

t,... Harqua Gravelly Clay Loam 10 0-3 Sandy Clay Loam
,','" Harqua Gravelly Loam 10 0-3 Sandy Loam

"Harqua Loam 10 0-3 Loam
Gun.sight Loam 15 1-3 Loam
Gunsight Loam 15 1-3 Loam
Gilman Loam 1.25 Loam
Gilmah Fine Sandy Loam 1.25 Loam
Antho Gravelly Sandy Loam 1.25 Sandy Loam
Antho Sandy Loam. 1.25 Sandy Loam
Carrizo Gravelly Sandy Loam 1.25 Sandy Loam
Valencia Sandy Loam 1.25 Sandy Loam
Estrella Loam 1.25 Loam
Estrella Loam 1.25 Loam

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

•
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Maricopa Central Soil Survey---

• Map %of COntrol XKSAT,
Unit Map Horizon Table 4.2 Inchl
No. . Soli Name USDA Soli Texture Unit Depth, Inches Textural Class hour

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

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

TrB Tremant Clay Loam 35 1-8 Clay Loam 0.13
Rillito Fine Sandy Loam 30 2·10 Loam
Gunsight Loam 25 1-3 Loam
Laveen Loam 2.5 Loam
Coolidge Gravelly Loam 2.5 Sandy Loam
Perryville Gravelly Loam 2.5 Sandy Loam
Harqua Gravelly Clay Loam 2.5 Sandy Clay Loam,. TSC Tremant Clay Loam 35 1-8 Clay Loam 0.14
Rillito Fine Sandy Loam 30 2·10 Loam
Gunsight Loam 20 1·3 Loam
Carrizo Gravelly Sandy Loam 3.75 Sandy i..oam
Laveen Sandy Loam 3.75 Sandy Loam
Coolidge Gravelly Sandy Loam 3.75 Sandy Loam'
Perryville Gravelly Loam 3.75 Sandy Loam

Tt Trix Clay Loam 88 0-10 . Clay Loam 0.04
Avondale Clay Loam 3 Clay Loam
Glenbar Clay Loam 3 Clay Loam
Mohall Clay Loam 3 Clay Loam
Laveen Clay Loam 3 Clay Loam

Tu Tucson Loam 85 0·14 Loam 0.25
Casa Grande Loam 3 Loam
Laveen Loam 3 Loam
Gilman Loam 3 Loam
Estrella Loam 3 Loam
Tremant Loam 3 Loam

Tw Tucson Clay Loam 82 0-14 Clay Loam 0.05
CasaGrande Loam 3.6 Loam
Mohall Clay Loam 3.6 Clay Loam
Laveen Loam 3~6 Loam
Gilman Loam 3.6 Loam• Estrella Loam 3.6 . Loam
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Maricopa central Soil Survey

Map %01 Control XKSAT,• Unit Map Horizon Table 4.2 Inchl
No. Soli Name USDA SOli Texture Unit Depth, Inches Textural Class hour

-------
Vr "lint Fine sandy Loam 28 0·14 Loam 0.63

Vint Loamy Fine Sand 27 0-14 Loamy Sand
Carrizo Gravelly Sandy Loam 15 0-5 Sandy Loam
Carrizo Gravelly Sand 15 0·5 Loamy Sand
8rios Loamy Sand 3.75 Loamy Sand .-
Antho Sandy Loam 3.75 Sandy Loam
Torripsamments Loamy Sand 3.75 Loamy Sand
Torrifluvents Loamy Sand 3.75 Loamy Sand

Wg Wintersburg Clay Loam 50 0-12 Clay Loam 0.03
Wintersburg .Clay 35 0·18 Clay
Cashion Clay 3.75 Clay
Avondale Clay Loam 3.75 Clay Loam
Laveen Loam. 3.75 Loam
Wintersburg Clay Loam 3.75 Clay.Loam

,::;'<. '. -;~,'

•
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Eastern Soil Survey

Map Control

• Unit Horizon Table 4.2 Textural XKSAT,
No. 5011 Name USDA Soli Texture Depth,ln Class In/hr

At Agualt Fine Sandy Loam 0-17 Loam 0.25

Ag Agualt Loam 0-17 Loam 0.25

Am Alluvial Land Sand 0-60 Loamy Sand 1.20

AnA Antho Sandy Loam 0-17 Sandy Loam 0.40

AnB Antho Sandy Loam 0-17 Sandy Loam. 0.40

AoB Antho Gravelly Sandy Loam 0-17 Sandy Loam 0.40
Av Avondale Clay Loam 0-13 Clay Loam 0.04

Ca Carrizo Gravelly Loamy Sand 0-15 Loamy Sand 1.20

Cb Carrizo Fine Sandy Loam 0-15 Loam 0.25

Cc Cashion Clay 0-12 Clay 0.01

CeC .Cavelt Gravelly Loam 2-8 Sandy Loam 0.40

Co Contine Clay Loam 0-12 Clay Loam 0.04

Es Estrella Loam 0-15 Loam 0.25

GI Gilman Fine Sandy Loam 0-13 Loam 0.25

Gm Gilman Loam 0-13 Loam 025

Gn Glenbar Clay Loam 0-14 Clay Loam 0.04

Gr Gravelly Alluvial Land Very Gravelly Sandy Loam, Loamy Sand 0-60 Loamy Sand 1.20

LaA Laveen Loam 0-14 Loam 0.25

• LaB Laveen Loam 0-14 Loam 0.25

LeA Laveen Clay Loam 0-14 Clay Loam 0.04

Mo Mohall Sandy Loam 0-16 Sandy L~am 0.40

Mv Mohall Loam 0-15 Loam 0.25

Pm Pimer Clay Loam 0-15 Clay Loam 0.04

PnA Pinal Gravelly Loam 0-18 Sandy Loam 0.40

PnC Pinal Gravelly Loam 0-18 Sandy Loam 0.40

Po Pinal Variant Loam 0-13 Loam 0.25

PvA Pinamt Very Gravelly Loam 0-3 Sandy Loam 0.40

PvC Pinamt Very Gravelly Loam 0-3 Sandy Loam 0.40

RIA Rillito Gravelly Loam 0-13 Sandy Loam 0.40

RIB Rillito Gravelly Loam 0-13 Sandy Loam 0.40
Ro Rock Land Gravelly Loam - Clay Loam Loam 0.25

Ru Rough Broken Land Varies Sandy Loam 0.40
TrB Tremant Gravelly Sandy Clay Loam 1-5 Silt 0.10

Tx Trix Clay Loam 0-14 Clay Loam 0.04

Va Valencia Sandy Loam 0-13 Sandy Loam 0.40

Ve Vecont Clay 0-14 Clay 0.01

VI Vint Loamy Fine Sand 0·12 Loamy Sand 1.20
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• SOIL't'EXTURE CLASSlf'ICATION

TRIANGLE

Clay
~

0, Q
\ !l.
\,,,

Sandy \
clay ,,,,

•
Silty loam

100 0

0 10 20 30 40 50 60 ·70 80 90 100

% Silt .....

•

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

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

0.05 mm to 2.0 mm.

Example: Point A is a soil composed of 40% sand, 35% silt, and 25% clay.
It is classified as a clay loam.
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CALCULAT1CN OF Tc & R

•
Calculated by:
Cllecked by:

watershed:
Ruinfall Frequer.cy: - yr Duration:

Date:
Project: _

___ - hr. P·a t te rr. If: ........ _

Rainfall Loss Method:

Tabulate Period of
?eak Rainfall Excess
Clock Time Increm.
@ end of Excess
1nc~ in.

] G~een & Ampt Method
J 1L + ULR by soil texture
] 1L + ULR by hydrologic soil group

Rearrange I~cremental Excesses {n
Order of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Ti~e Excess Excess Intensity
hr./min. in. in. in./hr.
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Precipitation Depth-rJu:r:at'ion

Diagram (6-24 hour)
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The Flood Control District staff has conducted a comparison ofdifferent hydrologic
methods for tutorial purposes. The results from these comparisons support a major
objective for developing the Drainage Design Manual ofMaricopa County: the stand­
ardization of drainage analyses. This helps alleviate problems that occur after a
developed parcel is annexed. The comparisons are summarized below.

Two separate applications were considered for making a comparison of hydrologic
analyses. The first looks at a small urbanized watershed using several different

. methodologies, but primarily theRational Method, and is summarized inTable H-l .

I Table H·l,
Peak Discharge from aSmall Urban Watershed..~..-

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

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

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

10 75 48 26 39 61 48 ..

25 108 57 42 58 86 83
50 140 67 53 89 105 126

100 173 74 68 113 126 190
*ir = Return Frequency

....UHP = Unit Hydrograph Procedure
......SCS =Soil Conservation Service

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

June 1, 1992
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The second application compares retention requirements for various cities with
those outlined in the Hydrologic Design Manual, and is summarized in Table H-2.

Table H·2
Comparison of Retention Requirements

City Method Maricopa County Method
City Q100", cfs V"", ae·ft Q100, cfs V, ac·ft

Chandler 188 13.19 227 11.62
Glendale 109 7.74 237 10.88
Mesa 144"" 11.34 231 11.49
Phoenix 138 7.74 243 12.41
Scottsdale 208 10.23 297 12.Q1
Tempe 138 15.80 231 11.18

'One·hundred Year Peak Discharge.
'·Volume.
"'Fifly Year Peak Discharge.

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

If a further understanding of the results is needed before a decision is m.ade 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.

H·2 June 1,1992
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PROJECT HETI-/()f) COMPARISON' " PAGE ---:1:..- OF _!L
DETAIL YoUNGTOWN WATERSHE'D COMPUTED DATE,

.OEA~' DrSCHAR.G€ .&/(ot( A s/'t.~!:.£ CHECKED BY _, ._____ DA TE
Ull..BAN WA TcR,SHE:D

/fIe VOUNG IOWN W4TC"RS HED J AN URBAN WA TeR.SHED /\lEAR /11 rH AVe.

AND pe-ORlA, IS DeL.I/VEATEO ON rIGUR.£ :1.. .:rr IS THe:' ON/., Y ShAL.L

UR..BANWATF.:RSHIFf) IN THe COUNTY IOVOWN ro h'A. VE' 4
CONtiNUOUS RuNOFF Re-CORD LONGeR. lA/AN /0 YE"ARS. SIX 1'1€r.~/C[JS

kJlL.l BE' USE"D IN THIS COH,PAR.ISON TO CALCUl.ATe / EST/HAT£"

MUL T/ - F~ E:tQU£NCY DISCH'AR.GeS AT THe: GAUGE'" LOCATION:

•

/. THe I'1ARICOPA COUNTY RoAT/ONAl ME" THoD
Z. THe CITY OF ,eNOeNIX R.A T/ONAL. HE:THOjJ

3. TJ-I£ HAR.I COPA eCL/Ni'! UNIT HYIJROGR.APR PROC~DUR.£ (CLARK U.AlIT H"t'Ol<.OGRAPH)

"I. THe CITY OF PHOENIX I SC5 HerHOD

.s: THe CITY QF PHDE"NIX COMPUTliR GEN£RATf:D DR.AINAc;e- ANA LYSIS PRoc€,DUE?£

,. ;::'LooD FRcGU.JIf'NCY ANALYSIS LAS/NG WSGts EX"T~e/'f€" LOt:; PAPE:R AND

THE" CUNAIN PC.07TING, POSIT/ON.

. ;;"'--

BASIN PAR.AM€TE'f<S:

LAND USE": St.·n9Ie Fal'Yli./:.J r<~SltJi:-/VTIAL

AR.E:A: 0.13 1"1(& or 83.2 a.cres
L:: 1.023 mi'::: S~OO f't

5 = S. 8 f')/mi = .0011 fY'Ft =: 0./1 %
'-+;;--'-.--~--~~-'--"------'

CD dARICOPA _ COUNTY RA TIONA, L HE'THOD

2-YEAR" PE:AK DISCHARGE: 7C :: //.¥ L..S' )(b;S2 5-: 31
i-·:fB

~ :: -.00'"25' (IDJ g3.2) +. 0'1 ~ .028
rc :: I/. ~ (1.023)"$ (02S1)'sZ (s:gr 31 t.'-:JlJ

TC.:: /. Ol.f2. ",-.38

TRY Tez .::. /.00 It,..: 1.'20 = 0.9.3 in/hr, 7Cz ': /.oO/Z 't:t3)-·3I = /.071 - Nc GOOD
TRY rca os /.IOlJr.s: (',:: 0.8g "',,/hr, 7C2, =/.OQZ(.8By-:3B:: /.O'1"1hr. -+ OK

Q ... = Cz £1. A :: (.50)(.88)(83,2):: 37 cf's
-----

S-YtrAR PEl'AI< DISCHAf2."li.£'

TRY TCS =. '1/7 hr~: ls" /. tiS ("/hr ; 7f:s = /'00/2 ( /. 'IS) ~.3r:: • 90S 6rs - OK

Q.5'= CsL.'.sA:: (.50)(1.'7'.5")(83.'2.) = bOefs

- OK.

10- YEAR PEAl< DISCHAR.Gt£
_.' rle'r 7C1" ::. • 7S nf'$" t:~,,: /. 95' in//;r J 7C,,,:= /. 0'12 (/. 9S) -:.3& = . 808 hr - #0 ~()dd

TRY 74" =.BI7 hrs: Llc = /. KO inl!''', 7C1 8 = /.CJ~; (1.80)":.38 • . li'33 hr - oJ<.

____G_IO_~ C'O t~o A = (.£'0)(/.80)(8'3.2) =-=75=-=c:::::.fs=- _•-
2~" YeAR P~AI<. D1SC:HAR,Gl!£

r~Y k Z5 :: .75" ;'r$: L'U::' 2.35' ~"'/J,r, h.zS': ,/.t7'/2 (2.3Sy.l8 =.753 hI"

Qzs = Cu i zs A = (.SS)(Z.3S)(83.Z).: /08 cfs
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CHECKED BY DATE

SO- Y£'~E£'Ak. DISCflAR§€"

T'RY 7C.!'c = • (,50hrs,' ,:Sc = 2. 'IS ,'nlilr I 7C S(J :: /.O'IZ (Z.1S r.J';: ."" hrs. - ..-tA, Good
TRY 7C so: . 700hr.s: /.;c =z. gO ,'n/hr, kf4":: /.0"12 (2. gOrJ '.: • 70S; hrs - ok

Qso:: Cso/s-oA':: (.GC)(Z.flO)('83.2)= /'-10 cFs
-------

/OQ - r€AR P~AJ(. DISCHAgGS' .

'TRY Tc.,ofJ:: • '3;3,· hr.s : ':'00:: 3. '1tJ L'n/hr, 7C1"tI:= /. t1¥2 (3.1,10)":"38 = o. (.St.; Jus - N'D 'fud
T~Y Te,co = . "r.7 hrs: t.~(J~':: 3.30 ,'n/hr/ h./~:: /CJ¥Z(.3.30F

38 = O. ""2 hrs - 01(

QUJO :. C,,,,,,, l.~.,~ A :: (.,03) (3.30) (83.2.);:: /73 cfs

AVeRAf4E: ZOA//N~)

Gutter Flow (t:t+- tt:)

,,~.2 "'I('n or / .103 hr.

Frt:1m: "srORM DRA/A) O~S/(iN

HANUAL", C/fy (}f' f'ho~",")(J

..'T<-Ilj I /9g8.

CITY OF PHoe~/V/x RAT/ONA,=-_ rteTHOD

BASIN PAR.AMeTE'~S,'

AREA,' 83.2 a.c:.

oveRLAND FLOW LENGTH (ALLeY Te STREET): 130;

I'1AX/MUM G,UTTI:R.. FL.OW L. ENG TH : S5'T'O; = t.
5.::. II %
C = O. lfS ( RES/PEA/TIA L ARE"A,

CAlCULATE" TC : SUM ot Ov~,...laVld f
..L . 'I'"n3 /130)·77
r:; I. :: ..:.£..~::.:_I_~_-::: '1. &. PlI;'

(. 1l)·38S

t:t = L/(,() V I V= /.5 f'~ {;;r S = .001 f!*t 4nd !:J =O.S;

~ ss't'O/ ~a (/.S') ='1.' /?1,'n 7C :: '(.~ + ~ IJ" .:

7i- ('irs) i (t"nlhr) Q ek Ccf's)
z. ,,~ .78 z.q
S /.09 ~I

/0 1.21 Jl8
ZS /.52. 57

SO 1.78 '7
/00 I. <'18 7~

Qpk = C I.. A
= .37. L/ t.{ i. ~"-"""

®

•

BAS/N FARANE'TcR.S :
A = 0./3 )11('z :: 8.3.2a.c.

L = 5'-50;

S:: 0.01 "'$1ft (min. on p. 2,1)

W= ("I3,5"OX83.Z.)/Si.SO: 'Wi

Wf" /./()
Tc :: /. 0 0/ It,. (p. z,)
Sail. ~I"'l:>UP B, eN::. 8 L{ (R

/p ~ H. (Wf) :: I.I~¥ hI'

100so

Qf>;: A::~K D/SC"4r,~ (cfs)
A =- or4ina:Je. A ,-ea.. (,..,c:~)

Q: sto,."" Runoff (t'I1)
TP= 7i'm~ tfj Peal( (hr)

10s2-r;: (. yrS)

CITY OF PH(JE"NIX. /:';:CS/'1eTHOD

-
P/' (In) .ss /.30 /.'-' 2.02 2.35 2.'~

Qrr (t.·n) ./ Z. .3/ . '18 .77 .17 1.23

Q;I< (cf:s) 7 I 17 2' 412 S3 '8

®

•
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•
-r;: (~rs) 2 S /0 2S SO /00

,-
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R (hr) J.89 I.'S" 1.3~ I./S .9'" .87
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c(..H<.V€ #t.lI'f13£"~: Bsr&' 13 'sOIL. -+. 8S (8'1)'" , /S (90 ) = 8S'
IS' ~ f) SoIt. -.

LAq TIHE: TL. =o.~ 7C.
Tc. = ~'.3 ,.,.,/n ~rom Ration~1 11~f:hod Cales. If'l ®
7L = O· tD (h6. 3) ::: 39. 8 1'>1,'" :: o. "'3 oAr

RA/tJFALL: 2~- #c;t.lr £}e/,ths t:ll1d P/slri/lut,an -froyY} ,Po /~ c;f' t-IJ~

".stO'f"J'¥1 Drai.n OeS1jn H4nua"'.
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• ID MARICOPA COUNTY UNIT HYDROGRAPH PROCEDURE
ID YOUNGTOWN WATERSHED: 6HR - 100 YR RAINFALL, CLAR...TZ UNIT HYDROGRAPH,
ID GREEN & AMPT LOSSES, URBAN TIME/AREA CURVE'
IT 5 100
10 0
KK SUBI
BA .13
IN 15
KM 6-HOUR RAINFALL,PATTERN NO. 1.00 WAS USED TO FING TC & R FOR THIS BASIN
KM THIS BASIN USED A RAINFALL REDUCTION FACTOR OF .998
PC .000 .008 .016 .025 .033 .041 .050 .058 .066 .074
PC .087 .099 .118 .138 .. 216 .377 .834 .. 911 .931 .950
PC .962 .972 .938 .991 L 000
LG .15 .38 5.7 .18 25.0
UA 0 5 16 30 65 77 84 90 94 97
UA 100
UC 0.82 0.96
ZZ '

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

MARICOPA COUNTY UNIT HYDROGRAPH PROCEDURE AND CITY OF PHOENIX METHOD

FIGURE 4

WATERSHED
CITY OF PHOENIX

.018 .022 .026 .031 .035 .040

.062 .066 .071 .075 .080 .093
.50 .830 .860 .880 .893 .907

.937 .942 .947 .951 .956 .960

.982 .987 .991 .995 1.00 1.00

HEC-1 SAMPLE PROGRAMS FOR

250

.013

.057

.170

.933

.978

.008

.053

.140

.928

.973

.004

.048

.120

.924

.969
85

.663
2

2.1
3

2.53
4

3.12
5

3.57
6

4.04

ID MULTI-FREQUENCY RUN FOR YOUNGTOWN
ID USING CRITERIA ESTABLISHED IN THE
ID STORM DRAIN DESIGN MANUAL
IT 10
10 3
JP 6
KK YOUNG
BA .13
IN 30
PB 1. 44
PC 0
PC .044
PC .107
PC .920
PC .964
LS
UD
KP
PB
KP
PB
KP
PB
KP
FB
KP
PB
ZZ•

•
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DETAIL KE"L~!yr/.!?1t.~GUII/?EhEJ.Vr.f COMPUTED
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;:;'u. CWINe; IS A CO/'1PA~/SON OP' r#€"
Nt:rNtJ~t:)L(Jt:;/ES CIScO BY SIX f)/,#'r-cIf'ENT

CI7'rGS IN NAIlJCOP4 cat/AIry ro CAL.CLiI..ATE'

RErEtAlTION V"",UI4tS/ anD TNe /"tAHlcoPA

COUNTY Ht'TN~D AS Af'Pt.l~tJ 70 SPe-Clr"/C

L.Oc.Ar/tJAI.s /AJ ii"AO' C/TY. A 8ASIIII /lI/l.E"T

CUi.I/E'ltr W/~L. At.,<;O BE: S/7.G£J a5/1V~ TNG"

/(:)0 - '(/fAR. P~Q(f)I../GAlc'r' STOR.1'1 Pt:'1? S"AcH'

Jl..4~'1501C.,ION WNIF'JeF ,P~5'51"LF.

ro~ cASE" aF C~I'YPARISOAl, THe Y~lI~roWN

WAr~SHED WIl.1.. !Jc u.sC'L) /N $(./'iHrl.y
j\il8'illF"/GIJ r~RH:

A::I 0./3 P1~2. :: lt3.2. ~
ZONIIV<!j: RI-" (f'HJ<), RI-7 (Scolf.sda,/c)

LAND US c: ~a()rS - /d %
M\l61'f6Nr - /0%
D'SIIfT" ~AAJD$CI4PF- +'0"
J.t4WNS- 30H
SAllE <$.(tDU/IID - Ie:)"

St:lI<t.. ")~YP£: II'ARlflS WI""" /.t:JCATIOAl

AV4~A40 OIJ~'HAIVC -c,()1fI ~rlVl$rl'l''' 1,30'

>

-:::::::::::::0 1/05.1.,:,'

N

CD Lltt 0": CIIANPLe-S
SOURCe': CI ry OF CN'ANJ')I-6'R rrcNAh'cAt. De$/~/I/HAIVUAL *.3 - sro.qrt f)RAINA~E'

s'(s rEM lJFS/C;AI "'7
C ITt tfcrl-loa: /(At/oIVAL E~UAnON

BASIN OUtlEr LOCArION: WARA.l4'~ I?o. AT ARIZ"NAAvE

G = O'(pS' (t:>ETACH~f) SINCt'E' ,cAMIt.y)

RAIN,::'ALI.. SOUR.Ce: US Wl3 HAPS IN ADor lJRAINA&£ NAAItlAL

l?eJ~ = 3.00 I.'" ~ (Roil .
~:: = 3 . .y() in --. ~,,; -. oW¥' +. 7SS" ba, ::; 2. '19 Ln

I~"

2.S '
.t'CL~~O/l'~====--fI". ;;}

USe tltllJl1l119s ' EQ.

A= ,S-(ZS-)Yz " '.25 ft"
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R = ...yf' = • ZY5'
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CITY OF Cf-IANOL.ER (cont,) 7:. =- t:/..' + tf: ~ 3",/3
AT Tc.. :: 3'-, /3 1'>7,',,- a.nd, POOl.:?. ¥9 ~n., ,';: 3. "18 t'nl!,,.

TH~N Q ",.:: (. k>S) ( 3. 4B) (113.2.)= /88 ciS

VOL.,UMF: v~ 1.10 [CA ~~eJJ
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Tc :: . ,y" (' r:.J '7 )-. .31 :: 22,2. Mi.;' ... OK

Q,oo:: c..~3) (.ry:3'f)C.S3.Z.)" 227 c&

VOl.UME': V:: CA (p,O:I/z),. 11.:= .3'-11 (p,:')+,'-S'1 (P,,,:)::: 2.'" in

\/,"00 =- (."3)(~3.2.) (2.10&/12):: 11.'-2. o.c-R .

•

C :::. 0.'3

L = /. 02.3 mt.'

Kb :: -. OOGt.2S" <:: log g3.2) io,Oll • .028

S = 27.08 oft/mi.'

p,.":: /.87 i"
Tc. = 1/. 'I L' Sf) I<b,.s'l 5 ~.JI i. :39

r~ :: O. ~ "''- t.: -,38

AT TC =37.73 mt"n, i./~ = 2, ~ tn/hI'" (USWB / City of PAt?~J"u·x. /'1'(Mtl4/)

Q,oo CI (. IfS) (z. ~)(83.2):; 101 cfis

25'

,5'~

C tTY OF GLeNDALe' SOUR.Ce: C ,'ty of G/~nda/e OesLglll Gui.eklt'nes
T()r Site DevcJopW/en t anJ

CITY MeTHOD; RATIONAL I'1E'THOP Inf',.astruc. tu.r~ COYlsi:,.uct':on - 1990

-r- _ t + /0 . Ba.sm Outlet Locai:ion: North~f"'n I "7 T/-I A v€'.
1<::' - f: Me"

C = 0.0/5" (fr(),., C i.t!) ot:' Phoc.ni ~ 1'14"u::l1)

t-t; = Q :. . S'" ( .*~S")( 005y~ (.5'")% = 20.78 c-fs

V = G/A : .3.33 r~

tt. fit Y'OV:: $"S~O"/'O(3.3.3) =27.73 ft'I~it

tllEN 7C:; 27. 73 ~ /0 = 37. 73 hi,,,

@

•
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• I. About the Drainage Design Menu System

DDMS User's Guide

•

The Drainage Design Menu System was developed by Sandra Towers with direction of Ted
Lehman of the Flood Control District of Maricopa County (FCDMC). The menu system's main
purpose was to bring together several programs currently used by the District in conjunction with,
design hydrology using the methods in the Drainage Design Manual, Volume I Hydrology (1992).
The menu system was intended to facilitate the input and management of data used in the
development of design hydrology according to the Drainage Design Manual. The menu system
makes .use of previously existing programs which have been recommended for use with the
Manual, such as PREFRE, MCUHP1 and MCUHP2, and HEC-l. Among the.main improvements
over the previous procedures, the new menu system allows for easy creation ofMCUHP input files
and automatic merging of MCUHP output and HEC-1 data, files. It is hopedthat the,menu system
will make for easier, more efficient and cost effective development of design hydrology for
engineers and hydrologists working with the Drainage Design Manual.

II. Hardware and Software Requirements
'11"" . _.'_ •.. .•.• . ._... .. ...

The Drainage Design Menu System (DDMS) requires at least a 386 IBM compatible computer
w~th a math coprocessor. These are the same requirements as those for the MCUHP programs. A
486 computer is recommended to process data at a speed acceptable to most users..

. The program must be run from the DOS prompt. Much of the program will run in a DOS prompt
window from Windows but HEC-1 will not execute.

The DDMS comes with PREFRE, MCUHP1, MCUHP2, and RATIONAL executable programs.
HEC-1 is not provided with the DDMS. Users are responsible for obtaining their own copies of
HEC-l. However, the DDMS as packaged assumes that the user will be using HEC-1 through the
MENU-1 interface.

III. Using the Manual

Users of the DDMS should be familiar with the procedures outlined in the Drainage Design
Manual, Volume 1. The DDMS is not a replacement for the Manual rather a tool to facilitate the
use of the methodologies outlined in it.

IV. Installation Procedure From Distribution Diskette

To install the DDMS first insert the diskette containing the software into a floppy disk drive,
change to that drive and type INSTALL. However, before installation read the following
instructions completely. Those persons downloading the software from the WWW use the
installation instructions found in the acompanying README11.TXT file available on the Web.

• January 1, 1995 1-4
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The installation program will ask the user to define the source drive (A: orB:) and a target drive (C:
, D: , or E: are possible) and a target directory. The default (and suggested) target directory is
HECEXE. The target directory will be created if it does not already exist. I The installation
program will then 1) copy the executable programs for the DDMS, MCUHP1, MCUHP2,
PREFRE,and RATIONAL into the target directory, 2) create a subdirectory to the target directory
called CONTROL, and 3) copy the additional files needed by the DDMS into the CONTROL
directory. The entire DDMS package with all its associated files will take approximately 1 Mb of
hard disk space.

Once installed, the target directory must be added to your path. If you already have HEC-l
installed, the HECEXE directory should already be in .your path. AddtiomiUy, if HEC-l is not
already installed on your computer you need to do so ,.before all of the DDMS· functions will be
complete. The user may also have to increase the number of files defmed in the CONFIG.SYS. If
HEC-l is already installed. and working correctly the CONFIG.SYS will not r~quire modification.
For information on HEC-l software and installation refer to your HEC-l installation diskettes
and/or your officialCQ1ps software distributor... The DDMSalso..requires.the.DOS.directory to be

<:iri\thepath. This is generally already the case for most users.

V:' Getting Started

.Solong as the DDMS has been installed in a directory which is included in your DOS path, the
DDMS may be executed from any directory other than the root directory by typing DDMS at the
DOS prompt. The DDMS will not execute all functions properly from the root directory. Also, it

J'is strongly recommended that DDMS never be initiated or operated from within the HECEXE or
'::CONTROL directories. This will prevent inadvertant overwriting or deleting of default files and
,rnillee for easier file management in the long run. See your DOS manual for help with use of the
DOS path if you are unfamiliar with the use of the DOS path command. It is therefore
recommended that the user create a neW directory for use of DDMS for a given study.

Any time a new analysis is begun, the user must first define a file family name for the ftles to be
created during the analysis. The file family is an important concept used in the DDMS.
Essentially, the file family name tells the DDMS how to name the files for a given analysis. The
file family name becomes the first part of the DOS file name for each file created using the DDMS
so long as the current file family remains the same. To establish a new fIle family, move to the
Family menu and select New Family. Enter a name for the new file family and press [Enter]. The
DDMS will then set up the new file family and return the user to the main menu. The user can

If an alternate target drive or directory is selected (e.g. other than C:\HECEXE), the file DDMS.CTL will need
to be manually edited to change the PARAMS_DIR variable to the installed target path. See the
README.TXT fIle for additional information.
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verify that the new file family has been established by checking the top status line. It should show
the current working directory and file family. If the status line does not appear to have the correct
information, return· to the Family menu and try again. In all likelihood a simple typing error was
the cause of the problem. For more discussion of file families and use of the Family menu, see
section VII. under Family.

VI. Keyboard Techniques

Window Movement Keystrokes
Keystrokes to move around a window

When any window is displayed, the following keystrokes may be used:

[Alt][FIL Display and move into Help Index Menu
[FIL Display current help topic screen

Additionally, if the window.text.occupies morethan one display box or "screer(' of t.extin length or
width, the following keystrokes may be used:

[Home] Display the first screen of the text
[End] ; Display the last screen of the text
[Up ArrowJ Display text starting one line up
[Down Arrow] Display text starting one line down
[Page Up] Display text starting one page up
[Page Dn] Display text starting one page down
[Left ArrowL Display text starting one column to left
[Right ArrowJ Display text starting one column to right

Finally, if the window is a help window, the following keystrokes may also be used:

[Ctrl] [Page Dn] Display next help topic screen in current help topic "stack"
[CtrIJ[Page Up] Display previous help topic screen in current help topic "stack"

Menu Movement Keystrokes
Keystrokes to move around a menu

When any menu is displayed, the current item is displayed in a bar of contrasting color. "Hot
Keys" are shown in another contrasting color. Making a selection using the "Hot Key" depends on
the menu being used.

• II 1i1iliOOlililna llii IUII iii I I ,ia naMliOO
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In a Strip menu, across the top of the screen, press [Alt] and the "Hot Key" character. The Strip
menu item will be selected, making a menu drop down below the item. This is a nonnal menu, and
a selection may be made from it as with any other menu.

In all other menus, simply press the "Hot Key" character. If the "Hot Key" is unique, the item will
be selected. If it is NOT unique, the highlight bar will be moved to the next item with the "Hot
Key" that is pressed.

To move the highlight bar to a new item, the following keystrokes may be used:

[Enter] Select the current menu item
[Home] Move to the fIrst menu item
[End] Move to the last menu item
[Up Arrow] Move to the item one line up from the current item
[Down Arrow] Move to the itemone line down from the current item
[Left Arrow] Move to the item on the left of the current item
[Right Arrow] Move to the.item on.theright of the currenUtem .
[Alt] [FIl.. Display and move into Help Index Menu
[FIL Display help for the current item, if there is any, otherwise, the most,

current help topic screen

. Additionally, if the menu text occupies more than one display box or "screen" of text in length or
width, the following keystrokes may be used: .

[page Up] Move to the item one page up from the current item
" [Page Dn] Move to the item one page down from the current item

If mUltiple items may be chosen from a menu, pressing [Enter] on an item will not cause an
automatic erit from ~e menu: In this case the following keystrokes may be used:

[Enter] Select current item if unselected, or deselect it iLalready selected
[F8L Select all items in the menu and erit

Finally, to exit from a menu use the following keystrokes:

[Alt][F101.. Exit menu, use all selected items in multiple choice menu. Use
current item in single choice menu

[Esc] Erit menu, ignore any choices made

• January 1, 1995
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Form Movement Keystrokes
Keystrokes to move around a form

When a form is first displayed, the cursor is moved to the first field, in the first section. That field·
is highlighted and the cursor blinks at the enq of any characters in the field. There will also be a
strip menu at the top of the screen which provides :further options for use of the data displayed in
the form.

To change values in the field, use the following keystrokes:

[BackSpace] Backspace and clear the character before the cursor
[Ctrl][BackSpace] Clear the field
[Page Up] Toggle to the previous value in a field with a defined a toggle menu
[Page Dn] Toggle to the next value in a field with a defmed,a toggle menu
[InsertL ~Enter "Field Edit" mode

.. In the insert mode, characters may.be inserted before .the cursor. position or deleted at the cursor
p@sition. The left and right arrow keys move the cursor only within the field. To exit the insert
mode press [Enter]. Any other character will be added to the end of the field.

To move to another field, use the following keystrokes:

[Enter] Move to the next field in numerical order
[Left Arrow] Move to the nearest field to the left on the same line
[Right Arrow] Move to the nearest field to the right on the same line
[Up Arrow] Move to the nearest field above this field
[Down Arrow] Move to the nearest field below this field
[Home] Move to the first field in numerical order
[End] Move to the last field in numerical order

To move to another section or access the next data set in a file, use the following keystrokes:

[Tab] Move to the next form section
[Ctrl][Page DnJ.. Access the next data set in the file
[Ctrl][Page Up] Access the previous data set in the file

To Zoom the section window, use:

[F5J.. Increase thesize of the standard section window to the position and
..................................... size specified in the form specification. Pressing [F5] again, or

leaving the section, reduces the size to the standard size again.

• January 1, 1995
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To access the strip menu, use the following keystrokes:

[FlO].. go to the strip menu
[Alt].. with any valid Hot Key (Le. one of those highlighted in the strip

menu, takes you to that strip menu item)
Other form keystrokes use commands analogous to those used in the U.S. Army Corps of
Engineers CoEditor which is used by MENU-I. Hence, commands like [Shift][F3] clears a field,
[Alt][FlO] saves and quits a form, [Ctrl][FlO] quits a form without saving, [F3] deletes a line and
[F4] inserts aline.

An extension of the CoEd logic was also made to the commands where [Ctrl][F3J deletes a data set
(e.g. set of form data for one subbasin) and [Ctrl][F4] inserts a new data set below the current data
set. These two commands are especially helpful in the Subbasin Preparation and MCUHP forms.
For more discussion on Subbasin Preparation and MCUHP form keyboard techniques. see their
respective sections in section VI. Functions. .

. 'Functions

This section discusses each of the menus and menu items in the Drainage Design Menu System.
Each bold heading reflects a menu name in the DDMS main menu. Subsequent headings are
primarily menu items available under each main menu.

<Programs

'TnePrograms menu contains the main programs used by the DDMS in putting together a flood
hydrology model and its related data. Generally, upon beginning the creation of an HEC-l model
using the DDMS each menu item (except Rational) should be performed in the order they appear in
the menu listing. Normally only one MCUHP option will be used per fIle family. To select a
program menu item simply scroll down to the item so that it becomes highlighted and press [Enter].
The selection of a menu item will cause the DDMS to open a form for entering input to the

program menu item program selected. The form essentially facilitates the creation of ASCII input
fIles used by each of the programs for proper execution. Once a complete set of fIles has been
created for a given fIle family, changes in storm, land use, orsoil loss characteristics can easily be
made and the MCUHP and HEC-l programs can be rerun to obtain the new results.

PREFRE

When selected, the PREFRE menu item .loads a form into which the rainfall statistics may be
entered. For each input field the status line at the bottom of the screen provides a short help

• January 1, 1995 .
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message reminding the user what do for the current field. For more description of the field press
the [FI] key. Once all the necessary input fields have been filled in, just save and execute the form
(or use [Alt][FlO]) to create the depth-duration-frequency (DDF) table for the study area. The
PREFRE menu item returns the user to the PREFRE form after execution so that the user may
examine the DDF table before proceeding to the next menu item. Once PREFRE has been run
satisfactorily, the user may escape out of the fomi or quit the form by pressing [Esc] or [Alt]-File­
Quit or [Ctrl][FIO]. For more discussion on the use of the Help or form movement keystrokes see
section V. Keyboard Techniques~

Land Types

The Land Types menu item loads the file family land use table <to be used in the Subbasin
Preparation form for the association of land use types and loss parameter characteristiessuch as IA,
RTIMP, and percent vegetation cover. By default, the program uses the land usetable shipped with
the DDMS. However, this'should not be construed as a recommendation for the sole use of these
land use types or associated parameters for every flood hydrology study in Maricopa County. The
hydrologist is expected to evaluate the.1and use. types and their..associated.parameters fqr each flood
l1Ydrology study. The land use table defined for the current file family will be used for every
subbasin entered into the Subbasin Preparation form. However, the .Subbasin Preparation form
does allow for exceptions to the file family land use table for any given subbasin. See the Subbasin
Preparation menu item section below for more discussion. As is the case throughout the DDMS,
the status line at the bottom of the screen provides a short reminder message as to the nature of the
contents of each field. Likewise, more help is available for each field by pressing the [FlJ key.
Once the user is satisfied with the land use types and their associated parameters, the table may be
saved and the form exited.

NOTE: . Once data from the file family land use table has been merged into the Subbasin
Preparation form and saved, deleting a land use type from the file family land use table in the Land
Types form and reentering the Subbasin Preparation form will cause data in the land use section of
the Subbasin Preparation form to become mismatched. The reason is that the merge of the land use
table into the land use section of the Subbasin Preparation form assumes that a given land use type
(and its associated parameters) occur on the sante line in both places. Therefore, it behooves the
user to determine the land use types to be used for a given study BEFORE the subbasin data is
entered into the Subbasin Preparation form. This does NOT prevent the· user from changing
parameters for a given land use type after the subbasin data has been entered into the Subbasin
Preparation form. This is in fact the main purpose and advantage of using this portion of the
DDMS. If the user does need to add new land use types after data has been entered into the
Subbasin Preparation form, do so by adding the new types to the bottom of the file family land use
table using [Crtl-F4] at the end of the table from the Land Types menu item. This will prevent
mismatches resulting from the merge.

• tJ I
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Subbasin Prep (Subbasin Preparation)

The Subbasin Preparation form acts in similar fashion to the spreadsheet program previously
ayailable from the FCDMC. The form starts by opening a blank form for the first subbasin data set

.to be entered. Again the form may be navigated using the keyboard techniques describe. in section
V. .Keyboard Techniques. Basically, fields within a form section may be moved into using the
arrow keys, while each new form section is accessed with the [Tab] key. Backward movement
through the form sections may be accomplished with use of [Shift]{Tab]. The form sections are
differentiated by a double-lined boundary. As is the case throughout the DDMS, the status line at
the bottom ofthe screen provides a short reminder message as to the nature of the contents of each
field. More help may be obtained for each field by pressing the [FI] key.

Once the first subbasin data set is completed, a new data set can be added by using the insert
command [Ctrl][F4]. This will create a new blank "spreadsheet" for the next subbasin dataset.
Each new data set or subbasin to be added can be done by use of the insert command [Ctrl][F4].

::}Vhen multiple data sets have been created, the other data sets may be accessed by use of the
'l;,I'?U1][Page Up] and.[Crtl][Page"Dn] keys..Another.method to move between data.s~ts is to move

;~i;t6'i1he Subbasin Name field in the first form section and activate the lookup menu by typing [Alt]
;!;{titFactivate the strip menu) and then L' for the lookup menu. The [FlO] key may alternatively be
: used to activate the strip menu. Once the lookup menu has been selected, a long narrow window
'will appear on the right-hand side of the screen containing a list of the data sets for the Subbasin
'Preparation form for the current file family. To move to the desired data set, simply scroll down
;the list to the data set you wish to move to and press [Enter].

./";

"'Calculations resulting from input fields will not be performed until either the user moves the active
'cursor to another form section by tabbing (or Shift-tabbing), or by saving the file ( [Alt]-File-Save
'or [Shift][FlO] ), or by saving and exiting the file ( [Alt][FlO]or [Alt]-File-Save and Execute).

Custom land use types, either different land use types or'different parameters for a default land use
type, may be given for any subbasin data set. To designate a given land use type as a custom land
use simply fill an asterisk ( * ) into the field in the column headed by an asterisk. This will prevent
this line in the data set from automatically being updated from the file family land use table if and
when new default land use parameters are defined and saved into the file family land use table from
the LandTypes form. By default, all unmarked lines in the land use section ,of every data set will
be updated with the new land use table parameters if the land use table is newer than the subbasin
preparation file when the Subbasin Preparation form is loaded. This allows for easy, quick
updating or parameter sensitivity analyses of land use related parameter assumptions. For example,
RTIM:P values for any or all land use types could be changed in the Land Types form and saved.
Then the Subbasin Preparation form could be loaded to calculate the new average subbasin RTIMP
values for every subbasin. Next, MCUHP could be loaded which will merge the newly calculated
subbasin RTIMP values into the MCUHP input file. Then by saving and executing MCUHP, new
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subbasin KK. blocks will be generated. Finally, thenew KK blocks may be merged into the
existing HEC-I data file by selecting the HEC-I menu item from the programs menu~ Rerun HEC­
I with these new data and compare the results.

MCUHPI and MCUHP2

The MCUHPI and MCUHP2 menu items behave quite similarly. Essentially these menu items
load forms which can merge in subbasin data from the subbasin preparation file and create a
properly formatted MCUHP input file. Upon saving and executing the MCUHP form, MCUHPI
or MCUHP2 is run with the formatted input file to create an HEC-I skeleton file. When the HEC-l
menu item is subsequently selected, the subbasin KK -blocks from the MCUHP createdHEC-I
skeleton file are merged into the existing HEC-I data file (if one already exists). If no HEC-I data
file exists, the skeleton file is merged with an empty file to create the new HEC-l datafI1e.

The mechanics of using the MCUHP forms are similar to those of the other DDMS forms, Fields
in the form sections may be filled in and moved through using the arrow keys. The user may move
b~tween form sections by use of the [Tab] and, [Shift][Tab] keys. ,:Help isavailabk in both the,
stlltuS line at the bottom of the screen with additional help found through use ofthe [FI] key.
The MCUHP forms consist of two sections. The first section defines the design storm information,
while the second section consists of multiple data sets containing the subbasin parameters -to be
used by the selected MCUHPprogram. When entering the first section field information, the user
does not need to fill out the Storm Size field until the subbasin, data sets have been filled into
section two. Since the design storm size is usually coincident with the total-area of all subbasins;
the user may fill in all- subbasin data sets first and then refer to the Total Area field in section one to
help decide the area value to be placed in the Storm Size field. The Total Area field is taken as the
sum of all individual subbasin areas from the data sets in section two. Therefore, the Total Area
field is not "correct" until all subbasin data sets have been completed.

The second form section may be completed in a couple of different ways. First, if the user is not
utilizing the Subbasin Preparation portion, input fields may be entered manually: Once the first
data set is complete, use [Ctrl][F4] to insert a new blank second section for the second data set
Repeat this insert process until all data sets have been entered. Then [Shift][Tab] back to section
one and complete the Storm Size field. Finally, save and execute the form using [Alt][FlO] or
[Alt]-File-Save and Execute. The DDMS will then create a properly formatted MCUHP input file
and display a window asking to run MCUHP# < FileFamily.M#I. Answering yes to this prompt
will cause the MCUHP program selected to execute with input taken from the input file created
with the form. During execution, MCUHP will send information to the screen. Once it has
finished running, a message will appear saying "Run completed -- press -any key to return to menus
...". Pressing any key will return the user to the Main Menu. Now the user is ready to select the
HEC-I menu item from the Programs menu.

• January 1, 1995
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The other method of using the MCUHP forms differs in the use of the second form section. If the
Subbasin Preparation form has been used to calculate the subbasin parameters, the user may move
to the Subbasin Name field in section two. Then by activating the Lookup menu, [Alt]-L, a list of
the subbasin data sets available from the Subbasin Preparation file is displayed. Subbasin data sets
that are to be entered into MCUHP can be selected from the menu by scrolling to the desired data ..
set name and pressing [Enter]. Use the [Enter] key to select the data sets to be entered into
MCUHP. To exit the lookup menu with the selected data sets, use [Alt][FlO]. TWs will cause the
selected data sets to be loaded into the MCUHP form section two. Then all that remains to be
entered by the user in the MCUHP form are the high and low elevations, subbasin length, slope,
and the UA record type or S-Graph type depending on whether MCUHPI or MCUHP2 is being
used. The default loss' method is the Green' and Ampt method. These parameters will
automatically be filled into section two when the lookup menu is exitted. If the Initial and Uniform
Loss method is being used, the Loss Method field must be changed from 1 to 2 and the STRTL and
CNSTL values entered manually by the user. If the user wishes to have aJl;data sets from the
Subbasin Preparation file loaded, activate the lookup menu from the Subbasin Name field in the
blank section two and press [F8]. This will exit the lookup menu and cause all subbasin data sets
,fromJl1e Subbasin Preparation file to be loadedjnto the MCUHP fonn. .

Once any data sets have been loaded into the MCUHP form, the user may move from one data set
to'another using the [Crtl][Page Up] and [Ctrl][Page Dn] keys or by entering the Subbasin Name
field in a loaded data set in section two and using the lookup menu. Activating the lookup menu on
the Subbasin Name field in a loaded data set will cause DDMS to display a menu of data sets
already loaded in the MCUHP form.

Ita.data set needs to be deleted from the MCUHPform, move to section two to the data set to be
g~~et~d and press [Ctrl][F3]. This will cause the current data set to be deleted from the MCUHP
form. If a new data set needs to be inserted, move to section two and press [Ctrl][F4]. TWs will
cause a blank data set to be inserted. The user may then complete the data set by filling it in
manually, or if the new data set has acorresponding data set in the Subbasin Preparation file, use
the lookup menu on the Subbasin Name field to display data sets that have not yet been loaded into
MCUHP but which do exist in the Subbasin Preparation file.

The order in which data sets appear in the Subbasin Preparatation form or MCUHP form is not
critical but perhaps helpful. The reason the order is not critical is that the subbasin KK blocks
created by MCUHP will be merged into the HEC-l data file in the order in which the KK blocks
occur in an existing HEC-l data file. Thus, a "schematic" file may be created and named
FileFamily.DAT containing the KK records and ids matching those used in MCUHP. This will
cause the MCUHP output KK blocks to be merged into the HEC-l .DAT file in the order they
appear in they appear in the HEC-l data file. However, if no "schematic" is created before the
merge is performed (by selecting the HEC-l menu item from the Programs menu), the KK blocks
from the MCUHP output file will be merged into the empty HEC-l data file in the order wWch they
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occur in the MCUHP output file which is the order they were entered in the MCUHP input form.

NOTE: The insertion of new data sets in the MCUHP forms occurs after the the current data set
from which [Ctrl][F4] was pressed. Therefore, the form does not allow the user to insert a new
subbasin data set as the very first data set. The probleni this creates is that for the single storm
option, the precipitation cards for the HEC-I input file are put into the first subbasin KK block by
MCUHP. To correct this problem the user could insert the new data set anywhere and then move
the KK block manually in the resulting HEC-I input file along with the precipitation cards. If the
user should desire to insert a new data set as the first data set and avoid the editing of the HEC-I
input file, the user can edit the FileFamily.M#I file inserting a block for the new data set within the
.M#I file. The subbasin data used by MCUHP can then be entered directly into the .M#I fIle or if
the Subbasin Preparation form has already been used to enter data for this new first data set, add the
ID name for the new data set tothe "basin name" line in the newly inserted block in the .M#I file
and save. Then return to, the Subbasin Preparation form, save it to update its time stamp, and enter
the MCUHP form. This should cause the new data set information to be loaded from the Subbasin
Preparation file into the MCUHP form as the new first data set. After running the MCUHP

. pJFogram, entry to HEC-I willperlorm a new merge and the preGipitation carcl&.ancl,new first
subbasin should be in the correct place. Also, the oldfrrst subbasin KK block containing the
precipitation cards should be updated with the new KK blockfrom the MCUHP output fIle which
no longer contains the precipitation careis.

• HEC-I

The HEC-I menu item causes the HEC-l form to be loaded with the HEC-I data file
(FileFamily.DAT). If the MCUHP output file is newer than the HEC-l data file, the MCUHP
output file KK blocks will be merged into the HEC-l d.atafIle by matching. KK names in the two
files. Duplicate KK block ids will cause all but the first KK block with the duplicated id to be
dropped from the HEC-l data file. Therefore, the user should follow a convention of unique
naming of KK blocks both for subbasin blocks as well as any other KK blocks in the HEC-I input
file. In the. HEC-l form, the HEC-l input may be reviewed to ~nsure that the merge has taken
place as expected.

The form consists of two sections. The first contains the IDs and job control lines. The second
contains the KK blocks. Each KK block is displayed one at a time much like the data sets in the
Subbasin Preparation or MCUHP· forms. Once the form has been loaded and the user is
comfortable that the merge has taken place correctly, the form may be saved and executed. This
will cause a window to appear which asks if the HEC-l data file should be saved as merged and
whether to start MENUl. Answering yes to this window will save the merged fIle as
FileFamily.DAT and start MENUI with the input, output and DSS files already defined for the
current fIle family. From MENUI the input file may be edited, run, and displayed as normal in
MENUl. The only exception is that MENUI selection number 5, Exit to DOS, will return the user
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to the DDMS main menu.

Rational

The Rational menu item in the Programs menu will cause a form to be loaded into which data is
entered for the FCDMC RATIONAL.EXE program. Again the form serves to facilitate input to the
program and in addition to the previous use of RATIONAL.EXE, program input and output may be
saved to a file. The primary limitation in the DDMS implementation of the RATIONAL program
is that only one RATIONAL data set may be defined per file family. The Rational form may be
navigated'similarly to other forms in the DDMS.

Reports

The Reports menu from the DDMS Main Menu contains two categories of reports which may be
generated from DDMS files. One set is for input summary reports and the other provides reports
from HEC-l output. In order for the output reports to function properly, HEC-l must have been
'fU.rrat output levelJ..,Eachreport menu-item when.selectedwill open aJormwhichwillloaddata
from. the 'appropriate 'input or output file and display that information in the form. The user may
either review the data in the form or save and execute the form which will cause an ASCn report
file to be generated. These report files may then be viewed or printed from the DDMS or loaded
into the user's favorite word processor to be included in their flood hydrology study report.

Input Summaries

Selecting the Input Summaries menu item activates a submenu which contains various reports
which may be generated from the Subbasin Preparation and MCUHP input files.

Subbasin Summary

The Subbasin Summary report produces an ASCII file which contains a report for each subbasin of
the data entered in the Subbasin Preparation form. The report format is similar to that produced by
the previously available FCDMC Loss Parameter Spreadsheet.

e·, ~ltH ~ }Y !nnml.ll!1!m f
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MCUHPI Summary

The MCUHPI Summary report produces an ASCII file which contains a columnar summary of the
subbasin names, areas, loss parameters, and calculated Tc and R parameters for the Clark Unit
Hydrograph method.

MCUHP2 Summary

The MCUHP2 Summary report produces an ASCII file which contains a columnar'summary of the
subbasin names, areas, loss parameters, and subbasin lag time.

MCUHP2 Lag Time Summary

The MCUHP2 Lag Time Summary report produces an ASCII file which 'contains a columnar
summary of the subbasin names, S-Graph type, length, Lea, Kn, slope, and lag times for each
subbasin entered in the MCUHP2 form.

Optput Extract

.The Output Extract reports work just like the Input Summaries except that the reports are taken
from the HEC-l output file. Again, the reports assume that HEC-l has been run with output level 3
defined on the 10 recGrd.

Discharge Report

The discharge report produces an ASCII ·file which contains a columnar summary ofICK. names,
rainfall, losses, rainfall excess, peak discharge, time to peak discharge, volume of runoff, and area.
The default file extension for the discharge report is .DIS.

JD Discharge Report

The JD discharge report produces an ASCII file containing a summary of discharge and related
results for an HEC-l run using the JD multiple storm option. The default file extension for the JD
discharge report is .JD.

Unit Hydrograph Volume Report

The unit hydrograph volume report produces an ASCII file which contains a columnar summary of
subbasin names and unit hydrograph volumes from HEC-l output files which have used MCUHP2
to generate ill records for unit hydrographs. The default file extension for the unit hydrograph
volume report is .RUV.

mllmillOOl'!!il!ll!il!!lI!il! IlIII!IIi!il~__IOOlF IIIOOl:::!il!!!i!illillmlllU!il!iliH Il!il!il!ilmlllilll!il!il!I!l w_
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Unit Hydrograph Report

The unit hydrograph report produces an ASCII file 'which contains a summary of subbaSin names
and unit hydrograph volumes as well as the ill records used as the unit hydrographs for each
subbasin. Like· the unit hydrograph volume report, the HEC-l output files must have. used
MCUHP2 to generate the UI records for unit hydrographs. The default file extension for the unit
hydrograph report is .RUI.

Kinematic Wave Stream Routing Report

The Kinematic wave stream routing report produces an ASCII file which containsa>summary of
Kinematic wave routing parameters used in channel routings in a level 3 HEC-l output file. The
default file extension is .RKW.

Storage Routing Reports

"The storage routing reports produce ASCII files which contain summaries of the various storage
.routings used in a level 3 HEC-l output file. The form will create separate report files for four
different types of storage routings. One, storage reservoir routings using SV records (default file
extension .RTS); two, storage reservoir routings using SA and SE records (default file extension
.SAE); three, storage reservoir routings using the spillway option (default file extension .SPL); and
four, Normal Depth channel storage routings (default file extension .RND). Upon saving and
executing this report form, the program will ask the user whether each of the four files should be
written out. Use the summary of the number of.KK. blocks found containing each of the various
.r~por:t types in the first form section as a guide to deciding which files to write.

Muskingum-Cunge Reports

The Muskingum-Cunge reports produce ASCII files which contain summaries of the routing
parameters used in the channel routings using the Muskingum-Cunge routing method. The form
will create separate report files for Muskingum-Cunge routings using the RD record alone and
those using the RC, RX, RY option. The default file extension for the RD only report is .RMC
while the file extension for the RC, RX, RY option is .RMD.

Diversion Report

The diversion report produces an ASCII file which contains a summary of diversions in a level 3
HEC-l output file. The default file extension for the diversion report is .RDV.
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Hydrograph Combination Report

The hydrograph combination report produces an Ascn file which contains a columnar summary of
hydrograph combination KK ids, number of hydrographs combined, peak discharge, time to peak
discharge, volume of runoff, and area. The default file extension for the hydrograph combination'
report is .RHC.

Clark Subbasin Report

The Clark Subbasin report generates a report for each subbasin using the Clark Unit Hydrograph
method. The report contains Tc and Rand the VA array. for each subbasin using the Clark method
in the HEC-l output file. The default file extension for the Clark subbasin report is .RCK.

Rational Report

The Rational Report menu item opens a form which when saved and executed produces an ASCn
report file summarizing the. input and .output from a rational analysis for .. the current file family.
The default file extension for the Rational Report generated by this form is .RTR.

Utilities

The Utilities menu provides access to several commonly used programs which can be used in
conjuction with the DDMS to improve its overall use.

Editor

The Editor menu item provides access to the editor defined under the Options menu as the default
editor. As shipped, the Editor menu item uses the DOS editor EDIT. When the Editor menu item
is selected, a form is loaded into which the filenanle of the file to be edited should be entered. A
lookup menu is also accessable Oy use of the [Alt]-L keys. The lookup menu allows the user to
select the file to be edited from the menu. Exiting from the DOS editor returns the user to the main
menu.

CoEditor

The CoEditor menu item behaves similarly to the Editor menu item except that the U.S. Army
Corps of Engineers' CoEditor is invoked rather than the DOS editor once the file to be edited has
been defined by the user.

•
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The List File menu item works like the other Utilities menu items except that the LIST.COM
program is used to open up the selected file for viewing. The LIST.COMprogram is the same
program used by MENUl in its display option number 4.

Print

The Print menu item asks for a file to be printed which can be looked upusing the lookup menu to
select the file to be printed. Once the file is defined, the Print menu item sends the selected file to
the port defined in the Options form using the print command also defmed in the Options form. By
default the DDMS uses the DOS PRINT command and sends the file to LPTl.

Family

About File Families

;j},rF~~File Family concept is an important concept used by the DDMS in managing the files
> • generated by the various forms. It is important that the user of the DDMS understands the idea of
. File Families to take greatest advantage of the DDMS. The File Family refers to the name given to

all files related to a given set of analyses using the DDMS. The File Family name is used as the
first part of the DOS filename given to every file generated with the DDMS while the current File

;,,;Family remains the same. The files associated with the various DDMS functions are differentiated
by the DOS file extensions assigned by the DDMS forms. For example, if a new file family is
,named STUDYl, then every file generated by the DDMS while this file family is the current file
family (which is always displayed in the top status line of the DDMS) will be given the name
STUDYLextension where the extension provides the unique filename identifier. Therefore, the
p,REFRE input and output files will become STUDYl.PFI and STUDYl.PFO respectively.
Likewise, the Subbasin Preparation file is called STUDYl.SUB and the MCUHPI files
STUDYl.MlI and STUDYLMIO, and so forth. Report file names are assigned similarly
differentiated only by the file extension. This file naming convention using the File Family concept
allows the File Family Copy, Delete, Archive, etc. functions to find all the files associated with the
current file family very easily and neatly. This also allows the user to easily identify files
associated with a given analysis.

Caution should be taken however when examining various storm or parameter assumptions and
rerunning various portions of the analysis. An example would be when the hydrologist wishes to
compare the results of the 6-hour storm with the 24-hour storm. If the storm information in
MCUHP is modified and rerun without changing the file family name, the files associated with the
first storm will be overwritten. To avoid this mistake, use the File Family Copy command to copy
all the files to a new file family name and then perform the analysis using the new design storm
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information. Then· the twO'sets of output files or report files can be compared without the danger of
overwriting files the uSer intended to keep.: Prudent use of the File Family naming convention and
a little forethought can prevent unwanted rework. However, the ease with which the DDMSaliows
for these types ofchanges also means inadvertantmistakes Can be quickly and easily performed.

New

The New File Family menu item establishes a new file family. When selected, a form will appear
where the user should fill in the name of the new file family to establish. Saving and executing the
form with the new file family name creates a default land use table for the new file family
(FileFamily.LDF) and changes the status lineto show the new file family as the current file family.
Single field forms like the New Family form may be saved and executed by use of the [Enter] key

alone. The Options form is also updated to reflect the change to a new'file family. The new file
family may be created in a directory other than the current working directory. lIthe new file family
is created in a directory other than the current working directory, the current working directory will
also be changed. However, the directory must exist first for this to work.

Move to

The Move to menu item allows the user to move to an existing file family from the current (or
blank) file family. The lookup menu may be used to select a file from the file family to be moved
to. File extensions will be ignored using this selection process. Again since the Move to form is a
single field form, saving and executing may'be accomplished by use of the [Enter] key or by use of
[Alt][FlO].

. Move

The Move menu item performs a renaming of the current file family to a new family name (and
working directory if so specified). Since this form is a multiple field form, saving and executing
the form must be performed using [Alt]-File-Save and Execute or [Alt][FlO]. Saving and executing
the Move form will cause the DDMS to copy the current file family to the newly specified file
family name and delete the current file family. In addition, the DDMS will change the current file
family to be the newly defined file family.

Copy

The Copy menu item does just that. It makes a copy of the current file family to the newly
specified file family name and changes the current file family to the new file family name.
Delete

The Delete menu item can be used to delete an entire file family or just certain specified files within

• January 1, 1995
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the file family. The lookup menu can be used to select a file from the file family to be deleted.
Pressing [Enter] will activate another menu window from which the files to be deleted can be
selected ina manner similar to the multiple selection menus used in the Subbasin Preparation and
MeUHP forms. When this second menu appears all files beginning with the file family name will
be listed and highlighted. If all highlighted files are to be deleted, saving and executing the form
will cause the delete to be performed. If certain files are not to be deleted, scroll down to those files
one at a time and press [Enter] to unselect them from the list of files to be deleted. Saving and
executing will then delete only the highlighted files.

Archive

The File Family Archive menu item, by default, assumes the use of the PKZIPutility to compress
all current file finnily files into one zip file called FileFamily.ZIP (or whatever extension is defmed
as the archive extension in the Options form. The archive menu item creates the archive file but
does not delete the uncompressed files. To delete the uncompressed copies use the File Family

<Delete menu item. The .ZIP file will not be deleted using the Delete function unless it is
, spe,pifically highlighted in the. delete list. ,.BydefaulLthe .zIP file will not automatically be
,;highlighted. However, if the default archive file extension is changed in the Options form, the .ZIP
files will be highlighted automatically but files ending with the archive extension defined in the

. '::·f:)ptions form will not automatically be highlighted.

,If a compression utility other than PKZIP is to be used, the FAMARCH.FRM ASCII file in the
"control directory (C:\HECEXE\CONTROL by default) must be changed. The COMMAND line
must be altered to contain the new compression utility to be used along with the proper syntax for

,.' the use of the new command. The existing COMMAND line may be used as a guide.

Retrieve

The File Family Retrieve menu item, by default, uncompresses an archive file using the PKUNZIP
utility. Upon finishing the uncompression, the DDMS returns the user to the main menu with the
uncompressed file family as the current file family. Use of an uncompression utility other 'than
PKUNZIP will require a change to the COMMAND line in the FAMRETR.FRM similar to the
change needed for the archive form.
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Options

The Options menu item contains only one submenu item,Change Control Parameters. "

Change Control Parameters

The Change Control Parameters form, sometimes referred to elsewhere in this document simply as
the Options form, contains the definitions which control many DDMS functions and display
appearances. The fields in the Change Control Parameters form all have additional help which
explains the purpose and use of each of the fields. The current file family may be changed from
this form. Changing the current file family in this form is equivalent to the Move to function on the
Family menu. The Change Control Parameters form also contains fields for changing the control
directory and for providing an. alternate control directory. The control directory will only need to
be changed if the DDMS' is installed .to" a drive and/or directory different than
C:\HECEXE\CONTROL. The alternate control directory may be used to store customized menus,
forms, or other default fIles. The colors used for any of the various menus and forms may be
changed in the Change Control .Parameters form as well. The list of. possible ..colors for each
display type field may be accessed by use of the lookup menu or by togglingthroughthelistusing
the [page Up] and [Page Dn] keys. Color combinations which cause text not to be seen etc. are not
allowed. The DDMS will prompt the user with an appropriate error should the user select an
unallowable color combination. Finally, the Change Control Parameters form contains fields which
define the default strings for use in the Editor, Print, and Archive functions discussed elsewhere.

Help

The Help menu item provides access to a listof help topics which discuss the use of various DDMS
functions. To access the list simply select the help menu, then select the Help Index.

Help Index'

The Help Index is a list of help topics available in the DDMS. These are in addition to the field
help for each field in every form. To view a help topic simply scroll to the help item of interest and
press [Enter].

• January 1, 1995 ..
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Exit

The main menu Exit item providestwotypes of exiting from the DDMS.

Quit

The Quit menu item quits the DDMS altogether and returns the user to the startup directory in
DOS.

Exit to DOS

The Exit to DOS menu item dumps the user out to DOS to perform any DOS functions desired. To
return to the DDMS type EXIT and [Enter] from the DOS prompt.

vm. Error Messages

DDMS will display error messages in red boxes. Most of these errors are self explanatory and
,~\"rel,?-te to form data entry mistakes or omissions. Press [Esc] to clear any error message. If the error
.,,is.'a data entry problem the DDMS should return the user to the offending field. One common error
,message the user will see is the "No control file found. Use default. C:\HECEXE\DDMS.CTL".
>This message simply means that the startup directory does not already contain a DDMS.CTL
control file. The program then copies the default control file into the startup directory.

':>~" Who to Call

If the user should encounter problems associated with the use of the DDMS or should the user have
any constructive, suggestions, please contact Ted Lehman at the Flood Control District of Maricopa
County, 506 -1501,506 - 4601 FAX, 2801 W. Durango Street, Phoenix, AZ 85009.
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Not tOJ,cale .

......

SUB 1

......
It •••••• '

Change to the new directory
and start DDMS by typing
DDMS from the DOS
prompt.

Define a new fIle family by using the arrow keys to move over to the Family menu item or
by pressing the letter 'a'. Once theFaIDily menu is, activated use the arrow keys to move
down to New Family and press [Enter] or press the letter N' to select the New Family menu
item. A new "window" should appear into which the user should type in the name of the
new fIle family, say SAMPLEl. Press enter to create the new file family or alternately use
[Alt-FlO].

From DOS create a new
.directory in which to run the
sample problem.

1)

The following sample problems are provided to help get the new user ofDDMS up to speed more
quickly. The sample problems follow the procedure outlined in the accompanying flow chart. The
figure to the rightis a representation, .
of the watershed(s) used in the
sample problems. Subbasin 4 is
used in Sample Problems #3 and
#4.

Sample Problem #1

2)

3)•
4) Next, select the Programs menu item from the main menu by using the arrow keys to move

over to it or pressing the letter P'.

5) Select the PREFRE menu item from the Programs menu by using the 'arrow keys to move
down to the PREFRE line and pressing [Enter] or pressing the letter P'. A new empty form
will appear for entry of the input data necessary for PREFRE. Complete the form with the
following point rainfall data. Use the [Tab] and [Shift-Tab] to move from one form section
to the next. For help on any given field refer to the status line at the bottom of the screen or
press [FI] for more help.

• January 1, 1995 .
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L_ Point rainfall data for PREFRE for Sample Problem #1
-

Frequency 6-hour 24-hour

2-year 1.4 3.4

I
-

lOO-year 3.4 4.2
I=,

Once the form has been filled out, save and execute PREFRE by pressing [Alt-FIO] or Alt­
File-Save and Execute. DDMS will return the user to the PREFRE form to review the
output which is displayed in the third form section. If the program appears to have executed
successfully, quit the PREFRE form by pressing {Esc], [Ctrl-FlO], or Alt-File-Quit.

6) Next select the Land Types menu item from the Programs,menu. This will cause the
default land use table to be displayed. At this point the user could modify the land use
defaults as desired for the study being undertaken. However, for the purposes of this
sample, simply save and execute the form without making any 'changes.. ," ,

•
7) Select the Subbasin Preparation menu item from the Programs menu. Use the following

data to complete the form. Once the first subbasin data has been entered, press [Ctrl-F4] to
insert a blank form for entry of the second subbasin data set. Repeat for the third subbasin.
Once the data for all three subbasins has been entered, save and execute the Subbasin
Preparation form by pressing [Alt-FlO] or Alt-File-Save and Execute.

Special points to be noted in the data entry process: First, remember that the ability of
DDMS to transfer data from one program file to the next depends on the subbasin ill.
Therefore, chose a format (such as all caps) to ensure proper data transfer. Second, toggle
and lookup menus have been added to many fields to facilitate the data entry process.
Fields with available toggle or lookup menus should be labelled as such in the status line
shown at the bottom of the screen when the field is active (i.e. the cursor is located in the
field). Toggle menus can be toggled through by using the [pageUp]and [PageDn] keys.
Finally, to move from one subbasin data set to another use [Ctrl-PageUp] and [Ctrl­
PageDn] .
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Subbasin Preparation Data for Sample Problem #1

Soil Data

Soil Survey =Aguila/Carefree

SUB 1 SUB2 SUB3

Map Unit Area(mi) Map Unit Area (mi) Map Unit Area(mi)

3 0.443 94 0.357 73 0.064

62 0.346 73 0.056 -. 62· -'0.038
..

73 0.227 17 0.054 7 0.018

109 0.186 33 0.032

38 0.086 62 0.001
---

94 0.023

17 0.019

Percent Effectiveness for Rock Outcrop =50 %

Land Use Data

Land Use Type Area (mi) Land Use Type Area (mi2
) Land Use Type Area(mi)

-

Desert 1.33 Desert 0.5 L.D;R. 0.114

Commercial 0.006

8) Select MCUHP1 from the Programs menu. The first field is optional but may be used to
enter some helpful descriptive information. This information is written to an ill record in
the HEC-1 data file.

Move to the second field and select the single storm option (1).

Skip the storm size field and move ,to the storm duration field. The storm size can be filled
in later once the subbasin data has been entered. For the purposes of Sample Problem #1,
select the 6-hour storm duration (1). This can be accomplished by typing a 1 into the field
or by use of the toggle menu using the [PageUp] and [PageDn] keys.
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Moveto the point rainfall depth field. Use the lookup menu to select the 100-year 6-hour
point rainfall depth. To accomplish this press Alt-L to activate the lookup menu. Then
arrow across to the 100-year depth and press enter to place this. value into.the MCUHP1
form field.

Tab to the second form section. Once in the subbasin name field, activate the lookup menu
with Alt-L. A small menu should appear containing the names of the subbasins entered into
the Subbasin Preparation form (Le. for Sample Problem #1 the subbasin names in the menu
should be SUBl, SUB2, and SUB3). Press F8 to load the data from all subbasins into the
MCUHP form. Alternately, each subbasin name may be selected (it will become
highlighted) by pressing the [Enter] key on each subbasin name and then use [Alt-FlO] to
exit the lookup menu and load the selected subbasin data sets into the MCUHP form. The
pertinent data from the Subbasin Preparation file should now be loaded into the MCUHPl
form. This may' be checked by scrolling through the subbasin data~ets using the [Ctrl­
PageUp] and [Ctrl-PageDn] keys. Also the counter at the bottom left comer of the second
form section should read "Set # of 3" where # is the number of the data set currently active.
This # should change as the user scrolls betweendat~ sets,

->'~" ,""'· .. Complete the remaining fields in the second form section for each subbasin data set using
, the following data.

Additional Subbasin Data for MCUHPl

SUBl SUB2 SUB3

High Elev. 1250 ft 1350 ft 1050 ft

Low Elev. 1000 ft 1000 ft 900ft

Length 2.37 miles 1.7 miles 0.76 miles

UA 2 2 1

Once these data have been entered, [Shift-Tab] back to section one and move to the storm
size field. Consult the Total Area field to select the storm size. The storm size field takes
the area to the nearest square mile. The user may enter a decimal value, but it will be
rounded to the nearest whole square mile.

When all data have been entered, save and execute the form. If all required data has not
been entered DDMS should give a red error message statingthat some required data has not
been entered. DDMS will then return the user to the missing field. Complete the missing
field and save and execute again. A small "window" should appear at the bottom of the
screen asking if it is okay to run MCUHPl < FileFamily.MlI. Answer yes to this prompt
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to run MCUHP1 using an input file created from the data entered into the MCUHP1 form.
MCUHP1 will then echo some information to the screen as it runs. Once it has completed,
a line will appear asking the user to press any key to continue, Doing so will return the user
toDDMS.

Select HEC-1 from the Programs menu. This will cause the MCUHP1 output file tobe
merged with the HEC-1 data flle (if one already exists). In this case, no HEC-l data flle
exists, so the MCUHP10utput file is merged into an empty HEC-1 data flle. The HEC-l
data file may be reviewed in the form to confIrm that MCUHP ran correctly and that the
merge was performed as expected. The HEC-1 form consists of two sections. The fIrst
section contains the ill records and the IT and 10 records along with any comment lines
added to the file. To enter the second section use the [Tab] key. In the second section each
HEC-1 KK block is treated as a data set. To move between data sets in the second section
use the [Ctrl-PageUp] and [Ctrl-PageDn] keys.,,,,,

To save the merge and start MENU1, save and execute the HEC-1 form using [Alt-FlO] or
Alt-File-Save and Execute. Another small "windoW"$ho\lld.~ppear.as!9Il,gJf jt is. okay to
run MENUl. Answering yes to this prompt will start MENU1 with the FileFamily.DAT
file already selected as the input file.

Once in MENU1, select option 2 (Create or edit input file). For the purposes of Sample
Problem #1 change the output level to level 3 and add the following routing and
combination data to the input file. The *DIAGRAM option may also be added to provide
an HEC-1 created diagram of the model if desired.

Combine runoff hydrographs for subbasins SUB 1 and SUB2.

KK HC2
KM COMBINE HYDROGRAPHS FROM SUB1 AND SUB2
HC 2

Route the combined hydrographs

KK
KM
RS
RC
RX
RY

R2-3
ROUTE HYDROGRAPH

1 FLOW -1
0.030 0.015 0.030

o 0 10
5 1 .5

HC2 THROUGH SUB3

4000 0.0373
10 40
o 0

40
.5

50
1

50
5

• January 1, 1995
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, Combine the routed hydrograph from R2-3 with the runoffhydrograph from SUB3

KK HC3
KM COllffiINE HYDROGRAPH R2--3 WITH RUNOFF HYDROGRAPH FROMSUB3
He 2

Route the combine flow through the following reservoir.

KK RR3
KM RESERVOIR ROUTING
RS 1 STOR 0
SA 0 10 36 50 73 98
SE 900 902 904 905 906 907
SQ 0 0 0, 50 150 350

Once these changes and additions have been made save the tIle and run HEC-I. When
HEC-l has finished running successfully, exit MENUI to return to DDMS.

];) Select theOl1tputExtracts menu itemfrom the-Reports menu-on the·main-menu. Select
.);i~;~the Discharge report from the Output Extracts submenu. A form will load with data

-retrieved from the HEC-l level three output file. Save and execute the report form to
create the ASCII report file. DDMS will then return the user to the main menu.

.12) To view the report file created, select List File from the Utilities menu. The List File
menu item uses the LIST.COM program used by MENUI to view files. In the "window"
that opens, use the lookup menu to see a list of file family files for Sample Problem #1.
Scroll down to the FileFamily.DIS file, press [Enter] to select this file. Then press

,-~" [Enter] again to view the file. Another small "window" will appear asking if the user
really wants to view the selected file. Answer yes to view the report file.

13) Experiment with other reports as desired.

Sample Problem #2

Sample Problem #2 modifies Sample Problem #1 to demonstrate the quick, simple manner in
which a file family can be modified and the effects of the changes can be implemented and
evaluated.

1) Copy the Sample Problem #1 file family to a new file family name using the Copy
function on the Family menu. To accomplish this properly, start with Sample Problem #1
as the current file family. Select the family Copy function from the Family menu. A
window will appear containing two lines.' The first should contain the path and file
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family name for Sample Problem #1. In the second line enter a new file family name for
Sample Problem #2 (such as SAMPLE2). To perform the copy, save and execute the
form using [Alt-FlO]. DDMS will perform aDOS copy command of the first file family
(e.g. SAMPLEl.*) to the second file fanuly name (e.g. SAMPLE2.*). Once the copy is
complete, the user will be returned to the DDMS main menu with the newly defined file
family as the new current file family.

•

2)

3)

4)

Select Land Types from the Programs menu. Change the DTHETA condition for the
Desert and OPEN land use categories from NORMAL to DRY. This may be most easily
accomplished using the toggle menu (i.e. [PageUp] and [PageDnJ). Also change the
RTIMPvaluefor the Commercial category from 80 to 85 percent. Save and execute the
file to record these changes into the Sample Problem #2 land use table.

Select Subbasin Preparation from the Programs menu. This will merge the new land use
table with the changed DTHETA and RTIMP values into the existing subbasin data sets
and recalculate the subbasin average parameters. The merge and recalc,ulation may be
verified byJooking through theland use section of the form fQr each data..set Save and
execute the form to record the new values.

Select MCUHP1 from the Programs menu. This will merge the new data from the
Subbasin Preparation file into the MCUHP1 form. Again the merge may be verified by
looking at the subbasin data set information displayed in the form. Save and execute the
MCUHPI form and run MCUHP1 (i.e. answer yes to the prompt in the blue window
asking if it is okay to execute MCUHP1 < SAMPLE2.MlI).

5) Upon returning to DDMS, select HEC-l from the Programs menu. This will merge the
new subbasin KK blocks from the new MCUHPI output file into the existing HEC-1 data
file. Confirm the success of the merge in the HEC-1 form. The new subbasin K.K blocks
from the MCUHP1 output file should have replaced the old blocks from SAMPLEl. The
asterisk line preceeding each subbasin KK block should now read "Updated". The
routing and combination blocks should remain unaffected. The asterisk lines preceeding
these KK blocks should read "Preserved". Save and execute theHEC-l form and run
MENUl.

Once in MENU1 run the newly updated HEC-1 file and return to DDMS.

6) Run the Discharge Report from the Output Extracts submenu of the Reports menu.

7) List the new discharge report (SAMPLE2.DIS) and compare with the Sample Problem #1
results.
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Sample Problem #3 demonstrates how a new subbasin data set may be added to an existing file
family to create a new HEC-1 model. For the purpoSes of this example, this new model will be
put together as a new file family. However, the same process could be applied to modify an
existing file family without creating a new file family. This sample problem will also
demonstrate how to ensure that the new subbasin can be placed into the desired location in the
HEC·1 data file independent of the order in which the data sets occur in the Subbasin Preparation
file or MCUHP file.

1) Copy the Sample Problem #2 file family to a new file family name (such as SAMPLE3).

2) Select Subbasin Preparation from the Programs menu. Once the forrnnas loaded, use
[Crtl-F4] to insert a space for the new subbasin. At this point it is not required that the
insert be performed in the logical place where the new subbasin belongs. However, the
user may chose to insert the new subbasin in its "correct" place for other reasons (such as
the preservation. of the numerical order of the basins in the Subbasin Preparation file or
the MCUHP file). For the purposes of this example the new subbasin: will logically occur
after the reservoir routing and will be called SUB4. However, in order to demonstrate the
capablilities of the DDMS merge functions, insert the new subbasin in the Subbasin
Preparation form from the data set for SUB 1.

Complete the new subbasin data set with the following information.

•
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, ' ",.',' ';,,', "';'" '" ':

Subcbasin Preparation DataJor. Sa.mple Problem#3

, Soil Data

.Soil Survey =AgpilalCarefree

SUB4

Map Unit

32

68

87

0.128

,0.146

0.236.

Percent Effectiveness for Rook Outcrop =50 %

Land Use Data
11---------..;.....-..;.....-.----..;.....--..;.....----1·1-, ....

Save and execute the Subbasin Preparation form to save the newly added data set into the
Subbasin Preparation file.•

Land Use Type

Desert 0.51

January 1, 1995 '•

3)

4)

Select the CoEditor from the Utilities menu. In the file to edit field enter
SAMPLE3.DAT. In the CoEditor, go to the end of the file. Insert a line immediately
prior to the ZZ record. On this line add tlKK SUB4" where the string SUB4'starts in the
fifth column (Le. so that is aligned as it would be if the user tabbed to the first field on the
KK line in the CoEditor in MENUl). The placementof this line in this position in the
HEC-l data file will cause the data set KK block for SUB4 to be loaded in this location.
Save the file and return to DDMS.

Select MCUHPl from the Programs menu. Tab to the second form section. Again to
demonstrate the independence oflocation in the merge capability, [Crtl-PageDn] to the
second data set and insert a space for the new data set using [Ctrl-F4]. Once the blank
space has been inserted, use the lookup menu on the subbasin name field to display the
data sets in the Subbasin Preparation file which have not yet been added to the MCUHP
file. The lookup menu should contain SUB4. To load the data for SUB4 into the
MCUHPI form press [Enter] to select the data set and then [Alt-FlO] to exit the lookup
menu and perform the load.
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Complete the data set for SUB4 with the foUowing data.

'IF'''''''''"-'''''''''- : - =

Additional Subbasin MCUHPI Data forSUB4---.,- --
SUB4_._"------ '.

High Elev. 925 ft_._'-_•.

Low Elev. 800 ft
f-.

Length 0.68 miles

UA 2

Once these data have been added to the data set for SUB4, [Shift-Tab] to the first form
. section and modify the storm size field based on the new total area.

Save and execute MCUHP1.

Select HEC-l from the Progranls menu. This will cause the MCUHP l' output file to be
merged with the existing HEC-l data file. In order for the merge to occur the MCUHP
output file must.be newer.than the HEC-l data file. If the HEC-l file is newer than the
MCUHP file then no merge is performed. This would be the case if the addition of the
new KKline to the HEC-l data file had been pedormed after step 4. If this should occur,
simply rerun MCUHP to create an output file newer than the HEC-l data file. Verify that
the KK block for SUB4 has been added as the last data set. Save and execute the HEC-l
form and run MENU1.

Once in MENUl, edit the input file to add the following K.K. block to combinethe runoff
from SUB4 with the outflow from RR3.

KK HC4
KM COMBINE RUNOFF FROM SUBBASIN 4 WITH ROUTED RESERVOIR OUTFLOW
HC 2

Save the file, run HEC-l, and return to DDMS.

•

6) Run the Discharge Report to see the effects of the addition of SUB4 to the model.
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Sample Problem #4

Sample Problem #4 demonstrates the eas~witl1W'hich differentJainfall durations can be
, examined withDDMS.' .

1) Copy the file family for SarnpleProblem #3 to a new tile family name (such as
SAMPLE4).

2) Select MCUHPI from the Programs menu. Iri the first form section move to the storm
duration field. Change this field to select the 24-hour storm (3) and.press [Enter]. Notice
how the areal 'reduction factor has been filled in automatically based on the storm size
field. Next move to the storm depth field. Usethe lookup menu to select the lOO-year
24-hour storm depth. Once the 24-hour depth';has been selected aIldthe lookup menu
exitted, save and execute MCUHPl.

3) Select HEC-1 from the Programs menu. Verify the merge then save 'and execute the
HEC-l form and run MENUL Run HEC-1and retum to DDMS....

4) Run the Discharge report and compare the results to the 6-hourstorm (e.g.
SAMPLE3.DIS).
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-----1fYVh60 all subbasins entered, Save and exit

Tab to second section

Enter storm data
--------------,

o ILI r_vlc_u_H_p..-1_o_r_J.O__ MCUHP2

•.~ .. _ '~_~__. _._ ~·:i~ . " _ ........_. "_. . '...

---~~_ew_i; :_-_!_i~-_-_.~_{_~_nt_~ :_~_~_w_fl~::_am_e_._-_·-_l=. -=-_J

~ _~=t-_ J~iE=W' oow.,~ ~d ~=h
L Land use. J--~Odifyland use table as necessary--- J_o~- ~L:__ .

I }-~rEnter subbasin soils and land use data for I

I
areal weighting of first subbasin

Subbasin Preparation parameters

L_____ ------ . . [LO 'nscirt a new data-s'e-t-CS-u-b-ba-s-oin-.)-U-S-in-g--'

[Ctrl-F4]

•
ILoad data from subbasin preparation file. To load
!.data for ail subbasins use [Alt-Lj and then hit Fa.

~
<l-------j s_av_e_an_d__ex_e_c_u_te -'I

1

,

HEC-1 I
~ Verify merge I.'-------=--,r-'o-'--------'

~
Save and execute to run MENU,1 I

Select desired report, save and execute I
~c=:=.=. List or print report ~

NOI'E: RATIONAL ia ......~ YlIlIltI II IlllIl.-I iI¥ DDMa m.. dWiIIclIlmII~d .. tEOJ\ IlllIIIIL
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DDMS User's Guide• XII. Fortran Programs:MCUHPl and MCUHP2

Maricopa County Unit Hydrograph Procedures 1 and 2, Programs MCUHPI and MCUHP2,
were developed to facilitate the use ofthe methodologies outlined in the Drainage Design
Manualfor Maricopa County, Volume I, Hydrology. They are provided along with the Drainage
Design Menu System (DDMS). However, it is not required that they be run exclusively in
conjunction with the DDMS. Both MCUHPI and MCUHP2 may be run independently from the
DDMS by typing MCUHPI or MCUHP2 from the DOS prompt. Both programs are installed by
the DDMS installation program into the C:\HECEXE directory by default.

MCUHPI provides the necessary parameters for the Clark Unit Hydrograph option ofHEC-l.
, These parameters include time of concentration, Tc, andthe storage coefficient, R. In addition,
the program also provides a rainfall distribution pattern. MCUHPI will provide all of the
required information in the form of a HEC-l input file for immediate application.

The user is encouraged to read the Drainage Design Manual, Volume L Hydrology before using
these programs. Follow these directions to run MCUHPI and MCUHP2 independent from
DDMS: ' ,

•

•

rfusing the Clark Unit Hydrograph method, type MCUHPl. rfusing the S-graph
method, type MCUHP2. Respond to each prompt with the appropriate information.
Remember that in either case, a HEC-lfile will be built for your immediate use.

The constructed input file can be viewed or edited as desired like any other HEC-l file.
All you need to do is to go to your MENU1 of HEC-l and recall your input file.

• illl

January 1, 1995 "',
1 , iii 'm III I

1-36



•

•

•



•

•

•• 1: .

June 1, 1992

...,.........i!i!i!RE.

User's Manual -



•

•

•

* PRE F R E *

COt'lPUTATIDN DF PRECIP IHHION FHECIUENCY'-DURATIOI\l V~ILUES

JI\I THE '..,JESTERN UNITED ST~.HES

PROGRAM USER MANUAL

FLClOD SECTIDN
SURFACE WATER BRANCH

EARTH SCIENCES DIVISION
BUREAU OF RECLAMATION

DENVER, COLORADO

(~U13UST .1988



, .

•

•

•

USER i'IANU('~I.. FDrI PI~Cl{3R(-)f'1 PI~En~E

COMPUTATION OF PRECIPITATION FREQUENCY-DURATION
')f'11L.U!-:.SII\l THE \lJESTElil\l UNITED STATE:S

The PREFRE computer program was written to compute the
prec ip i t.at.ic>r1 Jrequency vCllues fCII' eClch 01: 1.0 dLII'<.,bions and for
each of 7 return periods. This document describes how to prepare
the irlJ:JLd: dClt<:\, he)""; t:o eHE,cLI'le the prcIgrCIIll, cmd gives on' e)«.,rnple
of the C.lLltputo

The PREFRE progrt,m computes .freqlJency vCIlues .for 5-, .10-, 15-,
and 30-minute and 1-, 2-, 3-, 6-, 12-~ and 24-hour durations for
retu:r-n per.i.(Jds D.f 2" 5, 10, 2!:;, 50, 100, cu-rd 500 yeclrs .for clreas

. in the 11 western states and presents the results in tabular
•. form. It uses as input the precipitation frequency values taken

from the NOAA Atlas 2 (11 volumes) •. The PREFRE program also
duplicates the values in Weather Bureau Technical Pa~er Nc. 40
for the 5i>< P1.ains',5tcltes wi thi.tl the 8ureclu's areCI of operaticln':;
not included in the NOAA Atlas 2 volumes .

NW:)A '::'H.1Cl·;:;· 2 rE) f lE'c ts, the ef fE'C ts C) ftclpclgraphy cln' prec ip i t.a t.ion
f~equencie5, but it contoinsisohyetal mops for return periods of
2, 5, 10, 25, 50, and 100 years but only EoI' 6- and 24-hour
durations. For other durations, it is, necessor'y to use tJ1e
nomograms and equations included in the atlas.

The ~omputer program was originally developed by Mr. Ralph
Frederick, Office of Hydrology, NWS (National Weather Service).
The program was extensively revised to fit Bureau of Reclamation
needs in 1975 by Mr •. James MumJord of what was then the Flood and
Sedimentation Section, Engineering and Re5earchCenter~ It wos
further revised in 198e by Mr. Richard Eddy of the Flood Section
to incorpo:r(::\te updclted in formation for mhort-duration values.

The program is written in FORTRAN VIol' the8ureau'~ CY8ER
mainframe computer. This version has o~so been converted to
FORTRAN 77 for use with personal computers (18M compatible).

The following data are required for the program input file:

. C\" 8i te nClITle .

b. Et!mQ£~ zone number identifying where the site is
located, obtained from the map included os appendix A in
this'manual~ The zone boundaries correspond to those' fdund
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•

•

in NOf~A i-4tll1s 2, /:I1.1t: th(~ rH.J(nb(~?I'Hj Ilia)! be di fferenL I t is
c\I::lvJsc:tbie :·te) :i.dE.'rHj fy the .'l.OCClt.iCI/-, oJ (1 slte fI'l:lIH the zc,n~\
mClp :L n the~ C\ t.l C\ $ v(:'ll u nll~~ em d :[<i:~.f ertCl Clp pend:L)( ~\ £Dr the
zone nUfT"lbe!J:' used in PREFHE.

c. Zone number fer short~durat:Lon values (cppehd~x 8).

d. Site latitude and longitude (required for Q£img£~ zones
3, 9, and 11~ opt~onal for-other primary zones).

e. Site elevation (required for e£imgL~ zones 1, 2, and 6;
optional foI' other primary zones).

f. NOAA Atlas 2 precipitation values (note that Atlas
values are in tenths cl1: inches).

(1) Standard: Enter the values of 2-yea~ andl00~year
return peI':i.ods l:cl1' durt.1tions.of 6 hour·s ..clnd 24 hours.

(2) Op't:i.on-: The c>:c'igincIl'Nl,iJS program w(:\s design(;?d to
inpu~ 12 precipitation frequency volu~s. This fermat
has been retained as an option. The 2-, S-i 10-,
25-, 50-, and iOO-year values fer durations of 6
'~Durs and 24 hours must be used as input £01' this,
option. The program usesthe~ix return-per~od

values and dev~lcps a lineeE best fit to the points
read frclffi the N[){.)A 'Hlo!:i2 mo.ps. It then ,uses this
line of best fit to recompute the return-period
values and uses theme tomputed values in all
subsequent computations.

The input data format is presented in appendixes Ci through C3.
Each field in a line must be separated from the next field by
eith~r a blo"k or a comma, and an entry is required fer each
field (i. e", enter zeroes i £ la·t:itude, IClIlg.i tude,'· and elevation
ore omit ted). Inpu t dCI to can be all metr ie, if desirecl.

The site name, ~one numbers, and latitude, longitude, and
elevation (if included in the input data) are printed as a
heading. A table is then given showing the precipitation value~
for 2-, 5-, iO-~25-, 50-, 100-, and SOO-year return periods for
durations of 5, 10, is, and 30 minutes and 1, 2, 3, 6

7
12, and 24

hours. Output units are the same as the input units. The PC
ve~sion also prints the input data for reference. Appendix D1 is ...
a sample output from the CYGER version of PREFRE. Appendix D2 is
the standard PC output. Appendix 03 is the output when the site
is in primary zone 7; it prints 0 note regclrding revi!:;ed depth­
area values fer Arizona and New Mexic6. Appendix 04 is the
OLitPLI t when the op tion t.CI i.npl.1 t: J2 prec:.i.p i ta tion vCllu~!s :i.s
selEH:ted.

2
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Execution of program PREFREdepends .en the ~omputer system being
used. Appendix E describes the steps of execution for both the
Bureau of Reclamation CYBER mainframe and the IBM PC/AT and
l: c!mp l:1 t 1. b J. es; ..

Sometimes the site wLll be very near the boundary between two
zones, a !:;1 tuclticln in wh ic:h a wei gh t ing 0 f calculcl tE!c1 f.requency
values among neighboring zones may provide a more appropriate
Cln:il,..l!:!r·. In theE.e t:ase"., it CCln be help ful to make mClrE:? than one
run, u5;;i.ng the neighbor·1.ng zone's vr.dues. Edit the input file to
change th~ zen~ number (and ether data as ne.ded~,uncl re-run the
pro!.:Jram •

The program follows procedures outlined in NbAA Atlas 2 to derive
the prec~pitation frequency val.ues. -The 2-year and lOO-year
inpl.l t f i glJreS for 6"-hour l1nd21-f-·hclur durations are used tCl der i ve
these same return frequency values for 1-, 2-, and 3-hour
durations. The relationships among the 6-hour and 24-hour

'. \,·(.,ll..les ('lnd t.he 1,-, 2-, and a--hour values WE're determirH?d by t:/le
NWS and are dependent Clri the zone in which the si te is located.
The 12-hourvalues are derived by taking the midpoint between the
6-hcur and 24-hcurinput values for the 2-year and 100-year
return periods. The 5-, 10~, 15-? and 30~minute duration values
fQ~ 2-year and lOO-year events orB determined by multiplying the
i-hal.!!' valf.Jes by a set of foct.elrs. These factor's Cl.re dE!perlden t
on the short-duration zone in which the site is located. It_!§
iillQQ£~gO~_1Q_OQ~§_~bg!_1b§_§bQ£!=g~£g1iQQ_!QOg§_9t§_Q1il~£mD1

LL9ill_!b~_Q£imgr~_ilQog§£_~~£gliQoJ_~QO!§~ The program then
computes the values far the remaining return periods by fitting
the precipitation values to 0 Gumbel distribution. The 2-yeor
~alues for all durations dre·first odju5~ed from d partial
duration 'series (input values I to an annual series. Then the 5-,
10-, 25-, 50-, and 500-~ear frequency vaiues for all durations
are calculated from their respective relationship to the 2-year
clnd :lOO--yeclr values in a GLlmbel dist.ributi.rjn. The 2-, 5-, clnd
lO-year va.1.IJeS are then converted bac!', to a par tial dura tion
seri.es, which correspond to the NOAA Atlas 2 map values. All
output values are for point locations.

NOTE: Areal values of precipitation frequency are often needed.
Because program PREFRE does not provide this information, it is·····
necessary to £ollow the procedure found in the appropriate NOAA
Atlas 2 volume. When areal valuE'S are required for Arizona and
New Mexico, use the information found in the 1984 NOAA Techni~al

Memorandum NWS HYDRO-40.

3



, .

•

•

•

6. {;;Qf!]!!]g01§.

It I,o,/CIS dec:ide~d in :1.975 to chclnge thlf:~ prc)grtim frl:>lll the proce(~ul'e

originally used by theNWS to a more simplified approach using
only the four key preCipitation values £orinput. This 01101,0,/5

for quicker setup of the input data and facilitates the use of
the program. Ne loss of accuracy in the calculated values occurs
as the 2-year 6-hcur, 2~year 24-hour, iOO-year 6~hour, and 100­
year 24-hour maps are the key maps initially derived in the NWS
studies. The maps in NOAA Atlas 2 for return periods o·f S, 10,
25, and 50 years were derived from the2-and lOO-year mops in
the Sf-line /IH:tnner thClt: t.he F'REFRE progr.·clm computes theS;E! vCllues.

In t:he or:i.g:i.rH:ll progrcllll, l:>nly one Sl:rt Df nClt.iOntll foetor'S 1,01(\IS

used to determine S-min to 30-min values from l~hourNalues.

Papers by Frec(tiel( and Mi.llerand Arkell and Richards presented
set.s .:>£ fCICtclAs thClt depended on the location of the ELite. These
values were used for sites west DE the 105th meridian; the old
factars were l.'etaine!c1 far the Plc:lins states east of the 10~ith

meridian.

The 1975 version of the program allowed ~he user t~ specify two
zones in tt",e event thl:lt. the sit.e ,0000S n~.?ara zoncli bOLlndclry.. The
current version does not offer that option becausS two types of
zones (the original long-duration zone and the new short-duration
20ne) are new required and major revisions to the program ~culd

be required. to aceommodate·various combinations of multiple runs.
The only way to get runs for two adjacent zones is to edit the
input file after the first run (0 quick and simple procedur~) and
execute the program again •

4
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Atmospheric Administration, United States Department of
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National Oceanic and Atmospheric Administration, United
States Department of Commerce, Silver Spring, Morylond~
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Primary zones, Used to calculate
precipitation forl to 24 hr
durations. Zone boundbries are
identical to thclse ,i.n 1\I0t-)A ~:\tlcl's
2, 'but zone numbers may differ •
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INPUT FDRl'l?H .- FDUR PRF-:CIP ITATIIJN VALUES

Line 1:
FiEdd 1. Title of study or sitename,up to 32 characters

•

•

Line. 2 (fie!lds !:,epctr.oted by blardu:i clr commas):
Field 1. Primary zone number (appendix A)
Field 2. Short-duration zane number (appendix B) *
Field 3. Latitude, degrees and decimals (or 0)
Field 4. Longitude, degrees and decimals (orO>
Field 5. Elevation (o~ 0)
Field b. 0 (number zero)

Line 3 (fields separated by blanks or commas):
Field.1.. 2-y'r 6-"hr pI'ec:i.p:i.tat.ion value from NOAA Atlas 2
Field 2. lOO-yr 6-hr precipitation value
Field 3. 2-yr24-hr precipitati6n value
Field 4. iOO-yr 24-hr precipitation value

Line 4 (optional):
Field 1. ENDRUN(alpha characters)

~9Igi Actual latitude and longitude values are required EoI'
sites in primary zones 3, 9 y and 11 y and elevation dotd are
required for sites in primcl.ry ZClnes 1, 2, and 6. For ot"~er
primary zones, enter either zeroes or the latitude,
longitude, and elevation va~ues. Elevation may be entered in
meters, if pr~cipitation is also metric.

* Short-duration zones 12 through 15 are all for the
Southern Pal:i fie COC1St. Zone 12 is .for si tes ..... i th elevc:ttion
greater than 700 ft. Zone 13 is for sites ..... ith elevation
bet~een 500 and 700 ft. Zone 14 is for sites ..... ith elevation
less than 500 ft. Zone 15 represents an average of all
elevations ..... ithin the boundaries oE the Southern Pacific
Coast.

8
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f~PPENDI>( C2

INPUT For~M('~T - Tt,JEL \)1::: Pf\ECIP I TATIDN VAUJEB

same 05 for four precipitation values

LinG: 2:
Fields ,1., thr(Jugh S: SCI1Il8 L1!Ei for fc)wr pI'E'cipi tation VL11uE's
Field 6.. 2

Line 4 (optional):
Field 1. ENDRUN (alpha characlers)•

•

."-~ ';

L.ine 3:
Field 1.
Field 2.
Fiel.d :3 ..
Field 4-.
P-i(?.1.d S.
Field 6.
Field 7 ..
f_7 i. ed, <:1 8 •
F'ielcl 9 ..
F i.F.~ld 10.
Field 1.1­
Field 1;2.

2-yr 6-hr precipitation value from NOAA Atlas 2
:i"'yr 6-l"1r prec ip i ttt tion vtt.1.ue
IO-yI' 6-hr precipitation value
2S-yr6-hr precipitation value
SO-yr6-hr precipitation value
100-yr 6--hr precipit.cltion vallie
2-yr 24-hr precipitation value
S-Y1' 24-h1' precipitation value
lO-yr 24-hr precipitation value
25~yr 24-hr precipitation value
50-yr ~4-hr precipitation value
100-yr 24-hr precipj.totion value

.. ~ .
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Fi.eld-:;
sepCI;c'cl tee!
by bll,nks

F i. €.!l_ cI Si

sep Clot' CI t('?d
by commas

{~PPENOI>< (;3

S?WIPLE INPUT .- FOUR PRECIPITATION VALUES

QUARTZ HILL, COLORADO
6 7 39.80 105.52 8900 0
1.19 2.85 1.78 4.21
ENDRLJI\l

LEADVILLE, COLORADO
7,6,39 .. 27,106.31,0,0
.79,1.85,1.00,2.79
ENDRUI\l

SAMPLE INPUT - 12 PRECIPITATION VALUES

•

KUTCH (Nt,r,l), -COLORADD
7 6 39.00 104.00 6100 2
1.01.~ 1.20 2.00 2.25 2.40 2.50 l.3? .1.75 1.<7'0 ~!.25 2.60 3.30
EhllJRUhI

10



• APPENDIx 01

SAMPLE OUTPUT - CY8ER

~BVlSBD JUNB 1999 TO UPD~TB COHPUTATION Of SHORT-DUIAflON VALUES

~REctPIrATI0N f~EQUENC' VALUES fOR QUARTZ HILL, COLOIAD~

PRIMARY ZONE NO.- 6 9HOIT-OURATION ZONB NO.- 7
LATITUDE 39.80" LONIUTUDII05.52W ILBVAtlON"'8900 FEEt

POINT VALUBS

RETURN PER 100
DURAl ION, 2-n 15-U 10-n 2:5-YI SO-YI 100-va 1500-n

S-HIN .26 .34 .39 .41 .153 .159 .13 '-HIN
10-111N .40 .:53 .62 .14 .84 , .93 1.16 10-HIN
US-HIN .48 .66 .18 .94 . 1.01 1.20 1.49 '15-HIM
30-111N .615 .90 1.06 .1.29 1.41 1.615 2.015 30-"1"

I-HR .18 1.09 1.30 1..59 1.S1 2.03 2.54 1-HI

• 2-HR .92 1.26 1.150 1.82 2.06 2.31 2.88 2-HR
3-HR 1.03 1.39 1.64 1.99 ' 2.:ni 2.fi2 ,3.13 3-HR
&-HR 1.19 1.60 1.81 2.26 2.1515 2.815 3.153 6-HII

12-HR 1.49 1.98 2.32 2.80 3.16 3.'3 4.31 12-HR
24-HR 1.78 2.31 2.78 3.34 3.78 4.21 3.:U .H-HR

[NPUt MfA

PROJECT NAKE-QUARTZ HILL, COLORADO
ZONE- ~ SHORT-DURATION ZONE- 7
LATlrUD~- 39.80 LONGItUDE- 1015.152 ELEVATION- 8900
~-YR, 6-HI PCPN- 1.19 100-YR, 6-HR PCPN~ 2.85
2-YI, 24-HI PCPN- 1.78, 100-YR, 24-HI PCPN- 4.21

ItI<.I<.AlcI<.I<.All.I<.AIcAlc
I<. I<
II END OF RUN Ie
II Ie
U Ie I<.IcIc Ie Ie #cit AlcU,

•
.1.1.
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SAI"IPLE ']UTPUT .- PC

*** 0 U T PUT 0 A T A ***
REVISED· .JUNE 1986 TO UPDATE COt',PU1Al ION OF SHDRT-DUR~)TIDN VALLIES

PRECIPITATION FREQUENCY VALUES FOR QUARTZ HILL, COLORADO
PRIMARY ZONE NUMBER= b
SHORT-DURATION ZONE NUMBER= 7

LATITUDE 39. SON LONGITUDE '105.S21J ELEVATION 890() FEET

ponH VALUES

REn~N PER roo
DURATION 2-YR 5-YR lO...,VR 25...,YR 50-YR lOO-VR 500-YR

5-MIN .26 . .34 .39 .47 .53 .59 .73 . S-MIN
10-MIN .40 .53 .62 .74 .84 .93 1.16 10-MIN
IS--MIN .48 .66 .76 .94 1.07 1.20 .1.49 IS-·MIN• 30-MIN .65 .90 1.06 1.29 1.47 1.65 2.05 30-MIN

I-HR .78 1.09 1.30 1. S9 1.81 2.03 2.54 I-HR2-HR .92 1.26 1.S0 1.82 2.06 2.31 2.88 2-HR3-HR 1.03 1.39 1.64 1.99 2.25 2.52 3.13 3-HR
6-HR 1.19 1.60. 1.87 2.26 2.55 2.85 3.• 53 6-HR12-HR 1.49 1.98 2.32 2.80 3.16 3.53 4.37 12-HR

24-HR 1. 78 2.37 2.78 3.34 3.78 4.21 5.21 24-HR

INPUT DATA

PROJECT NAME=QUARTZ HILL, COLORADO
ZONE= 6 SHORT-DURATION ZONE= 7
LATITUDE= 39.80 LONGITUDE= 105.52 ELEVATION= 8900
2-YR, b-HR PCPN= 1.19 lOO-VR, 6-HR PCPN= 2.85
2-YR, 24-HR PCPN= 1.78 100-VR, 24-HR PCPN= 4.21

•

**** END ClF RUN * iI· * *

12
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~;f-)I·IF'L..E UUlPLlT .. F'C (i='R Ii"IAFh' 7.:0NE 7)

~** OU T PUT 0 A T A ***
REVISED JUNE 1988 TO UPDATE COMPUTA1ION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR LEADVILLE, COLORADO
PRIMARY ZONE NUM8ER=7
SHORT-DURATION ZONE NUMBER= 6

LATITUDE 39.27N LONGITUUE l06.31W ELEVATIClN ·10200 FEET

POINT VALUES

RETURN PERIODDURATION 2-YR S-YR 10-YR 2s-YR 50-YR lOO-YR SI)()-YR

S-MIN .20 .26 .30 .36 .41 .4S .56 S-'MIN10-MIN .31 .41 .47 .57 .64 .71 .S8 10-MINIS-MIN .37 .50 .58 .70 .79 .88 1.09 is-MIN30-MIN .48 .64 .75 .91 1.03 1.15 1.~3 30-MIN• 1-HR .58 .78 •.92 1.12 1. 27 1.42 1.77 I-HR2-HR .65 .87 1.03 1.24 1.40 1.57 1.94 2-HR3-HR .70 .93 1.09 1.32 1.49 1.66 2.06 3-HR6-HR .79 1.05 1.22 1. 47 1.66 1.85 ·2.29 6-HR12-·HR .89 1. 25 1. 49 1.81 2.07 2.32 2.90 12-HR24-HR 1.00 1.45 1. 75· 2.16 2.48 2.79 3.52 24-HR

* IF YOUR SITE IS IN AR IZONA OR NEW ,.IEXICO, PLEASE CONSULT THE
FOLl_OWING PAPER FOR REVISED DEPTH-AREA VALUES:

DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRD-4()
ZEHR AND MYERS
AUGUST 1984

INPUT DATA

PROJECT NAME=LEADVILLE, COLORADO
ZONE= 7 SHORT-DURATION ZONE= 6
LATITUDE= 39.27 LONGITUDE= 106.31 ELEVATION=10200
2-iR, 6-HR PCPN= .79 100-YR, 6-HR PCPN= 1.85
2-VR, 24-HR PCPN= l~OO l~)-YR, 24-HR PCPN= 2.79

• * * * * END OF RUN i1'***

13
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SAMPLE OUTPUT - PC (12 PRECIP VALUES)

*** 0 U T PUT D A T A ***
REVISED 3UNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR KUTCH (NW), COLORADO
PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 6

OP1'ION NUMBER 2 --- INPUT OF '12 PRECIP VALUES
LATITUDE 39.00N LONGITUDE 104.00W ELEVATION 61100.FEET

POINT VALUES

RETURN PERIOD
DURATION 2-YR S-YR IO-YR 25-YR 50-YR 100-YR SOO-VR

S-MIN .29 .40 .47 .57 .6S .72 .90 S-MIN
10-MIN .45 .61 .73 .89 1.01 1.13 1.41 10-MINIS-MIN .54 .75 .• 90 1.09 1.25 1.40 1.75 IS-MIN
30-MIN .68 .97 1.16 1.42 1.63 1.83 2.30 30-MIN

I-HR .82 1.18 1.4:? 1. 75 2.01 2.26 2.84 I-HR
2-HR .91 1.28. 1.53' 1.87 2.14 2.40 3.01. 2-HR• 3-HR .96 1.34 1.60 1.95 2.22 2.49 3.12 3-HR
6-HR 1.06 1.46 1.73 2.10 2.38 2.67 3.33 6-HR

12-HR 1.17 1.58 1.86 2.25 2.56 2.86 3.55 12-HR
24-HR 1.28 1.71 2.00 2.41 2.73 3.05 . 3.18 . 24-HR

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

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

INPUT DATA

* * * * END . OF RUN * * * *•

PR03ECT NAME=KUTCH (NW), COLORADO
ZONE= 7 SHORT-DURATION ZONE= 6
LATITUDE= 39.00 LONGITUDE= 104.00

12-VALUE PRECIPITATION OPTION
PRECIPITATION VALUE:
1.04 1.20
2.00 2.2S
2.40 2.50 .
1.39 1.7S
1. 90 2.2S
2.60 3.30

ELEVATION= 6100

14
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EXECUTION OF PROGRAM PREFRE

Th:? fQl.lcn.,ling stepsi are u!:;ecl . t(J execute p:t'ogram PREFRE on the
8Ll~:'eC1u 0 f l~eclcllTlcd:.ion CYBEI~ mCli.llfI'clme cCHnpu't:er:

1. Create an input file, using any convenient name,
. £cI11.\..,....,1I"1g the formclt presented in clppenclix C. This becomes
a permanent file on the CVBER. Purge it when it is no
1011 gElr need..~cl.

2~ Enter Ol.D,PREFREB (the .binary (e)(.ecutobl,e) for,nJ
then GET,INPUT=your input file name
then PI~EFRE8

3. The output information is sent to the screen. It can
also be printed; use the procedures appropriate Ear the
hardware available to you.

PREFRE is the executable version of the program. It may be
stored on the hard disk or it may be on a floppy disk. The
fo:lowing,steps are used to e~ecute the program on an IBM' PC/AT
or compatible (0 FORTRAN compiler must be available on the
particular PC being used):

1. Create an input file, using any convenient name,
following the format presented· in appendix C. This is a
permanent file on the hard disk or floppy disk.

2. For hard disk, enter PREFRE filename! filename2
<e.g., PREFRE PREINl PREOUT1>

For.floppy disk, enter A:PREFRE filenamel filename2
<e.g., A:PREFRE A:PREINI A:PREOUT1)

Filename! (inclUding device 10 and name extensiori) is the
name of your input file and filename2 (inclUding device ID
t:1r1d nome eHtensioll) is the name of the file you wish the
output information written. Either or both files may be on
the hard disk or they may be on a floppy disk in devi2e A.
If they are o~ a floppy disk, the filename must be
preceded by A:. The \.>utput file will be created by the '.,
program. 1£ you ,fail ttl ent.er the file n(:lIoes at this
point, the program will prQmpt you to enter those names.
Messages will appear on the screen, but the output data are
written to the file •

3. Enter PRINT filename2

15
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APPENDIX E (~ontinued)

The owtput data will be .J.:i.sted at the printer. If you
clir.E:cteci t.he oLltput J.:i.le tel be ""ritten tel t.he floppy di.sk
(in device AI, enter PRINT A: f11ename2. The output file is
also a permanent file on the hard disk or floppy disk •

:L6
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Kn.Valu.esfor Various.
Rainfall~Run\()ffEvents

This appendix contains tables of data showing estimated Kn values for various
rainfall,,;runoff'events forcdifferentwatersheds: .The first· set .ofdata is Figure 5.11
from the Drainage Design Manual, Volume I (1992). This figure was simply moved
to Appendix K for the 1995 revisions. The remaining data comes from a compilation
of data collected by George V. Sabol Consulting Engineers, Inc. for the S-Graph Kn

.Study performed for the FCDMC in March 1993 (Sabol, 1993b). These data are
provided to seIVe as a comparative set ofinformation, which engineers and hydrolo­
gists may consult when selecting Kn values for calculating basin lag times, using
the U. S. Army Corps ofEngineers lag equation with one of the fOur recommended
S-graphs for use in Maricopa County (see Chapter 5). When examining these Kn
data, one should keep in mind that the derived Kn values in these tables were
reconstructed from actual rainfall-runoff events and, therefore, the values are storm
(aswell ,as watershed) dependent. Thus, a great deal ofjudgement is still necessary
when evaluating these data for assistance in the selectioriof Kn values, for the
purposes of modeling a particular watershed response to a given design storm.

~~.T.~~.l!E r.'V"'itt,&)("Mll.Wl'1$iJ:tJI~~~S'n~n5 li'Y~_lJJ tm:SllIlI'tlfli51

January 1, 1995 K-1



• CONTIl/OUlIIIC • f<:"l' ....110 GUID[ FOR [STI.......1ING BASIN r...ClO•
MfA L Leo w: ._I:n

SO. MI. LtILES MILES n./MI. 1I0URS _~ii_. 0 ZQQ; ORAIN...GE AREAS HASCOLlPARATIVO..Y UNIFORM SLOPES
AND SURfACE Ct-WlACTERISTICS SUCH lllAT C~NEU2ATION DOES

I. SM CABRJEl. RlYER ...T SAIl CABRlEl. lMM. co. 182.0 23,,2 ' 11.6 350 3.3 0.050 NOT OCCUR. GROUND COVER CONSISTS OF" CULWAn:D CROPS OR
1. W[Sl roRT SAIl CAIIRID.. RlVEIl AT COCSWUl. DAJ-l. co. 40.4 9.3 '.3 4.:50 1.6 .050 SUBST...NTIAL GRO\VfiiS OF GRASS mo FAIRLY DENSE Sl.lAl.L SHRUBS,
J. S<N A/fIT.. CIlEEl< "r SAHT" A/fIfA lMM. CA 10.a 5.a 2.5 690 LI .050 CACTI, OR SIMIlAR VEGETATION. NO DRAINAGE IMPROVEMENTS EXIST
4. SM DIMAS CllEE>< AT SNl DIMAS OAM; CA 18.2 a.e 4.a HO 1.5 .050 IN THE AREA.5. fATOIl WASH AT EJ.TON WASH DAM. co. 9.5 7.J 4.' 600 1.3 .050
e. SNl ANTONIO C/I£E]( NEAll CLAllOIONT. C-.... te.9 S.U' 3.0 1017 1.1 .055
7. SAHTA CLAIIA RMR NEAll s.o.UCAS, co. 355.0 36.0 15.8 140 5.6 .050 I<fi ~Q.5O;

, .
e. lnlEcuu. C/lE£K AT PAlJIlA CAIMlN. CA 18a.0 28.0 ".3 ISO 3.7 .050 DRAINAGE AREA IS QUITf RUGGED. WITH SHARP RIDGES
I. SAHTA MAAQAlUTA ftMJl NEAll r.....I.BIlOOK. co. 845.0 46.0 12.0 105 7.3 .055 AND NARROW. STEEP CANYONS THROUGH WHICH WATERCOURSES

10. SAHTA _ .... /IlYER AT ~IOOIIA, CA 740.0 61.1 34.3 as a.s .055 IoIEANDER AROUND SHARP BENDS. OVER lARGE BOULDERS, AND CON-
II. IN[ OAK C/I£E]( AT IN[ OAK OAU, co. 2.3 1.U 1.5 700 o.e .070 SIDERABLE DEBRIS OBSTRUCnON. THE GROUND COVER, (XLUDING
11- T1JJU1lCA. CItED< AT BIG lUJUNCA DAM, co. al.4 15.1 7.3 290 2.5 .050 SMALL AREAS OF ROCK OUTCROPS, INCLUDES MANY TREES AND13. MURRIETA C/I£E]( AT lnlECULA, CA 220.0 27.1 10.3 95 4.0 .050 CONSIDERABLfE. UNDERBRUSH. NO DRAINAGE IMPROVEMENTS EXIST14. IJlS N«ll.E!1 RlYER AT S£PUlllEOA lMM. co. 152.0 Ig.o '_0 \45 l.S .050
15. PN:Xl1MA WASH AT PN:Xl11oCh O...~. CA 27.8 15.0 8.0 315 1.4 .050 IN THIS AREA;
1••
=~~~~~~~~NSJRg'£,~ 14.0 a.s u as 0.5 .015

17. 2.5 3.4 1.7 100 0.1a .015
Ki} - 0.030: DRAINAGE AREA IS GENERAllY ROlliNG. WITH ROUNDEDlB. elL-. IlMIl AT COIlNOII 110. 4 DAN 51T£. A2 . 2840.0 131.0 71.0 29 21.5 .050

11. SAIl /1lANC2SCO IIMR AT JlJNcnON WITH OLUE RIVER. A2 2000.0 30.0 74.0 32 20.• .050
~~~c; $~'G~?E~~~p::fv1DStg~N~T~,f~U:~~~~tt8f:sI~NO10. IIlUE RIVER NEAft curroH A2 700.0 77.0 37.0 &5 10.3 .050

21. !W..T ftMJl NEAll R005OOT, A2 4310.0 150.0 85.0 4.:5 IB.8 .OSO
22. HEW Rl\ItIt ...T IIOCIC SPIIIIlG5. A2 67.3 20.2 G.7 141 3.1 .045 ~ODGEl) QEBRIS. . GROUND COVER INCLUDES SCATIERED BRUSH "'ND
13. Il£W lIMit AT NEW liMIt. A2 as.7 23.2 136 1~ 3.7 .045 CRAsSES.' NO DR",INAGE IMPROVEMENTS EXIST IN THE AREA.
24.
~~~~{N~A2 le7.0 41.e 20.1 &J 5.3 .037

13. 64.8 17.6 10.0 au 2.4 .033
~fi ~.Q.~ DRAINAGE AREA HAS FAIRLY UNIFORM CENn.£ SLDPES
'WITH MOST WATERCOURSES OTHER IMPROVED OR AlONG PAVED
SmEETS. GROUND COVER CONSISTS or SOt.lE CRASSES WITH
APPREcIABLE AREAS DEVELOPED TO THE EXTENT THAT A lARGE
~ERcwjAOr or THE AREA IS IMPERVIOUS.

----_._._----------------._----

LAG CURVE FOR DRAINAGE AREA 19~
WITH BASIN FACTOR (Kfi)=.050
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lDICTH or LONC£.ST W...ttRCOURSC (Mi)
LENOTH AlONO LOHCEST WATERCOURSE.
IlfASVREO UPSTR£:AI.l TO POUlT
OPPOSITC CENTER C£NTI/I Of AIIEA. lmi)
OIlER-AU. SlOPE OF LONGEST
WATEllCOUIISEB~ HEAOw"'TER A/f0
COU£CTlON POINT.

ElAPSEO 11I1E FIIOlC BEllINIIIHO or UNIT
PII(C1PlTA110N 1'0 INSTANT TW.T
SUIlIoChTION ttrollOCIW'H llEACHES :lOX
OF Ulnw,TE DISCl-WlCE.

VISUAlLY ES11I4ATED 1IEJ.N OF THE n
(/oChNNINC'S fOIIMUL-.) VALUES Of AU
flit ClWmElS WITHIN AN AREA.

NOTE':
TO OBTAIN THE w: (Ill HOUIIS) roR

AHY AAEJ., lIUlTIPLY WE v.c OorAINto
FRO'" WE CURvE BY:

20 (Kfi)

o. _\_' ll< n)
.05

Figure 5.11

LAG RELA TIONSHIPS
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Lag and Kn Data for Urban ~,atersheds

(Kn values sorted ill ascending order)

kn

b
0.0113

0.0128

0.0131
0.0142

0.0153

0.0171

0.0176

0.0180

0.0186

0.0187

0.0196

00198

0.0207
0.0211 i\.

0.0224

0.0226

0.0233

0:0242

0.0252
0.0254

0.0258

0.0260

0.0272

0.0279

0.0289

0.0289

0.0292

0.0310

0.03'13

0.0321

0.0327

0.0334

0.0336

0.0336

0.0354

0.0431

0.0445

0.0550
0.0596

0.0710

0.0988

0.1029

0.15

1.20

0.14

0.21

0.15
0.30

1.00
0.20

0.13

0·75
0.40

2.40

0.81

0.80
0.84

1.80

0.90

1.40

0.50
0.20

0.43

1.00
0.90

0.29

0.20

0.89

1.10
0.63

3.42

0.96

1.00

0.24

0.50

0.60

2.10

0.30

0.70

0.40

0.09

0.90

3.10

0.12

0.16

La9
'hrs)

L"Lca

b
4.0803

.4.7399

i19.6733

0.5780

~.4376

.0,7571
0.0138

5.5777

'132.2321

0.0253

0.0477

0.0390

8.2600

0.0275
0.0684

0.0275

0.1576

3.3941

0.0439
0.0138

1.3367

0.2507

·24.9034
1.3367

1.1810
1.3367

9.6729

1.3367

4.1632

0.2588
0.0221

0.1576
1.4261

1.0803

0.0477

0.0107

0.5019
0.5019
0.0935

5.0623

0.0751

0.0751

a
':"w

40.0

40.0

45.Q

4~·~
5q,!?

HH!
70.0

35.0

9.6

16.3

93.0

40.0

24.0

13.3

24.0

10.7

20.Q
33.0
16.4

13.9

20.0

35.0

13.9

37.0
13.9

60.0

13.9

20.0

25.0
77.0·

10.7
27.0

28.0

16.3

30.0

17.0

17.0

15.4

3.0

25.0

25.0

RTi/vIP
(%)

.a
18.5

85.0

4.1

100.0

13.0

19.0

111.0

6.3

5.0

25.0

100.0
48.0

64.0

41.0

69.0
41.0

58.0

4.~

~3'R
111.0

42.0
77.0

75.0

42.0

9.5
42.0

14.6

42.0

43.0

79.Q
100.0

58.0

~~.o .
52.0

100.0

87.b
46.0

46.0
74.0

26.0

16.0

16.0

S

Ift/mi)

2.50

0.43
2.70

4.60

10.40

1.70

po
q.27
2.50

12.80
0,23

0.53

0.30

5.60

0.21

0.49

g.?'
0.75

1.80

0.40
0.27

2.25

1.00

9.io

2.25

1.30
2.25
4.20

2.25

3.50

1.00
0.33

0.75
1.90

u~O

0.53
O.?O
1.48

1.48
0.60

3.67

0.39

Q39

Lea
(miles)

0.97
6.50

9.50

23.30

3.40

6.40

3.00

0.54
5.60

23.10

0.55

0.90

0.90

11.80

0.84

1.16

0.84

1.60

4.00

1.00

0.54

3.85

2.20
23.70

3.85

2.60
3.85

8.80

3.85

7.80

2.30
0.67

1.60
5.20

4.10

0.90

0.50

2.30
2.30
1.34

6.67

0.77

0.77

L
(miles)

0.150
7.500

14.000

88.400

2.500

6.400

1.900

0.052

9.700

92.000

0.136

0.124

0.200

88.600

0.290

0.260

0.290

0.950

6.300
0.200

0.052

2.729
2.300

81.30()
2.726
4.500
2.720

19.500

2.720

14.400

1.800

0.120-0.950
4.100
4.600

0.124

0.300

2.300

2.300
1.340

4.970

0.130
0.130

...: ;

A
sa. miles

Location

~
:nver, t;U
uisville, KY

nlerey Park, CA

Houston. TX

.A., CA

ouisville, KY

ouisville, KY

Albuquerque, NM

oUisville, KY

Houston, TX

Albuquerque, NM

Albuquerque. NM

oUisville, KY

.A., CA

Denver, CO

Denver, CO

Denver, CO

Tucson, AZ

Louisville. KY

Baltimore, Mo
iAlbuquerque, NM

Tucson. AZ

iArlington, VA

rwhittier, CA
Tucson. AZ

fA,usUn,TX

Tucson,AZ

L.A., CA

Tucson, AZ

[Alexandria, VA
Falls Church, VA
Denver, CO
Tucson. AZ

[Austin, TX

near Falls Church, VA

fA,lbuquerque, NM

Vienna, V."
Tucson, AZ

Tucson. At.
Denver, CO

Tucson, AI.
Phoenix, AZ

Phoenix. AZ

Watershed

33

4

8

15

21

11

5

10

7

19

2

18

17

9

16

20

'rIT~3D~~M'W'"0
14 ~outhwest Outfall
1 34 !A.lhambra Wash above Short St.

6 Brays Bayou

3 35 Broadway Drain at Raymond Dike

13 ~oulhern OUl1all

12 ~orthwest Trunk

01 ~lIa Del Oso

Beargrass Cr.

!vvhile Oak Bayou

05 Taylor Ranch

04 f\cademy Acres

. 17th Street Sewer

I
Ballomna Cr. at Sawlelle Blvd.

05 ~and Creek

01 116 Ave & Claude Ct.

06 ~and Creek

T2 ~igh School Wash

Iseargrass Cr.

~alker Avenue Drain

02 ~lIa Del Oso

T4 f\rcadia

illie Pimmit Run

~an Jose Cr. at Workman Mill Rd
T6 f'\rcadia, Part 2

",oneyard Cr.

T5 !o\rcadia, Part 1

pompton Cr. below Hooper Ave Storm Drain

T3 !"'rcadia

Four Mile Run

ripps Run

02 !Villa llalia

T1 ~igh Schopl Wash

!vvallerCr.
ripps Run

03 !o\cademy Acres

Piney Branch

T8 Railroad

T7 Railroad
04 Goose Creek

T9 Atterbury

10 f'\qua Fria R. trib. (Sept, 1970)

11 !IIaua Fria R. lrib. (Sept, 1970)

NOTE: a - unknown value, b - cannot calculale

References and 10 NO.5 available in the
Documentation And Verification Manual at the FCOMC

Maximum

Minimum
Mean
Standai'd Devialk,r1

92.000

0.052

11.071
25.179

23.70

0.50
4.57

5.88

12.8q
0.20

2·16
2.75

111.0

4.1
51.0

32.3

93.0

3.0
29.1
19.1

132.2321

0.0107
8.0720

27.0547

3.42'

0.09
0.81

0.77

0.1029
0.0113

0.0313
0.0200
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lot re~reseDlitjye

of laficopaCount}
louolain ind footbill
va tersbeds,

-----r......­:......_- t

kn

0.0508

0.0530

0.0530

0.0534

0.0540

0.0549

0.0560 I
~:~~~~ t
0.0584 11
0.0600

0.[;0606 .

0.0610

0.0611

0.0613

0.0635

0.0665

0.0677

0,0600

0.0699

0.0780

0.0811

0.0816

0.1240

0 .. 1260

0.1550

0.1950

0.1960

0.2000

0.2140

0.2350

0.2360

0.2380

0.2410

0.2420

0.2500

0.2600

0.3240

0.3240

0.3300

Lag
hrs

6.500

3.200

1.100

0.800

15.700

10.680

16.200

8.850

1.200

6.880

10.200

0.700

9.000

0.800

8.000

10.500

0.700

1.000

7.000

0.000

9.200

0.910

1.060

2.400

2.200

50.000

11.300

38.000

16.500

37.000

36.000

30.000

34.000

21.500

30.000

15.500

10.soq

34.000

32.000

26.500

L*Lca

S.~.5

66.1458

12.8000

0.5520

0.3103

OOסס,1473

199.8891

OOסס.1476

107.8932

0.5550

35.2155

OOסס.296

0.1809

OOסס.193

0.1644

69.7885

133.2666

0.0928

0.2259

89.9000

0.1572

£15.4000

0.1096

0.1609

0.4000

0.3000

OOסס.2060

11.3000

OOסס.443

OOסס.29

OOסס.310

OOסס.216

OOסס.123

OOסס.174

~1.9OOO
OOסס.114

12.5000

'3.8000
68.3000
OOסס.59

OOסס.35

s

II

II

a
a
a
a

a
a
II

a

II

II

a

295.00

II

240.00

356.00

II

358.00

II

700.00

159.00

73.80

709.00

480.00

a

a
a
a
a

II

600.00

550.00

!l

ije.oo
a
83.40

1017.00

75.00

a
1.50

20.90

20,80

1.30

1.50

8

1.00

8

0.88

1.27
8

a
a
8

a
8

8

a
a
il

8

8

a
8

a
8

8

a
2.50

1.92

II·

27.20

II

II

1.27

20.70

3.00

11.80

a
a
a
a
a
a
a

a
a
a
a
a
a

a

2.70

a
a

a
1.93

2.39

II

a

a
2.39

II

5.80

3.79

II

61.00

a
47.60

5.00

26.00

L

a
2.00

44.00

65.50
1.00

3.30

678.00

75.00

10.80

3.01

4020.00

718.00

47:)0.00

187.00

16.00

70.00

1570.00

1.85

793.00

2.30

742.00

323.00

1.30

3.40

604.00

·2.10

380.00

0.69

1.85

3.00

:2.00

2511.00

43.00

1795.00

106.00

1160.00

1110.00

779.00

1080.00

194.00

910.00

69.40

28.00

681.00

181.00

284.00

ALOcatioo

Y

ear Centerville, UT

ear Cenlerville, UT

aa.r Three Forks, MT

I Cedaredge, CO

I Logan, MT

t Kaa.rney, WY
ave Craney Cr. near Welser, ID

I Delta, CO

ear Garden Valley, 10

I Nalurita, CO

ear Meeleetse, WY

ear DrawBy. OR

ear Hermosa, CO

I Willow Park, WY

ear Metlteelse, WY
lear Neola, UT

lear Sa field, CO

ear McPhee, CO

I Live Oak Dam, CA

t Trinidad, CO

ear Glendale, AZ

ear Glen Haven, CO

lear Esles Park, CO

ear Cameo, CO

ear Esles Park, CO

ear Sanlee, CA

ear Walson, UT

t Avondale, AZ.

I Planet, AZ.

I Bell Road near Phoenix, AZ.
ear Claremoot, CA

Phoenix, AZ.
I Lees Farry, AZ

Watershed

to Creek

Vincente Creek

ta Anita Creek

edicine Bow f1i.ver

/Ie River

gua Fria R. (Dec., 1(67)

Bill Williams River

aw River (Dec:, 1967)

an Antonio Crlljlk

ve Creek (S apt, 1970)

aria River

est Fork DryCheyllnne Creek Trib.

Olores River .

've Oak Creek

urgatoire River

aw River (Dec., 1(67)

North Fk Big Thompson River

Rebbit Gulch

Plaleau Creek

Dry Gulch

an Diego River

est Fork Dry Cheyenne Creek

est Fork Dry Cheyenne Creek Trio.

Centerville Cr.

Parrish Cr.

Madison River

Surface Cr.

lIatin River

Piney Cr.

elser f1i.ver

nccmpaghre River

South Fk. Payelle River

an Miguel River

ood River

MaJheur River

Florida River

South Piney Cr.

rey Bull River
intah River

Los Pinos River

Y2

Y3

Y4

6

21

19

43

38

54

23

15

25

10

33

32

II
I'

8

24

8

7

Lag and KnData for Mountain an.dFgo~hill Watersheds
(Kn valties sorted in asce~dilig;order)

;,i :~.'_~...' ,',. ':_:~' .
"~ .~ ~"",:::.,:.,.

21

22

13

15

14

17

12

5

10

4

2

11

23

16

3

9

25

References and 10 NO.5 available in the
Documenlation And Verification Manual althe FCDMC.

NOTE: II • unknown, b • cannot calculale Maximum

Minimum
Mean ." ..

landard Devielioo

4730.00

0.69

542.77

958.60

145.00

1.00

31.55

32.81

74.00

0.88

14.58

15.75

1017.00

32.00

284.81

243.35

2060.00

0.09

176.59

398.21

50.000

0.600

9.920

11.178

0.3300

0.0150

0.0893

Q,08t,]



• •
Lag and Kn Data for DesertJRangelandWatersheds

(Kn values sorted in ascending order)

•
IReference and 1.0. No. I Watershed [ Location I A L Lea S L*Lca Lag knCIJCIJCD (sq. miles) (miles) (miles) (fl/mil SA .5 (hrsl55 Arbuckle Creek and Dam OK a a a 'a b a bX6 Walnut Gulch 63.011 Tombstone, AZ 3.180 4.02 1.760 117.00 0.6615 0.510 0.0230X12 Walnut Gulch 63.111 Tombston~, AZ 0.220 0.95 0.460 150.00 0.0372 0.200 0.0269X11 Walnut Gulch 63.111 Tombstone, AZ 0.220 0.95 0.480 150.00 0.0372 0.210 0.028238 4 Skunk Creek (Sept., 1970) near Phoenix, AZ 64.600 17.60 9.900 101.90 17.2606 2.190 0.0285X1 Walnut Gulch 63.004 Tombstone, AZ 0.860 2.10 1.040 112.00 0.2064 0.470 0.032929 23 Moencopi Wash near Tuba City, AZ 2490.000 84.50 36.300 42.10 472.7399 9.200 0.0341X9 Walnut Gulch 63.103 Tombstone, AZ 0.013 0.22 0.094 195.00 0.0015 0.075 0.0343X7 Walnut Gulch 63.015 Tombstone, AZ 9.240 4.25 2.500 60.00 1.3717 1.070 0.0365X8 Walnut Gulch 63.103 Tombstone, AZ 0.013 0.22 0.094 195.00 0.0015 0.082 0.03753 Skunk Creek (Dec., 1967) near Phoenix, AZ 64.600 17.60 9.900 101.90 17.2608 2.950 0.0384X2 Walnut Gulch 63.004 Tombstone, AZ 0.860 2.10 1.040 112.00 0.2064 0.550 0.038530 24 Clear Creek near Winslow, AZ 607.000 78.00 46.800 41.00 570.0967 11.200 0.038626 Gila River at Conner No.4 Damsile, AZ 2840.000 131.00 71.000 29.00 1727.1523 21.500 0.048731 Puerco River near Admana, AZ 2760.000 a a a 1225.0000 15.900 0.05809 Queen Creek Tributary (Sept., 1970) Phoenix, AZ 0.510 1.50 0.750 67.00 0.1374 0.790 0.06467 Queen Creek Tributary (Dec., 1967) Phoenix,AZ 0.510 1.50 0.750 67.00 0.1374 0.860 0.07038 Queen Creek Tributary (Sept., 1970) Phoenix, AZ 0.510 1.50 0.750 137.00 0.1374 0.950 0.0777NOTE: a - unknown value, b - cannot calculate

~~imum 2640.000 131.00 71.000 195.00 1727.1523 21.500 0.0777
inimum 0.013 0.22 0.094 29.00 0.0015 0.075 0.0230References f:ind 10 No.s available in the

~tean 520.140 21.75 11.479 100.49 237.2027 4.042 0.0422Documentation And Verification· Manual at the FCOMC.
tandard Deviation 1050.622 39.57 21.056 51.88 504.7440 6.448 0.0161

January 1,1995 K-6



• •
Lag and Kn Data for Distdbutary Flow Area \Vate."sheds

(Kn values sorted in ascendingti'hler)

08

06
010
07

18

17
16

Ir.R""e=;'f~=a=n=dF'IP;.0~G"'iN=;:O=;;=======,;,;w';"a7te=r=;sl;=le=d;========;rC==.. =.='=-=="'~.=o=~.~:ti:O:~:::::~::s~,q:.:~:i1:e:s~~:(rn:iL:Ie:s:} ~~:(:r~:~e:as:)~~~:(fl:/~::i):~~::~·:~:~5:a:~~::(~:::;)::~"=_=~=n==;}ll
012 N.CaminoArroyoTrib. Aibuquerque,NM 0.210 2.12 1.05 196.0 0.1590 0.27 0.0209
09 Camino Arroyo Trib. Albuquerque, NM 0.089 0.93 0.40 177.0 0.0280 0.15 0.0225
all N.CaminoArroyoTrib. Albuquerque.NM 0.210 2.12 1.05 196.0 0.1590 0.31 0.0240

Indian Bend Wash (June. 1972) near Scottsdale. AZ 142.000 27.70 13.60 64.2 47.0166 3.10 0.0276
....a Cueva Arroyo Trib. Albuquer'~ue, NM 0.090 0.76 0040 432.0 0.0146 0.15 0.0287
CaminoArroyo Trib. Albuquerquo, NM 0.089 0.93 0040 177.0 0.0280 0.34 0.0509
La Cueva Arroyo Trib. Albuquerque. NM 0.090 0.76 0.40 432.0 0.0146 0.27 0.0517
Indian Bend Wash (Sept.. 1970) near Scottsdale. AZ 142.000 27.7'0 13.60 64.2 47.0166 7.31 0.0651
Indian Bend Wash (Dec .. 1967) near Scottsdale. AZ 142.000 27.70 13.60 64.2 47.0166 8.020.0714
La Cueva Arroyo Trib. Albuquerque, NM 0.090 0.76 0.40 432.0 0.0146 0.39 0.0747

References and 10 No.s available in the
Documentation And Verification Manual at the FCDMC.

Maximum 142.000 27.70 13.60 432.0 47.0166 8.02 0.0747
Minimum 0.089 0.76 0040 64.2 0.0146 0.15 0.0209."
Mean 42.687 9.15 4.49 223.5 14.1468 2.03 0.0437
Standard Deviation 68.533 12.81 6.29 153.6 22.6824 3.10 0.0215

------------------------------
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Index

1. Rational Method
The Rational Method is used to determine the peak discharge and runoff
volume from a hypothetical 140-acre urban watershed.

2. Green and Ampt Losses
Loss parameters for input to the Green and Ampt method are calculated for
Subbasin No. 4 of the Example Watershed.

3. Clark Unit Hydrograph (Urban)
Clark Unit Hydrograph parame~ersaredeveloped for Subbasin No.2 of the
Example Watershed using the worksheet (manual) method. The results are
input to an example HEC-1 input file, and output is provided.

4. Clark Unit Hydrograph (Natural)
Oark Unit Hydrographparameters are developed for Subbasin No.4 of the
Example Watershed using the worksheet (manual) method. The results are
input to an example HEC-l input file, and output is provided.

5. S-Graph Applications
The Phoenix Mountain S-Graph is used to manually develop an unit
hydrograph for a hypothetical watershed. An HEC-l input file example is
provided.

6. Kinematic Wave Routing
Flow is routed along a trapezoidal channel using the Kinematic Wave Routing
option. HEC-l input and output file examples are provided.

7. Muskingum Routing
Flow is routed· along a hypothetical natural stream using the Muskingum
Routing option. HEC-l input and output file examples are provided.

8. Muskingum-Cunge Routing
Flow is routed along a hypothetical channel using the Muskingum-Cunge
Routing option. Examples are provided for both the simplified and 8-p0int

. cross-section options. HEC-l input and output file examples are provided.

June 1,1992
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

DATE _

.~__ DATE __

LE~END

WATERSJ.lEP BolANDAR.'l

SUBBASIN BOUNl>4RY
WATEAco(J PSE

SUSSAs'III NtlMBER.

~NT'I\'ATION POINT

SECON/JAf(yo FLow PAtHS
PIlIHARY Flow' PA TH

CHECKED BY __

---,-'---,.-
/'"®

£
~

-"--

PROJECi flYOROI-O~/C .Q!:~/tiN etAN.Y~cJC:A!....!!!L!L. __ PAGE _, OF_~

DETAIL EXAMPLe WATERSHED COMPUTED

•

~

)

/",,," ", ',~. ,
J • \

..........--~

•



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT HYOgOl.OGIC DITSIGN /VIANUA LPAGE ~ OF 2
DETAIL l:XAMPLE' w'A+~RSHt=/) COMPUTED DATE __

. ,----,-_ CHECKED BY . DATE _---'--_

SUBBASIN .. CI-IAR.ACTERISTICS

SLOPE'
):tt.: ( i'lLI) (26), I.E'/Il07N 'If'II) (rt/me.

.1- /.52 33 2.. t"S' /70. /{o% /'fu/..,-,- (JA)rc A~E'AS

.... (,0% APAfl.TMOJI ARE'AS

2 2./1 21 I.BS 30.S" 100% S/~qt.E" PAM/I. 'I
RESI DE/l/TiA. I..,

3 o.Cf' ~2 1./3 10'(. so" LIf$HT ZHPllST~'AL.

50% t>o~PN AREAS., 0.8" CJ 1.¥7 &37. 100" ",., DEVElOpe-I)
f)e3. ,...f: .. I'1t1UNTAJN

;
. I,

t

WATERCOU~SES

SUsMSlN DESC/{,PTION ~£"aMET~
AvE". AVE'. S,pf MANIII'Nq5BOTTOM DEPTH:If: INIDTH (ft) SL.OPE: ' n'
(ft)_

/ 5011.. CEhGNT"
T~AP. ZS- S- 2:/ .0/8

'-'AlE/)

2. DREP~EIJ &MrJl I<ecr. IS- - .022-

3
CONC.~ETE TRAP. 35'" 3:1 .o/S'

LINEP

.1 NATURAL..
TRAP. 15" 2 2: I . t}f'(}

DE'SERT
STREAM



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT .h'YIJ,f()LOc;IC [)£SI($NI"1AtJUAL PAGE _.1_ OF 2

DETAIL EXAMP' ENo. .t. ..',or.I·'~COMPUTED .. DATE __

..~.I?l1T/ONAL HETNOO CHECKED BY DATE __

SCeNARIO: USE" THe- RA TIONA'- HtTNOO TO Oe-TEIl!!. MIN c T,4I€

/00 - YEAR peAK DIS('I-t'AR~c AND R.UNOFf: VOLL( HE' FR0/'1

AN URBAN WArERSNc[) WIT,.., THE F~~L("'vING PHYSICAL
CH'ARACrE'R/ST/CS:

L.OCATION --------.. CAR-cPR-ee, AZ., T<;'N- R4/c- Sec, ~
DRAINAGE AReA ~ /~o a.cr"'es
):"I.(')W PArH L.ENGTH • 1,23" mi',

AVEIlA<:;£' SLOPE • 33 Ft://III

t..AAlD USE' • 70~ S/N6LE rAHlty RESIPENT/AI.
30 % LI€.NT" INPlISTRiA L

STep .1 :
Dcre-RHINe T#c IIt/NOFF COcr,e"ICIE'NT C (TABLE 3. )

iSINee- aUK RcT"~N Pc~/ot> IS /00 - YE'A~, USE"COL."~N (~),
, ,j\

""",,~'··!;J','i;'·

R€S/DENTIAL (70%) • C,· o. '3
LIGHT :rN/)lISTIl/A '- (30 '}6) .. Cz =o. 82-

•
,\. Cu:; (.70J(. 63) .,. (. 30) (.82.) = 0.'tt

- ---.-:~--~~~~~~~---~
STEP 2 : CA Leu LATE' 7C U.5/NI$ E"j'uqflon 3.2

4'J~/'7C = II.I.f L' 50 A6 .sz. 5 -:3' i,:038

UJhf:rt: L = I.Z3~ ,*'.

5 : 33 oFt/me'
Kb = -.00'2S ({OJ /~o) + ,o~ = 0.027 (TABLe 3,' ¢ 3.2)

•

PLUG IN THE KNONN VARIABLES:

7C:: /1.4/ (/.23tD)·G'(.027)'S'Z {33f3J ({'f
3

•

TC = O. '5£ L,-:w
SINCE TNE EQu4rloA! CONrAINS rWtJ UNKNOWNS, IT nusT BE S"L.VcD

BY AN I TcRA T/VE' P~OCE.sS. W/i"'LL CHOOS£" .30 "u'". as a ,c-/~ST GUE'SS
AI "!C, AT ~.=. 30 min., rNE' /00· YC'AIZ RAINFALL 'XNr€Ns/TY /05

-y'OO in/II,.. (FIG. 3.3). 8C-CAlISe THE" WATE'I<:.SH~P IS ours/pc rHe
PN'Oe'NI>( ARC"A, THe- INTGNSITY VALUeS nUST Be ADJl(srcD USING

.e-4LfATION 3.3: ..• ( D")=L r",
L,fO ., 2.07

wk.re. i.p L.S thf!. ralnpq.11 lntenslty value For'" Pl,o~nlX (F/q 3.3)1

ana ~; /2.07 ,:s tht: n:,t-,o ~f' ~he ~- hOe.lr, /0 - 'dear rat'"fq//

de.ptt, (Flti 2.'I)ft>r cur 'Ire" to that /or Phoeni~.



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT f!YbROLO§IC DESIGN MANUAL PAGE -..1:- OF Z

DETAIL EXAMPLE No. l COMPUTED DA TE __

RATIONAL I'1c-Tl-ltJO CHECKED BY DATE __

FOR ""1-115 CASe: £" = 't!tJO (;,Ar, ~_' =2.3 in

L~IJC == KotJ (';c; 111; ~ ¥S"In/hr

AT l./OD:; ~~~ i,,/hr, 7C:: o~"SS (,/.l./l./r
1S

:: 22.3 Mb)

. TRY 7C: 20 m,'n.

L.p::; SI in/Ii,., l~c!'t'J:; 5.1 (z~o~) :; ..s:~7 "n/n".
n = o. ~SS (s: '7) ':'.18 =20. 3 M~~

SO k t _ = 20 m~i1, (.~"O =.5:"'7 ~"'/A,.

STeP -4•

•

sr~e .3: CALCULATE PeAK DISCI-IARC;C: t/SING eQUATION 3.1

Qpk = C,OO L,oo A = (0.,,,) (S:'7) (I¥O) = Sr8cr.s

CALCULATe- REr£NrION VOLUMe (v)
. (p,2 )

V:: C/OO /2.. A
(Jh~re ~..~ is the 2-1101.11"', /00 - Y~Qr'po('"t rell'n,f't:dl defth (I.n),

Tlte ~~ CQn be. rcad f'rt:JyY) AG. 3.2, tJr calculated lISl'f'I!3

the. eruafions ill Section 2.~¥.

F~r t-II;s case, We wi II read F:D; f'rtJp} fijurc 3,2, At:
r"-N-,R'IE'- Sec-C/eJrJ 'J the 4'p/,rt!J~/Plt1fe vallie is Z,7S'ln.

rHEN: V = o. fo9( ~;S"-1 /',/0 = 22../'1 ac.-ft



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT h'yOI?OL OGle /JGS/~N>I'1A/VUAL. PAGE -L OF _L
DETAIL EXAffPLE M. 2 COMPUTED_. . _. DATE _

_ GReEN f AHPT L OSSE=S~__ CHECKED BY __,.__ DATE

_ SCENARIO: CALCULATE" TH£ GleEeN AND AMP, LOSS I'A~AMe7cR.S

FOR. SUBBASIN No. ~ o,.r r#£ tXAMPJ.E" WATER. SHI:D.

ASSUME" THAT THE WATeRSHeD /.5 L.OCATe-D WlrHII\J
TH~ t130UNOARIES OF THe "SOIL SURVEY OF A<!lUILA­

CAReFReE A~E"A. PAR.TS Or /"'fARICDF'A AND PINAL

COLiNT/cS, ARIZ.ONA~ ASSUME' TNe tJ~SIGN STORM

to BE".4 ~ -h!o{,J!e, /O(J- YEAR c-vc/Vrop 3.5' t!o 'Y.'O /NCN~.s:

NUHBERS ARc r(JUNtJ ON THe" salt. SURVFY
I'1APS AND DENOTE" SOIt. HAP UNlrs.

ROCf.< OUTCROP OR.
.II1PGRv/ousNess (~)

o
o

'0

X'/(SAT "'nfir}
.0,,/

• 3"1
.10/

-_. __...._._-------------------

/'tAP tlAlI r No.
22

2"1

/tJ'I

t.,r..iOI( UP XKSAT ~ RT/M~ ,PA~AHETG,es

IN APPcNJ)IX A :

STt:P.i:

••

STeP:3 :
CAI..c.U/.ArE A ~O(i,- JV£IGNTt:O XKsAr FCJR, TNt!" .sq/JI3AS/N:

XI<SAT ::. AL.OIS [.zs (Iotj.oll)+ .30(10' .3&.1) + . "'0(10'. /lfJ]:: 0.1"/ in/ltr

STEP l{: lJE'T£AMINE' VALUES 0': PSI;:'" AND OTH£'A. .rIfl.,OI'1 FIG.URE' ~ 3 USIN<$

nt.r XKSAT VA,LUE' /,vSTEP:5 :

PS/I: • ".2.:;'
D7H£7A (.DR.V) =0.3'

lJ.5E' F/~I./A.e ~ ~ r;, AdjU.STXKSAi BAScO ON VF~ErA'ION:

FOR 'HIS C"XAI1PLe; ASSUME' THAT I'1AP tiN I ,s 22 .f 29 AVc~A~E"

20~ VEGE TAT/()N caVeR. AN D UI'I/T /00/' AVERA q€'S 30%.

XKSAT =(.'0(I./I)+.YO(/.Z2)]./~:0./' tYl/hr

•

-s-T....e-p-b-·;--·-C-A-J.-C-U.:.:.L.:.:.A-=-T:....:.e...:..-.:r.-=A:....-.A-N:::..P-R,-T-IM-P~:-...:..:.-..;"..----~-------------

rOR. THIS eXAMPL€", ASS UMc /'fAP (,JNI r /00/' IS R()uGI-! l'1ou/l/rAINS ANO
UNI rs 22. I/. Zq ARE' HltlSI.OPE ARE'A5:

..rA" Co· 110)(. 2G)r (. (,0 J(. IS): O. /9 l'"

RTll'fp: ASSUNe 7.5'% ct>NNe-crt!"p IIV,.t'e-A'VIOUSNcS.s F()~ /YAP UNIT /oy:
.7St.~) :II +'S~

RT/I'fP = •~o (YS" ).: /8%
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT !lYtJI?Ol.QqKIJ£s/&N MANUAL PAGE~ OF __

DETAIL _EXAM Pl ~ _M~_._~__._ COMPUTED DA TE

.f:LARK' UNit HYJ)ROG R..~f'H (L!R6AN) CHECKED BY DA TE __

SCENARIO: " D£VFLOP r#~ CLA~I( UliJlr HYDROCSRAPH IN,.ol./r ,P.4/CA/'1£'TcIe5
FOR SUB.I3ASIN /11".2 CF THe E'XAMPt..£ kJATE"~SI-lt:D.

STeP 1 ;
ASSE"H8'-£ PHYSICAL

AReA = 2.17 ",;:l .:0 1.389 c::1c:.

,t:'~ ow PATH (L):' /. 8.5" ",i.
SL.Ope (5) = 30.S" f'Y~i.·

II'1/?E'~VIO"'SNcSS :0 21 ~

BASIN CHARACTeR-IST/CS:

CALCUlATE TH€ BASIN RE"SISTANCc COeFFICieNT AJ. U5INt+

FI.J . .s: S, TABLE'S.s/ ~ .s:z, AN/) 'THE" 7C I R. 'NOR.kSHFET If (AffeIflJi~ E).

SJ~Ce THIS 1$ AN URBAN BAS/N: m.:o -,o",Z5" al'ta D=.Oll

1<b = m(logA) +h = -:()O'2S-(,J~ J38~) + .. C>Y:: .020

STEP 2. :

•
STE'P3: ReDUCE 7C: rD ~ .func-tiol? crf Lt'ltensit:J Cd:

NOT£": RE';:'EIe ro r#c j.,/tJRKSI(FFT DU(('JN~ THt: Re/-1A/IVINti STEPS •

7; = II. Lf L'S'c7 ~.S'z $":.1, (~J8; 7C:# //.~(1. as)"so (.020)·u (3o.sf" {:38 ~ . 103 / -.38
--------"

ST£"P 't': eNT€R. RAINFAl.L I LOSS, AND CL.ARK PAR.AMErc~ OATA
INTO AN HE'C-I INPuT File, WITH k" R se-T TO ZeRO.

R£l1I./ THE PI?OGRA}1 WITH THE...rO CA~P .: 0 7"0 GE'NE"~ATF

A RA/NFAlL - 1..6SS - E'xcC'AS' TABLE.

STe?S: USING TN£" WORKSHFET AIV&> rH~ ~E"Slll.7:5 or- ST£'P~,

TAStI£A TE' TN': P£'Il/t:Jt:> OF PtA I( RAIN FA L..l cXCFSS AIY£;
COMPurt: THe: ,4\1E'~A~l: INTe'Ns/rlG'S TO ;t\ riME"
<:;RE'ATE'B "iNAN TN~ EXPG'CT'GP 72.

STC"P <P: coNSrp.UCT rHG" c;l<APH OF AVERA~E' exCeSS INTENSITY VS. T/HE.

STeP 7: CAt..CL((..ATl: 7C. BY ITGRAr/oN. INTcN-SITY c..i) VALUeS AP£
R~AD ,t:"RO,A? T},./E' G~AP}'/. CALClILA rt: R.

STEPS: E'NTE'''' rr-lG' 7C:-; /? VALUES /NTO THE HcC-/ fiLe " SAV€;
AND RUN. A SAHPt..~ He-c-I INPur AND DU.TPuT FILe
IS PROVIDeD.

ALTERNATE NETH~D

• prO-Jr"o.,., MCUHP,j. c.GlW'l be. use.a t.c CCWlp/ete st:t!:P~ 3 - B. See
APPeNDIX I PI:'''' .I'/ySTR.UC T/C'NS.



• Calculated by:
Checked by.:

CALCULATICNOF Te & R

Da te :__=- ---::=__

Project: £XAlVl£ /VG'.:S

Watershed: t:'XANPt.E J-v:4-re.eSH£/) -SUBBASIN No.2
Rainfall Frequency: /00_ - Y1: Duration: 6 - hr. Pattern H: I,BS

Rainfall Loss Method: (X] Green & Ampt Method
[ ) 1L + ULR by soil texture
[ ] 1L + ULR by hydrologic soil group

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

Rearrange Incremental Excesses in
Order of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Ti~e Excess Excess Intensity
hr./min. in. in. in./hr.

0335' . Ii .2'- 3./2.

Te 0.703 ) i ~.I

3.0

2,."

Z.,

Z.~

2.5

2. tf

2.3

2.2

tlO

3.1',
3.12-

Z..27

2. St1
Z. 'TO

2.85

35

.78
.52.

.95

/.1../0

LIZ

/.51

,. z:l
.17

. \'

zs·

. u.

.11

.2'

.17

,17

I
,
I

r ,
•

i'.
.....
~

" i'.
--....:

......
i".....

' ......

.........

'"~
~

..

E
x
c
e
s
s

v
e
r
a
g
e

A

I
n
t
e
n
s
i
t

Y

i
n
/
h
r

/0

2.0
IS"

25
30

+ (. ot{ )

. '110

. '182

.49Z

Calc. Tc

\ I

.2"

.1/

.17

.2'

.. 17

-.31 -.38
S i

-.38

i

2.58
2.Sb

2.10

A 2./7 sq.mi.
L = __....;/;."..''..:;,,8S==-_ mi.
S = 3d,S' ft/mi.

03"10

0350

04.//0

0355

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

~=. /77 hr·1

ITe .1./12 hr·l

Kb = m [log(A * 640)]+ b
Kb = (-;O()t.2~) log (2.17 *640)
Kb = _.;...0_2_0__. _

.50 .52
11. 4 L Kb

.1./17
. 1./83
.500

Te

Trial Te

•

•
Time (Te) (hr./mJ.u.)



" \

* k.*••k*kk.k. *. * ._. *.* __*.*_. *k••kk**kk*kk**.* **••

* **********************************************************.ktk••*__••• __*. _

HEC-1 INPUT PAGE

97

.076

.940

94

OF 1.85
.067
.905

9084776530

85

16

5
o

BI'.SIN2
COMPUTE DISCHARGE AT THE OUTLET OF SUBBASIN NO. 2
6-HOUR RAINFALL, PATTERN NO. 1.85 WAS USED TO FIND TC &R FOR THIS BASIN
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .979
2.170

15
RAINFALL 'DEPTH OF 3.25 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
3.182
THE FOLLOWING PC RECORD USED A 6-HOUR STORM WITH A PATTERN No.

.000 .009 .016 .025 .034 .042 .051 .059

.087 .100 .120 .159 .247 .440 .715 .848

.952 .964 .976 .988 1.000

.150 .350 7.500 .100 21.000

.492 .177
o 5

100

IT
10

10 SAMPLE HEC-1 INPUT USING TECHNIQUES OUTLINED IN THE
10 HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

10 EXAMPLE NO. 3 - CLARK UNIT HYDROGRAPH (URBAN)* .**.*.*Wk.k*••• * ** ._._* *._.***** ***********************

10 " ,'I ;2 .•..... 3 4 5 6.' 7 8.. , 9 10

ID RAINFALL: 6-HR, 100-YEAR POINT RAINFALL DEPTH OF 3.25 INCHES
10 HYOROGRAPH: CLARK - TC &R FROM WORKSHEET
10 URBAN TIME-AREA CURVE
10 LOSSES: GREEN AND AMPT METHOD
10 BASIN AREA: 2.17 SQUARE MILES, RAINFALL PATTERN NO. 1.85
* ******************************************************----*••••••_•••*-_._..-

KK
KM
KM
KM
BA
IN
KM
PB
KM
PC
PC

, PC
LG
UC
UA
UA
7.Z

•
LINE

1
2

3

4
5
6
('

8

9
10

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

• 23
24
25

,.,,-,~-,.

26
27

~",. " "....

•



-* 1O*1O *101O1O 1O1O1O1O1O1O 1O1O1O1O *101O1O1O,, *1O*101O1O1O1O1O** *101O1O*1O1O***1O1O*1O1O1O1O1O1O1O1O1O 101O1O*1O1O1O1O*1O1O1O* 101O1O1O*1O1O1O1O1O1O1O ** 101O*1O1O1O1O* ***1O"1O" '" *101O1O 1O1O1O *101O1O1O1O1O1O1O1O 1O1O 1O1O1O1O 101O1O_

HYOROGRAPH AT STATION BASIN2

****************************~************************* ****************************************************************************.

*
OA MON HRMN ORO RAIN LOSS EXCESS COMP Q * OA MON.HRMN ORO· RAIN LOSS EXCESS COMP Q

*
1 0000 1 .00 .00 .00 O. • 1 0335 44 .20 .04 .17 507 .
1 0005 2 .01 .01 .00 1. • 1 0340 45 .20 .04 .17 822 .
1 0010 3 .01 .01 .00 4. * 1 0345 46 .20 .03 .17 1281 .
1 0015 4 .01 .01 .00 10. • 1 0350 47 .29 .03 .26 1783 .
1 0020 5 .01 .01 .00 17. • 1 0355 48 .29 ..03 .26 2294 .
1 0025 6 .01 .01 .00 21. • 1 0400 49 .29 .03 .26 2843.
1 0030 7 .01 .01 .00 24 . .. 1 0405 50 .14 .03 .11 3273.
1 0035 8 .01 .01 .00 26 . .. 1 0410 51 .14 .03 .11 3387 .
1 0040 9 .01 .01 .00 27. .. 1 0415 52 .14 ..03 .11 3184.
1 0045 10 .01 .01 .00 28 .. .. 1 0420 53 .06 .03 .03 2826.
1 0050 11 .01 .01 .00 30. .. 1 0425 54 .06 .03 .04 2412.
1 0055 12 .01 .01 .00 31. • 1 0430 55 .06 .02 .04 1938.
1 0100 13 .01 .01 .00 32. .. 1 0435 56 .04 .02 .01 1500 .
1 0105 14 .01 .01 .00 33. .. 1 0440 57 .04 .02 .01 1155.
1 0110 15 .01 .01 .00 33. .. 1 0445 58 .04 .02 .O~ 863.
1 0115 16 .01 .01 .00 32. • 1 0450 59 .01 .01 .00 636.
1 0120 17 .01 .01 .00 32. .. 1 0455 60 .01 .01 .00 468.
1 0125 18 •01 .01 .00 31 . .. 1 0500 61 .01 .01 .00 331.
1 0130 19 .01 .01 .00 32 . .. 1 .0505 62 .01 .01 .00 226.
1 0135 20 .01 .01 .00 32 . .. 1 0510 63 .01 .01 .00 155.
1 0140 21 .01 .01 .00 32. .. 1 0515 64 .01 .01 .00 111.
1 0145 22 .01 .01 .00 32 . .. 1 0520 65 .01 .01 .00 83.
1 0150 23 .01 .01 .00 31. .. 1 0525 66 .01 .01 .00 65 .
1 0155 24 .01 .01 .00 31. * 1 0530 67 .01 .01 .00 56.

• 1 0200 25 .01 .01 .00 30 . • 1 0535 68 .01 .01 .00 51.
1 0205 26 .01 .01 .00 30. * 1 0540 69 .01 .01 .00 48.
1 0210 27 .01 .01 .00 30. * 1 0545 70 .01 .01 .00 46.
1 0215 28 .01 .01 .00 31 . .. 1 0550 71 .01 .01 .00 45 .
1 0220 29 .01 .01 .00 32 . • 1 0555 72 .01 .01 .00 45.
1 0225 30 .01 .01 .00 33. * 1 -0600 73 .01 .01 .00 45.
1 0230 31 .01 .01 .00 35 . • 1 0605 74 .00 .00 .00 44.
1 0235 32 .01 .01 .00 37. .. 1 0610 75 .00 .00 .00 39 .
1 0240 33 .01 .01 .00 39 . • 1 0615 76 .00 .00 .00 31.
1 0245 34 .01 .01 .00 42 • • 1 0620 77 .00 .00 .00 22.
1 0250 35 .02 .02 .00 44. • 1 0625 78 .00 .00 .00 15.
1 0255 36 .02 .02 .00 49. • 1 0630 79 .00 .00 .00 10.
1 0300 37 .02 .02 .00 54. • 1 0635 80 .00 .00 .00 6.
1 0305 38 .04 .03 .01 62. • 1 0640 81 .00 .00 .00 4.
1 0310 39 .04 .03 .01 74. • 1 0645 82 .00 .00 .00 2.
1 0315 40 .04 .03 ;01 90. • 1 0650 83 .00 .00 .00 1.
1 0320 41 .09 .05 .04 120. • 1 0655 84 .00 .00 .00 1.
1 0325 42 .09 .05 .05 191. • 1 0700 85 .00 .00 .00 O.
1 0330 43 .09 .04 .05 316. *•

******************--***-****-*.***---***--**-**---*-********************~*********************************************************.*

•



•
1.11, TOTAL EXCESS =

MAXIMUM AVERAGE FLOW
24-HR 72-HR

2.07

7.00-HR

412.
2.059·
238.

2.17 SQ HI

412.
2.059
238.

412.
2.059
238.

+

+

•

STATION

'HYDROGRAPH AT
BASIN2

NORMAL END OF HEC-1 ***

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS. AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
FLOW PEAK AREA STAGE MAX STAGE

6-HOUR 24-HOUR 72-HOUR

3387. 4.17 479. 412. 412. 2.17



•

•

•



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

CHECKED BY . DATE __

PROJECT HYOROlOGIC DC-SIGN I'1ANUAL

DETAIL CXAI"1Pt..€ Ala ? COMPUTED

CLARK UNIT HYOROGRAPH

(NATURAL BASIN)

._ PAGE ----.4...... OF __

. DATE __

SCENARIO:
'.

DeVELOP THe Ct.APoK UNI T h'YL>I(OG,RAPH INPUT
PARAl'1cre-~s rt'R SUBBASIN Na. ~ CJF THe:
EkAMPI.E" WATE'RSJ-I€"{).

•

ST€"Pi: ASSc/'1I3t.E P#YSlc.4L BASIN CHAR.ACr~RI5TICS:

ARE"A = O.8b 1'1/1.:& SSO. If ac.rt:$

FL.OW PArl-l t.eN~TH( L J -= /. '7'9~'

St..e>PE' (S) :: .3/0 ,t):'/Jtrt' (AOJ'LlSTE'O USIN~ Fi y . S. 4)
I,A/.PEI?VIOtlSNES5 = /e ~

STE:"P 2.: CAL.CULATE THE BASIN ReSISTANCE' COeFFICieNT K6t1SIN~

F/($. S:S, T"ABtES..5:I,i 5:2, AN/) r/-lF " Tc:,4' I< WO/<I<~HGFT"

C. APPE'N/)/X E). ASSUH€ iHA r THIS $t.lBBAS/N 1.5 .so~

"H/I.L.S~ope" ANJ) 50% II NOUNTAIN".

-.02S (IC9SS0. LI) r O.lS-:; .081> .SO(.Otfl)+.SO(.II<i)= 0./00: Aj.
-.030 (It>, sso. $") + 0.20 = . 1/8 .

STePS: IU'DUCE' Ie. TO A FUNCrl()N Or CXC€""SS INrE"NSITV (t.'):
NOTE': l?eFGR T~ r/-lE' W'O/(J<5He£,T DURING, T,LIl: Re/'1AIN/NG STC'PS

.-,;. = I/. 'I I.' S tf6. srS 7.$1;-. 38; 7C It /1.17 (/.~9)'5'(. lao ),S'Z(3/0 fJI i. -.38:: O. 7/t) !. -:.$1

ALTERNATE" I1€'THoD:

PROGRAM MCUHP1 C.AN BE USeD ro COMPLEr€ STEPS 3-8.
SEr~ APP(F'NJ:)/X IFO/< ZNSrRUCTJOI\JS.•

sreP '-I"

STEP S:

STEP 7"

STeP 8:

ENrER. RAINFALL, LOSS, AND CL.ARk PARAMETER OATA INTO
AN #G'c-I INPur P'ILF, WlrN7C f R SET 7"0 ZERO. ~UN THE"

/"fOCE'L h//rH THE' IO CARP =0 10 rse-NeRATE" A RAINFAL.L

- LOSS- iE""XCGSS TA&3L£'.

US/AJ~ rl-lE WORI<SHeE'T AND THE'" RfiSUl.TS OF STeP Y, rABI.JLATE"
TilE peRIOD OF PC'AI< RAINFALL exceS.s AND COMPUTe Iflr:
AVERAGt£ e-x CE'SS INTENSI TIE'S TO A T/I"'tli" GR~A 'ri::R. THAN
THE EXPEC'TFD 7C.

CONSTR.UC.T THE ~AAPH OF 4VERACSE e:XCI:SS INTENSITY VS. TIM€"

CALCI.lLATE: 7C. BY ITeRATION. IN'TtNs/TY (i) VAL.UES
ARt: R~AD FROM THI: ~RAPH. CAL.CULATE' R.

ENrE"R.. THeTe. t P. VALUE'S INro T#/F'"I'IFC-I F/L~ i SAVE','
AND RUN. SAMPLE' HI;C-l INP~r AND OUTPUT Flt.t:s ARE"
PROVIDeD.



• Calculated by;
Checked by:

Vatershed: Ex.AHPI.I:- /VO. 7' I

Rainfall Frequency: /00 - yr

Rainfall Loss Method:

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

CALCULATICN OF Tc & R

Date: _
Project: _

SAM PI..G" iVA rt€"RSh',:/) /yo. 7"
Duration: 2 - hr. Pattern U: Ao:'4.

[X] Green & AmptMethod
[ ] 1L + ULR by soil texture
[ ] 11 + ULR by hydrologic soil group

Rearrange Incremental Excesses in
Order of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Ti~e Excess Excess Intensity
hr. (min. in. in. in. (hr.

I I

I
I

'\

I'\.
\.

" "-

" "-.
I"",

.....

.........
.........

""'- .....,

•..

00S5 .0' S
0/00 · I CJ IT)
o lOS- .'-8 15
0110 · .33 20
0" 5 · 27 25

.°/20 · 05 30
0/2S" . 0.3 35'
0130 .02- ¥O

• A O.8~ sq.mi. A
L .. /. t/9 mi. v
S .. 310. ft/mi. e

r
Kb .. m [log(l;, * 640)]+ b a
Kb ... ( ) log ( *640) + ( g
Kb = ./00 e

.50 .52 -.31 -.38
Tc .. 11.4 L Kb 5 i E

-.38 x
Te 0: ( .7/0 i e

e
Trial Tc i Calc. Tc s

s
.soo 3./10 .. ¥S1
. $150 3.'{7 • '1"1.1 I
. '1:13 3.S7 .1./38 n

t
e

ITe ... 't'3B hr./
n
s
i
t

1.11 -.57 .80 Y
R .37 Te A L

• i

I hr. I n
R .... 222 /

h
r

.33
• Z7
. 11
.0"
.oS
.03
.oz

25

/.0/
/. Z8
I. ~7
/.53
1.5'S

8.''-
s: lZ
'/.4/

3.''''
2.7'-
2.I/S

3S

~.o

3.0

Z.S

z.

Time (Te) (hr./min.)



• LINE

HEC-1 INPUT

1D 1 2 3 4 5 6 7 8 9 10

PAGE

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

1
2

10
10

SAMPLE HEC-1 RUN USING TECHNIQUES PRESENTEOIN THE
HYDROLOGIC DESIGN MANUAL FOR MARICOPA COUNTY

10 EXAMPLE NO. 4 - CLARK UNIT HYDROGRAPH. UNDEVELOPED BASIN
* *******************************************************x.wwwww*.*._*.* ***

* ***~**~****************************************************w**** *******_.*

4
5
6
7

ID
10
ID
10

RAINFALL: 2-HR. loo-YR POINT RAINFALL DEPTH OF 2.70 INCHES
HYDROGRAPH: CLARK - Te &R FROM WORKSHEET,NATURAL TIME-AREA CURVE
LOSSES: GREEN & AMPT
SUBBASIN AREA: 0.86 SQUARE MILES

8
9

IT
10

5 03JAN92
o

ooסס 40

* ****n************************************************* wwwwx*_www*w_x • _

•

10
11
12
13
14
15,
16
17' .

~~;V,:~:.
20,;;'
21
22''''''''''
23f" ..
24
25
26

,;--_.,

"~". .

KK BASIN4
KM COMPUTE DISCHARGE AT OUTLET OF SUBBASIN NO. 4
KM 2-HOUR RAINFALL DISTRIBUTION WAS USED TO FIND TC & R FOR THIS BASIN
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF1.oo0
SA .860
IN 5
KM RAINFALL DEPTH OF 2.70 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
PB 2.700
KM THE FOLLOWING .PC RECORD USED A 2-HOUR RAINFALL DISTRIBUTION
PC .000 .011 .018 .023 .028 .032 .046 .071 .100
PC .176 .232 .327 .601 .743 .863 .901 .930 .954
PC .970 .979 .982 .992 1.000
LG .190 .390 6.200 .160 18.000
UC .438 .222
UA 0 3 5 8 12 20 43 75 90
UA 100
ZZ

.137

.962

96



: j

•**.*****k*~********~********.*****.*~******.*******.***.***~*.******.*~**************••********.***~**k******************,***_**~*K~

HYDROGRAPH AT STATION BASIN4

~************************************.******************'**********~**********.* ••***************.*.*************~****************~
*

DA NON HRMN ORO RAIN LOSS EXCESS COMP Q * DA MON HRMN ORO RAIN LOSS EXCESS COMP Q

*
3 JAN 0000 1 .00 .00 ,00 0, * 3 JAN 0140 21 ,02 ,02 .00 1131 .
3 JAN 0005 2 ,03 .02 .01 0, * 3 JAN 0145 22 ,02 ,02 .00 829.
3 JAN 0010 3 ,02 ,02 ,DO 1, * 3 JAN 0150 23 .01 ,01 .00 592 .
3 JAN 0015 4 .01 ,01 ,00 3, * 3 JAN 0155 24 .03 .02 .00 417 .
3 JAN 0020 5 ,01 . 01 ,00 8, * 3 JAN 0200 25 .02 ,02 ,DO 293.
3 JAN 0025 6 .01 .01 .00 13, * 3 JAN 0205 26 ,00 ,00 .00 207.
3 JAN 0030 7 .04 ,03 .01 15, * 3 JAN 0210 27 .00 .00 ,00 148 .
3 JAN 0035 8 .07 ,06 .01 16. * 3 JAN 0215 28 ,00 .00 .00 108.
3 JAN 0040 9 .08 .06 ,01 19. * 3 JAN 0220 29 ,00 .00 .00 77.

'3 JAN 0045 10 .10 ,08 ,02 27, * 3 JAN 0225' 30 .00 .00 .00 53 .
3 JAN 0050 11 .11 .09 .02 40. * 3 JAN 0230 31 ,00 ,DO .00 35.
3 JAN 0055 12 .15 ,09 ,06 59, * 3 JAN 0235 32 .00 ,00 .00 18.
3 JAN 0100 13 ,26 .07 ,19 88. * 3 JAN 0240 33 .00 .00 ,00 10.
3 JAN 0105 14 .74 ,06 ,68 166, * 3 JAN 0245 34 ,00 ,00 .00 4.
3 JAN 0110 15 ,38 ,06 ,33 335. * 3 JAN 0250 35 ,00 .00 .00 3.
3 JAN '0115 16 .32 ,05 ,27 692. * 3 JAN 0255 36 ,00 ,00 .00 2.
3 JAN 0120 17 .10 .05 ,05 1268, * 3 JAN 0300 37 .00 ,00 ,00 1 .
3iJ'AN 0125 18 .08 . ,OS .03 1690, 3 JAN 0305 38 ,00 .00 .00 1,
3 ':JAN 0130 19 .06 .04 ,02 1718. * 3 JAN 0310 39 ,00 ,DO .00 O.
3 JAN 0135 20 ,02 ,02 .00 1477. 3 JAN 0315 40 ,00 ,00 .00 O.

*********************************************************.*_**.*.*_•• _.***.************.****•••******••*************************w**

TOTAL RAINFALL =
~AK FLOW TIME

+ (CPS) (HR)

2.70, TOTAL LOSS = .96, TOTAL Excess ..

MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR

1.74

3.25-HR

(CPS)
+ 1718. 1.50 297. 297. 297, 297.

(INCHES) 1,736 1.736 1,736 1.736
(AC-FT) 80, SO. SO. 80,

CUMULATIVE AREA .. ,86 SQ MI

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
+ BASIN4 1718. 1.50 297. 297. 297, .86

*** NORMAL END OF HEC-1 ***

•



FL.ooD,CONTROL OISTBICT' OF MARICOPA COUNTY
b:':_i );t "'. \ _I', ' ·,tl.'"\<~ .,', ',',

PROJECT. Ii '/I)!. a~.1-.~lJuL_~.lLli!J:.L ._.__. PAGE _L-,OF _.:7._
DETAIL "~~_BL_Af..£J..h:A.T(~COMPUTED __., DATE __._

- fXf\r.1e..1.. c =#? .-,-__ CHECKED BY _ DATE' _

SOfNAR.iO ~ ]U:VC/'DI' Tfll:F AI'P~p/?..IArl:t L/""r-f::.p.",oJl AND tJ/.5CI/Alfuc Ate. Ilfc

roLL oWIA/r.-BA$OY'

•
51cfJ 1

.AlecA (11) :: 5'./1 '}M(..2-

L.';:1I/4 Til "F Witte/( Cr;(/IfSc (L) -= S.l. ""l.
(fIl.I#M THe pl./Tt.eT To THe ~MI"'If"6 B,'hlAI'e,/)

LolO/c.rH aF WATel< C"e.t./CSc To If ,e;INT ol'/'IJ.51Tt: To CElI/r~DltJ (L.CA)::: S,() h1,.(.

:51.r.'P£ (s) -= ~-:: ~1,,-IS-()a =2(,~/t /nfI(.'
L.. SoL

LLCA,.

s '/J-
( "S •2.X~ .0) ;;: • Cf5

ZL.1 " ...

• S,ygfl2: Cal'1fJAIU WITH IIYL)IC#J.IJ~IC.,f."7 '5'/n,'-""1( w/ttt:1'f S".NCOs. /H r'~~UC(P..A-"3t

C,I'1I'AR.E vi/Til Tile J...!., c.~ / S I/z, dF r/(;.£II'?': 5./1 IN (/Ie H/.JO.ef)~c...-c:..

lJ~SI("~ I1ANU/f'-. THIS 5r",~fO '05 I"'Tc",~e:~ 7i:J HeLJO WI Til k€ 5(:-4(..::-(.710.,)-

5

L.c....

•
S'NCe L i.C4 i/S I/J.._ ,lJ1t..E. ~CLATtI/cf",/ C(.C.$c- ~ Tlfe-Sf? TlC!o .8ASIJ'I/.J

"!l,(e {JD"5,j)~l!.ctJ I/tt>~OL.f) '" C/1uy SOtf".. -11t II. EAr"fll vv'/\ ~ H ,-1/1$ A

K;' VAL-we of • oS .

{.ISc /=::/c."LD oBJt3117HrT'oI'IS- "N T11ti J,tlttJ/<~"41'- N"'T'iAL.::$ of TliE·

I'1A(4 wA-rc~ C.DUI(SG~ A"'.tJ A!.6'II(..I~'N~ ntlf' :;!(aNIr/CA.NC(:~ of K.~ -= .05

cS r~8("IS H IF ." 5 /5> /#/'/'!!.4I'lfell'1 ref ;="0'< 'Iou I? 13A'sI..v.
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FLOOD CONIR'OL' DISiRICTOF MARICOPA" CO.UNTY
, .-

PROJECT __,.fly"IjK.;~:§K~IANtJAL PAGE ~OF ~_ '

EXftMPLF\~:,:5"'~ . COMPUTED _ •..__" DATE _' _

- CHECKED BY __. DATE __

~ WitTSSHct) 8" 1/1'1/J"'~ t

4 EI.E~.. rIDN rll9~K

/liT!>



DETAIL __~- a.P.~~~COMPUTED,..

FLOOD CONTROL',DISTRICT. OF ,MARICOPA COUNTY
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37 74 14871 152.8 1.436
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.. RUNCATE 06/19/1991 TIME 14:45:00"

.~*****~**~*****~*~*******~*t~**.*.******..

.. FL.OOD HYDROGRAPH PACKAG~ (H[;C-1)

.. SEPTEMBER 1990 ..

.. VERSION 4.0.. ..

~*.";t.** ****"** *.* .****,* ***1.-* * * ** ** * It Jr ***

•

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER

609 SECOND STREET
DAVIS,' CALIFORNIA 95616

(916) 756-1104 •

........
•......

•
***.~**********************************

x X XXXXXXX XXXXX X
X X X X X xx
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X xxxxxxx XXXXX XXX

•
THIS PROGRAM REPLACES ALL PREVlOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE. SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
OSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

•



• LINE

tlEC-1 INPUT

Itl. 1 2 3 4. ; ' 5 6 7 ', .R , .. 9 10

PAGE

* *******.*********************************~******w******.* ••• **************

1
2

3

lD
10

to

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

EXAMPLE #5 S-GRAPH APPLICATIONS
* ***~**********************************************************_.**********

4
5

IT
10

10
5

300

w***~*+.*************~~******************************** w.**.**.****.*w***_*.***.****.******************.********************•

6
7
8
9

10
11
12
13
14
'15
16
17
18
19
20
21
22
23
24
25

J<J(
KM BASIN BAS-A
KK; THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
KM La 27456.0 Lea- 15840.0 Sa 269.0 Kn=. 040 LAG= 56.5
KM PHOENIX MOUNTAIN S-GRAPH WAS USED FOR THIS BASIN
lOA 5.19
IN 15
KM RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB
KM AN AREAL REDUCTION COEFFICIENT OF .959 WAS USED
PB 3,26
KM THE FOLLOWING PC. RECORD USED A 6-HOUR RAINFALL WITH PATTERN NO.
PC .000 .011 .017 .027 .039 .049 .060 .070
PC .104 .118 .139 .184 .270 .458 .685 .822
PC .949 .962 .974 .988 1.000
LG '.25 .35 3.50 .25 10.00
UI 309. 790. 1682. 2302. 3300. 2382. 1788. 1508.
UI 763. 666. 482~ 383. 336. 237. 208. 151.
UI 59. 59. 59. 59. 59. 59. O. O.
UI O. O. O. O. O. O. O. -0.
II

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

RECORD

2.35
.080 .091
.889 .929

1244~ 963.
151. 89.

O. O.
O. O.

•

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD
OPERATION STATtoN FLOW PEAK

6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
3618. 4.67 908. 229. 111.

xxx NORMAL END OF HEC-1 ***

BASIN
AREA

5.19

MAXIMUM
STAGE

TIME OF
MAX STAGE
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" Fl.OOO HYDROGRAPHPA(;KAGE . (HEC;.1)"
k SEPTEMe~R 1990 "
;, VERSION (~.O "

"
" RUN DATE 06/19/1991 TIM.E 12:42:11 "

x X XXXXXXX XXXXX X
X )( X X X XX
X X X X X
XXXXXXX XXXX X X)(XXX X
)( )( )( )( )(

X X X X X X
X X XXXXXXX XXXXX XXX

*********************************ft*****

" "
" U.S. ARMY CORPS OF'ENGINEERS "
" HYDROLOGIC ENGINEERING CENTER

" 609 SECOND STREET "
" DAVIS, CALIFORNIA 95616 ".. (916) 756-1104 "" ;,

**********************~**********~*****

•

•

THIS PROGR!\II REPLACES All. PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

TH(~~hEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973~STYLE INPUT STRUCTURE.
THE>.DEF INITXON 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 !..lAVE: NEW FINne DIFFERENCE ALGORITHM



'* ******************************************************************************

'It ************************************_*****k**********.************************

* *******************************************~******************************.***

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

PAGE

96

.076

.939

90

OF 1.89
.067
.904

754320128

100

5

RECORD USED A 6-HOUR STROM WITH A PATTERN No.
.016 ,025 .034 .042 .051 .059
.120 .160 .2.48 .443 .710 .845
.976 .988 1.000

7.000 .300 12.000

THROUGH BASIN-B USING KINEMATIC WAVE ROUTING
2

.0008 .015 TRAP 30 .75

5
5

BAS-·A
COMPUTE PEAK DISCHARGE AT THE OUTLET OF BASIN-A
6-HOUR RAINFALL, PATTERN NO. 1 .89 WAS USED TO FIND TC &R FOR THIS BASIN
ABOV~PATTERN NO. BASED ON A TOTAL WATERSHED AREA OF 2.3 SQ. MILES.
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .98
1.800

15
RAINFALL OEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOlJNBY THE PB~ECORD
3.326
THE FOLLOWING PC

.000 .009

.087 ,'100

.951 .964

.170 .280

.817 .440
o 3

100

ROUTE
ROUTE

1
5966.4

IT
10

HEC-1.· ! NPUT

ID SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE
10 HYDROLOGIC DESIGN MANUAL

10 EXAMPLE # 6 - KINEMATIC WAVE ROUTING
* *********... ********.*********_•.***** _*.*•• __ •• *••_*__'It.*.__'It.''It'll'll**_**_ **********

KK
KM
KM
KM
KM
BA
IN
KM
PB
KM
PC
PC
PC
LG
UC
UA
UA

KK
KM
KO
RK
11

•
LINE

1
2

3

4
5

6
7
8
9

10
11
'12
13
14
15
16
}7
18
19
20
21
22

• 23
24
25
26
27

*** ".*** It**, .*. **. ~;:* *** 'lfnnk *** *__ .*. 'It •• *** ••• *** *** '••• *.t* :If** *** *** *** ***'.'.** *** *kt_ *** .-*** ,-*** **.' *** *** ***

COMPUTED KINEMATIC PARAMETERS
VARIABLE TIME STEP

(DT SHOWN IS A MINIMU~)

ELEMENT ALPHA M DT OX PEAK TIME TO VOLUME MAXIMUM
PEAK CELERITY

(MIN) (FT) (CFS) (MIN) (IN) (FPS)

MAIN .36 1.58 2.76 1988.80 1673.94 281.12 1.56 12.66

CONTINUITY SUMMARY (AC-FT) - INFLOW.. . 1499E+03 EXCESS- .OOOOE+OO OUTFLOW= .1499E+03 BASIN STORAGE" . 2637E+OQ PERCENT ERROR" -.2

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

MAIN .36 1.58 5.00 1670.00 280.00 1.56

***************************************************************************~*********************w*********************************

•
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10225 30.1
10230 31.1.
10235 32.1
10240 33.1
10245 34.1
10250 35.1
10255 36. I
10300 37 .1
10305 38.1
10310 39.1
10315 40. I
10320 41 .. 1.
10325 42.1
10330 43.01
10335' 44.01
10340 45.0 I
10345 46.0
10350 47. 0
10355 48. 0
10400 49. 0
10405 50.
10410 51.
'10415 52.
10420 53,:'
10425 54~

10430 55,
10435 56.
10440 57.
10445 58 "'1'.,

10450 59.

•

10455 60.
10500 61.

.10505 62.
10510 63.
10515 64.

~., 10520 6~ ... ,J¥{;;',
• 10525 66."'" '"

10530 67.
10535 68.
10540 69.
10545 70. .1 0
10550 71. .1. .0.
105$5 72. I .0
10600 73. 1 0
'10605 74. I 0
10610 75. I 0
10615 76. I 0
10620 77. I 0
10625 78. I 0
10630 79. 10
10635 80. I 0
10640 81. 10.
10645 82. I 0
10650 83. I 0
10655 84.10
10700 85.10
10705 861 0
10710 8710
10715 8810
'10720 8910
10725 90IO
10730 9110.
'10735 9210
10740 9310
10745 941

.10750 951

•



•

ISTAQ ELEMENT or

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

INTERPOLATED TO
COMPUTATION INTERVAL

PEAK TIME TO VOLUME OT PEAK TIME TO
PEAK PEAK

VOLUME

2.76 1673.94 5.00 1670.00ROUTE MANE

(MIN) (CFS) (MIN)

281.12

(IN)

1.56

(MIN) (CFS) (MIN)

280.00

(IN)

1.56

CONTINUITY SUMMARY (AC-FT) -'INFLOW" >.1499E+03EXCESS=.OOOOE+000UTFLOW= .1499E+03 BASINSTORAGE= " 2637E+OOPERCENT ERROR= -.2

~~RMAL END OF HEC-1 ***

•



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

-~-----_._-_. __.__. . CHECKED BY .. .,~ DATE _. _

D£'vct~p h'uS~/Al4UH ROllT/Nt; PARAHf£TcRS FOR
T#€" P~/HA~Y CHANNEL. IN SUB,BASIN# 2 I USE:
!-IEC -i ro ~ENERATE A F400D h'Yj)RO~RAPN AT
CONC£N"'~ATION Pt:>lNT A J ,111:/11 !?()UTG" I r FA'OM
I'¢INT A Tt:J PO/NT B.

<Z
-- r:i\ \ ACT(.,(AL C#-/ANNEL LEN(firlrl

__"_" ~', ~--...'-- P"~O/t1 A Co Il: /.2S"Mi.

~, \ 125'0'-..--- .. ---....... \ /
~--~-. Ib..·.

---. I~ -.--••~

( 0 ..~;'
I

,ii~.

SCENA.RIO:
..~ -

•
STeP ;1 :

..--~l
DEVeL.OP HUSKIN~UM PARAJ1e-rGRS

ASSUME" AN AVE"~A~E' CHA.NNEL X.-SECT/CN Fo~rl-le P/i.'/HARY
C/./ANN£L IN S'lS13ASIN #' 2 :

A. CALCULATE" tHE AVE"RA§:E.'" Vt:LOCITY lISIN§ tlANNII.J§'s Ec;Jt\/:

A = (b + =~)!:i:: (zS" +- (I )(z» 2 = S~ ,et: 2

P = b of- 2~ (/ + e2) Yz. ::. 2 S' + (~) ( 2) ( J+ J e) Yz. = 30..", I"t:

R = A/p.:: .5"1 rtl. / 3~. ~b ~r = I. 7G I f"'t:.
5:: (/2S~/~1/90) / (J.2S fI1i x .5"280 f'$/,.,i) :: 0.0091 f't'/Ft:
n:: O.O¥O

• V~ /.~, R%SV, ~eo~~)(/.761tGOO1It~ s:/S F%



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJECT . .'- ._'-__. ._.____ ___~PAGE ..?:.. OF~

DETAIL CXA 1'1Pi c _:d" 7- COMPUTED . DATE __~

_____~ .•.~ o._ CHECKED BY.o DATE _

£3. £STlrtAT€ rt-OOPWA,v't: VE"i.OCITY· (V,.,) :
SINCe A WIDE rRAPEZ~/£)AL ch'ANNEL IS fJe-..sr APPRo){IHATEl>

I3Y A 'WIDE RECTAI"'$ULAR CHANNeL I cJ.I"".$c V,.,,/v::, /., 7 r/?Oj4f

THE rA/jLE" IN SECrICA/7.'. D.
V,.,:: I." 7 V = I." 7 ( S. /8 ~% ):: 8.'5" F~

C. CALCI../L.A IF K:
J{ ~ /.lS' fl'Jl x 5280 t! x 8.~s: if x 3,100 1: =: O. 2/2. hr.

;

D. ESTIMAT£" X:

SINCE" T,.L/IS IS Ah/IOIF'" SHALLOW C/-IANN€L WlrN
A L.OW .5L.OPE'1 CHOOSe X.:: 0.,20

•
E. CHt:cK. 0 NSTPS :

/VSTf'S l1(,/sr BE' WITHIN THE'" FaLLoWING LIM ITS:

I L. (ANSKK>< 60) tt._J_ N/fliV' ::.S /'"fIlVOrES
2. (I-X) - (tVHIN)< NSTPS) - 2X

OK .'

I

2(. Z)

=- /. 27) . {. 2S ~ I. z7 of 2. S I

2.sY 6

.2120 x '0..:....;;;;.......;;;..--!=
(S) ( I)

I
2(1-.2) £:.

• ~Z5' =.

.2/2 x (.o

.5"",'1( 2

TRY l,,'S r,Ps = I :

TRy tVST;:'S =- 2 :

STEP 2 eNrc~ TN~ CA,LCc..U.. ATI:P/'t(/,SJ<ING,UI'1 rARA!1€'TeJ(S
IN,t1 AN h'e'C-l F'1t.,e ON TI--IE' RM CAROl AS IN
THE" Ft:JL""WIN9 EXAMPLE. .HAND CALCUL.A TIOI'J

PROCS'Ot(~e$ FtJl< T"h'IS I'1crri-/tJf:) CAN 8 c FOUN.D IN
i'1()ST 1-I'r'J)~(jl.O($'r' TEXTBOoKS,

•



.*********************~****~**~*****.~~..
1<

.-
*..
*..

·>
FL.OOD HYDROGRAPH PACKAGE (HEC-1)

SEPTEMBER 1990 ..
VERSION 4.0 ....

RUN DATE 08/28/1991 TIME 13:13:09"..

..
,.
..
......

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENT~R

609 SECOND STREET
DAVIS, CALIFORNIA 95616

(916) 756-1104

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X )( X X
X X X X X X
X X X)(.l(XXXX XXXXX XXX

************** ***********.***********'tf __·It

-.....'.

•

~~JS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.
%i-'I»·-

THEiDEFINITIONS 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: OM1BREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
OSS::READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



* ************************************************************kk********.*******

* *****************************************.*************************************

,*: ** ** *** '* '* .**kk*,*,* •.*_ **** ** ******...** *** __ ** ********k***** *** **** *****.,**.**-***

10 1 2 3 4 5 6 7 8 9 _ 10

PAGE

96

.076

.938

90

OF 1.99
.067
.900

754320128

300

5

INFLOW HYDROGRAPH THROUGH THE ROUTING REACH
2

.212 .20

5
5

INFLOW
SUB-BASIN A, COMPUTE INFLOW HYDROGRAPH
6-HOUR RA1NFALL, PATTERN NO. 1.99 WAS USED TO FIND TC &R cOR THI~ bASIN
THIS BASIN USED RAINFALL REDUCTION FACTOR Of .975
2.750

15
RAINFALL DEPTH OF 3.50 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
3.413
THE FOLLOWING PC RECORD USED A 6-HOUR STROM WITH A PATTERN No.

.000 .009 .016 .025 .034 .042 .051 .059

.087 .100 .120 .163 .252 .450 .695 .838

.950 .963 '.975 .988 1.000

.200 .350 4.300 .250 6.500

.400 .205
o 3

100

ROUTE
ROUTE

1
2

IT
10

HEC-1. INPUr

10 SAMPLE HEC-1 RUN USING TECHNIQUES OUTL!NED IN THE
10 HYDROLOGIC DESIGN MANUAL FOR MARICOPA. COUNTY

10 EXAMPLE # 7 - MUSKINGUM ROUTING

KK
KM
KM
KM
SA
IN
KM
PB
KM
PC
PC
PC
LG
UC
UA
UA

KK
KM
KO
RM
ZZ

•
LINE

1
2

:3

4
5

6
7
8
9

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

22
23

• 24
25
26

•



~~ ;f~

•~*. *** *** *** *** *** *** *** ,*** *** *** *** *** *** ***'*** ~** *** *** *** *** *** *** *** *** *** *** *** *** ***. *** *** **k
*·/·...t** oJ,.'*+,'****'i:-!1'

*

*

*
INFLOw ,.

,.

II BA

COMPUTE INFLOW HYDROGRAPH

SUBBASIN CHARACTERISTICS
TAREA 2.75 SUBBASIN AREA

PRECIPITATION DATA

10 PB STORM 3./,1 BASIN TOTAL PRECIPITATIOll

.40 TIME OF CONCENTRATION

.20 STORAGE COEFFICIE~T

14 LG

15

GREEN AND AMP'!'
STRTL

DTH
PSIF

XKSAT
RTIMP

CLARK UNITGRAPH
TC

R

LOSS RATE

.20

.35

4.30

.25
6.50

STARTING LOSS
MOISTURE DEFICIT
WETTING FRONT SUCTION
HYDRAULIC CONDUCTIVITY
PERCENT IMPERVIOUS AREA

ACCUMULATED-AREA VS. TIME, 11 ORDINATES
,0 3.0 5.0 8.0 12.0

***

20.0 43.0 75.0 90.0 96.0

UNIT HYDROGRAPH PARAMETERS
CLARK TC- .40 HR, R-

SNYDER TP- .34 HR, CP-
.20 HR
.88

189.
/,19.

605.
277.

2046.
184.

4185.

122.

UNIT HYDROGRAPH
16 END-Oi-PERIOD ORDINATES
4534. 3290. 2178.

81. 53.
1442. 955. 632.

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

TOTAL RAINFALL - 3.41, TOTAL LOSS - 1.69, 'roTAL EXCESS - 1.72

PEAK FLOW TIME MAxIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 6.17-HR

+ (CFS) (HR)

(CFS)

+ 3835. 4.25 505. 492. 492. 492.
(INCHES) 1.709 1.709 1.709 1.709
(AC-FT) 251. 251. 251. 251.

CUMULATIVE AREA ~ 2.75 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ~** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***



•
18 KK

'*
"
"

*
ROUTE "

"
**************

ROUTE INFLOW HYDROGRAPH THROUGH A ROUTING REACH

20 KO OUTPUT CONTROL VARIABLES

IPRNT 1 PRINT CONTROL
IPLOT 2 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE,

IfYDROGRAPH ROUTING DATA

21 RM MUSKINGUM ROUTING

NSTPS 2 NUMBER OF SUBREACHES

AMSKK •21 MUSKINGUM K

X .20 MUSKINGUM X

*************************************************************************************************************************~*********

HYDROGRAPH AT STATION ROUTE

***********************************************************************************************************************************
DA MON HRMN ORO FLOW " DA MON HRMN ORO FLOW " DA MOll HRMN ORO FLOW * DA MONHRMN ORO FLOW

" * '"

• JUL 0000 1 O. " 12 JUL 0135 20 13. " 12 JU::' 0310 39 20. * 12 JUL 0445 58 2~19.

JUL 0005 2 O. * 12JUL 01~0 21 13. * 12 JUL 0315 40 23. * 12 JUL 0450 59 1941.

JUL 0010 3 O. 'It 12 JUL 0145 22 13. * 12 JUL 0320 ~1 26. '" 1':' JUL 0455 60 1502.

12 JUL 0015 ~ ,) , " 12 JUL 0150 23 13. " 12 JUL 0325 ~2 32. * l2 JilL 0500 61 112~.

12 JULOO20 5 L " 12 JUL 0155 24 13. " 12 JUL 0330 ~3 40. * l~ JUL 0505 62 814.

12 JUL 0025 6 .4. * 12 JUL 0200 25 13. * 12 JUL 0335 44 57. " 11 JUL 0510 63 575 •

12 JUL 0030 7 4. " 12 JUL 0205 26 13. * 12 JUL 0340 45 93. * 12 JUL 0515 64 398.
12 JUL 0035 8 6. " 12 JUL 0210 27 13. * 12 JUL 0345 46 178. " 12 JUL 0520 65 270.

12 JUL 0040 9 8. * 12 JUL 0215 28 13. * 12 JUL 0350 47 355. * 12 JUL 0525 66 181.
12 JUL 0045 10 9. * 12 JUL 0220 29 13. * 12 JUL 0355 48 685. * 12 JUL 0530 67 121.
12 JUL 0050 11 10. * 12 JUL 0225 30 13. * 12 JUL 0400 49 118~. * ·12 JUL 0535 68 82.
12 JUL 0055 12 11. * 12 JUL 0230 31 13. * 12 JUL 0405. 50 1775. * ,12 JUL 0540 69 56.

12 JUL 0100 13 12. * 12 JUL 0235 32 13. * 12 JUL 0410 51 2375. * 12. JUL 0545 70 40.

12 JUL 0105 1~ 12. * 12 JUL 0240 33 14. * 12 JUL 0415 52 2925. * 12 JUL 0550 71 31.

12 JUL 0110 15 13. * 12 JUL 0245 34 15. * 12 JUL 0420 53 3348. * 12 JUL 0555 72 25.
12 JUL 0115 16 13. " 12 JUL 0250 35 15. " 12 JUL 0425 54 3550. " 12 JUL 0600 73 22.

12 JUL 0120 17 13. " 12 JUL 0255 36 16. * 12 JUL 0430 55 3499. " 12 JUL 0605 74 21.

12 JUL 0125 18 14. " 12 JUL 0300 37 17. " 12 JUL 0435 56 3254. * 12 JUL 0610 75 20.
12 JUL 0130 19 13. " 12 JUL 0305 38 18. " 12 JUL 0440 57 2879. *

" " *
***********************************************************************************************************************************

PEAK FLOW TIME MAXIMUM AVERAGE FLOW

6-HR 2~-HR 72-HR 6. 17-HR

+ (CFS) (HR)

(CFS)

+ 3550. ~.42 505. 491. 491. 491.
(INCHES) 1.706 1. 706 1. 706 1.706

• (AC-FT) 250. ZSO. 250. 250.

CUMULATIVE AREA • 2.75 SQ MI



• STATION ROUTE

o.o.O.

. .. "...

O.

I

4000.

I

I

.0

o

o

3500.

I

o

I

O.

o

3000.

I

I

o

2500.

I

• •• 0

I

O.

o

I

o

I

o

I

o ...

I

(1) INFLOli',iO) OUTFLOW
1000. 1500.2000.

o

I

I

.0

1

o

500.

I

o

O.
DAHRMN PER
120000 11--~-.----.---------.---------.---------.---------.-- • ~ .-----~---.-----~---.---J-----.--_--- .---------.

120315 4001
120320 41.1.

120325 42.1

120330 43.01

120335 44.0 I

120340 45. 0

120345 46. 0

120350 47.

120355 48.

120400 49.
120405' 50.

120410 51.

120415 52.
120420''';''53 '

120425 .,>"- ",. "',
120"30''':'"S5:,,'lI!i*',·'

;@.,r;;; ~'120435'56.

120440 57 •
. ;;.0,,;,( 120445 58.

~~~~~~~~ ~~:
;:120500 61.

"';120505 62.
~'i'!:j. j~:"·120510 J3 ..

120515::64.

120520'65. 1 0

120525 66.1 0

120530 67.10

120535 68.10

120540 6910

120545 70IC

120550 71IC.

120555 7210

120600 731

120605 741

120610 75I---------.---------.---------,---------.-----~---.---------.---------.---------.---------.---------.---------,---------.

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS. AREA IN SQUARE MILES

AVERAGE FLOIl FOR ~~IMUM PERIOD

•
OPERATION

HYDROGRAPH AT
ROUTED TO

*** NORMAL END OF BEC-1

STATION

INFLO\~

ROUTE

***

PEAK

FLOIl

3835.

3550.

TIME OF
PEAK

4.25

4.42

6-HOUR
505.

505.

24-HOUR
492.

491.

72-HdlJR

492.

491.

BASIN
AREA

2.75

2.75

MAXIMUM

STAGE
TIME OF

MAX STAGE



•

•

•
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FLOODCONrf:16LoISTAlcrOE,.MABICOPA COUNTY

•

~ WATeR..~HE/) ~DAR.f
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CIJNC~Ni"RATcoN PoIN T
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80 T101'1 WI/) nr 30 r;:-ci
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

. COMPUTED _ ......,, DA TE __

·_-,-_DATE

PAGE Z- OF _2-_'._

EXAMPLE" =* BDETAIL.

PROJECT !tIJ>.e.al.Q 4 u, })G,SI~N dANuAI

® ?I?IOI( To R14"'N/"'~ THe flC'c.-/ !ypf),=t... ~ l~II"NNt:' Cl1l'tle.t7't I'ftJS r SL':' C/lt=L/(.t?.1)

Ip ASJ'IIeG rllA'T THe lJef'rlf ;11'/1) Tile SitU,": 5 LI~6'/l1$ l'K. of'c.1f:1.. 'f S ,,:'cG7~

FtjR,. FLoW C'NI{c..~rANCe:. a rllt!'t( wlse~ TII~ MI./SXI""61UM-CUH~E ,PI2U,,,::/)u..~e W'f...'­

/-faro /'fit TlC!fJ.l.1 EJ<TeNf) rlleCH'*'lt/lllc,134""">A~j(~.s To ~oNrl1l'" TilE N~W.

® Tile /'Iec-I I'~Q Cc!'/)UI!ES 1:>0 ,A-C.C.,t,JNI iCDte Tlic- PletJ;Df?1( :;t!U!'c. TauII' 0/-.:' Th'et CO"""'£'!' M 7: ••• ,

Ttl'f£ STeP. THIS I~ ~o"'£ 8'1 CD~F'J1~"'C:t life SCLCc.rC/) 7il'(e.s reP l3y The C/.5c~

WI Tfl TIle C,,/'1/1t/Tc iJ 7(tt/G Sref'. IF (./;.If{e/iLIS TiC. ~ TTC:NU AT/orJ IS I;;(PIF~It:N.c.cD
..J

-rI-lG 7il1e STeP CA"J &~ A.P.]"u.sf5D AtaA HtJl!c ~c.::Ac.I.5rlC.. VA4'-lc. Tile E/\/C.LOS,,=/)

;-l1?C.-1 f'1!J,.JT()U r IN C,- U()/:.?'S TIfE l5 o/A-Lt.J1f TII"'J elP rile 7il'lc S TcfJ.

rife NI17't..llt.lH.. Ctf!fNNl?I.· ('(/(..L,:=(.7 rilt: NCC./!'JJAIl.'I l:>A TA ~ 14ro/1> Al.S 0

Rol//V£ Tile SC/{crl".Tt~ dF Tlfe CHAN",eL. (!Ie.,s.5 5 ec.nDI'I.

{'tinA/Ncr... ''11'6 ~ iyA TUIt/tt. WI TN SDl1tf l/e~f:-rATldN ANJ) 8AN"- Sr"ltli'~c

CI1/tlllllicL L.elJ.b TN,' /.13 1'1/ -::. 5,~ ~." Feer
A vc((.A("e bef> Tli: 8' peer

CtlAII/Il/€f... SLotDc: '''4()'t FEl?t#ccr

(23 0 ,75)

It"lta HT

Y\: • C.35

I
1-n:- oS I

I
(z.\O,-g\)

•
If" St./rr-/(IG",T CIff'A'l r'/ /$ /V()r f'~O'llac:'J) ;:::o~ FloW CONtI{;-YANCC~ 71f(.: !-Iec"!

l'1oj)EL WIt.L. PR-I"'T /1 WA'<'N/.'I/6r lA/lJlC.II riNG. 71'11'1 T CIIAI4i'I\Ic-<- B,,,I#J)t1£/cs. A€c

eX7e",peJ) FCl,( ~A!._1'61l.. ~D"I/c,//fNC C •



",',

* RUN DATE 06/19/1991 rIME 14:30:15 '"

****************.*******~**************

******k****~***************************

* *
* U.S. ARMY CORPS OF ENGINEERS *

HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET ",'

.* DAVIS, CALIFORNIA 95616 '"
* (916) .756-1104 '"
* '"'"

*
*

(HEC-1)FLOOD HYDROGRAPH PACKAGE
SEPTEMBER 1990

VERSION •. 0

'"

'it~'* ***~f.*'+.;* :k':<-_** 1'( *'/t .•********... * 1t **"** 'k*.*" ****
*

..
'"•

x x XXXXXXX XXXXX x
x x x x x xx
x x x x x
xxxxxxx xxxx x xxxxx x
x x x x x
x x x x x x
x x xxxxxxx xxxxx xxx

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB. AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE ~SED 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

•
\

'. ')-.1



• I.INE

HEC-1 INPUT

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

PAGE

1
2

ID
ro

SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED IN THE
HYDROLOGIC DESIGN MANUAL

* *****************************~******~***************** .******ww*.*w**********_

10 EXAMPLE # 8 - MUSKINGUM-CUNGE ROUTING (URBANIZED CHANNEL)
* ***************************************************************************-**

3

4
5

IT
10

5
5

100

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

* *****.**K.*****_._*_** __ .***_**.***_***_*_*.*__ **_**_*.***www**www******.* __*.

KK ROUTE
KM ROUTE THROUGH BASIN-B USING MUSKINGUM-CUNGE ROUTING
KO 1 2
RD 5966.4 .0008 .015 TRAP 30 .75
ZZ

96

.076
.. 939

90

OF 1.89
.067
.904

7543201285

BAS-A
COMPUTE PEAK DISCHARGE AT THE OUTLET OF BASIN-A
6-HOUR RAINFALL, PATTERN NO. 1.89 WAS USED TO FIND TC &R FOR THIS BASIN
ABOvE PATTERN NO. BASED ON A TOTAL WATERSHED AREA OF 2.3 SQ. MILES.
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .98
1.800

15
RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PBRECORD
3.326
THE FOLLOWING PC RECORD USED A 6-HOUR STROM WITH A PATTERN No.

.000 .009 .016 .025 .034 .042 .051 .059

.087 .100 .120 .160 .248 .443 .710 .845

.951 .964 .976 .988 1.000

.170 .280 7.000 .300 12.000

.817 .440
o 3

100

KK
KM
KM
KM
KM
BA
IN
KM
PB
KM
PC
PC
PC
LG
UC
UA
UA

6
7
8
9

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

23
24
25
26
27•~** *** *** ***~***.*#* **- *** *** *** *** **- *** *** ._* *** *** *~* *** *** *** **. *** *** **~. ~.~ ~+•. *** *** *** *** *** ~**

COMPUTED MUSKINGUM-CUNGE PARAMETERS
COMPUTATION TIME STEP

ELEMENT ALPHA M DT OX PEAK TIME TO VOLUME MAXIMUM
PEAK CELERITY

(MIN) (FT) (CFS) (MIN) (IN) (FPS)

MAIN .36 1.58 5.00 2983.20 1595.11 285.00 1.55 9.81

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

MAIN .36 1.58 5.00 1595.11 285.00 1.55

;ONTINUITY SUMMARY (AC-FT) - INFLOW= .1499E+03 EXCESS= .OOOOE+OO OUTFLOW= .1490E+03 BASIN STORAGE= . 1894E+OO PERCENT ERROR= .4

~*******************,**************************************************************************************************************
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STATtON ROUTE
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(I) ItWLOW, (0) OUTFLOW

.~~~~ ~i~~----_ ..:~~_. ~~:: ~~~------~!:~-----~~~:~--. __ ~:~~~:t~i~ ..~'~~~ __ .. __ ~:~::.. ~~~_ .. ,~~ ,:~ __~~ ,
10225 30. I '
1023031.1.
10235 32.1
10240 33.1
10245 34.1
10250 35. I
10255 36.1
10300 37. I
10305 38.1
10310 39. I
10315 ,40.1
10320 41.1.
10325 42. I
10330 43.01
10335 44.01
10340 45.0 I
10345 46. 0 I
10350 47. 0
10355 48. 0
10400 49. 0
10405 50. 0
10410 51.
10415 52.
'10420 53.
10425 54"
10430 55'Li,
10435 56.

"0" .'p' 10440 57;""';"
10445 58.

;"to, 10450 59.
,10455 60.

,.10500 61.
0505 62.

10510 63.
'.,u'~;-:; 10515 64,,··

10520 65.
10525 66.
10530 67.
10535 68:
10540 69.
10545 70. .1
10550 71. .1 ...0.
10555 72. I. 0
10600 73. I. 0
10605 74. I 0
10610 '75. I O.
10615 76. I 0
10620 77. 1 0
10625 78. I 0
10630 79. I 0
10635 80. I 0
10640 81. 10.
10645 82. I 0
10650 83.10
10655 84.10
10700 85.10
10705 8610
10710 8710
10715 8810
10720 8910
10725 901
10730 911
10735 921
10740 931
10745 941.0750 951



SUMMARY OF KINEMATIC WAVE ­
(FLOW IS DIRECT RUNOFF

ISTAQ ELEMEN1' DT PEAK TIME TO
PEAK

VOLUME

MUSKINGUM-CUNGE ROUTING
WITHOUT BASE FLOW)

INTERPOLATED TO
COMPUTATION INTERVAL

DT PEAK TIME TO
PEAK

VOLUME

5.00 1595.11 5.00 1595.11~OUTE MANE

(MIN) (CFS) (MIN)

285.00

(IN)

1.55

(MIN) (CFS) " (MIN)

285.00

(IN)

1.55

CONTINUITY SUMMARY (AC-FT) - INFLOW~ .1499E+03 EXCESS- .OOOOE+OO OUTFLOW· .1490E+03 BASIN STORAGE- ".1894E+OO PERCENT ERROR-

*~* NORMAL END OF HEC-1 ***
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• LINE

2

3

4
5

6
7
8
9

10
11
12
13
1lt
15
16
17
18
19
20
21

:22

HEC-1 . IilPUT"

fD, " 1. , .. , " .2, ,'.. 3 4 , .. 5 .. , , , .. 6 7, , .8 , ,9 10

ID SAMPLE HEC-1 RUN USING TECHNIQUES OUTLINED' IN THE
!D HYDROLOGIC DESIGN MANUAL
* ***~****************~******.~~*~*******~************** ************************

10 EXAMPLE # 8 - MliSKINGUM-CUNGE ROUTING (NATURAL CHANNEL)
1: ***** ******* **********.************** ***** *******_**************-1t**** **** .. **_* **
IT 5 100
IO 5
* k*U~**********************7***************************************************

KK BAS-A
KM COMPUTE PEAK DISCHARGE AT THE OUTLET OF BASIN-A
KM 6-HOUR RAINFALL, PATTERN NO. 1.89 WAS USED TO FIND TC &R FOR THIS BASIN
KM ABOVE" PATTERN NO. BASED ON A TOTAL WATERSHED AREA OF 2.3 SQ. MILES.
KM' THIS BASIN USED RAINFALL REDUCTION FACTOR OF .98
BA 1.800
IN 15
KM RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
PB 3.326
KM THE FOLLOWING PC RECORD USED A 6-HOUR STROM WITH A PATTERN No. OF 1.89
PC .000 .009 .016 .025 .034 .042 .051 .059 .067 .076
PC .087 .100 .120 .160 .~48 .443 .710 .845 .904 .939
PC .951 .964 .976 .988 1.000
LG . '170 .280 7.000 .300 12.000
UC .817 .440
UA 0 3 5 8 12 20 43 75 90 96
UA 100

PAGE

ROUTE
ROUTE THROUGH BASIN-B USING MUSKINGUM-CUNGE ROUTING

1 2

.05 .035 .055 5966.4 .0008 83.0
200 210 220 230 260 270 280 290
84 81 79 75 75 79 81 83.5•

23
24
25
26
27
28
29
30

* *********~********************************************************************

KK
KM
KO
ao
RC
RX

*** *~* *~~ *** *** kk~ ~*~ *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *j

29 RY
28 RX

ELEVATION
DISTANCE

CROSS-SECTION DATA
LEFT OVERBANK.--- + ------ MAIN CHANNEL ------- + ---

84.00 81.00 79.00 75.00 75.00 79.00
200.00 210.00 220.00 230.00 260.00 270.00

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

RIGHT OVERBANK ---
81.00 83.50

280.00 290.00

STORAGE .00 1.79 3.70 5.74 7.89 10.17 12.57 15.09 17.73 20.49
OUTFLOW .00 8.62 27.65 54.97 89.89 132.07 181.39 237.79 301.29 371.94

ELEVATION 75.00 75.42 75.84 76.26 76.68 77 .11 77.53 77.95 78.37 78.79

STORAGE 23.39 26.51 29.88 33.49 37.35 41.43 45.69 50.13 54.74 59.54
OUTFLOW 455.95 554.26 661.44 777.84 903.73 1039.76 1185.64 1341.30 1506.83 1682.33

EJ.EVATION 79.21 79.63 80.05 80.47 80.89 81.32 81.74 82.16 82.58 83.00

COMPUTED MUSKINGUM-CUNGE PARAMETERS
COMPUTATION TIME STEP

ELEME;NT ALPHA M DT DX PEAK TIME TO VOLUME MAXIMUM
PEAK CELERITY

(MIN) (FT) (CFS) (MIN) (IN) (FPS)

MAIN 5.0.0 1491.60 1287.13 295.00 1.51 4.44

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

MAIN 5.00 1287.13 295.00 1.51• ".'.',.;
ONTINU ITV SUMMARY (AC-FT) - INFl.OW" .1499E+03 EXCESS='. OOOOE+OO OUTFLOW= .1452E+03 BASIN STORAGE= .5683E+00 PERCENT ERROR= 2,7
*********************************~*******~**********~****************************************************************************



STATION ROUTE
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10000 11---------. ------- ..•. - .. -------. -- •. ------ .--------- .. ----- . . .. . •. _... . .. . __ .. .
10225 ·30. I
10230 31. I.
10235 32.1
10240 33. I
10245 34.1
10250 35. I
10255 36. I
10300 37. I
10305 38.1
10310 39.1
1031540.1
10320 41.1.
10325 42.1
10330 43.01
10335 44.01
10340 45.0 1
'10345 46.0
10350 47.0
10355 48.0
10400 49.0
10405 50.0
10410 51. 0
10415 52.
10420 53.
10425 54.
10430 55.
10435 56.
10440 57.
10445 58.

Il
o 59.

60.
61.

1 505 62.
10510 63.
10515 64.
10520 65.
10525 66.
10530 67.
10535 68.
10540 69.
10545 70. .1
10550 71. .1.
10555 72. I .0
10600 73. I O.
10605 74. I 0
10610 75. I 0
10615 76. I 0
10620 77. I 0
10625 78. I 0
10630 79. I o.
10635 80. I 0
10640 81. I .0.
10645 82.1 0
10650 . 83 . I 0
10655 84.1 0
1070085.1 0
10705 861 0
10710 87I 0
10715 881 0
10720 891 0
10725 901 0
10730 91 I 0
10735 921 0

•

0 9310
9410
9510



• RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOWrOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE+ 6-HOUR 24~HOUR 72-HOUR

HYDROGRAPH AT
+ BAS-A 1682. 4.58 301. 220. 220. 1.80

ROUTED'TO
+ ROUTE 1287. 4.92 291. 213. 213. 1.80

ISTAQ ELEMEN'r DT

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

INTERPOLATED TO
COMPUTATION INTERVAL

PEAK TIME TO VOLUME DT PEAK TIME TO
PEAK PEAK

VOLUME

5.00 1287.13 5.00 1287.13ROUTE MANE

(MIN) (CFS) (MIN)

295.00

(IN)

1.51

(MIN) (CFS) (MIN)

295.00

(IN)

1.51

CONTINU~TY 'SUMMARY (AC-FT) - INFLOWz .1499Ei~3 EXCESS=.OOOOE+oo OUTFLOWz .1452E+03 BASIN STORAGE= .5683E+00 PERCENT ERROR~ 2.7

NORMAL END OF HEC-1 ~**•
',',.,"
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Dr.ainage Design }~aqement System for Windows, Versi~n 1.5
Installation Instructions

1) Insert the DDMSW CD in the CD drive (here denoted as X:). The CD conta~

an autorun file and installation should begin automatically. If not, from
the Start menu, type X:\DDMSW\Setup at the RUN command (substitute your CD
drive letter for X) .

2) Follow the instructions on the screen. Once installation has finished,
start the program by double-clicking on the DDMSW icon. You will receive
the following message:

3) Click OK.
4) Next, you will see the following screen:

5) Click "I Agree" .
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S~lect Project•

. '

6 ) Next, you will see the following screen~

•

7) Click the Exit button.
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•

•



•

.'

•

8) Next, you will see the following screen:

9) Click OK.
10) From the pulldown menus at the top of the main DDMSW screen, choose

FILE I SETUP. You should see the following screen:

~System Setup I!lIiIEI

11) To use the DDMSW help files, you must have Adobe Acrobat installed on your
system. Included in the DDMSW installation is the setup file for Adobe
Acrobat 4.0, or you· access the free download from www.adobe.com .



•

•

•



•

••

12) If you do not have the Adobe Acrobat Reader, you can use the installation
file that was included in the setup. Go to C:\DDMSW\ADOBE\ and run the
setup file "rs40eng.exe" Once Acrobat is installed, type C:\PROGRAM
FILES\ADOBE\ACROBAT 4.0\READER\ACRORD32.EXE in the Help Reader block, as-'"
shown in the above screenshot. Note: The exact path may differ from what
is shown. If so, type in the correct path, or use the Browse option (the
button with three dots) to find the correct path.

13) If you already have Adobe Acrobat Reader installed on your system, type in
the correct file path in the "Help Reader" block, or use the Browse option
(the button with three dots) to find the correct path.

14) Similarly, you must also define which text editor DDMSW should use (usually
NotePad or WordPad) by typing the correct file path in the "Text Editor"
block, or using the Browse button to locate the correct file. See above
screenshot for example of using WordPad under Windows NT.

15) For detailed instructions on using the program, please see the User's
Manual, which can be accessed through the HELP pull-down menu, or opened
directly from C: \DDMSW\HELP\MANUAL. PDF .
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The following is a list of all the confirmed bugs found so far. KVL is working to resolve these
issues and we will post the patch on our website as soon as possible. In the meantime, please
be aware of these items (especially 1, 2, 7 and 9) and pass this along to anyone you know who is
using the program. ---

Chris Perry, P.E.
Flood Control District of Maricopa County
602-506-4001 Phone
602·506-4601 Fax
http://www,fcd.maricopa.gov/

1) The program allows the user to duplicate a current Project ID when creating a "new" project
under the File pull-down menu.

2) If a project includes subbasins that use the Desert/Rangeland S-graph, DDMSW issues the
error message, "CSGRAPH not found" when the user chooses the "Develop Draft Model
Data" command from the HEC-1 pull-down menu. DDMSW then creates an incorrect HEC-1
model.

3) When importing soils data, the map units do not show up in "Detail" tab of the Soil Data
editor. Similar problems when importing land uses. This does not affect the data updates or
creation/update of HEC-1 model. The only "problem" is that you don't s~e the map unit label
in the detail tab.

4) Cannot import from latest Excel version - the first record (row) is deleted during the process.
User has to save in Excel version 5.0 format for import to work correctly.

.. 5) Program locks up when it encounters ~ non-default map unit while updating soils data. You
cannot choose a "non-default" map unit from the pull-down, but you can enter one in the List
tab. After that, you can't do anything else in the program. This is essentially a nuisance
issue that results from a typo or other input mistake.

6) If the userspecifies different methods for Basin and Reach Routing, there are errors in the
HEC-1 model routing cards created by DDMSW.

"1) Kb calculated incorrectly in the Rational Method module.
S) DDMSW does not allow user to change the number of ordinates on the IT card - always

forces 2000.
9) DDMSW does not update the HEC-1 file with changes to basin area (BA).




