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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
pavement and offsite drainage facilities. This project will consist 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). Additional 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 within the project including size and location of each

structure.
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3.0 SCOPE OF WORK

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:

l. A frontage road on 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

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

l 2. Drainage problems have occurred near the box culvert crossing of Shea

| Boulevard 200 feet west of 82nd Place. Headcut erosion has occurred

upstreém 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 dischargés to the box culvert and proposed channel
improvements to mitigate drainage problems to the existing residential

l 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 100-year frequency
l storm (Section 3-401, Reference 11.)

{ -~ Catch basin or scupper inlets must.be sized and located in series along a
lj’ guiter grade t.o intercept enough of the longitudinal street flow to limit
; the spread of the flow to the extent necessary to maintain at least one

E dry twelve-foot wide lane for vehicle traffic moving in each direction
i during the peak runoff flow from a 100-year £frequency storm. In
addition, the inlets must be sized and spaced to insure that the

'I _longitudinal‘ street flow at the peak runoff flow rate from 100-year

m . : Preliminary Report Page 2




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 3-501.02, 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 vill 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
altered and influenced drainage patterns and flows to Shea Boulevard.

The Central Arizona Project (CAP) canal and associated flood control
facilitiés form the northernmost drainage area boundary. The extension and
improvements " to Scottsdale Airport 1limit 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 proposéd at the southwest end of the

Preliminary Report Page 3




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 Road 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. A1l 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. v

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 offsite 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,

Offsite Hydrology, and Appendix-B, 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 f£lows south along each
side of the road to Shea Boulevard. A peak 100-year discharge of 48.4 cfs
vas computed at Shea Boulevard. ' The 1982 drainage design réport (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 100-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 improvement project constructed two grader ditches 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 10-foot by 2-foot box culvert (Sta. 94+72). These existing
ditches do not have the capacity to convey the computed 100-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 10-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 10-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 100-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 offsite flow into Shea Boulevard. Due to.
the shallow outlet depth, cover, and high tailwater constraints a 533-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 east side of Sundown Drive a drop inlet is

Preliminary Report Page 5
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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 and Sta. 111448
was not within the scope of work of this report.: 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.
111448 (6 - 6-foot by 4-foot box culverts) were constructed with capacity
approximately equal to the existing downstream channel capacities of 700 to
730 cfs and 1,100 to 1,250 cfs, 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 & Salmon 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 cfs. 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 Read.

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 with a peak 100-year discharge of 2,200 cfs+ at the Hayden/Cholla
intersection. Althbugh detailed review of the SCC report (Reférence 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 and Sta. 111+ﬁ8, respectively. The approximately 20 percent reduction
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 (0100) 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-10.) The roadway from this location
(Sta. 111+48) through the Hayden Road intersection is improved to the
ultimate cross-section design. '

A reviev of drainage reports (Reference 1 and 4) by A-N West indicated that
the six 6-foot by 4-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
conditions were discussed with City of Scottsdale officials and it was
concluded that no additional cross drainage improvements were warrantedvat
Sta. 111+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
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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. 128479, 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 convey offsite flows along Shea Boulevard
from 85th Place (Sta. 150+86.5) to Sta. 128+79.

The 1982 drainage report (Reference 1) presented a 100-year peak discharge of
509 cfs at Sta. 128+79 based on a 1977 report by Dashney and Associates
(Reference 3). This peak 100-year discharge was later revised to 288 cfs in

5 an addendum report (Reference 2).
As indicated in the scope of work section of this report, several drainage
.%1 , problems exist at this location. Drainage facility improvements are needed
- to adequately convey the offsite as well as pavement drainage along Shea
lj Boulevard from approximately 85th Place to the existing two 12-foot by 3-foot
=4 box culverts across Shea Boulevard.
o
I; Two concrete channels are proposed to be constructed north of Shea Boulevard
from the two 12-foot by 3-foot box 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
g from Sta. 128+79 to 82nd Place. At 82nd Place the channel would cross 82nd
1j Place by a 10-foot by 3-foot box culvert. The 8-foot by 3-foot box culvert
vould 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-

rarczror

3
e’

inch oval concrete storm drains would also connect to the 8-foot by 3-foot
l} box culvert. One 53-inch by 34-inch oval concrete storm drain pipe would be
gj constructed along Shea Boulevard to 84th Street. At 84th Street a 33-inch

' : ' : Preliminary Report Page 8 :



storm drain would be constructed up to 85th Place. The second 53-inch by 34-
inch oval concrete pipe leaving the 8-foot by 3-foot box culvert would extend
for 100 feet further east, ending at a drop inlet. This pipe would intercept
the majority of the 100-year flow of 52 cfs shown as I.D. #5 on Figﬁre 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 100-year peak
offsite flows to be conveyed in the storm 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 pévement drainage. Appendix
B contains the HEC-2 computer hydraulic backwater program ihput 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 propoéed
drainage system improvements.

Shea Boulevard at Sta. 164+39, 12-foot by 3-foot Box Culvert
A peak 100-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
capacity to convey the 100-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 ultimate street improvements were analyzed for the 100-
year freqﬁency storm event, with catch basins sized and located to maintain
one dry traffic lane in each directionvper City of Scottsdale criteria. The
1982 drainage report (Reference 1) apparently designed and sized catch basins
for the 10-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
additional 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 offsite drainage at these locations before the flow enters
Shea Boulevard. Hayden Road, north of Shea Boulevard also has a series of
existing catch basins draining the pavement 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 capacity in the proposed catch basin/storm drain system.
See Appendix D for the pavement drainage and catch basin sizing calculations.
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TABLE 1

SUMMARY OF OFFSITE DISCHARGES

Peak Discharges

Drainage Area 100-Year 10-Year Method of Conveyance

Location and I.D,¢®? (Acres) (cfs) (cfs) Across Shea Boulevard

Sundown Drive at

Shea Boulevard 38.8 48.4 28.8 Storm Drain to Sta. 94+72 (Proposed)
Shea Boulevard | | .

Sta. 94+72 130.3¢* 145.9 86.6 10-foot by 2-foot RCB (Existing)

Shea Boulevard

Sta. 99+75 Undefined¢?’ 700 .- 2- 12-foot by 3.5-foot RCB’s (Existing)
Shea Boulevard S

Sta. 111+48 Undefined¢3®’ 1,300-1,500 . 6 - 6-foot by 4-foot RCB’s (Existing)
Shea Boulevard

Sta., 118+37 73 116 70.9 1 - 8-foot by 2-foot RCB (Existing)
Shea Boulevard

Sta. 128+79 384 358 148 2 - 12-foot by 3-foot RCB’s (Existing)
82nd Place at 115.0 114 44 1 - 8-foot by 3-foot RCB under 82nd Place

Shea Boulevard to Channel to Sta. 128+79 (Proposed)
84th Street at 57.6 64- 24 Storm Drain and Street Flow to

Shea Boulevard Sta. 128+79 (Proposed)

85th Place at 25.6 34 13 Storm Drain and Street Flow to

Shea Boulevard : ’ Sta. 128479 (Proposed)

Shea Boulevard ‘ :
Sta. 164+39 113.6 185 110.9 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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~ ADDENDUM to "HYDROLOGIC DESIGN FOR
" HIGHWAY DRAINAGE IN ARIZONA"™ April 1975

]

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

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 lin the column headed 'Map Values'

Gl G/sT

4:’ T, %L\'?‘::

RSS! G b T S

TABLE 1
I] Return Period | Precipitation Values (inches)
(Years) 6 h . .
_ our duration 24 hour duration
Map Corrected Map Corrected
| HZ - Value Value Value | Value
2 C.87 .7 1.2 \.Z |2
5 ‘ 2‘4 \ ’7 117 I-f ; :7 i ‘
[ 3 ~es 7 =,
10 1.4 g Q 7 ¢ "//’ 2*’}‘/’;
25 .26 17 7.4% 51 205
50 7,27 7.4 7.8% %0 5%
Ve I n ; .
100 ‘ L/: q’é ,2;" /":O %f‘vﬁ AYO 410

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. , 4=

HIRTES

~ -~ -
~ - A PN / N \ PSS A - -2
I Wg-rwove= o34i(2,7220 + (5i(24%) < 27




Project No. Station

s

RTIL AU

Precipitation Depth

(inches) |

s

' | | 10 25 50

Return Period In Years, Partial - Duration Series

Figure |  Precipitation Depth Versus Return Period for
Partial — Duration Series '

h-2




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

e’

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

L.LOCA TION DATA

nghway' S%&& 5/I/CZ County_%r/caﬂ{&
Location Sen damyn D oiie acL Shea Al /
Project No. Station
Name of Stream

3 [ =Ry frreatereeri eraiume sl };L:J;z.);_z; R .
N 1
i

DESIGN DATA

4 Design Frequency ' JO oy years

I”: Drainage Area Ay 3g.€ acres

Ap acres

1 : A3 acres
li Drainage Length o 5070 feet

Elevation
Top of Drainage Area J3Pl feet
At Structure 128 2 feet

Drainage Area Slope D, é¢ Te

Precipitation
P = 6-hour ~ 2.5 3.22inches

P = 24-hour 2,82 4.0 inches

DESIGN COMPUTATIONS

PSR

o

Precipitation P; = l-hour /.54 9 48inches I3
Time of Concentration Tc 40,/ minutes "ﬁé/"'l
! Rainfall Intensity i 1.9 3,72 inches/hour ’,gé;‘ )3
Runoff Coefficient Cy 0.F9 (C‘}/ 2 X-~35 Zn '
Cz f‘)/ Q=2 z\/v’—r‘ z-3 /
Cs
! Weighted Runoff Coefficient C
Peak Discharge Qp = CiA = 27.8 45 L ks
*»f ! A :’!,
Computed by =AZ f /d ~A ) es”[j Date ,?/ 2707

Eiliniais

{

J 9>




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

1LOCA TION DA TA .

nghway ——g))ea, Q/\/J " County ﬁ/w/aa,m
Location Qg 74—%2& at Sﬁ:ea_ [~/0'x 2" Bow!Culuzrts
Project No. Statlon

Name of Stream

DESIGN DATA

Design Frequency /0 oL, years
Drainage Area Ay /3 0,3acres
Ar acres
Ag acres
Drainage Length ' 5 250 feet
. Elevation
l1 Top of Drainage Area )3 FC feet
- At Structure )3 52 feet
l{ Draifage Area Slope .6 % %
- : Precipitation
l‘ : ' P = é6-hour : 205 3.2 inches
P = 24-hour ‘ 2e 52 4,0 inches
I% '~ DESIGN COMPUTATIONS
Precipitation P; = l-hour /, 54 2. 4Sinches
Frop,, g 2-13
Time of Concentration Tc 4L0.] minuteslk 2.2oo ?a—u
| . : , ; S Fom Py
g Rainfall Intensity : | i ). ' 3.2 inches/hour Pol 15
Runoff Coefficient Cy 106,32 X 9,27 (‘@A/ =52 K-35 2,,,37
C, 25 LeX O./% CCN =72 émss-aa.[’
C3 A_\CJCO‘:P E&A 9_//1:_;\
Weighted Runoff Coefficient C .25 :VJ 2-2! Ker b
' Peak Discharge Qp = CiA = 7%, 6 /45,9 cts

Computed by A HaAS ﬂ ‘“)\/ }’";“’ ! Date ?//0477
g !




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

.

-’ HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

_' Highway gAea g}uc/ County /%9{3&:,4/97» C‘c;
- Liocation ‘
I Project No. Station__ J//¥ +27 /=F'xa' ReB.
, Name of Stream ‘
l DESIGN DATA
i Design Frequency /O J20 years Zons
IJ Drainage Area A 22.7 acres [2.4Ac = Commbre,
Ao acres *° /)2 - '?‘35
. Ag acres 293 feT 5
IJ Drainage Length ' 3202 feet
i Elevation
IJ Top of Drainage Area )3 7 /feet
) At Structure /3 5 ¢ feet
E .
l*, Drainage Area Slope 0,54 %
5 Precipitation
I: P = 6-hour 2,70 2.22 inches
) P = 24-hour 2 52 Z,00inches
I} DESIGN COMPUTATIONS
Precipitation P; = 1-hour /54 2,45 inches - ;f,:, 213
Time of Concentration Tc - 270 minutes S o |
Rainfall Intensity i 2.% 4./ inches/hour ’:,_-;': -_2"7
L Assevne C/\/“gl‘c"‘
Runoff Coefficient Cy 0.39 5-35 2omiing Sor all
cz a areq / o s ex,_s%
cs co’rnmaf‘c;ﬂ/ Jeuj},,
Weighted Runoff Coefficient C .39 devlen Ia,; M~
Peak Discharge Qp = CiA = .9 1/¢ cfs Q ?M’H ﬁw-m

Computed by (& A5.

/ A - é)&SA Date

-, /\ f‘l{ j"/:’

2/2 /57




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway 5/):’4 6/1/:/ County Ma-ﬂfcoﬁz_ Cf”
Location . 4
Project No. Station /G 4 +39 - )2 ¥ 3’ Lck
Name of Stream '
DESIGN DATA
Design Frequency /0 . /00 years
Drainage Area Ay )3, acres v |
A acres
Ajg acres
Drainage Length ‘ A0  feet
Elevation
Top of Drainage Area )295 feet
At Structure 1265 feet
’ Drainage Area Slope : 2:7] %
Precipitation
P = 6-hour : 2.10 A2 inches
P = 24-hour 2.82 4, ¢ inches

DESIGN COMPUTATIONS

Precipitation P; = l-hour 154 2,451nches 513
Far '1 .
Time of Concentration Tc . 34,6 minutes Kot/
Rainfall Intensity 4 i 2./ 3.59 inches/hour F—'d T 7
. ,)'?0
lg Runoff Coefficient Cy 0465 T /,, B sorl
; C3 f{/f/ /S 2amiry .
’; Weighted Runoff Coefficient C @ron = 1 o3, 4
) _ /\C) Cae {:f‘ /‘:;fn-.»\
Peak Discharge Qp = CiA = //0»9 /.-fgcfs Fry 2-2/
/?!ﬁ, )0

Computed by GAS. . @’M-ZJ&:—»&) Date 7//2 4/?7
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PROCEDURES

In order to determine the runoff rates for the 10-, 25-, and 100-year events, the
areas of the various watersheds were delineated on the conventional 1" = 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 1" = 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 "1% and "3", Part II of the ADOT version of SCS procedure was used, .
since these were small, and the length/width ratio was at or beyond the "upper
confidence 1imit" (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 "2", since its length/width ratio .
was about average (i.e., the watershed functions as an average drainage area).
However, in order to develop storage capacity for one of the drainage solutions
(i.e., Alternate "D") discussed later in this report, Part II was also used for
Area "2", since Part I will not give an accurate representation of the total vol-
ume of storm runoff.

Although'the soils over the watershed could be classified as Type "B", according
to_the "General Soi - Maricopa County, Arizona" (see Bibliography), the more

conservative ADOT classification of Type "C" was adopted for estimating runo

(page 44a of their "Hydrologic Design for Highway Drainage in Arizona" - see Bib- 'T%fi
liography). | C %

While Type "C" soils with desert brush of 10% density would yield a SCS curve gaﬂﬁl
number of 89, this was_increased to 90 to provide, within the watersheds, for 4
future developments which could be expected ultimately to create impervious sur~-

~ 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 "Estimated Return
Periods for Short Duration Precipitation in Arizona" (Technical Memorandum WBTM
gR-44, U.?. Department of Commerce, Environmental Services Administration, Octo-
er, 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 1" = 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. A1l survey cross-sectional elevations in the main

6- C-4
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ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
SCS METHOD: PART I

LOCATION DATA: _ .
Highway 4/, y:/ev:i 12 oo/ County /‘Z//rj'cgm
Location  She. L2, Ly -

Project No. ' Station p50’ Ear e Alryedss

Name of Stream Apsr )

DESIGN DATA: : _
Design Frequency /=) 4&;!}20 years

Drainage Area O UR square miles
Drainage Length 7. feet
Elevation : . ) .
' Top of Drainage area 1295 feet
At Structure )32 feet
Dra1nag.e Area Slope | 0.725 %e 4/ SPoe Lo
Vegetative Cover Type ' 5 L : 0 "f;“"s:‘
Vegetative Cover Density . =) Te
Soil Group ‘ <
Precipitation ‘ '
P = 6 hour = 2.a7/z.s~i;.33" inches
P = 24 hour = 2.83 /3.22/ 4.0 inches
DESIGN COMPUTATION: ' .
Curve Number v ~ §0 / Lot era a’cy«/q"’”dl'?)
Time of Concentration : o.67 hours
Peak Design Discharge 1.C5 [ Aree 2 /Uac»é)
Qp = 48440 - | &87.12 3
D+ .6Tc =7 1 o.ue  cis 8742
> . Y 2 "N PA 4 0.99
| . (aX= Aree, 2 P“"’A
Storm Point Areal Areal Direct Peak
Duration Precipitation Reduction Precipitation Runoff Discharge
30 prm 127/t ecef2.00 L2 fleosz)o osooAUE 7ot /sss
1 hour /.4/('/2,02.12.!.(-. c—//z oziz [ X 030//10/120 77‘//964245'
2 hour /.72/2.05/2.82 [.72/2. /S‘/Z.82. 064//,21//92_ 6‘7/74 /13
3 hour /82/2.27/2.57 1.82/2.27 /297 o35has/ies gg/cz./ 5%
6 hour 2..07/).97/5,;5“ 202/2-57/3,37 /./S“//.éol/zso 29/‘[// 52 R
, - | “"‘/7/45/?‘? @ fra 2 prek - K
Computed by: - Date Llore s 1580 |
I _35- -4
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| ARIZONA HIGHWAY DEPARTMENT
El‘ IR BRIDGE DIVISION
= : HYDROLOGIC DESIGN DATA SHEET
’ : SCS METHOD: PART I
g : LOCATION DATA: )
j: Highway A/é}u%n Lowd County /yar/éo’pq
% Location cos’ S“(VA af Shetes
-Project No. - - Station : : .
' i Name of Stream Drpe, ) & Elsr Brirsadse Ab'i/_gzeamat ‘
) DESIGN.DATA: . _
3 f Design Frequency /,9/2;-//&@ . years _
e Drainage Area _ o e square miles
Drainage Length T aOO feet .
Elevation | , : g m3oP s 320
Top of Drainage area - /274 feet P2
At Structure : : /253 feet .
Drainage Area Slope 2. 25 Te
Vegetative Cover Type - s sn T Bresh
Vegetative Cover Density o %
Soil Group <
Precipitation .
P =6 hour = 2.67/2.¢7 /3.3 inches
P = 24 hour = : . 2.53/3.2/4. 04 _inches
DESIGN COMPUTATION:
Curve Number Zo / For sz J/a‘rm/p,onmy‘)
Time of Concentration . 8)2. hours
Peak Design Discharge :
- Qp = 484AQ . . 4849 &
D+ .6Tc 2l e cfs
!1 2 | |
! Storm Point ' Areal Areal Direct Peak
I Duration Precipitation Reduction Precipitation Runoff Discharge
—“f 20 Mo Q. ,_-7//, o /;_, 0 . .37/ ). b()/ 2./ 6-$‘o/a.79//=/g 4// 94/793
| 1 hour /.é/l/z,oz_/Z.C—C ' /.4/’/2,02./9.44 é.Sor//./oZ/Jo '5"1//7;///0
!i 2 hour |
g; 3 hour
- 6 hour
. Computed by LRE Date . Ao rto /IO

-35- oo




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

.
e U N

HYDROLOGIC DESIGN DATA SHEET

N
r— R v

S C S METHOD: PART I

LOCATION DATA:

! Highway  Yoycten Lpact County /74r/60,ﬁ4; :
o Location__ g Me =Fra=t -
) Project No. Station yo 2 Ao £ 22452
? Name of Stream 4 eozs > - .
"DESIGN DATA:
: Design Frequency o L JO /zg.‘//oo years
. Drainage Area o - o .5g square miles
. Drainage Length ' : - )G OO0 feet
g Elevation _
- " Top of Drainage Area yiyde) feet
- At Structure /252 feet
Drainage Area Slope 2,5 %
; Drainage Width . g L2050 feet
. Width factor Wf : 0. 89
: Vegetative Cover Type " DrseerT Borreshs
; } Vegetative Cover Density /e %
T Soil Group : <
Precipitation .- .
B P =6 hour = v z.oy/é.q/,'{gs' inches
1 P = 24 hour = | 2.53) 3. )2/4.c4inches
| 3 | » |
g DESIGN COMPUTATION: ‘
o Precipitation P =1hour = /.6//2_c2./2,6£. inches
gﬁ Curve Number ' "G [ Fctuns Jay¢/a/pm,,7;>
] Runoff Q= o ol inches _
Time of Concentration Tc /. 5$" hours
Time of Peak Tp = (Tc) (Wr) .38 hours (}5/' Vc/amo'-)_,
Peak Diécharge Qp=8B4AQ=  Jp24.)2-&2 7—P = D/z+ -eTe
Tp :

7} = o5+ 093= )42

= @K&ZZQZQ ;fs
<&osa Boé:///go / )7s0 ) |

.Computed by ﬁg Date S S8

W- x
k meryns o saamersers
eyt ecae e PRE
\ .
S

L]
w
1%
1
0
3




o e ana

LOCATION DATA:
Highway_ALlLy, ez /?oac/

ARIZONA HIGHWAY DEPARTMENT
0 | : BRIDGE DIVISION

. » HYDROLOGIC DESIGN DATA SHEET
' SCS METHOD: PART I

_County /’74/‘/‘@/4

Location éﬁc?‘as Koas/

Project No.

Name of Stream Jdoxq 2

Station o /-4 .‘/A/@Jc:/g)

" DESIGN DATA:
Design Frequency
Drainage Area
Drainage Length
Elevation
Top of Drainage area -
At Structure .
Drainage Area Slope
Vegetative Cover Type
Vegetative Cover Density
Soil Group
Precipitation
P = 6 hour =
= 24 hour =

DESIGN COMPUTATION:
Curve Number
Time of Concentration

Lol /0o - years

). /5 square miles
/Y Heo feet

I ' feet

/2!;?9 feet

2.9 %

D= se e i"«%
ya= %
<

2.07/2.5‘7/3.35" inches
2.5‘3‘/2./2./ 2 o4 inches

= //”: Teere  obraye mcw?')

1 hour c/.A.o 2/2. el

/. /5T hours
Peak Design Discharge /.50 (@ Kraa 2 /.’.n-.al:)
Qp = %S:A%T = 575.9¢ c 57554 Q
¥ .ot Dft+ 22 1S prased
Storm Point .' Areal Areal Direct Peak
!{ Duration Precipitation Reduction  Precipitation Runoff  Discharge
z‘gf

-~
Aa//;>.oz/z,4(, a,zo/g./oj-zo 382/5‘32,/323

2 hour /72 /2.5 2.82.

]

3hour /go/e29/297

Ln/usher seefiarjes 2‘/'3/9&/420

er/213/287 osc/as/as 299/755/ %93

6 hour 2..97/2.s‘7/3. 38

2. 07/2 :7/3 3% )/ 40/2 3o /74;/2;2/ 259.

'_

Computed by: A=

-*}’92/‘-173/730 @ Arse-2 ;daé
" Date /‘74/-45 Yo k=1~

- .

-7
1%
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: ARIZONA HIGHWAY DEPARTMENT
. STRUCTURES SECTION S
HYDRAULICS BRANCH

PAVLMENT DRAINAGE WORKSHEET '

LOCATION DATA . | c/ DESIGN DATA
 Highway S}\e& f)yoﬂ ©Vanr Frequency /00  years o
' Location  _Szufsdale  Kd ~ Soma LOC/ ~ P6 SRR _in. Ppys A0 in. Py= 2,45 in,
Pxo_)ect No. A~ To0F~3 D) 24 ’ n= &~d/§ :
RUNOFF CALCULATIONS Wes=f é:)uﬂ(/(l -/"5f// 5/<J<£Curb Height = ¢ .
From To - L W | DAl C T, I Q Qc | Qr So S5 | z/n D T -
Station Station ft. ft. -acr. min. | in/hr cfs cis cis ft/ft ft/ft 1t, ft.
\Lefrdo  4idi39| 3¢/| 5o | oA/ 5| Jo | 4.68] 259 — |2.5%| 0.0l 0.0 3323| 0.3/ jo
(64439 Jel)+s0 | B39| 5o | 2.37|.95| jo lpcs| ods| o6 |4 44 2.002| #.02) 3333| 0,32| 4. 5
Lo/A00 _JE)tof | F52) sl fo |95 /.8 143 | bt | — |20 puooa di0n| 3324 4.37| 17. 5
/Bl +of 424 | £98\42-%| 0.92|:95 | 5.7 | 6.% 5.8 — | 565 dwwr) s.02|3333|0.36| /8.0
/42410 /31423027 S0 | )7 95| ey | gL | — Zefl | 2.027| 0.02| 3923 0,40 20.0
O /3/-%00 /224 70 | §70 |42-s¢| 4.2 | .95 | fpio | .04l 512 — S 0,0027] 002 | 3223 p.34| 17.6
J o /224 %0 /14 oo 5019263 LoT |-95 1 /a6 | 654 4.6 — 6.89] 6.002| 0.0 ]23332| 0.39] s9.¢
v INLET CALGULATIONS o . ' , | .
Station Inlet Type D Q Q.= Qr - Qy Inlet Type: GC-4. 01 Single
. ft.” cfs Double
. Exist B /o H+ 29 Tw)\é:'?.o Gratde. 0.3/| R,z 055 2,0 T C-4.02 Single
Nen) ;B /L2 )00 j:;: ‘;"){[PJD('% 2.7 A.Lg O Sag J 5 - ) Daugle
o MNow 0B 151483 | 5ty 22 7 7| Bemped 0.3 |
- e 3 \Typen, Lorp | 2. 27| /1.7 2 Mite: Moty Side frea
42 44 MNAG £33~/ 2
| /1/@68 4 o Thpe D, <2 7 0.4 /2.8 9 §“Mfe‘/0 3’ ’ : '?)c/u.n/e.s S 'S
| New .8l 13/483 "’%‘fig‘éﬁ =2 040l 5.7 1.4/ Ftons by ints, 52%Place and dhome el
' /(/eajcg 122+ 70| .m; £33 F=37 0.3¢| s&./7 ' J Sum/:e/ 0,25’
A
Cornputed by; éﬁ's ///'/{/ 4)63‘7[ ) Checkad by: Date: 7//3/77




, . STRUCTURES SDCTION
) : HYDRAULIGS BRANCH

LOCATION DATA

! ! nf -:
ocreans e . Rk
.

 ARIZONA HIGHWAY DEPARTMENT '

PA VEMENT DRAINA GE WORKSHEE T

Shes gm;la,mz/ ;

L

LR

DESIGN DATA

Highway ‘ - Frequency /0 years ' :
© Liocation S/C)Z#gc/o/e_. kd ~ Firma Kd Py= 2.22 in. Ppy= 4o __in. Pi=__ " 2, 45 in,
t . - Y a )
PIOJBC No 703 -~2( ) T . ;24/ . n = 0'@/5
RUNOFF CALCULATIONS }q/es#goa od  Mow /Z /JeCurb Height = & .
From To L w D.A.| C T, I Q Q¢ Qr So Sx z/n D T
Station Station | ft. ft. | -acr. min. | in/hr cfs cis cis ft/ft it/ ft ft, ft.
((446E 107456 | 395 |42-5| 0,78 | 295 | 0 | g4z 24,7422 | 495 don2s| 0,07 | 3333|0504 /6.25
L0t 286  J07759) 728 | 4a<%| )17 | .95 |00 | 665|239 — | 239] 0.0002] 502 33331 0.92 | 2/.0
7 4o 1021287 Tgo|42-5| 130195 | oo | s.65| &2 | — ,?2 4:002 1 0,02 | 3232| o0.42| 2/).0
75468 LI/ Io | jorSlg2-52| 440 |5\l Lol ler | — | &7 o,ooz 0.0213333| o420 2/,0
) . 95 |
V) .95
-
& A .95
&\ INLET GALCULATIONS . X
Station Inlet Type D Qg Q= Qp - Q4 Inlet Type: C-4.01 Single
- ’ ft. cfs Double
£risl CB| y)l w47 | €~180 | o4s| 474 O S .
New CB | ) 0042 | 35 4F Shted | ) 4ol 5 29 5 V] O e e
NewCB | 97400 /n‘,@f /)5331 0 042 2,2 O Sag
EasheBl £ 5290 |18, %0 ' 047 7.1 A
/

Cornputed by: _5 A4S 67'/'/ /\)95'74\

o

Checlked by:

Date: 7/3'%7

wEm Ly — o] m m mxw L] Povemanc



: .ARIZONA HIGHWAY DEPARTMENT '
. STRUCTURES SDCTION N
HYDRAULICS BRANCH |
»PAVLMENT DRAINAGE WORKSHL‘ET_
LOCATION DATA ' DESIGN DATA ' " :
Highway /’)ea go&/e \/Q,fc/ . Frequency /&d years ‘
. Location 5;)0474/§c/a/a L~ Ho #d 3. 22 in. Pyyc_£.0 _in. P=__2.£5  in.
Pxo ect NO CDYPR—- B . _ TR -
J 14 ) 'lall = 24' L, n = ﬂid/.é-
RUNOFF CALGCULATIONS Qs/ﬁww/ /u//, S e Curb Height = & .
From To L w]| D.A.] C T, 1 0 Qc | Qr So Sx | z/n D T
Station Station ft. ft. | -acr. min.| in/hr cfs cfs cfs ft/ft it/ 1t ' ft. ft.
/68400 4443 36/ | 4o-%| 0.60 |- | 4 6.88| 3/| — |3/ | 0,90/ 0,02 3333 233 Jp. 5
Lo #4439 26l 23| 3/4 | 372490] 0.27 |95 | 0 N 5.64) A7 | 2.5 |4.20 | d.w/5| 0.02 | B335 0.34] /7.0
/o428 49378 )fs6 |39 LoZd .95 220l L ¢ | — | 76 | 0.002] 8.02]| 3333 0.4/ | 20.5
)42 475 )2942) | 0388 45 | JA/ 1951 )t/ | 5.7 26#]| S0 |1264|0.0024) p,02|3322]| )47 ]| 23. ¢
9 )29+ NgAF07) meErsal ) o6 | 195 | 16 | G.20| B3F| A4l Jo. 7P\ 0.206 | 002 12233] 4,38 )9
i JIf A0 MG+36| 9l | 37 | 048 | .95 | 10 [ ¢68| 2,94 o | 0.34 0002} 9,02|3333| p,/2| 9
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