
".
-I

I
~,I

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

, .

CITY OF SCOTTSDALE

DOWNTOWN INFRASTRUCTURE MASTER PLAN

VOLUME 3

DRAINAGE STUDY

December, 1986



I
'i
I
I
I
I
I
t
I
I)
I
I
I
I
I
I
I
I
I

1.

2.

3.

4.

5.

6.

Table of Contents

INTRODUCTION

Su/.\MARY AND RECO~lMENDATI ONS

2.1 Summary
2.2 Recommendations

EXISTING CONDITIONS
3.1 Historic Drainage Patter~s and Flooding Problems

3.2 Existing Drainage System

BASIS OF DESIGN
4.1 Hydrologic Analysis

4.1.1 Hydrologic Methods Considered

4.1.2 Description of SWMM Model

4.1.3 SWMM Input Data

4.2 Hydraulic Analysis
4.2.1 Description of Storm Model

4.2.2 Street Drainage Criteria

4.2.3 Detention - Retention
4.2.4 Tailwater Conditions

ALTERNATIVE PROPOSALS

5.1 Drainage Considerations

5.2 Description of Alternatives
5.3 Alternative Levels of Protection

5.4 Alternative Cost Estimates

PROPOSED WORI\S
6.1 Preferred Alternative

6.2 Schedule for Implementation

Page

1

3

3

5

6

6

6

8

8

8

8

9

12

12

12

12

13

14

14

15

16

16

18

18

18



• I

Table of Contents Contld

LIST OF FIGURES
1.1 Study Area

4.1 Summary of Hydrologic Input Data for SWMM
4.2 Precipitation from 2 Hour Storm Distribution

,..

Bl

2

Al
A2
A3
A4

25

19
20
21
22
24

Page

4
4 ;,,

7
\.

9 ;:..-~

10
0.

16
17
17

Alternative A - Drainage System
Alternative B - Drainage System
Proposed Storm Drains

List of Attendees at meeting of April 10, 1986

Hydrology Summary - Alternative B
Hydraulics Summary - Alternative B - Maximum Protection
Hydraul ics Summary - Alternative B - 10 Year Solution
Planning Cost Estimate Alternative B (Proposed)

EXHIB ITS
1
2
3

5.1 Maximum Levels of Protection
5.2 Unit Costs for Storm Drains and Inlets
5.3 Comparative Cost Summary

6.1 Hydrology Summary - Alternative A
6.2 Hydraulics Summary - Alternative A - Maximum Protection
6.3 Hydraul ics Summary - Alternative A 10 Year Solution
6.4 Planning Cost Estimate Alternative A (Proposed)
6.5 Proposed Implementation Schedule

APPENDIX B
B.1

APPENDIX A
A.1
A.2
A.3
A.4

REFERENCES

LIST OF TABLES
2.1 Maximum Levels of Protection
2.2 Comparative Cost Summary

3.1 Summary of Existing Stormwater Drains

I
~ -
I
I
I
I
I
~

"I
I
I
I
I
I
I
I
I
I
I
1\



• I

Page 1

1. INTRODUCTION

1. A description of the existing drainage system.

Task l. 11aster Plan Maps
~

Ta sk 2. Roadway Plans
"

Task 3. Bridge Designs
Task 4. Ri ght-o f-Way

;:;'ff

Task 5. Drainage Study/Plans

This report presents the results of a Master Drainage Study for the downtown
area and specifically includes:

The framework for the redevelopment cif downtown scottsdale is the construction
of a road couplet system to alleviate traffic on Scottsdale Road. This system
will include facilities for necessary street drainage. The planned works
present an opportunity for the City to improve the general drainage in the area
by providing for the integrated drainage of the couplet system and auxiliary

roadways.

2. The basis of design and hydrologic and hydraulic analysis.

4. Proposed works including a planning cost estimates and schedule
for construction.

3. Alternative proposals to upgrade the drainage system.

The study area, shown in Figure 1.1 is bounded by Camelback Road and Chaparral
Road on the north, 68th Street on the west, generally Osborn Road on the south
and Miller Road on the east. The Arizona Canal cuts diagonally across the
northern one-third of this area, creating a barrier to the natural northwest to
southeast drainage. ·With the exception of the strip immediately adjacent to
the northerly embankment of the canal, flooding in the downtown area has been
minor, consisting of temporary inundation of intersections and local flat

street areas.

This Master Drainage Study fulfills the requirements of the first part of Task
5. The balance, Storm Drain Plans, will be finalized after review of this
document by the City and subsequent approval/selection of a preferred

alternative drainage system.

As part of the proposed Master Plan for the redevelopment of Downtown
scottsdale, the City of Scottsdale contracted the services of Boyle Engineering
Corporation to complete the following tasks:
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12. SUMMARY AND RECOMMENDATIONS

~­,.

SUMMARY

South of the canal flooding is limited to temporary inundation of roads causing
inconvenience but no significant damage. Major drains are along Scottsdale and
Thomas Roads and 2nd Street. The Scottsdale/Thomas Road drain is fully
utilized however the 2nd Street drain has excess capacity.

A hydrological analysis of the 5. 10. 50 and 100 year storms has been performed
of the existing and alternative systems usihg the SWMM computer model. This
model is specifically applicable to small urbanized areas. Detention/retention
of stormwater in the study area was not considered applicable because of the
close proximity to Indian Bend Wash, the high cost of land and the incentive
policy for rede~elopment of downtown Scottsdale.

The hydraulics of the proposed system was established using STORM computer
model. This model, based on the Los Angeles County Flood Control Method,
provides a backwater curve analysis for pipelines. Tailwater conditions were
not considered critical because the hydraulic grade of the outfalls was within
2-3 feet of the 100 year event for Indian Bend Hash. Further, the storm
pattern that produces high levels in Indian Bend wash maybe different to that
which produces high runoff on the study area. However peak discharges from the
study area when routed to the Wash. occur before the peak in the Wash.

Two alternative· drainage systems were analyzed to provide choices based on
various levels of protection and cost estimates. Alternative A consists of the
construction of two new outfall drains to the Indian Bend Wash along with new
collector lines connecting to the major trunk and outfall drains. The new
outfalls are along Indian School and Osborn Roads. Under this alternative the
downtown area is divided into five basins as shown on Exhibit 1.

Alternate B consists of the construction of one new outfall drain to the Indian
Bend Wash along Osborn Road together with collector lines to the major trunk
and outfall drains. As this alternate serves larger areas with less nel'l
outfall drains. the maximum level of protection is generally lower than
Alternate A. With this alternative the downtown area is divided into four
basins as shown on Exhibit 2.

The level of protection available to provide one lane free of water in each
direction varies between the alternatives and the basins. With new
construction of outfalls it is possible to provide for the 100 year storm. For
those areas making use of existing outfalls a lower standard is more
practical. All alternatives provide protection for the 100 year storm to floor
levels of buildings that are above street level . The difference in runoff
between the 100 year and the final selected storm \'Iill be conveyed by the
streets. Table 2.1 summarizes the maximum level of protection for-each basin
and aHe rna t ivewi th fullpracticalu,se,.of;;the'ex,istiogi:dra;;jns .

. 'Pa'0I~'C···'3

I 2.1

Drainage of the study area is toward the south-east to Indian Bend Wash with

I direction primarily governed by street patterns. The Arizona Canal blocks flow
. from the north and has. in the past. caused flooding immediately upstream of

its banks. To alleviate this problem the Corps of Engineers has constructed a
side channel and outfall system along Camelback Road for a 25 year storm event.

I
I
I
I
I-
I
I
II

I
I
I
I
I
I



A 25 A 25
B 100 B 25
C 50 C 10
0 50 >c.::r

E 100 D 100

Cost estimates were developed for each alternative drainage segment and level
of protection. The results are summarized in Table 2.2. The costs allow for
the installation of drainage pipes, inlets and connecting pipes and relocation
of. utilities. They do not include any allowance for contingency or engineering
costs.

• r

Table 2.2 Comparative Cost Summary - ($)

100

1,126,900

1,725,950

1,126,900

*

*
*

251,800
1,695,550
1,214,570

705,400
1,098,400

4 ,965,720

251,800
2,044,180

1,098 I 400

AL TERNATI VE B
Basin Protection

(yrs)

Page 4

226,500
1,394,750
1,019,990

565,350
838,950

4,045,540

226,500
1,797,160

985,800
838,950

$3,848,410

Level of Protection (Years)
10 25-50 *5

194 ,400
1,286,150

948,590
547,700
739,600

194,4 00
1,700,160

932,850
739,600

$3,716,440

$3,567,010

ALTERNATIVE A
Basin Protection

(yrs)

Table 2.1 Haximum Levels of Protection (Years)

ALTERNATIVE A
Bas inA
Basin B
Basin C
Basin D
Basin E

TOTAL ALT A

ALTERNATIVE B
Basin A
Basin B
Basin C
Basin D

* 25 Year Maximum

TOTAL ALl B

I..
I
I
I
I
,I

I
I
I
Ie
I
I
II
I
I·
I
I
I
I



Page 5

Remainder
($)

$1,195,110$433,850

1990-1991
($)

$634,310

1989-1990
( $)

$1,126,900

1988-1989
( $)

1987-1988
( S)

$1,057,300

1. It provided the capabilities for a higher level of protection (a
minimum of 50 years for areas below the canal compared to 10 years

for alternative B).

$577,150

1986-1987 "
($)

2. It would eliminate the flooding problem on Indian School Road.

Table 2.3 Proposed Implementation Schedule

3. The costs were not significantly different between the two

alternatives.

-----------------------------------------------------------------------------

-----------------------------------------------------------------------------

-----------------------------------------------------------------------------

An implementation schedule was prepared with Long Range Planning that spreads
the works over the next 5 years plus a remainder. The details are given in

Table 6.5 and summarized below.

The Alternative solutions for drainage of the downtown area were presented to
the City at a meeting on April 10 with several departments (See Appendix B for
attendees). At that time it was decided that Alternative A was the preferred

solution for the following reasons:

2.2 RECOMHENDATIONS
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3.2 .EXISTiNG DRAIHAGE SYSTEM

3.1 HISTORIC DRAINAGE PATIERHS AND FLOODING PROBLEMS

•
L

natural drainage is due
streets south and east,
flow is often split or

street or by overtopping

the canal are located at
Scottsdale/Thomas Roads drain
School Road to a 90" dia. RCP
Bend Wash the system consists

of
The

Indian
Indian

15-45
16-45
17-45
18-45

15-44
16-44
17-44
18-44

STORr·,
STORM
STORH
STORt·\

Existing major drains south and east
Scottsdale/Thomas Roads and 2nd Street.
varies in sizes from 48" dia. RCP north of
at Thomas Road. Along Thomas Road to the
of concrete box sections.

South of the canal the most significant impact on the
to the grid street pattern. Runoff follows the
concentrating at intersections. The direction of
changed by overtopping the crown of an intersecting
the curb.

The collection system upslope of the canal consists of a combination of open
channels, circular pipes, and rectangular boxes, converging near the
intersection of Scottsdale and Camelback Roads. The collected flows are then
transported to Indian Bend Wash in a closed box section. The system was
recently constructed by the Corps of Engineers to eliminate ponding along the
canal up to the 25-year event (as defined by the Corps) and to prevent
overtopping of the canal during the 100-year event.

Details of the existing drainage system are contained in the following Master
Plan Maps (produced for Task 1 in this study) •.

Prior to the construction of the Arizona Canal, the grid street pattern and the
development of the various parcels, drainage in the Downtown Scottsdale area
was from northwest to s~~theast, flowing in a diffuse pattern of shallow swales
from the base of Camelback Mountain to the Indian Bend Wash. With development
of the area, the natural drainage has been altered in several ways. Most
significantly, the raised banks of the Arizona Canal create a barrier to storm
runoff from the northwest, relieving the area southeast of the canal but
causing flooding immediately upstream of the banks.

The downtown area to the southeast of the canal and the areas northwest of the
canal have been free of serious flooding. Drainage problems have been limited
to temporary inundation of intersections and streets with little slope. No
homes or businesses in these areas are known to have suffered major losses due

to stormwater flooding.

I
I
I
I
I
I
I
I
I
I
I
II
I
I
I
I
I,

I
I



...

Page 7

,.

70

6B7 **

80-130
150
170
220
370
330 **

465
30- 66

. 165-220
120-260*

1200 *

Capac ity
(cfs)

48" Dia

48"-54" Dia.
60" Dia.
66" Dia.
72" Dia.
90" Dia.
1-6'x7' Box
2-8' x7' Box
2-6'x6' Box

84" Di a.
30"-42" Dia.
75" - B4 11 0 i a .
54"-72" D1a.
144" Oia.
1- 9.5 ' xlI' Box
2-6.2'x8' Box

Size
( in)To

of a 96" dia. RCP from west of Wells Fargo
Civic Center Plaza underpass is drained by
A summary of the existing major stormwater

2nd Street

Indian Bend Wash 96" Dia.

Scottsdale Rd
Came 1back Rd
Camelback Rd
Camelback Rd
Indian Bend Wash

~\a i n St
2nd St
Osborne Rd
Earll Dr
Thomas Rd .

. Indian Bend Wash

Reach
From

68th St
Highland Ave
68th St
Highland Ave
Scottsdale Road

MILLER ROAD STORM DRAIN
Miller Rd Osborn Rd-----------------------------------------------------------------------------

2ND STREET DRAIN
2nd Street Wells Fargo

SCOTTSDALE/THOMAS ROADS DRAIN
Scottsdale Rd Indian School
Scottsdale Rd Main Street
Scottsdale Rd 2nd Street
Scottsdale Rd Osborn Road
Scottsdale Rd Earll Dr
Thomas Road Scottsdale Road

* Per Corps of Engineers
** Pressure Flow

Table 3.1 Summary of Existing Hajor Stormwater Drains

Came 1bac k Rd
Scottsda1e Rd
Side Channel
Side Channel
Side Channel

CORPS OF ENGINEERS SIDE CHANNEL SYSTEM

Storm Drain

-----------------------------------------------------------------------------

-----------------------------------------------------------------------------

The 2nd Street storm drain consists
Avenue to Indian Bend Wash. The
pumping into the 2nd Street drain.
drains is given in Table 3.1.
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Simulate the effects of retention/detention and improvements to the
storm drain system.

Produce reliable runoff hydrographs for small, highly urbanized
drainage basins.

Route the hydrographs through streets and storm drains, including
partial diversions of flow.

;.'

"

r
j

Allow for ready modification of the input parameters to evaluate
possible alternatives.

BASIS OF DESIGN

IIYDROLOGIC ANALYSIS

I~drologic Methods Considered

Description Of S\1M}\ Computer Hodel

4.

4.1.1

4.1

4.1.2

Several methods exist for determining stormwater runoff for urban areas. Those
considered for this study included the Rational Method, the Soil Conservation
Service's TR-20/TR-55, and the Environmental Protection Agency's Stormwater
Hanagement Nodel (51-1111-1). Of these, the Rational Method was considered too
simplistic for this study, and TR-20 was considered less suitable than SWI1H
because it was originally developed for larger, predominately agricultural
areas. SWHH, on the other hand, was developed specifically for urban areas and
is ab1e to:

SWMM is a hydraulic runoff and routing model. It was developed for the
Environmental Protection Agency in 1970, has been updated by the University of
Florida (1973), the Missouri River Division, Corps of Engineers (1974), and
most recently it has been modified for use on personal computers by Boyle
Engineering Corporation in 1985.

SH/olN models runoff hydraulically by computing excess rainfall from an input
hyetograph and routing it through the watershed using a combination of
Manning's and continuity equations. The watershed is assumed to be composed of
pervious and impervious areas with a Manning's n for overland flow assigned to
each area. Rainfall losses are accounted for by using storage losses for the
impervious and pervious areas along with Horton's infiltration equation for
pervious areas. Hydrographs generated by SWMM may be routed through open
channels, gutters, storm drains and reservoirs.
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Table 4.1 Sunmary of Hydrologic Input Data for S\rnH Hodel

A summary of general input data used in the analysis is given in Table 4.1 with
discussions of the elements following.

As times of runoff concentration are all expected to be less than one hour, a
design storm of two hours was considered appropriate. The design storm
precipitation pattern was derived in the manner used by the Soil Conservation
Service for its design storms (McCuen 1982), ie. the maximum 5-minute intensity
was placed within the maximum la-minute intensity, which in turn was placed
within the maximum IS-minute intensity, etc. This arrangemenLensures that the
design storm will be appropriate for all sizes of draina;.ge..?i:b.a:Sctns. Asummary
of the precipitation data usedi n the:a.nalysis is."giNeR·,l.ni;,J.a,bJe4. Z.

.,Pa'g,e;·;:9>'

(a) Precipitation

,'.

Da ta Va 1ue

4.0 inches/hour
0.4 inches/hour

0.00333/second

0.1 inches
0.3 inches

0.02
0.17

60%
6
~~

::> ...

85%

was obtained from NOAA Atlas II and from the City of
Report Preparation l~anual. Precipitation and intensities
5-minute intervals for time periods of five minutes to two

Sh'HH Input Data

Inpu t da ta to the SHMl1 mode 1 includes:

(a) Precipitation
(b) Ra infa11 losses
(c) Basin geometry
(d) Manning's n for overland flow.

4.1. 3

Infiltration Bate
Haximum
Minimum

Input Parameter

Decay Coefficient

Manning's Resistance for Overland Flow (n)
Impervious Areas
Pervious Areas

Depression Storage
Impervious Areas
Pervious Areas

Percentages of Imperviousness
Resort/Residential, Civic Center
Mixed Office, Commercial, Residential
Spec i aHy Area s

Basic rainfall data
Scottsdale Drainage
were calculated at
hours.
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Infiltration

Page.,.lO

50-year 100-Year25-Year

Incremental Rainfall

10-year5-Year

--------------------------------------------------
%of

Tota1

Precipitation values based on information in NOAA Atl,s II and the City of
Scottsdale Drainage Report Preparation Manual.

Table 4.2 Precipitation from a Two Hour Storm Distribution *

SWMI1 models infiltration using Horton's equation:

f = f + (f. _ ) -ata 1 foe

where: f = infiltration rate (inches/hour);
f. = initial infiltration rate (inches/hour);
fl = final infiltration rate (inches/hour);
aO = decay coefficient (l/sec);
t = time (sec).

Rainfall losses include infiltration and depression storage.

Time
(l1in)

(b) Rainfall Losses

-------------------------------------------------------------------------------
*

-------------------------------------------------------------------------------
o - 5 .2 .003 .004 .004 .005 .006

5 - 10 .2 .003 .004 .004 .005 .006

10 - 15 .6 .009 .010 .012 .013 .015

15 - 20 .6 .009 .010 .012

\.:.iF

.013 .015

20 - 25 .9 .014 .016 .019 .022 .025

25 - 30 .9 .014 .016 .019 .022 .025

30 - 35 2.5 .038 .044 .053 .060 .069

35 - 40 3.3 .050 .063 ,.076 .086 .099

40 - 45 4.7 .071 .082 .099 .11Z .130

45 - 50 6.6 .099 .114 .137 .155 .179

50 - 55 11.2 .170 .196 .236 .267 .309

55 - 60 27.3 .413 .476 .574 .647 .751

60 - 65 15.3 .231 .266 , .321 .362 .420

65 - 70 8.7 .132 .152 .184 .207 .240

70 - 75 5.4 .082 .095 .114 .129 .149

75 - 80 4.0 .061 .070 .084 .095 .110

80 - 85 3.3 .050 .058 .070 .079 .091

85 - 90 1.8 .027 .032 .038 .043 .050

90 - 95 .9 .014 .016 .019 .022 .025

95 - 100 .9 .014 .016 .019 .022 .025

100 - 105 .2 .003 .004 .004 .005 .006

105 - 110 .2 .003 .004 .004 .005 .006

110- 115 .2 .003 .004 .004 .005 .006

115 - 120 .2 .003 .004 .004 .005 .006

----------------------------------------------------------------
TOTAL 100.0 1. 513 1. 751 2.109 2.382 2.760

-------------------------------------------------------------------------------
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Values selected for the infiltration variables were chosen based upon published
data and judgment of conditions in Downtown Scottsdale. The variables are
dependent upon soil conditions and are related to SCS hydrologic soil groups.
Soils in Downtown Scottsdale are hydrologic soil group a, but since research on
desert watersheds indicates somewhat less infiltration for soils of a given SCS
hydrologic group (Pima County, 1979), the soils have been considered by Boyle
as halfway between group B and group C.

The value of 4.0 inches per hour was selected for the beginning of storm
(initial) infiltration rate. Published values from B inches/hour for SCS type
B soils to 5 inches/hour for type C soils have been used in Albuquerque
(Golding, 1980), and from 4.5 inches/hour (B) to 3.0 inches/hour (C) have been
used in Denver (UDFCD, 1985), with 4.0 being about the average of the values.
Sensitivity of SWMM to the initial infiltration value was found to be minimal
within the range of 3.0 to 8.0 inches/hour.

A value of 0.4 inches/hour was used for the final (after saturation)
infiltration rate. This is the average of values for Band C soils as used in
Albuquerque and Denver and as referenced by Tipton and Kalmbach (1985). Also,
the Corps of Engineers in their hydrologic inve~tigations for Indian Bend Wash
(U.S. Army Corps of Engineers, 1973), while using a hydrograph analysis method
for simulating infiltration, used final infiltration rates ranging from 0.37 to
0.23 inches/hour. The selected value of 0.4 inches/hour compares favorably
with the Corps of Engineers values.

A decay coefficient of O.00333/sec was selected. This value is recommended for
short duration, high intensity rainfall of the southwest (Tipton and Kalmbach,
1985) and has been verified in Tucson for urban watersheds with type B soils.

Depression Storage

The percentage of impervious area in each drainage basin was determined based
upon anticipated ultimate development conditions as outlined in the City of
Scottsdale's Downtown Plan (1983). Percentages varied from 60% for
Resort/Residential and Civic Center areas to 65% for Mixed Office, Commercial
and Residential areas to 85% for Specialty areas. These percentages are in
agreement with those used previously by Johnson-Brittain, Inc. (1985).

An impervious area storage loss of 0.10 inches and a pervious storage loss of
0.30 inches was assumed based on recommendations of studies in Albuquerque
(Sabol and others, 1982, and Hydro Science Engineers, 1983) and in Denver
(Denver Urban Drainage and Flood Control District, 1984). The pervious storage
loss value represents a combination of urban lawn and desert landscaping. The
percentage of impervious area without storage losses was assumed to be 20~,

which is slightly less than the SWMM default value of 25:.

(c) Basin Geometry

For each drainage basin, area, slope and a representative width are required.
Areas and slopes were determined from the topographic maps of Downtown
Scottsdale. and representative widths were established by dividing basin area
by the average flow path length.



3. The s tudy"area is.atthe,\:irowep;r',end,ofthe Indian':Bend Hasb basin.
£)efa ininQ:"<TlovlS' ., .. 'in0;'t:triSj"~'~'$!eta'~£''a;Il$Ma,.d.d;;,toth'e''Peak:because run 0 f f'<.~""\_""'lnh +hn ~v~tpm ..

2. Incentives for redevelopment of Downtown Scottsdale.

1. Cost of land required for storage compared to the cost of
conveying runoff to a regional drain of close proximity.

Detention-Retention

Street Drainage Criteria

HYDRAULIC N{ALYSIS

Description of STORM Model

An accepted method of handling stormwater runoff is to a~gment storm drains
with detention/retention storage schemes. In this way peak flows may be
attenuated, generally reducing the sizes of downstream drains. However, the
use of detention/retention in downtown Scottsdale Is not considered practical

because of the following:

4.2.3

In built-uP areas with many storm drains already existing, it is not always
feasible to provide for the 100 year storm and the more cost effective solution
may be a lower standard. Therefore in evaluating the alternatives In the
following section we have established the cost of providing drainage facilities
for various return periods. These have included up to the 100 year event for
new systems and to the maximum practical return period depending on the

capacity of existing systems.

The City of Scottsdale criteria for stormwater flow in any street Is a maximum
depth of 8 inches during the peak runoff from a 100-year storm. For the type
of streets proposed an additional requirement is to maintain at least one dry
lane in each direction during the peak of the 100-year storm.

4.2.2

Following storm drain Slz,ng using 5WMM. another model, STORM, was used to
verify the adequacy of the system. STORM is a storm drain analysis program
based on the Los Angeles county Flood control District's Water Surface and
Pressure and Gradient Program (WSPG). STORM models the hydraulic gradell

ne
in

either open channel or pressure flow situations, analyzes junctions, and
determines hydraulic jumps for mainlines, laterals and catch basin connectors.

4.2

4.2.1

For impervious areas, the SWMM Users Manual (UDFCD, 1985) recommends setting n
equal to 0.02. For pervious areas, n varies with the vegetation. For urban
lawns, an n of 0.25 is' recommended (UOFCD, 1985) and for sparse vegetation
(desert landscaping) an overland roughness' factor It of 0.05 to 0.13 is
recommended (HEC, 1981). For this study, an average value of 0.17 was used.

To use Manning's equation for runoff routing, n values for overland flow were
required for both perviouS and impervious areas. Overland flow n values are
typically higher than values used for open channel flows.

(d) Manning's n for Overland Flow
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Tailwater Conditions

The capacity of the outfalls for the study area start to decrease when levels
in Indian Bend Wash are within 2-3 feet of the 100 year flood. The probability
that a flood of this magnitude will occur in Indian Bend Wash similtaneously
with a major storm on the study area is even more remote. This is because the
peak timing of the storm over the larger area is different to the peak timing
over the smaller area. For Indian Bend Wash basin, a longer duration, less
intense storm would be critical whereas short, highly intense thunder shower
activity is critical on .the study area. Therefore we have assumed that high
tailwaters will not diminish the capacity of the outfal1s for design storms on

the study area.

4.2.4
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5. ALTERNATIYE PROPOSALS

5.1 DRAINAGE CONSIDERATIONS

Camelback Rd Widened from 68th Street to Brown Avenue.

5th Avenue Connected to Stetson Drive, crossing the East Couplet.

the primary major existing drains include the
drain and the 2nd Street drain. At present the
drain is fully utilized and could not accept any
re-routing some of the existing flow. The 2nd Street
and can accept additibnal flow.

a continuous connection from 5th Avenue at Indian
Road to 3rd Avenue at Buckboard Trail, crossing the West
and Scottsdale Road.

Page 14

Separates from Scottsdale Road south of Chaparral Road, passing
through a broken ,"5" curve to follow 70th Street south from
Highland Avenue to 2nd Street before returning through another
"S" curve to Scottsdale Road just north of Osborn Road.

Creates
Sc hoo 1
Couplet

South of the canal
Scottsdale/Thomas Roads
Scottsdale/Thomas Roads
further runoff without
drain has excess capacity

The two general principles that have guided the selection and analysis of
alternative drainage solutions for the downtown area are to utilize the
existing drainage system to its fullest capacity and to carry out drainage
improvements in the same alignment as future road improvements.

The propos~d road improvements for the study area are described below. As far
as practical, the drain improvements follow the same alignments as the roads.

Hest Couplet

North of the canal, drainage improvements must essentially make use of the
existing Corps of Engineers side channels and outfall along Camelback road to
the Indian bend wash. Although alternative levels of protection can be
provided for the couplets and other road improvements themselves) the ultimate
limitation would be the 25 year return period capacity of the Corps outfall.

East Couplet Separates from Scottsdale Road at Earll Drive, passing through
an US" curve to follow Civic Center Plaza north of Osborn Road
to Indian School Road before returning through another "S"
curve to Scottsdale Road south of the Arizona Canal.

Scottsdale Rd Widened between Chaparral Road and the northern end of the East
Couplet and reconstructed at a narrower width and different
lane configuration between Osborn Road and Earll Drive.

Indian School Widened from 66th Street to Hayden Road.

Marshall Way Realigned between lndian School and 3rd Avenue to line up with
Marshall Way so~th of 3rd.

2nd Street Widened from East Couplet to West Couplet; from Miller Road to
75th Street and from West Couplet to just east of 68th Street.

3rd Avenue

I
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5.2 DESCRIPTION OF ALTERNATIVES

Two alternative drainage solutions have bee~ proposed (A and B). Each has been
analyzed for different levels of protection up to the capacity of major
existing drains. The primary difference between the two is that Alternative A
provides for a new major drain along Indian School enabling a higher level of
protection for the study area. Alternative A is shown on Exhibit 1 and B on
Exhibit 2. The proposed works include:

Alterna t ive A

Basin A Two new storm drains are constructed along the West Couplet, one
connecting to the existing side channel and the other connecting to
the existing storm drain along Camelback Road.

Basin B A new storm drain is constructed along Indian School Road draining to
the Indian Bend Wash. Branches are extended along Miller Road, 6th
Avenue, Hinton Avenue, and the(\.J~ Couplet north of Indian School.

~~T .
Basin C The Scottsdale Road storm drain north of 2nd Street is re-routed to

the 2nd Street storm drain and extended to north of 3rd Avenue with
branches along Indian School Road and 3rd Avenue. The 2nd Street
storm drain is extended west of the ~Iest Couplet. Branches extend
north along Miller Road, north along the West Couplet and west along
Indian School Road.

Basin D Branches are connected to the Scottsdale Road storm drain extending
west along Earll Drive and Osborn Road, and northwest along the West
Coupl et.

Basin E A new storm drain is constructed along Osborn Road to the Indian Bend
Wash. Branches drain Miller Road (existing), Hinton Avenue and the
East Couplet north and south of Osborn.

Alternative B

Basin A Identical to Basin A in Alternate A.

Basin B The Scottsdale Road storm drain north of 2nd Street is re-routed to
,the 2nd Street storm drain and extended north of 3rd Avenue with
branches extending west along 3rd Avenue and Indian School Road. The
2nd Street storm drain is extended west of Scottsdale Road and
branches are constructed north along Miller Road, west along 6th
Avenue, west along Indian School Road, north along the East Couplet
and Hinton Avenue.

Basin C Branches are connected to the Scottsdale Road storm drain, extending
west along Earll Drive and Osborn Road, and west and north along the
West Couplet to north of Indian School Road. Other branches are
connected to the West Couplet at Indian School Road and 2nd Street.

Basin D Identical to Basin E in Alternate A.

Page 15
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The storm drain unit costs were developed from recent local storm drain bids
and telephone conversations with a local contractor. Storm drain inlet unit
costs were based on a standard 9-foot long curb opening inlet with a capacity
of 6 cfs costing $1,800 or $300/cfs. This cost was also based on recent local
construction bids.

For the comparative cost estimates presented in this report, the costs of new
storm drain installations were prepared separately from the costs of utility
relocation. The new storm drain construction cost estimates were based on
costs per lineal foot of storm drain by pipe size with an additional inlet
structure cost based on required inflow.

For drainage improvements in built-up areas it is necessary to establish the
costls and feasibility for different levels of protection. Therefore in this
study we have analyzed each drainage section for the 5 and 10 year protection
and up to the maximum feasible capacity while making full use of the existing
major drains. A review of the Alternatives established the following maximum
levels of protection that could be practically established.

.
!

outfall on Camelback Road.

outfall on Came1back Road.

Comments

Table 5.1 Maximum Levels of Protection

Limited by existing side channel and
New System.
Limited by Scottsdale Road drain.
Limited by Scottsdale Road drain.
Nevi System.

Limited by existing side channel and
Limited by 2nd Street drain.
Limited by Scottsdale Road drain.
New system.

ALTERNATIVE LEVELS OF PROTECTION5.3

Basin 1·laximum
Protec t ion

(yrs)

Alternative A
A 25
B 100
C 50
o 50
E 100

Alternative B
A 25
B 25
C 10
D 100

5.4 ALTERNATIVE COST ESTIMATES

Utility relocation costs are much more intangible since they depend on site
specific circumstances. In order to develop a planning level estimate of these
costs, unit rates were developed that are generally similar in magnitude to
storm drain installation costs. They were broken into utility crossing,
utility relocation (parallel) and utility removal (limited to storm drains
where the new drains would be constructed along an existing alignment). These
unit rates are at a reconnaissance level but were felt to be adequate for
comparative cost purposes.
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100

Dra i na ge
Inlets
(S/efs)

1,126,900

1,725,950
*

Unit
Rate
($1 ft)

(Years)
25-50 *

251,800
1,695,550
1,214,570

705,400
1,098,400

Pipe
Diameter
( in)

3,848,410

226,500
1,394,750
1,019,990

565,350
838,950

Level of Protection
105

Unit
Rate
(Sift)

3,567,010
-------------------------------------------------------------

-------------------------------------------------------------

194,400
1,286,150

948,590
547,700
739,600

18 45 60 125 300

24 50 66 135

30 65 72 155

36 70 78 170

42 85 84 225

48 100 90 275

54 110 96 310

Source: 'Recent Storm Drain Bids and Telephone
co,nversation with local contractors
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Table 5.2 Unit Costs for Storm Drains and Inlets

Table 5.3 Comparative Cost Summary - ($)

----~-----~--------------------------------------------------------

-------------------------------------------------------------------

-------------------------------------------------------------------
Pipe
Diameter
( in)

* 25 Year Maxim~m

-------------------------------------------------------------------------------

ALTERNATI VE A
Basin A
Basin B
Sa sin C
Bas i n D
Basin E

TOTAL ALT A'

AL TERNATlVE B
Basin A
Basin B
Basin C
Bas i n D

TOTAL ALT B

...

-------------------------------------------------------------------------------

-------------------------------------------------------------------------------

All cost estimates have been computer modeled for this study such that if unit
rates were to be changed revised results could be readily developed.

Table 5.2 lists the unit costs used in the estimates and Table 5.3 provide a
summary of the utility relocation, pipe and inlet costs for each drainage basin
for Alternatives A and B respectively.
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6. PROPOSED HCRKS

6.2 SCHEDULE FOR COHSTRUCTIC~

6.1 PREFERRED ALTE~~ATIVE

1. It provided the capabilities for a higher level of prote::~JnW(a
ffiinimum of 50 years for areas below the canal compared to 10 years
for alternative 0).

2. It would eliminate the flooding:problem on In~ian School Road .

3.. The costs were not significantly different between the t~o
alternatives.

A~ a meeting with the City. a preliminary schedule for implementation was
e$~ablished. If other schedules are more applicable in the futurl? Table 6.3
can be used to establish the estimated costs. The schedule takes into accour.t
the necessity of constructing outfalls before some of the smaller drains. The
proposed schedule is shown in Table 6.5.

We have also included similar Tables in Appendix A for Alternative B.

Table 6.1 Hydrology Summary Alternative A

Ta b1e 6.2 Hydraulics Summary Al ternative A - Maximum Protection

la b1e 6.3 I~ yCl rau1ics Summary Alternative A - 10 Year S01 u~ i on

Table 6.4 Planning Cost estimate Alternative A (Proposed)

Table 6.5 Proposed Implementation Schedule

On t!1e following Tables we have summarized all the details necessary t) mnage
the proposed system. The proposed works are to be read in conjunction with

Exhibit 3. They are:

7n! Alternative sclut!ons for drainage of the downtcwn 3r~! were ~r~~e~:~j to
the City a~ a meeting with several departments. A~ :~a~ ::~e it ~!~ L2cided
that Alternative Awas the preferred solution for the following reaSQrs:
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TABLE 6.1 Hydrology Summary - Alternate A

I -------------------------------------------------------------------------------
Bas- Pipe Location Hidth Area Imp Slope Runoff - (cfs)

I in tlo. (ft) (acs) ( %) (%) 5yr 10yr 50yr 100yr
-------------------------------------------------------------------------------

I
BASIN A
1 AS West Couplet 680 47 60 .50 45 57 75

2 A4 West Couplet 290 10 80 .48 16 20 25

3 A3 West Couplet 360 10 80 .42 17 21 27
;c.;.

I 4 A2 West Couplet' 340 9 65 .43 14 17 23 :.1

BASIN B

I 1 66 6th Avenue 555 31 65 .58 37 45 71 87

2 64 6th Avenue 390 19 65 .56 24 30 46 56

3 B14 Hi 11 er Rd 150 6 80 .44 9 11 17 20
'.

I
4 B3 Hi 11 er Rd 490 20 65 .40 25 31 49 60

5 B13 Indian School 370 23 65 .38 22 28 45 55

6 BI0 East Couplet 250 17 65 .70 19 24 37 46

I
7 B9 Indian School 270 8 65 .41 12 15 22 28

8 B12 Hinton Avenue 240 18 65 .42 16 20 32 40

BJl,SIN C

I 0 C18 Indian School 415 12 80 .50 21 26 39

1 C16 West Couplet 315 10 80 .49 17 20 31

2 C17 2nd Street 290 18 60 .63 20 25 38

I 3 C14 West Couplet 375 15 60 .55 20 24 37

4 Cl3 2nd Street 390 22 70 .50 26 32 50

5 Cll Scottsdale Rd 410 16 80 .63 26 32 48

I
6 C20 3rd Avenue 310 22 77 .50 23 28 46

7 C19 Indian School 370 16 80 .51 23 28 44

8 C7 Scottsdale Rd 490 19 80 .55 30 36 56

9 C6 2nd Street 500 21 80 .55 31 39 60

I 10 C4 2nd Street 870 30 * 67 1. 90 60 73 112

11 C3 2nd Street 260 15 71 .54 18 22 35

12 C12 I~ill er Rd 490 18 65 .56 26 32 49

I BASIN 0'
1 011 West Couplet 460 15 60 .48 21 26 40

I
2 09 West Couplet 450 19 72 .56 27 33 52

3 016 Scottsdale Rd 170 5 80 .44 8 10 16

4 014 Osborn Rd 500 27 60 . 52 31 33 59
~ .

5 013 Osborn Rd 470 20 78 .43 27 34 53

I 11 012 Earll Orive 405 21 65 .45 24 30 47

12 07 Scottsdale Rd 440 21 80 .40 27 33 52

14 05 Scottsdale Rd 400 16 65 .31 19 24 37

I BAS IN E
1 £9 Ea s t Cou p1et 395 19 80 .46 25 31 49 60

I
2 ElO Osborn Rd 370 20 80 .41 23 29 47 58

3 E5 East Couplet 630 11 80 .50 24 30 45 55

4 E8 Hi nton Ave 790 36 60 .50 44 54 84 103

5 E7 Mill er Rd 310 10 60 .38 14 i ~ '")C ' .

I
1 I L...J

* Pumped from Sump at. 60iicfs"'"
n..., ...., '"' '1 f",.
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Table 6.2 IIJdrau11cs Stmn1ary 1\1 lerna live 1\ - tia,; \.uoo Prolec lion

•• _______________________________________________________________________________________________________ a _______________________________________________

Slope Depth Vel Pipe Locallon SIze Slope
.>

Je LocatIon SI ze Q Q De pt h Vel
( In) (X) (c f s) ( f l) ( fI s) 110. ( In) (1 ) (c f s) ( f l) ( tI s)

-----------------------------------------------------------------------------.-------------------------_._.----------------------------------------------

Sill" 25-Year ( S\JI~H) 01\5111 0 50-Year
~esrcoiipTer--- 46 .30 54 2.8 5.7 U2 Ihomc1S Rd 102 X .47 289 ).8 11. 6

Ilest Couplet 36 .40 29 2. I 5.5 03 Thomas Rd 107 X .06 289 6. I 6.3
Ilest Couplet 46 .65 10I 3.7 8.3 04 " Thomas Rd 85 X .28 310 4.6 11. 4
Ilest Coupl et 46 .65 77 2.6 6.2 05 Scottsdale Rd 90 E .27 ))3 7.7 7.5

06 Scottsdale Rd 72 E .30 298 4.7 12.4
SIll 8 100-Year 07 Scottsdale Rd 72 E .30 256 6.4 P 9. I

Ino Ian Sc 1\00 1 84 .4 ( 362 5.0 12.3 06 Scottsdale Rd 66 E .30 110 10. I P 4.6
Hill er Rd 78 .40 182-225 7.7 p 6.6 09 lIest Couplet 54 .51 93 B.7 p 5.8
6lh Avenue 60 .50 147 5.2 P 7.5 010 lIest Couplet 42 .51 41 6.7 P 4,3
6th flv en ue 60 .50 119 5.2 P 6. I 011 \lest Couplet 42 .57 44 5.3 P 4.6
6th flvenue 54 .40 91 4.0 6.1 012 Ear 11 Drive 48 .46 47 5.9 P 3.7
6th Av en ue 54 .40 9,' 2.6 8.9 013 Osborn Rd 66 .32 112 B.7 P 4. 7
Indian School 60 .50 160 5.0 P 8.1 014 Osborn Rd 48 .4B 60 7.0 P 4.8
Indian School 54 .50 121 4.6 P 7.6 015 Osborn Rd 48 .40 64 5. I P 5. I

0,":' !ast. Co up 1e t'·,~·'~"~ 3{ .50 31-41 2.5 C9 016 Scollsdal e Rd 66 E .30 16 9.5 P 0.7
1, ast Couplet" , 36'· .50 21 2.3 3.6
2 ' Ilnt't)n flvenue.. ------ 36 .50 40 2.6 6.1 llAS III E 100-Year
J 1] nd Ian School 42 .50 56' 3.8 P 5.8 E2 Osborn Rd 84 .25 279 4.3 I\.O

1 Hill er Rd 42 .3G 21 3.1 2.3 EJ Osborn Rd 84 .25 276 5.9 0.0
E4 Osborn Rd 72 .25 172 5.8 6.1

$ JII C 50-Year E5 Eas t Couplet 48 .25 54 4.2 P 4.3

lmIT 96 E · 10 535 11. 1 p ]J.5 E6 East Couplet 42 .58 60 2.4 8.4
h Street 96 E • 10 505 13.0 P 10.0 E7 Hill er Rd 48 E .30 34 \.7 6.6t Street 96 E • 10 47B 14.7 P 9.5 E8 IIlnton Av en ue 60 .33 109 5.2 P 5.6

Street 96 E 1. 06 422 10.1 P 8.4 E9 'East Couplet 42 .50 61 3.2 6.6t treet 90 .69 426 6.4 9.6 El0 Osborn Rd 42 .50 56 3.2 6.0
sd a Ie Rd 60 E .40 166 8.8 P 9.5
sdale Rd 54 E .50 139 9.8 P 8.7
sJ a I e Rd 48 E .35 94 11.2 P 7.5 E ExistIng storm dra In.

:) sdale Rd 48 .56 94 10.0 P 7.5 X Edstlng storm drain - equIvalent pipe diameter.
I sll a I e Rd 42 .50 52 9.6 P 5.4 P Pressure flow - hydraul1c grade below street grad e .
2 er Rd 42 .53 50 4.8 P 5.2 (SII/1H) Analyzed us Ing SIIH/1 anI J.
) Slrl:et 72 .41 191 3,5 6.8
4 t ~oUPlet 5,1 .62 110 3.0 7.4
S ouplet 48 .62 73 2.5 5.6
6 t Couplet 36 .53 33 1.9 4.7
7 Street 42 .48 39 4.9 P 4. 1
~ jan Schoo I 36 .48 40 2.3 7.6
9 a" School 42 .62 44 5.3 P 4.6
0 l- Av en ue 42 .67 46 6.0 P 4.8

P<l!;C 20

"';'

" , .,.....
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Taulc 6.3 Hydraulics Su-narJ ,o,llcrnallvc A - 10 Year Solullon

Vel
( fI s)

Depth
( t l)

Q
( c f s)

Slope
(I)

Size
( I nJ

Pipe Location
110.

Vel
( rJ s)

Depth
( f l)

Q
(c f s)

Slope
(I)

Size
( In)

Je Locallon
._-------------------------------------------------------------------------------------------------------------------------------------------------------

._--------------------------------------------------------------------------------------------~----------------------------------------------------------

; III A (S .... HH) ntis III 0
--VC"S'L"[o up let 42 .30 40 2.6 5.2 Uz-!hcmas fld 102 X .47 198 3. 1 10.5\lest Couplet 30 .40 22 2. 1 5.0 03 Thomas Rd 107 X .06 199 4.8 5.7\lest Couplet 48 .65 7'8 2.8 8.3 04 Thcma s Rd OS X .28 211 3.7 9.9\lest Co up 1e t 42 .65 57 2.5 7.8 05 Scotlsdale Rd 90 E .27 222 5.9 5.9

06 Scotlsdale Rd 72 E .30 199 3.8 10.45111 B 07 Scoltsdale Rd 72 E .30 170 4.4 7.6
~lIlan School 72 .42 192 3.7 10.3 DO Scol t s d a I e Rd 66 E .30 71 5. 7 P 3.0Ii III cr Rd 60 .40 08-114 3.6 7.5 09 .... est Coupl et 42 . 51 60 2.6 7.66th Avenue 48 .50 77 3.9 6. I .010 .... est Couplet 36 .51 27 4. 1 P 3.8

~th Avenue 49 .50 62 3.7 5.1 011 I.'est Coupl et 36 . 57 29 2.6 4.46th Avenue 42 .40 47 2.7 5.7 012 Earll Drive 36 .46 30 2.9 C36th Avenue 42 .40 27 3.2 2.9 0)) Osborn Rd 54 .32 72 3.4 5.5I nd Ian Sc hoo I 40 .50 83 2.7 9.0 014 Osborn Rd 36 .48 39 3.3 P 5.5
6-{~~~a~o~~~~~2.....•.. ~~ .50 63 3.9 5.0 015 Osborn fld 36 .40 40 2.0 7.8

.50 18-23 2.06 5.3 016 Scotlsdale Rd 66 E .30 10 4.6 0.5~.~:hst'~Coupl~(.:_~..·~~;·: 30· .50 12 1.4 3.9
2 hlnlon Avenue 30 .50 20 1.9 4.9 ntis III E
3 i I'ld ian Sc hoo 1 36 .50 28 2.4 4.5 E2 Osborn Rd 72 .25 154 3.3 9.44 lilll cr Rd 24 .36 11 1.1 5.7 EJ Osborn Rd 72 .25 144 4.6 6. I

E4 Osborn Rd 60 .25 90 3.9 5.4
E5 East Coupl et 36 .25 29 2.2 5.296 E .J 0 362 4.0 11.4 E6 East Couplet 36 .58 J3 1.8 7 • 2

96 E .10 350 7.4 7.2 E7 H111er Rd 48 E .30 17 1.2 5.3
96 E • 10 333 7.9 6.6 E8 IIln ton Avenue 48 .J) 54 3.4 4. 7
96 E .06 282 8.6 P 5.6 E9 East Coupl et 36 .50 31 1.8 7.0
72 .69 281 4.2 13.0 EIO OslJo.rn Rd 36 .50 30 1.7 6.9fld 60 E · ~o 123 7.6 P 6.3

Rd 5~ E .50 90 6.6 P 5.7
Rd 48 E .35 62 5.4 P 4.9

0 Rd 42 .56 62 J.5 6.4 E ExIsting storm dratn.
I fld 36 .50 33 3.6 P 4.7 X ExistIng s lorm dra In - eQulv a lent pIpe s 1z e .
2 42 .58 )3 2.8 3.9 P Pressure flo~ - hydraulic grade belo~ street grad e •
J 66 · 41 122 6. I P 5. 1
1 48 .62 70 2.9 7.2
5 42 .62 47 3.2 5.0
6 30 .53 21 2.6 P 4.3
1 30 .~8 25 5.6 P 5.6
8 30 .48 25 1.7 7.0
9 36 .62 28 2.8 4 . 1
0 36 .67 29 2.8 4.2

r.1gc 21
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Table 6.~ Planning Cost Estl.aLe - Alternative A (Proposed)

'5 YEAR 10 YEI\R 25-50 YEAR 100 YEAR

Locallon Lenglh UtIlIty
Co s l

(r t) (\)

Pipe
Co s t
(\ )

Inlet
Co s t
(\)

Tolal
Co s t

( \)

PI re
Co s l

(\)

Inlet
Cost

( 1)

To tal
Co s t

( 1)

PIpe
Co s t

( I )

In 1e t
Co s t

(\)

To tal
Co s l

(S)

PIpe
Cosl

(I)

In 1e t
Cost

(I)

To la 1
Cost

( I )

IlASIH A
\lesl Couplel
....esl Couplet
\lest Couplet
.... est Couplet

250
500
BOO
550

1,500

2,000

17,500
32,500
74 ,000
30,500

4,200
5,100
4,Il00

13,500

23,200
37 ,600
01,600
52,000

21 ,250
J2,500
88,000
46 ,750

5,100
6,300
6,000

17,100

"
27 ,850
38,000
96 ,000
63,850

25,000
35,000
88,000
55,000

6,900
8,100
7,800

22,500

33,400
43,1 DO
97 ,800
77 ,500

163,300 27,600 194,400 1(l8,500 ]4,500 203,000 45,300 251,800TOTAL IlASllI 1\

IlASIII B
Ind Ian School
Hiller Rd.
~th Ave.
6~h Ave.
6~~ Ave.
6~h Ave.
In~lan School
)hd\an School
East Couplet
ElS~ Couplet
1\ toh St.
t dlah School
lit ler Rd.

1950
1320

425
425
400
450
700
670

1200
1100

000
600
500

3,500

40,500
32,900

8,500
17, SOD
10,500
20,500
74 ,000
31,550

27,500

30,000
10,000

263,250
145,200

42 ,500
42,500
28,000
31,500
70,000
56,950
78,000
71,500
40,000
39,000
25,000

7,500
4,200
3,000
5,100
6,000
1,200
3,600
2,100
3,600
3,600
6,600
2,700

303,750
185,600

55,200
63,000
43,600
58,000

145,200
92,200
00,100

102,600
43,600
75,600
] 7,700

302,Z50
165,000

42 ,500
42,500
34,000
38,250
70,000
67,000
78,000
71 ,500
52,000
42,000
25, DOD

9,300
5,400
3,600
6,]00
7,200
1 ,500
4,500
2,700
4,500
4,500
8, ~oo
3,]00

226" SOD

342,750
207,200

56,400
63,600
50 ,ODD
65,950

145, SOD
103,150

80,700
103,500

56, SOD
00 ,~OO

38,300

438,750
204,600

53 ,125
53,125
40,000
45,000
87 ,500
7],700
84,000
77,000
56,000
51,000
J2 ,500

14,700
8,400
5,400

10,200
11,100
2,400
6,600
6,900
4,200
7,200

13,500
5,100

479,250
252,200

70,025
76,025
60,700
76,600

163,900
111,950
90,900

108,700
63,200
94 ,500
47 ,500

08,750
204,600

53,125
53,125
44 ,000
49,500
87 ,500
73,700
84,000
77 ,000
55,000
51,000
32,500

10,000
10,800

6,000
12,600
13,500
3,000
B, 400,
8,700
5,100
9,000

15,500
5,000

479,250
255,500

72,425
76,525
67 ,100
83,500

154,500
113,750

92,700
109,500
65,000
97,500
48 ,500

933,400 49,2001,286,150 1,030,000 61,200 1,39~,750 1,295,300 95,700 1,695,550 1,304,800 117,600 1,725,950

10 ,500

178,300
15,900
4,800
1,200

63,700
71 ,400
69,950

248,000
88,750
91,500
67,400
70,950
67,700

, 77 ,010
87 ,500

1, BOD
15,900

4,800
1,200
2,700

14,400
14 ,700
15,000

8,100
3,000
9,300

11,400
10,200

7,500
9,000

10, SOD

60,000
51 ,000
55,250

198,400
70,400
70,000
58,100
43,960
56,000
68,510
42 ,500

16B,750

6,000

125 ,800
9,900
2,700

600
53,500
57 ,600
64 ,850

217,000
79,650
79,000
59,950
63,920
59,500
62,220
77 ,000

6,000

1 ,800
9,900
2,700

600
1,500
9,600
9,600
9,600
5,400
1,000
6,000
7,500
6,000
4,000
6 , 00 a.

51 ,000
42,000
55,250

172,800
64,000
59,500
53,950
40,820
52,000
56,420
35,000

116,250

4,800

110,800
7,200
2,100

300
53 ,200
52,000
62,150

202,400
69,150
69,000
59,050
62,420
58, ]00
61,320
73 ,600

I ,800
7,200
2,100

300
1,200
7,800
6,900
7,800
4,500
1,500
5,100
6,000
4,000
],900
5,100

4,800

51,000
39,000
55,250

160,000
54,400
49,000
53.950
40,B20
52,000
56,420
J2,500

101,2507,750

15,600
1, SOD
1,000

36,000

1, DOD
6,000

34,600
10,250
18,500

303,550

14~0

600
690
565
750
658
644
130
600
600
650

1280
6·\ 0
700
1130
62B
800
B06
500

IlAS III B

-----------------------------------------------------------------------------------------------------
TOTAL BI\S III C 132,200 745,590 70,800 948,590 790,990 88,000 1,019,990 9~2,870 139,500 1,214,570

l'<l~C 22
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J28A.CAL 1abll! 6.~ Cont· d PlannIng Cosl Estl.all! - Alll!rnatlvl! II

._------------------------------------------------------------------------------------------------------------------------------------------------------
5 rEAR 10 rEAR 25-50 rEAR 100 rEAR

Loca lion Length Uti Illy PIpe I n let To t a I Pipe Inlet To tal PIpe J n 1et To t aI Pipe In 1e l To l a1
Co s t Co s t Co s l Cost Cost Co s t Co s t Cost Cost Co s t Co s t Cost Cost

(fl) (lJ (\ ) (\ ) ( \ ) ( I) (\ ) (I) {\J (\ 1 ( \ ) {\l (\) (Il
--------------------------------------------------------------------------------------------------------------------------------------------------------

IlASIII 0
Thoma s Rd. 350
Thomas Rd. 1600
Thoma s Rd. 2200
Scottsdale Rd 980 5,700 5,700 7,200 7.200 II ,100 11,100
Scoltsda Ie Rd 450 1.200 1,200 1,500 1,500 3,000 3,000
Scottsdale Rd 1300 7,500 7,500 9,300 9,300 IS. 000 1 5 • DO 0
Scottsdale Rd 320 1.800 1,000 2,700 2,700 4,800 4.000
\lest Couplet 950 12 ,250 00,750 4.800 97 ,800 00.750 6.000 99,000 104 ,500 9.000 125,750
"'est Couplet 400 7,250 3 1,200 1,200 39,650 33,600 1,200 42,050 40,800 1.500 49.550
We s t Co up let 350 6,500 22,750 6,300 35,550 24 ,50 a 7,000 38,800 29,750 12,000 48,250
~arll Or. 700 6,500 49,000 5,400 60,900 49 ,0 00 6,600 62,100 70.000 10,200 06,700

1""" Rd.

830 95,700 91,300 8,100 195,100 91,300 10,200 197,200 11 2 ,050 15,900 223,650
sborn Rd. 550 16,000 38.500 2,400 56,900 38,500 3,000 57,500 55,000 4,800 75,800
born Rd. 250 20,000 17 ,500 6,900 44,400 17,500 8,400 45,900 25,000 12,900 57,900

toUsdale Rd 1054 1 ,200 1,200 2,100 2,100 3,900 3,900
--------------------------------------------------------------------------------------------------

OrAL IlASlll 0 164,200 331,000 52,500 547,700 335,150 66,000 565,350 579,390 104,100 705,400

I\SIII E

~orn Rd. 1500 202,500 202,500 232,500 232,500 337,500 337,500 337,500 337,500
orn Rd. 650 15,000 87,750 3,300 106,050 100,750 4,200 119,950 146,250 6,300 167,550 146,250 7,800 169,050
orn Rd. 660 5,500 56,100 3,300 64 ,900 02,500 3,900 91 ,900 102,300 6,300 114,100 102,300 7,800 115,600IC"p1.,

850 5 I ,500 59,500 3,600 114,600 59,500 4,200 115,200 85,000 6,600 143,100 85,000 8,100 144,600
J;ouplet 400 9,000 26,000 3,600 36,100 28,000 4,200 41 ,200 34,000 6,900 47 ,400 34,000 8,400 48,900

er Rd. 700 4,200 4,200 5,100 5,IOQ 7,500 7,500 9,300 9,300
on St. 800 1,500 68,000 6,600 76 , 100 80,000 8,100 09,600 80,000 13,200 102,700 100,000 15,300 116,800

$ touplet 600 3,000 39,000 7.500 49,500 42,000 9,300 54 ,3 00 51,000 14,700 68,700 51,000 18,000 72,000
b rn Rd. 050 21 ,000 55,250 6,900 83 ,150 59,500 0,700 89,200 72 ,250 14,100 107,350 72 ,250 17,400 110,650

3,037,390 298,200 4,045,5~0

orAL BASlll E
I

TOlAL ALTERIIAlIVE A

106,500 594,100 39,000 739,600

709,950 2.767,390 239,100 3,716,4~0

684,750 47,700 838,950 916,300 75,600 1,098,400

3,795.570,460,200 4,965,720

92 8 , 300 92 , 100 1, 126 , 900

Page 23
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OZBC.CAL Tablc 6.5 Proposcd '_plOGcnlallon Schedule

-.-------------------------------------------------.------------------------------------------------------------------------------------------------

83 255,500
84 72,425
OS 76,625
86 67,100
87 83 ,500

B12 65,000
1114 48,500

C3 10,500
C7 15 ,900
C8 4,800
C9 I ,200

CIO 63,700
Cll 71 ,400
C12 69,950
C19 77 ,010
C20 1\7,500

05 11 ,100
06 3,000
07 15,000
08 4,800

012 B6 ,700
016 3,900

-----------
$I ,195 ,110

.:'1 ••2_: •••

Rema Inder
PI pc Co s t

110. ($)

$433,850

1990-1991
Pipe Cost

110. ($)

$634,JIO

1909-1990
P f pe Co st

110. ($)

POIse 24

$I ,126.900

1988 -198 9
PIpe Co s t

110. (n

$I ,057,300

1907 -1 908
PIpe Cost

110. ($)

97,800 02 479,250 2E 337,500 CI3 248,000 A2 33,400
77,500 OS 164,500 E3 169,050 CI4 88,750 'A3 43 ,I 00

178,300 09 113,750 E4 115,600 C15 91,500 013 223,650
125,750 1110 92,7 09 E5 144,600 C16, 67,400 014 75,800

49,550 811 109,600 E6 51,400 CI7 70,960 DIS 57,900
48,250 IlIJ 97,500 E7 9,300 C18 67,700

E8 116,800
E9 72,000

EIO 110,650

$577 , 150

-_.,~-,----- ..---_ .._-----------------------------------------------------------------------------------------------------------------------------------

• '._0 "':'1" ", ..



REFEREHCES

City of Scottsdale, Drainaoe Report Preparation Section 2, 1985.

Pima County Flood Control District,HYdrolooy Manual for Enqineerino Design and
Flood Plain ManaQement within Pima County, Arizona, Tucson, Arizona, 1979.

:....

by the HNV-SBUH Method UtilizinQ a
SWMM Users Group Meeting, Toronto,

Golding, B.L., HydrooraDh Synthesis
Proorammable Calculator, Preserrted at
Canada. 1980.

Hydro Science Engineers, Inc., Analysis of the Urban Hydrology Prooram and Data
for AcademY Acres, Report to AHAFCA, Albuquerque, New Mexico, 1983.

McCuen, R.H., A Guide. to Hydroloaic Analysis Usina SCS Methods, Prentice- Hall,
Englewood Cliffs, New Jersey, 1982.

Johnson Brittain and Associates~ Inc., Drainaoe Desion Report for Civic Center
Plaza, Indian School Road to Fourth Street, City of Scottsdale, 1985.

Hyd ro log icEngin eer i ng Cent er , .:..:H~E.::..C-....;1:",:-:,"",F~1.::..00=.;d::..-....:..H:J..Y..;:.d:-ro::...o.;..;r-=a:.Lp~h~P;::.ac::..;k-:a:..;;Q:..::e-:;.U.::..se.::.;r:.....:s:.......;..I·\~a-=n..::.u;::.a l~,

Corps of Engineers, Davis, California, 1981. ,

National Oceanic and Atmospheric Administration, Precipitation Freouency Atlas
of the Western United States, NOAA Atlas 2, Volume VIII, Arizona, 1973.

City of Scottsdale, Downtown Plan - Guidelines, Implementation Program,
Functional Use and Circulation Policy, 1983.

Ferguson, Morris & Associates, Inc., Hydraulic Report - Scottsdale Road from
indian School Road to Osborn Road, City of Scottsdale, 1-980(8) - 408PE,
(November) 1973 and Project US 230(17} - 417PE. (January. Reyised April) 1975.

Tipton and Kalmback, Inc., Rainfall-Runoff Modeling, Seminar presented to
Arizona Floodplain Management Association, 1985.

Urban Drainage and Flood Control District (Denver), Urban Storm Drainaae
Criteria Manual, Denver, Colorado, 1984.

Urban Drainage and Flood Control District (Denver) and Boyle Engineering
Corporation, Urban Drainaoe Stormwater Manaoement Model-PC Version, 1985.

Sabol, G.V. and T.J. Hard, Comparison of Infiltration Characteristics for
Selected Soils in the Albuquerque, New Mexico Area, National Symposium on Urban
Hydrology, Hydraulics, and Sediment Control, University of Kentucky, Lexingfon,
1983 ..

U.S. Army Corps of Engineers Desion 11emorandum No.1, General Desion
Memorandum for Indian Bend Wash, 973. c
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Table A.l Hydrology Surrrnary - Alternative 13

-------------------------------------------------------------------------------

I
Bas- Pipe Location Width Area Imp Slope Runoff - (cfs)
in No. (ft) (acs) ( X) (~ ) Syr 10yr SOyr 100yr
-------------------------------------------------------------------------------

I

I
r..

BASIN A i
1 AS West Couplet 680 47 60 .50 45 57 75 +
2 A4 ~Ies t Couplet 290 10 80 .48 16 20 26 + ~'F

I 3 A3 West Couplet 360 10 80 .42 17 21 27 +
4 A2 ~Ies t Couplet 340 9 65 .43 14 17 23 +

,-

I
BASIN B
1 BID Scottsdale Rd 410 16 80 .63 37 .32 41
2 827 3rd Avenue 310 22 77 .50 23 28 38 ..

3 626 Indian School 370 16 80 .51 23 28 37

I 4 825 2nd Street 390 22 70 .50 26 32 42
5 B7 Scottsda 1e Rd 490 19 80 .55 30 36 48
6 B6 2nd Street 500 71 90 '.55 31 39 51

I 7 B4 2nd Street 870 30 67 .90 60 73 o~ *,::>

8 B3 2nd Street 260 15 71 .54 18 22 29
9 B20 East Couplet 250 17 65 .70 19 24 31

I
10 623 Indian School 370 23 65 .38 22 28 37
11 B16 6th Avenue 555 31 65 .58 . 37 45 60
12 B14 6th Avenue 390 19 65 .56 24 30 39

I
13 B24 I~ill er Rd 150 6 80 .44 9 11 14
14 819 Indian School 270 8 65 .41 12 15 19
15 B22 Hinton Avenue 240 18 65 .42 16 20 27
16 B13 11 i 11 e r Rd 490 20 65 .40 25 31 41

I 17 Bll Ni 11 er Rd 490 18 65 .86 29 35 46

I3ASIN C +

I
0 C22 Indian School 415 12 80 .50 21 26 i

1 C14 West Couplet 315 12 80 .49 18 23 .1

2 C21 2nd Street 290 18 60 .63 20 25

I
3 Cl2 West Couplet 375 15 60 .50 20 24
4 C20 .West Couplet 460 15 60 .48 21 26
5 C9 \·Ies t Coup1 et 450 19 72 .56 27 33
6 el7 Osborn Rd 500 27 60 .52 31 38

I 7 Cl6 Os born Rd 470 20 78 .43 27 34
8 C19 Scottsdale Rd 170 5 80 .44 8 10
12 Cl5 Ea rll Drive 405 21 65 .45 24 30

I 13 C7 Scottsdale Rd 470 23 80 .40 29 36
17 C5 Scottsdale Rd 400 16 65 .31 19 24

I
BASIN 0
1 011 ~J est Co up 1et 460 15 60 .48 21 26 40
2 09 West Couplet 450 19 72 .56 27 33 52
3 016 Scottsdale Rd 170 5 80 .44 8 10 16

I 4 014 Osborn Rd 500 27 60 .52 31 33 59
5 013 . Osborn Rd 470 20 78 .43 27 34 53
11 012 Ea r 11 Drive 405 21 65 .45 24 30 47

I 12 07 Scottsdale Rd 440 21 80 .40 27 33 5L_

14 05 Scottsdale Rd 400 16 65 •..3l 19 24 37



- - - - - - - - -
Table "'.2 IIJdraullcs S\JMIl7l ar J Allernatlve n - Xaxl"U' Prolecllon

._------------------------------------------------------------------------------------------------------------------------------------------------------
: Location Slle Slope Q Dcplh Vel P1pe Locallon Size Slope Q Deplh Vel

( In) (I) ( c ( s) ( rl) ( fI s) 110. ( In) (I) ( c f s) ((t) ( fI s)
._---------------------------------------------------- ~------------------------------~---------------------- --------------------------------------------

II A f)f\SIII C 2D-Year
-.rest Couplet 48 .30 54 2.8 5.7 C2 Ihcrna s Ril 102 X .47 272 3.7 11. 4

\lest Couplet 36 .40 29 2. 1 5.5 C3 Thomas Rd 107 X .06 272 6.1 6.0
\lest Coupl et 48 .65 101 3.7 8.3 C4 ThO'11as Rd 85 X .28 291 4.4 11. 1
\lest Couplet 48 .65 77 2.8 8.2 C5 Scottsdale Rd 90 E .27 301 7.3 7.3

C6 Scotlsdale Rd 72 E .30 280 4.5 12.1
II B 25-Year C7 Scottsdale Rd 72 E .30 258 5.9 9.1
~ri"'eer 96 E .10 607 6.2 14. 4 C8 Scotlsdal e Rd 66 E .30 159 7.9 P 6.7

2nd Street 96 E .10 332 16.2 P 6.6 C9 \Jest Coupl et 60 • 51 149 6.9 P 7.6
nd Street 96 E .10 303 16.7 P 6.0 CI0 \Jest Couplet 54 .51 120 5.7 P 7.5
nd Street 96 E 1. 06 246 17.3 P 4.9 C11 \Jest Couplet 54 .50 . 96 6.3 P 6.0
nd street 72 .69 244 9.3 P 8.6 C12 \Jest Co up 1e t 48 .62 71 5.3 P 5.6
c:o~tsdale Rd 60 E .40 156 7.6 P 7.9 C!3 \Jest Coupl ct 42 .62 50 3.2 5.4
to lsdal e Rd 54 E .50 119 7.8 P 7.5 C14 \lest Couplet 36 .53 23 3.1 P 3.3

TSd'"
Rd 48 .56 82 7.6 P 6.5 CIS Ear 11 Drjve J6 .46 30 4.4 P 4.2

lsd ale Rd 42 .50 4-1 6.7 P 4.6 C16 Osborn Rd 54 .20 70 5.8 P 4.4
er Rd 84 .33 298 13.6 P 7.7 C17 Osborn Rd 36 .48 38 4.1 P 5.4

r Rd 78 .62 260 12.8 P 7.8 C18 Osborn Rd 36 .40 40 3.3 P 5.7
r Rd 66 .53 153 11. 2 P 6.4 C19 Scottsdale Rd 66 E • 31 10 7.4 P 0.4
venue 54 .50 101 7.9 P 6.4 C20 \lesl Couplet J5 .57 29 4.8 P 4.1
venue 54 .74 101 7. 1 P 6.4 e21 2nd Slreel 30 .48 25 3.6 P 5.1
hnue 48 .50 61 5.5 P 4.9 C22 Ind lan-School 36 .40 26 2.2 4.6
venue 48 .50 63 4.3 P 5.0

I School 54 .60 110 9.5 P 6.9 OflSIII 0
a School 48 .60 84 7.8 P 6.7 02 Osborn Rd 84 .25 279 4. J 11. 0

oup 1e t 36 .50 JO 6.6 P 4.2 OJ Osborn Rd 84 .25 276 5.9 8.0
ouplet 35 .86 31 3.5 P 4.4 04 Osborn Rd 72 .25 172 5.8 6.1

Aven ue 36 .50 27 6.5 P 3.8 OS East Coupl et 48 .25 54 4.2 P 4. J
~~ hoo 1 36 .60 38 6.0 P 5.4 06 Ea s t Couplet 42 .58 60 2.4 8.4

30 .36 14 5.1 P 2.9 07 11111 er Rd 48 E .30 J4 2.1 6.6
r et 42 .64 42 5.8 P 4.4 08 Illn ton !Iv en ue 60 .J3 109 5.2 P 5.6

1\ chao 1 42 .62 J7 5.8 P 3.8 09 East Coupl et 42 .50 61 J.2 6.6
enue 42 .57 J8 6.3 P 3.9 010 Osborn Rd 42 .50 56 J.2 6.0

lC torm drain.
lC S arm dr a In - equivalent pipe s i ze •
r sur flow - hydraulic gr ad e below street grade.



Table A 3 It]draullcs Su-rnar)' AllernatIYe B - 10 Tear Solution

,, ..-.'_.-... ----- -- --- ----- - - - .. -- -- -- - -
_________________________ • ------------------------------------------------------ ------------------ A.

Ipe location
o.

Size
( I nJ

Slope
(I)

Q
( c (s J

Oepth
(ft)

Vel
( fI s)

Pipe Location
110.

$1 ze
( 1n J

Slope
(I)

Q
(c (s J

Depth
( r t)

Vel :
. ( fI sJ

----------------------------------------------------------------------------------------------------------------------------------------------------------
I\S JII A
~st Couplet 42
3 ~est Couplet 30
4 ~est Couplet 48
5 Ucst Couplet 42

13.5
10.0
9:5
8.4
9.6
9.5
8.7
7.5
7.5
5.4
5.2
6.8
7.4
5.8
4. 7
4.1
7.8
4.6
4.8

9.4
6.1
5.4
5.2

buildings
Table 2.1

5.8
11.5 P
13.3 P
15.3 P

7.5
7.6 P
9.3 P

11. 0 P
11. 2 P
10.7 P
6.8 P
6.7 P
3.9
4.1 P
3.4 P
6.8 P
2.0
8.5 P

10.1 P

3.3
4.6
3.9
2.2

level s of
streets.

535
505
478
422
426
186
139

94
94
52
50

191
110

7J
33
39
40
44

46

.10

.10

.10
1. 06

.69

.40

.50

.35

.56

.50

.58

.41

.62

.62

.53

.48

.4G

.62

.67

96 E
96 E
96 E
96 E
90
60 E
5~ E
48 E
48
42
42
72
54
48
36
42
36
42
42

8ASl1l C.
tz----lnd Street
C3 2nd Street
C4' 2 nd St r e e t
C5 2nd street
C6 2 nd S t r ee t
C7 Scottsdale Rd
C8 Scoltsdale Rd
C9 Scottsdale Rd
CI0 Scottsdale Rd
Cl1 Scottsdale Rd
C12 I{ 111 er Rd
C13 2 nd S l r e e t
CI4 ~est Couplet
CIS ~est Couplet
C16 ~e5t Couplet
C17 2 nd S t r e e t
C18 Ind Ian School
C19 Indian School
C20 3rd Avenue

BASIIl

02 Osborn lid 72 .25 154
03 Osborn Rd 72 .25 144
04 Osborn Rd 60 .25 90
05 Ea'st Coup1 et 36 .25 29
06 Eastrotectlon for the 100 year storm to floor
and the final selected storm will be conveyed by the
practIcal use of thl! exIsting drains.

year
fU 11

5.7

5.2
5.0
8.3
7.8

12.9
5.4
5.0
3.8

11.9
6.3
5.7
7.3
4.7
7.6
7.0
5.8
6.1

2.7

2.6
2.1
2.8
2.5

5.6
11. 9 P
12.1 P
8.0
3.5
5.5
4.4
2.8
3.5 P
9.4 P
9.1 P
6.9 P
4.4 P
4.1 P

488
273
252
190
190
123

90
62
33

252
197
114

77
62

47

40
22

'78
57

. 10

.10

.10
1. 06
.69
.40
.50
.56
.50
.33
.62
.53
.50
.74

.50

.30

.40

.65

.65

.50 24 3.3 2.5
• 60 82 5. 4 P 6.5
.60 62 3.7 P 6.4
.50 23 3.0 2.6
• G6 21 1 • 9 5 • 1

The d (fference In runo fr between the 100
protection (or each basin and alternative wllh

42

96 E
96 E
96 E
96 E
66
60 E
5~ E
42
36
78
72
60
48
48

~1,:~e~~~nt)l :~
. Ian $clo"u 1 42

t Couplet 42
t Couplet 30
e above street level

us the max Imum level of

i\STII B
z-z;id Street
3 2nd Street
4 2nd Street
S. 2 nd S t r e e t
5 2nd Street
1 Scottsdale Rd
I~ Scottsdale Rd
I Scottsdale Rd
I Scottsdale Rd
I Hill cr Rd
I HilI er Rd
! killer Rd

! tlh Avenue
6th Avenue

I klh Avent;e
),

t
j

l
a
t



- - - - - - - - - - - - - - - - - - -.:
Table A.4 Planning Cost Estl~ate - Alternative 0

-------------------------------------------------------------------------------------------------------------------------------------------------------~.

5 YEAR 10 YEAR 25~50 YEAR 100 YEAR

e Locallon Length Utility
Co s t

( rll 0)

PI pe
Co s t

(I)

Inlet
Co st

(lJ

To tal
Cost

(\)

PIpe
Co s t
(0

Inlet
Co s t

(I)

To tal
Co s t

( $ )

PIpe
Co s t

(\)

Inlet
Co s t

($)

To tal
Co s t

1$)

Pipe
Co s t

(\)

In 1e t
Co s t

(I)

To ta I
Co s t

( I )
--------------------------------------------------------------------------------------------------------------------------------------------------------

Same as Oasin A In Altern'allve ABASIH A

TOTAL BASlIl A ],500 16],]00 27,600 194,~00 18B,500 ]4,500 226,500 203,000 45,300 251,800

400,650 1,187,110 104,400 1,700,160 1,25B,]10 130,200 1,797,160 1,450,7]0 184,800 2,044,180

IB,300

136 ;000
15,900
4, 000

77 ,900
74,400

164,250
120,650
271,400

60 ,050
71,150
60,100
7],900

153,100
104,]50

89,700
108,100

62, 000
83,100
46,700
83,820
77,010
87 , 500

12,000
15,900

4,800
].900

H ,400
7,500
6,]00

12,] 00
4,800
6,900
9,600
8,400
2,100
5,700
5,700
3,600
6,000

11,100
4.200

12,600
7,500
9,000

10,5007,800

7],000
51,000

146,250
96,100

178,200
~6,750

46,750
40,000
45,000

"77 ,000
67,000
84 ,000
77 ,000
56,000
42,000
J2,500
57,120
68,510
42,500

116,250

6,000

116,800
9,900
2,700

65,150
60 ,600

116,950
119,150
255,200
5~ ,600
65,400
51,700
65,050

145,500
9],100'
82,500

101,700'
56,500
80.400
]8,]00
70,740
62 ,220
77 ,000

6,000

7,800
9,900
2,700
2,100
9.600
5,700
4,800
9,]00
] ,600
5,~00

7,200
6,300
1,500
4,500
4,500
2,700
4,500
8,400
],]00
9,600
4,800
6,000

62,050
42,000

100,750
96,100

165,000
42,500
42,500
]4,000
]8,250
70,000
56,950
78,000
71 ,500
52,000
42,000
25,000
47,040
56,420
]5,000

101,250

4,800

107,000
7,200
2,100

64,550
'55,800

116,050
105,B50
2]3,600

47 ,625
57,025
4~,500

57,100
145,200

92.200
81,600

101,100
55.600
75,600
37,700
68,9~0

61 ,]2 a
76,100

6,]00
7.200
2,100
1,500
7,000
4,000
] ,900
7,500
] ,000
4,200
6,000
5,100
1,200
], GOO
] .600
2,100
] ,600
6,600
2,700
7.000
] ,900
5,100

4,000

9],750

62,050
39,000

100,750
83,700

145,200
]6,125
]6,125
28,000
] 1,500.
70,000
56,950
78.000
71 ,500
52,000
]9,000
25,000
47 , O~O
56,420
]5.000

7,750

]0,000
10, 000
14,100

1,000
]6,000

1, 000
9,000

10,500
18,250
00.900

0,500
17,500
10,500
20,500
74 ,000
31,650

27,500

1, 4 ~ 0
600
690
565
750
650
644
730
600
650
62 a

I, ]20
425
425
400
450
700
670

1,200
1,100

000
600
500
672
806
500

o AL OASIH B

BAS III 0
2nd St
2nd St
2nd st
211d Sl
2nd St
Scottsdale Rd
Scottsdale Rd
5co~tsdale Rd
5coHsdale Rd

11 er Rd
1tr Rd
1er Rd

Ave
Ave
Ave

,lve
Ian School
San School

I
Coup let
Coup let
St

all School

t~ Rd

I n School
e

~I-



.I-~" ,..- .- -- -- -- -- -- -- .- -- - - - - - - -
Tablc A.~ Cont'd Planning Cost Estt.alc - Alternatlyc B

.------------------------------------------------------------------------------------------------------------------------------------------------- 4_

5 YEAR 10 YEAR 25-50 YEAR 100 YEAR

pc
I.

loe a tl a n leng th Uti Illy
Cost

(ft) (\)

Pipe
Co st

. (\)

I n let
Cost

(\ )

Total
Co st

(S)

Pipc
Co s t
(I)

I nlet
Cost

(I)

Total
Cost

(\ )

Pipe
Co st

( I )

In let
Cost

(I)

To ta 1
Co s t

( I )

Pipe
Cost
(\ )

I n let
Co st

( I )

Total
Co s t
(\ ).._----------------------------------------~--------.--------------.------.--------------------------------- ----------------------------------------------

928,300 92,100 1,126,900916,300 75,600 1,098,400838,950684,750 47,700

2,843,910 306,900 3,848,410

739,600594,100 39,000

697,600 2,527.210247,2003,567.010

106,500BAS III 0

TO AL ALTERIIATIVE B

OAS III C
Thorn a s Rd. 350
1homa s Rd. 1, GOO
Thomas Rd. 2,200
Scottsdal e Ild 900 5,700 5,700 7,200 7,200
Scottsdale Rd 450 1,200 1,200 1.500 1,500
Scottsdale Ild 1 .300 7.500 7.500 9,300 9,300

I Scottsdale lId 320 1. BOO 1. BOO 2,700 2,700
) \lest Couplet 950 13,750 104,500 4, 000 123,050 118,750 6,000 138,500
0 West Couplet 480 7,250 52.800 1,200 51,250 52,800 1,200 51,250

"est Couplet 370 5,500 40.700 45.200 40,700 45.200
est Couplet MO 11,000 54,000 6,000 01,000 54,000 7,200 82.200
eH Couplet 700 18,500 49,000 1,500 69,000 59,500 1,800 79,800
est Couplet 830 53.950 5.100 59,050 58,100 5,000 64,100

.~" Dr. 700 6,500 49,000 5,400 60.900 49,000 6,500 62,100
orn Rd. 838 58,350 92 ,100 8,100 158,530 92 ,I 00 10,200 150,730

torn Rd. 550 16,000 38,500 2,400 56,900 30,500 3,000 57,500
orn Rd. 250 20,000 17,500 5,900 44 ,400 17,500 8.400 45.900

iHtsdal e Rd 1 ,054 1, ZOO 1, ZOO 2,100 2.100rCouplet 350 6.500 22,750 6.300 35.550 24.500 7,000 38.800
SL 628 14.100 40,820 6,000 60.920 40,820 7.500 1;)2,420

n Ian School 800 1,500 52,000 5,100 58,600 56,000 6,000 63,500
.1 --------------------------------------------------------------------
OTAl BASIN C 178,950 577,700 76,200 932,850 712,350 94,500 985,800

I
flStH 0 Same as Oa s 1n E in Altern~t1Ye A

P<lr,c A-S



List of attendees at meeting on April 10, 1986

Paul Basha

Larry Bassard

Dick Schaner

Donna Anderson

Greg Kiley

Ken Lewi s
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EXHIBIT 1

LEGEND
_______ EXIST. STDRH DRAIlIS

---- PRCFOSOI tRAlliS

ALTERNATIVE A

DRAINAGE SYSTEM

BOYLE ENCINEERINC CORPORATION

---------------



IHDIAH

EOYLE ENCINEERING CORPORATiON

---
EXHIBIT 2

_______ EXIST. STORM tR..m<;

_____ FROPO::C:D DP... lIIS

AL TERNATIVE B
DRAINAGE SYSTEM

-

._._-----------

--------------
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LEGt:lID

EXHIBIT 3

PROPOSED
STORM DRAINS

(ALTERNA TIVE A)

_______ EXIST. Sl~~M r.~I\I~IS

---- 'P.Cl"':!= ~F.I\l'I:

DOYLE ENCINEERINC CORPORATION
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