
'I:
I;
I~

I:
DRAINAGE DESIGN REPORT

SHEA BOULEVARD
SCOTTSDALE ROAD TO PIMA ROAD

CITY OF SCOTTSDALE, ARIZONA
PROJECT NO. S7501

'II
Iii! .

I!

'I,
,II

• J

I:

IJ
~II
i j

ARIZONA DEPARTMENT OF TRANSPORTATION
PROJECT NO. M-703(5)

Oc tober, 1987
Revised March, 1988

Prepared by:

A-N \.lEST, INC.
7600 North 15th Street

Suite 200
Phoenix, Arizona 85020

(602) 861-2200



11
IJ
11
I:
Ii
11
IJ

11
IJ

11
IJ

Ii
I
,
i

Ij

II
111
I

II
I
I

TABLE OF CONTENTS

1.0 INTRODUCTION

2.0 BACKGROUND

3.0 SCOPE OF ~ORK

4.0 BASIS OF DESIGN

5.0 OFFSITE DRAINAGE

5.01 GENERAL
5.02 OFFSITE HYDROLOGY AND HYDRAULICS

6.0 PAVEMENT DRAINAGE

7.0 REFERENCES

APPENDICES

A. OFFSITE HYDROLOGY

B. HYDRAULIC CALCULATIONS

C. EXCERPTS FROM PREVIOUS REPORTS

D. PAVEMENT DRAINAGE CALCULATIONS

FIGURES

1. LOCATION MAP

2. DRAINAGE STRUCTURES

3. DRAINAGE AREA MAP

A-I TR-20 SCHEMATIC - 82ND PLACE AND SHEA BOULEVARD

B-1 PROPOSED DRAINAGE IMPROVEMENTS - STA. 128+79 TO
85TH PLACE

TABLES

1. SUMMARY OF OFF SITE DISCHARGES

1

1

2

2

3

3
4

9

11

A-I - A-IS

B-1 - B-27

C-1 C- 9

D-1 D-16

Follows Page 1

Follows Page 1

Follows Page 4

APPENDIX A

APPENDIX B

Follows Page 4



11
Il.1
Il
IJ
I~j

1~~1

Il
IJ
Il
IJ
11
1:1

IJ
I
I]
IJ
IJ
IJ
11

.=.J

1.0 INTRODUCTION

This drainage design report was prepared in support of the roadway

improvement design for Shea Boulevard. The roadway improvement project

extends from 500 feet west of Miller Road to 200 feet west of Pima Road (see

Location Map).

2.0 BACKGROUND

The existing roadway from 500 feet west of Miller Road to 200 feet west of

Pima Road consists of two 12-foot lanes in each direction widening out to

three lanes at the major intersections of Scottsdale, Miller, Hayden, and

Pima Roads. The portion of this project from Scottsdale Road to west of

Miller Road has been constructed to its ultimate configuration including

pavemen t and offsi te drainage facili ties. This proj ec twill consis t of

adding a 12-foot wide third lane in each direction to the existing four lane

roadway including curb, gutter, and sidewalk (north side) or bike path (south

side). Addi tional information on the project is provided in the Concept

Design Report, June, 1987.

A previous drainage design report (Reference 1) was performed for the project

at the time that Shea Boulevard was improved to its present condition in

1982-1983. The 1982-1983 roadway improvements and drainage report attempted

to provide for cross-road culverts and pavement drainage facilities for the

ultimate roadway improvements. Figure 2 shows the existing cross-road

drainage structures wi thin the project including size and location of each

structure.

Preliminary Report Page 1
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3.0 SCOPE OF YORK

The purpose of this drainage study is· to review and evaluate previous

drainage reports affecting Shea Boulevard and prepare an updated drainage

design report specific to this projects roadway improvements. Some specific

issues to be addressed as part of this drainage design report are as follows:

1. A frontage road o~ the north side of Shea boulevard between 82nd Place

and 84th Street proposed as part of the 1982·1983 ultimate roadway
improvements has been eliminated for this project. The 1982 drainage
design report proposed conveying offsite drainage in this frontage road
from 84th Street to 82nd Place and then by channel to a culvert crossing

of Shea Boulevard 200 feet west of 82nd Place. This study and report
will evaluate and propose an alternate means of conveying the offsite

drainage between 82nd Place and 84th Street to an adequate outlet.

2. Drainage problems have occurred near the box culvert crossing of Shea
Boulevard 200 feet west of 82nd Place. Headcut erosion has occurred
upstream of the culvert into a residential lot along Shea Boulevard west

of 82nd Place. Sediment deposition has occurred in the box culvert under

Shea Boulevard. This study and report will present the results of an

analysis of peak discharges to the box culvert and proposed channel

improvements to mi tigate drainage problems to the existing residential
units along Shea Boulevard at 82nd Place.

4.0 BASIS OF DESIGN

The maximum flow depth for water flowing longitudinally in any street

shall be eight inches during the peak runoff from a lOO-year frequency

storm (Section 3·401, Reference 11.)

Catch basin or scupper inlets must·be sized and located in series along a

gutter grade to intercept enough of the longitudinal street flow to limit

the spread of the flow to the extent necessary to maintain at least one

dry twelve- foot wide lane for vehicle traffic moving in each direction

during the peak runoff flow from a 100-yearfrequency storm. In

addition, the inlets must be sized and spaced to insure that the
longitudinal street flow at the peak runoff flow rate from lOO-year

Preliminary Report Page 2



11
11
IJ
l iJ,'
,~

11
II

" •.1

I I
)

~:j

II
~,:;d

I
II
~~

I
II
"I

frequency storm is retained in the public right-of-way and is flowing at

a depth no greater than eight inches above the gutter flow line. When

inlets are placed in series, the flow bypassing each inlet must be

included in the calculation of the flow arriving at the next inlet.

(Section 1·501.02, Reference 11.)

Major collector and major or minor arterial streets shall have a culvert

or bridge which is capable of carrying all of the peak flow of runoff

from a 10-year frequency storm beneath the roadway and which is also

capable of carrying enough of the peak flow of runoff from a 25 -year

frequency storm so that the portion of the flow over the roadway is no

more than six inches deep. (Section 3-301.02, Reference 11.)

Channel crossings shall be designed so that all lots and structures

within a development will be accessible from the boundary of that

development by at least one route during the period of peak flow of

runoff form a 100-year frequency storm. The boundary shall include any

adjacent street or streets. Accessibility will be considered to exist if

it can be demonstrated by engineer that at the time of the peak flow the

depth of flow over the road will be no greater than one foot. (Section

3-301.03, Reference 11.)

5.0 OFFSITE DRAINAGE

5.01 GENERAL

Drainage patterns and drainage area boundaries affecting offsite drainage

along Shea Boulevard are shown on Figure 3, Drainage Area Map. Development

to date by private interests and local, State, and Federal agencies have

al ter,ed and influenced drainage .patterns and flows to Shea Boulevard.

The Central Arizona Project (CAP) canal and associated flood control

facilities form the northernmost drainage area boundary. The extension and

improvements to Scottsdale Airport limit flows crossing the airport to

approximately the 10-year flood event for the drainage area contributing to a

36 - inch pipe across the airport. All other flows are detained and/or

diverted southwest along the airport and away from the Shea Boulevard project

improvements. A detention basin is proposed at the southwest end of the

Preliminary Report Page 3
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airport by the City of Scottsdale to further drain storm runoff north of the

airport.

The Buena Vante subdivision between Scottsdale, Hayden, Cactus, and

Sweetwater Roads forms a drainage area boundary along Cactus Road between

Scottsdale R(jad and Hayden Road. The Buena Vante subdivision intercepts

drainage into the subdivision from Scottsdale Road to a point 4,000 feet to

the east and routes the flow to an existing City of Scottsdale detention

basis at the northwest corner of Scottsdale Road and Cactus Road. The

detention basin is drained out of the project area by a City of Scottsdale

storm drain. Drainage entering the Buena Vante subdivision from a point

approximately 1,200 feet west of Hayden Road is intercepted and conveyed to a

channel along the east side of Hayden Road and then conveyed into the

Scottsdale Country Club (SCC) Second Nine Holes subdivision.

A majority of the offsite drainage north of Cactus Road is conveyed by

natural and/or manmade channels to the SCC Second Nine Holes subdivision

which is generally bounded by Hayden Road, 84th Street, Cholla Road, and

Cactus Road. All flow entering this subdivision exists by two multiple

culvert openings and a roadway weir section near the intersection of Hayden

and Cholla Roads. These flows cross Shea Boulevard at two locations 1,600

feet (Sta. 99+75) and 400 feet (Sta. 111+48) west of Hayden Road.

An existing channel along the east side of Pima Road intercepts and conveys

storm runoff from Thunderbird Road south past Shea Boulevard.

5.02 OFFSITE HYDROLOGY AND HYDRAULICS

Numerous drainage studies and reports have been prepared in the past that

presented offsi te discharges affecting the Shea Boulevard project. The

drainage reports obtained and reviewed as part of this study are summarized

as References 1 through 7 (see References). The most specific report and the

report utilized in establishing the existing drainage facilities along Shea

Boulevard is "Shea Boulevard Ultimate Design from Scottsdale to Pima Road,

Drainage Report, September, 1982" (Reference 1). Since this report

(Reference 1) was performed there has been upstream development as well as

changes in the ultimate Shea Boulevard design concept. The evaluation of the

offsite hydrology and hydraulics is described below and in Appendix A,

Offsi te Hydrology, and Appendix ~, Hydraulic Calculations as well as Table 1,

Summary of Discharges, and Figure 3, Drainage Area Map.

Preliminary Report Page 4
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Sundance Drive at Shea Boulevard
Sundance Drive north of Shea Boulevard does not have curb and gutter however,
drainage from development adjacent to Sundown Drive flows south along each
side of the road to Shea Boulevard. A peak lOa-year discharge of 48.4 cfs
was computed at Shea Boulevard. The 1982 drainage design report (Reference

1) did not compute a specific discharge for this area.

Shea Boulevard at Sta. 94+72, 10-foot by 2-foot Box Culvert
A total peak lOa-year discharge of 145.9 cfs was computed at this location
including the drainage area along Sundown Drive for this report (see Appendix

A). This discharge agrees with the discharge of 150 cfs computed by
Reference 1.

The 1982 -1983 road improvemen t proj ec t cons true ted two grader dit ches along
the north side of Shea Boulevard to drain flow from the west side of Sundown

Drive to a catch basin at Miller Road and flow from the east side of Sundown
Drive to the la-foot by 2-foot box culvert (Sta. 94+72). These existing

ditches do not have the capacity to convey the computed lOa-year discharges
and have left standing water at this intersection after recent storm events.

The existing ditches will be built over as part of the new road improvements.
The catch basin and 12-inch storm drain at Miller Road has only a 6 cfs
capacity and therefore it was not considered practical to reconstruct a
grader ditch from the west side of Sundown Drive to Miller Road.

The proposed drainage solution at this location involves a 34-inch by 53-inch

oval storm drain pipe along the north side of Shea Boulevard from Sundown

Drive to the la-foot by 2-foot box culvert (Sta. 94+72). An additional new
29-inch by 45-inch oval concrete pipe is also required across Shea Boulevard

adjacent to the existing la-foot by 2-foot box culvert to increase cross road
drainage capacity and reduce upstream backwater. The 34-inch by 53-inch oval

storm drain would intercept the lOa-year storm flow from both the west and

east sides of Sundown Drive with minimum regrading of Sundown Drive, no

surface ditches or channels and no offsit~flow into Shea Boulevard. Due to

the shallow outlet depth, cover, and high tailwater constraints a 53-inch by

34-inch by 200-lineal foot oval concrete pipe is proposed from the 10-foot by

2-foot box culvert to a manhole east of Sundown Drive. From the manhole to a

grated inlet on the west side of Sundown Drive a 30-inch by 60-lineal foot
concrete pipe is proposed. On the eastside of Sundown Drive a drop inlet is

Preliminary Report Page 5



proposed north of a residential driveway connected by 30 lineal feet of 30
inch concrete pipe to the manhole. See Appendix B for hydraulic calculations

of the existing 10-foot by 2-foot box culvert (Sta. 94+72) and the proposed
storm drain system.

Shea Boulevard at Sta. 99+75 and Sta. 111+48

A detailed hydrologic analysis of the drainage to Sta. 99+75 andSta. 111+48

was not wi thin the scope of work of this report. I A detailed hydrologic

analysis was also not performed as part of the 1982 drainage design report

(Reference 1). According to the 1982 report and street improvement design
the culverts at Sta. 99+75 (2 - 12-foot by 3.5-foot box culverts) and Sta.

111+48(6 - 6- foot by 4- foot box culverts) were constructed wi thcapaci ty
approximately equal to the existing downstream channelcapaci ties of 700 to
730 cis and 1,100 to 1,250 cis, respectively.

The hydrologic report referenced and utilized in determining peak discharges

along Shea Boulevard in the 1982 drainage design report (Reference 1) was the
Erikson & Sal~on report, June, 1980 (Reference 4). This report (Reference 3)
computed a peak 100-year discharge at the intersection of Cholla and Hayden
of 2,480 C£s. A review of this report indicates several reasons that the
computed peak discharges may be considered high. The report (Reference 4)
states the assumption of a conservative soil type of Type C and a future

developed condition curve number of 90. The Scottsdale Airport expansion has

also since reduced the effective drainage area assumed as part of the 1980

Erikson & Salmon report (Reference 4). Development since the 1980 report
(Reference 4) has constructed significant detention basins at two known
locations, the Scottsdale County Club Second Nine Holes subdivision and an

unknown subdivision on the north side of Thunderbird Road between 84th Street

and Pima Road.

A second drainage report, Scottsdale Country Club (SCC) Second Nine, May,

1985 (Reference 6) computed peak 100-year discharges at the intersection of

Hayden and Cholla Roads. This SCC report (Reference 6) computed a peak 100

year discharge of 2,778 cfs after accounting for the detention effect through
the proposed SCC subdivision. The SCC report acknowledged that these results

were higher than the previous reports and stated that SCC report methodology

yielded conservative values. The SCC report went on to state that it would

concur wi th a peak 100-year discharge of 2,200 C£s:: at the Hayden/Cholla

intersection. Although detailed review of the SCC report (Reference 6) was

Preliminary Report Page 6
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not possible for lack of documentation, the SCC report also did not model the

recent detention basin constructed on the north side of Thunderbird between

Pima Road and 84th Street and may also have overestimated the effective

drainage area north of the Scottsdale Airport •

Based on the review of the drainage reports described above, we would

estimate 100-year peak discharges of 700 cfs and 1,300 to 1,500 cfs at Sta •

99+75 andSta. 111+48, respectively. The approximately 20 percent reduction
I

of the total 100-year discharge at the intersection of Cholla and Hayden

Roads from the 2,480 cfs to 2,778 cfs reported in previous reports to 2,000

cfs to 2,200 cfs was estimated to reflect the unaccounted for retention,

conservative soil types, curve numbers, and additional drainage area assumed

in the previous reports.

See Appendix A for hydraulic calculations of the existing 2 . 12-foot by 3.5

foot box culverts (Sta. 99+75) and 6 - 6·foot by 4-foot box culverts (Sta.

111+48). The hydraulic calculations indicate that the 2 - 12·foot by 3.5

foot box culverts can convey 700 cfs (QlOO) without any overtopping of Shea

Boulevard. The hydraulic calculations for the 6 . 6-foot by 4-foot box

culverts indicate that there would be minimal overtopping of Shea Boulevard

for a 100· year discharge of 1,300 cfs and overtopping of less than 1- foot

deep on the average for a 100-year discharge of 1,500 cfs. (See

Calculations, Appendix B, p. B-8 - B-lO.) The roadway from this location

(Sta. 111+48) through the Hayden Road intersection is improved to the

ultimate cross-section design.

A review of drainage reports (Reference 1 and 4) by A-N Vest indicated that

the six 6-foot by4-foot box culverts at Sta. 111+48 were designed to match

downstream road crossing capacities. Some shallow flooding over the road was

anticipated and part of the road design at this location. These drainage

condi tions were discussed wi th City of Scottsdale officials and it was

concluded that no addi tional cross drainage improvements were warranted at

Sta.lll+48.

Shea Boulevard at Sta. 118+37, 8-foot by 2-foot Box Culvert

A peak 100-year discharge of 116 cfs was calculated at this location (see

Appendix A). This discharge differs from the peak discharge of 100 cfs

presented in the 1982 report (Reference 1) which was obtained from Reference

3 due in part to changes in drainage area through development. The 8-foot by

Preliminary Report Page 7
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2- foot box culvert can convey this 100-year discharge of 116 cfs without
overtopping of Shea Boulevard (see Appendix B).

Shea Boulevard at Sta. 128+79, 2 - 12-foot by 3-foot Box Culverts

A detailed hydrologic analysis utilizing the Soil Conservation Service TR-20
computer program was performed to determine 100-year peak discharges of 358,
114, 64, and 34 cfs along Shea Boulevard at Sta. 128+79, 82nd Place, 84th
Street, and 85th Place, respectively (see Appendix A,Table 1, and Drainage

Area Map). These peak discharges will be utilized in the design of a channel
or storm drain to intercept and conveyoffsi te flows along Shea Boulevard

from 85th Place (Sta. 150+86.5) to Sta. 128+79.

The 1982 drainage report (Reference 1) presented a lOO-year peak discharge of
509 cfs at Sta. 128+79 based on a 1977 report by Dashney and Associates
(Reference 3). This peaklOO-year discharge was later revised to 288 cfs in
an addendum report (Reference 2).

As indicated in the scope of work section of this report, several drainage

problems exist at this location. Drainage facility improvements are needed
to adequately convey the offsi te as well as pavement drainage along Shea

Boulevard from approximately 85th Place to the existing two 12-foot by 3-foot
box culverts across Shea Boulevard.

Two concrete channels are proposed to be constructed north of Shea Boulevard

from the two 12·foot by 3-footbox culverts (Sta. 128+79). One channel would
proceed north from Sta. 128+79 along the back side of Lots Number 20 and 21

(See Figure 3-1) and along the north side of Lot 21 to the intersection of

82nd Place and Clinton where the channel would cross the intersection in a

12-foot by 3-foot box culvert. This channel would be designed for the 100
year peak discharge of 240 cfs.

The second channel would proceed east along the north side of Shea Boulevard

from Sta. 128+79 to 82nd Place. At 82nd Place the channel would cross 82nd

Place by a 10·foot by 3-foot box culvert. The 8-foot by 3-foot box culvert
would end with a drop inlet that would intercept an existing shallow swale at

the northeast corner of 82nd Place and Shea Boulevard. Two 53-inch by 34

inch oval concrete storm drains would also connect to the 8-foot by 3"foot

box culvert. One 53-inch by 34 -inch oval concrete storm drainpipe would be

constructed along Shea Boulevard to 84th Street. At 84th Street a 33- inch

Preliminary Report Page 8
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storm dra~n would be constructed up to 85th Place. The second 53-inch by 34
inch oval concrete pipe leaving the 8-foot by 3-footbox culvert would 'extend
for 100 feet further east, ending at a drop inlet. This pipe would intercept
the majority of the lOa-year flow of 52 cfs shown as I.D. #5 on Figure B-1.

The design discharges for the storm drain in Shea Boulevard are 26 cfs from

85th Place to 84th Street and 58.8 cfs from 84th Street to 82nd Place. These

storm drain design discharges would allow the majority of the lOa-year peak

offsite flows to be conveyed in thestorn drain pipe. Flow in excess of the
storm drain capacity or approximately 10 cfs would be conveyed in the street

cross-section at a depth of 0.5 feet or less allowing one dry traffic lane in
each direction. Catch basins would be installed at 85th Place, 84th Street,

and 82nd Place to intercept pavement drainage. A catch basin would also be

installed on the south side of Shea Boulevard at 84th Street and connected to
the 53-inch by 34-inch storm drains to intercept pavement drainage. Appendix
B contains the HEC-2 computer hydraulic backwater program input and output
results of the analysis of the concrete channel and the existing and proposed
box culverts, as well as hydraulic computations for the storm drain. Figure
B-1 in Appendix B shows the HEC-2 cross-section locations and proposed

drainage system improvements.

Shea Boulevard at Sta. 164+39, 12-foot by 3-footBox Culvert

A peak laO-year discharge of 185 cfs was calculated at this location for this
report (see Appendix A). This discharge differs from the peak discharge of

. 252 cfs presented in the 1982 report (Reference 1) due in part to changes in
drainage area through development. The 12-foot by 3-foot box culvert has

capaci ty to convey the lOa-year peak discharge of 185 cfs as well as the

original peak discharge of 252 cfs without overtopping of Shea Boulevard (see

Appendix B).

6.0 PAVEMENT DRAINAGE

The Shea Boulevard ul t ima te s tree t improvemen ts were analyzed for the lOa

year frequency storm event, wi th catch basins sized and located to maintain

one dry traffic lane in each direction per City of Scottsdale criteria. The
1982 drainage report (Reference 1) apparently designed and sized catch basins

for the la-year frequency storm event for one dry traffic lane in each
direction. Additional catch basins were required beyond those recommended in

Preliminary Report Page 9
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the 1982 report to meet these 100-year pavement drainage requirements. The

addi tional catch basins and storm drains were generally proposed near wash

crossings of Shea Boulevard to minimize the lengths of new storm drain and to

avoid replacing or supplementing existing storm drains and catch basins.

Existing catch basins at the entrance of 75th Place, Miller Road, and 77th

Place intercept offsi te drainage at these locations before the flow enters

Shea Boulevard. Hayden Road, north of Shea Boulevard also has a series of
I

existing catch basins draining the pavem~nt drainage to the adjacent

channels.

As a result of this report catch basins are proposed at Sundown Drive, 84th

Street, and 85th Place to intercept offsite drainage before entering Shea

Boulevard. Offsite drainage along 82nd Place will also be intercepted by

proposed channel improvements along this street before entering Shea

Boulevard. The catch basins and storm drains proposed to 84th Street and

85th Place were designed to intercept both' offsite drainage and pavement

drainage from Shea Boulevard. As a result, additional hydrologic

calculations for this combined flow were computed (See Appendix D, p. D-7) to

confirm adequate capad ty in the proposed catch basin/storm drain system.

See Appendix D for the pavement drainage and catch basin sizing calculations.

Preliminary Report Page 10
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TABLE 1
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Location and I.D.(1)
Drainage Area

(Acres)

SUMMARY OFOFFSITE DISCHARGES

Peak Discharges
100-Year 10-Year

(cfs) (cfs)
Method of Conveyance

Across Shea Boulevard

'.;

Sundown Drive at
Shea Boulevard

Shea Boulevard
Sta. 94+72

Shea Boulevard
Sta. 99+75

Shea Boulevard
Sta. 111+48

Shea Boulevard
Sta. 118+37

Shea Boulevard
Sta. 128+79

82nd Place at
Shea Boulevard

84th Street at
Shea Boulevard

85th Place at
Shea Boulevard

Shea Boulevard
Sta. 164+39

38.8

130.3<2,)

Undefined<3)

Undefined<3)

73

384

115.0

57.6

25.6

113.6

48.4

145.9

700

1,300-1,500

116

358

114

64-

34

185

28.8

86.6

70.9

148

44

24

13

110.9

Stonn Drain to Sta. 94+72 (Proposed)

10-foot by 2-foot RCB (Existing)

2- 12-foot by 3.5-foot RCB's (Existing)

6 -. 6-foot by 4-foot RCB's (Existing)

1 - 8-foot by 2-foot RCB (Existing)

2 - 12-foot by 3-foot RCB's (Existing)

1 -8-foot by 3-foot RCB under 82nd Place
to Channel to Sta. 128+79 (Proposed)

stor.m Drain and Street Flow to
Sta. 128+79 (Proposed)

stor.m Drain and Street Flow to
Sta. 128+79 (Proposed)

1 - 12-foot by 3-foot RCB (Existing)

(1) See Drainage Area Map.
(2) Includes Drainage Area from Sundown Drive.
(3) Total Drainage Area to Sta.99+76 and Sta. 111+48 is 2,500 Acres.
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TABLE 1

-::::=.

ADDENDUM to "HYDROLOGIC DESIGN FOR
',"

HIGHWAY DRAINAGE IN ARIZONA" April 1975

STEP 1. From the precipitation maps in the manual "Hydrologic
Design for Highway Drainage in Arizona", determine the precipi
tation values for the 6 and 24 hour duration storms for return
periods of 2, 5, 10, 25, 50 and 100 years. Tabulate these values
in Table 1 in the column headed 'Map Values'

NOTE: There is a possibility of making an error while reading the
maps because, (1) a site is not easy to locate precisely on a series
of 12 maps, (2) there may be some slight registration differences
in printing, and (3) precise interpolation between isolines is diffi
cult. In order to minimize any errors in reading the maps, these
values should be plotted on the diagram "Precipitation Depth versus
Return Period" Fig. 1. ;;,,,~

..... t"1' 1 \.I1'C-

'7 \1" . '- - , i, (.., .... ,., ..\ ' ......-.-. ('-" A ...·\
::. r '--.... \(JO~~ - : :,"?~~ \.?1 t.,;" -) ~ .&:71 . .;:..~:.;- J

Steps to be used to determine precipitation values for various dura
tions and return periods.

Return Period Precipitation Values (inches)
(Years)

6 hour duration 24 hour duration

Map Corrected Map Corrected
\ \-\12- Value Value Value Value
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Precipitation Deptr, Versus Return Period for
Part j aI - Durat jon Ser j es

Figure I
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ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RATIONAL METHOD

LOCATION DATA

High;~y 9 he.<X... 8/l/j County A!a~/<!~l?~
L oca tion Su. n d ~tI Jt') Dr',"'e- ()..-I- S'heo. 13JvJ _·~..!....:::::':"'---=--tl '---.:...:::=--

Project No. Station__-'-- _

Name of Stream----------------------,:---

)0 . .l'tJ 6 years

:3<[". <g acres
________~acres
_________acre s

-5 !l.7(J fe e tDrainage Length

Design Frequency

Drainage A rea

DESIGN DATA

Elevation
Top of Drainage A rea
At Structure

Drainage A rea Slope

Precipitation
P = 6-hour
P = 24-hour

DESIGN COMPUTA TrONS

J3YC; feet
/3-62. feet

;:;,05 ::3.~:2.inches-------.;..:.--
-::::::2:..:;,..:;:G:...:;::l:....-.__--:4..:;:tI.n:.:;.~in che s

I ···-···.J,:"j.,
,~

Precipitation Pi = i-hour

Time of Concentration

1l-3

./ . \ ! l

C omputed by__r-::~--~,"-,-A:...,.;;;.~__'-,!11-:...:1_.-_j.._l_t;;..;_;...le..;;.;;5;...../....;,.J_ Date·_~Z....;;,/....;;,/....;;,!:...;/~;;..>~~'T_· _

1··.··.;1..'~,:i
;

I]
IJ
I,'.i.!

0v4

I :j

j

IJ

Rainfall Intensity

Runoff Coefficient

Weighted Runoff Coefficient

Peak Discharge Qp = CiA = 4?.A-cfs
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ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

l e..
i

.,."j

;
.:'-:;

11
:1

1:.".·.·.1.··'J

LOCATION DATA

Highw~y ..s;;),efA.. .Blvd. County A!~/~P!-
Location 3:';;;' '14:-1-72 Q.f shea. 1- J() 1)<.2 ' £o-y/c.,,,,,!u,2-I'f..t
Project No. S.tation _

Name of Stream
----------------------~-~---

DESIGN DATA

)()

I ·········.);j
:.~

I "
....

:.';.;)1)

·B

IJJ

I
}~-·

_'_:J

1'····.··1

\:j

i
;~J

Design Frequency
Drainage A rea

Drainage Length

Elevation
Top of Drainage Area
At Structure

Drainage A rea Slope

Precipitation
P = 6-hour
P = 24-hour

)dC) years
/30,3acres

________acres

acres
-----.5-=-~-=-::=C)-fee t

)3 j?~ feet
)352 feet

;;,tJ 5 .3.22 inches
_;;~~::;;5....::2..:..-__...;.4~,....::{)~i.nche s

DESIGN COMPUTATIONS

Tc

i

//, I ~/fi ~A' t)~ 5-1 } Date
--¥....:...;.~:..-..::_------

/}-4

Weighted Runoff Coefficient

Runoff C oeffi~ient

Rainfall Intensity

Precipitation Pi = i-hour

Time of Concentration

. Peak Discharge Qp =CiA =

Computed by
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ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

I',

I···~•.··..,,

LOCATION DATA

Highwa y -;;~A..::::e;;:.;~--!:.g~ILl~j------C ounty /fhr JC-4{.»<. CO
L oca tion. ---:-------:::---'---~___=
P r oj e ct No. _-'- Station_.::..:.//,~'2':..-:-I--.::::~....:.7__.:....1_-.:2.?'_'X {;l ',£c:. B.
Naxne of Stre axn. _

DESIGN DATA

I ]".1·1__:.J

Design Frequency

Drainage A rea

Drainage Length

~J_O ~J~~_O__years ZUh~1

72.7 acres I,Alh. - Co"""'TY'Ief'CI
-----------~~-acres ;1.,0 /Ie - R- 1-

5?,3 lie - R~:3.5._______-'- a.c re s

3?00 feet

0.39

/3 77feet
1.35& feet

0.39

....:/~,....::;~...:..'.I .:....~_/1....:5'_inche s

;2,/(J '3 <#? 2 inche s
....=...;.2:.:../.::::.=f=.2 .!..4.:..:,o:::;.O:;;:..inche s

Tc

iRainfall Intensity

Thne of Concentration

Precipitation Pi =i-hour

Precipitation
P = 6-hour
P = 24-hour

Runoff Coefficient

Drainage A rea Slope

Peak Discharge Qp = CiA =

Weighted Runoff Coefficient

Elevation
Top of Drainage A rea
A t Structure

DESIGN COMPUTATIONS

I.'.1,J

1;.1

1..~~

1"··3.,.".l

)

~:...o.:.:J

I
I

I'J
1',:.1. -

j

I~i

ItI
Ii
III: -~:;,



• .... • _ .'.0," _.'.. ~O·

)393 feet
J2~5 feet

/0

2. , 0 ~~A inche s
~.::-.--------
_2~.5;:;..:·~:....;...- 4~O~inche s

loG years
/1'3,~ acres

_________acres
_____--:-...,......__acre S

4(~(J() feet

Rainfall Intensity

Time of Concentration

Runoff C oeffident

Precipitation
P = 6-hour
P = 24-hour

Precipitation P l =l-hour

Peak Discharge Qp =CiA =

Weighted Runoff Coefficient

Drainage A rea Slope

Design Frequency
Drainage A rea

Drainage Length

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

Elevation
Top of Drainage Area
A t Structure

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

DESIGN COMPUTA TIONS

DESIGN DATA

LOCA TION DA TA

Highway 5J,e~ 6/tJJ County ..<tt.~/c:.~L CO
IL ocation --"- ---:~...,......":"'"'::'"----

Project No. Statiori Ie 4- .f31j - 1'.2 )( 3 l,f'c/1
Name of Stream. _

/J-h
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.0113 RUN3FFXBECTIDN

STRUCTURE CDNTROL DRAINAGE TABLE MOIST TIME ------------------------- RUNOFF --------------------------------------
ID GPE?ATlDM AREii # COND INCREi'l B£tm~ AMUUNT DURimmJ iHmUNl ELEVATION TIME RATE R?:TE

_,-,JHRL_-l.Hi-n~--..-IINj-.--(HR)-_,_--JI!H.--,_~£!L-. -JPoRl;-,-- .... lCF.5L---Lt3if_'__

XSECT!DN 30 REACH
XSECTIDN 21 ADDHYD

1. 00
ISECTlliN 2:3 RUNDFF .l i) 2 .05 .0 2.27 1.00 1.00
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SU!'iMilRY TABLE 1

ISECi~GN

;,SECTlGN ·26 '. REACH l·PC" 2 " .05 '1
.v~ <- .11

I~ XSECTIO~ 27 . REACH ...... or ··i ~. .05 .0.J .. • ,J I. <-

!.:- .._..;
XSE[;11GN 28 RU:~DFF 1" " 2 .05 j'.

•.!,} i- ••l

'1"-, xSECTHm 29 AuDHYil .15 '2 2 .05 .0
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.. cr X5ETIQN8 RUNDFF .18 2 2 .05 .0 2.71 2.00 1.35 1.1jbl1i.34
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ID OPERATION AREA t COND INCREM BEBIN AMQ~NT DURAflON AMUUNT ELEVATION fiME RATE RATE
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. --, 4LTERN~1£ 1 23.90 5~L ~4 63. (,9 46., b~)

111.3415-3.69
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SU~MARY TABLE 3 - DISCHARGE ICFS) AT XSECTIGNS AND STRUCTURES FOR ALL STORMS ~ND ALTERNATES
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-- AUERNATE 1 38.39 87.04

73.55-

I--...l--.---A~;~I!Q~.:::;~~~;:;;-.:::;,,-;.;:;;:;;-.::~~~-·---,,: ..,--------,---I --------- ----------.
. 1 HlfERNH"iE 1 9{'.S8 198.24 227.b5 173.00

1
_,

....:..~..
"

1'····1-----------.,
J

IJ
It_--'---- _

----------,---,---._---------_.__._------------------------

1.1

I"[---,-----------------,-

If--



I
I
Ii
I
I'
I!

I:
11
Ii
11
11

.,...... J

Ii
IJ
I
Ii
I'
11

11
:.-.'-..J

Ii

.....,

AppendixB



(.. .... [.... ,"" LIt C"",,,' L,,~",~ U"',",,", , .1""" .. ,.1 L"'4,J" ,-l2'Jl..;.£~j 6th" ,-';:.:.i:-l:';:~ 1:: .:;.,:i.,'-~'~'J h,,,-,-).:..~, -\......::~JL.;;;.:L~ ~ -• __.__ " _~_. J .""'.. ~')) ,-,!~c_.:..:..:~.J ;til

-1/<2 .,I c'"'lito (
FI, =.6";4. 4
or' of' j,)c7/(

\x),-

PROJECT: SheA t/~J. 5f-rz 94+72 DESIGNER: Gil- s
£~/5TJ/I/G C/JfJ/JC J ry p/;:/r7DATE:

"- i

HYDROLOGIC AND CHANNEL INFORMATION SKETCH
~ ;; ;::tJ.OO!J7 '/t=f ,Fd...- (j::J.~ 5'2. ro /<>P- ,lfil#})ON: t s~.. 111. 72.

,IN, 3' 3~f n ~ 0.0/7 ~:: I. -5-9-1- EL. I~<AI-v."'(!. '7d ~ C'uf-k/AI. SJd"e.);;: 53.. 0
14-7/'-''''' V ~ 7.4-.f:'ps

AHW= 530k'n' RC~· ~
y~ Sec..)./.. '>-, - Ct:Wlt:Ue../-e.. Cho"rttl (

,50 ' f)"w'Y\ sfrea'r>.

145';'( d>h;> J,~ IfQ1 :; TW, = -L --...- TW::
Q2 = TW2 = EL4f.h to: /73' ;J f -

EL ·8"7( °I • D'ESIGN DISCHARGE. SAY 025 ) MEAN STREAM VELOCITY =
Q2" CHECK DISCHARGE I SAY OliO OR 0100 MAX. STREAM VELOCITY= ,_._

HEADWATER COMPUTATION
Cl

CULVERT z: )-oJ-1I >--, . :;
INLET CONT.· OUTLET CONTROL HW=H + flo -LSo oJ ~ ",l:

DESCRIPTION Q- SIZE ~x
..JU COST COMMENTS1-0

.!:U'! HW K H d dC+D TW h LS HW
I- &kl(ENTRANCE TYPE) Dec 2 0 0 ~ >u

J.,Jtn!j u.J(/ /Is
1J1~'1 /0 'y",.' g.4 o. ?. J,9.c) d,OIS 3.4

:r''nle-J.. (7"'" 0 I(
),.70' ).5f lift' I,£' /,9-0 3.31 IJ/ .~), II.J a I-e r

IAll'''£- t'vez 7:.
O'r Ctt'Y

SUMMARY a RECOMMENDATIONS:
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PROJECT: She~ 11)vd ,S-k... 9.r/+,7:<",,.., DESIGNER: (Elf £
CarY? h/I?ed Ca;'a,(!J/./- £:O's+I"':;' /,0 X:1 ;2c/f:S J 11 /.

4.nl,A/~u.J ;:(9 "X4!ft' Ovt:(./ CClnc:~TeDATE: ~ 2/,'7J>

H,YOROLOGIC AND CHANNEL INFORMATION ,SKETCH, I 9"" I

~ ;(-;, /- s ~ tJ. 066 7 Irl G r Q '" /£0 {'<; .--__ 5~. g 7;.),,0 ~TJ.TI2~; S""k:t. _orr yo. 7.:<
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)/' /
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:.5D D,{ltd'" .G -fY'ea, t?'\ .J -"'----=:::=-=----~"__.l
01 = /4-5: 9 (/00 y'~r) TW, = /,5 --- ,TW ;"5"'
02 = TWz= 170pi So· {J."otJ'l " ~ T

El. • L =~, EI3.z..BjJ
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0 I • O£SIGN DISCHARGE. SAY 0u ) I MEAN STREAM VELOCITY =__°2 • CHECK DISCHARGE. SAY 0110 OR 0 100 MAX. STREAM VELOCITY= ,_,_
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CULVERT : HEAOWATER COMPUTATION ~)-
'I ~_ • .J ......
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. Vel. .= :$.t!f ,pps(flv~ d. :1.4') £r a ~ -:Z? C-~

rAe.. rr~l'o:s;ed f1~AI ::l'l//X4t5II.dv~/d.'::;' i'l.)t:I~_/r;.?~f,~ /1'1 (,cPVIdfJe.j,r-y;,~//?
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J3 VARIABLE CODES FOR SUMMARY PRINTOUT
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PilSE

11

11
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1,1
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SB
Xl
.....
A~

Xl
SR
BR

NC
Xl

GR

Xi
SR
Gp.

Xl
Bf!
BR

Xl
Sli
BR

.000
4.000

.000

5.000
60.100
53.700

.000
6.000

61.100
56.400

7.000
bO.7oo
56.200

8.000
bO.200
5b.200

9.000
58.000
56.000

1.560
.000
.000

9.000
.000

61. 000

.000
7.000
.000

81.000

8.000
.000

62.000

8.000
.000

65.000

8.000
.000

5S.000

.000
1.000

20.000
56.100
56.200

.030

.100
57.100
60.400

.100
56.700
56. bOO

.100
56.200
56.600

b.OOO
57.300
56.900

155.000
.000

55.300

BLOOO
.100

BLOOO

.100
63.000

.100
B1.100

62.000
.100

a1.00D

b5.000
.100

82.000

58.000
6.000

B3.000

10.000
75.000
57.000

94.000
55.700
56.400

.300
100.000
53,900

.000

100.000
54.600
bO.bOO

100.000
55.100
60. bOO

46. (100
54.800
60.900

.000
7S.0.K·

.000

64.000
20.000

102.000

.DOO
100.000
23.000

.000

100.000
21.000
131.100

100.000
19.000
8Z.100

46.000
29.000
83.100

30.000
75.000

.000

43.000
53.400
60.400

.000
100.000
53.900

.000.

iOO.OOO
54.100

.000

100.000
54.600

.000

46.000
544200

.000

.000

.000

.000

.000
41.000

102.100

.000

.000
43.000

.000

.000
37.000

.ov()

.000
3a.000

.000

.000
40.000

.000

52.300
.300
.000

.000
53c300

.000

.000.

.000
56.200

.000

.000
54.500

.000

.OO(!
54.900

.000

.000
54.300

.DOO

.000

.000

.000
56.000

.000

.000

.000
63.000

.000

.000
42.000

.cOO

.000
44.000

.000

.000
48.000

.000

Xl
8R
BR

10.000
58.000
55.400

8.000

59.000

B.OOO
57.300
57.200

59.000
8.000

95.000

2.000
54.700
61. 41}O

37.0JO
31.000
95.100

20.000
54.300

.OM

.000
45.000

.ano

.000
54.600

.000

.000
53.000

.000

12
GR
SR

.000
to. 100

.000
59.750
54.450

.000
9.000

.000

.1)00
77.. 300

.016
65.000

.000
59.550
54.450

.300
89.400
57.450
65.0f)0
89.31)0

.500
28.000
5"?5:rO
5~.450

59.450

.000
28.000

.000
65.100
89.400

.000
29.000

.000
54.450
58.550

.000

.000
"COD

77.100
150.000

.000

.CiUO

.000
57.450

.000

.000

.000

77.200
.000

.000

.coo

.000

.000

113.200
165.000

.000

.000

.000

.000

.DuO
51.170
59.450

.000

.000

.000
113.100
125.800

.000
1009.600

.000

26.000
58.660

110.000
.000

54.770
59.550

26.,000

110.000
.000

101.100
125.700

1004.000

54.770

26.000
54.8bO

54.710

110.000
59.550

165.000
57.770

101. 000
113.700

.000

.000
59.bOO
54.770

10.0(1)

.000

.000
113.600

10.200

L 000 240.000 .000 .000 .000 .000
Begin Main .ash Concrete Channel Marth. Bottom width,S feet. Decrease
DE.'sign 100 Year Discharge to 240 cfs.

10.210 4.000 990.400 1009.600
58.560 990.400 54.B60 996.000

.000
59.850
57.770

6R

eli

!n

Ii
,: . .1

Iij
I~

1

=~

.016
10.220

.01b

.ooe
,fHb
.000

.100

.000
.300
.000

.000 .000

.000 50.000

B-/3

.000

.000
.000 .000

.000
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11
XL 10.230 .000 .000 .1)00 .000 .000 100.000 .000 .30t) .000.1

IJ Xl 10.240 .000 .000 .000 .000 .000 170.000 .000 .510 .000

.,J
Xl 10.250 .000 .000 .000 .000 39.300 .000 .120 .000.GOO

11 Xl 10.260 .000 .000 .000 .000 .000 lOb. 000 .000 .320 .000

Xl 10.270 .000 .000 .000 .000 .000 80.700 .000 .240 .000

I:J Begin 12 Foot by 3 Foot Box Culvert Under 82m! Place
VI 10.280 4.000 994.000 1006.000 .000 .000 3.500 .000 .Ol){) .000~.

Ii X2 .000 .000 .000 59.500 60.250 .000 .OO(} .000 .000 .ooc-
.J SR 60.500 994.000 56.500 994.000 56.500 1006.000 60.500 1006.000 .000 .000

IJ
End Box Culvert

Xl 10.2QO .000 .000 .000 .000 .000 55.000 .000 .1iO .000
X2 .0(11) .000 .(1)0 59.b70 60.420 .000 .000 .000 .0.)0 .000

11 Xl 10.300 4.000 989.500 1010.500 .000 .000 5.000 .00li .000 .GOO
Gli bO.6ul) 989.500 5b.750 989.500 56.750 1010.500 bO.bOO 1;)10.500 .000 .000

I
End Drop Inlet Te Bo~ Culvert and Transition to Existing Main Wash

Xl 10.310 4.000 9139.500 1010.500 .000 .GOO 1.000 .000 .(1)0 .000
SR bO.bOO 989.500 59.250 971. 500 59.250 1008.5OD 60. bOO 1010.500 .000 .000

Ii I4H 3.000 .035 1095.000 .016 1120.000 .035 1260.0(i(} .000 .(1)0 .000
j Xl 14.000 17.000 992.000 1002.000 150.000 150.000 155.000 .000 .000 .000

!iii 64.000 780.000 63.000 B75.000 66.000 G75.000 M.GOO 960.000 62.400 960.000

Ii GR 62.000 992.000 60. BOO 996.000 bO.BoO 99B.000 62.000 1002.01){) 62.100 Wits. GOO
1 SR 62.100 1120.000 62.000 1140.1)00 61.700 1170.000 61.700 1195.000 62.000 1225.000Jj

Gil 62.300 1260.000 6b.OOij 1260.000 .oa\) .000 .000 .voe' .000 .000

11 tlH 3.000 .035 1205.000 .016 1235.000 .035 1390.000 .000 .000 .000
Xl 15.00CI 20.000 9%.000 1006.000 165.000 165.000 190.000 .000 .f}OO .000
6n 65.000 775.000 65.000 795.000 66.000 795.000 66.000 940.000 64.000 NO. 000I) BR 64.000 990.000 62.000 996.000 61.200 998.000 61.200 1000.000 b2.000 1006.000

-~ Gl'\ 63.200 1040.000 bb.OOO 1040.000 6b.OOO 1140.000 63.200 1140.000 63.100 1205.000n

SR 63.100 1235.000 63.500 1320.000 66.000 1320.000 66.000 1390.000 64.000 1390.000

I NH 2.000 .016 190.000 ff'1'" 1280.000 .000 •01}0 .000 .000 .000'Vy.J

End Existing Main Wash

I
Xi 16.000 19.000 995.000 WI0.000 200.000 200.000 200.000 .0Ot} .000 .000
SR 66.000 750.000 65.600 768.000 65.600 790. CIOO 65.100 B36.000 69.000 836.000
E" 69.000 960.000 64.300 960.000 b4.000 995.000 62.300 998.000 62.300 llXiO.OOO·n

SR 64.000 1010.000 64.400 1070.000 64.000 lIlO.OOi) 64.200 1130.000 69.000 1130.0(lO

I BR b9.DOO 1220.000 64.400 1220.000 64.600 1280.\)00 69.000 1280.000 .UOO .000

I
I
I B-/4Iw
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52cfs And Analyse Middle Trio.
12.100 24.000 995.000
61.000 500.000 60.000
66.000 7bO.000 59.600
60.200 900.000 60.200
60.000 995.000 S8.000
66.000 101S.000 b6.000

1.000 52.000 .000
.000 7.100 .GOO

4.000 .016 394.000
13.000 25.000 1000.000
6L400 346.000 61.400
60.500 3~·4. 000 61. 000
60.000 531.000 59.800
62.000 830.000 61. 000
61.200 1110. l)OO ' 66.000

PAGE :;

Surface Flow
1003.000 165.000 140.000 225.000 .000 .000 .000
560.000 59.300 620.000 59.500 b90.00iJ 6b.000 690.00i)
7bO.000 60.000 805.000 66.000 BOS.OOO 66.000 900.000
926.000 60.300 938.000 60.500 950.000 60.300 965.000
998.000 5a.000 1000.000 59.800 1003.000 59.900 1018.000

1150.000 60.000 1150.000 bO.OOO 1200.000 .000 .000

.000 .000 .000 .000 .000 .000 .000

.000 .000 .000 480.000 830.000 .000 .000
0"''' 970.000 .tH6 1040.000 .035 13()().OOO .000...l..J

1040.000 160.000 160.000 190.000 .000 .000 .000
347.000 61. 400 348.000 61.400 350.000 b1.000 378.000
400.000 61.200 420.000 66.000 420.000 h6.000 532.000
550.000 60.000 570.000 60.300 b20iVO'U bO.2DO 720.000
970.000 bO.501) 1000.000 60.500 1040.000 b1.000 1050.000

1110.000 6b.000 1210.000 61.800 1210.000 b2.000 1300.00(}

.000 .000 .000 400.000 780.000 .000 .000

.035 1095.000 .01b 1120.000 ,035 12M3. 000 .000

1002.000 150.000 150.000 155.000 or'" .000 .000• \/V

162.000 61. 900 163.000 61. 900 164.000 61. 9M 165.000
267.000 bb.OOO 267.000 66.000 333.000 bI.s0C 333.000
483.000 61. 90C 528. C100 66.000 528.000 b6.000 635,00{}
680.000 62.()()O b90.000 62.300 715.00;) lIb.OOf) 715.000
875.000 66.000 875.000 6b.C;OO 960.000 62.400 9brJ.OOO
996.000 bO.BOO 9~a.OOO 62.000 1002.000 b2.100 1095.000

1140.000 61. 700 1170.000 61.700 1195.000 62.000 1225.000
1260.000 .000 .Oii!) .000 .OCCI .OO~ .000

.000 .000 • (1)0 .000 .000 .000 0""• vv

66.000
.000

.....
00:20:43

62.300 1260.000
.000 .000

.ooe; 7.10(; •ClOO
4.000 .016 210.000
End Middle Trib. Analysis.

14.000 37.000 992.000
61.900 161.000 . 61.900
61.500 210.000 61.800
61.800 42&.0(1) 61.300
62.000 635.000 62.000
b4. 000 780. 000 63.000
62.000 992.000 bO.900
b2.1DO 1120.000 62.000

Xl
Sli
SR
Gli
SR
SR

IlT
ET
NH
Xl
Gp.
SR
SR
SR
SR

ET
Nfl

I····.,.·-'

1:-'·''i
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1'1
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NOTE- ASTERISK (f) AT lEFT OF CROSS-SECTION NUMBER INDICATES MESSriGE IN SUMMARY OF ERRORS LIST
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HEe2 RELEASE DATED NOV 76 UPDATED HAY 1984
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Shea Blvd Cnannel

SUMMARY PRINTOUT

THIS RUN EXECUTED 01-01-80

I_J

l ·i.J,j
'I

. -~-j

I.·l.-.·..:j
.~j

SECNO

1.00&

2.000

4.00(f

359.00

359.00

359.00

359.00

CWSEL

55.37

55.57

55.66

57.30

CRIWS

.00

.00

0,-,
• v

.00

IJCH

4.53

4.54

4.46

2.61

XLCH

.00

50.00

50.00

75.00

STeHl

16.50

16.50

3D.OO

30.00

STeHR

68.00

ba.GO

73.00

73.00

STEIdel

.00

.00

.00

STEueR

.00

.00

.00

"1\• \Iv

55TA

18.63

l8.b3

.32.b4

.10

ENDST

63.36

63.34

69.47

1'1
\

J

5.000 359.00

b.OOO 359.00

57.37

57.38

.00

.00

1.77

? "..... 11

43.00

100.00 .10

81. 00

63.00 Or,
• V

.t)!) .07 i02.02

31.02

1'··1'j
a.ooo 359.00

57.43

57.50

.00

.00

1;)0. vi)

2.33 100.00

.10

.1f}

62.00

65.00

.00

.00

.00

.or:

II'"'.yO

07

a1. 02

10.220 240.00 50.00 990.40 1009.60 .00 9~1.a9 1008.00

1·,'··1-I

!

I :__J

1\~,J

I]

9.000

10.000

10.100

10.200

10.210

359.00

359.00

359.00

359.00

240.0D

57.53

57.57

57.46

57.62

57.42

57.73

.00

.00

.00

.00

.00

2.67

7.94

7.33

46.00

20.00

28.00

110.00

26.00

6.00

8.00

b5.00

990.40

58.00

59.00

165.00

1ll09.60

.00

.00

.00

.00

.00

.00

.00

.00

3'.97

4.8B

65.04

101.04

992.13

83.02

95.01

B9.30

1"r j'i:..J, ,0

7.40 100.00 990.40 1009.60 .00 991.92 1007.97

I '··
-~,

d

11..I!!J

10.230 240.00

10.240 240.00-
10.250 240.00

58.00

58.ft

.00

.00

7.61

7.56

170.00

39.3G

990.40 1009.60

99;).40 1009.60

.B-j;

.00

; ....•
,~IV

.00

.00

.1);)

'i92.GO

1007.91





01-0HiO OO:20:~4

SEetiD fiLaB QCH

f 15.000 .,. 7n 91.451 • .,jQ

16.000 32.35 103.27

-10.200 .00 359.00

10.500 .00 114.00

,-LOJ_~

10.700 .00 114.00

I~

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

f

10.800 .00 114.00

to. 900 .00 2.00

11.000 2.00 .00

12.100 52.r)O .00

13.000 52.00 .00

14.000 52.00 .00

PAGE If

QRDB VLDB VCH VROB TEUIX C~SEL DIFWSX TOPlm} EUHN ALPHA

141.17 2.45 4.82 2.1b 64.00 63.42 1.02 210.Bl 61.20 1.56

104.39 1. 97 4.35 1.76 6b.00 b4~bl 1.19 230. (ii) b2.30 1.72

.00 .00 5.22 .00 59.45 57.62 -6.99 24.31 54.77 1.00

.00 .00 2.87 .00 59.30 58.02 .40 16.61 54.80 1.00

.00 .M 3.15 .00 59'.55 58.07 .05 16.04 55.05 1.00

.00 .00 4.92 .00 ri. nC' t:"""; 1"'i~ -.10 B.15 55.10 1.00..10.0..1 oJ/.7/

.Oi} .00 4.70 .00 5" n", 58.10 .13 8.16 55.10 1.000.0..1

.00 .00 1'; .00 59.50 cr. rr .45 IS.05 57.50 1.00. "" tJo • ..J""

.00 1. 40 fr1 .00 59.00 53.56 0'" 24.11 58".50 1.00• V . .

.00 2.57 .00 .00 .!i0.00 .cn .:,-, 1.0b 100.58 59.30 • l·...'
';"C~ I.VV

.00 Q"' .00 .00 b2.00 60.45 .83 203.81 59.BO LOu.wl

.00 2.72 .00 .00 6b.~lO
J,J -:-=' 1.30 B4.09 61.30 1.00Ol .. l..l
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Back Cover)

APPENDIX V

Plan and Profile Alternate IIA II (In Enclosure Inside Back Cover)
Plan and Profile Alternate IIA-1 1I (In Enclosure Inside Back Cover)
Plan and Profile Alternate liB" (In Enclosure Inside Back Cover)
Plan Alternate IIC II
Plan Alternate "0"

APPENDIX VI
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APPENDIX VII

Box Culvert Hydraulic Computations for Alternates IIA II , IIA-1 II , "B", and "0"
Hydrograph for Alternate 110 11 Detention Basin
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Channel Cross-Sections Alternates IIA II , IIA-l l1
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PROCEDURES

In order to determine the runoff rates for the 10-, 25-, and laO-year events, the
areas of the various watersheds were delineated on the conventional 111 = 2000'
U.S.G.S. Quadrangle Maps of Paradise Valley, Sawick Mountain, Curry's Corner, and
McDowell Mountains. The areas were also verified by field inspection and examina~

tion of 111 = 400' scale City of Scottsdale aerial photographs.

The hydrology (computations, Appendix II) for the watershed ,areas under study was
, developed on the basis of current Arizona Department of Transportation (ADOT)

standards and procedures. Specifically, Soil Conservation Service (SCS) procedures
were adopted, since the watersheds were all over 0.10 square mile in area. In the
case of Areas 1I1~ and 113 11

, Part II of the ADOT version of SCSprocedure was used, ,
since these were small, and the length/width ratio was at or beyond the lIupper
confidence limit ll (meaning that these computationally function as long and narrow
drainage areas). , For the purposes of developing peak discharges, Part I of the
ADOT version of SCS procedure was used for Area 112 11 , since its length/width ratio
was about average (Le., the watershed functions as an average drainage area).
However, in order to develop storage capacity for one of the drainage solutions
(i.e., Alternate 110 11

) discussed later in this report, Part II was also used for
Area 112 11

, since Part I wi 11 not give an accurate representati on of the total vo1
ume of storm runoff.

Although the soils over the watershed could be classified as Type IIB II , according
to the IiGeMraL_~~lJI~p - t1.aricopa Cou!1tYLArizonaii (see BibliQ.9raphy), the more
conservative ADOT classificatf(:m ofTypellC II _was ad~- e-stiiiialin-g--runoTT
(page 44a of thefr IIHydrologic Design for Highway Dra'inagein Arizona ii

- see Bib
1iography) .

While Type IIC' soils with desert brush of 10% density would yield a SCS curve
number of 89. this was increased to 90 to provide. within the watersheds, for
future developments which could be expected ultjmately to create impervious surr
faces amounting to 20% of the total area. '

The precipitation rates used in the development of the various runoff rates were
those given for'the Phoenix Weather Bureau Office on page 37 of IIEstimated Return
Periods for Short Duration Precipitation in Arizonan (Technical Memorandum WBTM
WR-44 , U.S. Department of Commerce, Environmental Services Administration, Octo
ber, 1969).

The time of concentration for each portion of the watershed was determined by the
average slope, as represented in the middle 1/3 of the respective areas in the
aformentioned 111 = 2000' scale topographic maps.

The water surface elevations created by the 10-, 25-, and 100-year events were
computed by means of the standard-step backwater method through use of a Monroe
1880 computer. Cross-sections of the existing conditions were those from various
,surveys of Collar, Williams & White Engineering Inc. of Scottsdale, Arizona. Gen
erally, these were used with no editing - with the following 'exceptions:

1. The elevations for the cross-sections taken in the main channel at
Desert Cove and Cholla Street were found, after a field check by City
of Scottsdale surveying crews, to be one foot lower than the datum used
along Hayden Road. All survey cross-sectional elevations in the main

-6- c- 4
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Reduction

Point
Pred itation

/.:J.7/I.~oI2./0

/.~11:2.o1-12,t-r..
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DESIGN COMPUXA TION:
Curve Nwnber
Time of Concentration
Peak De sign Discharge

Qp = 484AQ ._
D + .6Tc
2

2 hour

3 hour

~·'i7/t.f/17 @ /!r-a,).. Pd~ry
Computed bY: :....;R....£ Date hoceh 176Q

Storm.
Duration

6 hour
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LOCA TION DA TA:
Highway /kIf/edta' A?oad
Location ~Oo' SCJ{<>/~ of

.Project No. ~-----------Station----~-----........;-

Nam.e of Stream. &rtH 'J -. o/,ctm- Prpso4J/, c4..y('fk;.~

HYDROLOGIC DESIGN DA TA SHEET
SCSMETHOD: :PART II

DESIGN.DATA:
De sign Frequency
Drainage Area
Drainage Length
Elevation

Top of Drainage area·
At Structure

Drainage A rea Slope
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P = 6 hour =
P =24 hour =

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

C om.puted by: ~g~1=.=-_ __' __'__Date b,."h /280

C.-7

Areal

-35-

DESIGN COMPUTA TION:
Curve Nurn.ber
Tim.e of Concentration
Peak Design Discharge

Qp =:tt84AQ __
D + .6Tc
2

StorIn Point
Duration Pred itation

2 hour

3 hour

6 hour
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HYDROLOGIC DESIGN DATA SHEET

S C S METHOD: pART I

I
I
I
I

} 5"'/0

.p~.3.'

0,$

&.2.00

0.82

/.e> I z,!>"7'//og,
';2 .<7:2-

"15aoo

2.o;h.~~s-inches
2S3) 3. J2-I:9.~'1inches

!?cS¢,r f!?rJ.<sb
1<::::'
~

Qp =484AQ::
'Tp

Peak ;Discharge

DESIGN COMPUTA TION:
Precipitation P :: 1 hour:: ~~~kb2.Iz,(.,- inches

Curve Number ~o I&-I~ ddYC'!')~,P~n"")
Runoff Q :: tt:>.zzjl.lO.l;, 76 inche s .'
Time of Concentration Tc l.sS- hours

Time of Peak Tp:: (IC)(Wf) 1:38 hours (FOr //~UO?d).

J . ~'J' /.... 7F = D/., + . Go /c;..p2.'Z,/Z· UrI' /'~

ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

LOCA TIONDA TA: .

Highway I-l.ryu::l..ra Road County h&CJ~~e~
Location .c.baJJ&'. ;>Vc:n7
Project No, Station t<:2g":a=> ( 2~-tn;.

Name of Stream_~A~!?:..tJf;....4:~;,.....2.=--....;....----~------------

Compute d by --'/?~£=_ Date_--'b...:..:::.&o~~;..::<-!z~.:.-"-I..Z....ep..::;...~--

-34- C-,?

:: Zaz/;(??7;/;?Zf;2 C£S

0~ eeo)'l/?>6J17>c).

. DESIGN DATA:
Design Frequency
Drainage A rea.
Drainage Length
Elevation

. Top of Drainage Area
At Structure

Drainage A rea Slope
Drainage Width
Width .factor W f
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P :: 6 hour ::
P :: 24 hour ::

!

i
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90 $.far<: derJ'(;'.A~~7)
/. /5>.... hours
1_.-4/0 '~A,~ ~,P~~)
~-7S-. ~c. .~ ~7S: 417'- 'i?
'5t ± P'~7 ds o/~..,.. ~.8q

Cd-Arac..2'~.v
Peak
Discharge "

l5'/c,
IMtZ
u,9

P"'-S6CV ,8r~>7

/0
c.

J.J..5<:'0"'!.....:2::..:S':::....../'-~/_=a;..;:~::;,. yea r s
__"-'/-./..'7 square mile s
_--L./J""z:....Q""t3~o~ feet

:2. 0 7h.>-z/33 s;- inches
2. $'"3/;;> ./2..1 :f..~~ inches

Areal Direct
Precipitation Runoff

Areal
Reduction

HYDROLOGIC DESIGN DATA SHEET
SCS METHOD: PART II

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION .

Point
Precipitation

....'"',

DESIGN COMPUTA TION:
Curve Nuniber
Time of Concentration
Peak Design Discharge

Qp =484AQ ._
D + ° 6Tc
2

DESIGN DATA:
Design Frequency
Drainage A rea
Drainage Length

Elevation
T opo:! Drainage area,
.A t Structure

Drainage A rea Slope
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation

P = 6 hour =
P = 24 hour =

LOCA TION DA TA :

Highway HCILI M /2 Ro~d
Location C:;,qc.:tus ~d
'Project Noo Station' (oy :/)/4yd~q2
Name of Stream--,A"-<LB:>.<E...:+~_· .....3'---:-- _

-35- c-1

Storm
Duration

2 hour /.72.

6 hour )...0

C omputed bY: ~)?,-;::;;:";......,- Date-..;~~=....,-...J~1;...lG:;;;,:<8:.::o:;......;,.. _

1 hour
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, ~~

. 2,45 in.

,~ (I

LOCA 'IION DA TA ' .hJ I . j DESIGN DA TA
Highway SAe~ , D"lJ.f~Var· Frequency loa years
Location '£?C::rlq /(~. Rd - ?fm~ X?~ P6= ~~2 in. PZ4= ~ 0 in. PI =
Pl:oject No. - 7()'5-:? () , Tall = ;2...:1 I n = d ,.0/5

RUNOFF CALCULATIONS vVe$'1 ~o(.lV'lJ-AI:JT/t5;jeCurb Height =

ARIZONA HIGHWAY DEPARt'MENT
STRUCTURES SEbTioN'. <. " ' ::"
HYDMULICS'BRANc'H'::::", '.":' ..: ..

. .... ."' . 'r ': p ••

PAVEMENT DRAINAGE WORKSHEET

£'"'

Fl'om To L W D.A. C T c I Q OC °T So Sx z/n D T
Station Station ft. ft. ' acr. min. in/hr cis cfs cis !tIft it/ft ft. it.
/Cfff-oO Jt:¢.;.? '7 3(,1 5'a (/.4/ .95 )6 ~,'ti. ;(.~1 --- 2,5''{ 0",001 tJ ..oj :3~3..:J ".31 /5..$'
J0 4.-i:31 /~/";"~o ,339 50 c).~ '7 .95 )0 r;,.~t:; '2.~ ;;?..6 4.4(;. &.(J() ::z I'!'J,O::? :39~.s 0 •.33 /G.5
J ~ J +00 /C)'-/-of' 992 1-J-50 /"0 .95 JI.i!! ~.3 ~.O - ~, () tJ.oo2 (1.0 "J. 33~; t>."37 /f'. £'"
J-6/ ;;,or 142 fllJ ' J'9f? 42-50 (),,9:z .95 /0,7 6.50 :5.(;R - 6.G? O,(}() :l. tJ,fj :2.. 3333 tJ,3G / 8", (J

/4-2 -I- ID 131+,9':3 /tJ?7 50 ),/7 • 95 )".7 ~-4 7.// - 7,11 .'.?,(X)::l,'7 a,o:? '33!E 0.40 ~o.()

/3/-I-o() J:2Q.,t. '0 g'IIJ 12-!:'- tJ rl:2 .95 10 ~ () 0,~(. .5.1? - .5, If'" (J, OtJ~7 cJ,Q :2 "1333 1J.34 17,0
/:;1.2 -/. '10 11 &-!-do 6'7<1 4;;'-53 ) ..0 ,.., .95 !tJ. () tt;,~~ A.!1 - /t;.t9 6· O!)?. 0.0;;1.. 33.3.3 0.31 /9.s.~

It'\. I.NLET CALCULATIONS

\J,
.......

C-4.02 Single
Ibuble

,M It!': AA> r-/-I., .s:'Je 4te""-..
In C //,Ijes $" ~.1e.
AJ?lf

Inlet Type: C-4.01 Single
Double

;;(.1,.,. ;Oed o. :3 j

5'~Mt:ed 0.3 ' .

F !t)'I) t'1 ih-lo ll;F"P)tt.cc on! C),7r>'~-(! I
S"' .......fJe,/ (j, ').'5" '

Station Inlet Type D 01 Oc= 0T - Q i
it.' cis

J.r"l C-Jt5,/~', 1.1'\""
~ !/Il&f-t- 3'1 l-rto,J ...' 6' 0 c;ra..o/-e 0.:3 /.J-J -::; CJ~.::>7 ;;<,0
:, /L'2 +«J ($oJ..F sJ..>'J<!'d .£t-,~ ()•.3'3 4.4r;; . 0 .=;a,q
l /51 f- 63 ~~f/:) 5"1..~/-" <':":1" C). 37 '11. 7 0 (7

/1-2 ~o '1~~../2'32~17~:~/· t),4- 12.? tJ

g ) '3 l!-g3 ~,~.£~3-1;,./j.;=:<' tJ,4IJ 5. 7 /.1/
/) 1,.,,1..-."l:~"3"'/ et .. ~" .I
f:), l':l. '2+ it) 1't".:iJ><2 l:I ') de- J tJ.3.,. G. /~ tJ

, ~ 'j •

\

Ex;sJ c,
,A/~,.~) ~8

#e(.l"'C,

#$Jc.8,
;1/4.' ~.

;.leu; C·

Computed by: 61J5 (j -A/ ?,Je-;;-!) Checkad by: _ Date: C;;/3h
;

. ";.

','oJ' .
'--.;... .-.....

.. .... IBIi
,... ... U'!!II!!\m .. IIIIBl

". '.. ,.
~L/'.., ....." ... - ..... .- - :0
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ARIZONA HIGHWAY DEPARTMENT
, "'f ' " .'

STRUCTURESSECTION·,··'····; . :,.
HYDRAULICS·BRANc'H<>.".:·· ., ...

. .' " . r' _

PA VEMENT DRAINAGE WORKSHEET

6

:;

;), 1-5 in.

DESIGN DATA
Frequency . JJ() years

. J:l6= 3.;).:) in. P Z4= 4,0 in. PI =

T a 11 = :z 4 1 n = '0, (J /~
:-;L - / II~

LOCATION DATA . I j'
Highway 5"hea.. '&'u Ie.. VQ;'. .

Location 5c"Ii~Jt)/e. &f-1~a., K'Cl
Pl'oject No. /f1- /03 -3 ,

~OUr'ljKUNUJ!'j!' {jAL{jULATIUNS f,'ye';;rr
~ -

Fl'Oln To L W D.A. C Tc I 0 Oc °T So S" z/n D TStation Station ft. It. . acr. min. in/hr cis cis ds it/ft ft/ft ft. ft.
I 14-1-t§5 )()7-15'o 3r~ "!2-110 /),7£ • 95 /12,0 tf,~~, d/7t.f So}

4/7~ t?Joo~~ tJJo? 3333 ().B~!i /tb, ::<':
IlJd 7- ;2.6 JO/r5tJ 7~-5 4~.:.~ /,/7 .95 /0, t) &,,65 . 7,31 - ""7, 3 9 tJ,otJ/~ a,c>~ 333":? 0.1-2 J../ ,0
?7 -140 lo~ t;J~ ?~o 42-50 J,"3() • 95 /0.0 r;.tl.tj l?,? - J:2 6.oo';l. o 02 333:S (J.1-2 :2./. ()
7£::.,L0,~ ,P9-11o '/0/'5 4:;-~-? J4-6 .95 JIJ.) r:.l d./ - 8",,1' 0.60':2- CJ,.o~ 333;> 1),.1-:2 ':2/,0

.95

.95

.95
~
Ih I.NLET CALCULATIONS

\]
I

'-.)

C-4.01 Single
Double

C-4.02 Single
D:>uble

Date: i }3)7

Inlet Type:

Checltad by: __-'- _Com putec1 by: 0;lS f!; -.,1/ tJes"i)

Station Inlet Type D °1 Oc= 0T -Oi
it,' ds

///-1-47 C-J-1,!O tJ.. 4~ 4...74 0 ~'"
) lJ() + '3/) '35 J,t .SJ,,'1kd (),4-2 7. 31 '6 V1:-.,,,,,

9'7-ho 41..J];tJ ,f3 t! 111 ().~h $1, ~ D ~Q4

,f' 5-1-20 0''.-15.10 (j,47 f?,{ cJ ~d'
f

. ,

£V,";/ cis
)JeuJCB
II/e-.J cB
£~;:jl. c6

....)\ .
;~ ._.~.'

~ .... ... - ,.,. I11II/I1 IIIIJII.l
,,_2)-'

lII!!III"I Im\'III I'Il!lIl!WJ ~ IIl!IIlI'!P JIt!lIlmf
.
If!!PIIlIII ~

::~
~ IlIIIIIII!!F ~
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ARIZONA HIGHWA Y DEPARTMENT
STRUCTURES, SECTioN" <. " . ':;,
HYDRAULICS BRANCH' ,':', '", '"

,. .."' •.• r • ""
, ,

PA VEMENT DRAINAGE WORKSHEET :; ;

~,.f.5 ' in.

DESIGN DATA
Fr~quency laC) years
P6= E~ 22 in. P Z4= 4,0 in. P I =

oJ 'raIl = :24' n= (Jd)l£"

LOCATION DATA ' LJ I ' . /
Highway 5he~ Oo~e.l./a./"d .
Location 5G<JW-sdo/e.. Rd - A'ma-Rd
Project No. /)1.... ?tJ::2 - ~ ( )

RUNOFF CALC ULA TIONS .t!::4.sf/:S"u.,...,l'( - >~u.;.,~ ;OJ -
Fl'Oln To L W D.A. C T c I 0 OC °T So Sx z/n D T
Station Station ft. it. ' acr. min. in/hr cis cIs ds ftlft it/ft ft. ft.

I ro .f.;. r1~ )d4-J31 30'( ./.0- ~() /).6'0 .95 /1) 6it55 ::J. It:. - 3,/~ ~;()(J / d 1J:l. 33.33 d.3.3 JiA. £
/~ 4-13'7 )~/ -IQ~ 3/4 37-40 o. '2. 7 .95 )tJ ~,~t. ' /.7 :2.~ '4,:(0 tJ,t»/~ t!J.o:z. ~'33.$ tJ,34 /7.IJ

Ie /-/-')5' )J~ '175 )t'5a 3/-5:> 1.74- .95 :2~,o 4.0 7.~
-, 7.0 <::).t70~ ~,o2 3333 IJ.4/ -:;(0.5

J1~+7~ );).'7..).':1.1 ).3~~ 4,5 ),,41 .95 J¢"I! -5,7 "2tbl- 5.0 J:J.i4 tJ.o()?4 0,02 33'33 1),47 .9.~.~

I?9 -1-'2/ )111' -f. tJ7 1114 '317-1''' )t.>(o .95 JI.~ ~.3o £'34- 4,44 )().7R L>.tt?& ~.D-;2. 35~~ tJ,3.f' )Cj

11f?";-0'7 )/& -f3~ J'll 37 t),/6 .95 /0 ~.6~ a, C)¢. CJ C;,,?4 ,/J.dO:l'l 0. 0 :l 3333 I),/? '7
1/4 +-C;-5 )()'7-1-50 '3?!5 4~-9:r ().7 .95 N t,; .05 4./2. () 4.4'2. tJ.tM [1'7 tJ ,tJ:J. 3333 c'J,3 ::2 /tP

tJ,
w

Date: ezlt3b

~e

~'e

SalAtA 5J:/e clrJe'$ ,ntJ..J
,'n".lv.de.... ...s /J e-t.J.JI~dJ:::.~ ,
5 tJ u..jh .5/J<:;. ,

G·4.61 Sin~le

];)e-t:t-b+e

IIiok:

Inlet Type:

Et,<.".,.,t?eJo,~:2; d
:rIo ,,' .£; s', tA. t- h '" I'" f!INy e1-'"

Checkad by: _Computed hy: GilS (;J 'AI ~C:-$'-f)

Station Inlet Type D °i Oc= 0T -Qi
It.' cis

/~4f39
C - )5. /(l'

0.'13 (91(: 0.60 2. t;;'Tn) -::J.() C('~./c.

)f/.,2-1M :30 J.. F 5/0 fledD,w'() 0;34- 4,2 . C) 5a fA

J+;). -17'1 A;IG 5'3:2 a-. -=::2" -1,4/ ::l.r; '!5tJ
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