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INTRODUCTION

The firm of W. S. Gookin & Associates studied the

outflow of the cudia City Wash. The Cudia City Wash is

located in the northeast Phoenix and Paradise Valley region

of the Phoenix Metropolitan Area. This area has elevations

from 2,700 feet to 1,250 feet with high runoff potential.

Three field studies were made in this area by w. S.

Gookin & Associates and the data accumulated from these

studies was used to determine flows of each wash. The Soil

Conservation Service (SCS) Method was used to determine these

flows.

A report by the Army Corps of Engineers dated October

1972 was also examined and used as an aid to our report. This

report also analyzed the flood of June 22, 1972 which was'-

determined to approximate a JOO-year flood. The Army Corps of

Engineers also supplied results of their hydrograph data for

this area for a lOO-year storm.

METHODOLOGY

The methodology used in determining the flow to cudia

City Wash was broken into five steps.

STEP 1 - Examination of raw field data for determination of

basic parameters rfecting the flow patterns.

STEP 2 - Computation of variables required by the SCS method.

STEP 3 - Computation of SCS Hydrographs showing the flow that

occurs from each area.
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STEP 4 - Merging the SCS Hydrographs into a comprehensive
Q..

flood route taking into account storage~ffects and culvert

capacities through the routing.

STEP 5 _ Examination impact of the 130 acre-feet (af) peak

storage that could be made available at the so-called

Stanford Drive Basin, a proposed feature of the Arizona Canal

Diversion Channel (ACDC) project.

PHYSICAL PARAMETERS

DRAINAGE AREA

The Cudia city Wash has an approximate drainage area of

5.12 square miles. Included in the drainage area are the

eastern slopes of the Phoenix Mountains, the southern slope

of Mummy Mountain, and the west half of the northern slope of

Camelback Mountain. The cudia city Wash has several smaller

tributary washes within the drainage area. These smaller

washes divide the drainage area into fourteen distinct areas.

Therefore, in order to provide a thorough analysis of the
~

Cud i a Cit Y Was h , e a c h 0 f thesea rea s~ 5 t ud i e din t ur n

with the flows from each area routed to the subsequent area.

SUB-BASINS

The fourteen sub-basins used in the analysis of the

cudia City Wash were, aided by aerial photographs, located on

united states Geological Survey (USGS) ouadrangle Maps of

paradise Valley and Sunnyslope. These were verified by field

observations. The boundaries of each sub-basin were
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determined by the contours in the USGS maps and by

restrictions at crossings under a major road. A separate

description of each sub-basin follows.

AREA 1 - This Area is located in the vicinity of 40th place

north of Lincoln Drive and is characterized by desert and low

density housing. This sub-basin has a drainage area of 256

acres with a length of 1.27 miles, beginning at an elevation

of 2,342 feet and ending at an elevation of 1,365 feet. An

18-inch concrete culvert transports the wash across Lincoln

Drive into Area 14 with a capacity of 13 cubic feet per

second (cfs). The wash backs up behind this culvert into a

retention basin of approximately 2.05 af. Once this capacity

is reached, the wash spills over Lincoln and empties into

Area 14.

AREA 2 - Area 2 is characterized by low density housing and

is locatec3 in the vicinity of 42nd Street north of Lincoln.

This Area has a retention basin of approximately 3.28 af of

storage and is emptied into Area 14 by an 18-inch concrete

culvert with a capacity of 8 cfs. Area 2 has a drainage area

of 32 acres with a length of 0.45 miles, beginning at an

elevation of 1,700 feet and ending at Lincoln with an

elevation of 1,361 feet.

AREA 3 - Area 3 is one of the smallest areas with 13 acres in

its basin and is located in the vicinity of 43rd place north

3
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of Lin col n. A 24- inch conere teeu 1 v e r t t ran s p 0 r t s the was h

across Lincoln into Area 12 with a capacity of 40 cfs. The

length of the wash in Area 3 is 0.20 miles with a change in

elevation of 80 feet. This Area is fully developed with low

density homes. No storage capability was used given the

relatively high capacity outlet.

AREA 4 - This Area has three distinct washes within its
I

bas in, all 0 f whiehemp t yin t 0 Are a 1 2 by two 60- inch

concrete culverts with a combined capacity of 540 cfs. Area 4

has a drainage area of 160 acres and is located in the

vicinity of Hillside Road north of Lincoln, with its longest

wash length being 0.82 miles. This sub-basin has virtually no

storage and is characterized by low density housing and some

desert vegetation. The highest elevation within the Area is

1,941 feet and the outlet elevation is 1,345 feet at Lincoln

Drive.

AREA 5 - Area 5 is another small basin with an area of 13

acres and a drainage length of 0.25 miles. This Area was

observed to have approximately 0.42 af of storage with an 18-

inch concrete culvert transporting the wash across Lincoln

into Area 12 with a capacity of 14 cfs. This sub-basin is

located in the vicinity of Mountain View Road north of

Lincoln and is comprised of low density homes.

AREA 6 - This Area is located northwest of the intersection

of Tatum and Lincoln and is characterized by low density

4
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housing with some desert vegetation. Area 6 has an area of 83

acres with a wash length of 0.73 miles and a change in

elevation of 107 feet within the basin. This Area was

observed to have 0.69 af of storage and empties into Area 12

by two 42-inch concrete culverts with a combined capacity of

156 cfs. Once this storage capacity is met, the wash will

spillover Lincoln Drive into Area 12.

AREA 7 - Area 7 is fully developed with low density housing

and is located in the vicinity of Joshua Tree Lane and Tatum.

An IB-inch corrugated metal pipe transports the wash across

Tatum into Area 9 with a capacity of 28 cfs. This basin has

an area of 26 acres with a wash length of 0.55 miles and a

change in elevation of 105 feet. This Area was observed to

have 0.78 af of storage, located west of Tat~m.

AREA 8 - This Area's wash starts in the Phoenix Mountains at

an elevation of 2,000 feet and travels 1.0 miles to its

outlet elevation of 1,390 feet at Tatum. A 36-inch corrugated

metal pipe transports the flow across Tatum into Area 9 with

a capacity of 115 cfs. Area B has a drainage area of 122

acres and is located in the area of Indian Bend and Tatum.

This Area is characterized by low density homes with some

desert vegetation and was observed to have approximately

2.05 af of storage.

AREA 9 - Area 9 receives water from Areas 7 and 8 and in turn
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is emptied by four 48-inch corrugated metal culverts into

Area 12 with a combined capacity of 440 cfs. This Area,

located north of the La Posada Resort, is the most

diversified of all the sub-basins. It is comprised of medium

and low density housing, with an 18 hole golf course and some

desert vegetation within the basin's boundaries. A drainage

length of 1.23 miles starts at Mummy Mountain, elevation

2,260 feet, and ends at Lincoln Drive with an outlet

elevation of 1,324 feet. This sub-basin has an area of 262

acres and has no storage capabilities.

AREA 10 - This Area is located east of Area 9 and north of

Lincoln with a drainage area of 352 acres and no storage

capability. Topographic maps show this Area with two main

washes, but with the development of this Area, these washes

have been diverted into several smaller washes. These washes

cross Lincoln Drive by five IS-inch culverts, two 24-inch

culverts, two 3D-inch culverts, and three 42-inch culverts,

all of which are corrugated metal with a combined capacity of

464 cfs. The main wash has a length of 1.00 mile with a

change in elevation of 905 feet and empties into Area 12.

This sub-basin is comprised of medium and low density housing

with desert vegetation and a small portion of a golf course

within its boundaries.

AREA 11 - This Area is characterized by low density housing

with some desert vegetation and is located in the vicinity of

6
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46th Street and Lincoln. The main wash within this area has a

length of 1.82 miles, originating in the Phoenix Mountains at

an elevation of 2,429 feet and ending at Lincoln Drive with

an elevation of 1,348 feet. This sub-basin has an area of 352

acres with two 10-foot channels transporting the water to

Area 12. These channels provide no restrictions of flow and

there are no retention basins within the Area.

AREA 12 - Area 12 is located south of Lincoln and receives

water from Areas 3, 4, 5, 6, 9, 10 and 11. This Area also

receives runoff from Camelback Mountain, elevation 2,704

feet, traveling 2.18 miles to the outlet elevation of 1,302

feet at McDonald Drive. This sub-basin has a drainage area of

802 acres and transports the water to Area 13 by three ten

foot channels with no flow restrictions. Area 12 was observed

to have low density housing with desert vegetation and no

retention basins within the Area.

AREA 13 - Area 13 is located south of McDonald Drive

northwest of Camelback Mountain and east of 44th Street with

a drainage area of 243 acres. This Area receives water from

Area 12, as well as some runoff from Camelback Mountain, and

is emptied into Area 14 by three ten-foot channels. This sub

basin has no storage capabilities and is comprised of low

density housing with some desert vegetation. This Area has a

wash that originates on Camelback Mountain, falling 697 feet

over 1.09 mi 1 es.
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AREA 14 - This Area receives water from Areas 1, 2, and 13

and empties into the Arizona Canal. This sub-basin has a

drainage area of 563 acres and is located 'south of Lincoln

and west of 40th Street, with a length of 1.36 miles and a

change in elevation of 210 feet. Area 14 was observed to have

medium density housing with some desert vegetation.
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SCS VARIABLES

CURVE NUMBER

The SCS Method uses the amount of rainfall, storm type,

drainage area, drainage length,. highest elevation and outlet

elevation of the drainage area, vegetative type, vegetative

cover density, and soil group to determine a hydrograph.

The SCS Method uses a curve number to determine the

runoff characteristics of each drainage area. The curve

number takes into account hydrologic soil group, vegetative

type and cover, and housing density in determining the runoff

of each area. The curve numbers for the 14 sub-basins were

all within 85-89 range, indicating fairly high runoffs.

TIME OF CONCENTRATION

The SCS Method employs a time of concentration to

represent the period of time necessary for runoff to

accumulate from the various points in the basin. This time of

concentration is different than the time of concentration

normally derived for the use in the rational method in that

it does not represent the time of flow to the peak of the

storm but rather to the point of inflection of the down side

of the hydrograph. The parameters needed to compute the time

of concentration include the drainage area, the slope of the

wash, and the width of the drainage area.

If a constant slope over the length of the wash was

used, erroneous answers will result. sub-basins 9, 10, 11, 12

9
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and 13 each have two significantly different slopes within

the length of the wash. Therefore, assuming a uniform slope

in these sub-basins will result in shorter times of

concentration. These sub-basins had one slope from the high

point in the basin to the base of the mountain and a

significantly lower slope from the base of the mountain to

the outlet elevation. A separate time of concentration was

computed for each slope and next added together to determine

a time of concentration for the sub-basin. The end result is

a realistic time of concentration for these areas.

STORM

This analysis was computed using a lOO-year, 24 hour

storm. The lOO-year, 24 hour storm assumes a rainfall pattern

over a 24 hour period that will only be exceeded on the

average once every 100 years. Other localized parameters that

were necessary for implementation of this storm was a

precipitation amount of 3.8 inches for the 100-year, 24 hour

s to rm, wh i c h was t a ken from the u. S. We a the r S e r vice Bur e a u

Maps provided by the Arizona Department of Transportation

(ADOT). A peaking factor in hydrographs of 484 was used,

which was consistent with ADOT analysis for this region, and

a Type IIA storm distribution curve was used on the rainfall

wh i chi s the a p prop ria t est 0 rm dis t ributi 0 n cur ve for

Arizona. This is the standard storm distribution agreed upon

by consultants for Scottsdale and accepted by City staff.

10
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SCS HYDROGRAPH

The determination of flow of the cudia City Wash at the

Arizona Canal used the above data with the SCSHYD Software.

This software computes a hydrograph of each sub-basin and

determines peak flows for various storm distributions. These

hydrographs are shown in the Appendix.

FLOOD ROUTING

The flow data from the SCS Method was entered into a

computerized Lotus spreadsheet. The advantage of this spread

sheet was that it allowed time lags and storage effects to be

simulated. The time lags were set equal to the rational

methods' time of concentration and illustrated how long it

took water from one sub-basin to reach another sub-basin

downstream. The rational methods' time of concentration is

used because the rational method computes the travel time for

water to move from one point on the watershed to the exit.

The scs time of concentration is computed to the point of

inflection on the downward side of the hydrograph which, for

purposes of computing the hydrograph, is appropriate, but is

inappropriate for computing lag times. The time of

concentration for the rational method was based on the slope

and length from the flow's entrance into the basin to the

exit from the area rather than from the high point of the

basin to the exit.

11
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PEAK STORAGE

using the Lotus spreadsheet, an analysis was made to

determine what maximum outflow could be retained with a peak

storage capability of 130 af.

Each sub-basin was modeled with flow restrictions and

storage capabilities. Once these storage capabilities were

met, the flow was allowed to spill into a downstream sub

basin. A hydrograph for each sub-basin was then plotted and

will be discussed in the results section of this report.

RESULTS

The hydrographs from each of the sub-basins reveal that

Areas 2, 5, 6 and 7 have sufficient storage to handle runoff

from a 100-year, 24 hour storm. Sub-basins I and 8 do not

have the capability to handle the runoff, subsequently the

water spills over the road in both cases. Sub-basins 3, 4, 9,

10, 11, 12 and 13 have no storage in their Areas and the flow

of the wash is unrestricted for the duration of the storm.

Sub-basin 14 is outlet of the Cudia City Wash at the

Arizona Canal. This Area was analyzed under three different

situations to verify the results of this flood study.

The first hydrograph assumes the drainage area of the

Cudia City Wash as one sub-basin. The parameters of time

concentration and curve number used in this hydrograph are

the weighted averages of the 14 sub-basins. The total area of

the 14 sub-basins of 3,279 acres and a 100-year 24 hour storm

were also used to be consistent with the following

12
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hydrographs. The peak discharge for this graph is 4,248 cfs

occurring at 6.70 hours •

The second hydrograph incorporates the 14 sub-basins and

assumes no restrictions due to culverts at road crossings.

The peak discharge for this hydrograph was 4,422 cfs

occurring at 6.70 hours.

A third hydrograph was run using the basin as a whole to

verify the accuracy of the lag times and time of

concentrations used in computing the sub-basins. The

resulting data checked very closely with the second

hydrograph, which indicated that our flood routing absent

restrictions provided a close and accurate simulation.

A final hydrograph uses the fourteen sub-basins with

restrictions and a proposed retention basin of 130 af

upstream from the outlet of the wash. The peak flow of this

hydrograph is 2,097 cfs, well below that of the first two

hydrographs.

Comparing the results of the first two hydrographs with

that of the Army Corps of Engineers shows a significant

difference. The Army Corp's hydrograph shows a peak discharge

of 6,704 cfs at 5.3 hours, well above the first two

hydrographs. We suspect a shorter time of concentration as

the main difference in methodology of these hydrographs.

To make an evaluation of which hydrographs provide a

more accurate representation of what was really occurring, we

had available a unique opportunity. On June 22, 1972 a major

13
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storm occurred with runoff that approximated a lOO-year

storm. A map showing the isohyetals of the storm overlayed on

the drainage area is attached. The maximum discharge during

that storm in the Arizona Canal was computed by SRP to be

3,375 cfs. This maximum discharge conforms more closely with

our figure. This number will tend to indicate that our study

is conservative and that the actual lOO-year storm will

probably be somewhat less.

CONCLUSIONS

W. s. Gookin & Ass 0 cia t e s has comput e dan a n a 1 y sis t hat

shows that the peak discharge from the area is approximately

4,200 to 4,400 cfs and that with the implementation of a

retention basin of 130 af upstream from the outlet of the

Wash, the peak flow from this area can be limited to 2,097

cfs. The figures computed by w. S. Gookin & Associates more

closely approximate historical occurrences than do those of

the Army Corps of Engineers. It is felt that these figures

will provide a good basis for design of the flood conveyance

structures.
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ARIZONA BILTMORE

• t ELEV. OUTLET LENGTH STORe LENGTH PERCENT PERCENT

TOP (FT) DIAM. (FT) CFS (AF) (MILES) HOUSING VEGETATION
==============================================================================

1 2342 1365 1-18" 300 13 2.05_ 1.27 .5 L.D. .5 Desert

• 2 1700 1361 1-18" 195 8 3.28- 0.45 1 L.D. -0-

3 1440 1360 1-24" 130 40 0.00 0.20 1 L.D. -0-

4 1941 1345 2-60" 145 540 0.00 0.82 .7 L.D. .3 Desert

5 1400 1344 1-18" 180 14 0.42 0.25 1 L.D. -0-

6 1440 1333 2-24" 110 156 0.69 0.73 .5 L.D. .5 Desert

7 1470 1365 1-18" 500 28 0.78 0.55 1 L.D. -0-

• 8 2000 1390 1-36" 140 115 2.05 1.00 .8 L.D. .2 Desert

9 2260 1324 4 -4 8" 300 440 0.00 1.23 .2 L.D. .40 Desert
.45 Grass

10 2260 1335 5-18" 140 464 -0- 1.00 .3 M.D. .4 Desert

2-24" 100 .2 L.D. .1 Grass

2-30" 140

• 3-42" 100
11 2429 1348 N.A. N.A. U.R. -0- 1.82 .75 L.D. .25 Desert

12 2704 1302 N.A. N.A. U.R. -0- 2.18 .55 L.D. .45 Desert

13 1898 1781 N.A. N.A. U.R. -0- 1.09 .7 L.D. .3 Desert

14 1460 1750 N.A. N.A. N.A. 130.00 1.36 .8 M.D. .2 Desert

• ABBREVIATIONS

L.D. - LO\'i' DENSITY
M.D. - MEDIUM DENSITY
N.A. - NOT APPLICABLE

• U.R. - UNRESTRICTED

•

•

•

•
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