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EXECUTIVE SUMMARY

An S-graph is a form of unit-hydrograph and is often used in
performing flood studies. S-graphs.are usually defined by the
reconstitution of recorded flood events and numerous S-graphs are
available from such reconstitutions. Exisfihg S-graphs for the
southwestern United States have been compiled and have been presented in
this report. The purpose of this was to attempt to identify S-graphs for

use in Maricopa County.
Fitty-five S-graphs for individual watersheds, and eighteen S-graphs

 that are classified-for regional use have been identified. Twenty-fwo S-

graphs have been identified that were developed or defined for use in
Maricopa County. These S-graphs are from reconstitutions of flood events
from nine natural watersheds that are predominantly mountainous areas and
one urbanized watershed. The majority of the S-graphs are from data for
Southern California and have been developed for use in that geographical
region. S-graphs are a function of watershed characteristics and the
shape of S-graphs appears to be significantly affected by sfdrm
characteristics, particularly the maximum intensity of the rainfall. The
characteristics of severe flood causing storms in Maricopa County may be
different than those in Southern California. Therefore, it may not be
advisable to adopt S-graphs that have been developed for Southern
California and to apply these to watersheds in Maricopa County becéuse of
possible diffferences in rainfall characteristics in these two areas that
may affect the shape of the S-graph.

Presently, there is not a large enough data base of individual S-
graphs from a variety of physiographic aréas or regional S-graphs that
have been developed for Maricopa County to make recommendations for the
selection of S-graphs for watershed types that exist in Maricopa County.

A separate Unit-Hydrograph Study is presently being performed. That study
will result in the preparation of S-graphs from reconstitution of flood
events for numerous small urban watersheds in Arizona, New Mexico, and
Colorado, and some smaill natural watersheds in Arizona, New Mexico, and
Wyoming. The results of the Unit-Hydrograph Study and this S-Graph Study
will be used to maeke a decision on the use of S-graphs for flood analysis
in Maricopa County. The S-graphs from these two studies would pfovide the
data base for the selection of appropriate S-graphs for use in Maricopa

1




County if the decision is made to use S-graphs.
The use of S-graphs requires a procedure to estimate basin lag for
ungaged watersheds. Preliminary prediction equations for lag are '

presented that are based on readily obtainable watershed characTerisflcs.

| W

I+ is possible fto synthesize S- -graphs using the Clark unit-hydrograph
procedure. These synthesized S-graphs are similar in shape to the S-
graphs that have been compiled In this report. |t may be possible to
develop empirical methods for the estimation of Clark unit-hydrograph
parameters for ungaged watersheds in Maricopa County. Such a procedure
may provide greater flexibility in fitting unit-hydrographs to the
different physiographic types of watersheds in Marncopa County than could
be achieved by the selection of a imited number of S-graphs. The
development of Clark uan‘—hydr‘ogr‘aph parameters from flood reconstitufions

is being performed in the Unit-Hydrograph Study.
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SECTION. 1
INTRODUCT I ON

Purpose

This repoff provides a compiliation of S-graphéyfor Maricopa County,
Arizona, and the southwestern United States. These S-graphs were
developed by either the U.S. Army Corps of -Engineers or the U.S. Bureau of

Reclamation in the performance of flood studies by those agencies. The
purpose of this S-Graph Study was to compile existing S-graphs for
possible use in performing flood studies in Maricopa County.

A preliminary draft of the S-Graph Study reporf'was’submiffed to the
Flood Control District of Maricopa County in March 1987. Several
recommendations were provided in that report to expand the base of S-
graphs and also to investigate the development of unit-hydrographs by the
method of Clark. A subsequent data study (11 May 1987) indicated that
there is a large base of rainfall-runoff data that is available for flood
reconstitution studies to develop S-graphs and Clark unit-hydrographs for

urbanized and natural watersheds in Arizona, New Mexico, Colorado, and

o i o _

Wyoming. ' A .
A Unit-Hydrograph Study was authorized by the Flood Control District
of Maricopa County to compile additional, unpublished S-graphs for
Maricopa County from Tﬁe files of the U.S. Army Corps of Engineers, Los
Angeles District, and to perform flood reconstitutions of the rainfall-
runoff data that had been identified in the data study. .This réporf
presents the results of the S-Graph Study plus Tﬁe addiftion of the 22
unpublished S-graphs for Maricopa County from the Unit-Hydrograph Study.

General
An S-graph is a dimensionless form of a unit-hydrograph and it can be

used in the place of a unit-hydrograph in performihg flood hydrology
studies. The concept of the S-graph dates back to the development of the
unit-hydrograph itself, although the application of S-graphs has not been
as widely practiced as that 6f the unit-hydrograph. The use of S-graphs
has been practiced mainly by the Department of the Army, Los Angeles
District, Corps of Engineers (referred to as the Los Angeles District),
and the U.S. Bureau of Rec!amafioﬁ (USBR). Recently the S-graph has been
adopted as the unit-hydrograph procedure by Orange and San Bernardino
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Counties in Califofnia and selected S-graphs are presented in their
hydrology manuals. The S¥graphs in those hydrology manuals have been
selected primarily from S-graphé that had been previously defined by the
Los Angeles District from a rather long and extensive history of analyses
of floods in California.

- S-graphs have been developed for use in Arizona. S-graphs have been
developed for the Phoenix vicinity, for Indian Bend Wash, and the Gila
River Basin. The availability of S-graphs for adoption by the Flood
Control District of Maricopa County (referred to as the Flood Control
District) has been investigated and is presented in this report.

A major consideration for the selection of the S-graph technique by
the Ffood Control District for use in flood hydrology should be
computational ease. An S-graph can be converted fo a unit-hydrograph by
relatively simple hand calculations, or computer programs can be coded to
perform this conversion. The resulting unit-hydrograph can then be used
to transform rainfall excess into a flood hydrograph, or i+ can be used as
input to a rainfall-runoff model such as HEC-1. A program is available to
preprocess an input file containing S-graph data and to convert that file.
into an input file for HEC-1. This program, LAPRE-1 coded by the U.S. .
Army Cdrps of Engineers, Hydrologic Engineering Center, is available to
the Los Angeles District, and this program greatly facilitates the use of
S-graphs.

Existing S-graphs for the southwestern United States have been
compiled and are presented in this report (Appendices A and B). “Although
an effort has been made to compile all such S-graphs for this geographic
area it is anticipated that some S-graphs have not been located. The
major emphasis has been to compile S-graphs for Arizona, and the secondary
emphasis was fo compile S-graphs for physiographically and hydrologically
similar watersheds for the possible application of those S-graphs for use
in Maricopa County.

The physical characferiéfics of the watersheds fdr the compiled S-
graphs have been documented. However, watershed characteristics have not
been readily available for some S-graphs. Since many of the S-graphs were
developed some time ago (into the late 1930's and 1940's) it Is not:
possible fo obtain complete documentation of all watershed conditions.
More importantly, these watershed conditions are only of value to the
Flood Control District if there is potential for the transposition of
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those S-graphs from the watershed of development to a watershed in
Maricopa County. If such transposition is possible then watershed
characteristics are needed so that S-graphs can be applied to ’
physiographically similar watersheds. |t has not been ascertained at this
time that such S-graph +ran5posifion is possible between Soufhern
California and Maricopa County. , ,

The application of an S-graph requires the estimation of basin lag.
The traditional equation for estimating basin lag has been investigated.
This equation is not dimensionally homogeneous, and a modified form of
this equation has been provided that is dimensionally homogeneous.
Application of the traditional equation for lag requires the selection of
a basin average resistance factor that is very subjective resulting in
uncertainty in lag estimation. The modified form of the lag equation
requires the estimation of a coefficient, and two preliminary equéfions
are presented for evaluating the coefficient. One equation is for natural
(undeveloped) watersheds in the southwestern United States, and the ofher
equation is for urbanized watersheds. These equations should be evaluated
and modified as necessary by use of data specifically for Maricopa County-
and small urban watersheds before these equations are generally accepted
for use in Maricopa Counff. Such an expanded data base will be available
at the completion of the Unit-Hydrograph Sfudy that is currently
underway. A decision will be made during the Unit-Hydrograph Study on
adoption of S-graphs for use in the Maricopa County Hydrology Manual. If
the decision is made to adopt S-graphs as the criteria then it is planned
1o develop lag prediction equations and procedures. These preliminary
equations can be used as a starting basis for the development of such
equations.

Indirect methods to develop synthetic S-graphs have been
investigated. 1t has been determined that S-graphs can be synthesized
from the Clark unit-hydrograph and that such S-graphs are similar to S-
graphs(fhaf have been deveioped from flood reconstitutions. Therefore, it
may be preferable to adopt a unif—hydrograpQ'procedure rather than select
a limited number of S-graphs for application throughout Maricopa County.
The Clark unit-hydrograph is particularly attractive for such a purpose
because the usé of a ftime-area relation allows the unit-hydrograph to be
tailored for the specific watershed. |In essence, the Clark unit-
hydrograph has an infinite variety of shapes depending upon parameter

5
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selection Including the fime-area relation. It may be possible to develop
empirical methods to estimate Clark unit-hydrograph parameters for use In
Mar icopa County. The Clark unit-hydrograph is an option in t+he HEC-1
flood hydrology mode! and is geperally available for use by the

it WM

engineering community.

In the preliminafy report of this study (March 1987), only a few S-
graphs were identified for Maricopa County. Data was idenfified in the
preliminary report that could be used to define additional S-graphs for

Maricopa County. It was reported that the Los Angeles District had
unpublished file data containing S-graphs from the reconstitution of 22

flood events in Marjcopa County. ' This file data has been obtained in
conducting the Unit-Hydrograph Study and these S-graphs have been

incorporated in This report.

e A T W

!
i'




| .
'

SECTION 2
COMPILATION OF EXISTING S-GRAPHS

Definitions

S-Graph- An S-graph is a dimensionless form of a unit-hydrograph in which
discharge is expresséd in percent of ultimate discharge and time Is

expressed in percent of lag.

Lag- Basin lag is the elapsed time, usually in hours, from the beginning
of an assumed continuous series of unit rainfall excess increments over
+he entire basin fo the instant when the rate of resulting runoff equals
50 percent of the basin ultimate discharge. The in+ensi+y of rainfall

excess is 1 inch per dufaTion of computation inferval (D). An equivalent

~definition of lag is the t+ime for 50 percent of the total volume of runoff

of a unif-hydrograph to occur.

Ul+imate Discharge- Ultimate discharge is the maximum discharge that will

be achieved from a particular watershed when sub jected to a continuous
intensity of rainfall excess of 1 inch per duration (D) uniformly over the
basin. Ultimate dischafge (Qulf)’ in cubic feet per second (cfs), can be

calculated from Equation 1

645.33 A
= —— ‘ 1

QuH’ D

where A is drainage area, in square miles, and D is duration of the 1 inch

of rainfall excess, in hours.

Rainfall Excess- Rainfall excess is that portion of applied rainfall after

all rainfall losses have been satisfied. Rainfall excess is equal to the

equivalent uniform depth of surface runoff.

Unit-Hydrograph- A unit-hydrograph is a time distribution of the rates of

runoff that would result at a particular location in a watershed from 1

inch of rainfall excess of specified duration occurring uniformly over the

entire watershed.



Development of S-Graphs

S-graphs are deVeIoped by summing a continuous series of unit-
hydrographs, each lagged behind the previous unit-hydrograph by a time
interval that is equal to the duration of rainfall excess for the unit-
hydrograph. The resulting summation is a graphical distribution that
resembles an S-graph except that the discharge scale Is accumulated
discharge and the time scale Is in units of measured time. This graph is
terminated when the accumulated discharge equéls QuH which occurs at a
time equal fo 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 Qulf' This summation
graph is then converted to a dimensionless S-graph by dividing the
discharge scale by Qulf and the time scale by lag, the scales of the
resulting S-graph are expressed as percent Qulf and percent lag,
respectively.

In practice, S-graphs have generally been developed by reconstituting
observed floods to define a representative unit-hydrograph and then
converting this to an S-graph. Prior to the advent of computerized (
models, such as HEC-1, flood reconsfifufién was a laborious task of
rainfall and hydrograph separation afong with numerous hand-cranked
simulations to define the representative unit-hydrograph. Modern S-graph
development generally relies on use of optimization techniques, such as
coded into HEC-1, to identify unit-hydrograph parameters that best
reproduce the observed flood. '

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

‘and the hydrologic characteristics of the rainfalls for the two areas.

This will be discussed In more detail and illustrated with examples in a

later section.




Sources of Data

,. ~ The source of S-graphs and associated data has been reports and file
data of the Los Angeles District, and the USBR. Other sources of S-graphs
‘. and data have been pursued but these have been rejected either because the

basic data was considered unreliable or the S-graphs and data were
Il' - considered as not being hydrologically and geographically representative
of Maricopa County, Arizona. No screening has been performed of .S-graphs;
that is, no checks have been made concerning the adequacy or accuracy of

the S-graphs. The dlgi?i:ed’values of 30 S-graphs have been taken
directly from the |isting of the LAPRE-1 model code with the exception

that an obvious error was detected in LAPRE-1 for SGRH(29). This error
was reported to personnel of the Los Angeles District and an assumed
correction to the data was made. The only criteria for the reporting of
an S-graph in this study was fthat the S-graph was previously prépared and
readily available, and that the S-graph be cohsidered as pofenfiélly

- A e

applicable in Maricopa County.

Presenfafion'of S-Graphs ‘ _
The S-graphs that have been compi-led and presented in this report
have been separated info three groups; (1) individual S-graphs, (2)
reglonal S-graphs, and (3) theoretical or synthetic S-graphs. A listing
of the compiled S-graphs according to each grouping are shown in TTables 1,

2, and 3, respectively. Each S-graph has been assigned a reference number
and will be referred to by that number. Two graphs, at different percent
lag scales, of each of the S-graphs is contained in Abpendlx A, and
listings of the digitization of each of the S-graphs are contalned in
Appendix B. Each S-graph has been digitized at 2 percent increments of
percent Qulf so that this data Is compatible with the LAPRE~1 format.

-ﬂ*‘ ) “‘ ﬁ 3

Individual S-graphs- Individual S-graphs are those that can be identified
with the watershed from which data was used to develop the S-graph. It
should be noted that an individual S-graph is often a graphical average of
several S-graphs that have been developed from the reconstitution of
several flood events for the same watershed. Alternately, when several S-
graphs are available for a watershed, one of the S-graphs can be selected
as being representative of the watershed. For example three S-graphs are
available that were derived from reconstitutions of three different floods

‘” ' ‘ *’M —‘ ) -“ -
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on Indian Bend Wash, December 1967 (#16), September 1970 (#17), and June
1972 (#18). The Los Angeles District selected S-graph #17 as being
representative of the wafershed and #17 is referred to as the Indian Bend
Wash S-graph by the Los Angeles District., ‘

The 55 individual S-graphs are identified in Table 1. Column (3) of
Table 1 indicates the source of the S-graph, and is cross-referenced in
Table 4. Twenty-four individual S-graphs have been identified for:
Arizona, and 22 of these are for events from 10 watersheds In"Maricopa
County. As can be seen in Table 1 many of the S-graphs are for Southern
California.

I+ should be noted that Two individual S-graphs have been identified
that have apparenfly been derived for different types of storm evenfs on
the same watershed. S-graphs #39 is for Santa Anita Creek at San+a Anita
Dam for a general storm, and #40 for the same location for a local sform
(thunderstorm). These two S-graphs are graphically compared in Figure 1,
and it Is suspected that these two S-graphs would result in significantly
different flood hydrology for the watershed. S—-graph #38 is also for the
Santa Anita watershed and this is essentially the same as.#39. This seems
to indicate that the represenfative S-graph for Santa Anita Creek that has
been selected by the Los Angeles District is for a general storm.

The USBR in preparing the Third Edition of Design of Small Dams has

|den+nf|ed six S-graphs for applicatioon in generalized reglonal and
physiographic watersheds. Two of these S-graphs are for the Rocky
Mountains; one is for a general storm (#54) and. the other is for a
thunderstorm (#53). These two S-graphs are graphically compared in Figure

2. S-graphs can be classified according fto both watershed and storm

characteristics.

Reglonal S-graphs- Regional S-graphs are those that are graphical averages
or modifications of indlvidual S-graphs to result in an S-graph that is
represenfaflve of a specified type of physiographic watershed. Table 2
|ists the regional S-graphs that have been identified and compiled. These
S-graphs are shown in Appendix A and the digitized tabulations are in

Appendix B.
Brief descriptions of each of the regional S-graphs follows:

10




Phoenlix Valley, Arizona (#56)- This S-graph was derived from f lood
reconstitutions for the streamgages and storm events shown in Feble 5.

The S-graph from the reconstitution of the September 1970 flood event for
Skunk Creek near Phoenix was selected by the Los Angeles District as being
represenfafive of S-graphs #1 through #11. S-graph #56 Is identical to
#4. This S-graph is for general use in valley and urbanized areas in and
around Phoenix. This S-graph may be applicable to other areas in Arizona.

Phoenix Mountain, Arizona (#57)- This S-graph was derived from fiood
reconstitutions for the sfreamgages and storm events shown iniTable 6.

The S-graph from the reconstitution of the September 1970 fliood event for
New River near Rock Springs was selected by the Los Angeles District as
being represenféfive of S-graphs #12 through #15. S-graph #57 is
identical to #13. This S-graph is for genera! use In mountainous, non-

urbanized areas around Phoenix. This S-graph May be applicable to other

areas in Arizona.

Gila River Basln, Arlzona, basins less than 1500 square miles (#58)- This
S-graph is based on S~graphs for:

1. Blue River near Clifton, Arizona

2. Temecula Creek af Pauba Canyon, California (#28)

3. Murrieta Creek at Temecula, California. (#25)

4. Santa Margarita Creek near Fallbrook, California (#27).
The Phoenix Mountain S-graph (#57) is used by the Los Angeles District In

place of #58.

Gila River Basin, Arizona, basins greater than 1500 square miles (#59)-.
This S-graph is based on S-graphs for: “

1. Gila River near Cliffon, Arizona

2. Gila River at Connor No. 4 Dam Site, Arizona

3. San Francisco River at junction with Blue Rivér, Arizona

4. Santa Ana River at Prado Dam, California.

Average Salt River, Tonto Creek, Verde River, Arizona (#60)- This S-graph
s to be provided in the USBR Third Edition of Design of Small Dams as
representative of the Southwest Desert, Great Basin, and Colorado Plateau.

|+ is an average of individual S-graphs for +he three watersheds.

1







Average for Arizona, from 10 basins (#61)- This S-graph was developed for
use in the Little Colorado River basin of Arizona and New Mexico.

Average Mountain, AZ, CO, NM, UT,WY (#62)- This S-graph was developed by
the USBR, and may be used for. watersheds in the Rocky Mountains when a

more specific S-graph cannot be identlfied.

Coastal San DiegOVCounTy, California (#63)- A single representative S-
graph was developed from a comparison of several S-graphs that had been
derived from flood reconstitutions, and no distinction could be found
between mountain and valley S-graphs. This S-graph was apparently first
reported in a study of the San Diego River (Los Angeles District, 1975).
A reconstitution of 10 floods from five gaging locations for the San Luis
Rey River study (Los Angeles District, 1977) indicated that eight of the
10 derived S-graphs were of the same configuration as #63. The ftwo S~
graph exceptions were considered to be a consequence of insufficient
data. A third study of this area (Los Angeles District, 1981) also states
that "no distinction could be clearly made among valley, mountain, or

urban S-graphs; hence the declsidn to select a single representative S-

graph."

Average of Santa Ynez Rlver, Californlia (#64)->This Is an S-graph that was

developed for use in the Santa Ynez basin.

Southern Calfiornia (#65)- This is an average of #22 and #23 foothil|
watersheds, and has been recommended in the San Bernardino County and

County of Orange Hydrology Manuals for use in foothill areas.

Santa Ciara River, California (#66)- This is an average of #25, #26, #27,
#28, and #36, and was developed for use in the Santa Clara basin.

Whitewater River, California (#67)- This is an average of #25, #26, #27,
#28, #29, #32, #36, #44, and #47. This S-graph has been recommended in

the San Bernardino County and County of Orange Hydrology Manuals for

desert areas.
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Los Angeles County, Valley (#68)- This is an average of #34, and #35, and

is intended for use in valley drainage areas. This S-graph has been

recommended in the San Bernardino County and County of Orange Hydrology

‘Manuals for undeveloped valley areas.

Los Angeles County, Mountain (#69)- This is an average of #30, #31, #38,
and #45, and is intended for use in mountain drainage areas. This S-graph
has been recommended in the San Bernardino County and County of Orange
Hydrology Manuals for mountain areas. This 1944 S-graph has been
restudied (Los Angeles District, 1986) and has been found fo be still
valid for mountain watersheds in the Los Angeles drainage area.

Los Angelés Counfy, Intermediate (#70)- This is a modification of #43 in
which the ftail of the S-graph has been shortened.

Los Angeles County Dralnage Area, Urban (#71)- This S-graph is an aVérage
from the reconstitution of three flood events (1978-1980) at each of four
streamgages (Los Angelos District, 1986). It is used In plaée of #68 and
represents a higher dégree of urbanization sincenS-graph #68 was defined.
This S-graph has been recommended in the San Bernardino County and County

of Orange Hydrology Manuals for developed valley areas.

Los Angeles County Dralnage Area, Foothill (#72)~ This S-graph is an
average of the new San Jose Creek S-graph (#49) and the Verdugo Wash S-

graph (#50).

Urban, USBR(#73)- This S-graph is being presented in the USBR Third
Edition of Design of Small Dams for use in urban watersheds.

Theoretical and Synthetlic S-Graphs- Three S-graphs are listed In Table 3
that are based on theoretical considerations or synthetic unit-
hydrographs. S-graph #74 is a theoretical graph for overland flow, and
represents a reéfangular unit=hydrograph. This theoretical S-graph Is
listed In LAPRE-1. S-graphs #75 and #76 are for the SCS Dimensionless and
Triangular unit-hydrographs, respectively. These have been developed for
comparison to S-graphs from flood reconstitutions. For example; Figure 3
shows The superposition of the LACDA, Urban (#71) with both of the SCS
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unit-hydrographs (#75 and #76).

Adoption of Represenfafive S-Graphs for Use In Marlicopa County ,
Only two regional S-graphs (#56 and #57) have been identified that

may have direct application in Maricopa County. The 22 individual S-
graphs for'Maricopa County represent floods on nine natural watersheds and
one urban watershed. Eight of these watersheds are larger than 60 square
miles. These S-graphs do not provide an adequate base for the selection
of regional S-graphs for all types of physiographic watersheds in Maricopa
Counfy. lh addition, all the flood reconstitutions for Maricopa County

.and vicinity need to be analyzed in regard to effects of storm

characteristics on shape of the S-graph and on magnitude of lag.

The transposition of individual or regional S-graphs that were
developed from other areas (particularly Southern California) to Maricopa
County may not be directly applicable. There is adequate reason to
believe that watersheds in Maricopa County and Southern California have
similar physiographic characteristics; however, there is also reason to
believe that storm characteristics, parficularly-The-infensify of
rainfall, may have a major influence on the shape of the S-graph and the
magnitude of lag. Many of the S-graphs from Southern California may be
dominated by flood reconstitutions of coastal storms that differ
significantly from the predominant flood producing storms in Maricopa
County. By comparison, the annual mean number of thunderstorm days (1951¥
1975) in Phoenix, Arizona is 23.2 and in Los Angeles, California is 3.4
(Court and Griffiths, 1982). A report on flooding in The Phoenix area
states, "the short Time_precipifafion intensity for the local summer
thunderstorm is the more critical flood peak producing factor for drainage
areas smal ler than about 700 fto 800 square miles" (Los Angeles District,
1974, pg. 12). Whereas general storms may be responsible for major floods
and constitute the design condition for large watersheds, the thunderstorm.
may be more critical for smaller watersheds in Maricopa County. It may be
necessary to consider S-graphs for both general storm and thunderstorm

conditions for use in Maricopa County.
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General

| SECTION 3
WATERSHED CHARACTERISTICS

Watershed characteristics are QuaanTaTive measures and qualitative
descriptors of the watershed's physical properfies that may influence the
hydraulics of runoff from the drainage basin. Examples of qualitative
measures are length of longest watercourse and watercourse slope.

Examples of qualitative descriptors are geographic -location, such as San
Gabriel Mountains, and land-use, such as urbanized. There are three major

purposes for documenting watershed characteristics for S-graphs:

1. For establishing watershed classes; such as mountain, foothill,

| ~and urbah, so that fepresenfafive watershed class S-graph§ can be
developed by graphically averaging a composite of individual S-
graphs for that class.

2. For use in selecting S-graphs that have been developed from
recorded data in one watershed, or watershed class, for adoption
in another (probably ungaged) watershed.

3. For developfng prediction equations for the S-graph parameter,

lag.
As previously discussed, several watershed class S-graphs have been
developed by the Los Angeles District. Examples of such watershed class S- .
gkaphs are the Los Angeles County Drainage Area, Urban (# 71), the Coastal |
San Diego County (# 63), the Phoenix Valley (# 56), and the Phoenix ‘
Mountain (# 57). Most of the regional S-graphs shown in Table 2 have been

~developed from S-graphs for Southern California for application to ungaged

watersheds in Southern California. The major use of watershed
characteristics for the purposes of this study is for establishing a data

base to be used to develop prediction equations for the S-graph parameter,

lag.

Available Data for Compiled S-graphs
Watershed characteristics for the individual S-graphs are shown in

Table 7. The most complete documentation on watershed characteristics is

tfor the Maricopa County S-graphs. Documentation of watershed
characteristics for some of the other S-graphs is incomplete due to lack

of this data in fthe files of the agency that developed the S-graph.
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Channe! profiles of many of +he>wa+ersheds In the Los Angeles area are
shown In the Los Angeles County Drainage Area, Hydrology Report (Los
Angeles District, 1986). '

The 22 S-graphs for Maricopa County were developed by the
reconstitution of flood events on 10 watersheds. Information on the
streamgage location, watershed rainfalls, isohyetals maps, and
descripffons of the storm and flood events are presented in Appendix C.

Lag Predicition Equation

A general relationship for basin lag as a function of watershed

characteristics is given by Equation 2.

Ly
Lag = C (——f—-g‘ (2)
g -
where Lag is basin lag, in hours,
L is length of longest watercourse, in miles,
L is length along the watercourse to a point opposite the

ca
-centroid, in miles,

S is watercourse slope in feet/mile,
Cis a coefficient, and
m Is an exponent. ‘
The Los Angeles District often usés C = 20n, where n is the estimated mean
Manning's n for all the channels within an area, and m = 0.38; The USBR
(1987) has recommended that C = 26n and m = 0.33. Both sets of values in
Equation 2 will offen result in similar estimates for Lag.
A major disadvantage of Equation 2 is that-n must be selected which

is very subjective and introduces significant uncertainty into the lag

prediction. Also, Equation 2 is not dimensionally homogeneous and does

not have a strong theoretical justification. A modified basin lag
equation has been developed based on dimensional similitude (Sabol, 1987),

Equation 3
L L
Lag = C, (-———131) (3)

where CI is a coefficient and all other parameters are as previously

defined.
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Documentation on S-graph characteristics for a wide variety of
watershed types was obtained from the files of the Flood Hydrology Section
of the USBR in Denver, Colorado. This data was compiled and catagorized
by the USBR in preparation for the Third Edition of Deéign of Smali Dams.
The data is divided into five geographical catagories plus a catagory for

urban drainages. Maricopa County, Arizona would be in the Southwest
Desert, Great Basin, and Colorado Plateau catagory. This data was used to
develop prediction equations for C. of Equation 3 for each of the
watershed catagories. The coefficient CI for natural watersheds in the

Southwest Desert, Great Basin, and Colorado Plateau is

C, =-21.72 % 1.79 log A + 4.90 log S - (4)

and for urban drainages is

C, = -1.14 + 0.31 log A+ 0.91 log § (5)
where A is drainage area in square miles, S is wafefcourse slope in feet
per mile, and log indicates natural logarithm.

'Equafion 3 has a better theoretical jus*ifica#ion than Equation 2.
Lag is much more sensitive fo watershed slope in Equation 3 than Equation
2, and this may result in better estimates of lag for watersheds with flat
slopes. Although Equation 3 has theoretical and practical improvements as
compared with Equation 2, it should not be adopted for use in Maricopa
County or elsewhere until it is adequately tested and verifled.

Equations 4 and 5 provide a means to estimate the coefficient CI of
Equation 3 from readily available data without the subjective selection of
a parameter such as n. Equation 4 is applicable for undeveloped '
watersheds and Equation 5 is applicable for fully urbanized watersheds. A
procedure or adjustment factor would need fo be developed'for watersheds

that are partially urbanized. These equations were derived from data for

large regional areas. These equations would need to be reexamined using
the best available data that would be representative of conditions in

Maricopa County before they are adopted.
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SECTION 4
SYNTHETIC S-GRAPHS

General -

I+ may not be possiblelfo.idenfify or select existing S-graphs for
use in Maricopa County that adequately define unit-hydrographs for all
watershed hydrologic and physiographic conditions. It may be necessary,
or even desirable, to generate synthetic S-graphs or other forms of unit-
hydrographs by indirect methods rather than adopt S-graphs from t1ood
reconstitution studies. Furthermore, a regionalized procedure of
synthetic unif—hydrbgraph devélobmenf may be preferable to the selection
of a limited number of S-graphs. ‘ :

An invesTigéTion has been performed in which S-gﬁéphs were
synthesized from Clark unit-hydrographs. The Clark unit-hydrograph was
selected because; (1) it is a routing procedure which means that unit-
hydrographs can be completely defined by a simple mathematical procéss,
(2) it is an option in HEC-1 and is readily avéilable and economically
implemented on microcomputers, and (3) it Is a three paramefer model that
incorporates effects of hydraulic efficiency as measured by time of
concentration (Tc), watershed detention effects (R), and the shape of the
watershed as represented by the time-area relation. The Clark unit-
hydrograph is very flexible and the shape can be adjusted by these three
parameters, therefore it may be possible to reproduce S-graphs with the
Clark unit-hydrograph. |

A unif-hydrograph is a function of size of drainage area (A), and
duration of rainfall excess (D). Therefore, the effects of five. '
variables were considered in the investigation of synthesizing S-graphs
from Clark unit-hydrographs. These variables being; '

1. size of drainage area (A),

2. Time of qoncenfrafion (Tc),

3. storage coefficient (R),

4. time-area relation, and

5. durafion of rainfall excess (D).

The S-graph is a completely dimensionless form of unit-hydrograph
that is independent of size of drainage area, and I+ should be possible
to eliminate size of drainage area from consideration when synthesizing S~
graphs. The results of the investigations indicate that identical S-
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graphs are obtained for any size dralnage area when the ratios of TC/R

!I and D/Tc are held consfanT, and the same time-area relation is used.

‘I Effec+ of T and R

| The ma;nlfude of T and R will vary with the size of drainage area,

" however the effects of 'fhe magnitudes of T and R can be eliminated If
the ratio of T /R is held constant. That is, watersheds of any size and

[  with any values of T, and R will result in identical S-graphs if the

' ratio of T /R is 'I'he same. Therefore, a family of S-graphs can be

- _ developed wnfh each S-graph being identified by a ratio of T /R. The

ll _ duration of rainfall excess (D) was set equal to 20 percent of T and
the HEC-1 default +ime-area relation was used 1o isolate the effecfs of

;' these variables. The results of the synthesized S-graphs are shown in

Table 8 and Figure 4 for a range of Tc/R from 0.25 to 4.0.
1 In Table 8, column (1) indicates the Tc/R ratio and column (3)
|nd|caTes D as 20 percent of T . The lag as a percent of T. is shown In
| i olumn (2), and D as a percent of lag is shown in column (4) these will
' be discussed subsequently. Columns (5) through (9) -show percen‘l‘ lag at
varlous values of percent Q ult The S-graph is lengthened indicating
| delayed runoff for smaller ratios of T /R. This 1s appropriate since

smaller ratios of T /R indicate a grea+er influence of detention in the

{i watershed with respecf +o travel time and the S-graph should be
engthened. Column (10) shows a statistic that Is called mid-range

!' slope, and this is the average slope ‘of the S-graph between 40 and 60

| percent of Q ult A larger mid-range slope will indicate a larger peak

(e discharge as will a larger T /R ratio.

|' The synthesized S—graphs are shown In Figure 4 with the excep‘hon

‘ . that S-graphs for the T /R ratios of 1.25, 1.5, and 1.75 are not shown

l for reasons of clarity of the figure. The S-graphs have been divided

intfo two porflons to facilitate the graphical comparison of the S-

)I graphs. One portion is for the range 0 fto 100 percenf lag and the other
_ portion for greater than 100 percent lag. As shown in Figure 4, the

{ synthesized S-graphs are very similar to the S-graphs that have been

§l compliled in this report.
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Effect of D A
The duration of rainfall excess (D) is often taken as about 20

percent of lag in the application of S-graphs. This general rule agrees
well with the investigation of unit-hydrograph relations by Snyder (1938)
indicating that D should be about 18 percent of lag, and the guidelines
for appllcaflon of the SCS dimensionless unit-hydrograph where D should

| be about 22 percen+ of lag. If must be noted that the definition of lag

v used by both Snyder and the SCS is the time between the mld-pOlnT of
rainfall excess duration and peak discharge which is different than the S-

JE WE eE ..

graph definition of lag. However, from a practical consideration, both
definitions of lag will result in similar magnitudes and therefore the

app!ication of these criteria for the selection of D with S-graphs seems -
justified. . | ‘

In the developmenf of S-graphs from T /R ratios the duration was set
equal to 20 percent of TC. As shown in Table 8 column (4) this resulted
in a duration that was from 6 to 24 percent of the lag. This indicates
that there is not a linear relation between D as a percehf of lag and the
T /R ratio. This relation is shown in Figure 5, and indicates that D
equals approximately 20 percent of T for the range of T /R from 1.5 fo
3.0, For T /R greater than 3.0, D should be less than 20 percent T and
for T /R less than 1.5, D should be greater than 20 percent T . More ’
exfensnve investigations are needed to define the rela?non befween D and.
T or lag. ,

The Clark unit-hydrograph and resulting synfheflc S-graphs may not
be particularly sensitive to D. As shown in Table 9 the synthetic S-
graphs (all for TC/R = 1.0) are all very similar fo each other even
though they are for a range of D from 10 to 25 percent of Tc. Whether
+his low sensitivity exists for other ratios of TC/R has not been

- aE o M T BB an =

investigated.

Effect of Time-Area Relation
" The shape of a watershed should have an affect on the shape of the

corresponding. unit-hydrograph and S-graph; for example a watershed with a
small length to width ratio would have a short time to peak on the unit-

hydrograph and a relatively short recession limb, whereas a watershed

with a large length fo width ratio would have a longer time to peak and

longer recession limb.

-
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The effect of watershed shape on S-graphs was investigated by
synthesizing S-graphs by the Clark uni*—hydrograph for three different
time-area relations. The time-area relations and corresponding watershed
shapes are shown in Figure 6. The first time-area relation is the
default relation used in HEC-1, and is for a symmetric watershed of
elliptic shape. The second relation is for a triangular shape.wifh the
largest contributing area being most removed from the watershed outfall
location. This is a common general shape for many watersheds. The third
relation is for an fnverfed diamond shape with the largest conTribuTingv
area being closest to the watershed outfall location. This may be
representative of some alluvial fans where runoff has been restricted or
channelized to a common outfall point. The three watershed shapes and
assumed time-area relations represent a reasonable range for virtually
all time-area relations; that is, most watersheds will have a time-area
relation that deviates from that for the idealized elliptic shape but it
is unlikely that the shabe would be more radical than either the
triangular or inverted diamond shapes.

The results of S-graph synthesis using the time-area relations are
shown in Table 10 and Figure 7. The three examples are for watersheds
with TC/R equal to 1.0 and for D equal to 20 pefcenf of TC. As shownbin
Figure 7 the S-graph is most affected .in the range from 0 to 100 percent
lag, and the magnifude of this affect is about the same as the effect of
é change in TC/R over the range from 0.25 to 4.0 as illustrated ' in Figure
4. Also, the mid-range slope shown in column (10) oof Table 10 indicates
a rather large variation that will be reflected in hydrograph peak
discharges. The lag shown in column (2) of Table 10 varies'from 115 to
151 percent of Tc for the inverted diamond shaped and triangular shaped
watersheds, respectively. The tail of the S-graph is only moderafely

affected by watershed shape.
Conclusive results are not available from this limited investigation

of effects of watershed shape on S-graphs. However the results do
Indicate that watershed shape probably significantly affects the S-graph
in the range from 0 fo 100 percent lag and the mid-range slope of the S-

graph. The lag is also significantly affected by watershed shape.

Additional investigations regarding watershed shape would need to be
conducted to ascertain the effects for Tc/R ratios other than 1.0. The

effects may be more or less pronounced at large or small ratios of TC/R.
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Conclusions Regarding S-graph Synthesis

This investigation has demonstrated that S-graphs can be
synthesized. 1t has been demonstrated that synthetic S-graphs can be
developed from synthetic unit-hydrograph procedures and the effect of

-size of drainage area can be eliminated. Synthetic S-graphs can be
" developed that are a function of watershed travel time (as measured by

some characteristic time such as Tc), sforage or detention of rainfall
excess on the watershed (such as represented by the Clark R parameter),
duration of rainfall excess, and the shape of The watershed (aé
represented by a ftime-area relations).

Using the Clark unit-hydrograph it has been shown that S-graphs can
be characterized by the ratio of TC/R, and that the shape of the S-graph
is sensitive to-the Té/R ratio. Several analytic techniques are
available to estimate Tc' and recently a method has been developed Yo
conveniently estimate R from recorded flood hydrographs, (Sabol, 1988).
Addifionally the HEC-1 model provides an optimization technique to fit
the TC and R parameters to reconstitute recorded flood events. Such |
techniques can be used to determine Tc and R for recorded floods in the
Maricopa County area. The Tc and R parameters can then be related fo
watershed physical characteristics and these relations used to predict Tc
and R for ungaged watershed in Maricopa County.

A synthetic S-graph is not particularly sensitive to the selection
of duration of rainfall excess (D). In general, a D equal to 20 percent
TC will provide a reasonable computation duration for watersheds with a
TC/R ratio between 1.5 and 3.0. Additional investigations on the effect
of D are necessary before definative conclusions can be made. )

Of particular interest is the result that synthetic S-~graphs are
relatively sensitive to watershed shape. The watershed shape can be
defined by topographic maps and this information is usually available for
flood studies. Improvements in estimation of flood hydrographs can
probably be made by incorporating the watershed shape. into development of
the unit-hydrograph. '

In summary, synthetic S-graphs can be developed as a function of
TC/R and the watershed time-area relation. It is likely that many of the
S-graphs that have been compiled (Appendix A) could be reproduced by a
Tc/R ratio and an appropriate time-area relation. Deviations between ’
such synthetic S-graphs and S-graphs that have been developed from fiood
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reconstitutions may be a result of nonuniformity of rainfall on the
‘watershed and the time distribufion of rainfall whereas synthetic S-

graphs are for uniform rainfall over the entire watershed and uniform

" intensity of rainfall.
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SECTION 5
DATA FOR MARICOPA COUNTY

General

Sources of data for wa+ershed§ In and near Maricopa County have been
investigated for the purpose of developing S-graphs, performing flood _ .
reconstitutions, and developing other forms of unit-hydrographs. Data of
potential interest Includes rainfall records, streamgaging station
records, and unpublished file data Including flood analyses and f lood

reconstitutions.

Raingage Data

Extensive historic rainfall data for Marfcopa County does not exist,

however in the past 10 or so yéars there has been a proliferation of
raingage installations in Maricopa County. Presently, a rather dense
network of raingages exists in and around Maricopa Counfy. These have
been installed and are maintained by the Flood Control District, the City
of Phoenix, the Salt River Project, the U.S. GeologicaI-Survey,Aand the _

National Weather Service. A recent evaluation of raingage networks in the.

Phoenix area has been completed (Tipton and Kalmbach, Inc., 1986); and a

listing of Nafibnal Weather Service and U.S. Geological Survey ralngages

in Maricopa County is shown in another report (Los Angeles District, 1974,

Table 1). That information is not reproduced in this report. It is

likely that basic rainfall data for tlood reconstitution would not need fo

be obtained from data collecffng agencies because post-storm analyses have

already been performed on most, if not all, major storms in the Maricopa

Counfy area. These post-storm analyses and isohyetal maps are probably

available in previous reports by the Los Angeles District (1973, 1974, and

1982) or are available as file data from the Los Angeles District or other

agencies.

Sireamgage Data
Numerous severe storms and resulting flood discharges have occurred

in Maricopa County. Seven major storms have occurred in or near Marlcopé
County.in the past 20 years for which there should be very reliable
records of rainfall and flood discharges. These major events are:

1. 12-21 December 1967, . '




2. 4-6 September 1970,
3. 21-22 June 1972,
4. 27 February - 6 March 1978,
5. 16-20 December 1978,
6. 13-22 February 1980, and
7. October 1983.
Only one of these storms (21-22 June 1972) has been classified as a

+hunderstorm (Los Angeles District, 1974), however it Is likely that many

of the other storm events were general storms with imbedded thunderstorm

cells and that the resulting peak flooding was a result of the high
intensity ralnfall.

USGS streamgage data is available for these storms from as many as 14
Some of this data has already been analyzed by the Los‘

udies for Maricopa County (Los

gaging stations.

Angeles District in performing flood st

Angeles District, 1973, 1974, and 1982). However the floods of 1978,

1980, and 1983 have not been analyzed in regard to flood reconstitutions

and development of S-graphs, and this newer data could be used to expand

the data base for Maricopa County.
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SECTION 6
CONCLUS IONS

Fiffy-five individual S-graphs have been compliied. Each of these

was developed from flood reconstitutioons for specified watersheds.
Most of these S-graphs are for watersheds in Southern California.
Twenty-two individual S-graphs (#1 through #22) have been identified
for Maricopa County.

Eighteen regionai S-graphs have been compiled. Each of these was
developed by graphically averaging several individual S-graphs that
are representative of particular physiographic areas, or by modifying
an individual S-graph. Seven of these regional S-graphs (#56 through
#62) have been developed for use in Arizona, and only two of these
(#56 and #57) have been developed for Maricopa County.

There is not a large enough data base of individual S-graphs or
regional S-graphs that have been developed for Maricopa County to
make recommendations for the selection of S-graphs for watershed
types that exist in Maricopa County. |

The physiographic characteristics of watersheds in Maricopa County
may be comparable with those in Southern California, and it may be
possible‘+o extend the S-graph data base for Maricopa County by
fransposing the apblicafion of certain S-graphs from Southern
California to Maricopa County. _

Rainfall characteristics, particularly the maximum rainfall
intensity, may have a major influence on the shape of the S-graph and
the magnitude of lag. The characteristics of severe flood causing
storms in Southern California may be different than those in Marieopa
County. |f this is true, then S-graphs from Southern California
should not be transposed for application in Maricopa County.

A preliminary prediction equation for lag that is based on readily

obtainable watershed characteristics has been presented.

It Is possible to synthesize S-graphs that reproduce the general
shape of S-graphs that have been developed from flood
reconstitutions. Using the Clark unit-hydrograph it has been
determined that S-graphs are a function of the ratio of TC/R and
watershed shape. Synthetic S-graphs do not appear to be particularly
sensitive to the selection of duration of rainfall excess, measured
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as a percent of TC or lag. The effect of watershed size in S-graph

synthesis is eliminated for watersheds of equivalent TC/R ratios and

‘equivalent time-area relations.

S-graphs can be synthesized by unit-hydrograph procedures, and
therefore an appropriatee unit-hydrograph procedure may be preferable
to the selection of a limited number of S-graphs. |t may be possible
to develop empirical'mefhods for the estimation of Clark unit=
hydrograph parameters for ungaged watersheds in Maricopa County.

Such a procedure may provide greater flexibility In fitting unit-
hydrographs fo the different physiographic types of watersheds in
Maricopa County. The Clark unif-hydrograpﬁ/procedure is an option in

HEC-1 and Is readily ayailable to the engineering community.
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Table 1.- Listing of individual S-graphs that were developed from flood reconsflfu*lons for
specified watersheds.

S-graph Name of S-graph according to watershed name and location. Source of S-graph
No. Date of flood used in reconstitution is given if known. See Table 4
(1) (2) (3)

1 New River at Bell Road (December 1967) 8

2 New River at Bell Raod (September 1970) 8

3 Skunk Creek near Phoenix (December 1967) 8

4 Skunk Creek near Phoenix (September 1970) 8

5 Cave Creek at Phoenix (December 1967) 8

6 Cave Creek at Phoenix (September 1970) 8

7 Queen Creek trib. at Apache Junct., Part 1 (December 1967) 8

8 Queen Creek trib. at Apache Junct., Part 1 (September 1970) 8

9 Queen Creek trib. at Apache Junct., Part 2 (September 1970) 8
10 Agua Fria trib. at Youngtown, Part 1 (September 1970) 8
i Agua Fria trib. at Youngtown, Part 2 (September 1970) 8
12 New River near Rock Springs (December 1967) 8
13 New River near Rock Springs (September 1970) 8
14 New River at New River (December 1967) 8
15 New River at New River (September 1970) 8
16 Indian Bend Wash near Scottsdale (December 1967) 8
17 Indian Bend Wash near Scottsdale (September 1970) 8,1,70017)
18 Indian Bend Wash near Scottsdale (June 1972) 8
19 New River near Glendale (December 1967) 8
20 New River near Giendale (September 1970) 8
21 Agua Fria at Avondale (December 1967) 8
22 Agua Fria at Avondale (September 1970) 8
23 Moencopi Wash near Tuba City, Arizona 2
24 Clear Creek near Winslow, Arizona 2,3
25- Murrieta Creek at Temecula, California 5
26 Santa Margarita River at Ysidora, California 5,7(6)
27 Santa Margarita River near Fallbrook, California "5
28 Temecula Creek at Pauba Canyon, California: 5



Table 1.~ Continued

S-graph

No.
(1)

29
30
31
32
33
34

35 .

36
37
38
39
40
41
42
43
44
45
46
47

48
49
50
51
52
53
54

55

Name of S—-graph according fo watershed name and location. Source of S-graph

Date of flood used in reconstitution is given if known.
(2)

Tujunga Creek at Tujunga.Dam No. 1, California

San Dimas Creek at San Dimas Dam, California

Eaton Wash at Eaton Wash Dam, Californla

East Fullerton Creek at Fullerton Dam, California

San Jose Creek at Workman Mill Road Bridge, California

Alhambra Wash above Short Street Bridge, California

Broadway Draln above Raymond Dike, California

Santa Clara River near Saugus, California

Colma Creek Basin, California

Santa Anita Creek at Santa Anita Dam, California

Santa Anita Creek at Santa Anita Dam, California (from general storm)
Santa Anita Creek at Santa Anita Dam, California (from local storm)
San Dieqguito River, California

Santa Barbara (Mission Creek) at Los Olivos Street, California
Live QOak Creek at Live Oak Dam, California

San Gabriel River at San Gabriel! Dam.-No. 1, California

San Gabriel River at San Gabriel Dam, California

West Fork of San Gabrlel River at Cogswell Dam (No. 2), Callfornia
West Fork of San Gabriel River at Cogswell Dam (No. 2), California
West Fork of San Gabriel River at Cogswell Dam (No. 2), California
San Jose Creek, California (LACDA)

Verdugo Wash, California (LACDA)

Trinity River near Louiston, California
Animas River at Farmington, New Mexlco
Buckhorn Creek near Masonville, Colorado
Uinta River near Neola, Utah

Arbuckle Creek and Dam, Ok iahoma

: .

See Tablie 4
(3)
5,7(19)

5,7(28)
5,7(27)

-
~d
—~

W
~

,7(30)

o W NN I8 VIRG IRC BNN RGN )

7(12)

713)

14,7(32)

5

7(29)

"
10,11,7010),7(31)
i

7(25)

7(26)

O O O OO




Table 2.- Listing of regional S-graphs that are representative averages ftor particular physiographic areas.

S-graph Name of S-graph Source of S-graph
No. See Table 4
(1) (2) (3)
56 Phoenix Valley, Arizona 12,7(15)
57 Phoenix Mountain, Arizona 12,7(16)
58 Gila River Basin, Arizona, basins less than 1500 square mnles 13,7(4)
59 Gila River Basin, Arizona, basins greater than 1500 square miles 13
60 Average Salt River, Tonto Creek, Verde Rlver, Arizona 9
61- Average for Arlzona, from 10 basins 3
62 Average Mountain, AZ, CO, NM, UT, WY : 2,7(18)
63 Coastal San Diego County, Callfornia 7(22)
64 Average of Santa Ynez River, California : 7(14)
65 Southern California (Average of #32 and #33) : 7011)
66 . Santa Clara River, California (Average of #25, #26, #27, #28, and #36) 8,7(5)
67 Whitewater River, California _

(Average of #25, #26, H#27, #28, #29, #32, #36, #44, and #47) : 8,7(9)
68 Los Angeles County, Valley (Average of #34 and #35) ‘ 8,7(2)
69 Los Angeles County, Mountaln (Average of #30, #31, #38, and #45) - 8,7(1)
70 Los Angeles County, Intermediate (Modification of #43) 7(8)
mn Los Angeles County Drainage Area, Urban 7(23)
72 Los Angetes County Drainage Area, Foothill ' 7(24)
73 Urban, USBR

9



Table 3.- Listing of theoretical or synthetic S-graphs that are developed from unit-hydrographs.

S-graph Name of S-graph
(1) (2)
74 Overland flow (rectangular unit-hydrograph)
75 SCS dimensionless unit-hydrograph
76 SCS triangular unit-hydrograph

Source of S-graph

See Table 4
(3)
7(21)
]

————




v e ]

Table 4.- Sources of S-gfaphs. See References in report for titie of

Number
ap!

1

10
1
12

13
14

references in parentheses.

Reference
(2)
(Los Angeles District, 1973)
U.S. Bureau of Reclamation, undated file data.
(Los Angeles District, 1961b)
(Los Angeles District, 1973)

S-graphs Streams in Southern Ca|ifofnia, Los Angeles District, U.S.
Army Corps of Engineers, undafed tile data. '

Los Angeles District, undated file data.

LAPRE-1 Program Listing; program S-graph number is shown in ().
Flle data of Los Angeles District, U.S. Army Corps of Engineers.
contained in records on reconstitutions of floods in Maricopa
County, Arizona.

(U.S. Bureau of Reclamation, 1987)

(Los Angeles District, 1959}

Comparison of S-Graphs; Los Angeles District, U.S. Army Corps of
Engineers, undated file data.

(Los Angeles District, 1974)
(Los Angeles District, 1963)

(Los Angeles District, 1961a)



Table 5.- Streamgages and storm events used in flood reconstitutions for the development
of the Phoenix Valley, Arizona S-graph (#56) (Los Angeles District, 1974).

Stream Gage
(N

New River at Bell Road
Skunk Creek near Phoenix .

Cave Creek at Phoenix
Queen Creek Trib. at Apache Junct.
Part 1
Part 2
Agua Fria Trib. at Youngtown
Part 1
Part 2

Note:

USGS Gage No.

(2)

09513835
09513860 -

09512400
09492200

09513700

Dralnage
area
sq. mi.
(3)

187.0
64.6

70.0/
.5‘

013

Peak Discharge from
Storm, :in cfs

Dec Sept
1967 1970
(4) (3)

. 14,600 11,900
.~ 6,800 9,650

- 4,080 780 "

28 138
84.5
15.8
40.5

1. USGS Water Resources Data for Arizona indicates drainage area of 252 square

miles. The contributing drainage area Is 70.0 square miles because of the noncontributing area
controlled by Cave Creek Dam.

v B s B wenpuol v S ncenc B winor S s S s , - - EEm .
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Table 6.~ Streamgages and storm events used in flood reconstitution for the development
of the Phoenix Mountain, Arizona S-graph (#57) (Los Angeles District, 1974).

- Peak Discharge from
Storm, in cfs

Dralnage

Stream Gage USGS Gage No. area Dec Sept
' sq. mi. 1967 1970
(1) - (2) (3) (4) (5)
New River near Rock Springs 09513780 67.3 "¢ 10,500 18,600 1

New River at New River 09513800 85.7 ris 12,500 0 19,500 -



Table 7.~ Watershed characteristics
and have been compiled in

for the individual S-graphs that were developed from flood reconstitutions
this report.

Tonto National Forest and alluvial fan
Tonto National Forest and alluvial fan

Phoenix Mountain and alluvlal faﬁ '

S~-graph 1
No. A L Lca S n Lag RIMP Nafers@ed Type of Wafgrshed
Elevation or Geographical Name
_ Min Max
1)y (2) 3 (4) (5) (6) (N (8) (9 (10) (1)
1. 187.0 47.6 20.7 83.4 .062 8.85 5 1,190 5;160 Mew River Mtns. and alluvial fan
2 187.0 47.6 20.7 83.4 .038 5.38 5 1,190 5,160 New River Mtns. and alluvial fan
3 64.6 17.6 9.9 101.9 .042 2.95 5 1,460 3,250
4 64.6 17.6 9.9  101.9 .03t 2.19 5 1,460 3,250
5 70.02- 26.0 11.8 75.9 .054 4.99 5 1,243 3,220 Union Hitls and alluvial tan
6 70.02 26.0 11.8 75.9 .063 5.88 5 1,243 3,220 Union Hills and aliuvial fan
7 0.51 1.5 +15 67.0 .076 .86 5 1,720 1,820 Alluvial fan
8 0.51 1.5 .75 67.0 .084 +95 5 1,720 1,820 Alluvial fan
9 0.51 1.5 .75 67.0 .070 .79 5 1,720 1,820 Alluvial tan
10 0.13 <17 39 16.0 .107 .96 25 -—--=  ~=-- Fully urbanized, residential
1A 0.13 .77 .39  16.0 .M 1.00 25 ==== =-—— Fully urbanized, residential
12 67.3 20.2 9.7  141.4 .037 2.99 5 2,310 5,170 New River Mountains
13 67.3 20.2 9.7 141.4 .036 2.50 5 2,310 5,170 New River Mountalns
14 85.7 26.2 12.4 121.6 .049 4.25 5 1,973 5,160 New River Mountains
15 85.7 . 26.2 12.4 121.6 .03t 2,72 5 1,973 5,160 New River Mountains
16  142.0 . 27.7 13.6 64.2 .077 8.02 5 1,280 3,060 Phoenix Mountain and alluvial fan)
17 142.0 27.1 13.6 64.2 .070 7.31 5 1,280 3,060
18 142.0 - 27.7 13.6 64.2 .030 3.10 5 1,280 3,060 Phoenix Mountain and alluvial fad
19 323.0 55.5 20.6 73.6 .069 10.59 5 1,046 4,080 New River Mtns. and alluvial fan;
20 323.0 955.5 20.6 73.6 .045 6.90 5 f,046 4,080 New River Mtns. and alluvial fan
21 716.0; 61.0 27.2 68.9 .059 10.68 5 950 5,150 New River Mtns. and alluvial fan
22 718.03 61.0 27.2 68.9 .043 7.80 5 950 5,150 New River Mtns. and alluvial faq
NN N W W N




S-graph
No.

QD)

23 2,
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

N TR BN EE s
TaBle 7.- Continued
A L L s nl Lag
ca
2y (3 (4) (5) 6) (7
490.0 84.5  36.3  42.1 .046 9.2
607.0 78.0  46.8  41.0 .053 11.2
220.0 27.2  10.3 95.0 .051 4.0
740.0 61.2  34.3  85.0 .061 9.5
645.0 46.0  22.0 105.0 .062 7.3
168.0 26.0  11.3 150.0 .050 3.7
81.4 15.1 7.3 290.0 .052 2.5
16.2 8.6 4.8 440.0 .046 1.5
9.5 7.3 4.4 600.0 .046 1.3
3.1 3.2 1.7 140.0 .029 0.6
81.3 23.7 9.1 75.0 .032 2.4
14.0 9.5 4.6 85.0 .011 _ .6
2.5 3.4 1.7 100.0 .014 .3
355.0 36.0 15.8 140.0 .060 5.6
. 10.8 5.1 2.1 898.0 .050 1.1
10.8 5.1 2.1 898.0 --—- ---
10.8 5.1 2.1 898.0 --—- -
7 07 0050 -

-
RIMP Watershed
Elevation
Min Max
(8) (9) (10)
0 2,200 5,000
0 ——— =
- 900 4,700
18 ———— e
60 200 700
45 ——— -
0 ——— ————
0 ———— ——
0. —— ———

Type of Watershed
or Geographical Name

- - -
- — - - o

San Diego Mountains A
San Diego Mountains
San Gabrie! Mountains
San Gabriel! Mountains
San Gabriel Mountains
San Gabriel Mountains
San Gabriel Mountains
Fully urbanized

Fully urbanlzed

San Diego Mountains
San Gabriel Mountains
San Gabrie! Mountains
San Gabriel Mountains

Santa Ynez Mountains



Table 7.~ Continued

S~araph A L L S !
[+ 1% n
Ca

(1 (2) (3) 4y (5 (6)
43 2.3 2.9 1.5 700.0 .052
44 162.0 23.2 11.6 350.0 ----
45 162.0 23.2  11.6 350.0 .053
46  40.4 11.4 3.9 400.0 ----
47  40.4 11.4 3.9  400.0 .05!
48  40.4  11.4 3.9 400.0 ----
49 :
50 26.8 11.4 5.7 310.0 .016
51 [ —
52 1,360.0 106.3  55.2  72.4 .057
53 6.9 6.4 3.4 312.0 .036
54 wmmmm  mmmw cee= mmme —
55 mmmme  mmm= mee= —mme-

Lag

n

- Drainage area, in sq. miles

A
L - Length of longest watercourse, in miles
Lca - Length of watercourse to point opposite
S - Watercourse slope, in feet/mile
n - Manning's coefficient

Lag - Basin lag, in hours
RIMP - Impervious area of watershed, in percent of total area

RIMP

(8)

Watershed
Elevation
Min Max
(9) (10)
100 3,000
1,500 2,500
1,500 6,700
1,500 6,700
2,500 5,000
2,500 5,000
450 1,500

- ——

Type of Watershed
or Geographical Name

(11)

San Gabrie! Mountains .

San Gabriel Mountains
San Gabriel Mountains
San Gabriel Mountains
San G%briel Mountains
San Gabriel Mountains
San Gabriel Mountains
San Gabriel Mountains
Rocky Mountains

Rocky Mtns., foothills

- - -

basin centroid, in miles

Notes: 1. This is the n réqulred to satisty the lag equation

2.
3.

Contributing drainage area;
Confrlbufing drainage area;

' LLca
Lag = 26n( )

.33

S.5

total drainage area s 252 sq. miles.
total drainage area is 2,013 sq. miles.

s



Table 8.- Comparison of synthetic S-graphs that are generated from Clark unit-hydrographs.

TC/R

(1)

.
W

L
ONWVMNO OO
(&)

o o
W ~J
()]

«25

Lag
% of
(2)

83

89
101
105
112
120
133
156
200

- 333

Time-area relation = HEC-1 default relation

Duration of rainfall excess

20 percent time of concentration

Duration of rainfal!l excess % Lag at indicated % Qu|+

c % of T_ § of Lag 20% 40% 60% 80% 100%
(3) (4) (5) (6) (7 (8) (9)

20 24 64 89 11 137 313

20 22 65 89 111 140 358

20 20 64 88 11 147 457

20 19 64 88 112 150 473

20 18 63 88 114 155 518

20 17 63 88 . 115 161 566

20 15 61 86 116 166 629

20 13 58 84 118 180 695

20 10 53 82 122 190 798

20 45 7 126 208 922

6

Mid-range
Slope in

% Q/% Lag
(10)

9N
91
.87
.83
o717
.74
.67
_+59
«50
.42




Duration of rainfall excess

% Lag at indicated % Qui+

Table 9.- Effect of duration of rainfall excess on synthetic S-graphs that are generated from
Clark unit-hydrographs.
Time-area relation = HEC-1 default relation

*« o
OO OO

T of T R 20% 40% 60% 80% 1007
(3) (5) 6) (D (8) (9)
10 60 85 117 172 674
75 61 86 117 169 620
20 61 86 17 168 629
25 61 86 116 166 . 640

Mid-range
Slope in

% Q/% Lag
(10)

.62
.65
+65
.67




Table 10.~ Effect of wafershed shape as represented by the time-area relation on synTheflc
S-graphs that are generated from Clark unit-hydrographs.
Duration of rainfall excess = 20 percent time of concentration

Mid-range

TC/R Lag Duration of rainfall excess % Lag at indicated % Qulf Slope in
% of T, % of T_ g of Lag 20 40% 60% 80% 100% % Q/% Lag

(1) (2) (3) (4) - (5) (6) (8 (9) (10)
Elliptic shaped watershed (HEC-1 default equation)
1.0 133 20 15 61 86 116 166 629 .67
Inverted diamond shaped watershed
1.0 115 20 o 17 . 54 84 119 179 m .57

Triangular shaped watershed

1.0 151 _ 20 13 - 67 88 115 160 556 .74
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Figure 1.- Comparison of S-graphs that have been defined from reconstitutions of

a local storm (#20) and a general storm (#19), respectively, for
Santa Anita Creek.
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Figure 2.- Comparison of S-graphs that are recommended for use with local storms (#33)
and general storms (#34) in the Rocky Mountains.
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Figure 3.- Comparison of the Los Angeles County Drainage Area Urban S-graph (#51)
to the S-graphs that have been developed from the SCS Dimensionless
unit-hydrograph (#55) and the SCS Triangular unit-hydrograph (#56).
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APPENDIX A

Graphs of Compiled S-Graphs

Each S-graph is presented in two separate figures; each with a different

abscissa (Percent Lag) scale. The first figure presents the S-graph af

full scale. The second figure is presented with the abscissa extending to

either 700 or 1400 Percent Lag. The second figure can be used fo compare

+he relative shapes of various S-graphs.
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#4 SKUNK CREEK NEAR PHOENIX
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100 —
e
-’____ﬂ"‘—”
ac 7 ey o
-~ -~

EOC /_,/
w -
& /
I V4
& EC — 4
) yd
W)
E 5C //
= /
’—
5 40 - . /
Y /

BT o J

20 - /

1 - /

o __F‘___,_,/
1 T T T T ) ¥ 7 T T T T T T
C 4G ac 12C 160 20 240 2EC

TIHAE IN 22 LAG




#4 SKIINK CREEK NEAR PHOENIX

SEFTEMBER 127C

100 — e
7

90— e
e /

w /

(%) /

(£ TG - /

&

5 eo o

“ud

2 5C -

= /

*—

pa—}

e | 40 . /

34

20 -
20
10 -
o e’ T T T ) T T T
o ‘ 200 400 600

TIME I 22 LAG

B ; Y i ” i = ISy = . i D ‘o . i o ~ ) - - g 1
4 k 5 i ¢
' 1 3 . . [ SO - [ - ——




R ULTIMATE DISCHARGE

100

i)
®)

n
0

~
0

HS

CAVE

CREEK AT PHOENIX

CECEMEER 1367

THAE N 22 LAG

/'/-’,_-
/ d
/’//
/_‘
/
e
7
'
yd
e
x/"
V4
I 1 1 i ¥ ¥ I T T i T
40 20 120¢ 1€ 200 240 280




#5 CAVE CREEK AT PHOENIX

DECEMBER 1987

1CC e
//‘ '/_.' -
Qo e /'f/'
//’
s

e /’
Wt - /
& /
o P /
& /
v 3 —t
= €0 /
= s
5 /
=2 0 —
¥ /

o

20

1

C ¥ T T T T T
C 200 4C0O EQC

TIME N 52 LAG

- 4 ~ i il ; . - - v N
. [—— t . 1 R, - L i ¥




#6 CAVE CREEK AT PHOENMIX

SEFTEMEBER 1970

1CC . e —_—
_——‘”’_—J—'—’—H—-
v-/--
Y -] r__/"-‘
-~ /"r-
o

EC o
wl -
& /

7O -
<% /
< .
& /
-L.-’ e - //
[an] v

s
Ll /
= 50 - ye
=
[ /
= /
pusé | 40 p
R e
. /

S0 /

20 - /

1 =

C T T T T T T
C 100 200 300

TIME 1M 22 LAG



#56 CAVE CREEK AT PHOENIX

SEFTEMEER 137C

120 — . e
.-/"’
,/
= S e
7
l)//
EC /,.
T /
/
Il
e, /

% ULTIMATE DISCHARGE

4T /
/

SC -

20 -

)
O -
)

T
o 400

TIME 1IN %2 LaG

[yl
0 .
Q

. . . B



#7 QUEEN CK TRIB AT APACHE JNCT
DECEMBER 19687

123 - s e
- el -
. ’__/f"
= L - - o
-
20 o
-
Ll -
(4] e
o e

&r‘ EAS B, /
T
) o
1 B . o
=) - 7
%:l /'/
I = ) e I/'..
= 4
}...
4
o | 407y -~ , //"
pS /,x"

ETH —— /'.

AR P e

-y -""”

2t - e

4
_,.f"/
10 —_— / /
_p-ﬂ‘#/’d
o e e S e
- T T T T ] T T T T 1

19
[
%

Q 40 ac 125 Teo 240

TIME I 25 LAG



#7

QUUEENM CK TRIB
CECEMBER

AT

APACHE JMCT

T3

100 - -
i
0 ;"
y
/
=0 — /
wi {
(9] !
4 S /
o 7
& {
. /
) [ =] —1 /
(] {
Lut ]
,‘,’ S50 ] /
i {
= f
o 40 - {
. ')
24 /
T — /
¢
14
. ./
20 - /
J
g
13 /
/
7 /
O T T T T T T
: ) 2007 4O e
TIAE I T2 LAS

. ‘ l ) i : .
. ' . . s
} } { Lo -1 ———— - . B R L2 S i .




#83 QIUTEEN CK TRIB AT APACHE JMNCT
SEFTEMBER 139702 AT 1

1oy — e
,——"‘—'M
=T - - ’
.-"‘
ol

20 - ’
L e
(e -
(5:- T ~
T
(] -~
15 50 - e
a P
]
= ~ o
o 50 hm
= :
—_ ) Vi
= - 7
A 40— S
¥ -

— - 'J'!

ot = -

e
_.(/.‘“
200 -
1'(/-‘
f,’
1~ 7
-
— _'_.f"'
___—d———-- -
= T T T T T T T T T T T
" Q <p ao 12C Ve 200 240

TIME IM 22 LAS



#8 QUEEN CK TRIB AT APACHE JNCT
SEFTEMBER 1370 PART 1
W0 - P
30 s
,l
/
20 /
{

£ /
55 7O ¢
T ,/
£ /
] 50— /
o /
L ,‘
'z 50 - /
= !
1 ¢
- 4 ) -1 'J"
24 !

e /

3C /,a

20 -’/

-/,
.-/
1C - /
/
-~
o T T T T T
o) 200 4 ECO
TIME IN 55 LAG

. . . . . 4 i .




#9  QUEENMN CK TRIB AT APACHE JMNCT
SEPTEMBER 1375 PART =

T ~ e ——
_~—~—‘_’—‘___
3 C) —_— .4,"/ -
20 - yd
Wl
£n g
(I_‘ — -~ —4 -
_E [ /(
] Vs
o O -
L—‘ ./"...
= /
- e
- 50 7 g
= s
—
— g
o 40 ~
z\e" A/‘/
s
- Pe
S0 S
o"
e
-
¥ -
PSR e P o
e
‘/
o
10 o
4"‘.
-
_P..fﬁ"j
— e
2 T 7 T 1 T T ] T T T T
Q 4G a0 12C 1 02 200 240

TIME IN 55 LAG



SOHARGE

Zhe

K

ATE O

ULTIM

o

e

1<

C

QUEENMN CK TRIB

APACHE JMCT

SEFTEMBER 13

[
Q
¢
(8]

M

T

TIME 1 75 LAG



10

ACGTIA FRILA

TRIE
SEFPTEMEBEIR 1370

AT

e e e e e

L
/
.//
P
A
,:
/
-~
»'/"
‘((
vl
//
A
K
p‘,’
4
¢
L
e
e
-
g
4
.ﬁ"’
""'
4”
o
.,-4—"‘"'..‘/
e o
T T T T T T

b 4 I Toa

<o S0 {20

LE 20

TIRAED i 52 LAG




Tl

= Ll
S0
70
=10

#10  AGUA

FIRTLA

SEFPTEMIEBER

TRII

>

-

e

AT

YHITN T COW N

T 1
2000

TUME I

ST

BT

I T U G I B AN By A U am B W s e aE s am ]
[ | g [ . & . . -




#1111l AGUA FRIA TRIB AT WOUDMNGTOWDN

SEFTEMEER 1370 PaFT 2

e ”A—-
2 — -
Ll -~
(4] .
(s T -
-T ;
%
€ ) Y
53 - /
s S0 — x
[ ]

e /
-~ /
S /
_/
N ’
J’
() - g
200 Y
I
s

T _ 0T

S

TIMES I 35 LAG



T

1

30

Z0
20

w11

AGTTA FRIA TRIB AT WVOUDMGTOWDN

SERFTEMEBER

)

)

PART 2

POt e

8]

=y
PN

TIMED 14

i

]
Elel

LAad




ARGE

=
.

% ULTIMATE D

#12 DNMNMEW RIVER MNMEAR ROCK SPRIMGS

CECEMBER 137

_-—_'-"-’-“ ——-__
./-/
v ,“‘
.4’-‘ -
L~
-"""
v
rd
d
7
T T T
220 : : S lle

TidE U 22 LAG




oE

SCHAR:

% ULTIMATE DIz

w
Q

¢

2 3

MNMEYW RIVER MNEAR ROQCK SPRIFTGS
CECEMBER 12367

e
vv__'-'-"_
.-"FA ul
A/"
T 1 T T ¥
2000 403 v Hale)

TIME M 72 Lad




H&RGE

ILTIMATE DISZ

(%

ol
24

| (o

w
i

#13

MEW RIVER DMEAR ROCK SPRIMNGS
SEPTEMBER 13732

- - BN BN S . -*'-_"‘_‘——-~- - - - - - .

TIME 1IN 52 LAG

.l//
)/’.I
!/!
7/
| ] i L) T T T
102 200 el 2




#1323 DMEW RIVER MNMEAR ROCK SPRIMNGS

SEPTEMEBER 1375

1S — [
—_— —_’-—~’——
.4-""-—‘-
AC e
—/;”‘

e ] P Va
wi / ’
& /

— -]
= A /
L -/
0 /
‘:'... e ~ /
Cl ' [,
e /
T =C - /
= - _../‘
o S4G - /
A /

in -— /."

20 - /

/I
10 | ; ;
//!
-d-"’/ g
< T T T T T T
e 20T s Vael) =il

TIME 5 LAS



#14 NEW RIVER AT MNEW RIVER
CECEMEER 1327

T — e

AT -

=~ -

< ]
w ”
[
€ o
o
5 6%
[ ]
]
- 5O — .
= o
= P
5

. S =
kin} -~
/‘i.
I-/
-
20 - T
20 o
J—"-Jf
1c o
"
_.-I"
— -
_—f—"'—'-f'-_
C T T T Y T T T Y T T T T T T T T T

T T
C 20 4C =0 30 100 12> 142 1B8% 180 200

TIME 1M 25 LAG



E

Py

% ULTIMATE DISCHAR

(o
O

N

(W]

#14 DNMEW RIVER AT NMNEW RIVER

CECEMBER 1387

1 1 T T
200 4D

TIME 1M 75 LAG

Tt




HARGE

ULTIMATE CISC

oy
A

#15

MNEW RIVER AT MNEW RIVER

SEFTEMEER 13™C

1/-‘-—“
-
e -
K - -
e /‘”
. J/.
r'/'.’
r//
rd
)‘/'
4
.'..
;
l‘/
.'/
.:/
'
e
rd
A
.-’i
~
v
l//
e g
-
a‘,’
.’./d‘
_Prf‘.- -”/
—f—‘-‘-
T T T T I T T T T T
40 80 120 1EC 200

TIME IM 75 LAG




SE

ULTIMATE DISCHARS

oy

e

~l

‘\

TJi
Q

a

(_yl
0

hs
W]

#15

MEW

RIVER

AT DMNEW

SEFPTEMBER 13702

RIVER

’—"‘"-ﬂ_
-'/" }
!
T 1 T 1 T
200 H2 =lolw
TIME IN 95 LAG




CHARGE

<
o

% ULTIMATE OI

#16 INDIAN BEND WASH NEAR SCOTTSDALE

CECEMEBER 19€7

100

T T T T
200 200

THAE 1IN 2% LAS



#1606

INDIAN BEND WASH NEAR SCOTTSDALE

CECEMBER 19€87

10T - e ——
.-//-/'——
e - ,r/‘!
.-‘/i

eo — /
"]
[44)
& 7O
5
% &G /
ot
< &EC -
5
D 4G -
b

2C  —

2C -

1C

C T T Y T T
: O 200 4CC (le]

. 0

TIME N 22 LAG




GE

SCHAR

% ULTIMATE O

#17 IMNDIAMN BEMND WASH NEAR SCOTTSDALE

TIME 1 72

LaG

SEFTEMEER 1972
T
e
l.//-
.-‘//
I“/.
S
/S
1'/
/
I/.
'I'
/i
T T T T
) P D lr) E00




% ULTIMATE DISCHARGE

N ' e PR R

TGS

0N
Q

b}

o

~
&)

m
0

tn
O

A
o

€]
8]

10

Q

#17 INDIANMN BEND WASH NEAR SCOTTSDALE

SEFTEMBER 1370

] ) T 1 T 1

TIRAE 1N 22

[rT——

Q4

LAG

Swle



#18 INDIAN BEND WASH NEAR SCOTTSDALE

JUINE 1972

1C0 - e
» e
.,-"'"_'—F’
ac - __’,'/
e "/’/

e L -
)
% 70 Ve
u /‘,
7 eo - /
[} //
] s
= 50 - /
-
= : J/
5
e 40
¥

So

-~ O —

1 -

&) T T T T _ T T
(e . 200 320 o, &eCC

TIME 1N 22 LaG



100

ao

o
W
1

o 70O
I

< e
L

=, 50
=
=

5 40
¥

30

2C

10

C

#18 INDIAN BEND WASH NEAR

TIME 1IN 28 LAG

I G N R TN N B D BN BN O BE e
f f . . - - ¥
—

SCOTTSDALE
JUINE 1972
_-J-P'—’_,—P—’_F_ -
.;-—"f
I
//.’
rd /
I/‘/
v
yd
yd
/’/
//
H ¥ T : T 1 i
200 _ 400 ECO

T N O N aE =



- G- - 0N - I EE BE N - - IS EE - B B S . .- .-

#19 NEW RIVER MNEAR GLEMDALE

CECEMBER 196£7

1S o
_F-'——'_'_’—"—ﬁ—
T -
Q& — P
/’//
Pl

a¢ .
L _ /
o 70 - P
I Ny
& /
5 EC /
= y
=< 50 -~ S
= IV
o /
D 40 Vs
e /

=G S

4
~ G o
10 /
— )
&) T T T T T T T T T T T T T T T
O 4C ec 120 10 20005 =4C 28C 220

TIME 1IN 252 LAG



HaRGE

bl

—_

e ULTIMATE DI

o~
T

o
Q

1
0

#19 NEW RIVER NEAR GLENDALE
DECEMEBER 19&7
__v,-—-*—’—'_’_——d—’
,-"/
//,..—"

N

Q
b

TIME 1N % LAG

ECC




#20 NEW RIVER NEAR GLEMNDALE

SEFTEMBER 1370

100 e ——
_—‘_'—"_ —
_.—'/_/
g T
-~
- ~
’/

ISTe . o
L) //
2 ~
= PAS R /./
I -
[ Va
vy eEc - e
o] ya
h—l g //
g 50 //,/
=
_'._"-‘l 4G //
-

S0

2C

///
3 - ,//
1C e
‘_-_’_'_-_////
G T T T T T T T 1 T T T
@] 4C 20 120 ) 1€0 200 240

TIAE 1IN 22 LAG



HARGE

-~
=

% ULTIMATE D!

1o

e
0

(0
Q

o
0

M
(W)

MEW RIVER NEAR GLENDALE

SERPTEMEER 1970

#20

TIME 1M 22 LAG

f‘—ﬁ'_'_’#
///
-] /
/
] //
/f
] i
. /
1 1 i T i T T
G 200G : = Olar SO0




1 AGUA FRIA AT AVONDALE

#2
GECEMBER 1967

100 — -

a - T -

o - ,/-/
LJ 7
¢ e
e 7C o
Vi G
& EC p y
[FN ]
5 50— ///
= /
— 7
5 40 - //
3 //

0 - ‘//

20 - //

///
1 ,////
O '—T/ Y T T —T T T T T T T T
s’ 40 o ' 120 1EC 200 240

TIME 1M 22 LAG



#21 AGUA FRIA AT AVONDALE

CECEMBER 13&7

1C0 J———
.4"/’-
30—
/

e -
w
5
t:% I ] ',/
= EC )‘
W /
tj =0 — /
o
o G40 — /
AN

S -

20

1C - /

S
< e T T T T T T
(e 200 400 &GO

TIME 1IN 22 LAS

; . v . . . . i t



S MIP I I S IS I B D IR SR BN R e an By EE S .

#22 AGUA FRIA AT AVONDALE
SEPTEMEER 1987C

106 — e
-~ _/
9 G - ’__,;-P'/-
=

EC ’//
L //
g “

" 7o —

: S
] ] /
3 60 //
s
< 50 - d
= //
L
pa | 40 -
¥

30

20C

1 - /

) T T T T Y T T T T T 7
C 4C g0 120 = 200 240

TIME N 55 LAG



#22 AGIJA FRIA AT AVONDALE

SEPTEMEBER 197C

10C - —_—
f'/,_,’-
a0 - ,/
’/’.
20
LJ
(]
e 70
I’ ¢
& f
v ECQ
s °° /
E /
<I E C/ -
=
=
5 4 -
¥ '

20 —
1 V4
_’/ ,
C T T T T T T
o 2c0 - 400 BECO

TiIME I 52 LAS

P ' . R 2 TS



% ULTIMATE DISCHARGE

100

9o

80

B W Ba NN AN G ED U BN B O B o R M WD e T .

#23 MOENCOFI WASH

MNEAR TUBA THTY, ARIZOHA
| e
— a
.-‘//
,-'/'
//"’
/
/
/
7
/o
/
/
/
/
/
‘M’/ : | ; : :
100 . 200 300

TIME [N 2% LS



CHARGE

2

% ULTIMATE DI

) : S ) : T e

103

#23 MOENCOFPI WASH

MEAR TuiBA SITY., ARIZOMNA

TIME IN 25 LAG

— /‘_,_,.,—-«——-"""—'-—_
—
— ./.
T | ) T T
(3 200 : DO EC0




% IULTIMATE DISCHARGE

1C0G

<4 CLEAR CREEK

MEAR WINMSLOW, ARIZOMA

"-/.F_ﬁ
-~
/
//
i T ) 1 r’ T T
120 200 300D Einle)

TIME 1N 25 LAG




T ULTIMATE DISCHARGE

o d
"~

B Y O O B B D R AN BN N e
‘ , |
1l N b d Mt e e

#24  CLEAR CREEK

HMEAR WINSLOW, ARIZOMA

] F’F_’_,_,..-a-"‘_"‘_“'-—_’—‘_—__--.——'-——”—
/ -
/'//
//
—
T T T T ’ i T
' 200 ' 4C0O BQ0O

TIME 1M 2% LAG

- N EN A S e




®25 MIURRIETA CREEK
AT TEMEZULA, TA
10 —
T _‘-M—-_——*'m
[ I P
30 P ,
e
80 P
3 y
: /
%;’ 5O !
B
x- so -
= /
—
3 40
34
3 —
20 -
10
O Y T 1 T Y T T 1 Y T
0 © 200 400 - 200 1000

TIME N 25 LAS



. i - . ‘ . . : . ‘ ' B

% ULTIMATE DISCHARGE

~
Q

[eg]
O

MURRIETA CREEK

AT TEMEIDSULA, SA

i T
10 Co ’ 1S00

Q)]

TIME 1M 20 LAGS

1450



#26 SANTA MARGARITA RIVER
AT VYSIDORA, CA
100 o
.—/‘*"‘—M-‘--
30 - P
-
/’/f"
50 -
7
2 y
¢ 70 - /
/
A E0 /
b /
E 5 /
=
’—
3 40

/

30 - : /

20 - /

/
10 - ,/
//
O = T { T T T T . .
o 20C 4CQ ) 200

TIME 1IN 25 LAG



100

20

80
uJ
o]

‘-Zl- de)
5

g 60
L

Yz 50
=
=

3 40
34

=0

20

10

(»]

#2606

SANTA MARGARITA RIVER

AT YTSIDORA, CTA

! 1 T T | T
600 3C0 1800

TIME IN 2 LAG

120C

1400

) _ ) _ . _ . I N i - i y s I _ . I I . i _ ___ I I i. I o | | I
‘ . . i 3
—————— - . - ——




#2I7 SANTA MARGARITA RIVER
MEAR FALLBROOK, CA

100 —

50 /

40 -

% ULTIMATE DISCHARGE
Q
(9]
|
S—

20 -

T T T : T T T
> 20Q 4CO 6Q0

TIME IN 22 LAG



SANTA MARGARITA RIVER

MEAR FALLBROOGK, A

100 — S ———e
e —
S —
90 o
~

80— rd

% 7 O 1 ,/‘/
/

& y
v A =]
& 6eC /
» /
< 50 -
-E_ N
=
] 40 -
34

3O

20 /

/
10 =
-~
,4.4-‘-"’/./
O T T Y . T T-
(&) 200 4SO Q0

f ' \

” — S |
¢ - - e ' - 4 t .

TIME 1IN 25 LAG

o e mm wm ==



% ULTIMATE DISCHARGE

TEMECULA CREEK

#28
AT PAUBA CARYOM, A
T
”‘a/"_’-‘-‘—’-‘—".
4-/
//
L I I | ¥ 1
2C0 400 BC0 800

TIME 1IN 25 LAG

1000




[
7

Dl

X ULTIMATE

#28

TEMECULA CREEK

AT PAUBA CAMTOR, SA

e —— et
s’

200 4C0

&GO

1 1 T i T

]
Q
Q
o

TIME IM 55 LAG

1400

; N
‘ : -— -~ o—— .- - [T _— . . . e [ ——— et iam— i

S——



. - _ o . = ) . ) . 1 )

#29 TUUJLUMNGA CREEK
AT TUJIMGA Tak NO. 1, A
100 ——
-.—-"f——ﬂ-f
30 - o
//
-

a0 - 7 ’
Lt ,/'/
2 e
& ZAO I o
I
2 - e
5 b /_/‘
w e
S 50 - /
= V4
5 s
0 40 /
R //

//
10 /
-~
Qo T T T 1 T T T T T
Q 100 2o el <420 £00

TIME 1IN 2% LAG



#29

TUJUNGA CREEK

AT TUJUMNSGA Card MOL 1, CA
100 I
4-"‘_-”"—'-
9 — ’_,.-'/.f
.//¢"

30 e . /’/
W -
%] e
¢ 7O e
I e
& //
2 B0 - -
a i /
Wt Ve
2 50 — /
=
= /
-
3 40 /
R f/

32 /

o /

20 ) /

/
10 - /,;’
4
e
Q | T T T T
(= 200 Eie) eQC

el . . e L - i [ "

TIME IN 2% LAG




#30 SAN DIMAS CREEK

AT SAM DIMAS DAM, A

100 . _—
e
i
9 O - ’___‘___'v—f-—"‘“
30 P
f:] /-".//"
% 7O P
% /
(3 s - /
aQ S0 7
w i'/
S 50 - f
ol
3 40 - /
34
30 }
w4
10 /
o - ] T T T T 1 T T T 7 T T
O 200 420 BOO 200 100G 120C

TIME 1IN 72 LAG



% ULTIMATE DISCHARGE

100

=)

#30

SAN DIMAS CREEK

AT SAR CIMAS Dapd, CA

450

] T T i 1 ) L] 1

600 200 1oCO 1200

TIME IM 2% LAG

1400




% ULTIMATE DISCHARGE

#31 EATODM WASH

AT EATOM WaSH DAM, Ti

w______/-’—‘—"~——~-“’—“-———‘
s ea
T
— J-‘_——w_
—
«’fﬂ
-~ <
o
R4 g
e
1 | T T T T 1 1 L]
200 400 E00 SO0 1C00 1200

TIME - 35 LAG



#31

EATODNMN WASEH

AT EATOM WwWAaSH DAM, T4

100G e —
F—-_'—’_H.-—. -
_'-""—'—’—
P
35 - T
f"'f/
e

S ' ——] //._ __/
Ll e
2 e
% 7O -
T yd
el
¥l B8O
(=] .
w /
% 50 - //'
5 J

o 40 /‘

%4 [

3C }

20 = /

10— //
o T T T T T T T T T T T
O 2020 400 &S0 3Co aleln 200

TIME 1Y 25 LAG

1400




#32 EAST FUULLERTON CREEK
AT FULLERTON CAM, SA
100 - e
_vﬁufj_’_ﬁ— '

o T

82> '_/._/-/ g
¢ e
% _; O ] /"//
i 50 /~
O /,
E /
= 50 //
5 /
] 40 /
32 /

30

20 -~ /

-.»'/'
o0 =
I | 1 }
o 20C - 400

TIME 1IN 2 LAG



% ULTIMATE DISCHARGE

TIME 1M 22 LAG

#32 EAST FULLERTON CREEKXK
AT FULLERTOMN AN, TA
— .’_*_,.-—d—'—"'-‘_‘_"
S
- ///-—’
,‘/./‘f.

7 s

.-f‘//-

_‘—f"-'/
T 1 T T T
() 200 4C0 sQ0




| . -

#3133 SAN JOSE CREEK
AT WORKRMARN MILL ROAD BRICGE, CTA
100 — s
ﬂ—_’ﬂ_d_’-ﬁ"“-_."‘w
A0 //“‘
../“’//-

80 ol
wi L~
! e
!1-% TO S

l/

[ s
(] 1 v
3 80 y ,
L s
% s0 /
5 /
v} 40 - /
R /

30 //

20 /'/

/
7
10 /
//"
o T T T T T T T T

0 10C 200 ' 3C0 4C0’

TIME M 75 LAS



#33 SAMN JOSE CREEK

AT WORKMAR HILL ROAD BRIDGE, oA

100 — e
."""-—'—F{‘-‘
30 _ "‘/
-
~

20 - //
Wl
€2
@ 7o
5
] = -]
Y]
5 50
=
= 40 -
34

30

20 -—w /

/
1‘3 ha //
Vd
e
) T T T T
Q 200 EYolw

TIME IN 53X LAG




#3 4 ALHAMBRA WASH
ABOVE SHORT STREET BRICGE, CA

100 —
90 — e
T /
P
82 _,/’/
& e
g‘r 7 O - /4'/
5 /
u 80 4
a 1 /
I /
50 -
: /
’-.
= 4o —
" /
30 {
20 - //
10 — /'/
o —T T T T T T T
) o 200 4Q0 So0 Sl e

TIME 1IN 25 LAS




#3414 ALHAMBRA WASH

ABOVE SHORT STREET BRICGE, T4

106G e
T --”-“.P
-'//

30 — //
w .
& /
& 7o /
;5' /
2 80 — /
" f
e S5C
=
'.—
3 40 -
34

S0 - /

20 /

!
10 /I
Vi
o} T T T T T T T T T T T 1 T
o 200 400 BCO 800 1000 1200 1400

TIME IN 2% LAS

. . \ . 1 !
ey s



#35 BROADWAY DRAIN
ABOVE RAYVMOND DIKE, CA
1CO
——

30 e e

50 - T
£ e
44 - O —y -
el A 7

4
1] p - ’
a B2 , /./
w /
'__ &
- 5 G — K4

3 S
=
5 40 //
® /

30 /

/l
20 /
10 /
//
C ‘ T T ' ! Y T T
Q 200 40 250 8Co

TIME M 25 LAG



#35 BROADWAY DRAIN

ABQVE PATMOMND DIKE, CA

100 - ————
e
J-f’/ljm
30 - ) P
/’/
30 - ol
P

E'Lll 7O T /'/
2 /
() —
a 50 /
W
-5
o 4O /
32

3G /

iy

o A/

o - T Y T T | T | T T T T 1 T

o 200 400 E00 800 16Q0 1200 1400
" TIME IN 22 LAG
’ : ' - - —— e s - : ‘ » -




#3656 SANTA CLARA RIVER
MEAR SAUGIUS, CA
100 —
‘_ﬂ_ﬂ.,————-——

IO ﬂﬂ__/""i“

20 - 7
i - A -
7 /
= 60 - /
o /
< 20 !
= !

i !

3 40 = {
»ﬁ |

30 - /

20 /

1Q - //

o T T T T T T T T
O 200 400 soQ 8c0
TIME 1M 95 LAS



% ULTIMATE DISCHARGE

~r
/!

PR ; . . -
e s i

#3606

SANTA CLARA

MEAR SAUSUS, CA

RIVER

TIME 1IN 23 LAG

- ~-"~“~‘~
a——’ﬂ-“.
- . ’</"
///
.

— v

pd

A ¥ i 1 I T I | i T

o co 400 SC0 2Co 1000 1200

1400

1|



#37 COLMA CREEK BASINMN
CALIFORMIA&
12C .
—‘—""""—M .
30 - T
F“/-‘

30 — -
(V9] ‘/‘/
) _ S
%t-f_' S -/./
3 /
2 58O — /
W /
% 50 - /
= /
3 40 — /
R® y

30 f

//
I'4
20 - /
/
10 - /./
y
(o} e T T T
. 0 200 4C0O

TIME 1M 75 LAS



T ULTIMATE DISCHARGE

S50

COLMA CREEK BASIN
CALIFODRM A

1
O -~
O

4C0

TIME IN 2% LAG




X ULTIMATE DISCHARGE

#308

SAMTA ANMNITA CREEK

AT SAMTA AMITA Cab, CA

e e S
I

T T T L T T
500 3C0O 135CO

TIME 11 25 LAG

1400



% ULTIMATE DISCHARGE

~ 0
O Q

iTt
Q

9
8]

SANTA ANITA CREEK

AT SatTa aMNITa
-’—ﬂ‘______,..o—""_“—
_'—4""-'_,-‘—
] T
&OC

CAakl, SA
.-—4—"—"‘"'—"‘_-
I
320

TIME IM 22 LAG

T
120C

1420




#39 SANTA AMITA CREEK

SEMEFAL STORM

100 - e
—“'—-‘"—'_’—'—..—’-‘—-F—‘f_“—
ao N,
- —
"‘_’,—-‘-
30 e
w P
1] -
& T - ,f/
I
3 4
A . _ Ve
2 5O y
w i
g 50 - /-/
=
i} ]
3 40 /
®
30
20
10 - /
J
% (o T y T T 7 | T T T T Y T T
- : Q2 2C0 4ioCQ 520 S0 ({eals] 1200 1 4SO

TIME 1M 25 LAG



3

SANTA AMITA CREEK

SEMERAL STORM

SCHARGE

Lo

or

% ULTIMATE Ol

A

0

0

o 4
(9]

b

T T : T T 1
E00 3co 1000

TIME M 25 LAG




% ULTIMATE DISCHARGE

#40 SANTA ADMITA
THUNDERSTORI

CREEK

TIME I+l 75 LAG

Elain

o
8




#40

SAMNTA AMITA CREEK

THUMECERS T M

e
q"./’—’f
QD> /_//
//-J
c2 "
L e
8] e
T 7o - /
5
(7] o ]
5 &C /
wd /
% 50 - /
5
o 4 — /
52
30— ' /
2C - //
-'.
1 — //
I
-ﬂ'/
O = ) T T T T T
') 200 Eisle’ s8Q0
TIME IN 25 LAG

| ST



N - - N I T B S S B B B R B B B O

#41 SAMN DIEGITITO RIVER

CCALIFORPN A

]
18 ~

= DOV RS 'x__,.--*"_

30 - e =
b T o
> /
2 5C //
o] l(.'
Lﬁ ["
=€ 50 - 4
-= ,./
an ;
2 47 - /
5 ';

3Q /"

/7
20 1 _a'l
/
/s
10 — yd
/.
//
) (o) T T . - :
. o . 200 _ 400 £00

TIME 1M 25 LLAaS




E

“+

ULTIMATE DISCHARG

(-4
Pa’

#-11 SAN DIEGUITO RIVER
SALIFORM A
1 { | 1
200 ’ 4O

TIME IN 75 LAD




% ULTIMATE DISCHARGE

100

90

80

70

60

S50

40

30

20

10

#4 2 SANTA BARBARA (MISSION CREEK)

AT LOS OUVOS STREET, CA

200

T T T T
400 600

TIME IN %5 LAG




#42

SANTA BARBARA (MISSION CREEK)
AT LOS OLIVOES STREET. CA

100

a0

/
I

20

% ULTIMATE DISCHARGE

10—

70 /////
580 —

) . ‘ . . .

200 400 600
TIME IN 2% LAG ’




#43 LIVE OAK CREEK
AT LIVE OAK DAHM, CA

100 —

80 - . -

60 - /
50 -
40 -

30-—1

20

% ULTIMATE DISCHARGE

10 -

) O 200 - 4Q0 6CO 8Q0



#4 3 LIVE OAK CREEK

AT LIVE OaK DAM, CA

100

-

™

60 - /
50 -

40

% ULTIMATE DISCHARGE

20 -

10 -

T T T T T T T T J
o 200 400 600 aco 1000 _ 1200 1400

TIME IN 2 LAG -

: . . . ' ' 3 B [, ' 1 + f [ + : g v . . [ t ] t '



44 SAN GABRIEL RIVER
AT SARN GABRIEL DAM NO. 1, CA
100 — o -
..f--"'_"_’-‘—__.—.—'—‘
-l-‘-"".’-l-
= 1) - d’/’- T .
'P‘/’Fﬁ-

80 - //

i -
) -
Sf 70 - //
e
z -
%] 50 e
o : -
= /
< 50 /
=
5 /
3 40 - /

3R /

30 /

20 //

10 - //

J .
) T T | T T T T T
0O 20C JS0Q 200 a0
TIME IIN 2 LAG



H4 SAN GABRIEL RIVER

AT SAM GABRIEL CaM MO, 1, CA
100 e
.ﬂ""“ﬁf
30 — -
/-//
P

80 //
w ~
@ /
= 7O e
5 /
A /
= ' /
é 50
2 /
3 40 /
32

so -

f
20
10 -
&) T T T T T ¥ T T T T T T T
Q7 200 4200 Q0 00 1CCQ0O 1200 14C0O

TIME IN 25 LAG

. v ’ DY



SAMN GABRIEL RIVER

#45
AT SAMN CABRIEL DAM (RO, CA
100 —
ISy
_.--*'/-‘_‘—
IC P
. »’/,.

80 by . ,/"’
& e
& 7o Pl
% yd
a 6C - , /

Ve

E 50 - //
= /
= /
e} 40 -
R /

30 /

20 f

10 - /

rd
(») T T T T T T LI T
-Q 20C 400 500 800
TIME 1IN 2% LAS '



#4D

SAN GABRIEL RIVER
AT SAN GABRIEL DAM (MC.1). CA

0
&
!

G

80 -

TOo o

60 -

50 -

%2 ULTIMATE DISCHARGE

- i 1 3 i

H

200

Il N n
| SR [F—

400

ot e S 2 [ S . . - : P

o

T T T T T T
5C0O aCD 1GQ0

TIME N 23 LAG

1200

1400



% ULTIMATE DISCHARGE

100

=1e

80

60

50

40

WEST FORK OF SAN GABRIEL RIVER

AT COGCSWELL DAM {MNO. 20,

T

400 -
TIME I 25 LLAS




% ULTIMATE DISCHARGE

: R e e e 3 e

100

=18

80

€0

50

40

20

10

#4146

WEST FORK OF SAN GABRIEL RIVER

AT COGSWELL CAM (MO, 23, CA

T T T T T T T T T

400 6CO - 38C0 10CQ0 120C

TIME IM 22 LAG

1400




#:47 WEST FORK OF SAN GABRIEL RIVER
AT COGSWELL DAM (MO, 2H. Ca
1CO - e
' . __,.4—-""'-’_‘-—..—.—‘_‘-——-
/"‘f

80 - -
W //
fID: 7O - -
e 70 -1
x e
) —
3 60 ///
Y]
= 50— /
= ~ /
l,_.

3 40 — /

x /

30

20 -

10 - /

V4
: Q = T T T T T T T 7 | T T
* Q 200 4C0 ECO 3C0 1000 1200

TIME IN 25 LAG



160

30

80
(V9]
2

& 70
T
()

L 50
=
’—-

= 40
B

30

20

10

o

#$47 WEST FORK OF SAN GABRIEL RIVER
AT COGSWELL DAM {NO. 23. CA

T T T j T T ! T T T T T
200 : 400 600 3C0 1CQ0O 1200 1400

TIME N 23 LAG



% ULTIMATE DISCHARGE

100

30

60

50

40

20

10

-
#48 WEST FORK OF SAN GABRIEL RIVER
AT COGEWELL DAM {MHO. 2>, CA
4-"'"‘-—"“-‘-'—-’_
T
- *"/
e
/s
4
¥ v I ! i ) T 1 L}
0O 200 4G &00 aco 15Q0O 200 1400
TIME IN 2 LAG



100

90

80
Ll
=)

& 70
3

2 650
(78]

5 50
=
-

5 40
R’

30

20

10

o

o ; §
mE e _ Ml Bl N BN E
. ; ! . v . < ;

#4148 WEST FORK OF SAN GABRIEL RIVER

AT COGSWELL CAM (MO, 23, CA

P

I i I | T L) T T 1 11 I
400Q | 6CO h 8co 1300 1200C 1400

TIME IN %X LAG

N
O_
O

()

¢ . i R —ad ] d b 4 [S—

Ny




% ULTIMATE DISCHARGE

6C

50

40

H449 SAN JOSE CREEK

CALIFORMNIA, LACDa 13835 STUDY

—
"
.*"//
//
e
I/
v ] 1 i i 1]
200 Eladw) [Ssle]
TIME 1IN 2% LAG




#4149 SAN JOSE CREEK

SALIFORMIA, LAZDA 13885 STUCTY

100 e
S
i

ao - #/J__/-"”"

2o - -
S -~

> rd
o O o
%
7

7 50— S
Q //
Lt
< S0 y
= /
| 4O 7
3 /

30 - /,/

10 - /

o T : T T ! T T
Q 200 S$Ci E00

TIME I 5 LAS

. i . i . . . S ! : o



% ULTIMATE DISCHARGE

100

#50 VERDUGO WASH
CALIFORMIA, LASDA 1385 STUDY

200 , 4G

TIME N 25 LAS

800



% ULTIMATE DISCHARGE

100

90

#50

VERDUGQO WASH

CALIFORMIA, LACDA 1985 STUCY

d.‘--""’"'~—f-_‘-
- 7
—
p—
—-{
T T T
() 25 Elwie B5CC

TIME IN 2% LAG




-—-—-ﬂﬂ“—“-“-“-““-—‘———i—- - - - .- .

#51 TRIMITY RIVER

MEAR LOUISTOM, CA
100 - IR e
ac - T
/
-‘-f"
30 - /,//
i
o) e
!I{" 7 O h— //
z , \
o /
s 1 -~ e
Q 60 /
B : /
3 — |
§ 50 /
==
3 40 - //
* /
20 - //
10 - //
('/
X
_ o e T T T T T
. 0 2C0 : 400 500

TIME 1N 25 LAG



1CO

30

30

% ULTIMATE DISCHARGE

#51 TRIMNITY RIVER

NEAR LOUISTOMN, CA

1 ] | T T B |
20Q . 400 600

TIME IN 2% LAG




#52 ANMNIMAS RIVER
AT FARMINITIMN, MNEW MEXICO
100 - e
.,/ﬁ“'ﬂﬁ—.’,_' '
g0 - : . T
— -

80 - ' /,/
3 -
5 -

o

7] - d
4 B0 y
(V) d
2 50 — /
= g
Q 40 /
- ™ /
3R //

30 /

/
20 - /
10 - //
' o // T T ] T T
2 0 200 . ETww) ECO

TIME IN 25 LAS



#52 ANIMAS RIVER

AT FARMIMNGTSH, HEW  tAEXICD

100 — C——
—"““d—’—-——'
« o
— '//

3 —~
W ,/
O -~
@ 70 - ~
s o /
[9]
24 60 - — ~
a g
L ’
< 50 - /
= /
5 /
3 40 /
34 //

32 9

10 - //

o | T | . T T 1
0 200 400 6800

TIME IN 22 LAG

. : i ‘ : 4 : [— AR [ | Y [ S e ’ . — 3 H ———




#5953 BUCKHORN CREEK
MNEAR MASOMVILE, OOLORADO
1o o -
. FM____,......
30 P
///

30 - o
lfg f'/
E': v O _ '/‘..
T /
'r—r)-’ 50 /
2 /
B /
=L S0 /
= g
= !
el
D 40 - /
34 !

S30Q - //

/
20 - /_/'
10 - /
——-‘-'—/./
O T T 1 T T
0 200 - Telw 680G

TIME i 75 LaG



#53

BUCKHORN CREEK

MNEAR MASCOMYILLE, OSLORACO

165 -
——“".H.-"_"—’.-‘.—
_-"""‘-‘—
A0 T
//

8c - g
Lt /'/
E_'! /
< 70 - /
T
- /
4 50 — /
o /
< 50 —
3 /
5 f
3 40 -
R /

0 /

20 - //

10 - /l/

s
—
o - T T T T T T
et 200 4G0

[ s

TIME IN 22 LAS

ECC




DL TTINTA RIVER

MIZAR HIEDLA, UTAH

1G - - R
3 - rﬂ__,_.-'-'-“"—’
— "
=

sc - o
L el
(3] -
& 7o -
I el
o e
‘.r’ E "‘ pa— /'/
5 S -/,.
p

g
T S - S
= /
5 /
g | 4O - /’
32 ¢
7/
G - !
!
/
20 - /
12 - /7
e
rd
» -
o T T T T
) IC} 200 ETalw [

TIME 1l o5 LAS



'

X ULTIMATE DISCHARGE

4]
@]

-
Q

N 4] T
C 0 Q

fa
Q

i
O

:tt: '5 :l.

UIMNTA RIVER

NEAR HEOLA, UTAH

//-
4'/'
-‘/l.
—/V’.
el
.”,
e
/
s
4
/
;
/.
‘_l
4
7
/
T H
200

. . B R 2 B
——— -

-

| T
4C0O

TIME N 25 LAG




R A R IS EE R Gy WS Gl S GE U B Gn A G BN S S

l

HOD ARBUCKLE CREEK ADMD DA’M

b LA AR

1S N
93— e
—
_,_./"_

i -~ ,/’/.
L -
£D
¢ 7o -
T s
€3
() v
o EO - S

;
/
e /
;
<L, 50 - Iy
§ 1
E /
o ETa RS ;
. ’

% !

30 /

20— !

20 ;

!/
10 — . /.f
A *
3 . e
i
02 T ¥ | T Y
.
o 200 : 4C0 BCD

TIME I 55 LAG



% ULTIMATE DISCHARGE

Lo -

N

O

o
Q

A
i

4C

8
O

(o)

A,

10

ARBUCKLE CREEK AND DAM

L AHO AL

e T
e o e’
e e e S

T 1 R T T T
200 ) ETalw B5OC

TIME I 2% LAS




PHOENMIX VALLEY

ARTZOH A

._.__—-—“—————"'—““'“‘""—-
./'P-F‘-P.’ ‘
’/
../ *
./'/
.fb-’.
y
e
B
5 .
a o -
(9] e
L S0 - /
[:‘ ’
[Fe] 2
rd
2 50 - y
5 /
o 4o -
.I

¥2 /

3¢ -

»"/
20 = /)"
.~/
P
10— e
-'//
d“—"—._'-'.
o aaE | 1 T T T 7 T T 7 T T T
T o 4 202 123 168 2o 240 280¢
ot

TIME ] 35 LAas




CHARGE

-
S

. ULTIMATE D

L-rd
I

‘ . N . L : S . B o L

#5060 PHOEMIX

ARIZON A

VALLEY

N
O -
&

TIME 1N 22 LAG

4(:.3

T
Sl

O




57 PHOEDNIX MOUMNTAID

ARIZOHA

100 e ————
. _—-’F -‘.ﬁ_.—h‘_'__—‘—
D LT
‘-‘/-“
Af'r.

S - -~
(Y] o
e ,
T
)
[ =
1 e -
(i} - _//
() /<
’:—l’ 5 - P
= s
5 ~ /

2 $5 - {

8 /

- !

SO - i

l/.
20 /
"/
10 - "_/'
. ’»f'..
- __,_.--". .
o T T T T ! T 1 T T
[ 100 2O RIse) i [alw)

TIME -l 35 Las



% ULTIMATE DISCHARGE

R N . R . . . ) - - - - - - - - -
s ey - 4 ¢ : -
. : [
- - i

100

#57

PHOEDMIX MOLUDMTALN

ARIZOM A

N
|':'| -

1 T T
FC0
TIME i1 25 LAS

| S



H#5 8 GILA RIVER BASIN, ARIZODMA

EASIFS LESS THARL 1EGD SQIUIARE MILES

1o -
.—_‘______,-———4——"‘ T
—-“"'—-'—-’-w‘
-~ -«-‘-‘—‘-‘-—
A T
/"/.‘-

3 -1 /// ’
L Ve
£ /
¢ 7o o /
T /
%) /
s B3 - /
() . !
" /
£y 5C /
= i
— ]
s} 40 - /
b3+ . {

30 - J

. ,/
202 /
10 - //
7/
o) = ¥ T T T T T
o 200 ETen) 2QQ

TIME 1M 25 LAG




% ULTIMATE OISCHARGE

GILA RIVER BASIMN, ARIZOMNA

BASiris l-ESE’Bj'HAI'I } SO0 S JARFED MILES

e e e e T

LIl } T T
200 S O

TIME I 75 143

(ST




ULTIMATE CISCHARGE

X

o
/

QO

Pog l’:}
oy e,

-
T

5 O CILA RIVER BASIMN, ARIZOMA
BASIMS SFREATER THAM 1S5S0 SOUARE rLES

1 1 1
100G 200

TIME 1M 75

LAS

400



ULTIMATE DISCHARGE

o
b4

H#59

GILA

RIVER BASINM,

[ S N

ARIZOMA

BASIMNS GREATER THAM 15C0 SOIUARPE MILES

I
4C0o

TIME IN 25 LATG




X ULTIMATE DISCHARGE

a
Q

(9]

D

#60

ARIZOMA

AVERAGE SALT R, TOMNTO CK, VERDE R

» e

203

TIME -l &5 LaG

Eiale

Hnle!



AVERAGE SALT R, TONMTO CK, VERDE R

ARIZOMA

SCHARGE

ULTIMATE DI

o

N

e
b

" S e e— . S

JE—
——
R
P
-
ol /
e
~
"/
e ol
"’I
7 T T T T
20C

400 B

TIME IN 5% LAS




_ ] ..

H#61 AVERAGE FOR ARIZONA

FROM 10 BASINS

10

30 /

% ULTIMATE DISCHARGE
~

0 -
0

o 100 2 300

TIME IN % LAG



100

90

50
50

40

% ULTIMATE DISCHARGE

20

10

: H ]
H . Y

#0O 1 AVERAGE FOR ARIZONA

FRCOM 1Q BASINSG

1 1 T T T T
200 4C0 » - BQO.

TIME IN 2% LAG

- N —




% ULTIMATE DISCHARGE

&0 .

50

40

20

10

#6

o |
P

AVERAGE MOLUNTAIN

AZ, CO, RIM, UT, WY

MR- S IR I D S B BN S - . .

TIME -l 2 LAS




#6O

AVERAGE MOUNTAIN

AZ, TO, MM, UT, WY

100 - e
P
_;-f-"-/np
30 — e
/“'/”
/./

30 /f"
@ 7o pd
T s
& )
L 5G] 7
o /
el
5 50 - - /
= J
= o/
3 40 - /
52 /

30 /

20 /

//
10— ) /
O P T T T T T T
o 200 4C0 6QC
TIME IMN 2% LAG
Il T IS A S S R BE T B B B Em e Ml T e Ill) ]
) . ) § B . ———— LF . . . i - - —— o So——




#H63 COASTAL SAN DIEGO COUNTY
CALIFORMNIA

100 - B
—
3c - o
//"-'
-
-

S0 1 - -
W e
9 o

, % 7O p

(] ,"/'
‘Z]‘ &0 - '_./
(] y y
P Vi
2 50 - y
= y
ar Vs
—d
e 40 - /,-’
) ) /

30 - /./

20 /

//
10 /
/ ./
h | O - ' ' |

TIME M 25 LAG



D

% ULTIMATE

#0603

COASTAL SAN DIEGO COLINTY

CALIFORMEA

200

T T
4CC

CTIME 1M 25 LAG

EQO




R ULTIMATE DISCHARGE

160

=l

CALIFORMI A

#6564 AVERAGE OF SANMNTA YNEZ RIVER

.___ﬁ-o-—'-—'—*"—'-—"
P i

T T T
450

(N
0O 4
0

TIME N 25 LAS




% ULTIMATE DISCHARGE

| i —_— e S S n—

#0O4 AVERAGE OF SANTA YNEZ RIVER
CALIFORMIA
‘FM”_,——"——‘“’_“—'_.-—'——
ﬂ‘///
/
//
/
//,
/
/
1 I I ' 1 1 ] 1 4 1 T T
200 400 6800 aco 15GQC 12CC

TIME IN 95 LAG

1400




#$65 SOIUTTHERNM CALIFORDMIA
AVERAGE OF 2
100~ [
T -F.‘M
s
9o - ) P
4'/‘/
80 - //’
Ly Ve
2 //
o TO - -
24 60 - S/
a /
[TV ]
< 50— /
= ,f
H |
=1 40 - |
' 30 - /
20 //
A'/
10 - e
O / Y T T T T ~ T
O 200 4C0 BOC
TIME I 225 LAG




CHARGE

-

¢ ULTIMATE DIS

&>

4

100

30

10

#6D SOUTHERNMN CALIFORNIA

AYERAGE OF 2

I 1 I I

200 _ 4C0

TIME IN 2% LAG




% ULTIMATE DISCHARGE

100

10

Q

TIME IN %2 LAG

]

#66 SAMTA CLARA RIVER, CALIFORNIA

AVERAGE OF §

— ".‘/’4--"" sl
- ./"

,/
- ,-/

/
| /
/
=1 /
//
! T ] 1] T 1 1

) 2CQ 420 &Co 300




#66 SAMNTA CLARA RIVER, CALIFORNMIA

AVERAGE OF S

100 - »

90 _ /-‘d/-""-‘

323 - rd /

/

: /
g To //
(7] -
& 0 /
e
Z 50 -
=
3 40 -

30O /

20 - /

10 = I/

,/
o - T T V ] I T T | T Y T T T
Q 200 4CQ &6C0 200 S 1QG0 1200 1400

TIME 1IN 22 LAG

_ 0 e S




% ULTIMATE DISCHARGE

100

30

80

50

S0

40

20

10

#6677 WHITEWATER RIVER. CALIFORNIA
AVERAGE OF 39
f_,_,_-——-"""‘"'“—'_'d—
el -
-
///
//
T T T T T
200 400 5850 ¢

TIME 1IN 25 LAG

800




% ULTIMATE DISCHARGE

4 ‘ L. 3 R L. : ———— —d : : .o i’ . : . - o o

650

S0

40

#6067

WHITEWATER RIVER, CALIFORNIA
AVERAGE OF 9

1 U ! I i I 1 T

4C0O 600 3CC 10Q0O 1200

TIME IN Z2 LAG

1400




#68 LOS ANGELES CQUNTY, CA
VALLEY
100 —
U
/'

80 - -
(%) -~
g 70O ////
L Y
§ /

— /

3 60 /
o /
< 50 - /
o
5 o A /
* /

SO /

20 — //

10 — //

/
&) < T T | T T T T T
0 . 200 400 _ OO 800

TIME IN 2% LAG




#6568

LOS AMNMGELES COUNTY, CA

VALLEY

1CC —

9Cc -

o -

¢ ULTIMATE DISCHARGE
o
O
{
e,

10-‘/

. : i , q )

T T T T T
200 400Q &C0

1 1 1 1 I

8co 1000

TIME IN 22 LAG

120G

1400

N t . v . I —




#6569 LOS ANMNGELES COUNTY., CA
MODUNTAILNM
100 - (
AC - e
_,-ﬁ-""f*

3C —
. "
I P
E—ﬁ- 50 - //
Q /
wl /
5 50 - /
= /
=
= 40 -
2 /

30 - /

20 - /

10 /

' o T Y T - T T T T T T T T
" N 200 300 ' 500 800 1000 120Q

TIME 1IN 3 LAS



% ULTIMATE DISCHARGE

100
30

80

6C
50

40

#609 LOS ANGELES CQUNMTY, CA

MOUMTAIN
_'—’-'d_”'_’____,_‘._..—.
J-hfw
.-—*'/.
o-’/'-ﬁ‘
e
v
rd
///
1 ] ' ] i T 1 1 I ¥
200 4Q0 500 8CO. 1220 1200 1400
TIME IN % LAG




N G IS B B R O BN aGE . . HE S ah I aE B O

#'70 LOS ANGELES COUNTY, CA
INTERMEDIATE
100 - e —
fﬁﬂ________,_
30 - o ,
e
w e ’
& 7O 7
,.

0 s80 e
a
o /
E 50 - //
= /
- /
-3 'd
3 40 - /
3R //

30 - /

/
20 - ./
//
10— /
g o T T T Y T T

'y ) 200 400 . Q0
TIME 1IN 22 LAS '



#70 LOS ANGELES CQUMTY, CA

INTERMEDIATE

100 — Mf‘_‘__,___,_,_ﬂ
J—
90 ] ' /—ff
. -
P
w ' g
3] -
o 70 - e
I P
/

ﬁ 50 el
' /
(1]
t(- 50 //
= /
art
= /
3 /'

30 /

20 - /

/
o - /
! /
O Y 1 T T T T
B 200 4CO 5Q0

TIME N 22 LAG

. . . t | [ ’ H 3 1 A L . . . . - -




H71 LOS AMNGELES COUNTY DRAINAGE AREA
‘ LREIAMN
100 — —
- _,_.-M“

90 1 . ///“f

30 - ' : e
tw . -
[ Vad
o - ,/

ey 7O /z

& -
‘é 60 - ,//
W v
[ ] P
3 =0 /
[ /
3 40 - /S
3 Ve

30 s

y e
20 - Pl
10 /
o ““’-’T/ T T T T ! 7 T T T T T 7 T Y
Q 40 ¢ 120 160 . 2C0 24Q 280 320

TIME IN 2% LAG



#71 LOS AMGELES COT.TI\ITY DRAINAGE AREA

URBAM
100 - e
/
/./
90 //’
Ve

80 — /
L /
G
& 70 - /
E§ /
h =n -
s s /
Ll
Z 50 - /
: -/
[ay
3 40 /
3 /

30 - /

20 - //

10 — //

L/
) = ¥ T T T T 7
0 200 400 5QO

' S . ! Lo 4 ;

TIME 1IN 2% LAG

-

.




% ULTIMATE DISCHARGE

166G

3C

40

20

10

#7232 LOS ANGELES COUNTY
FOOTHILL

DRAINAGE AREA

T T T
200 400

TIME I 25 LAG




#72 LOS ANGELES COUNTY DRAINAGE AREA

FOOQTHILL
160 — e
90 - /.,/’
w'//-’

a0 -
. -
o 70 - e
& //
2 E0 V4
w
E so /
=
= /
32 /

30 — /I/

20 /

10 - /

/
o e T T | T T
O 200 43S Slale)

By eE Iy 4 Ay B an
t t H [A——— [ [ [ES——

TIME (N 25 LAG

ovmp—ee s PR |

- g—




#73 TTRBADN
USER
.—“‘fﬁq_
u“‘/d.‘
.F‘/-
//

& 7
e 7O yd
& &0 /
= /
g S0 - / y
3 40 — /
3 //

30 - /

2o /

/
/
10 /
_,/
“ o — T i T T T
) Q 200 400 600

TIME 1IN 25 LAG



% ULTIMATE DISCHARGE

n
0 -

#73  URBAN
USEBR
T
T ' T

- 400

TIME IN 2% LAG




#H7 <4 OVERLAND FLOW

RECSTANGULAR URMIT—HTOROSRARPH
90 : ‘ e
- //
. //'

80 - _ -
w -
] /
% 7O — "
T -

-
A 50 - -
B T
[V ) /"/
5 50 - T
E "
b 40, —
k{ P /
.
— ] v
30 - ~
L
20 - - /
— ‘///
1C -
-
.#/
< T i T 1 T T T T Y T T T T T T T Y T 1
. “Q 20 40 (=] 80 100 123 142 16805 180 20C

TIME N 25 LLAG



% ULTIMATE DISCHARGE

#7 4

OVERLAND FLOW

BESTANGULAR UMIT—HYDROGRARPH

/
Vi
/
7
/
/
/
//
//
/
/
/
/
!
//
//
I//
/!
/
/
) 1
200

4C0
TIME IN % LAG




% ULTIMATE DISCHARGE

100

30

TIME IN 5 LAS

H#H7 S SCS DIMEMSIONMLESS
—
..’/'-'-"‘-’
//’
e
yd
/
/
//'
/
/
/
1) { ) - L T T
100 200 200 400




% ULTIMATE DISCHARGE

) L ; - . . —
) : ; —t | S——— —— i - . '

100
90
| 30
7O
6C
50

40

20

10

HTO

SCS DIMENSIONLESS

T T T
4C0O

TIME IMN 22 LAG

Qo




#7060 SCS TRIANGIILAR
10C _,_——--—"‘""-°"
..—'-""—w—
.90 - . '___«-"" _’f‘f—
//
- /.J-/

8C = . P
Lt el
& -
e TG - ///
€I Ve
{?J’ S 'a) p— ,.‘/
E'I L& /
]
.<_1_: EC //
= /
— e
= /
3 40 /
32 pd

3SQ //,

7/
P
o0 - /S
”
Ve
__‘—’."-’ﬂ#"-'
o 1 T ) Y | p— T T Y T T T T T
o 40 80 - 120 1€C 200 240 280

TIME 1N 2% LAG



% ULTIMATE DISCHARGE

#706 SCS TRIAMNGULAR

)
Q -
Q0

i
pislw G

THAE I 22 LAG

. ' ' R -



APPENDIX B

Listings of Digitized S-Graphs




4 .
ULTIMATE TIME IN % LAG
' D1 SCHARGE (S-graph is identified by number)

}l #1 #2 #3 #4 #5 #6 #7 #8
_ 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
!l 2 27.3 28.2 18.1 21.7 20.7 20.6 22.4 22.4
. 4 33.9 35.1 24.1 28.4 27.9 28.2 35.2 34.0
6 38.9 - 40.1 30.0 34.3 33.5 34.2 42.2 40.0
: 8 42.8 44.2 35.2 40.1 38.6 39.0 46 .6 44.0
l 10 46.3 47.9 38.9 45.9 42.9 43.6 51 .0 48.0
12 49.6 50.9 42.7 49.3 46.9 47.4 54.6 51.6
14 52.7 54,0 46 .4 52.8 50.8 51.3 58.2 55.2
‘l 16 55.6 56 «8 50.2 56 .2 54.2 54.5 61.0 58.6
18 58.5 59.4 53.5 59.7 57.6 57.8 63.0 61.8
20 61.3 61.9 56 .8 63.1 60.8 60.9 65.0 65.0
i 22 64.2 64.5 60 .1 66 .6 63.8 63.8 67.8 67.8
24 67.1 67.0 63.4 69.6 66 .7 66.7 70.6 70.6
26 69.9 69.4 66 .7 72.0 69.7 69.4 73.2 73.2
28 72.8 71.9 69.8 74.5 72.3 72.0 75.6 75.6
il 30 75.5 74.3 72.8 76.9 75.0 74.6 78.0 78.0
32 78.2 76.8 75.8 79.4 77.6 77.2 80.0 80.0
34 80.8 79.3 78.9 81.8 80.2 79.7 82.0 82.0

1' 36 83.4 81.8 81.9 84.2 82.7 82.2 84.4 84.4




%

ULTIMATE TIME IN % LAG
D1 SCHARGE (S-graph is identified by number)
' #9 #10 AN #12 #3 #14 #15
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 22.4 21.6 21.6 0.2 22.7 15.5 22.0
4 34.0 33.6 33.6 19.7 29.5 22.8 30.9
6 40.0 40.6 40.0 23.2 36.3 28.1 38.5
8 44.0 45.8 44.0 26.7 41.4 33,2 43.6
10 48.0 51.0 48.0 30.2 44.5 38.3 48.7
12 51.6 53.8 50.4 33,7 47.7 43.3 53.8
14 55.2 56 .6 52.8 37.2 50.8 48.3 57.5
16 58.6 59.4 55.4 40.4 53.9 53.3 60.7 ‘
18 61.8 62.2 58.2 43.3 57.0 58.3 63.9 l
20 65.0 65.0 61.0 46.2 60.1 62.6 67.1
22 67.8 67.8 63.8 49.2 62.6 66.8 70.3
24 70.6 70.6 66.6 52.1 65.2 70.9 73.5 '
26 73.2 73.2 69.2 55 .1 67.7 73.8 75 .6 .
28 75.6 75.6 71.6 58.0 70.2 76.7 77.8 -
30 78.0 78.0 74.0 61.4 72.7 79.6 79.9
32 80.0 80.0 76.4 64.9 75.2 82.5 82.1 l
34 82.0 82.0 78.8 68.3 77.7 84.6 84.2
36 84.4 84.4 81.2 71.8 80.3 86.6 86.3
38 87.2 87.2 83.6 75.2 83.1 88.7 88.5 .
40 90.0 90.0 .86.0 78.9 85.9 90.7 90.6
42 92.0 92.0 88.8 83.0 88.7 92.8 92.6
44 94.0 94.0 91.6 87.2 91.5 94.7 94.5
46 96.0 96.0 94.4 91.3 94.4 96.5 96.3 |J
48 98.0 98.0 97.2 95.4 97.2 98.2 98.2
50  100.0 100.0 100.0 100.0 100.0 100.0 100.0
52  102.0 102.0 102.0 104.8 103.6 101.7 - 101.9 l
54  104.0 104.0 104.0 109.6 1071 103.5 103.7
56  106.4 106.2 106.8 114.5 110.7  105.2 105.6 _
58 109.2 108.6 110.4 120.0 114.3  106.9 107.4
60  112.0 111.0 114.0 125.7 117.9 108.7 109.3 l
62  114.8 113.4 118.0 131.5 121.8 110.4 111.3
64  117.6 115.8 122.0 137.6 126.4 112.2 113.6
66  120.2 118.0 126.2 144.3 131.0 113.9 115.8 l
68  122.6 120.0 130.6 150.9 135.6 115.7 118.1
70 125.0 122.0 135.0 158.2 140.3 117.4 120.4
72 127.8 124.4 139.8 166.3 146 .2 119.4 122.6 l
74 130.6 126.8 144.6 174.4 152.1  121.3 124.9 ;
76  133.2 129.4 149.8 183.8 157.9 123.3 127.1
78 - 135.6 132.2 155.4 193.2 165.0 125.3 . 129.8
80  138.0 135.0 161.0 204.2 172.7 127.2 133.3 l
82  140.8 137.8 169.4 215.8 180.5 129.2 136.8
84 143.6 140.6 177.8 229.2 190.0 131.8 140.3
86 = 147.0 144.0 187.2 244.3 199.5 134.5 143.8 I
88  151.0 148.0 197.6 261.3 211.9 137.2 147.6
90  155.0 152.0 208.0 281.9 225.6 139.9 153.9
92  159.0 156.8 222.4 306.6 242.1 143.4 160.3 '
94  164.8 162.2 243 .4 337.3 264.0 147.7 167.6
9%  172.8 169.0 273.0 1379.2 293.3 152.0 179.1
98  191.0 186 .4 325.0 449.2 340.0 160.5 196.7
100 235.0 232.0 425.0 . 637.6 460.0 188.2 238.8




%
ULTIMATE
DI SCHARGE

#17

W NN
N — O
OV~ WO O

40.2
43.4
46.4
49.3
52.2
55.0
57.7
60.5
63.2
66.0
68.7
71.5
74.3
77.2
80.2
83.2
86.3
89.5

92.9

96.3
100.0
103.7
107.7
111.8
115.9
120.4
125,1
130.0
135.3
140.9
146.8

-153.2

159.9
167.3

1751

183.9
193.2
203.7
215.9
229.3
245.5
265.8
290.2
324.0
379.8
527.0

(S-graph is identified by number)

TIME IN % LAG
#18 #19
0.0 0.0
10.5 29.3
17.8 37.4
21.4 42.7
25.0 47.0
28.5 50.4
32.1 53.6
35.1 56.7
38.0 59.5
40.9 62.2
43.8 64.7
46 .7 67.2
49.8 69.6
53.1 72.0
56.5 74.4
53.8 76.7
63.1 79.0
66.7 81.2
70.6 83.5
74.4 85.9
78.3 88.3
82.3 90.7
86.6 92.8
90.9 95.0
95.2 97.6
-99.9 100.1
105.0 - 102.5
110.1 105.0
115.4 107.6
121.0 110.1
126.7 112.7
132.8 115.3
139.2 118.0
145.8 120.7
153.3 123.6
160.8 126.6
169.2 129.8
177.7 133.1
187.5 136.6
197.7 140.5
208.9 144.8
221.1 149.6
234.9 154.8
250.8 160.6
268.9 167.5
289.6 175.6
315.7 185.2
348.1 197.6
393.0 214.4
463.0 240.8
662.2 316.4

#20

0.0
29.5
37.8
44.0
48.5
52.4
55.8
58.9
61.6
64.3
66.8
69.1
71.5
73.8
76.0
78.3
80.5
82.6
84.8
87.0
89.1
91.2
93.4
95.5
97.7

100.0
102.2
104.5
106.8
109.1
111.6
114.1
116.7
119.5
122.2
125.2
128.3
131.5
134.7
137.9
141.3
144.7
148.2
151.8
156.1
160.6
165.9
172.6
181.2
195.7
232.0
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70.3
72.8
75.2
77.5
79.8
82.1
84.4
86.7
88.9
91.1
93.4
95.6
97.8
100.0
102.2
104.5
106.9
109.3
111.7
114.1
116.6
119.3
122.1
125.0

128.0

131.3
134.8
138.7
143.0
147.7
152.7
158.1
163.6
169.2
175.7
182.6
191.5
203.0
243.5

80.0

86.7



% .
ULTIMATE TIME IN ¢ LAG ‘ ‘ \
D1 SCHARGE (S-graph is identified by number) i

#23 #24 #25 #26 #27 #28
0 0.0 ~ 0.0 0.0 0 0 0 Il
2 26.0 36.0 15.0 20 35 9 -
4 34.0 50.0 25.0 30 45 15
6 40.0 58.0 33.0 38 52 22 '
8 46.0 64.0 37.0 44 63 29

10 51.0 67.0 41.0 48 67 34

12 55.0 70.0 45.0 52 70 39

14 58.0 72.0 49.0 56 73 44 .

16 61.0 74.0 53.0 60 77 48

18 64.0 75.5 56 .0 63 80 52

20 665 77.0 59.0 65 82 57 l

22 69.0 79.0 62.0 69 84 61

24 72.0 81.0 , 65.0 72 86 64 ]

26 . 74.5 83.0 68 .0 75 88 67 . l;

28 77.0 84.5 71.0 77 89 70

30 80.0 86.0 74.0 80 90 73 :

32 82.0 87.5 77.0 82 91 77 ‘

34 84.0 85.0 80.0 85 92 80 .

36 ’ 86.0 90.5 82.5 87 93 82 ‘

38 88.0 © 92,0 85.0 89 94 85

40 90.0 93.5 87.5 91 95 87 . s

42 92.0 95.0 90.0 93 " 96 90

44 : 94.0 96.0 92.5 95 97 92

46 96 .0 98.0 95.0 97 98 95

48 98.0 99.0 - 97.5 99 99 97 .

50 100.0 100.0 100.0 100 100 100

52 102.0 102.0- 102.5 102 102 . 102

54 104.0 104.0 105.0 105 104 103 l

56 105.5 106.0 107.5 107 106 105

58 107.5 108.0 110.0 110 108 107

60 109.5 110.0 113.0 113 110 110 ll

62 111.5 112.0 117.0 117 13 13 ;

64 113.5 114.0 121.0 121 116 116

66 116.0 116.5 126.0 125 121 119 !

68 118.5 119.0 131.0 129 127 123 l ¢

70 120.5 121.0 137.0 134 134 126

72 123.0 124.0 144.0 140 140 132

74 126.0 127.0 152.0 147 147 138 l

76 128.5 131.0 160.0 155 155 145

78 ©132.0 135.0 170.0 164 164 152

80 135.0 140.0 183.0 174 172 160 l

82 ' 138.0 145.0 197.0 185 181 kA

84 143.0 151.0 212.0 199 193 185

86 150.0 158.0 236.0 215 205 201

88 157.0 166.0 255.0 235 221 225 '

90 164.0 176.0 280.0 265 242 263

92 176.0 187.0 315.0 298 273 310

94 188.0 202.0 360.0 351 310 380 '

96 210.0 225.0 430.0 407 355 490 ;

98 242.0 264.0 630.0 590 440 650

100 350.0 412.0 1050.0 860 625 1050 '




. .

ULTIMATE . TIME IN. % LAG -
D1SCHARGE ~ (S=graph Is ldentifled by number)
- #29 #30 #31 #32 #33 #34
1 ' \

J' 0 0 0 0 0.0 0 0

2 : 11 : 6 -5 32.0 10 20

, 4 .20 16 12 53.0 18 30

| !I 6 27 21 19 65.0 24 37

8 34 . 28 22 70.0 30 43

| : 10 39 .33 26 73.0 3% - 47

| !. 12 43 40 28 75.0 40 51

o 14 47 46 34 76.0 . 44 55

16 51 51 39 77.0 48 58

18 54 56 4 . 71.5 52 61

| l - 20 57 59 44 78.0 55 64

B . 22 59 61 46 79.0 - 58 66

; . 24 61 63 48 80.0 61 68

| ' 26 63 " 66 52 81.0 64 T

- 28 65 68 56 81.5 67 74
| 30 67 73 59 82.0 70 76
| ,I 32 69 74 62 83.0 73 - 80

! 34 7 75 65 84.0 76 83

| 36 74 77 68 _ 85.0 79 85

| 38 77 79 72 , 86.0 82 87

| {. 40 80 80 75 88.0 : 85 90

; 42 84 84 - 80 90.0 88 92

| 44 88 88 82 92.5 91 94

| ' 46 92 92 87 95.0 ' 94 96

:‘ 48 96 96 94 97.5 97 98

50 100 100 100 100.0 100 100

,;l ’ 52 105 105 110 104.0 103 102

; 54 110 110 116 108.0 106 104

56 115 118 126 112.0 110 107

58 120 124 136 116.0 114 111

l 60 126 135 148 120.0 118 116

62 133. 143 158 125.0 122 121

64 140 155 170 131.0 126 126

' 66 147 168 182 137.0 130 131

; 68 155 180 199 145.0 - 135 137

70 162 200 216 155.0 140 143

| ' 72 170 210 234 165.0 146 151

l 74 179 230 252 177.0 152 - 160

76 188 255 287 190.0 158 1N

78 198 280 300 205.0 165 183

l 80 - 209 300 325 220.0 172 196

: 82 221 335 360 235.0 181 210

84 234 370 385 252.0 190 227

' 86 248 410 430 270.0 200 248

88 264 460 470 290.0 212 270

o 90 282 540 520 310.0 226 300

: 92 302 610 580 " 330.0 244 335

t' 94 324 700 640 355.0 266 375

96 350 800 720 385.0 296 430

98 388 1000 ' 860 425.0 338 540

' 100 469 1300 1160 480.0 450 750




%

ULTIMATE ' TIME IN % LAG
D1 SCHARGE : (S-graph is identified by number) _
#35 #36 #37 #38 #39 #40
0 0 0.0 0.0 0.0 0 0
2 10 22,00 32.0 6.0 10 - 22
4 17 35.0 39.0 16.0 18 35
6 22 44.0 44.0 21.0 22 42
8 27 50.0 48.0 25.0 26 50
10 30 55.0 52.0 30.0 30 56
12 34 59.5 55.0 33,0 34 60
14 38 63.5 58.0 - 38.0 38 63
16 41 67.0 61.0 40.0 42 66
18 43 70.0 63.5 42.0 46 69
20 45 72.0 66 .0 45.0 50 72
22 48 75.0 68.0 46.0 53 74
24 50 77.0 71.0 48.0 55 76
26 53 79.0 74.0 52.0 57 78
28 56 80.5 76 .0 56.0 59 80
30 59 82.0 78.0 59.0 61 82
32 62 83.5 80.0 62.0 64 84
34 65 85.0 82.0 65.0 67 86
36 68 86.5 84.0 70.0 70 87
38 72 88.0 86.0 73.0 73 88
40 76 90.0 88.0 76.0 76 90
42 80 92.0 90.0 79.0 80 92
44 85 94.0 92.5 83.0 85 - 94
46 90 96.0 95.0 87.0 90 96 :
48 g5 98.0 97.5 94.0 95 98 l
50 100 100.0 100.0 100.0 100 100
52 105 102.5 102.5 107.0 108 103
54 110 105.0 105.0 114.0 116 107 '
56 115 108.0 107.5 124.0 124 110 :
58 120 112.0 110.0 130.0 132 114
60 126 116.0 112.5 140.0 140 18
62 132 120.0 115.0 150.0 150 122 .
64 138 124.0 117.5 160.0 162 . 125
66 144 130.0 120.0 172.0 175 130
68 150 136.0 124.0 184.0 188 135 I
70 160 142.0 128.0 200.0. 200 140
72 170 152.0 132.0 215.0 214 146 :
74 182 162.0 136.0 230.0 230 152 '
76 195 174.0 141.0 255.0 250 160 -
78 210 186.0 146.0 280.0 270 170
80 - 227 . 202.0 ©152.0 300.0 300 180
82 248 218.0 160.0 340.0 330 190 l
84 272 238.0 170.0 380.0° 370 200 -
86 300 260.0 182.0 430.0 420 212
88 330 288.0 195.0 480.0 480 228 '
90 370 320.0 212.0 560 .0 550 242 A
92 415 136040 234.0 640.0 620 260
94 460 410.0 260.0 720.0 700 280 l
96 530 470.0 295.0 860.0 820 320
98 625 590.0 ° 360.0 1000.0 1000 380
100 785 840.0 500.0 1360.0 1400 560 I




. g |
' ULTIMATE TIME IN % LAG
DI SCHARGE (S-graph Is identified by number)
| #41 #42 T #43 444 #45 #46

Il 0 0 0.0 o 0 0 0.0
2 13 12.5 5 12 6 14.0
4 23 18.0 12 15 16 23.0
" 6 31 23.0 18 21 21 30.0
, 8 37. 27.0 22 26 24 35.0
10 43 29.0 28 30 26 40.0
' 12 48 32.5 32 33 28 45.0
O 14 53 35.0 36 35 29 50.0
16 57 37.5 40 37 30 53.0
| 18 61 41.0 42 40 31 57.0
l 20 64 43.0 44 44 32 60.0
o 22 67 47.0 48 47 34 63.0
- 24 71 49.5 52 50 36 - 67.0
! ' 26 74 . 52.5 56 55 38 70.0
B 28 77 56.0 58 58 40 72.0
i 30 80 59.0 60 62 42 75.0
. 32 82 62.5 63 65 46 77.0
y’ 34 84 67.0 66 68 50 80.0 -
| 36 86 70.0 68 71 56 82.0
, 38 88 74.0 73 74 60 85.0
. 40 90 78.0 77 78 68 88.0
i 42 92 82.5 81 82 74 ©90.0
44 94 87.0 83 86 80 92.5
il 46 96 92.0 91 90 - 87 95.0
48 98 96.0 95 95 93 97.5
50 100 100.0 100 100 100 100.0
52 103 105.0 108 106 107 102.0
' 54 105 110.0 117 112 114 - 105.0
‘ 56 109 115.0 122 120 124 108.0
| 58 113 121.0 132 130 132 112.0
3_' 60 117 127.0 140 142 140 117.0
| 62 120 133.0 150 152 150 123.0
64 125 139.0 160 162 160 132.0
l 66 129 147.0 170 173 172 138.0
\ 68 134 153.0 180 185 184 145.0
70 139 161.0 192 200 200 155.0
' 72 144 168.0 204 213 210 164.0.
ll 74 150 178.0 220 228 225 174.0
76 157 187.5 240 245 240 186.0
78 164 198.0 255 263 260 200.0
" 80 171 ~210.0 275 282 275 213.0
i 82 181 223.0 300 301 295 230.0
84 190 237.5 325 325 320 247.0
| 86 206 252.0 350 350 340 1268.0
i' 88 219 270.0 380 380 370 295.0
90 237 291.0 420 - 415 400 325.0
| 92 258 317.0 460 458 450 355.0
il 94 290 350.0 520 505 490 405.0
96 334 395.0 600 565 560 475.0
‘ 98 420 470.0 700 650 640 580.0
l 100 600 658.5 870 825 860 800.0




R
ULTIMATE TIME IN & LAG

- DISCHARGE (S-graph is identified by number)
. #47 #48 T #49 #50 #51 #52

0 0.0 0.0 0 0 0 0

2 20.0 4.0 10 12 22 17

4 30.0 7.0 15 20 32 21

6 38.0 10.0 18 26 40 24

8 43.0 12.0 22 32 43 26

10 46.0 15.0 25 36 48 28

12 50.0 17.0 29 40 52 32

14 51.0 18.5 32 44 55 34 l
16 53.0 20,0 35 47 58 36

18 54.0 22.0 39 50 60 39

20 55.0 25.0 42 53 63 42 l
22 55.5 27.0 45 56 66 45

24 56.0 29.0 48 58 68 48

26 57.0 32.0 51 60 70 52

28 58.0 35.0 54 63 72 55 '
30 59.0 38.0 58 66 74 58 :
32 61.0 42.5 61 70 76 61

34 63.0 46.0 65 73 78 65 '
36 66.0 50.0 0 76 81 69

38 68.0 55.0 74 79 83 73
40 71.0 61.0 78 82 85 77 '
42 75.0 68.0 83 85 88 82 §
44 80.0 74.0 87 88 - o 86
46 86.0 81.0 91 92 94 90

48 93.0 89.0 95 96 97 95 l
50 100.0 100.0 100 100 100 100 |

52 105.0 1.0 104 103 104 105

54 113.0 123.0 110 105 108 © 110 l
56 122.0 136.0 115 108 M2 115 '
58 131.0 152.0 121 112 116 - 120 |
60 141.0 169.0 127 15 . 122 127 l
62 153.0 189.0 132 120 127 134 :
64 166.0 210.0 140 125 132 143

66 181.0 233.0 146 - 130 138 151

68 195.0 258.0 151 135 145 162 lj
70 212.0 288.0 162 140 152 171

72 228.0 320.0 172 145 160 183

74 245.0 356.0 180 147 170 196 I
76 265.0 400.0 191 155 179 205

78 290.0 440.0 200 165 190 218

80 318.0 490.0 212 175 202 232 l
82 352.0 545.0 225 182 215 248 )
84 390.0 605.0 237 192 230 264

86 415.0 675 .0 253 203 247 276

88 460.0 . 745.0 27 215 265 298 '
90 530.0 830.0 292 230 287 316

92 595.0 925.0 315 243 312 340 v
94 660.0 1025.0 350 265 343 364 l -
%6 750.0 1175.0 400 295 381 400 4
98 875.0 1325.0 475 350 433 450
100 1150.0 1325.0 693 505 - 545 550 l




—
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%

ULTIMATE
D | SCHARGE

#53

371

44
49
53
57
61

63
66
68
7

73
75
717
79
81

83"

85
87
88
90
92
94
96
98
100
102
105
107
110
112
115
118
121
124
128
134
138
144
150
158

- 168

179
190
207
226
250
283
327
400
600

#54

24
32
38
43
46
50
52

56
58
60
62
65
67
69
72
74
77
80
83
86
89
93
96
100
104
108
113
117

122

127
133
138
145
152
160
168
177
187
198
21
226

242

261
283
310
345
390
460
600

TIME IN % LAG
(S-graph Is
#55 #56
P
0 0.0
30 23.0
37 30.0
42 36.0
46 41.0
51 45.7
54 50.0
57 54.1
60 58.0
62 61.7
65 65.2
67 68.5
70 71.6
72 74.6
74 77.5
76 80.2
78 82.7
81 85.0
83 87.2
85 89.0
87 91.1
90 92.9
92 94.6
94 96.3
97 98.1
- 100 100.0
103 102.0
106 104.1
110 106.3
- 113 108.6
117 111.0
121 113.5
126 116.1
131 118.8
136 121.6
142 124.5
148 127.5
155 130.7
162 134.1
i 137.7
182 141.5
194 - 145.5
207 149.9
225 154.6
244 159.6
266 165.6
294 173.6
330 186.6
378 200.6
- 455 223.6
298.6

600

ldentified by number)

#57

#58

pho Nr A

0.0
23.0
31.0
37.0
42.0
46.0

49.8

53.4
56.8
60.0
63.1
66.1
69.0
71.8
74.4
76.8
79.1
81.2
83.2
85.1
86.8
88.8
91.0
93.8
96.8
100.0
103.4
107.0
110.8
114.7
118.7

122.9

127.3
131.9
136.7

141.7

147.1
152.8

165.5

172.9
181.6
191.0
201.0
212.0
226.0
244.0
265.0
295.0
342.0
462.0

30
39
46
51
56
60
63
66
68
71
74
76
78
80
82
83
85
86
88
90
92
94
96
98
100
102
104
107
110
112
115
118
121 -
124
128
132
137
143
150 -
159
168
180
194
213
235
264
306
371
510
690



y 4
ULTIMATE ' TIME IN % LAG .
D1 SCHARGE : (S-graph is identified by number)
#59 " #60 #61 #62 #63 #64
0 0 0 0 0 0 0 l“
2 30 40 32 11 13 20
4 40 47 45 20 22 31 )
6 48 52 52 27 28 39 u
8 55 57 58 32 34 46
10 61 61 61 36 38 51
12 65 63 65 38 42 56 :
14 69 65 68 43 _ 45 60 ll
16 72 68 71 47 48 63
18 75 70 74 50 51 66
20 78 72 76 53 54 69 '
22 80 74 78 56 57 71
24 81 76 80 58 59 73 :
26 83 77 82 61 61 76
28 85 79 84 64 64 78 l
20 87 81 85 68 67 80 ,
32 88 83 86 71 70 82
34 90 84 88 74 73 84 I
36 91 86. 90 77 76 86
38 92 88 91 80 79 88
40 93 90 92 . 83 82 90 l
42 95 92 93 86 85 92
44 97 94 94 90 88 94
46 98 - 96 96 93 92 96
48 99 98 98 96 96 98 l
50 100 100 100 100 100 100
52 102 . 103 101 103 104 102
54 104 106 102 107 108 104 I
56 107 108 103 "M 112 107
58 109 111 104 .. 116 116 110
60 11 114 106 120 120 114 l
62 113 17 108 125 124 118 ¥
64 116 121 110 131 128 122
66 118 125 112. 137 133 126
68 120 © 129 114 144 138 131 '
70 123 134 17 151 143 137
72 128 139 120 159 149 142
74 131 145 123 168 155 150 .
76 135 151 126 178 162 159
78 138 160 129 188 169 169
80 142 168 133 199 177 180
82 148 178 136 213 186 193 '4
84 153 188 142 227 195 208
86 160 201 149 243 206 226 :
88 168 215 157 259 217 249 l
90 180 231 165 279 232 279 -
92 192 251 176 301 250 317 '
94 210 277 190 - 328 274 371 '
96 232 312 212 364 305 444
98 270 370 . 245 418 357 544
100 357 525 350 600 484 - 810

e d

1




!

m
| |

4

ULTIMATE
D1 SCHARGE

OCOBNOQ

10

14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
- 84
86
88
90
92
94
96
98
100

#65

0
15
26
35
41
49
55
60
64
68
72
76

78 .

81
83
86
87
89
91
92
93
94
95
97
98
100
103
106
109
113
117
120
125
132
138
145
152
159
167

77

188
199
212
226
242
262
284
311
348
410
700

#66

20
N
39
46

51

56
60
63
66
69
I
73
76
78
80
82
84
86
88
30
92
94
96
98
100
102
104
107
(AR
114
118
122
126
13

137

143

151

159
169
180
193
208
226
249
279
317
370
438
524
880

(S-graph Is identified by number)

TIME IN & LAG
#67 #68.
0 0
18 12
29 21
37 28
43 34
48 39
53 44
56 48
59 51
62 55
64 58
66 61
68 64
70 67
12 70
74 13
76 75
78 78
80 81
83 83 .
85 86
88 89
-9 92
94 94
97 97
- 100 100
104 103
108 107
112 m
117 115
122 120 -
127 126
133 - 132
140 138
148 146
156 154
165 164
175 174
186 186
199 200
213 215
228 233
246 254
268 279
293 309
323 343
359 386
402 440
466 508
580 611
780 820

#69

0

9
17
23
29
33
37
41
44
47
50

52 -

55
57
59
61
64
67
70
73
717
81
85
90
95
100
106
113
121
13
141
151
163
176
190
206
222

- 242

264
288
316
346

383

428
479

536

601
678
779
918
1300

#70
0
8
14
19
24
28
32
36
40
43
46
49
52
55
58
61
64.
67
70
73
76
80
84
89
94
100
106
112

119

126
134
143
152
162
173
185

- 199

215
233
253
275
299
325
353
383
415

450
490
540
610

- 700



%

ULTIMATE TIME IN % LAG
D | SCHARGE (S-graph is identified by number)
#1 #72 #1713 #74 #75 #76
0 0.0 0.0 0 0 0.0 0.0
2 17.5 11.0. 20 4 21.0 21.0
4 '29.0 18.0 - 30 8 31.0 31.0
6 35.3 23.8 37 12 37.0 37.0
8 40.0 27.8 41 16 41.0 41.0
10 43.8 31.5 46 20 45.0 45.0
12 47.8 35.5 50 24 48.0 - 48.0
14 51.8 38.5 53 28 52.0 52.0
16 54.3 42.0 56 32 56.0 56 .0
18 58.0 44.5 59 36 59.0 59.0
20 61.8 48.0 62 40 62.0 62.0
22 64.8 50.5 64 44 64.0 64.0
24 67.3 ' 53.5 67 48 67.5 : 67.5
26 70.8 . 56.0 70 52 70.0 70.0
28 74.3 59.5 72 56 72.5 72.5
30 76 .8 62.5 75 60 75.0 75.0
32 79.8 66.0 77 64 77.5 : 77.5
34 ~ 81.8 68.5 79 68 80.0 80.0
36 84.3 72.5 81 72 82.5 82.5
38 88.0 76 .5 84 76 85.0 85.0
40 89.3 79.0 86 80 87.5 87.5
42 92.0 83.5 89 84 90.0 90.0
44 94.3 : 87.0 91 88 . 92.5 92.5
46 : 96.9 92.0 94 92 95.0 95.0
48 98.8 96.0 97 96 97.5 97.5
50 100.0 100.0 100 100 100.0 100.0
52 103.0 103.5 104 104 103.0 - 103.0
54 106.0  108.0 108 108 106.0 106.0
56 109.5 112.5 111 112 109.0 -108.0
58 112.0 116.5 115 116 112.0 110.0
60 114.0 121.5 120 120 115.0 112.5
62 115.0 126.5 124 124 117.5 115.0
64 117.3 133.5 131 128 120.5 118.0
66 120.5 141.0 134 132 123.0 121.0
68 123.5 144.5 140 136 127.0 125.0
70 125.3 153.5 145 140 131.0 128.0
72 129.0 162.0 153 144 135.0 131.0
74 132.0 167.0 161 148 138.6 135.0
76 ‘ 136.0 175.5 170 152 142.0 139.0
78 "~ 140.0 183.5 180 156 : 147.0 143.0
80 145.0 193.5 190 160 152.5 148.0
82 149.0 204.5 203 . 164 158.0 153.0
84 153.5 215.0 217 168 165.0 158.0
86 158.8 228.0 234 172 172.5 166 .0
88 165.3 242.5 252 176 179.0 171.0
90 173.8 260.5 275 180 -190.0 182.5
92 183.3 280.0 302 184 203.0 192.5
94 193.8 307.5 336 188 220.0 203.0
96 209.5 345.0 - 381 192 243.0 217.0
98 235.0 412.5 450 196 280.0 235.0°

100 315.0 600.2 595 200 © 448.0 266.0




APPENDIX C

Information on Runoff and Rainfall Data
for the Maricopa County S-Graphs (#1 through #22)




S-Graph
No.

1

12,13
14,15
1,2
19,20
21,22
3,4

5,6
16,17,18
7,8

9

10
1"

Notes:

1.

Reconstitutions of flood events in Maricopa County

Stream Gage

(2)

New River
New River
New River
New River
Agua Frila

near Rock Springs
at New River

at Bell Road

at Glendale

at Avondale

Skunk Creek near Phoenix

Cave Creek at Phoenix
Indian Bend Wash near Scottsdale
Queen Creek Trib. at Apache Junct
Part 1
Part 2
Agua Fria Trib. at Youngtown
Part 1
Part 2

USGS Gage No.

(3)

09513780
09573800
09513855
09513910
09513970
09513860

09512400
. 09512100
09479200

09513700

Drainage
area
sq. mi.
(4)

67.3
85.7
187.0
323.0
718.0
64.6
70.0
142.0
.51

1

.13

Peak Discharge

from Storm, in cfs

Dec Sept June
1967 1970 1972
(5) (6) (N
- 10,500 18,600
12,500 19,500
14,600 11,900
19,800 19,200
20,000 20,600
6,800 9,650
4,080 780 ,
2,000 1,120 20,000
28 138 -
84.5
15.8
40.5

USGS Water Resources Data for Arizona indicates drainage area of 252 square miles.

The contributing drainage area is 70.0 square miles because of the noncontributing
drainage area controlled by Cave Creek Dam.



Description of the Storm and Flood of 12-21 December 1967
' (Los Angeles District, 1974)

Storm and Flood of December 12-21, 1967.  This storm period consisted of two
general storm systems - one during December 12 through 16, and the other during
December 17 through 21. During December 12 and 13, very cold air invaded Arizona from
the north while a deepening upper level low pressure center off the southern California coast
brought strong southerly winds aloft to Arizona and caused widespread substantial
precipitation over much of the state. Snow fall was very heavy in the mountain areas with
some stations reporting unprecedented snow depths and the snow level dropped to as low as

1,000 feet on December 13 and14. Precipitation from this first storm system generally .-
diminished from December 15 through December 17, as the storm began moving to the east.

A strong flow of warm moist air from the south began invading Arizona ahead of the second
storm system and rainfall over the area began to increase with the snow level rising to
around 5,000 feet. Around mid-day on December 19, precipitation became quite heavy over
the Phoenix area as a cold front moved through the region from the northwest and a
considerable amount of melting snow was added to the runoff. Precipitation intensities
diminished and the snow level lowered once again late on December 19, after the passage of
the cold front. New December precipitation records were set at several Arizona stations

during December 1967, including 16.21 inches at Crown King, 7.30 inches at Flagstaff, and

3.92 inches at Phoenix. All of the months’ precipitation fell during the 10 day period of
December 12-21 in central Arizona. The heaviest daily precipitation occurred on

December 19, with Crown King measuring 6.00 inches and Bumble Bee reporting 4.61

inches. With approximately 5 days of antecedent rainfall during the period December 13-18,

the ground cond
higher intensity rainfall which occurred during December 19, The New River-Skunk Creek

system produced a peak of 19,800 c.f.s. near Glendale (323 square miles).

onditions were ripe to produce sizeable floods in the Phoenix area during the




Description of the Storm and Flood of 3-7 September 1970
{Los Angeles Disfricf, 1982)

Isohyetal map on following page.

Storm and Flood of 3-7 September 1970. The storm began on 3 September
in southern Arizona as moisture outflow from tropical storm Norma, west of
Baja California, began to move into Arizona from the south. Showers pushed
northward across the state on 4 September, becoming heavy at times. On
5 September, a strong cold front moved across Arizona from the west,
triggering a 12- to 24-hour period of rain that reached unprecedented
intensities at some stations. Precipitation tapered off rapidly late on
5 September, and only a few light showers lingered on 6-7 September. Total
storm precipitation in central Arizona ranged from less than 1 inch around
Coolidge Dam (San Carlos Reservoir) to nearly 12 inches in the Sierra Ancha
Mountains northeast of Roosevelt Dam. Workman Creek, with a storm total of
11.92 inches, measured 1l.4 inches in 24-hours—exceeding the previous all-
time Arizona 24-~hour record by more than 5 inches. MNumerous other stations
recorded from 5 to 8 inches during the heaviest 24 hours (mostly on 5
September). In and near the Agua Fria River drainage the storm total ranged
from 1.78 inches at Prescott to 7.01 inches at Crown King. The latter station
recorded 4.50 inches in the 24 hours ending at 6:00 p.m. on the 5th. A large
portion of the maximum 24-hour precipitation fell within 4 to 6 hours. Total
storm isohyets for 4—6 September are shown on plate ll. Much of central
Arizona had received substantial precipitation during the first 3 to 4 weeks
of August 1970. Thus, the ground was partially saturated in most areas at the
beginning of the September storm. By the time of the heaviest burst of rain
on 5 September conditions were favorable for heavy runoff. The high intensity
rain that occurred on the 5th resulted in extensive flooding, with some
streams recording all-time maximum discharges. Ou the New River USGS
measurements at the gages near Rock Springs and a:3New River list peak
discharges for 5 September of 18,600 and 19,500 ft' /s, respectively. On the

54 Fria River near Rock Springs the peak discharge on 5 September was 40,100
t /s (ta?le 9). On the Hassayampa River at Box Damsite, near Wickenburg, the
58 000 ft”'/s recordeg on 5 September is more than twice the previous known
naximuu of 27,000 ft/s, which is estimated to have occurred in February 1927

and which occutred again in August 1951,
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Description of the Storm and Flood of 22 June 1972
(Los Angeles District, 1982)

Isohyetal map on following page.

Storm and Flood of 22 June 1972. The heavy thunderstorm that occurred
over northeastern Phoenix and adjacent communities on the morning of 22 June
1972 was a part of a series of early summer thunderstorms over the entire
southwestern United States from 20 through 23 June 1972 that resulted from a
deep flow of very moist, tropical air into the region from off the west coast
of Mexico. In Phoenix the unofficial maximum rainfall was 5.25 inches during
an estimated 2 hours near 4th Street and Camelback Road. Bucket survey
amounts of 4.87 inches at 24th Street and Indianola Avenue and 4.8 inches at
28th Street and Indian School Road were confirmed by the National Weather
Service. The maximum recording-gage intensity was 3.85 inches in 80 minutes
at 18th Street and Turney Avenue. Large hail also fell in the area. The
storm was highly localized, with only 10 square miles having greater than
4 inches of rainfall and only 200 square miles with more than 2 inches.

Total storm isohyets for 21-22 June are shown on plate 12. Estimates of
peak discharges for 22 June made by the USGS include: Shea Wash at Shea
Boulevard (1.79 square miles), 945 ft2/s; Cudia gity Wash 1000 feet upstream
from McDonald Drive (2.16 square miles), 4200 ft°/s; Dreamy Draw at 16th

Street (1.62 square miles), 860 ft3/s; Indian_Bend Wash (at Indian Bend Road)
near Scottsdale (142 square miles), 21,000 ft-/s. _
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Point Rainfalls for the December 1967 Storm

l Gage Location : Rainfall Depth Type of Gage
i : inches Recording (R)
l ‘ : : Nonrecording (N)
) (1) : (2) (3)
i Black Canyon 4NE 3.53 R
l ~ Carefree 2.75 R
New River 2.70 R
Rock Springs 3.19 R
. Thunderbird Airport 1.42 R
Skunk Creek 3.59 R
Youngtown _ 2.35 R
' Phoenix 11 NNW 1.89 R
Castle Hot Springs 4.07 N
Lake Pleasant 2.26 N
Cave Creek Dam 2.83 N
l Beards!ey 1.99 N
‘ . Paradise Valley 1.93 N
{ Litchfield Park ‘ 2.03 N
;I Alhambra 2NE | 1.86 N
Arizona Falls A 1.45 - N
Tolleson 1E 1.77 N
?l T3N, R3E, Sec 34 2.46 N
‘ T3N, R5E, Sec 15 2.67 N
‘ T3N, R5E, Sec 16 2.02 N
1
Point Rainfalls for the September 1970 Storm
!
l Black Canyon 4NE 2.82 R
- Rock Springs 2.81 R
New Rlver 5.39 R
{ Carefree 2.12 R
‘ l Skunk Creek 2.53 - R
- Youngtown 4.24 R
: Phoenix 1.92 R
l Thunderbird Airport 3.07 N
Lake Pleasant 4.11 N
Horseshoe Dam 3.94 N
. Castle Hot Springs 4.56 N
' Beardsley 5.04 N
Litchfield Park 3.09 N
l Tolleson 1E 2.00 N
Point Rainfalls for the June 1972 Storm
l Phoenix 3.13 R
. Thunderbird Alrport ) .87 R
l Carefree .80 R






