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YOST AND GARDNER ENGINEERS
MAVER-HEARD BUILDING

PHOENIX, ARIZONA

N.ovember 1, 1956

H~norable Mayor and Council
City of Phoenix, Arizona

Submitted herewith is the Storm Drainage Report for
Phoenix, in accordance with Agreement No. 3738 authorized
by council action dated June 5, 1956.

The report consists of this volume and eight map ex­
hibits bound separately. The report covers Phoenix in
particular,' and generally all adjacent areas draining to
the Salt River.

We wish to thank Public Works Director K.K. King, City
Engineer R. Gail Baker, the County Engineering Department,
City and County Planning Departments, the State Highway Depart­
ment, and others for information and assistance given.
J.E. Schaefer of our office prepared the manuscript. The
text includes many individual credits and acknowledgments
for which our thanks are hereby extended.

llespectfully,

~I.,o.~
Leigh O. Gardner

YOST AND GARDNl \s.-J( p:,~
C~~te-k
~r:!:~'~~
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I.. SYNOPSIS

This section presents a brief summary of the material covered

in detail in the following five sections. The reader i:s referred to those

sections for amplification of the pointsmere~ymentioned here and for

the reasoning behind. the conclusions here stated.

A. The Drainage Area

Amount and rate of runoff are functions of certain qualities of the

drainage area. There are several distinct basins which lie in the area

covered by this report, the largest being the Cave Creek drainage. The

areal extent, slope, surface characteristics, land use, and pattern of

dr~inage channels of the basins and the effect of these qualities on

runoff are described. The possibilities of the area in regard to flood

control reservoir sites are evaluated.. Certain artificial obstructions

to the drainage of storm water are mentioned.

B. Hydrology

Runoff quantity and rate. are also influenced by amount and intensity

of rainfall8.nd the areal extent of storms. Summer stoms impose the

most severe requirements on·a stom drainage system so the characteristics

of local thunderstorms are discussed in some detail. Attention is given

to rainfall that does not become runoff and the effects of infiltration

into the soil are evaluated. Finally a formula is derived which is used

in computing the amounts of runoff to be expected throughout the area

covered by the report.
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C. Design Criteria

The proposed stom drainage system should have a consistency of

design affording equivalent protection to comparable areas. It is shown to

be economically impractical to provide for the worst possible stornl.

Recommended construction below the Grana Canal provides for stoms such as

occur no oftener than once a year on the average and can be augmented later

by drains handling stoms such as can be expected only once every two years.

Facilities for Cave Creek and mountain runoff should handle hundred-year

storms.

City areas presently subject to flooding are delineated and the probable

causes discussed. Incorporation of irrigation and waste ditches in a stom

drainage system is considered. The capacity of street pavements as drains

is appraised. Finally, certain suggestions are made concerning division

of responsibility for, and allocation of costs of drainage improvements.

D. Proposed Stom Drainage System

Work recommended to be done is divided into the two categories of

immediately necessary work and futu~e work some of which is to be done

by the city and some by others. The immediate program includes lines on

24th and 7th Streets and 7th and 19th Avenues (approximate alignments)

from the Grand Canal to the Salt River. Also included are branch lines to
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areas presently prone to flooding, certain improvement to the Old Cross-

cut Carial, and the purchase of right-of-way for a future floodway north

of the Arizona Canal. Future work includes the construction of this flood-

way and lines on 27th Avenue, and other north-south section line streets.

County participation in the major projects outside city limits is

recommended. It is recomn~nded that the Mayor appoint a committee repr~sent-

ing the City, County, and Salt River Valley Water Users Association to

study methods of financing, constructing and operating major flood

protection works to the benefit of the community as a whole.

E. Cost Estimates

The cost of the work proposed for immediate construction is

estimated as follows:

1. Twenty fourth Street Drain ­
Grand Canal to Salt River

2. Seventh Street Drain -
Grand Canal to Salt River

3. Seventh Avenue Drain -
Grand Canal to Salt River

4. Nineteenth Avenue Drain ­
Grand Canal to Salt River

5. Miscellaneous Collectors

6. Old Cross-cut Canal Improvements ~(-

7. Arizona Canal Floodway, Right-of-way Costs~(-

TOTAL COST

$ 713,000'

1,451,000

1,665,000

1,438,600

578,000

228,000

360,000

$6,433,000

~(-It is recommended that the County participate in expenditures for these

items.

The cost of future work is not estimated except the Arizona Canal

Floodway which will cost about $3;750,000.
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F. Restatement,of Principal Recommendations

The city should take the following action:

1. Proceed with plans ami financing by bond issu,e or other means for the

construction of drains on 24th and 7th Streets, 7th and 19th Avenues,

and appurtenant lines.

2. Propose to the Maricopa County Board of Supervisors that joint action

.~ betaken with the City for the improvement of tht} Old Cross-cut

Canal and for acquisition of right-of-way for a f100dway north of the

Arizona Canal. These improvements require the participation and

o~op~ration of the Salt River Valley Water Users Assocation.

3. Appoint a Flood Protection Improvement Committee charged with the

responsibility to study permanent means to finance, construct, and

operate flood control works beyond the scope of City action. This

work has the possibility of being of greatest future benefit to the

connnunity.

4. Request the Maricopa County Planning and Zoning Commission to act to

keep all natural waterways unobstructed and to keep section, midsection,

and quarter section lines open, at least in the direction of greatest

land slqpe, to facilitate drainage.
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II THE DRAINAGE AREA

"Those who look out for water must also observe the
nature of the groundtt Vitruvius, \IOn Architecture"

Book VIII, Chapter I.

Vitruvius speaks hereof surface indications of subterranean water

but the precept is applicable in a larger sense than this eminent Roman

engineer intended. It is certainly worth follo'wing by one who would look

out for stonn water. Some of the effects of the nature of the ground

upon the amount of run-off are obvious, others more subtle, but in the

aggregate they are profound. They must be properly evaluated in any

logical stonn drainage design.

It is largely the effect of meteorological factors the determines

for any given. locality what its maximum rainfall intensity may be and

thus sets a ceiling, so to speak, on the possible runoff rate per acre •

Actual runoff rates may be far below this ceiling or may come very close

to it. How close they come is determined by the nature of the ground as

it affects the efficiency of the drainage system. This depends on such

things as the shape of the drainage area, the location of the center of

area relative to its outlet, the slope and frictional characteristics 0:'

its waterways, and the texture and penneability of its surfaces. This

5
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section will discuss in a general way the nature of the drainage area in

which Phoenix is located and its subsidiary internal and adjoining .

drainages.

A. Boundaries of the Phoenix Basin

From the point of view of susceptibility to floods much of Phpenix

is very well located, being near the divide which circumscribes its basin.

This divide begins on the north bank of the Salt River near the Tempe

bridge and runs northerly through Papago Park, past the new City reser-

voirs on Thomas Road to the crest of Camelback Mountain. It continues

northerly to Mummy Mountain and then westerly to Sqliaw Peak in the Phoenix

Hountains and on into the hills north of Sunnyslope. At this point how-

ever, it ceases to remain near the city making a sweeping loop north-

eastward enclosing Cave Creek and its tributaries. From a point about

43 miles north of Phoenix it returns along the Cave Creek channel and

about 2 miles west of it into Deer Valley where it almost loses itself in

the flat agricultural lands. It continues as a barely distinguishable

ridge running just southeast of Glendale and west of Tolleson to the

junction of the Gila and Agua Fria Rivers.

South Phoenix .is located in a much smaller drainage area. The

divide to the south is the crest line of the Salt River Mountains in

South Mountain Park. The easterly limit is a ridge in the neighborhood

of 56th Street. The westerly boundary runs diagonally northwestward

from the western foothills of the Salt River Mountains toward the

confluence of the Salt and the Gila. There are also small independent
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drainage areas south of Tempe which fall into the scope of this report.

Paradise Valley is not naturally tributary to the Phoenix drainage area.

Principal drainage is thru the Indian Bend Wash or wasteway with outlet

into the Salt River about two miles east of the Tempe b'ridge.

Figure 1 shows all of these areas in their relation to one another.

The areas in the basins and sub-basins shown in Figure 1 are approxi-

mately as follows:

Upper Cave Creek Drainage Area
(above Cave Creek Dam) 186 square miles

Lower Cave Creek Drainage Area
(Cave Creek Dam to Shaw Butte) 60 square miles

Phoenix Drainage Area
(exclusive of Cave Creek areas which

are tributary) 180 square miles

South Phoenix Drainage Area 61 square miles

Paradise Valley Drainage Area

B. Slopes

214 square miles

There is a good deal ~of variation in the gradients of surface's and

drainage channels occurring in the basins that are here considered.

Elevations vary from 5285 at Rover Peak near the head of Cave Creek to

'25 at the Agua Fria-Gila junction. In the Salt River Mountains the

highest point lies at an elevation of 2612 feet. Channel slopes are

usually very steep in the upper reaches. Upper Cave Creek has a slope of

about ,300 fee~ per mile. In the lower portions the channels flatten to

slopes of approximately 15 feet per mile and frequently lose their identiv.y

as waterwayso Figure 2 shows profiles of some of the important natural

drainage ways in this area.
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c. Surface Characteristics

The nature of the ground surface has an important effect on the

amount of rainfall which becomes runoff and upon the rate at which run­

off develops. Natural surfaces may be much more capable of absorbing

rainfall than surfaces which have been artifically altered. Even desert

soils in their natural state are very permeable compared to bare earth

surfaces which have been subjected to traffic. On the other hand, desert

soils which have been leveled and enclosed with berms for the retention

of irrigation water and upon which .a heavy cover of grass is groWing are

much more permeable to moisture in their present state than they were

originally.

In addition to the state of the surface there is the intrinsic

ability of the soil itself to 'absorb moisture. This varies with the type

of soil occurring in the area and in this aspect there is also a consider~

able variation. I·t may be almost zero in the case of bare rock or as high

as 6 to 8 inches per hour for open gravelly soils. Infiltration capacity

is discussed in detail later in this report.

The nature of the soil is of no effect if it is covered with an

impervious pavement or by a roof. The portion of the total surface of an

area which is impervious depends of course upon the use to which the area

is put. For the purposes of this study the surfaces comprising the

drainage areas being considered are classified according to the following

system.



Classification

1. Unimproved areas (essentially in the±r
natural state)

A. Rocky outcrops

B. Talus and alluviwn

2. Improved areas

A. Parks and parklike areas (including
farm lands and groves)

B. Residential areas

(1) Large lot (acre lots and over)

(2) Ordinary single family

(3) Multiple family

(4) Residential areas considering street
pavement only

C. Industrial areas

D. Commercial areas

Percent
Pervious

100

100

90

70-80

60

50-65

8Q;..85

10-30

5

11

The figures indicating the degree of perviousness are based on

inspection of aerial photographs and measurements of typical areas in

each category of use. There are wide variations within each category of

course, and considerable overlapping between categories. The figures are

useful only as general indicators. In final storm sewer design they should

be tempered by the judgment of the designer based upon, his actual obser-

vation of the area in question.

Land use in the future is estimated to be about as shown on the map

entitled Future Land Use ~lich is'EXhibit V of the group of large maps

submitted separately with this report. The assumptions of future land use
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are based on the suppositiQn that industries will tend to develop in the

areas that are relatively less desirable for other purposes- and where

transportation, power and water are readily available. It is presUIll.ed

that there will be more intensive development of the present industrial

area between the railroad and the river and that some residential zones

in this area will be taken over by industry. The present downtown

connnercial area will probably expand to include most of the area between

McDowell Road and Madison Street from,15th Avenue to 16th Street. The

present pattern of scattered local connnercial centers in the residential

areas will probably continue in the future but withthe connnercial

centers larger and farther apart than is presently tlhe case. There will

probably also be some scattered light industry of an inoffensive type in

some areas that are primarily residential.

For the purposes of estimating future runoff from presently unde-

veloped areas which are expected to develop as shown in Exhibit V the, .

following distribution of per~ous and impervious area is assumed.

..
Classification

Park and parklike

Connnercial

Industrial

Large lot residential including
3 percent connnercial area

l'ercent
Pervious

90

5

10

75

Percent
Impervious

10

95

90

25

Residential including 5 percent
connnercial and 5 percent light industry 60-65

Residential including 7 percent connnercial 60-65

40-35

40-35

It has been mentioned that the practice of irrigation has its

effect upon storm runoff. Residential lots which are leveled and
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surrounded by berms may retain so much water that there will be no run­

off for any storm likely to occur. There are large areas where irrigation

by flooding is practiced and this will very likely continue in the future.

It is true that in the older residential sections of Phoenix most watering

is done by sprinkling but parks and large lot :area.s such as in the LOs

Olivos District and in Country Club Manor are still flooded. The trend is

toward lots which can be more economically w'atered by flooding than

by sprinkl.ing, minimum lot widths having increased from the once standard

50 feet to 65 feet at present. Continued use of flood irrigation in

subdivisions is much more prevalent in the northeast than in the north-

'west however. A study of all sections having numbe~s divisiqle by three

and lying between the Arizona, Old Crosscut, and Grand Canals, and east of

Lateral 18 (59th Avenue) reveals that east of 7th Avenue'77 percent of

the subdivided area continues to be irrigated, lroereas this is true

of only 12 percent of the subdivided area west of 7th Avenue. The area

east of 7th Avenue is more intensively developed, 52 percent of the area

being subdivided against 15 percent west of 7th Avenue.

It should be mentioned in this connection that while the effect of

very severe stor.ms may be alleviated by the conversion of desert areas

into parks, golf courses, and lawns, yet the a.ttendant increase in paved

areas liill make the one , two, and three year storms mu-ch more of a

nuisance than for.merly.
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D. Drainage Channels

Natural storm drainage channels still exist in the upper undeveloped

portions of the watershed. In the lower reaches where gradients are flat,

runoff occurs as sheet flow over wide areas. In developed portions the

street system does a large part of the work of carrying runoff. A system

of storm drains to serve the area between 7th Avenue and 7th Street lying

south of Roosevelt Street was constructed in 1935. This system served the

area for which it was intended very well until it began to be overloaded

by surface flow from points a mile or more away. The system utilizes

collector lines in the alley between Madison and Jackson Streets and in

7th Avenue. It discharges to the Salt River through a 54- to 57-inch

outfall in 7th Avenue. A 30-24-inch line was 'installed along 1st Street,

between Polk Street and McDowell "a few years ago to alleviate overloading

of the line in Central Avenue. The State Highway Department has installed

a 42-inch line along 19th Avenue to carry water from Grand Avenue. There

is also a 36-inchHighway Department drain in 16th Street. This has been

extended northward as far as the Grand Canal and east to 30th Street

under various street paving projects. A 24-inch line runs wes~ on

Indian School Road from 16th Street and discharges into the 19th Avenue

waste ditch at Encanto Blvd. This line and .' others contributing to it

were 'installed largely in connection with street paving projects. There

are many local systems for storm drainage, especially north of the Grand

Canal, woo discharge into irrigation or waste ditches. Usually these

have been installed under paving projects. The existing storm drainage

system is .shown in Exh:lbitVIII. C
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Natural channels on good slopes tend to become as large as is necessary

to carry any flood likely to occur without spilling over their banks.

Cave Creek where it leaves the Union Hills for example could carry 17,000

cubic feet per second when it is running full. Where slopes flatten water

velocity drops below the minumum needed for channel cutting so sheet flow

takes place. If this happens in a developed area nuisance and damage

result. Capacities of some of the natural channels near Phoenix are

shown in the following twelve pages.

Street pavements have their limitations as storm drainage chroU1els.

Capacities are limited by slopes and street cross section. Street systems

are frequently not laid out from the point of view of providing proper

drainage. Often a street which is liell located as a drainage way for a

short distance is not continuous, at least along the most favorable route

from the drainage stand-point. Cul-de-sac andL-shaped streets are some­

times laid out with the dead end or rolgle lower than the entrance, requir­

ing the acquisition of easements over private property for drainage. The

biggest part of the job of carrying runoff Qut of "built-up areas is done

by the street system however, in spite of its inherent limitations.

Figure 3 shows typical street pavement cross-sections.
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AReA DESCRIPTIOIV OLD CROS.5 Cur CANAL

" .
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AREA DESCRIPTION OLD CROSS Cur CANAL n·o.OI/ 8/9 Concrefe Cu/verfs
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AREA DESCRIPTION NC~TH OJ: ARIZONA CANAL n'o.O!! 8/9 Concrefe cUJ'r"'erls
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AREA DESCRipTION NORTH OF ARiZONA CANAL
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I ~
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I
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I •
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30 FT. RESIDENTIAL STREET WITH ROLL CURB
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J================~~ = f5SsJE============~:::j
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TYPICAL PAVED STREET CROSS-SECTIONS

FIG.3
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E. Storage Possibilities

Mlere the terrain is suitable an economical method of dealing ,vith

flood waters is to impound them and release thenl slowly after the storm

is over. This is presently the practice at Cave Creek Dam ,.n.lich is designed

for a 30,000 second foot maximum inflo,., and provides for a controllable

outflow up to 1,600 second feet. The total storage available is 13,500

acre feet. 1 Cave Creek Dam has probably paid for itself several times

in damages saved and it is constantlY.,becoming more valuable.

The question of the possibility of applying the storage principle at

other points has been investigated by the Soil Conservation Service. In

a preliminary study made in Harch of 1954 this agency considered 17 dam

sites in the Phoenix Mountains. The largest of these possible projects

was the da.rnmi.ng of Cave Creek at Moon Hill. Two dams would be required,

one across the present "channel at the north end of Hoon Hill and another

across an old channel between Moon Hill and Shaw Butte. The reservoi.r site'

would comprise 1580 acres. Other sites were investigated on Ech~ Canyon

Wash, Katiche Wash, the Biltmore washes, Dreamy Draw, and. the washes in

the Sunnyslope area. Reservoir capacities obtainable are in the range

from 25 to 375 acre feet with a cost estimated in 1954 to average about

$600 per acre foot of capacity. The lower Cave Creek reservoir was of a

different class having a capacity of 8800 acre feet provided at an estimated

cost of $480,000, or about $54 per acre foot.

1 Statistics from Vic Householder of Phoenix, Resident Engineer on the

Cave Creek Dam project.
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There are fe1v good natural reservoir sites. The channels in the

mountainous areas are steep and narro,v requiring high dams yielding little

storage. The foothill zone is practically non-existent, the mountain 'vashes

forming broad alluvial fans immediately where they leave the rocky slopes.

The few exceptions capable of development are Guadalupe 1dash at the city

gravel pit in the east end of South }~tmtain Park, and the washes leaving

the parle at South 7th Street and South Central Avenue wI-lere again there

are gravel pits affording good storage possibilities. In the northern part

of the valley ,,,here the Soil Conservation Service 'fOrk ,vas done, the few

naturally good sites are rapidly being rendered unusable by suburban

development and rising land prices. The cost of ,the Cave Creek reservoir

site for example ,vas estimated to be $50 per acre in 1954 but several large

tracts were recently sold in this area for prices from $700 and over per acre.

F. Artificial Barriers

The natural pattern of drainage channels has been changed to a consider­

able extent by the ,,,orks of man. 1'his ha~ been done in spite of the principle

that the one who diver't's\ drainage from its normal channel ma]{es himself

liable for damages suffered by others because of the diversi.on.

The canal system, especially the Arizona Canal on the north and the

Highline Canal on the south intercept many natural channels. At the larger

washes a spillw~~ is usually provided to permit excessive floods to pass

over the canal. This is not true for many minor channels, nor do the spill­

ways provided pass all the water that comes into the canal from the uphill

side. There has been little or no discharge of storm water from
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the spillways on the south bank of the Arizona Canal in the Phoenix

drainage area since 1943 but there has been runoff into the canal on many

occasions since that time. There is no doubt that the canals do act as

barriers to divert a great deal of runoff from its natural channels.

Street pavements also have this effect, especially in the flat areas

where channels were indistinct to begin with. Some street pavements have

CrO\IDS as much asa foot above the gutter, an appreciable amount where the

general slope of the land is only about ten. feet per mile. The Santa Fe

railroad embankment is also a distinct barrier in some places although not

nearly so much so as it was at one time •
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III HYDROLOGY

HAre there any amo~g the vanities of the Gentiles
that can cause rain?lt

Jeremiah 14:22

Whether or not it is possible to cause rain by "seeding" the clouds is

still the subject of debate in meteorological circles. There is general

agreement however,that rain making is not possible if there is not ample

moisture already present in the atmosphere. So far man has not devised a

way to assist the Creator in bringing this necessary condition about.

Neither has it been possible for engineers to look into the future to

measure the severity of its storms. Not being endowed with prescience, the

designer who attempts to provide for future acts of nature must fall back on

a resource he usually does have, thanks to the dedicated persons who provide

such things, a record of what has already happened. Then, by leaning heavily

on the principle that the past foreshadows the future, he attempts to winnow

from this record harvest of many years a few kernels of what he believes to

be truth and calls them patterns, trends, or if he is foolhardy, laws. He

uses these to guide him in his work, a poor substitute for the more exact

knowledge of the structural or machine designer, yet all he is ever likely to

have.

It is the purpose of this portion of this report to set forth these

guides, to ~how how they were derived, and to illustrate how they are used
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later in ccmputing' the storm water flows for which a drainage system should

be designed.

A. Precipitation

By the stan(lards of other regions Arizona has very little rainfall, yet

it does have two relati vely rainy periods in the year, clearly shOim in

Figure 4 in which average monthly rainfall is plotted.l The two rainy

periods are characterized by storms of distinctly different type. The dry

trrolsition periods are not always completely devoid of rainfall although they

often are. Storms occurring during these periods may be of either of the

two types but they are generally weak both in intensity and total precipitation.

Winter storms occur from November through Harch. These stoI'IIls yield

about half the total annual rainfall. They are usually of low intensity and

often last for several days. The moisture comes from the Pacific in

low lying stratiform clouds.

During July, August, and September air currents bring warm, moist air

from the Gulf of Henco. Hountain ranges and cold air fronts act on these

streams to produce thunderstorm conditions characterized by the towering

cummulus clouds seen almost daily this time of year. These storms often

produce rainfall of high intensity, short duration, and sharply limited

areal extent.

Storm drainage systems are designed to conduct water away rather than

to store it. For this reason a storm of high intensity imposes more severe

demands on. the drains than a more gentle storm even if the latter result~ in

1. L.R. Jurwitz, "Rainfall in Arizona" Bulletin of the Arizona Sewage &'
Waterworks Assn. 1952, page 104
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greater total rainfall. Figure 5 shows that the summer storms are consider­

ably more intense than lVlnter storms. Consequently this report will concern

itself primarily with the summer thunderstorm.

1. Rainfall Intensity

The highest intensity of rainfall ever recorded at the Phoenix Post

Office \'leather Bureau station occurred on July 26, 1936 when 0.43 inches of

rain fell between 7:38 and 7:43 p.m., a rate of 5.16 inches per hour. The

record for the most rain in a ten minute period was set between 2:12 and

2:22 a.m. on July 26, 1952 ,.men 0.70 inches fell, a rate of 4.20 inches

per hour. Such high rates do not (in this location) continue for very long,

there being an inverse relation between rainfall intensity and storm

duration. This is shown in Figure 6 which represents the experience of a

52-year period at the Phoenix Post Office.

Figure 6 also indicates that there seems to be a limitation on the rain

producing capacity of the atmosphere as far as rates are concerned. It is not

known just what the limiting factors are but they would seem to include such

things as the distance from the sea by possible paths of moisture-bearing

air currents, depths of such currents as affected by atmosphere depth and

structure and by ground elevation, temperature differentials, and probably

other factors of lesser influence and more difficult to evaluate but

probably just as general in effect as those mentioned. The net effect of all

these factors is to produce a variation of rainfall intensity with geograph-

ical location. }Ja.ps have been p!epared by the Weather Bureau showing this

variation. l These maps indicate that for the relatively flat lands of the

1. Weather Bureau Technical Paper No.24 Rainfall Intensities for Local
Drainage Design in the United States Part II
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lmver Salt River Valley the variation is small and gradual. It appears

quite proper therefor to predicate design intensities for local storm

drainage work upon the records of the Phoenix Post Office Weather Bureau

Station.

Storms of great intensity do not occur every year. The average random

20-year period ,iill contain more severe storms than the average random

2-year period. In other 'vords, the storm of intensity that occurs on the

average of once in 20 :;rears is more severe than on which,occurs on the average

of every other year. This point is of interest because it is generally not

practical to design for the maximum possible storm. The question then arises

how great is the risk if the design is for some lesser storm? The risk of

flooding is of' course directly related to the frequency of occurence of

storms greater than the capacity of the drainage syst~n. The relation between

rainfall intensity, duration, and frequency of occurence have been studied

by the Weather Bureau for many localities including Phoenix. l Figures 7,

8, and 9 show these relations as developed using statistical methods by the

Weather Bureau and others,. Figure 9 is the ;family of curves used subse­

quently in the computation of storm flows.

1. ''leather Bureau Technical Paper No.25 Rainfall Intensity D1.mation
Frequena,y Curves
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2. Amount of Rainfall

It has been previously pointed out that intensity, or rate of rain­

fall is of primary impor.tance and that total amount of ~ainfa11 per storm

is not of direct interest in designing the average municipal storm

drainage system. It is only ,men the system utilizes storage to prolong

the runoff period and reduce peak flows that total storm rainfall becomes

a factor.

While runoff.rates to be expected in the Phoenix area may seem

very large, the total quantities of runoff are surprisingly low. This

is due to the short duration of the storm~ which produce the most intense

rainfall. The storm of August 3, 1943 for exam:plewas estimated to pro­

duce a'maximum runoff rate of 30,000 cubic feet per second into the

Arizona Canal but the total runoff was probably less than 10,000 acre

feet. l

In the mountainous and undeveloped areas it may be possible to

obtain dam and res~rvoir sites to take advantage of this fact and pro­

vide flood protection at a relatively low cost. In the city however,

the topography is such that there would be no suitable storage sites

even if the state of development were not already so far advanced ,as to

make the cost prohibitive.

1. T. R. Neiswander, Report to Gen. Mgr. Lawson, SRVWA, dated Aug. 30,1943
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3. Areal Extent of Sto'rms

The phrasettscattered showers" is often used in summertime weather

forecasts. It is often possible to see severQl intense downpours occurr­

ing simultaneously with wide spaces of sunlit landscape intervening.

Thunderstorms are typically or' small-areal extent and when large areas

receive rain from such s~ormsitis beoause there are very many of them,

perhaps enough that several may pass over any given point on the earth's

surface. Isohyetal maps plotted for th~erstorms show many isolated

points of high rainfall separated by relatively large areas recei:ving much

less. Winter storms Show much less variation in rainfall and that variation

which does occur is more due to ground elevations than to atmospheric

conditions.

A study has been made of rain gauge readings in the Phoenix area for

several local storms. Total rainfall reported has been plotted in Figures

10 to 16. ~he area inside each closed isohyetal line in these figures
\

was measured by planimeter. The relation, between the area receiving

rainfall and the average total depth of rain for that area was plotted for

these storms in Figure 17. The relation In Figure 18 is from a curve used

by the Corps of Engineers in a report entitled Interim deport-on Survey­

Flood Oontrol for Tucson, Arizona, dated Nov. 20, 1945. It is the curve

that will be used hereinafter in computing storm runoff rates.
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B. Infiltration and Other Losses

Not all the rain that reaches the earth becomes runoff. Some is

returned immediately to the atmosphere by evaporation" some is retained in

depressions to evaporate later, and some filters into the soil. A consid-

erable portion which ultimately becomes ,runoff must be temporarily retained
"

in channels and on sUrfaces to produce the hydrostatic conditions necessary

to make flow take place. The actual losses are advantageous because they

reduce the requirements of the drainage system. Temporary storage can also

be helpful if it is allowable but it is usually this water that creates

nuis~ce or does damage. The system should therefor be designed to keep

this water within very definite limits.

1. Infiltration in NatUral Soils

A good deal of experimental,work has been done to measure the infil­

tration capacity of natural soils and to determine its variation with pre­

vious infiltration and time. A fonnula has 'been developed by Dr. R. E.

Horton showing this relationship.l The constant,s in this formula have

been evaluated for Arizona' soils by the Soil Conse,rvation Service in co­

operation with the Arizona Agricultural Experiment Stat10n. 2 Horton~s

formula and the constants are shown in Figure 19. ,Thegeog~aphical10;"

cation of the'soils to which the constants apply is 'shown in Figure 20

lUAnalYSiS of Runoff Plat Experirilents with Varying Infiltration Capacity"
Robert E. Horton, Transactions, American ae:ophYsicalUnion, 1939, pp 693
to 711
2
"Sprinkled Plat Run\Jftand Infiltrati'on Experiments on Arizona Desert

Soils", E~ L. Be'l1tne,r, R.R. Gaebe, and Robert E. Horton, Soil Conserv­
ation Service TP,- 38, Septembe~ 1940'
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which has been adapted from aU., S. Dept. of Agriculture report.1

The plotted curves of Horton's formula in Figure .19 show that the

illitia1infi1tration capacity of a soil is fairly high, th~t it falls

quickly as rainfall continues, and that it approaches a much lower rate

,ihich remains constant regardless of how long rainfall is continued. One

would be inclined to think that the soil would finally become saturated and

in effect impervious to further infiltration but generally the subsoils are

so much h:tgher in permeability that this condition never occurs. This is

substantiate~ by experimental work done in 1950 by Karl Harris and H.B.

Peterson of the Phoenix office of the Soil Conservation Service. The

following is quoted from their unpublished report. 2 It is to be noted that

the infiltration rates shown in the table are all after one hour of pre-

1iminary sprinkling, hence they represent final, or sustained, infiltration

rates, thefc in Horton's notation.

HC CLELLAN CLAY LOAM

(The following table) ttgives infiltration tests under several
conditions. The columns marked ttSpaded Lawn", "Lawns on which Boys
Had Played", and "Vacant Lot" are on East Alvarado Street in Phoenix.
The column marked ttVegetab1e Garden" is on the campus of Phoenix
College, and the "Sorghum Field" is just across a fenoe from the
vegetable garden.

This table shows considerable differences in infiltration
rates from 12~23 to 0.047 inches per hour. It will be noted that
the rate for the second foot is about the same for every field.

The difference in infiltration rates between the vegetable
garden and the sorghum field is of particular interest. These tests
were made not more than one hundred feet apart and bring

1. "Soil Survey of the Salt River Valley Area, Arizona'} by W.G. Harper.
F.O. Younger,. A.T. Strahorn, S.\'1. Armstrong, and H.C. Schwalen. UoS.D.A.
Bureau of Chemistry and Soils Bulletin 32, Series 1926

2. "A Progress Report on Factors that Effect Infiltration and Permeability
Rates of Water into and through Soil" by Karl Harris and H.B. Peterson,
S.CoS. 1950, pp32 & 33.
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out the fact that cultural methods may change the rate of water infiltration
into the soil a great deal; that is, from 0.047 inches per hour to 1.057
inches. The 1.057 rate was after the sorghwns had been planted and
irrigated twice.

Spaded Lawn

..
Left
rough

Raked
Off

Lawn on Vacant Lot
which Puddled by rain

boys had
played Surface 1 foot

below
surface

Vegetable Garden

SUrface 1 foot Surf.ace
below
surface

Sorghwn

1 foot
below
surface

12.23 6.77 0.456 0.425 2.510 0.029 2.900 1.390 2.270
12.23 2.52 0.310 0.481 1.890 0.039 3.190 0.760 2.480
12.23 4.32 0.339 0~3'47 2.740 0.081 2.690 1.020 2.450
12.23 2.56 0.379 0.559 2.360 0.047 2.950 1.060 2.670
12.23 4.04 0.200 0.371 1.890

AVG. 12.23 4.04 0.337 0.436 2.278 0.047 2.933 1.057 2.468"

In comparing the infiltration rates obtained by Harris and Johnson with

the value of f c shown for McClellan Clay Loam in Figure 19 it should be borne

in mind that the fonner values are for soils that have been manipulated in

various ways whereas the Figure 19 values are for soils in their natural

state with naturally occurring vegetative cover. Even so" Harris' value

for "Lawn on Which Boys Had Played" of 0.337 inches per hour is fairly close

to the Figure 19 value of f c of 0.31 for the same soil. Harris shows very

plainly how greatly the natural capacity of the soil can ·be increase by

certain types of cultivation.

The question arises- \~at value. of infiltration rate should be used in
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the computation of storm runoff if it is such an extremely" variable quantity?

The initial infiltration rate is so high that it affects the average for a

much longer period than is required for the instantaneous rate to reach the

final constant value. It is very tempting to the designer to use the average

of instantaneous values determined from Horton's formula but some allowance

must be made for the possiblilty that a storm may occur a short time prior

to the design storm. The fact that this does happen is graphically

illustrated in Figure 21. It is also true that in many residential areas

the soil is constantly kept moist by lawn sprinkling. For these reasons th~

basic value of infiltration rate used for runoff computations will be the

experimental value for f c but this should be modified by the designer's
~

judgment based on his actual knowledge of the particular area under consid-

eration. For example a residential area where flood irrigation is practiced

and where berms are in plage to confine irrigation water will not produce

runoff for any storm likely to occur in this area. Allowance may be made for

this condition by arbitrarily increasing the value of f c•

The area contributing storm water to a single inlet in the drainage

system may comprise soils. of several different types. \l1hen this is the case

the value of f c should be a weighted average, again adjusted according to

the judgment of the designer. Some average values of the sustained infiltration

rate for largearea·s are shown in the following table.
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Boundaries Area
Sq. Mi.
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Overall
Avg. f c
iny'hr.

Arizona Canal to Grand Canal
Old Crosscut Canal to 7th St. 17 0.88

Grand Canal to Salt River
Papago Park to 7th St. 14 0.41

Arizona Canal to Grand Canal
7th St. to 27th Ave. 12 0.76

"
Grand Canal to Salt River

7th St. to 27th Ave. 13 0.52

Arizona Canal to Grand Canal
27th Ave. to Agua Fria Drainage Divide 22 0.90

Grand Canal to Salt River
27th Ave. to 67th Ave. 26 0.35

Grand Canal to Salt River
67th Ave. to Agua Fria Drainage Divide 28 0.48

Highline Canal to Salt River
near 48th St. to 7th St. 14 0.61

Highline Canal to Salt River
7th St. to Gila River Drainage Divide 1,4 0.59

This table indicates that the soils found between the Arizona and

Grand Canals are approximately twice as capable of absorbing rainfall as the

soils between the Grand Canal and the Salt River.

There is also an appreciable water loss on ~urfaces normally regarded

as impervious. Even concrete will allow some water to pass through cracks

in its surface as many a do-it-yourself swimming pool builder has discovered

to his sorrow'. A good deal of rain falling on hot pavement is innnediately

evaporated. There is an appreciable loss in the interception of rainfall by

foliage and on the surfaces of buildings. Some water always finds its 'Way

into sanitary sewer, gas, telephone and electrical manholes. Some water is
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trapped in surface hollows and depressions. There is& film of water that

refuses to drain off of paved surfaces and will finally-be removed only by

evaporation after the storm. Finally there is the wat.r that must be present

on all water carrying surfaces and in all channels to provide the proper

hydrostatic conditions for flow to take place at all. This water is

constantly being replaced ,v.ith new water and it all drains off after the

storm, but the effect on required capacity of the drainage system is

equivalent to that of an actual loss.

All of these effects would seem to be of very minor importance, but the

ctnnttlative result is well worth taking advantage of in the design of storm

drains. To do this it is necessary to evaluate these effects, preferably in

the aggregate. It would seem that water lost in this way would be a fixed

amount, more or less independent of the storm rainfall, butW.I. Hicks has

found a relatiClt1 between rate of rainfall and.rate ot·loss on impervious

surface in his Work in. Los Angeles~lIt.wilibtta.ssuDleaforthep\lrposesof

this report that this loss on impervious surfaces amounts to ten percent of

the rainfall. This is also the value Hicks uses.

Figure 22 shows the relation between rainfall and losses for various

soils and impervious surfaces botb as derived by Hicks for the Los Angeles

area and as recommended by this report for Phoenix. These curves will be

used as described in the following section.

1. l,Methodot Com~tilJ.gVr~Runoff. W.I. Hicks Transactions of the
AmericanSocie'ty' of Civil Engineers, Vol. 109, (1944) ,.1265
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o 0.51.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Ie, = AVERAGE RAINfALL ON AREA - RATE -IN"CHES PER HOUR

lNFILTRATION AND DEPRESSION STORAGE

LOSS COMPARISONS

LOS ANGELES DESIGN CURVES" PER W. J.HICKS REPORTS ASCE

P.HOENIX VALUES .FROhI F~ULAINCLUOE LOSSES DUE TO SUR­
FACE DETENTION AND CHANNEL STORAGE WHICH HiCKS ANALYSES
SEPARATELY BY HYDROGRAPH METHODS.
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c. Runoff

The first objective in a storm drainage system design is usually to

arrive at the quantities of storm water it is necessary for the system to

handle at various critical points along its length. These quanities are

expressed as rates since it is rates rather than total quantities that

affect the sizing of components of the drainage system.

The runoff process is a funneling process. Rain falls at a certain rate

over a fairly large area and flows over surfaces and through a converging

system of channels toa connnon 10\'" point where it discharges from the area.

,The rate of discharge cannot be greater than the rate of supply unless

there is temporarr storage and sudden release, a condition not likely to

be found in storm drainage system. The rate of discharge can however be

lower than the rate of supply, first, in case there is another outlet or,

second, if there is temporary storage and gradual rele.ase after the supply

ceases. Both of these conditions are likely to be found in any storm

drainage system. The. other outlet is provided,by the various losses already

discussed, namely infiltration, evaporation, and permanent storage.

Temporary storage is provided by the surfaces and waterways themselves

which must contain water, in order to transport it.

If the rate of supply were equal to t~e rate of runoff, that is if

there were no losses or temporary storage, the relation between supply and

runoff could be expressed by the relation.

Q=IA
(1)

where Q is the rate of runoff, I the rate of rainfall, and A the

drainage area. The equation needs no constant of proportionality if Q is
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expressed in cubic feet per second, I in inches per hour, and A in acres.

In order to account for losses it is necessary to consider the

relative amounts of pervious and impervious surface within the area and

the loss by infiltration in the former. It is assmned that rain falls at

the same rate on both types of surface. Equation I \~uld then be expressed as

(2)

..

where Ai and Ap are the impervious and pervious areas, both in acres, and

fc is the sustained infiltration rate for the soil in the pervious area. In

case of an area having several different soil~ f c would be the weighted

average. It would also be arbitrarily modified in accordance with the

judgment of the designer based on his knowledge of the area as has beEm

.previously mentioned. Probably f c should be at .;least 0.20 for even the

most densely packed soil.

Equation 2 is still not representative of actual conditions. It has

been pointed out that there is a considerallle loss in impervious areas and

that there are losses other than infiltration in the pervious areas. The

following fo~la will therefor be used in computing flows •

(3)

where

Q = design runoff rate in cubic feet per second
Ai= impervious portion of the drainage area in acres
Ap= pervious p~rtionof drainage area in acres
Ia= average rainfall intensity over the area in inches per hoUr
f c= final or 'sustained infiltration capacity of the soil in the

pervious area in inches per hour

In the first. term on the right hand side of Equation.3, I a is arbitrarily
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reduced by 0.2 inch per hour to account for depression storage, infiltra­

tion through cracks, and the other losses which exist even in impervious

surfaces. The whole term is then multiplied by a factor of 0.90 to

account for the fact that the loss is not a constant amount but is also a

function of intensity as mentioned previously. This also allows for

surface detention and channel storage., The second term on the right side

is multiplied by a factor of 0.8 to make allowance for depression storage,

for increased infiltration over the value used for f c during the early

minutes of the rain when infiltration capacity is high, and for surface

detention presumed to be for flow over grassed areas.

At this point it becomes necessary to discuss concentration time and

to show how it affects the value of I a in Equation 3. In any given

drainage area a certain period of time is requir~d for water to flow from

the most remote point to the outlet. This depends of course upon the length

of the flow path and the velocity of the water. The velocity in turn

depends upon the channel slope, its roughness or frictional resistance to

flow, and also to the quantity or depth of water flowing. Manning's

formula was used to obtain velocities of flow in streets using an "n" of

0.015. Scobey's chart for the solution of Kutter's formula was used in

obtaining velocities in pipes, using an "n" of 0.012 for pipe of 21ft

diameter and over. These are given in graphical form in Figure 23 and 24

for streets and Figure 25 for .pipe lines. Both streets and pipelines are

assumed flowing full. Manning's formula is shown in Figure 23. It is

uSually solved for the velocity of the fl'Owing water using slope in feet per

foot and the hydraulic radius in feet. (The hydraulic rad,ius is the measure



, j-

....

i, '

! I
I I I !

-I

:-!H­
.....+-t.J.~m: 4

L,.

,
---t

. ,.
:C _.;:- _

: I -r- ;-

+

'--, ,

, .

, ,
,:' :t"
Ii .:.. I

tot. ,

, ,
; I I •

;' !, ,

-H:-I-f-
, ,.
i I I

. T: I !

"

• I

IT+. -'+.

4 5 e 7 8 9 10 20

DISCHARGE CAPACITY IN CUBIC FEET
USING "n" OF 0.015

COMPUTED FROM MANNJNGS FORMULA·

30 40

r::>ER SECOND

V:tIt 1.486 R~SV2
n

50 eo 70 80



67

J O.5.tf¥ t ds04cROWN $ !t.~CUBB
AREA TO TOP OF CURB = 2700 ;SQ FT.
WETTED PERIMETER = 3'7:01 fl:
HYDRAULIC RADIUS = O,7~O rr

36 FT. RESIDENTIAL AND COLLECTOR STREETS

INVERTED CROWN

NOTE": 36. Fl: RESIDENTIAL AND COLLECTOR STREETS WITH

0.50' CURB AND 0.33' INVERTED CROWN

AREA TO TOP OF CURB
WETTED PERIMETER
HYDRAULIC RADIUS

= 2.3.,~"SQ. FT.
= 3';~:Ol- F1:
= C4~a -·FT..._.:.! :r:=l= fJ:r.+ _ -l _. ,_

j, ·t fJ':tiIH~' - .c:-'-
I- "'r-. - ,'-

.. , ~. 1=:i r~.t1
x' rj H

". ---,.j'"I·;'·.-:.-' +.3ti. - ,-
_ .-'-"--1-'••':t1" + ~ '. "':

- - 'I,

- .....+- ,i' .
. . "

: -" t1tti: 1: :r.'
t- c++

-I-

:tf~ _ :..~._.

:~~-:A.

- 1-!

J

I-H- ~ '.

! I.!:t:
~1 ±t

,+ .-'

ct' _.f:'- .',' f_

_.: ... :~, Ilt~ .~'
0:: 4w
a.

1-.3
W
W
U.

Z2

w
a.
o
-I
CI)

i 'I,

II -fHj1~~
I r+oWI-ttt++1Ik'

I.....

FIG. 24

o 0 0o 0 0
~ II') (Q

SECOND

oo
C'I)

PER

oo
C\I

DISCHARGE CAPACITY IN CUBIC FEET
USING -n" OF 0.015

COMPUTED FROM MANN-INGS FORMULA

I ~L..U.-L..LL.U..u.uIL.W.L.Uu.u.wJJ..L!.'!.LW.L'
O. 0 0 0 0 0 000
N C'I) ~ II') co ""40"'2

V= J.486 R%SV2
n /

T'YPJCAL INVERTED CROWN STREET PAVING
FULL NO FREEBOAR'D



• •

1000700200300 400 500

SECOND
7 10 20 30 40 50 70 100

DISCHARGE CAPACITY IN CUBIC FEET PER
USING "n" OF 0.012

53

0 .- •B
- - r- ~ II

'. '"f-N

6 - -f--~

~
I

m f#m

I

2 I

'" ,
I

Y. r-..
r-....

...... fl
r-.... 'lI I'-... I ~ .J

~

T '" IY! r-.... "- ,II'-... :'1
I "- ~ 1'-...1] f '" I'-... "-

• II
8

.6

5

4

3

8

a 5
Z

O~4
-0 ~ 3-..-
-0
rna:

w
nO::
c..-
~~
f'lu..
::0 Z I

~
(J) WOo

0.
o
..J 0
(J)

O.

~ O.

:0 o.
~ 2

"TI=i
C1-<



>.

69

of the water quantity-depth relation and is equal to the cross-sectional

area of the stream divided by the wetted perimeter.) The curves in Figures

23 and 24 give flow quantity directly but this is merely the product of

velocity and the cross-sectional area of the stream. The term nn" in the

formula relates to channel roughness. For gutters ftnn was assumed· equal

to 0.015, for pipes 18 inches and under 0.013, and for pipes larger than 18

inches 0.012. Actual values of nnn for concrete pipe are lower than those

chosen but these values allow for inlet disturbances, transition losses,

and similar effets.

For flow over sodded areas or desert surfaces where water is carried by

sheet flow rather than in channels there have been derived several formulas

giving the relation betw'een velocity, mean water depth, and slope of

surface. The equation

has been suggested for flow over turfed surfaces.1 In this formula the

velocity, V. is in feet per second;d is the water depth in inches; and

S is slope in feet per foot. The coefficient of 0.96 was derived

experimentally and a variation-in this value from 0.6 to 1.2 is reported

for different types of grassed surfaces. If it is assumed that l~d surface

and street pavement slopes in an area are approximately equal, velocities

in gutters will be from 32 to 16 times as large as velocities over sod

computed by this formula for runoffs ranging from one fourth-inch to 2

inches.

1. W.\'l. Horner and S.W. Jens, "Surface Runoff from Rainfall Without
Using Coefficients", Transactions, ASCE, No. 107 (1943) p._ -1059
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\v.I. Hicks in his work in Los Angeles1 ;las developed formulas for rates

of flow on tar and sand, tar and gravel, and clipped sod surfaces ,giving

ratios of approximately five for a tar and sand surface compared to clipped

sod and about ten for gutter flow compared to clipped sod. In this report it

will be assumed that velocities over sod will be approximately one tenth of

street gutter velocities in the same area and that overland flow velocities

in commercial and industrial areas will be one half of gutter velocities.

Actually for any sizeable area, say over 160 acres, the portion of the

total runoff time attributable to overland fio\" is small and it makes little

difference in the final result hO\'7 this time is computed. In the computations

done for ;:his report the practice of computing flow times based on gutter

and pipe flo\"s only and arbitrarily adding four to five minutes in resident-

ial areas and n"o minutes in commercial and industrial has been followed.

In the hilly areas '~1ere drainage takes place through natural channels

such as in the Phoenix Hountain and Salt River Hountain areas the follo\ving

formula is useful for computing concentration time:

2!§
t c = 5.75 (-f)

where t c is concentration time in minutes,
L is channel length in miles, and
S is slope in feet per foot.

Concentration tin~ where flow occurs primarily on ci~J streets and in

culverts can be computed quickly by lise of Figures 23 through 25.

1. Loc. Cit., pp. 1097 to 1102
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Once the concentration time for a given drainage area has been deter­

mined this time is used to find the rainfall intensity to .be used in

Equation 3. It has been pointed out that the longer' a storm lasts the less

intense it is likely to be, the relation being shmm in Figure 9. In any

given drainage area (,ihichhas a concentration time characteristic of that

area) the maximum runoff rate condition is likely to occur when the area

undergoes a storm of duration equal to the concentration time of the area.

A storm of longer duration would be less intense and its effect would be a

lower peak ra~e sustained for a longer time. A storm of shorter duration

than the concentration time of the area is not likely to produce such a high

runoff rate even though the rainfall intensity is apt to be higher because

the entire drainage area does not begin to contribute at the point of

discharge by the time the rain has stopped. A storm of duration less than

the concentration time of the drainage area may however, depending upon the

shape of the area, actually produce higher runoff rates than one lasting as

long as the concentration time and this possibility should al,~ys be

investigated. The rainfall intensity is taken from the curves in Figure 9

for the concentration time or'a shorter time if a shorter time produces

higher runoff. The return period curve used is chosen in accordance with

the degree of protection desired. (This aspect is discussed later in this

report.) The intensity thus obtained from Figure 9 may be reduced by a

factor lmich varies with the size of the drainage area. This factor is

taken from Figure 18. TIle reduced value is the la' or average rainfall

intensity, of Equation 3.

It is by application of the methods described above that the quantities

of storm water sholyn in Exhibit VI were derived. The calculations were



72

carried out in tabular form an4 required siXty sheets. Because of their

bulk they are not included in this report but one typewritten copy is

submitted for the City's files.
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IV. DESIGN CRITERIA

After an appraisal of the topography and hydrology of a drainage area

and the computation of flood flows for various frequencies of occurrence it

is proper to begin choosing routes for storm sewers and determine the neces­

sary sizes of components of the system. The purpose of this section of

this report is to recommend certain policies and standards of desigr for

use in planning tIle system. Thes~ will again be of a general nature ahd

judgment should be used in applying them to the design of any particular

portion of the system.

A. Design Stonn Frequency

It has been pointed out previously that there is an inverse relation

between the severity of a storm and the average frequency of occurrence of

others like it. In establishing the size of a storm sewer it then becomes

necessary to decide if the sewer should be made large enough to handle the

worst stonn 1ike)..y to occur once a year, every five years, or some other

period. It .isseldom practical to design for the worst condition ever

likely to occur although this must be done where the hazard to life and

property is great as in the case of some dams. Storm sewers are usually

constructed to alleviate a nuisance however, not to protect life and limb.
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There is therefore seldom any justification for-designing a drainage system

for the maximum probable storm or for any'very low frequency of occurrence.

In some locations it is possible to justify building for a ten, twenty-five,

or fifty year return period on the b~sis of potential flood damages. In

general the higher the value of the district the better its flood protection

should be. For most of the Phoenix area however, quantities of 'vater to be

handled are great, but the past record of damages is so low that it is not

econonucally justifiable to construct storm sewers for any very severe storm.

This means simply that when such storms come, as they surely will, the

drainage system will be overtaxed and there will still be ponding of water,

blocked streets, stalled cars and flooded buildings, but not as frequently

nor so ~everely as before. The less often flooding is allowed to happen

the more such protection costs the community and there is a point beyond

which the cost of flood prevention exceeds the cost of letting floods occur.

This point is soon reached in the Phoenix area. In Sunnyslope and other

communities near the mountains damage is more frequent and more severe,

the cost of protection is less and hence more easily justified.

The potentialities of flood damage are rapidly increasing as the city

grows. The flood of August 3, 1943 did damage estimated at $145,000 but the

inundated areas were principally agricultural lands. This land is now about

60 percent occupied by homes and, in the lower portions, expensive

conmercial apd industrial installations. It can hardly be denied that a

similar storm tomorrow would result in many times greater damage.
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\Vhere economic justification cannot be shown the so-called intangible

factors are usually brought into play. It is difficult to place a value on

the alleviation of a nuisance, the increase in property values resulting

from the installation of storm drains, or the extent of the obligation the

community has for increasing runoff by paving up to 20 percent and more of

the drainage area. These factors are very real and important even if it is

impossible to evaluate them objectively and often they are sufficiently

\roighty to \¥arrant construction of drainage systems that cannot be justified

on the basis of diminution of flood damage alone. It is seldom possible to

show economic justification for parks, ~numents, or ornamentation on public

buildings yet these things are provided and the costs willingly borne in the

interest of building a better city. Similar reasoning may be applied to the

case of storm sewers.

The storm water flows to be expected in the Phoenix area are shO\m

in Exhibit VI. The flo\vs in the developed areas are shown as if they \vere

concentrated along the north-south section and midsection lines. These

flows are computed on the assumption that the area has reached its

ultinmte,development. Quantities shown on Exhibit VI are for a storm such

as might be expected once every two years in the developed areas and once

every hundred years in the natural channels draining mountainous areas.

Calculation of flows for one-year stonns in Phoenix was also made. The

basis for this choice of design frequencies is simply that it does not

seem reasonable to install any \~rk providing less than one-year protection

while, in the built-up areas, any greater degree of protection would

generally be prohibitively expensive. In the mountainous areas flows are
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concentrated in narrow ch~1nels and hence more dangerous. Because slopes

are steeper and land generally less expensive it is practicable to provide

a Iligher degree of protection than in developed areas. This is the reason

for choosing the hundred':'year storm to provid~ for in these areas. Final

design of the system should of course give due consideration to special

local conditions ,~ich would warrant a greater or lesser degree of protection.

At present construction costs even t\Vo~year protection is beyond the

means of the community. It isreconnnended however that the two-year

standard be the goal and that lines designed for one-year flows be installed

only in the most critical places along the section line streets. Later as

more intensive development occurs and as more· funds become available the

mid-section drainage lines can be installed ~~ich will achieve nearly the

2-year standard sought.

B. Present Trouble Spots

The Superintendent of Streets receives complaints of flooding from

~ertain areas after practically every storm. TIle streets, intersections, and

general areas lvhich are most persistently troublesome are plotted in Figure

26. Some of these troubles are due to purely local conditions such as the

flooding above the old Maric~pa Canal between 10th and 14th Streets and at

Verde Lane west of the Black Canyon Highway. Other areas have troubles of a

more deep seated nature because they are situated in natural swales and are

areas of concentration for water arriving from two or three directions. A

glance at the contours in Figure 26 will show that there is a ridge running

through downtown Phoenix on an axis through the lntersections of 7th Avenue
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and Washington Street and 7th and Van Buren Streets. The small swale south

of this ridge is the center of quite a bit of drainage trouble. The

ground slope in this area is to the l~st rather than southward toward

the river.

There is another ridge lmich runs nort4and south near the alignment of

the Black Canyon Highway. The fan-shaped area between this ridge and the

one previously mentioned is one broad swale ldth no sharply defined

channels. Trouble spots exist throughout this area indicating the general

nature of the problem.
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AREAS PRESENiLY SUBJECT TO FLOODING
FIG. 26
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C. Utilization of Existing Irrigation
and Waste Ditches

}funy of the street pavement projects constructed in suburban areas

under the Improvement Act utilize irrigationartd waste ditches operated by

the Salt River Valley 'vater Users Association for the disposal of storm

water. This has usually been done with Water User's permission under a

revocable license. This arrangement has been fairly satisfactory in the

past but the point is approaching where'this can no longer be done •

There is little reserve capacity in the irrigation system when it is

delivering its design quantities of water. :Hany of the larger canals

operate brimfull almost continuously. The Water Users also have the

practice of spilling water dO\ill laterals. when there is danger of heavy

runoff entering the main canals. It is quite likely therefor that there

will be no capacity available at the very time when it, is required.

Even if the canal system could be depended ~pon to be empty \;lhen storm

runoff began to enter it, it would still be inadequate for any really

severe storm. The capacity of the Arizona Canal above Arizona Falls

(S2nd Street) is about 2,000 second feet. Between Arizona Falls and 48th

Street, it is 1,400 second feet, and it diminishes by steps to 400 second

feet at 75th Avenue, The total capacity of the laterals occurring about

once per mile is about 1,200 second feet, and the two Crosscuts together

can safely handle another 1,200 second feet. The total pe~( rate of inflow

into the Arizona Canal during the stonn of August 3, 1943, was estimated

at 30,000 second feet or about 15 times the capacity of the'system.
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This storm was severe enough to warrant some further description.

on the storm in the files of the Salt River Valley Water Users Association.

Storm conditions really began on August first. Late on August second,

a heavy downpour occurred in the vicinity of Tempe. l Enough rain from this

stor,m fell in Paradise Valley to cause the SRm~A to empty the Arizona

Canal in preparation for the influx of expected flood w:ater. The inflow

was not especially severe, how'ever, and by 7:00 p.m. of the second, the

spillway gates \vere closed, and the canal refilledo The storm we;tsn't over.

It began raining again about 3 a.m. of August tllird. The intensity of

rainfall reached its peak about 7 a.m. and finally stopped altogether at

11 a.m.

Total rainfall for the storm of August third at the Phoenix Post

Office "ras 2.12 inches. It is likely that more rain than this fell in the

desert areas to the north, but no records are available. The co-operative

\veather Dureau stations at Carl Pleasant Dam, Cave Creek Dam, and Deer

Valley were not in existence at the time of the storm.

Heavy inflow into the Arizona Canal began at Indian Bend by 8 a.m.

on the third. The Indian Bend Spillway had a capacity estimated at 8,000

second feet, but this was insufficient to protect the canal. The first

break in the levee occurred at 11 a.m.

1. In this storm 2.11 inches fell at the Tempe Date Gardens bet\veen 3:15
and 3:45 p.m. This is a rate of 4.22 ipches per hour sustained for 30
minutes. By figure 9 this would rate as more severe thro1 a thousand-year
storm.
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Department Building on Jackson Street was 18 inches at 11:55 p.m.

The peak flo"w in Cave Creek above the Arizona Canal \vas estimated by

high-water marks to be 9,000 cubic feet per second. The discharge from

Cave Creek Dam was regulated at 400 cubic feet per second during the storm,

the reservoir rising to a gage reading of 29..4 feet at the peak, \Vithin six

feet of the top according to the Arizona Republic account. Undoubtedly

the functioning of the dam prevented a great deal of damage.

Returning to consideratl.on of dependence upon the l.rrigatl.on system

for stOl~ drainage, there is also the pol.nt that there are only infrequent

places \~1ere it is possible to discharge street drainage into the canals

since the irrigation system is purposely built high so it can deliver water

to the adjoining land. The waste ditch systernis not nearly so complete as

the supply system, and in many places it has practically disappeared que to

non-use. Finally the irrigation system diminishes in capacity going down-

stream, which is the opposite o.f what a· storm drainage system shoul~do.

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

These considerations all weigh against the use of the irrigation

system for storm drainage, but there are a few exceptions. The most notable

is the Old Cross-Cut Canal which runs between the Arizona and Grand Canals

near 48th Street. This canal is in a position to intercept all the

drainage east of it and cm1 readily be improved to give it adequate capacity

for this purpose. It is still utilized by the Water Users for shunting

water from the Arizona Canal to the Grand, but it would be relatively simple

to install works permitting it to be used for both purposes.
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D. Surface Drainage on Street Pavements

Street pavements have an important role in storm drainage; but it isa

sharply limited one. The capacities of streets as water carriers are shown

in Figure 23. It will be seen that pavements with high crown and low ttroll­

typett curbs so commonly being built today have a poor rating as water carriers.

Streets with flat cross-sections or inverted crowns have their disadvantages

in other respects, but they do make good waterways and should certainly be

considered in some cases. Figure 24 illustrates the capabilities of

inverted crown stre~ts.

In general, street pavement should be depended upon for drainage only in

the outer reaches of a drainage area, say for the firs~ half mile or so,

depending upon the slope obtainable and the pavement cross section. As soon

as cumulative runoff along the drainage channel exceeds the capacity of the

street, pipelines should be utilized. Pipe, because of its smootllness and

low cross-sectional perimeter to area ratio is a much more efficient water

carrier than a natural channel or street pavement. Pipe is obtainable in

many sizes up to 120 inches in diameter. Parallel lines of pipe in smaller

sizes may sometimes be more advantageous than a single large line, if there

are space limitations, though normally increase in pipe size gives more

capacity for less dollars per unit of flow.
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E. DivisionDf Responsibility for
Providing Storm Drainage Facilities

It is usually difficult for the favorably situated landowner to see

that he is partially responsible for the plight of ,the person whose property

is frequently subjected to floods. There is, however, a well-established

precedent for considering flood protection a community responsibility.

This precedent has a dual basis. First, there, is the principle that the

benefits resulting from a local improvement are not confined to that

locality but are felt to a lesser degree throughout the conununity if in

no other way at least by the increase in or maintenance of taxable values.

secondly, the paving 01 streets and construction of buildings high in a

watershed must definitely increase the amount and rate of runoff in the lower

portions. The benefit of s..torm drainage or flood control lies in the

alleviation of a nuisance or the mitigation of an evil and is in this sense

a negative sort of thing. Like fire insurance or national defense,

however, it may still be considered ,vorth,mile.

If stonn drainage is a matter of both local and conununity interest,

the question of allocation of the costs of drainage facilities arises.

In attempting to establish a policy by which such an allocation may be made,

it is convenient to ~(e a classification of lands as follows:

I. Areas not presently and never likely to be flooded.

A. Inside the city.

B. Outside the city.
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II. Areas in danger of flooding.

A. Inside the city.

1. \Vhere no adequate provision for local storm drain-

age has ever been made.

2. \Vhere adequate local drainage has been provided but

this has been, or is likely to be overloaded by new

areas contributing from above.

3. Areas adequately drained.

B. Outside the city.

1. Where no adequate provision for .local storm drainage

has ever been made.

2. \Vhere adequate local drainage has been provided but

this has been, or is likely to be overloaded by new

areas contributing from above.

3. Areas adequately drained.

The term "adequate drainage", as used in this classification will be

understood to mean facilities for removal of storm water having capacity

sufficient for a one-year storm from urban or future urban areas and for a

2S to 100 year storm from mountainous areas. The tem "local drainage"

Will be construed as meaning facilities for conducting storm runoff for the

first half mile of its travel in streets, easements,or other public rights

of way. The reason for adopting the half...,mile limit is because generally

facilities for carrYing storm water this far Can be installed under the

IlIIJ?rovement Act without throwing unduly heavy assessments on theprop.erty

owners; because, in the first half mile,two-year flows are often low



enough that they can be ~arried in the street pavements; and finally,

because there is the precedent established in the canal system of the

Salt River Project, which was built to bring water to the high point of

each quarter section, that is ,within one half mile of every property.

It is suggested that a policy something like the following be

adopted for allocating costs of storm drainage works to the lands pre­

viously classified:

For the costs of local drainage as defined above

Class IIAl lands - by City Improvement District.

Class IIBI lands - by County Improvement District. All costs to be

assessed against benefitting property in the dtstrict.

For the major works which serve as the link between local drainage

works and final disposal to the Salt River.:

Class IAand IIA lands - by' City general obligation financing.

Class IIBI lands which utilize City outfall lines - by County Im­

provement District providing for cash payment to the City for rights to

the use of City lines.

For the costs of relief drains in City area once but no longer

adequately drained, that is for Class IIA2 lands, allocated to Class IA

and IIA lands by City general obligation bond issue or City budgeted

tax funds.

This .schemepr-ovides nO relief for Class TIB2 lands nor does it

provide means of· assessing Part of the cost of storm drainage against

land in Class lB. Neither of these cate,gories is a City responsibility,

86
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however, and it appears that one practicable means of incorporating

these areas in a storm drainage program might be the formation of a

City-County Flood Control District. This is a problem to be studied

by a Flood Protection Improvement Committee as discussed later in

this report. If, as is recommended, the County participates in the

improvement of the Old Cross-Cut Canal and in the purchase of right of

way for an Arizona Canal floodway a means is' thereby provided for

allocation of part of the cost to land falling into Class lB.
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v. THE PROPOSED STORM DRAINAGE SYSTEM

The previous three sections have dealt with the bases for com­

putation of storm water runoff rates for any particular drainage area.

It is the purpose of this section to present the results of the computations

that were made in accordance with the principles discussed; to show the

cumulative flows resulting from the succession of drainage areas which

contribute runoff along the various major drainage channels; and to

recommend steps to be taken immediately and at later dates, to handle

these flows in a manner which will reduce property damage and nuisance

resulting from them.

A. Design Flows

In Section III the following formula was developed for the computation

of the runoff rate to be expected from any individual drainage area:

Where

Q = surface ~ater runoff rate in cubic feet per second

(sometimes simply called second-feet).

~ = impervious portion of the drainage area in acres.

I a = rainfall intensity in inches per hour (average for the area).

~ = pervious portion of drainage area in acres.

f c = infiltration rate in inches per hour.



89

The value used for rainfall intensity is taken from the design intensity,

duration, frequency relationship, Figure 9, entering it with the frequency

consistent with the degree of protection decided upon and with a auration

equal to the time of concentration. The value from Figure 9 can be reduced

for large areas by a factor taken from Figure 18 because of the fact that

total depth of rainfall (and intensity by inference) has been found to vary

inversely with the area covered by the storm. The value of f c is chosen

from Figure 19 by taking into consideration the soil or soils occurring in

Figure 20. It may, as has been pointed out, be modified arbitrarily to

allow for the effect of the character of the district as to irrigation

practices and other factors.

By use of this formula and the methods discussed, the flows to be

expected in Phoenix were computed and are plotted on a flow sheet, Exhibit VI.

For the flat lands where flow does not follow well defined channels, it has

been assumed it will follow artificial waterways generally spaced one-half

mile apart. In mountainous areas where definite channels exist, the

assumption is that they will be allowed to continue to function.

In Exhibit VI the runoff factors assigned to each drainage area (or

each quarter section in the flat lands) are tabulated in small figures in

the following order.

1. total area of basin in acres

(not stated in flat areas).

2. impervious area in acres.

3. pervious area in acres.

4. average infiltration rate in

inches per hour.
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In the mountainous areas a fifth figure follows which is the peak runoff

rate at the outlet of the drainage area in cubic feet per second. In the

flat lands this quantity is sho'iD in heavy figures along the assumed flow

path. Here it represents the cumulative amount to be expected at the point

where the figure is written.

These runoff factors represent conditions as they are expected to be

under ultimate development. Exhibit V shows what has been asswned in this

respect for the purposes of these cal~u1ations. It is not represented to

be an accurate prognostication for any particu:).ar area but generally

representative of what the Phoenix area will be if present trends of growth

are continued.

In computing concentration time for the purpose of arriving at the

optimum storm duration the flow Charts, Figures 23, 24, and 25, and the

Contour Map, Exhibit III, were used. Velocities obtained in collection by

the street or pipe system at the slopes existing in the area under consider-

ation yield the concentration time used in the tables.

The calculation of runoff rates shown in Exhibit VI was done in

tabular form. These calculations show the flows to be expected from a

storm such as is likely to occur on the average of once every two years

and collected bya system of drains spaced one h~lf mile apart covering

the area between the Arizona Canal and the Salt River, and between 48th

Street and the Agua Fria divide. They also show flows from a two-year

storm as might occur in the street system of South Phoenix flowing from

the Highline Canal north to the Salt River. Finally, they show runoff

rates from hundred-year storms on the drainage areas east of the Old
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INDEX or 'LOWCOMPUTATlON SHEETS
All coaputltion Iheetl Ire baled upon'Dralainc throuch Collector Pipe,
} aU. width, a year StOntt unl.l. oth.rvi•• noted.

" .

1. 44th Str.et • Arilone Clnal to Rh.r.
2. 40th St.... t • Aril.... C.nal to Riv.r.
3. 36th Stre.t • Ari.eoa canal to River:
4. 32nd St t -Arholll canal to River.
S. Unci St t • "'1I0na canal to Riv.r. Tri.ls of

1 year .nd S ,..r Rainf.ll lntenaity tor co-­
pariIon Purpo••••

ft. .12nd Street. ArilOna C.nal to River. Altem.te
PrelUainlll S thru .treeU were con.tructed to
c.rr" water to Riv.r - Tot.l Dt.i,~ flow .hown.

7. 28th Stre.t • Arhona canal to R"'.r.
8. 24th Street - Arisona canal to River.
9. 20th Street - Arilon. C.n.1 to Silt River.

10. 20th Street - Arbona Canal toBalt Riv.r (Fnat-
inc Conditiona - Collectine on atreetl principally)

11. 16th Street - AriioOl canal to River.
12. 12th Street- Arhona C.nal to River.
13. 7tb St....t - Arhona Clnal to River.
14. 7th Street - Or.ad canal to Rinr - Alternatp

calculation.
15. 7tb St....t - Gre. canal to Rher (Exiltine

Conditiona - Collectin« on Street.) .
7th Stre.t - Aria. canal to River - Alternate
calcul.tion bal" On Dr.ininel ~l. width,
or to If>th Stre.t.

16. 7th Street - Arb. CUll to River - Alt.rnate
calcul.tion b.sed on Drai.inc I Mile width,
or to lr.th Street (Conttd.)

17. 7th Street - nrainine I mI. to rAat - and
Runninlll frOll Ariaonil callal to Rinr, Rainf.ll
of I ypar intensity.

18. 7th Street - Draiaine 1 Mile to 'Alt - fro.
Grand Can.l to River (1 yr. r.inf.ll intenlity)

1<). Central Ave•• Ariton. canal to River.
(7th ~v... at River via 5th & 3rd to Thomas y
C..ntral)

20. C..ntral Ave. (Cont'<i. )
21. 7th Ave. Arizona CAnal to River (via 11th Ave.

fro. River to VanBuren, via 9th Ave. to McDowell)
22. 7th Ave. (Cont'd.)
23. I~th Ave. Bethany Home Road to River· Branchea

on 11th .nd 17th Aveauel.
24. 15th Avenue (Cont'd.)
25. 19th Ave•• ArilOnA canal to River (North

of Beth.ny HoMe Road Coll~cts 11th ~ 17th Ave. )
Branches on 11th .nd 17th Avenue.

26. l~th Ave. (Cont'd.)
27. 23rd Ave. - Grand Canal to River (vi. 25th

near River to Rooaevelt)
2~. 27th Ave. - Arizona Canal to. River (North

of Grand Canal Collects frolll 19th (, 2Jrd
Ave.) Branchea on 19th Ave. &23rdAve.

29. 27th Avenu. (COnt'd.)
10. JIlt Ave. - Ariaone canal to River (d. nit.,

29th, 311t, 21th, and 29th Avenuel)
11. lIst Ave. (Cont'd.)
32. 35th Ave. Oran~ewood To River.
31. 35th Ave. (Cont'd.)
34. 39th Ave•• Ariaona canal to River.
35. 39th Ave. (Cont'd,)
In. 41rd Aye. Divide to River.
37. 43rd Ave •. (Cont'd.)
18. 47th Ave. Divide to River.'9. 47th Ave. (Cont'd.), Trial for 47th Ave. from

Grand Can.l to River.
40. ,47th Ave. Gr.nd canal to River (Cont'd.)
41. Slat Aye. - Otvide to River.
42. Slit Ave. (COnt'd.)
U. 55th Ave•• Divide to River.
44. 55th Ave. - (Cont'd.)
45. 59th Ave•• Da,ide to RIver.
4~. 59th Ave. (Coat'd.)
47. !">7th Ave. - Di-vide to Rher.
4~. 67th Ave. (Cont'd.)
4~. 75th Ave.- Difide to Rher.
50. 75th Ave.'· ('~nt'd.)

51. 8Jrd Aye. - Divide to River.
52. gIlt Ave•• D'vid. to River.
53. 91at Ave. to lliit Ave. - 'evide to River.

The Mui_ ~.:x-pectecl Flowl for Hib Roadl froM
Divide to RlYer.

54. Areal Ellt of old CrOIK-Cut can.l (48th .St.)
Compariaon with Prelent Day or Present
Conditionl Flow)

55. Areas North of !\rhona Canal - (Future
conditionl • 100 yr. Storm) 4sIumed c.rried
west in New Channel)
Cave Creek Draina~e (F.ltimatel) Re~ulated

nischar~e frolll Da~ (186 square wdles)
56. Areas North of Ariaona canal (Present

Conditions·- Alsamed Carried ~eat at 20
mnutes per llile - 2 yr. Rain 1ID1e.. shown)
C.ve Creek Dralna~e - Estimatea - Preaent
Conditions - Re~ul.t8d Diach'rce from Dam
(1~6 Iqu.re llilea.)

';7. South Photlllu Dr.ina.ce Are.a (So. Mta.) 100
yr. Rainfall Iatenlity - eu.ul.tive Flows
Baled on Draina(e beinc carried West Cro_
48th St. in a Ch.nnel .loa( the Kichline
canal at • R.te oC 16 mnutel per llile.
Individual Flows .re without .ddec'-Chaanel
Collecdoll Ti...

58. South Phoenix· "'lUlled Carried ia Streets _.
Each ~ iii., Inverted Crown Ro.ds - So. 24..h
St. We'tern Canal to River.
South 7th Street.

59, General Trial•.
1 Year lainfaU Int.n.ity - Averace Street· 1 mI.
lo.c.

60, biltinc Sy.tea • Reat:t .t Pboeab or Downtown Area.
7tla Av.... at McDowell.

DEMONSTRATIONS AIID coMPARISONS
Pace

J 3 36tD St. Co.,.rllon S year nova.
5 .land St. COIIparilOn 1ft 5 ,.e.r flOVl, ineluclinc pipe.

5. Und St, Coaparilol) - Dr.iriaCe b,. Stre.t lyat•• only.

. 10. 20th St. Ylowa for exiltiac condition••

14. 7th St. CoJlPlrilon or alternate - Grand Canal to River.

15. 7th St. Flow. Crand Canal t. River on Jl.Jxiatinc Street••

15. 7th St. C....rilOn draininc 1 iii. FAit in.toad 0' 1•.
Ar! IOna caaal to Rt ver'

17. 7.th St. ee.pariaon dr.inine 1 1Ii.'Alt iMtead or ~ iii.
1 yr. rainfall - loth Arb. canal te River "
Crand canal to Rlver.

20. CtlIltral .. APJW01tiaate loadinC or flOVI fro. i ......i ••
.real .dj.cent to St.-t. only.

n. 47th Ave. Tri.l 'or 47th Ave. 1I'0Il Gr.nd 'Canal to Riv.r.

54. Are•• FAit 0' old Croll-Cut - CoaparilOn vi.th Pre.eat
D.y orPrelent Conditione - V.rioua Storas.

Sf>. Are•• North of Arisona Canal • Prelent Condi tiona ­
Various StOrlll.

59. General Tri.la , 1 Yr. Rainf.ll lntenlity - Aver.ce
Street 1 1111. lone.

60. ExiltlnA Syatelll, He.rt ot Pboenix or Downtown Are. ­
7th Ave. above McDowell.
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Sbilet 1 of 6 Iheeta.
IW'ECTEDFLOWS - 2 ,ear rainfall intenlity and duration unlell noted

20

8018

23

561,.~J20.271.441.n20
1.0
1.1

20

60
80

15

35
50

35

95
130

Northern An.

Orangewood

A R I; A I 1.: A C R & S InfUt..'n Concent..atiOll ~i R A I N RUN 0 , F
Total IJIperv'l Pervioul (nOli) TiM : Point Ave..... P e .. v i 0 U I I ...rv~1 Total
Ana Area Ar.a iD/br ~t..eet Min.' Int.nl1ty Int.nlity (I...f )O.I'JI Inr.~ IIH).2)0.9 I~f '1.., . DESIGN FLOW Alom

LOCA.TION A At. Ap f c_ Slope t 1 la. In~.1 . -eFS ... Inchel OOCl''S' crs !l_~__~_
=7=TH=s=r~_~ARI;;;:;;;Z;'CAN===AL==!O=SAL=T=RI=V=ER==!'==~=~===F=h=l!=~==F- -- -- - '0 -- r--~- =~-+-=L--"'-""'.''-'•.~==-:~'f====ti======='-====

.008 15 1.73 1.70 0.16 3-{~ 1.35 20

.005

Glendale
Sum.

160
290

50
100

110
190

1.6
1.4

.007
26 1.25 1.20 o (10) 0.90 90 100 100

Maryland
Sa.

1bO
450

60
160

100
290

1.7
1.5 32 1.10 o 0.76 121 121 130

Bethany H_ Road

Minouri

160
610

-r60
770

60
220

70
290

100
390

90
480

1.8
1.6

1.8
1.6

37 1.00

0.92

0.94

0.85.

o

o

0.67

0~·58

146

168

146

168

160

175

212

cu.be11

Inti. SeIIool

Olbon

&lcanto

McDowell

Sua.

SlIJIl.

160
930

170
1100

150
1250

160
1410

I 160
1570

160
1730

I 160
·1890

70
360

70
430

60
490

60
550

40
590

50
640

60
700

90
570

100
670

90
760

100
860

120
980

110
1090

100
1190

1.8
1.6

1.4
1.6

0,5

1.'
0.5
1.3

0.8
1.3

0.5
1.2

0.6
1.2

.0045

.003

.003

.003

.0025

.0015

47

52

57

62

68

74

I'll

0.84

0.78

0.74

0.70

0.65

0.61

0.56

•

O,7P

o.n

0,68

0.64

0.60

0.56

0.51

o

o

o

o

0-

o

o

0.52

0.47

0.43

0.40

0.36

0.33

0.28

187

202

212~

220

.212

212

196

117 I
!
ii

202

11
"Ij

195

215

225 (Minor increases due
to s.l1 areas of
lOw infiltration

230 affect rema1n1nc
values)

235

240

245

Rooaeve1t

Van Buren

Sum.
160

2050

160
2210

150 i 10
850 1200

140 20
990 1220

0.9
1.2

1.0
1.2

.0015

.OO~

89

97

0,53

0.50

0,48

0.45

o

o o

0.25

0.23

212

228 22!l

250

25:)

Harrison
Sum.

160
2370

150 10
1140 1230

0.4
1.2

.0008
104 0.47 0.42 o o 0.20 22fl 22!l 260

J



Sheet 2 ot 6 Iheetl.
1lP1C'l'1D nows - 2 ~....alatall bun.tty and clurati... unlt•• DOted

ARIA II( ACRIS Infilt"'n Coacl1lt..at101l R A I I( ~ R U N 0 f ,
Total _In" 'Imoua (final) Tial Poiat An..... 'l .. yioUI 1I9t~~1

fetal
Area Arl. Arl. iD/hr . Strait Nin. Intl1llity Illtllllity (~"i~~'r~ 1...0.2)0.' 1~ flow D&SIGN FLOW AND

LOCATION A At Ap f. Slope t,. I Ia .. lach.. -en CFS RDWIIS

71'H ST - ARIZ CANAL TO RIVER- CONT.

Buckeye Road 160 140 20 0.4 .0008 I
I

SUIII. 2530 1280 1250 1.2 III I 0.45 0.4.0 0 0 0.18 231 231 265

Durango 160 140 20 0.5 .0008
1181,sUm. 2690 142(\ 1270 1.2. IT 0.43 0.39 0 0 0.17 242 242 270

I
7TH ST - GRAND CANAL TO RIVER - ALTa~ATE CALi ULATION

I

I
Indian School 150 60 90 0.5 30- ) 1.15 I.U 0.49

Olborn 160 60 100 0.5
Sum. 310 120 190 0.5 ~j 35 1.03 0.99 0.39 74 0.71 85 159 160

'ftlemu 160 40 120 0.8
SUII. 470 160 310 0.6 41 0.93 0.88 0.22 68 0.61 97 165 18C

FAcanto 160 50 no 0.5
SUII 630 210 420 0.6 47 0.84 0.72 0.15 63 0.53 111 174

Trial MaxiIllDll 330 100 230 0.6 26 1.3 1.25 0.52 120 0.94 "94 214 210

McDowell 160 60 100 0.6
Sum. 790 270 320 0.6 54 0.77 0.72 0.10 52 0.47 127 179 220

Roolevelt 160 150 10 0.9
Sum. 950 420 530 0.6 62 0.70 0.65 0.04 21 0.40 168 189 225

Van Buren 160 140 20 1.0
SUIII. 1110 560 550 0.6 70 0.63 0.58 0 - 0.34 191 191 230

Harrison 160 150 10 0.4
Sum. 1270 710 560 0.6 77 0.58 0.53 0 - 0.30 213 213 235

Buckeye Road 160 140 20 0.5
Sum.

1
1430 850 580 0.6 84 0.55 0.50 0 .- 0.27 230 230 240

Durango ~'6C 140 20 0.5
Sum. 1590 990 600 0.6 91 0.52 0.48 0 - 0.25 247 247 245

The a~ove calculation uld in licate sav ng of 3' on pipe ~ameter Grand ~nal toriIver) if Wl could ut lize the Grand Cara1 as- st nn drain.

I 1O

I I
;po.

I
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Sheet 3 of 6 sheets. E1PECTED fLOWS - 2 year rainfall intensity and duration unlesl noted

ARE A t N ACi~ES Infiltr'l1 Concentration : RAIN II RlJNOJi"FTotal Imperv f • 'Pervious (final) Time : Point Avera,e Per v i 0 u • Impervioul rotalArea Area Area in/hr· Street Min. I t,,:,,"-t'h'itYI(~~~~~~~ ~~~~-j~ Flow DESI'JN FLOW A.~D
LOCATION A !\t ~P_- f c Slope t c _ ' crs RDlARKS

TH ST -- ORA."m CA!-lAL TO RIVER (BUS INO CO;';I ITIONS - OLLECTIN ON STREB S) . I
Indian School Road 150 40 110 0.5 .003 35 1.03 1.00 0.48

1

14 0.72 29 73

Osborn 160 60 100 0.5 .003
Sum. 310 100 210 0.5 57 0.74 0.71 0.17 36 0.16 46 82

Thomas 160 20 140 1.0 .003
::ium. 470 120 350 0.7 79 0.58 0.55 0 0.31 37 37

Encanto 160 50 110 0.5 .0025
Sum. 630 170 4(';0 0.65 94 0.51 0.4fl 0 0.25 41 42

McDowell 160 60 100 0.6 .0015
Sum. 790 230 560 0.64 125

I
0.41 0.3fl 0 0.16 37 37

Roosevelt 160 60 100 0.9 .0015 I,
Sum. 950 290 660 0.6A 155

I
0.35 0.33 0 0.12 35 35

Van Buren 160 60 100 0.9 .001
Sum. 1110 350 7(';0 0.71 lAS I 0.31 0.29 0 0.08 2P 28

Harrison 160 70 90 0.6 .0008
Sum. 1270 420 ' 850 0.7 220 0.26 0.24 0 0.04 17 17

Buckeye Road 160 60 100 0.5 .0008
Sum. 1430 480 950 0.68 230 0.24 0.22 0 0.02 10 10

Durango 160 60 1."0
0.5 t-Sum. 1590 540 1050 _ 0.67 280 0.21 0.19 0

7TH ST - ARIZ CA.'-lAL TO RIVE -- ALTl! jlA.'ITE CAL UL\TION ASiD ON D NINO 1 MILE ,~ TI-I', OR TO 15TH STt

Northern Ave. 35 15 20 1.5 15 1.72 1.68 0.15 3 1.35 20 23 20

Orangewood 95 35 60 1.0 20 1.47 1.44 0.35 21 1.12 39 60 60

Glendale 270 85 185 1.4
Sum. itlO 133 265 1.3 2/i 1.25 1.18 0 0.88 119 119 120 (Concentration time

near same as per
Maryland - 320 115 205 1.35 i mile-width-

Sum. 720 250 470 1.3 31 1.12 1.05 0 0.77 192 192 195 heretofore. )

Bethamy Home Roai 320 115 205 1.7
Sum, 1040 365 675 1.45 36 1.02 <l.95 0 0.68 249 248 250

\.0
320 130 190 1.8 U1Missouri

Sum. 1360 495 865 1.5 4J 0.94 0.86 0 0.59 282 282 285
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IXPICTED nows - 2 ~ar ..a1Dtallinteallty and du..ation WIle.. DOttcl

AREA IN ACRiS IntUt..'n Conc.nt..atiOl1 i R A I 11 RUN 0 , r
'i'Ota! Imp."' I P.MioUi (tiDal) Tt. I Point Aft..... it ... "loul .Mi~' rota!.""ea Ar.a Ar.a lD/br' St....t Min. IInt.nlity Int.na1ty (l..te)O.', Im:~ 16-0.2)0.' I~ l10w DESION 'LOW AND

LOCATION A
---~~ A~ f e Slope t.L 1 Ia , .. InCh.. -era .. Inch._. ,-eFS crs RJiXARiS- - -

7TH ST' - ARIZ CANAl. TO RIVER - AJ frERNATF- ALCULAnC ~ BASED C~ DRAINING 1 MILE I ~DTH, 0 TO 16nf I T- CON INUED

camelback 320 135 185 1.8 I

Sum. 1680 630 1050 1.55 46 ; 0.85 O~ 78 0 - 0.52 327 327 330!
Campbell UO 135 195 1.6

,

Sum. 2010 765 1245 1.6 ('51(1 0.80 0.73 8 - 0.48 368 368 370
I
I

Indian School 310 115 195 0.5 i

Sum. 2320 880 1440 1.4 55 I 0.76 0~69 0 - 0.44 387 387 390
i

Osborn 320 125 195 0.6

ISum.
2640 1005 1635 1.3 60 0.71 0.64 0 - 8.40 402 .. 402 405

Thomas 320 100 220 0.7
Sum, 2960 1105 1855 1.2 66 0.66 0.58 0 - 0.34 375 375 410

Eneanio 320 105 215 0.6 ISU. 3280 1210 2070
I 72 Q~6J 0.56 0 - 0.32 388 388 415

Me Dowell 320 115 205 0.6
Sum. 3600 1325 2275 74J 0.57 0.50 0 - -O~27 358 358 420

Roosevelt 320 300 20 0.8 I

Sum. 3920 1625 2295 86 I 0.54 0.47 0 - 0.24 390 390 425

Van Buren 320 280
,

40 1.0 I
!

Sum. 4240 ( 1905 2335 94 i 0.53 0.45 0 - 0.22 420 420 430I
Harrison 320 , 250 70 0.4 i

Sum., 4560 2155 2405 100 i 0.49 0.42 0 - 0.20 431 431 435
I I

Buckeye 320 270 50 0.4 I !
Sum. 1-t8RO 2425 2455 107 0.46 0.40 0 - 0.18 437 437 440

Durango I 320 280 40 0.5
Sum. 15200 2705 2495 114 0.44 0.38 0 - 0.16 433 433 445

i

I ~

I
Cj)
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EXPECTED FLOWS - 2 year,ratatall inten.ity and dur~tion ~•• not.d

ARE A I K A C R Ii: S IntUtr'n Concentratll»\ R A 1 If R U R 0 F F
rotal Imperv" Perviou. (fina~) Time - Point A"erae Per"iou. l1ge~rE Total,\rea Are. Area 'lo/lu' Street Hin. Inten.ity Intent t1 (I..-te)O.'rI~ 1..0.2)0.9 I~ 110w

LOCATION A Ai. Ap t e Slope t e I :ta • Inch.. -ors .. Inche. -ers OFS-"
w __ • -- - -

7th ST. - DRAINING' 1 MILE TO EAST - AND RUN! ING PROM ~ZONA C~AL TO SAl T RlVBR. Rain: ~U ot 1 '1.a.. inten ~ty. ~ llect1D& utire • kt. area' pipe ., It-
Northern Aft. 35 15 20 1.5 15 1.3 1.28 0 - 0.97 15 20

Orangewood 95 35 60 1.0
Sua 130 50 80 1.2 21 1.0~ 1.03 0 - 0'.75 3.t' 40

Glendale Ave. 270 85 185 1.4
Sua 400 135 265 1.3 27 i 0.90 0.84 0 - 0.58 ! 18 ,80

320 Us. 1.3 !Mal"11and 205

ISua 720 250 470 1.3 32 0.81 0.76 0 - 0.50 125 120
Bethany Home Road 320 115 205 1.7

Sua 1040 365 675 1.45 37 0.74 0.69 0 - 0.44 .1.60 160
Mia.ouri 320 130 190 1.8

SUII 1360 495 865 1.5 42 0.68 0.63 0 . 0.39 193 190
camelback 320 135 185 1.8

Sum 1680 630 1050 1.55 47 0.63 0.58 0 - 0.3. 214 210
icampbell (Grand Canal) 330 135 195 1. I

I

Sum 2010 765 1245 1.6 52 i 0.58 0.52 0 I 0.29 222 1225I -
Indian School Road 310 ll5 195 0.5

I
I

Sum 2320 880 1440 1.4 56 ~.56 0.51 i 0 - 0.28 24'; 250
Oaborn 320 125 195 0.6 I

ISum 2640 1005 1635 1.3 62
I

0.53 0.48 0 - 0.25 251 255
'I11o.a 320 100 220 0.7

Sum 2960 nos 1855 1.2 67 I 0••9 0.... 0 0.2' 243 1260-
Encanto 320 105 US '0.5

I
Sum 1 3280 1210 2070 - - 73 0.40 0.41 0 - 0.19 230 j2&s

I
McDowell Road 320 U5 205 I 0.6 IJum 3600 1325 2275 - - 79 I 0.43 0.38 0 - 0.;16 212 ~70I

Roosevelt 320 i300 20' 0.8 ISum 3920 1625 2295 - - 86 0.41 0.36 0 - 0.14 228 175
VanBuren 320 280 40 1.0

SUII 4240 1905 2335 -- 93 0.38 .'."3 0 - 0.12 229 •

DESIGN FlOW AltD
RIMARIB



SIl••t 6 of 6 aIlootl IlPICTU PLOWI - J ~&r ralataU lntlftllty _ clurad.. unlt.. noted

LOCATION

AR I A I N A C R I S Intlltr'n
Total bIpont l p.moua (fln&l)
Aro, Aroa Ana lD/b' '

A At Ap fa

COIlCl.ntratlOll I R A I • R U If 0 , "
TS. Polat An..... ·P. r. lou I .m~~

Str••t Min. Iatonalty Iat.nllty (I...fo)O.' rI~ 1...0.2)0.' I~
Slope til! I I,. InChtI <FS II IIlChtI oocrs

Dr.UOM FLOW AND
RI1WIII

7'I'H St. - IIWtfDO 1 MILl TO US! - nell GIU. CAlAL to .n•.

(OM toal')

0.5

2tO

295

285236

218

1890.07

o.n

o.Ot

I)

o

o

0.28

0.3D

0.32

0.35

0.33

0.37
0.4

0.4

I

:1
,

ll41
Oat to.....latallIlltono ~.

1 MILl TO US .. (CODttc .)

320 UO 10
S. 4560 2155 2405

I
320 270 50

Sua 4880 2425 2455

320 280 40
Sua 5200 2705 2495

Ilal'l'lIoll

!oRb...

7'IR St. - IIIW1IUO

100

260

I' 270

I! 300
i
i'

"
I, 3JO
III;
II
Ii 335

il
I;
I;

":i

270

266

297

332

331

57

213

297

332

3Jl

144

0.52.

0.30 I
I
I
I

0.22 i

I,

0.'10.'3

0.6

0.5130

195

to

w
120

Sum

Sum

BUll

43 I 0.64

I

:: i = :: ::: io- I 1.1. 1....... I 112 ! .0..I: I:: : I ::: 1 .. !i .... '.11' '.14 I " :
1

1820 I ... I'" i 0.' I 52 'i 0." 0...., 0 I - I

640 t 520 ' 120 i 0.4 II 'i I' I, t Ii,

'2460 1510 950 I 0.6 61 :1 0.50 0.45 0 _

, 320 ' 280 I 40 ii 0.6 !:I I Ii i
I 2180 1790 '990 0.6 ' 15 'I 0.46 I' 0.41 ir 0 - i 0.19

, 'I II,!
I, ! :1! I
, I' 1 ' I I I

I ': I I' ;
I i Ii ! I : ! i: I :

"'b .,..,.r'''' ,......... R -::'fti~l values 'of flow b~low Thoma. wheth~r startin\t at Gran~1 Canal or! Arizona Oanal.
The showin~ of leas flow fol' the alt te Ita tine at ~rhona Callal would, be incr!!lased to Itme value~ as from ,rand Canlb
had we used correct triala f r area dining in1ileast tinMI. ~: II I I

I, I: t I I
i I '!; 'I' I

Ida School

Duranco

Oillona

Buckeye Road

McDowell Road

i ,
I I

tI

I
I,
i' \.0

C1J
I

I I
- ----
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EXPECTED FLOWS- 2 year rainfall intendty and duration unle•• noted

830 1766 AI.... .-de ditch aloae
ea...l.

590 1040
1230 2210

280 1130
1240 2300

64 64 l,yr.
31 31 1 yr.
80 80 1 rr.

128 128 2 yr.
27 222 1 rr.
82 82 1-rr.

600 3040 1000 yr.
25 290 1 yr~

140 2270 1000 yr.
79 79

132 1'32 2 rr.
500 2710 100rr.
625 3805 1000 rr.

DESIGN FLOW AND
NliHARlS

'fota1
Flow
crs

450 1720
1320 2520

em UI
)0.9 I~
•• "'CFS

AREA I N A eRE S Infiltr'n , Concentration i R A I N RUN 0 F F
"i'otal IlIlperY'l PerYioUi (final) Time I Point AnNie Pervioul I~
Area Area Area ia/br' Street Min.: Intenlity Iutenaity (I...re )0.8 ilm:~ 1...0.2

LOCATION A At Ap f e Slope t c ' I Ia • InChel -ers '"' Inch

~RUS EAST or OLD CR~S-CU'f r.ANAL (4 'ftI ST.) I
, i

North of Arilo... C&na,L 1330 430 900 1.0 40 l~fo yr. 2.5 2.30 1.04 936 1.89
that could drain to 1- Cut I

!

2i
I

p~ of Sec.. 28, 29, 33 1260 380 880 1.3 .007 52 1~0 yr. 2.1 1.94 0.51 450 1.56
Sua 2590 810 1780 1.2 52 1~0 yr. 2.1 1.89 0.55 980 1.52

1.3 I

1'0 yr. 3.2
i

Part of Sec.. 32. 33 550 110 440 0.6+ .015 28 3.02 1.93 850 ! 2.54
S1III 3140 920 2220 1.1 60 Il0 yr. 1.9, 1.7 0.48 1060 I 1.35

2i I

Sec. 5 aDd adjaeeat 1180 240 940 'l.6+ .016 40 11 ~ -no 2.5 2.3 1.36 1270 1.89
Sua 4320 1160 3l6O ,L.o- 12 Il ~ fir. 1.61 1.47 0.38 ,1200 I 1.14

I
I

:CWARISOlf VI'ftI PR&SIIIT IAt OR PRaI rr COlQlI~ lIoNS rJmj I,
Area. a. alloYe. 1330 200 1130 1.0 50 I~ yr. 0.6 0.55 0 0 I 0.32

J.26O 120 1140 1.3 60 i~ yr. 0.53 0.49 0 0 I 0.26
Sua 2590 320 2270 1.1 60 ~ yr. 0.53 0.48 0 0 0.25

~ yr. 0.7J 0.64 0 0 0.40
550 50 500 0.3 30 ~ y'I'.0.84 0.79 0.39 195 0.54

Sua 3140 370~t 2770 0.9 65 ~ yr. 0.5 0." 0 0 0.22

101 Pyr. 2.25 2.00 0.88 2440 1.62
1180 70 1110 0.3 45 yr. 0.65 0.60 0.24 265 0•.16

I

loclPyr. 2.9 2.7 1.92 2130 2.0
Sua 4320 440 3880 0.75 75 ilAoyr. 0.45 0.40 0 0 0.18.

I,
I~ yr. 0.60 0.53 0 0 0.301(: yr. 1.67 1.47 0.57 2210 1.14

10( Dyr. 2.. 02 1.78 0.82 3180 1.42

i

I
I

I
I

I I



Hiae. Sheet 2 of 7 S.eta

.. , '

IlPECTED FLOWS - 2 year rainfall intea.ity and d.ur.tion Wlle•• not.d

AREA I N ACRES Infiltr'a Concentration I R A I N RUNOr,
Total lJIpel'V" Pe"iou. (final) Tbe I Poiat A....... Pel' • i 0 U • I.,eI'V~rr' Total
Are. Are. Are. iD/b1' ' Street Min. lat.a.ity Iatenaity {Ia-fe)O.' rIm:~ 1...0.2)0.9 I~ 110w DESIGN FLOW AND

LOCATION '.
A Ai Ap fc Slope t e I I. .. Inche. -erS OIl lnche. -ers crs Ri1WlIS

ARUS NOR'I'R 01' ARIZONA CANAL - (rtmJ ItB COIIDI ~ONS - 1e I) YEAR S1 1M) ASSa- WEST III Hili CRJ ifIlL)

1080 i ,
100 yr.48th to 40th Street. 260 820 1.0 50 ;: 2.17 2.02 0.81 660 , 1.63 423 1083

I (
40th to 37th St. (T.tua) 3020 620 2400 1.2 65 I 1.81 1.61 0.33 790 1.27 786 1576 100 yr.

SUII 4100 880 3220 1.15 65

I
1.81 1.61 0.37 U90 1.27 . U20 2310 100 yr.

37th to 32ad 870 170 700 0.6 36 2.7 2.5 1.52 1060 2.07 350 1410 100 yr.
SUII 4970 1050 3920 1.05 80 I 1.57 1.38 0.26 1040 1.06 U10 2150 100 yr.

32Dd to 21.t 760 150 610 0.6 45

I
2.35 2.2 1.28 780

I
1.80 270 1050 100 yr.

Sua 5730 1200 4530 1.05 UO 1.25 1.07 0.02 90 0.78 936 1026 100 yr.

21.t to 16t1a 790 200 590 0.6 45 2.35 2.2 1.28 755 1.80 360 IDS 100 yr.
Sua 6520 1400 5120 0.9+ 130 1.12 0.95 0.03 150 0.68 950 1000 100 yr.

16th to 12th 1020 310 710 0.7 40 2.52 2.34 1.31 930 1.93 600 1530 100 yr.
S. 7540 1710 5830, O.~ 141 1.04 0.87 0 - 0.60 1030 1030 100 yr.

-

12th to lOth (S....) 1860 620 1240 0.8 50 2.~7 1.97 0.94 1170 1.59 990 2160 100 11'.
Sua 9400 2330 7070 0.9- 159 0.95 0.78 0 - 0.53 1230 1230 100 yr.

10tb St. fl'Oll k.t aad Jol'th 1710 600 IDO 0.9 56 2.00 1.82 0.74 820 1.46 870 1690 100 yr.
(C&ft C.... Road) Sua ,m10 2930 8180 0.9- 160 0.95 0.'77 0 - 0.51 1490 1490 100 yr.

" •
lOth St. to 31'd AftDUe 1280 380 900 0.9 60 1.91 1.76 0.69 620 1.40 530 1150 '100 yr.
(S1mDyIlope) Sua ~,39O 3310 9080 0.9- 185 0.86 0.68 0 - 0.43 1420 1420 100 yr.

31'd AftBue to 19tb A.eDUe 1620 560 1060 1.0 60 1.91 1.75 0.60 636 1.39 780 1416 100 yr.
Sua, 4,010 3870 U,l40 0.9 205 0.79 0.62 0 - 0.38 1450 1450 ~OO,....

CAVE CRII!X DRAINAGE (ESTIMATES) IRIOULATED DISCIIAROE PROM DAM (186 SQU~MIW) 1600,
7 111. 2

I

Lower 3 lI1le. 1500 3000 1.2 60 ,00 ,... 1.9 1.67 0.37 1UO 1.32 1980 3090 100,....
Lonl' 6 1I11e. (MoOIl Valley) 14 111. 2 3000 6000 1.2 100 00 ,... 1.3 1.10 0 - 0.81 2430 2430 100 yr.
Area below IIUI 30 111. 2 6000 1~,300 1.2 140 00 ,... 1.0! 0.79 0 - 0.53 3180 3180 100 yr.
sa. but 2 11'. Ston 30 111. 2 6000 U,JOO 1.2 140 2 11' 0.3l! 0.29 0 - 0.08 480 480 211'.
Only fature paYiq 30 111. 2 3000 1.2 140 00 11' 1.0! 0.79 0 - 0.53 1590 1590 100 yr.

I
I I

!
i
I i f-l

I
0

I

0

I
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IlPECTED fLOWS - 2 year rainfall intenaity and duration unl.a. noted

A R &A I N ACRES Intiltr'n COncentration I R A I K RUMOFF
i'otal ImperY" PerYiou. (final) T1M , Point A.eN,. Per • 1 0 u a I.,e~rra fotal
Area Area Area ia/hr . Street Hin. I Intenaity Intena1ty (I...t~o.~ IIDI:~ 1...0.2)0.' I~ l10v DESIGN FLOW AND

LOCATION A At ~~ .
fc Slope t e I I Ia • In e. -eFS • !nch!~ -eFS CFS KDWtIS_. _._-- . - - - -

ARIAS NORTH or ARIZONA CANAL (PRlSIII'J COMDITI )JIB - ASSl NID·CARJ[ ~D waT A1 20 Pill ~LI- 2 YI~ WM U LISS SID.)
;

, 1.3 i
48th to 40tIa St....t 1080 160 920 0.8 .025 50 : 0.81 0.75 0 0 0.50 80 80

I 3.4 I

_ to " .. St. (ra_Il... j 3020 300 2720
I

0.8 .008 65 i <,;.61 0.60 0 0 n.36 108 108IS. 4100 460 3640 0.8+ 65 I 0.61 0.59 0 0 0.16 165 165

, i
1.5 1)0 yr 1.81 1.61 0.64 2330 I 1.27 580 2910 100 yr.

31th to 32ad St. 870 10 860 0.5 .025 36 ! 1.0 0.93 0.34 290 0.66 6 296
S. 4910 470 4500 o.n 80 ! 0.58 0.51 0 0

I
0.28 132 132

II 1.0 I I

I I32ad to nat St. 160 10 1SO 0.4 .03 45
I

0.81 0.82 0.33 246 i 0.56 6 252
Sua 5130 480 52SO ! 0.10 110 0.45 0.38 0 0 I 0.16 71 71

1.4 I I
nat to 16th Street 190 40 1SO 0.5 .025 45

I

0.81 0.82 0.26 1f5 I 0.56 22 217I
S. 6520 520 6000 0.65 130 0.40 0.34 0 0 I 0.13 61 61

i I
I

S.. - 100 yr. StOI'll 790 40 150 0.5 45 l~kl yr 2.15 2.02 1.21 900 I 1.64 66 '" 100 yr.
SaM - 100 yr. StoI'II Sua 6520 520 6000

I·
0.65 130 1~~ yr 1.12 0.95 0.Z4 I 1440 i 0.68 352 1190 100 yr.

I I II 2.0 11 I I
16th to 12tlt St. S. I 1020 100

1
920 II 0.6 .030 40 ! 0.92 0.85 0.20 184 I 0.58 58 242

I 7540

I
620 6920 0.65 141 0.38 0.32 0 - I 0.11 68 68

11160
!I 2.8

I(Shea abd.) I I
, 12th to lOth St. 1860 I 100

II

0.6 .014 so
I'

0.81 0.74 O.U 193 0.49 49 242
S. 9400

I
720

1

8680 0.63 ! 159 0.34 0.28 0 - 0.01 50 50

I !
li~ yr 0.95 0.12 1040 0.52 315 1415 100 yr.SIM - 100 yr. Sua 9400 720 8680 0.63 , 0.78

I I I

ii 3.0
10th St. fro. Ea.t &Morth 1110· I ISO 1560 0.7 .010 56 0.74 0.67 0 - 0.43 64 64
(Alo.. C..e Creek Road) 5l1li 111,110 870 lP,240 0.64 160 0.34 0.27 0 - 0.06 52 52, I 2.0 I
10th St. to 3rd AYe. (Swmy- I 1280 250 1030 0.9 .015 60 I 0.11 0.65 0 - 0.41 103 103I

"JC~r'" 1120

l",,270
I

0.68 185 I 0.30 0.24 0 - 0.04 45 45
! 1.8 !

3rd An. to 19th A.,e. 1620 ; 160 1460
'I

0.8 0.15 60 :1 0.11 0.65 0 - 0.41 66 66
Sua 4,010: 1280 1a, 730 0.7 205 I 028 0.22 0 - 0.02 26 26

I If yr 0:,8 0.61 I 0 - 0.37 470 410 100 yr.
CAVE CUD DRAIMAO! - ESTIMATa - EMT CO~ITIONS - I: I--'--ted ...- .. ,......r.~. r~)· i Ii 1600 ~

3 ! I
Lover 3 1Il1ea 10 Ill. 200 4iOo 1.4 6.005 65 1~ o yr.l.8 1.58 I 0.15 650 1.24 248 898
Lower 6 1Il1ea (MMa 'all.,. ) 140 Ill. 300 8700 1.0 UO 140 yr.l.26 1.04

i
0.03 261 225 486.005

I I
0.75

U
160 140 yr 0.951Ana below Ilu 300 Ill. 300 19,000 1.2 .006 0.11 0 0 0.46 138 138
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IlPICTID now - 2 :rear rainfall inttftllt,. .ncl cllIl'&tiOil •••• MUd

A R I A I K A C R &S Inti1 ,tr D Concentr.tion I R A I N RUNOFF
Total IIIIp• ..." I Pemoua (f1Da1) Tille I 'oillt A....... , ... "iOIiI I..e~rE: TotalAr•• Ar•• Are. iD,l\r . Stre.t Min. Intenllty Iatenaity (I...~,ifIIPt~ 1..0,2)0,' I~ 'low DIS10M FLOW AND

lOCATION A At Ap fe Slope t e I I. • I ~ -era • lache. -en en RIIWIIS

SOUTH PIIOIMU DRAINAGE Altu.s (SOUTH Ii DUIITAINS -lOOn~WNF lJ, INTIMSI.,
DA~:CtIftlLAUYlrLM AU WID ~ DlWNAG 8IDI.O ~ IuuUWIl PROJt 48! S'IRDT inlL

ALONG THE HIOIILINI CANAL AT ~ RAft or 16 MINUTI $'ER MI' ~; INDIVI ilU& run IS AU Wl THOUT ADDI I» ClWllfIL COWICUC~ 'l'IMI.
4 I

I
salt of 48th St....t 1510 - - 0.5 ~.05 43-1 2.4 2.2 1.36 - 2060
Nea.. 40th Street 180 0.5 :L 22- i 3.57 3.47 2.37 - 427
48th to 40th St....t 620 0.5 22- ' 3,57 3.36 2,29 - 1420

SUII 500 0.5 34+! 2.75 2.6 1,68 - 840
0.8

40th to 28th Street 700 0.5 0.16 14 I 4.8 4,51 3.21 - 2247
S. 1200 0.5 60

I
1.92 1.77 1.03 - 1220

2.3
28th to 14th St....t 1700 0.6 0.10 26 3.35 3•• 1.17 - 3350

S. 2900 0.6 86 I 1.48 1.32 0.51 - 1680
1.7

14th to 8t:II Street ll20 0.5 0.11 21 3.75 3••7 2.37 - --- 16&0
S. 4020 0.5 91 1.35 1.19 0.55 - DlO

1.8
hhlt...... 560 0.4 0.12 21 S.15 3." J.51 - UOO

S. 4580 0.5 100 1.D 1.15 0.52 - 2310
2.6

\

7th St. to 11th A... (Central) 1970 0.7 0.026 41 2.47 2.24 1.23 - 2UO
S. 6550 0.6 130 1.12 0.t5 0•• - 1830

1.2
11th Aye.. to 19th Ayo. 550 0.7 0.13 17 4.25 4.0 2.64 I - 1450

I!S.. 7100 0.6 140 1.06 0.89 0,23 - 1630
1.2

I19th AYO. to 27th 710 0.7 0.15 16 4.40 4.1 2.72 - 1930 !
IS. 7810 0.6 158 0.96 0.80 0.16 - 1250 I

1.5
~27th Aye. to 35th 940 0.7 0.16 -18 4.15 3.85 2.52 - 2370

S.. 8750 0.6 180 0.87 0.72 0.10 - 875 .
0.4,

35th Aye. to Slit. 480 0.3 0.15 10 ! 5.8 5.5 4.16 - 2000
9230 0.6 180 0.87 0.71 0.09 830

I
Trial 11th Aye. to 35th I 2200 0.7 - 55 I 2.02 1.81 0.89 - 1960
Trial 7th St. to 19th Ave. 3080 0.7 - 57

I
1.91 1.73 0.83 - 2560

I
I
i
I I-'I

0! ,

I
I ~
I
I
I

I II I



, .

Miac. Sheet 5 of 7 She.ta

IW'ECTED FLOWS - 2 year rainfall int.n.ity and duration unleaa noted

D

A R E.A I N A C RES . Infiltrfn Conc.ntration i R A I N RUN 0 F Frotal ImperY' a P.mous (final) TiIIle I Point Ay...... Pery10ua
I~e~rr TotalArea Ar.a Area ia/hr· Stre.t Min. IIntenaity Intenaity (I...f c)0.81 IIIY~ 1....0.2)0.9 I~ llov DESIGN FLOW AN

LOCATION A At Ap f c Slope t c : I Ia • InChea -ers • Inchea -eFS CFS REMARKS

SOUTH PHOENIX .. ASSUMED CAlUlIED IN STREETS - EACH ~ Ml~, II ~TED CRO"" ROADS I
SO. 24TH ST. ~TmN CANAL TO RIft~ I

C&Dal to Southem Aye. 220 70 lSO 0.9 .008 30 1.14 1.10 0.16 24 0.81 57 81
Trial 120 40 80 0.9 17 1.62 1.58 0.55 44 1.28 51 95 100

Southem to Roeaer 160 SO 110 0.9 .006
Trial SUII 330 100 230 0.9 27 1.22 1.16 0.21 48 0.86 86 134 130

Roeaer to Riyer 240 70 170 0.6 .002
SUII 620 190 430 0.8 47 0.84 0.79 0 - 0.53 100 100 140

IF STORM SEWERS ARE BUILT THE ABO' ~ CONCm. ~TION Tl~ WIlL ~E RlDUCED AID FLO! Is J:NCRE ~ED.
IF, IT IS POSSIBLE TO BUILD INVERT! ~ CROWN ~ADWAYS I!fERY i K ",E (OR cu: ~IR) TIm

E ISTREETS SHOULD,RANDLE THE IlPBCTEI 2 YEAR LOtiS.

'nIE 1"* AREA ALONG BROADWAY PROM 1IntAVENU TO 24TH $'l'REET GI ERALLY WI~ RAVE ~ 10 BE DR ~NED
. WESTERLY BY OTHIR MEANS SI,NCE THE ~IVIR &AI IS AREAl! HIGH AS irHE LARD.

SOUTH 7'n1 S'lREE'I'.

caul to Southem AYeDue 2SO 80 170 0.9 .011 30 1.15 1.11 0.17 29 0.82 65 94 ,100
Trial 115 35 80 0.9 20 I 1.46 1.43 0.42 34 1.11 3. 73 -

Southem to Ro...r 160 30 130 0.9 .008 i
Trial Sua 205 ..55 1SO 0.9 23 I 1.35 1.30 0.32 48 0~99 54 102 120

I

Ro.I.r to Broadway 160 60 100 0.6 .004

ITrial Sua 365 115 2SO 0.8 36 1.02 0.97 0.13 32 0.69 79 m 125

IOn Broadway - 7th to 5th 40 20 20 0.6 .001+ ITrial SUII 405 135 270 0.8 40 , 0.95 0.90 0.08 22 0.63 85 107 130
I

5th St. - Broadway to RiTer 160 60 100 0.6 .001+ I

Sua 565 195 370 0.7 60 I 0.71 0.67 0 - 0.42 82 82 135

I
I
I
I
I

f-'
0
W
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IXPiCTED FLOWS - 2 ,..ar rainfall il'ltenlity and duratl_ uale.. noted

, .

AREA I N A C R'ES Intlltr'n Conc.ntration I R A I II R U N 0 F F1'otal Impe"" PemoUi (flul) Tille Point AYerace P • I' l' i ou • I...rrl TotalArea ,\I'ea Area ia/br . Street Min. Inten.ity Intenalty (I..rc )0.8 IIU:~ 1..0.2)0.9 I~ Flow D£SIG"~ FLOW AND
LOCATION i\ ..._~i Ap_ fc Slop. t I Ia • InCh.. -<:FS • Inche~ -eFS ' CFS RIMARIS._.,.__ .._-- ._-_.-

Gmmw. TRIALS StNet capaclty

AveNse Street i lllile lone 30 10 20 0.8 .0005 59 0.12 0.71 0 0.47 5 5 5
.001 42 0.91 0.90 0.06 1 0.64 6 7 7
.002 31 1.12 1.11 0.25 5 0.83 8 13 10
.003 26 1.25 1.23 0.34 7 0.94 9 16 12
.005 21 1.42 1.40 0.48 10 1.10 11 21 16
.010 16 1.61 1.64 0.61 13 1.32 13 26 22

Av.ras' Street 1 lllil. lone 60 20 40 0.8 .001 80 0.56 0.55 C 0.32 6 6 7
.002 58 0.73 0.12 0 0.48 10 10 10
.003 48 0.83 0.82 .02 1 0.57 11 12 12
.005 38 0.97 0.95 0.12 5 0.69 14 19 16
.010 28 1.20 1.18 0.30 12 0.90 18 30 30

10 , 2 JR. . W lOT H
II DRAIN HI PIPI L&IOUf

IS 18 'IU 2

AveNS' St....t 60 20 40 0.8 .001 80 0.43 0.42 0 0.20 4 4
.002 58 0.54 0.53 0 0.30 6 6
.003 48 0.62 0.61 0 0.37 7- 7
.005 38 0.73 o.n 0 0.47 9 9
.010 28 0.88 0.86 0.05 2 0.59 12 12

ABOVE DICk S'l'REEfS ROULD CAPACI TO DR ORE STORM 1 MILE
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Then follows assi~ling and entering a value of f c ' and computation of

flow time from the most remote point along the shortest possible flow

path along the street system. In these computations four minutes were

added to street flow times to make allowance for overland flow in the

most remote block and the total was entered in the column headed t c in the

form. Using this value of t c as the duration, a value of intensity is

taken from Figure 9" corrected to Iaby the factor from Figure 18, and

the indicated multiplications are made to get runoff from both the

pervious and impervious areas which are then added to get total flow ~1ich

. is entered in the next-to-last column on the right. The data for the

next increment of drainage area downstream from the first are then entered

in the first six columns of the form on the next line, sums of the areas

and a weighted average for infiltration rate are taken, and the entire

process is carried through again as if this new area l~re the first one

in the basin.

Then this procedure is carried out down the length of a channel it

frequently will happen that the computed total flow will reach a maximl.llll

and then actually falloff as the computation proceeds dOlin-stream. This

is due to the longer concentration time introducing lower rainfall

intensity into the formula over-shadowing the effect of the increasing area.

Once a maximum has been reached, a continuing slight increase in flow is

still indicated ,in the column headed Design Flow even though the calculatons

show a diminution. It is also true that a greater flow may develop from

a portion of a drainage area under more intense rainfall than is indicated

in Figure 9, for the concentration time (duration) of the entire area.

This is apt to happen in heavily commercial or industrial areas and is also
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likely to happen ''lhen the pipe or street flm" time from areas upstream

is about equal to the concentration time of the latest increment of

drninaz,e area. This is checked for in the computation ,vherever the words

"Trial maximum @ t c = tt occur. If it develops that the shorter

•

concentration time yelds higher flows for a partial area than for the

cumulative area, the shorter time and the smaller area are carried forward

in the computations.

There is little infonnation available which may be utilized to check

the reasonableness of the flows shown in Exhibit VI. A few hydrographs

which could be correlated with rain intensity gage records would have been

invaluable and would have permitted an entirely different and more accurate

method of analysis. The Water Users have recently set staff gages in Cave

Creek and Indian Bend and appointed observers for them. It is to be hoped

that this will result in the availability of runoff records from these

streams. Recording gages should also be installed at the outlets of

major city drains. A few of these records together with rainfall intensity

records will be very helpful in designing future work.

There is some guidance to be obtained from the work of others. The

1935 storm drainage project utilized a 54-inch outfall in a system designed

to accommodate the downtown square mile. The airport system utilizes two

GO-inch lines to drain an area of 'about 1200 acres. The Water Users'

reports on the storm of Aug. 3, 1943 and the estimates of flows from the

desert washes for that storm by T.R. Neiswander are very valuable. Finally

there is the work of William Anderson of the Soil Conservation Service which,

although of a preliminary nature, contains estimates oflOO-year flows

from cave Creek and the washes out of the Phoenix Mountains and evaluates
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the potentialities of numerous storage d~~ sites.

Based on a consideration of the aforementioned cO,mputations, guides

and preliminary estimates of costs, the follo,f.Lng conclusions are reached:

(a) The IOO-year recurrence interval! should be
used in design to take care of storm runoff
for areas north of the Arizona Canal, east
of the Old Cross-cut Canal, and south of the
Highline Canal.

The potential damage to the city from a flood out of the mountains is

enormous. This is true especially for Cave Creek. It is also true of

Indian Bend Wash if water from this source follows the Arizona Canal west-

ward over the divide, something which has already occurred and which might

happen again.

The Old Cross-Cut Canal could readily be enlarged and improved to

provide protection to the city from IOO-year storms to the east of it

,f.Lthout impairing its usefulness to the Water Users.

As the foothill zone of South Phoenix develops increasing amounts of

runoff will be thrown on the flat lands. The situation here is better than

in Phoenix proper because grades are steeper and there are few swales where

water can collect in sufficient depth to be damaging. The only exceptions

are the swale paralleling Broadway and other more minor ones nearer the

Salt River.

Phoenix has flatter slopes and more places where water tends to collect.

These swales are obvious from the contour map. They are aggravated by

artificially created collection points behind the Grand Canal, the Black

Canyon Highway, the railroads, and certain street~.
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(b) A one-year recurrence interval should be the
minimum used for the design of street system
drainage. It is hoped that later installations
on approximately the !-mile lines may work
toward furnishing capacities sufficient to
handle f10\"s from the t,.;o-year recurrence in­
terval storrn.

It is impossible to show economic justification for designing for any

longer recurrence interval, and no matter what reasonable interval is used

there will always be big storms that will overtax the system, flooding

streets and low-lying lands. Runoff from one and "t1fo-year storms comes

principally from the street system itself plus irronediately adjacent
,

connnercial areas ,ihich are largely paved, the intensity of rainfall being

low enough from these stonns that little or no runoff develops from unpaved

areas.

The cost of building drains adquate for a one-year storm in the area

between the Arizona Canal and the Salt River west of 48th Street and east

of the Agua Fria divide would be between 25 and 30 million dollars. This

is based on parallel collecting lines one mile apart. Drains to handle

t\ro-year storms \rould be spaced one-half mile apart and the total cost of

protecting the area mentioned would be about 60 million aollars.

The estimates which are given in detail later are high enough to include

the extension of drains into relatively small areas, even though this is not

economically justified, for the purpose of abating a nuisance. There will

of course be some saving in property damage and some in street cleaning

and maintenance costs, but there will be the additional maintenance cost of

the drains.
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(c) The system should use pipe collectors north of the
Salt River between 48th Street and 67th or 75th Avenue

The reason for this conclusion is that the street system is already

established and not generally suited for adequate drainage to the river.

There is little or no room left for open ditches in this area. The only'

possible exceptions are at the approaches to the Salt River where there

are still some areas where the street system or open ditches might be u~ed.

In general ditches have high maintenance costs compared to pipe lines.

d) The north-south street system should provide
through routes to the river wherever possible.

There is great economy in this measure. In many cases it would

obviate the need of pipelines altogether because street pavements could

be made to carry the smaller amounts of water. It ,rould also lessen the

cost of construction of new lines by diminishing conflict with other

underground utilities of which there is an ever increasing number and which

all seek out through routes themselves. Keeping at least the quarter­

mile streets open can still be of some help in South Phoenix (where some

pipe would still be necessary near the river because of adverse grades)

and would eliminate the need for pipe drains altogether west of 67th Avenue.

e) Every old or natural waterway should be
preserved.

\~erever it is still possible to do so, old waterways should be

designated as such by the appropriate authority and any development

which would impair their function prevented. This would not preclude

the use of natural channels as street locations if the water carrYing capa-

city were preserved. The opportunity for City action in this direction



has largely passed btltthe County can still doa lot of good.

Bend Wasteway and the Sunnyslope washes are examples.
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The Indian

B. Re~o.~endations for Immediate Work

The lines proposed for immediate constrtlction are shown in Exhibit

VII. The basic premise is to provide capacity ample only for runoff from

the street system and adjacent commercial areas from the one-year storm

with lines one mile apart. The computations upon Which the selection of

pipe sizes was based are given in pages 114 through 118. The computations

were made for lines on 24th Street, 16th Street, 7th Street, 7th Avenue,

and 19th Avenue. Calculations for other lines would follow the same

pattern. The 7th and 19th Avenue lines collect runoff from drainage

areas more than one mile wide, the limits of. the drainage areas being

shown on Exhibit VII.

It is proposed to build only the lines on 24th and 7th Streets and

on 7th and 19th Avenues at this time. Sixteenth Street is omitted because

it has been recently paved over much of its length. The 24th Street line

is not yet urgently needed although it could advantageously be installed

with a widening program. The 27th Avenue line will be required soon,

but it may be possible to constrtlct this line in conjunction with the

Black Canyon Highway under a Highway Department project. The sizes shown

for the various pipe lines are the very smallest that can be conscientiously

recommended.

For the storm water flows north of the Arizona Canal, it is proposed

that the right-of-way for future construction be acquired at this time
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while it is still relatively llildeveloped and obtainable at a reasonable

cost. The following page shows cross-sections and hydraulic properties

of an adequate floodway illustrating the width of ri~lt-of-way necessary.

The actual construction of the drainage canal and 'appurtenant works may

be deferred or left to others. Estulmtes of the cost of such work are

presented later. Some construction to enlarge the Old Cross-Cut-Canal

and make it suitable for a drainage way should be done now. This is

shown in Exhibit VII and discussed later \\lith the cost estimates. \"ork

afljacent to the Arizona Canal and on the Old Cross-Cut-Canal would of

~ourse require cooperation with the Water Users.

This report does not attempt to provide a detailed answer to the

problem of handling runoff in the Sunnyslope, South Phoenix or South

}IDuntainareas. It is in these areas that the storage solution is

most likely to be the economical one. Existing arroyos, if pr",served,

can protect the area to the north without endangering downstream property

if they can empty into an outlet such as the proposed floodw~y north of

the Arizona Canal.

This report does not answer all the area's drainage problems and

final solution can only be accomplished by community effort. It is

therefor recommended that the Mayor appoint a committee having City,

County, and Water Users representation. This Corranittee should study

methods of financing, constnlcting, and operating major flood protect-

ion projects. The Committee could well consider alternatives such a~
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improvement districts, cooperatives, or other organizations having permanent

status and the authority to finance and accomplish such work.

The County is in a position to take certain steps immediately which

would have important favorable results. These are,

1. Declare Indian Bend a drainageway from the Cave Creek divide

through the Scottsdale area to the Salt River and prohibit its obstruction.

2. Declare certain other waterways untenable.

3. Continue the present policy of setting building grades high

enough to minimize flood damage.

4. Require subdividers to keep continuity of streets on quarter

and midsection lines.

5. Participate in the work of the Flood Protection Improvement

Connnittee.

6. Help finance work on the Old Cross-cut Canal and in obtaining

right-of-way along the Arizona Canal.



EXPECTED FLOWS - 1 year I'ainfall_~ntenaityand duration unless noted

AREA I N ACRES Infiltl"n Concentration I R A I N R U N 0 F FTotal Impe"'s Pervious (final) I Time I Point Anrale pel'Vilrus I~e~rua 'lotalArea Area Area in/hr ' Street Min. Intenlity Intenaity (l...f e)0.8 llUl:~ 1...0.2)0.9 InxAt Flow DESIGN Il.LOW AND
LOCATION A At· Ap f e Slope t e I Ia • Inehel "'CFS .. Inches oiCFS CFS R»IARKS

24th Street - Arizona Canal to iver - Based 0 1 yeaI raint'al intenl it1e s drainir gone m e wldtn by str et 1'10. - and ollecto piping
I

draining the ,stre, t syst, mam ae jacent ommercill ( imp. rvious! areas' C111y.,
Camelback Road 535 70 27 i 0.90 0.85 0.58 41 40

Indian School Road 640 120 I
i

Sum 1175 190 41 I 0.70 0.65 0.40 76 80

Thomas Road 640 130 I

Sum 1815 320 53 0.57 0.52 0.29 93 95

McDowell Road 640 120

Sum 2455 440 66 0.50 0.45 0.22 97 105

Van Buren St. 640 120

\
Sum 3095 560 78 0.44 0.39 0.17 96 115

Buckeye Rd. 64O 180

Sum 3735 740 93 0.39 0~J4. 0.13 96 125
Trlalat Buckeye

400 150 0~84 0.80 0.54 81 Not a maximumDraining_in 30 min. 30

Durango St. 160 30

Sum 3895 71JJ 101 0.36 0.32 o.h 85 130

To River ..

16th Street - Arizona Canal to River CrUel' a as l' l' 24th SIt.
Bethany Home Rd. 330 60 22 ! 1.02 0.98 0.70 42 -42 40

Camelback Rd. 640 120

Sum 970 180 32 0.81 0.75 0.58 104 le4- 100

Indian School Rd. 64° 14-0

421Sum 1610 3-ro 0.68 0.62 0.38 122 122 13>

Thomas Rd. 640 130

ISum 2250 450 54 0.57 0.52 0.29 131 130

McDowell Rd. 640 130

I I
....

Sum 2890 580 67 0.49 0.44- 0.22 128 140 ......
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EXPECTED FLOWS - 1 year-raintall inten.ity and du,ratlon unlea.noted

A lIlUim1llll0.32 231:50

IA C

700

I

900

ARE

Trial At Bucke,.
Drai ning in 50 min.

A N' RES niiltr'n Concentration I R A I N RUN 0 F FTotal Imperv'a Pervious (final) Time I Point Anrage P·e r v lou a Impervra Totl&lArea Area Area in/hr' Street Min. IIntenaity Intenaity (I&-f )0.6/ tnT.~ 1....0.2)0.9 InxAt Flciw DESIGN FLOW AND
LOCATION A ~ Ai Ap , to Slope' to I Ia .. In~hea -eFS ... Inchea -eFS CFS RDlARKS

16th S1'reet - Continued

Van Buren St. 640 300

Sum 3530 880 80 0.!.tJ+ 0.39 0.17 150 160

Buckeye Rd. 640 460

Sum 4170 1340 I

9" 0.38 0.33 0.12 161 180
Trial at Buckeye

0.56 182'Draining in. 50, min. 960 570 50 0.60 0.32 A maximum

OurangoSt. 3aJ 230

Sum !.tJ+90 1570 103 0.36 0.31 0.10 157 18,

To River
.

7th Street - Arizona Canal To 11 iver - Criteri! as for 24th St.

Glendale Ave. '400 70 30 0.84 0.80 0.54 38 40

Be1(hany Home 640 120

Sum 1040 1'1'0 42 0.68 0~63 0.39 74 80

Camelback 640 130

Sum 1680 320 ,3 0.58 0.'3 0.30 96 100

Indian School 640 140

Sum 2320 460 6, 0.,0 0.4, 0.22 .101 il10

Thomas 640 120

Sum 2960 ,80 77 0.!.tJ+ 0.39 0.17 98 120

Me Dowell 640 120,

SU1Il 3600 700 91 0.39 0.3, 0.14 98 140

Van Buren 640 ,eo
Sum 4240 1200 106 0.35 0.31 0.10 120 200

Buckeye 640 500

Sum 4880, 1700 122 0.31 0.27 0.06 102 230 (See below)

Durango 320 230

SU1Il 5200 .1930 130 0,30 O.~ 0.06 116 23, ~
~

To River, '"



DESIGN FLOW AND
Rr>lARKS
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EXPECTED FLOWS - I 'year rainfall intensity and duration unless noted

ARE A I K A C RES Infiltr'n Concentration \ R A I N RUN 0 .' .'
rotal Imperv'l ,Pervioul (fi&) Time, I Point Anrage Per v i 0 u s Iqlervious Total
Area Area Area in/br' Street Min.! Intensity Intensity .(1...., f c )0 •. 8 1 lrur:~ 1....0.2)0.91I~ Flow

LOCATION A Ai Ap f o Slope t c II I la .. Inches l-eFS .. Inches J -eFS crs

7th Ave. - Arizona Canal To Riv r - Ba! ed anI Year R, nfall i tensit es .- dlraining i mile idths a ove the Grand anal Ii:n less w dths

below the canal by mE ans of. street low' anc collect r pipil g - d~p.ining t estreet system nd adja ent co nnercial (imperv OllS)

areas only.

Northern Ave.

Glendale Ave.

Bethany Home

Camelback

Sum

Sum

740

960

1700

960

2660

960

150

190

340

190

530

200

34 ! 0.78

i
46 i 0.64

58

0.73 I

0.59

72

v.35 119

0.25 132

70

130

Indian School

Thomas

McDowell

Sum

Sum

Sum

Sum

3620 730

960 200

4580 930

800 220

5380 1150

64.0 200

,6020 1350

69

80

92

104

0.39

0.30

0.20 146

0.16 148

0.09 122

145

155

175

Van Buren

Buckeye Rd.

Durango

Sum

Sum

160

6180

160

6340

80

130

14.80

130

1610

60

120

134

0.32

o. <9

0.06

0.05

89

8i

185

195

Sum 64.20 1670 0.24 67 200

To River

Trial at Mc Dowell
draining in 60 min. 1300 340 60 0.49 o. ;:b 88 Not a maximum
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EXPECTED FLOWS - 1, year rainfall intenltty and duration unlel' noted

LOCATION

ARE A IN.A C RES Infiltr'n
i'otal Impervil Pervious (final)
Area Area Area in/hr .
A Ai Ap f o

concentration iRA I N RUN 0 F F
TUte I Point Aurage Per v i (0 UI Imperv~nu,

Street Min.' Intensity Intenltty (Ia-Cc)0.8 lfUI:~ 1...0.2)0.9 IW0i
S~ope t c I Ia. Inchel -eFS .. Inche. -eFS

Total
Flow
CFS

DESIGN ~'LOW AND
R];)lARKS

to 1 3/4

90

115

160

13>

134

128

115

90

115

0.20

0.25

0•.36

0.53

36 i
I

:: I
72

160

360

150

510

160

670

150

820

180

Sum

800

1880

800

2680

800

3480

800

Sum 4280

960

Sum

Sum

Indian School

miles widths below the canal ty means

commercial (im~lervioUs) areas only.

Northern Ave. 1080 200

Glendale

Camelback

Thomas

Bethtn y Home

19th Ave. - Arizona Canal ~ 0 Rivel - Basee on 1 y ar rain 1'-11 in eneiti s - drailning It ~ile widlths abo e the (rand Cro nl and
;

of' streE t f'low and co; lector p~p1ng - raining the st eet sy tem and adjacen

Sum 5240 1000 94 0.33 0.12 1.<D 175

McDowell

Van Buren

nito
SulD 6360

800

Sum 7160

220

1220

440

i660

104

116

0.36

0.33

0.31

0.26 0.07

122

116

190

200 (See be1cw)

Buckeye Road 720. 320

Sum 7880 fL980 128 0.31 0.26 99 210

Durango 320

Sum 8;aOO

200

2180 135 0.29 87

To River

Trial at Van Buren
draining in 40 min. 720 500 40 0.70 0.65 200 " A maximum
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EXPECTED FLOWS _1 year rainfall intensity and duration unless noted

AREAIKA lilC RES !If tr'n Concentration i R A I N R U N 0 ~. F
fotal Imperv's Pervious (final) Time , Point A....rage Pervio'us Imperv~rs Total
..1rea Area Area in/hr' Street llin. 'Intensity Intenlity (l&-fc)0.81 I""~ 1...0.2)0.9 InxAt Flow DESIGN FLOW AI~D

LOCATION A At Ap fc Slope t c I la .. Inches -eFS .. Inchel. "'CFS CFS RDIARKS.

;nth Avenue - Arizona Canal To River Based n 1 ye~ Ir rainf'a 1 inte sities - drain ng noI'lllE llyf'ro 31st A enue o Black Canyon ighway
!

mpervious).(3/4 mile width) by meal s of' st eet f'lc ~ and co lector pipin~ - drain ng the s treet s ~ tem an -adjac nt COmIn rcial (

areas only. !,
Northern Avenue 560 100 40

I
0.70 0.66 0.41 41 40

Glendale Avenue 760 140

240 52
I

0.59 0.54 0.31 75 80Sum 1320
I

Bethany Home 480 100

ISum i800 3!l-0 64 0.51 0.46 0.23 78 110

Camelback 480 90

Sum 2280 !l-30 76 0.45 0.40 0.18 78 140

Indian School 480 90

Sum 2760 520 88 0.40 0.36 0.14 72 160

Thomas 560 250

Sum 3320 770 98 0.37 0.33 0.12 92 j180
McDowell 520 300

Sum 3840 1070 110 0.34 0.30 0.09 96 1210 (See below)

Van Buren 320 130
"

BUIll 4160 1200 122 0.31 0.27 0.06 72 230

Buckeye 400 160

Sum !l-560 1360 135 0.29 0.25 0.05 68 240

Durango 240 70

Sum !l-800 1430 142 0.28 0.2l+ 0.04 57 245

To R-iver ,I

Trial at McDowell
640 Idraining in 30 min. 400 30 0.85 0.80 0.54 216 A maximum

t-J
t-J
QD
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C. Future \vork by City and by Others

The'City should prepare for the installation of adequately sized

collector lines on section line streets in connection with paving programs

even if this results in temporarily unusable portions of the drainage

system. It should also take the initiative in the formation of improvement

districts for the purpose of providing connection to the new system from

city areas which have never had adequate drainage.

The County should continue working on the following matters:

1. The Arizona Canal Floodway,

2. The definition of a spillway from Cave Creek Dam,

3. Channelization of the Salt River by cooperation

with the Corps of Engineers, and

4. Further improvement of lower Cave Creek and of

the mountain washes which menace developed areas.

D. Legal Considerations

It is recognized that there are legal questions involved wherever there

is a diversion of storm water out of its normal drainage path. This applies

to the utilization of the Old Cross-cut Canal as a floodway and particularly

to the diversion of Phoenix Mountain runoff into the proposed Arizona Canal

floodway. 'While legal problems are beyond the scope of this report, it is

likely that a reasonable solution protecting the rights of all parties

involved can be worked out.
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VI COST ESTI~1ATES

Estimates presented in this section are based on present day prices

for labor and materials. They include allowances for all appurtenances

necassary to make a complete and working installation even though these

items are not specifically mentioned. Moderate contractor's overhead

and profit are assumed.

A. Collector Piping in City Areas

Estimates of cost per foot were made on pipe ranging in size from

21 to 96 inches. Unit costs are shown on the tabulation following. The

column headed "'Best Cost per Foot" represents the cost of laying pipe in

streets where no pavement replacement is required and where there is no

unusual conflict with other utilities.' The usual condition in city streets

will require
l
pavement cut and replacement and moving a water main, gas line,

or sewer, to permit installation of the storm drain. It is presumed that

part of the repavement will require a concrete. base. The very worst

conditions which require cutting through concrete pavement and moving of

parallel utility lines will cost more per foot than the cost shown in the

column headed ItTotal Cost in Built-up Areas. 1t In the tabular estimates

which follow for the lines in 24th and 7th Streets, and 7th and 19th Avenues,

some adjustment in unit costs was made to allpwfor the effect of local
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peculiarities on construction costs.

Allowances must also be made for small lines to drain local low spots

to these three major collectors. Much of this can be financed by local

improvement districts and under street improvement programs. Costs of

such work could vary widely, but the estimate includes money for some such

projects in troublesome areas where construction under improvement

district programs or paving projects is not to be considered.

The 27th Avenue line is not included in the estimate but this and other

section-line drains should be installed prior to permanent pavement on

these streets.
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B. 'york in Other Areas
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C. Swmnaryof Costs

The cost estimate is given in some detail in the following pages

but a summary follows.

1. Pipe - 24th Street from the Salt River
to the Grand Canal

2. Pipe - 7th Street from the Salt River
to the Grand Canal

3. Pipe - 7th Avenue, Salt River
to the. Grand Canal

4. Pipe - 19th Avenue, Salt River
to the Grand Canal

5. Miscellaneous Collectors and Laterals

6. Improvements to Old Cross-cut Canal*

7. Right-of-way cost for Arizona Canal Floodway*

TOTAL COST

$ 713,000

1,451,000

1,665,000

1,438,000

578,000

228,000

360,000

$6,433,000

* County participation in expenditures for these items is recommended.
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COLLECTOR OESIGN AND COS T S

DeSian »esian Stope Unit Total
LOCATION Remarks Irreq'ncy flow-CFS Ft/thol.l $, Je and KI nd length Cost Cost

l24th STREET - Salt River to GIl'and Canal

River to Durango (Open ditch below pipe) 1 Yr. 130 0.8 72" Pipe 1500 $4°·00 :& 60,000

Durango to Buckeye 125-130 0.8 72" 2700 42.00 113,400

Buckeye to Harrison ~one with paving program 125-120 0.8 69" 2700 I 37.00 99,900

Harrison to Van Buren " n " " 120-115 0.8 69" 2700 39.00 105,300

Van Buren to Roosevelt " " " " 115-110 2.5 54"-57" 2700 28.00 75,600

Roosevelt to McDowell " " " " 110-105 2.5 54" 2700 27~00 72,900

McDowell to Encanto " " " " 105-100 2.5 54" 2700 28.00 75,600

Encartto to Grand Canal " It " " 100 2.5 51" 1800 25.00 45,000

Collectors primaroily part of paving and i provemEnt districts

ubtota

Engr. and cont ngenciEs

·Total

$647,700

65.300

$713,000
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COl.t.ECTO~ OESIGM AND, COSTS

, ' (

Design ~esj&n Slope Unit Tot.al
LOCATION R.emarks IFreq'ncy flow-CFS Ft/thou Size and Kind length Cost Cost- - ---- - - .-

7th STREET - Salt River to ~rand Canal
I

River to Durango (May d:Ltchportion) 1 Yr. 23.5 1.0 87" Pipe 2700 $.54 $14.5,800

Durango to Buckeye 230-23.5 0.8 90" 2700 .57 1.53,900

Buckeye to Harrison 21.5-230 0.8 87" 2700 i 60 162,000

Harrison to Van Buren 200-21.5 0.8 84"-87" 2700 60 162,000

Van Buren to Roosevelt 17.5-200 0.8 81"-84" 2700 .57 1.53,900

Roosevelt to McDowell 140-175 1.1 69 "-75" 2700 48 129 ,600
I

McDowell to Encanto Done with repaving job 130-140 1.0 69" 2700 39 105,300

Encanto 'to Thomas " " " It 120,.130 1 • .5 63" 2700 34 91,800

Thomas to Osborn " " " It
115-120~ 2.6 54" 2700 26 70,200

Osborn to Indian Schoo It ,
" " " 110-115 3.0 54" 2700 26 70,200

Indian School to Canal " " 11 " 105-HO 3.5 51" 3000 25 715.000

Sul total $ .319,700

I Engr. and COl tingencies 131.300

To1 al $ ,451,000

I··

(Alignment may be 5th t. below Roosevelt to so th of t it'acks and ~rd St. ~o River.)
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COLT.ECTOIl o E 51 C )I AND COSTS

DeSi,11l )esi&" Slope Unit Total
LOCATION Rellllrks ~req'l'\cy flow-CFS Ft/thou Size 11'\0 Kind Length eost Cost

~th AVE. LINE (11th AVE. FROM RIVER TO VAN BUREN, 9th VE. TO ENCANTO, th AVE. THEREON)
SALT RIVER TO G~AND CANAL

River to Durango 1 Yr.· 200 0.7 87" 4-000 .53 ~ 212,000

Durango to Buckeye 195-200 0.7 87" 2700 55 148,500

Buckeye to Harrison 190-95 3.0 66" 2700 36 97,200

Harrison to Van Buren 185-90 0.8 81 1t 2700 57 153,900

11th Ave. to 9th 185 0.8 81" 700 57 39,900

Van Buren to Roosevelt 180-85 0.8 81" 2700 57 153,900

Roosevelt to McDowell 175-80 1.0 78" 2700 54- 14-5,800

McDowell tQ Encanto 170-75 1.2 75" 2700 50 135,000

9th Ave. to 7th 170 1.2 72" 700 45 31,500

Encanto to Thomas 165-70 2.5 63" 2700 34- 91,800

Thomas to Osborn 160-65 2.5 63" 2700 39 105,300

Osborn to Indian School 155-60 3.3 60" 2700 36 97,200

Indian School to Canal 150-55 3.0 60" 3000 34- 102 000

S, btota1 t1,514,000

Engr. and Contil gencies 151.000

T< tal 1,665,000

.... 1

N'
~!

{;
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CotLECTOR DESIGN AND COSTS

Des i. r," Pesi&1l Slope Unit Total
l.OCATIOM Remarks Freq'ncy flow·CFS ,t/thou Size and Kind Length Cost COSt

r19th AVE. - SALT RIVER TO GRA lID CANAL

River to Durango Same ditching below pipe 1 Yr. 215 0.8 81" 1500 $48 $ 12,000

Durango to Buckeye . 210-15 0.8 78" 2100 50 135,000

Buckeye to Harrison 205-10 2.5 69" 2100
I 43 116,~00

Harrison to Van Buren 200-05 2.2 69" 2100 45 121,500

Van Buren to Roosevelt 195-200 1.2 78 il 2100 51 131,700

Roosevelt to McDowell 190-95 1.6 72" 2100 45 121,500

McDowell to Encanto 180-190 2.6 66" 2100 I 40 108,000

Enc~nto to Thomas 115-80 2.8 66 " 2100 40 108,000

Thomas to Osborn 165-15 3.0 63" 2100 31 99,900

Osborn to Indian School 160-65 2.5 63" 2100 34 91,800

Indian School to Canal 155-60 2.5 63 tt 1800 34 61,200

Allow for possible 21st ap.d 11th Ave. alignment. 2100 50 13e;.000

Subtotl 1 $1,301,100

Engr. and Cont ngenci s 150.300

Total. $1,438,000

\
.t-'.
1"'.(I»)
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CO L L'E C T 0 ~ 0 E S I G NAN D CO S T S

Unit Tolal
Length Cost Cost

.._---- ..

1300' I
-

3000'
2600'
i~ool I

8200' $14 $114,800

2700'
2700'
UOO' I

1 00'

8200' $17 139,400

700'
700'

2700'
2700'
1300'
1300 1

9400' 14 131,600

10000' 14 11.10.000

Subtota .525,800

.1 gencies t)2.200

~otal $578,000

Slze Ind K, nd

30" to 36/1 Pipe

30" to 36" Pipe

Engr. and Conti

30" to 36" Pipe

19th AVE. LINE
Sherman areai~

Adams to West
Fillmore to West
Fillmore to East
Thomas to East
Indian School to East

Reserve for miscellaneou lines

7th AVE. LINE
McDowell to Encanto Ar. a (connecting east of 7t )
Thomas to West
Osborn to.West*
Indian School to We~t*

*Additional work as necessa to be done by 'improveme t distr ct.

MISCELLANEOUS COLLECTORS TO th ST., 7th AVE., 19th A

7th ST. LINE
Devonshire
Whitton Fix by paving the area
Osborn
Roosevelt
Jefferson

Pesi," Slopt
=====o:;l.OCA~~T;;I,;ON~========l====~R,,;;;e~ma;;:;,r;,,;k,;,;;S~=====;~~~~=f;,,;l;,,;o::w-CFSF~_/t_h_o~
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CO~LECTOR DESICN AND COSTS

Desiln »esjln Slope Unit Tot.al
I LOCATIO" Re1IlIrkl IFreq'ncy !low-CVS Ft/thou Size and Kind length Cost Cost
OLD CROSSCUT CANAL

Right-of-way from SRVWUA - except near. River 3000' $ 5,000

River to Grand Canal 100 Yr. 2800 l' ~arth canal 3000' $13 39,000

Grand Canal Structure Siphon and Spillway tI - - Concrete - 40,000i

Grand Canal to Jefferson " 2500· 2' anal 900'

Jefferson thru Washingto tI 2500 4' dd Box Culvert 400' 105 42,000

Washington - Van Buren 2500 2' anal 1200'

At Van Buren 2500 4' dd Box Culvert 80' i 92 7,200

Van. Buren to McDowell 2500 7' anal 5200'

At McDowell Rd. 2500 5' dd Box Culvert 140' 100 14,000

McDowell to Thomas 2500 3' anal 5200'

At Thomas Rd. 2500 4' dd Box Culvert 80' 110 8,800

Thomas to Osborn 2500 4' anal 2600'

At Osborn Rd. 2500 5' dd Box Culvert 60' 105 6,300

Osborn to Indian School 2500 6' anal 2700'
I

At Indian School 2500 I 9' ~dd Box Culvert ,0' 95 4,700

Indian School to Ariz.Ca al 2500 10' panal 700'

Siphon under Ariz. Canal 1500 10' aox Culverts 200' 84 16,800

Rebuild Ariz.Canal Spill ;0 Spill Ariz.Canal Capac tty 140'0 - b9ncrete 18.000

Subtot~l $201,800

~ngr. and Continget eles 26.200

Total $228,000
Canal work or drop struc ures by SRVWUA. ....

eN
o
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COt LEe TOR »E S I G N AN D COSTS

LOCATION Rellllrks
Desi,n ~esi&" Slope

:Freq1ncy .low-CF5 Ft/thou Size and KInd
====1====I====o/=~===

NEW CANAL PARALLELING THE AR1ZONA CANAL

Right~of.-way - Old X-Cut panal to New River - SRVW~A {50' and purc~ased (l 0')

47th to 39th Streets 100 yr•. To 1000 Earth Canal

$1.500 '
94,000 acre ~ 324,000

8,000 9 72,000

59,000

176,000

300,000

139,000

60,000

133,000

38,000

231,000

500 i 118

11,000 16

1,200 250

8,200 17

200 1 300

7,400 18

120 320

2,100 110

.5,400 19

200 350

7,500 20

160 360

44,000 23

600 400

Culverts

Earth Canal

Earth Canal

Lined Canal

Earth Canal

Culverts

Culverts

Culverts1.0

1.0

1.0

0.30

1.0

0.30

0.30

1.0

1.0

1000

2300

2300

2700

nOO

3000

3000

3300

3300

3300

3500

3500

4500

4.500

5000

"

or adjacent to Biltmore)

adjacent to subdivisions

(or adjacent to homes)

Crossings

~th to 16th Streets

Crossings

39th to 24th Streets

Crossings

16th to 8th Streets

Crossings

7th. Ave. to 23rd Ave.

Crossings

23:rd Ave. to Skunk; Creek

Crossings

Skunk Creek to New River

8th St. to 3rd St.

Jrd St. to 7th Ave.

Crossings-8th St. to 7th ~ve.

Note. Canal lengths are tota~ inclUding structure len ths.

Subtot!l

Engl'. and ConJ;ingenc es

$3,265,000

h8t;.000

Total
A low for 1 nd acqu sition only at thi time

3,750,000
$ 360,000


