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/630 East 9th Street: Tucson, Arizona 85705
Phone (602) 623-4314

MICHAEL T. JOHNSON, P.E., R.L.S.
ROBERT D. BRITTAIN, P.E., R.L.S.
FRANK DEAN ABELL III, R.L.S.
ROBERT H. BUECHER, P.E., R.L.S.
WAYNE C. CLARK III, P.E., R.L.S.

WILLIAM D. SCHLESINGER, P.E.
June 6, 1985

City of Scottsdale

Capital Improvements Section
3939 Civic Center Plaza
Scottsdale, AZ 85251

RE: Civie Center Plaza, Indian
School Road to Fourth Street
and Second Street Stormdrain,
Wells Fargo to Indian Bend Wash
JBA Job No. 2702

Gentlemen:

Attached please find the Design Drainage Report for the above-referenced
projects. This report documents the hydrologie and hydraulic
considerations made in conjunction with the design of these projects.

In addition to the drainage design issues normally encountered in projects
of this nature, the question of whether or not to oversize the Second
Street Stormdrain to accommodate future improvements within the downtown
redevelopment area is addressed. A definitive answer would most
appropriately be made with the benefit of a detailed master drainage plan.
Because of the time constraints of these projects, a more general analysis
has been completed which we believe to be adequate for the short term
purposes of simply sizing the stormdrain. We would emphasize, hewever,
the importance of undertaking a more detailed drainage planning study
prior to beginning design work on the next concept segment.

If you have any questions regarding this report, please feel free to
contact this office.
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SECTION 1
INTRODUCTION

The project under consideration is Civic Center Plaza, Indian School Road
to Fourth Street. The purpose of this report is to document the hydrologic
and hydraulic considerations made in conjunction with the engineering

design of this project.

This section presents an overview of the project, particularly the drainage
aspects. Specifically included is a discussion of the general project
scheme, a general description of the drainage issues, and a brief

description of the contents of the remainder of this report.

PROJECT DESCRIPTION

This project involves the reconstruction of Civic Center Plaza from Indian
School Road to approximately Fourth Street. This new, wider roadway will
be the first segment of the proposed '"couplet" system concept, as recently
adopted by the City of Scottsdale. When completed, the couplet system wiil
serve as a by-pass, relieving the congested downtown portion of Scottsdale
from much of the through traffic that presently overburdens it. The
couplet concept is an integral part of the downtown redevelopment plan. &
location map showing the proposed couplet system including the present

project is included as Figure 1l.1.

The new roadway will be widened to three northbound and two southbound
through lanes, The new road will be depressed between First Avenue and
Second Street and the park areas on either side joined via a landscaped
bridge extending three hundred feet in length., This bridge, which is being
referred to as the "mall crossing", has been designed in a manner that
minimizes the tunnel perception through the utilization of a wide span,
approach planters, a large opening in the deck creating a skylight effect,

and a "water feature'" which will include a waterfall through the opening to

the roadway below.
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Another important element of this project is a multi-level parking garage
to be located east of Civic Center Plaza at Second Street, generally
between the Library and Maricopa County Courts Building. The lower level
of the garage will be below ground. The garage will have access to Civic
Center Plaza from its ground level near the Courts Building, from the lower
level to the depressed roadway near the mall crossing, and from Second
Street to the east. A diagram o¢f the general project scheme is presented

in Figure 1.2.

The Civic Center Mall area is a source of great community pride, and
significant attention and expense has been paid in the past in maintaining
the indigenous architectural flavor. A most important feature of this
project is the adherence to this general philosophy. Perhaps the most
striking example of how this is being accomplished is the depression of the
roadway and placing a portion of the parking garage underground. Although
the underground comstruction leads to significant engineering problems and
construction expense, it will result in an aesthetic and functional project
that is consistent with, and perhaps an enhancement to, the prevailing

architectural envirconment.

4 second important aspect of this project is timing. It is considered
essential to have construction of the mall crossing and new roadway
completed by October 15 to coincide with the beginning of the fall
activities in the area. The opening of the parking structure is tc follow
one month later. In order to meet this deadline, the design and
construction is being completed in a series of "bid packages" so thac
initial construction can be on-going prior to final design completion. Ths
timing aspect is made particularly challenging in this case by the

complexity of the project. Close coordination and cooperation between the

designers, contracteors, City officials and cther agencies will be necessary

to successfully complete it on time.
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SIGNIFICANT DRAINAGE ISSUES

Several important drainage issues arise out of the nature of this project.
The first is the need to drain the depressed areas of the roadway and
parking garage. These areas are much too deep to drain by gravity and will
require pumping. Pumps will be sized in a manner that is consistent with

the appropriate City policies and codes, more specifically the following:

a. The lowest floor of the garage shall be free from flooding in a 100-

year storm as generally outlined in Reference 1.

b. The maximum depth of ponding in the roadway is no greater than 8" in a

100-year storm as set forth in Reference 2.

Since there is no other way for drainage to overflow out of the depression,
it will be necessary for the pumps to handle the total amount of drainaze

entering the project in a 100-year storm.

The cost of pumping storm water runoff leads to the second issue of
consideration -- that of mnot allowing any more surface drainage to enter
the depression than necessary. The design speed of the roadway, in
combination with other vertical geometric constraints, makes it necessary
to regrade the intersection of Civic Center Plaza and Second Street in 2
manner that allows any drainage entering the intersection to flow northerly
into the depression. Since there is no opportunity to safely divert this
surface flow upstream, a large storm drain in Second Street beginning at
Wells Fargo and extending easterly under the new parking garage to Indiau
Bend Wash, has been proposed. This storm drain would necessarily be sized
to intercept the 100-year storm prior to it entering the depression. It
should be noted that the ramifications of flooding the depression extend
beyond just a flooded roadway. Since the lower level of the garage will be
open to the depression as well as the basements of the Library and Public
Service Building, the possibility of flooding all three structures must

also be considered.
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The third drainage issue involves the possibility of sizing the storm drain
to serve not only the project at hand, but also to accommodate future
drainage improvements in the downtown redevelopment area. The cost of
oversizing the present storm drain would be quite low relative to that of
constructing an additional storm drain later. The City has correctly
recognized a significant opportunity to save future cost and disruption of
constructing a future storm drain, probably in Indian School Road. In
addition to the general objective of serving the downtown redevelopment
area, an oversized storm drain could also be used for other segments of the
couplet, and to reduce the existing problem at the intersection of Indian

School and Miller Roads.

In addition to these general issues, items associated with the project
vicinity are also addressed. Among these are location and sizing of catch

basins, on-site storm drains, and pump station sizing.

REMAINDER OF REPORT

The remaining sections of this report describe in more detail the
approaches that have been used to address the drainage issues. Section Z
presents a discussion of the hydrologic procedures used to develop

discharge peaks and other information.

Section 3 develops the sizing information for the Second Street storm
drain, assuming that the storm drain is to be sized only as necessary to
serve this project. This includes an evaluation of the off-site discharze
that must be intercepted on Second Street upstream of the project, the on-
site discharge that must be collected and discharged either directly or
through pumping into the storm drain, and the combined f£low downstream 0

Indian Bend Wash which will determine the required storm drain size.

Section 4 examines the relative merits of oversizing the storm drain to
serve future drainage needs of the redeveloping downtown area. Several
general schemes are posed and evaluated in terms of relative cost and

function.
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Section 5 describes the "on-site' drainage -- that being the drainage in
the immediate vicinity of the project including the pavement drainage and

the pump station. Section 6 describes

stormdrain inlet and pipe sizing.

Section 7 is a summary of key points, conclusions, and recommenda tions.
The drainage aspects plans for the Second Avenue Storm Drain and Paving
Plans for Civic Center Plaza reflect these conclusions and recommendations,

as modified per comments from the City.

the hydraulic design of the
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SECTION 2
HYDROLOGIC ANALYSIS

The term "hydrologic analysis" is used here to mean the development of the
peak discharge and other runoff information necessary for the design of
this project. The lack of natural relief to concentrate the flow and
define definite watershed limits makes the hydrologic analysis a difficult

procedure, necessitating a greater-than-normal amount of judgment and care.

This section describes the general procedures used to develop design
discharges at various points later in this report. A description of the
basin characteristics is first presented to provide the background
reasoning for some of the work later om. That is followed by a discussion

of the calculation procedures, and of the parameters to be used for various

conditions.

BASIN CHARACTERISTICS

The area in which this project is located falls toward the southeast at
slopes ranging from one-half to one percent. Examination of the contours
shown on the location map suggests that in its natural condition, this area
was uniform with very little relief which would serve to concentrate flow
and define drainage patterns. In the natural state, the relatively low
quantities of runoff that developed were carried off in shallow, flat

swales flowing southeasterly toward Indian Bend Wash.

Development of the area has affected the drainage characteristics which
affect the project in three general ways. The first is the construction of
the Arizona Canal, which constitutes a reliable barrier for cutting off
upstream flow, and serves as a definite upstream l1imit to the project

basin.

Another important effect of development has been to increase the quantities
of runoff, both by the decrease in permeable area, and by increasing the

flow and improved hydraulic

runoff velocity through concentration of
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efficiency of drainage courses. Most of the basin affecting this project
is highly developed at this point, and is anticipated for even more intense
usage in the future under a newly-adopted redevelopment plan. The effect
of decreased permeability and increased runoff velocity is particularly

noticeable in smaller, more frequent storms.

The third effect of development on drainage characteristics of particular
significance here is alteration of the original flow patterns by
construction of the street systems. The street systems do not provide a

well-defined delineation of flow paths and watershed boundaries that holds

for all cases.

A typical intersection, for example, will have flow entering from two

directions, and flow leaving from two directions. The crown of the streets

(1)

confines low flows to the gutters as indicated in Figure 2.1A. In larg
flows, however, the crown has a minimal effect with the exact split of flow
depending on the street geometrics as well as the relative quantities of
discharge entering from the two upstream legs, such as is indicated in

Figure 2.1b.

Larger flows will often exceed the hydraulic capacity of the streets,
flowing overland either across private property, or generally alonzg the
same path as the street flow if forced to deo so by grading or improvements
outside the right-of-way. The general effect of the street system on large
flows is that it does not reliably force adherence tc the low-flow patterns
created by crowns and gutters, and tends to allow larger storms to follow
the natural drainage patterns., It is very important to recognize that the
traditional concept of fixed watershed boundaries and flow paths does not
apply in this case where large flows are concerned, and that special care

must be exercised in determining the effective watershed areas.
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HYDROLOGIC PROCEDURE
The procedure used here to determine design runoff quantities is that
prescribed by the City of Scottsdale in '"Drainage Report Preparation"
(Reference 1). The time-of-concentration has been determined from the
following equation:

nb (Le Lca)'3

T, = 50 (q sc)*

Length of watercourse

Il

Where Lc
Lca = Distance from point-of-concentration to the center of gravity
of the watershed.
nb = Basin factor, a parameter which describes the general hydraulic
efficiency with which runoff flows through the basin (similar
to Manning's '"n" as will be discussed later).

Sc = Effective slope of the watercourse

q = Runoff supply rate (Ci)

Because it is a function of q, 1 varies with storm intensity, with the 1
for a two-year storm being greater than that of a 100-year storm. This

equation has been calibrated (through the use of nb) to correspond to

measured results from both the Walnut Gulch Experimental Watershed and the
urbanized area of Tucson, and is considered to provide more realistic
results than many of the older nomographs and equations. The fact that T,
does depend on q produces a non-linear situation which requires a more

time-consuming trial-and-error solution procedure, however.

An adjustment to the Curve Numbers (CN) has also been made to account for
the dependence of CN on precipitation (Pl) that has been observed by both
the U.S. Soil Conservation Service and the U.S.D.A. Southwest Watershed
Research Center. Descriptions of the CN adjustment, and of the time-of-

concentration calculations, are provided in Reference 3.
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HYDROLOGIC PARAMETERS

The reliability of results from any hydrologic calculation procedure are
dependent on the selection of the appropriate parameters, as well as on the
procedure. For this study, the development patterns and intensities

anticipated by the downtown redevelopment plan are used,

Area and Watercourse Lengths (A, Lc, Leca). As discussed earlier, the exact
delineation of area and flow path for a particular point-of-concentration
(POC) is in this case not easily definable, and may in fact vary with the
intensity of storm. For this reason, an overall drainage map showing all
POCs for all cases of consideration would be difficult to prepare in a
manner that is easily readable. To minimize confusion, separate maps have
been prepared for each section where hydrologic calculations are necessary,

showing only the arcas under present consideration.

Percentage of Impermeable Cover. The downtown redevelopment plan shows

seven zones of development:

. Major Commercial/Office
. Office/Residential

. Resort/Residential

1

2

3

4. Specialty
5. Civic Center

6. Office/Commercial Mix
7

. Medical

Based on the Reference 1 description of these development types, and on
field observation of existing developed areas, the following percentages of

impermeable cover for the various zones have been assumed:

Specialty (4) 80%
Office, Commercial, Residential Mix (1, 2, 6, 7) 65%
Civic Center, Resort/Residential (3, 5) 50%
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No difference between "compact", "intermediate", and "large" is considered.
Figure 2.2 shows areas for which these percentages of impermeable surface

have been assumed,

Basin Factors nb. Basin factor can generally be thought of as the

effective Manning's Roughness Coefficient "n" for the overall watershed.

It is somewhat lower than the '"n'" along the watercourses since it also
takes into account the character of flow before it reaches the principal
paths of flow. Guidelines in Reference 3, for example, indicate nb to
range from 0.028 to 0.036 for one to two house per acre suburban areas,
which accounts for flow off lawns as well as along paved streets. Basin
coefficients of 0.018 to O .022 are indicated for highly urbanized

industrial commercial areas. A value of 0.020 is used in all cases for

this study.

Minimum Time-of-Concentration. A minimum time-of-concentration of five
minutes rather than ten minutes is used here. These short duration storms
will apply only to small watersheds, particularly the depressed roadway

that must be pumped. Because of the potential for damage above that

normally associated with flooded streets, the shorter value is used here.
Use of the five minute minimum time-of-concentration is required by both
Pima County and City of Tucson as the result of problems they have
experienced with localized flooding in short duration storms on very small

drainage areas.

Other Parameters. Other parameters used for this study include:

100% B soil per the ADOT manual (Reference 4)
Precipitation values per City of Scottsdale (Reference 2)

507% cover on permeable areas
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SECTION 3
SECOND STREET STORM DRAIN REQUIREMENTS

This section develops the hydrologic and hydraulic design requirements for
a storm drain in Second Street to serve the needs of this project. Those
needs include 1) intercepting the overland flow in Second Street upstream
of the project before it can enter the depressed roadway, and 2) providing
an outlet for the direct and pumped discharge from the site. Consideration
of oversizing for cther purposes is reserved for Section 4. The specific
purposes of this section are to determine the required inlat capacity

necessary to intercept the upstream flow in the Second Strest/Wells Fargoe

vicinity, and to determine the size of downstream storm drains that would

be needed to serve this project if no oversizing were to occur.

DESIGN DISCHARGES

For the purposes of this section, 100~-year discharges are used. This is
made necessary by the requirement of maintaining a 12 foot dry lane in a
100-year storm in tiie depression. Above and beyond that requirement, it is
also necessary to keep the bottom level of the parking structure, and
consequently the Library and Public Services Building, free from flooding

in a 100-year storm.

Figure 3.1 is a map showing the approximate drainage area affecting the

LIS P
rargi

(e

proposed storm drain, The watershed boundaries are based on the
flow" condition and have been developed largely on the basis of the natural
contours but follewing a stair-stepped pattern created by the griddad
street system. It is recognized that these boundaries are not absolute,
and that flow would be likely to break across them both into and out of the
watershed, For this reason, they have been somawhat conservatively located

with the steps to the outside of the probable natural boundaries.

The hydrologic analysis procedure described in the previous section has

been applied at POC u (for Area U), POC v (Area V only), POC v' {(Areas U

l e ]

/’l J(:)hmsgn 3 Brlttaln J———

/1 & Associates, Inc
’ ENGINEERS PLANMNEFR

\

5

&

y,




i

i

gt

S,

i
iy
oy

[

|

f

g E:Ww

(

o

wwe
i

A

o

4

f

LA

-
b

-

|

A

s
wnt
NP

o
b

f

<

ﬂm

—_
ol

C

s
sy
by

) JE

3C

uw\» o
i ﬁw,

I

gy
"

i

TINC

{;’M%
wild

s

iy
i

g

Al

o

e

iy

i

i

g

-

5

i

i

o

i

i

i

R

s

iy

SRR

i

S

=

-

R

il

il

b

L

i

.




Ve

=

and V combined), POC w (Area W only), and POC w' (Areas U, V, and W

combined). Approximate flow paths and spot elevations are also shown.

A summary of results for the 100-year storm is as follows:

POC  Dscrp A L. To i Cw Q100
u U 71.8 4300 14 6.19 .786 352
v v 22.6 2100 7 8.23 .839 51/
v' U+v 94.4 5400 17 5.64 .798 429
W W 36.3 2400 8 7.81 G722 200
w' U+V+W 130,77 6200 18 5450 i) 56

Detailed printouts of these calculations are included in Appendix A. The
use of this data in sizing the Wells Fargo catch basins and the downstream

storm drain will be dicussed below.

EXISTING SCOTTSDALE ROAD STORM DRAIN

The existing storm drain in Scottsdale Road will intercept a portion of the
flow from Area U. This storm drain was designed during the 1970's to
improve pavement drainage in conjunction with the reconstruction of
Scottsdale Road., At Second Street, it is 66" in diameter and has a

downstream slope of .0027 ft/ft.

Some of the hydrologic parameters and procedures used for designing the
Scottsdale Road storm drain differ from those used here and should be

noted.

1. The existing storm drain was designed to convey a l0-year storm in
conjunction with the allowable width of gutter flow. The 100-year

storm is being considered here for the reasons discussed previously.

2. A "low-flow" watershed configuration was assumed, which was appropriate

for that case, but not for the 100-year storm used here,

e
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3. The method used for estimating time of concentration resulted in runoff
velocities typically in the range of two to three feet per second. The
precipitation-dependent procedure used here results in velocities

typically in the four to six fps range.

4. The downtown redevelopment plan indicates a higher intensity of future
development that was anticipated during the design of the Scottsdale

Road stormdrain.

It should also be moted that the consequences of an underdesigned pavement
drainage system are a momentarily flooded roadway and the resulting
inconvenience and traffic hazard tc the motoring public. Im addition to
those consequences, the underdesign of the drainage system for the proje

could also result in serious damage to a number of municipal buildings and

their contents.,

The amount of drainage that would be intercepted by the existing storm

drain in a 100-year storm is difficult to assess for two reascns. An exact

re-analysis of the system using the 100-year storm values would be very
time consuming and of questionable accuracy. This is so since As-Built

plans are not available,

Also the assumption of normal flow may provide a reasonable result assuming
that there are not significant losses other than frictional in the pipe,
and assuming the system of inlets will effectively fill the pipe in a 100~
year storm. Both assumptions are questiocnable, particularly the second,
since much greater than normal problems with debris blocking catch basin

inlets would be expected in a 100-year storm.

The safest approach to this problem would be to allow no credit for the

existing storm drain, which would result in a discharge of 429 cfs rea ching

14}

Wells Fargo. It would be overly conservative, howaver, to assume that th

Vs

/
jt’“)hﬂ»v CBrittain  semese———ms

& Associates, Inc

ENGINEERS PLAN NERS SURVEYORS




(

~

storm drain would be empty in a 100-year storm, however, so the following

considerations have been made:

1. The normal flow full-flow capacity for the 66" diameter .27% slope
reach beginning at Second Street has been calculated to be 190 cfs

(using Manning's formula with n = .012).

2. Energy losses other than frictional have been assumed to be small
enough that they would not be overcome by head developing within the
pipes before the water surface becomes high enough to interfere with

the catch basin capacity.

3. The catch basin system, which was presumably designed to fill the pipe
with 20% clogging (clogging factor of 1.25) in a 10-year storm, would
be 50% clogged in a 100-year storm (clogging factor of 2.00). Since
the system was originally designed to accommodate the 20% clogging,
this condition would allow the storm drain to operate at about 75% of

its capacity.

For this study then, it is assumed that 75% of the flow reaching POC u will
be in the storm drain up to a maximum of 75% of the full flow capacity, or

140 cfs. The remainder is assumed to continue on to POC v.

DESIGN DISCHARGE FOR WELLS FARGO CATCH BASINS

Two approaches for estimating the effect of the Scottsdale storm drains on
the 100-year discharge at Wells Fargo have been tried here. The first has
been to compute the effective CA of Area U using the ratio of total
discharge at u to the estimated storm drain capacity. The reduced CA of
Area U has then been combined with Area V and the resulting total discharge
determined using the time-of-concentration that would otherwise be incurred

at POC v (v'). These calculations are as follows:

| Johnson - Brittain ———'—'J
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Estimated Scottsdale Road storm drain capacity

at Second Street: 140
Ratio: 140/350 = .40

CA for POC u = .787 x 71.8 = 56.5

x (l-ratio) 3399
CA for POC v = .839 x 22.6 19.0
TOTAL: 5249

i for POC v' = 5.65

Qinn @ v' assumi 3 rain
100 v ssuming storm drai

75% effective: 299 cis

The second approach used here to estimate the quantity of discharge
reaching the Wells Fargo catch basins has been to develop discharge
hydrographs for Points u and v, split the hydrographs at u in accordance
with the assumed storm drain capacity stated above, and sum the result with
the hydrograph at v, assuming an appropriate time delay for the flow to
travel along Second Street from Scottsdale Road to Wells Fargo. This time
delay has been estimated to be the difference in T. computed at u and v' of

three minutes. (Times of 2.5 and 3.5 minutes correspond to velocities of

7.3 and 5.2 fps over the 1100 foot reach,)

Printouts of the hydrographs are presented in Appendix B. Note that "Peint
01" corresponds to POC u, and "Point 02" to POC v. The results of this

analysis show the virtually identical result of 301l cfs. For this reason

a design value of 300 cfs has been used for delineating the required inlet

capacity of the cluster of catch basins in the vicinity of Wells Fargo.
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EVALUATION OF ASSUMPTIONS

In light of the amount of damage that could potentially result, the
question of what would occur if the assumptions made here are incorrect
should be asked. Specifically questionable are the exact delineation of

the effective watershed area, and the assumption that Scottsdale storm

drain will in fact operate at 75% capacity during a 100-year storm.

One degree of safety exists in the fact that the capacity of Second Street
to convey flow is limited. Field observations and a review of the
topographic mapping indicate a number of driveways and other locations

where flow in excess of approximately 8" will begin to breakout to the

south.

An approximation of the capacity of Second Street has been made assuming

the following:

That 200 LF of effective weir length exists upstream of Wells Fargo

which will begin to function once the flow depth in the street exceeds

0.6° .

That the capacity of flow in Second Street is that found by applying

Manning's Equation as adjusted for triangular flow using W = 56', Sx

.02'/ft, So = .004'/ft, and n = .0l6.

That the effective watershed area is 25% higher than anticipated.

This would result in a Q;4, that is 25% higher, or 536 cfs.
That the stormdrain in Scottsdale Road is of negligible benefit,

The resulting stage-discharge relation for the combined street-weir flow

would be as shown in Figure 3.2, which would indicate that in this "worst

case" condition, approximately 319 cfs would remain in Second Street, mnot

substantially higher than the discharges computed earlier.
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On the basis of these analyses, a design discharge of 300 cfs would still
appear to be appropriate for the Wells Fargo catch basins. It should be
noted that future drainage components in the downtown area will put much of
this water into underground conveyance systems prior to reaching this
location, reducing the need for inlet capacity at this location in the

future.

DESIGN DISCHARGE FOR STORM DRAIN

A procedure similar to that described for inlet design has also been

utilized to determine the required discharge for the Second Street storm

drain, downstream from the project. For this purpose, the discharge at POC
'

w' representing the combined drainage areas U, V and W, has been computed

first by using the effective CA of Area U as follows:

CA for Area U reduced as before: 33.9

CA for V 19.0

Ca for W (= 36.3 x .722) 26.2

Total: 7oL

1@ T, =18 5.5
Effective Q100 435 cfs

The split hydrograph approach results in a Qo0 of 397 cfs., A design
discharge for the Second Street storm drain is taken here to be 435 cfs.
It will be shown later that this discharge would require an 84" diameter
pipe, disregarding any oversizing that might be desirable tc ssrve drzinage

needs other than that of the present project.
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% . FLOW CAPACITY OF SECOND STREET
| Breakout Flow
| l Flow in Second Str:eet1 Flow Over Weir2 Total
‘ ' d Qstreet h Qveir Flow
R
i
; 7 84 .1 13 97
il
| .8 117 w2 36 153
|
l .9 155 .3 66 221
I 1.0 196 A 101 297
. 1.1 243 .5 141 384
l 1.2 293 .6 186 479
' 1.25 319 .65 210 529
I 1.3 346 ol 234 580
1.4 404 .8 286 690
l 1. Q= .56 z/n s,1/% (a8/3 - a 8/3)
I 2. Q=2.0 Lhl*d
FIGURE 3.2
l ! FLOW CAPACITY OF SECOND STREET |
| 4
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SECTION 4
STORMDRAIN OVERSIZING INVESTIGATION

It was found in the previous section that an 84" stormdrain in Second
Street would adequately serve the needs of this particular project.
Additional underground conveyance is likely to be needed to serve future
development of the downtown area, and it has been suggested that oversizing
the Second Street stormdrain may prove to be a cost-effective way of
serving some or all of that need.

e diameter

This notion would seem intuitively correct as an increase in pi

"3

from 84" to 96" would increase the capacity from 481 cfs to 687 cfs, or
43%. Based on the preliminary engineer's cost estimate for this project,
the minimal corresponding increase in cost would be from $568,000 teo
$702,000, or 22%. To develop this same additional capacity of 206 cfs
through the additicn of another pipe of equivalent length over a similar
alignment would require a 60" stormdrain at a total cost of §$360,000;,
raising the total cost to $965,000. This cost differential may in fact be
even greater since the second stormdrain would probably have to be located
along a major traffic/utility corridor such as Indian Schoocl Road or
Osborne Road. (No dollar value has been placed on the effect of traffic

disruption and public inconvenience of construction along such a corridor.)

It would clearly be beneficial to construct the oversized line if the

3
b

(a9
h

additional capacity can be effectively utilized at that locatiom, an
the added capacity were to be needed in the reasonably near future so that
the present value of the future work does not appreciably decrease. Due to
constraints of grade and clearance under the parking garage, it would be
difficult to use a pipe size greater than 96". A summary of estimated

costs and capacities for various pipe sizes is presented in Figure 4.1.

The purpose of this section is to determine if oversizing of the Second

Street stormdrain is appropriate. It should be noted here that a detailed

drainage master plan of the redevelopment area would under normal

arlt* ‘r"e mqm-mwfy
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COMPARISON OF PIPE CAPACITIES/COSTS
FOR CURRENT SECOND STREET STORM DRAIN

Cost of Pipe Installed Increased Cost
Pipe Capacity (3376 L.F.) Cost of Incidentals Total Cost of Oversizing
84" RCP 481 664,700 104,400 749,100 -
84" CIP 481 463,400 104,400 567,800 --
96" RCP 687 789,200 104,400 893,600 $144,500
96" CIP 687 597,900 104,400 702,300 $134,500

NOTES:

1

1. These costs are based on preliminary engineer's estimate for alternative pipe sizes and types. Cost of
drain from depressed roadway excluded.

2. Incidental costs per lineal foot = $30.92.

3. Flow capacities based on S = .0048, n = ,012 normal flow calculation

FIGURE 4.1



conditions be called for to answer this question. Because time constraints
donotallow for a detailed study, a somewhat general investigation has
been made. The results of this work are intended to provide a reasomable
basis for estimating an appropriate Second Street storm drain size so that
the construction ¢f the project can proceed on schedule, A detailed storm
wa ter management study should still be performed, however, for planning
other storm drain laterals, mains, and other drainage improvements in the

area.

The criteria used here are stated in terms of the frequency of storms that
will be carried entirely by the stormdrain system. No generally accepted
design levels for drainage systems in downtown areas appear to exist., To
develop an appropriate criteria, reference has first been made to the
normally accepted requirement for pavement drainage that the 10-year storm
be carried as combined stermdrain/gutter flow ia such a manner that at
least one travel lane is kept open in each direction. A second point of
consideration is the typical flood plain ordimance requirement that
businesses and residences be free from flooding in a 100-year storm,
Two separate criteria are examined here:
1. The stormdrain be capable of conveying the entire 10-year stcrm. This
is a more stringent requirement than the pavement drainage standard,

since that allows gutter capacity to be included as well.

2. That the entire 25-year storm be contained in the stormdrain.

1)

Both criteria have been applied to the schemes investigated here to se
what effect they have on cost, and in this sense become alternatives

themselves.

The purpose of choosing either a 10~year or 25-year criteriom is to
simplify the procedure of determining the overall stormdrazin outflow
capacity that will be needed. A more detailed drainage master plan would

look at specific problems and locations, and would not necessarily apply a
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single criterion in all cases. Some locations would inall likelihood
require higher design levels than others. (For example, the flat grades
and low finish flows of many of the Fifth Avenue Shops may dictate a higher
design level in that area than would the north-south minor streets south of

Indian School, where drainage is relatively good.)

EXISTING SCOTTSDALE ROAD STORMDRAIN

Significant underground conveyance already exists with the presence of the
existing Scottsdale Road stormdrain. Since any future general scheme will
work in conjunction with that facility, an evaluation of its current

capacity is determined here,

For this purpose, the drainage map of Figure 4.2 has been prepared showing
the existing stormdrain and the approximate watershed boundaries that would
exist with a fully developed stormdrain system in place, Lacking a
detailed master plan. These boundaries and flow paths, as with those for
the proposed drainage schemes shown later, are only approximate. They are
thought to be sufficiently accurate for the purpose of determining the
ultimate underground capacities that will be necessary to carry the

redevelopment area runoff to Indian Bend Wash.

The anticipated runcff quantities at various points along the Scottsdale
stormdrain are indicated in Figure 4.3. Also shown are the normal flow
pipe capacities for each point and the approximate return frequency they
represent. A summary of the hydrologic calculations from which this

information was developed is presented in Appendix C. (This estimate of

hydraulic capacity assumes that the downstream reaches of the stormdrain
have been sized to approximately the same level of design as those

investigated here.)

It appears from Figure 4.3 that the existing pipe has capacities that range

from roughly 2.4 to 7.8 years. This result is not unexpected when it is

considered that the stormdrain was originally designed to convey a ten-year

\\; | "J‘J
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CAPACITY OF EXISTING SCOTTSDALE ROAD STORMDRAIN
TO SERVE THE DOWNTOWN REDEVELOPMENT AREA

Approxima te Return

POC Location Frequency Runoff Pipe Capacity Frequency Capacity*
a. Indian School Road 2 87 150 550
5 149
10 . 198
25 266
50 334
b. Second Street 2 154 190 2.6
5 27:2
10 363
25 494
50 631
Co Osborn Road 2 209 420 7.8
5 379
10 525
25 739
50 947
d. Earll Drive 2 380 430 612
5 708
10 994
25 1142
50 1854

*Rased on log-normal interpolation between 2 and 10 year values.

FIGURE 4.3
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storm in conjunction with the allowable spread of gutter flow, and that the

existing rather than future watersheds were assumed.

INCLUSION OF EXISTING STORM DRAIN INTO FUTURE SYSTEM
Because the existing Scottsdale stormdrain was designed to meet the 10-year
pavement drainage criterion and because its design did not anticipate the

increased effective drainage area that will be created by the presence of a

Lo

v

™

functioning stormdrain system, it does not have adequate capacity to se
the entire area upstream of Scottsdale Road for either the 10-year or 25=
year criterion. The stormdrain schemes investigated here provide
opportunities to intercept flow from upstream portions of the watershed -«
specifically at Indian School and at Secend Street -- leaving addicional

capacity in the downstream reaches.

1f the upstream area north of Indian School were cut off, and the existing
stormdrain needed to serve only Areas B, C and D, the Scottsdale Road
stormdrain would still not have adequate capacity to serve eilther
criterion, as can be seen from Figure 4.4, (It is close to the 10-~yearx
criterion, however, and may be considered acceptable.) The hydrologic

calculations used to develop Figure 4.4 are presented in Appendix D.

1f the upstream area north of Second Strset is intercepted, then the
capacity of the existing stormdrain will adequately serve the remaiuing
area as indicated in Figure 4.5. This situation would leave more than
adequate capacity to serve Areas C and D, This extra margin of capacity
would provide a welcomed measure of flexibility for designing the future
downtown drainage system. The hydrologic calculations used to generafe

Figure 4.5 are presented in Appendix E.
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CAPACITY OF EXISTING SCOTTSDALE ROAD STORMDRAIN
WITH DRAINAGE AREA TRUNCATED AT INDIAN SCHOOL

Approximate Return

POC Location Frequency Runoff Pipe Capacity Frequency Capacity
b’ Scottsdale Road at Second St. 2 88 190 8.1
Area B only 5 152
10 205
25 282
50 355
¢’ Scottsdale Road at Osborn 2 140 420 1957
Areas B+C 5 250
10 337
25 477
50 600
d’ Scottsdale Road at Earll 2 179 430 9.9
Areas B+C+D 5 313
10 431
25 608
50 763

FIGURE 4.4



CAPACITY OF EXISTING SCOTTSDALE ROAD STORMDRAIN
WITH DRAINAGE AREA TRUNCATED AT SECOND STREET

Approximate Return

POC Location Frequency Runoff Pipe Capacity Frequency Capacity
c" Scottsdale Road at Osborn 2 72 420 100
(Area Q) 5 125
10 175
25 245
50 310
100 411
4" Scottsdale Road at Earll 2 113 430 25
(Areas C+D) 5 201
10 279
25 395
50 514
100 628

FIGURE 4.5
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ALTERNATIVE SCHEMES

Scheme 1. The first scheme investigated here includes the construction of
a new stormdrain in Indian School Road, extending from Indian Bend Wash to
Marshall Way. This stormdrain would be sized to intercept the entire
design flow reaching Indian School (either the 10-year criterion or the 25-
year criterion). The Second Street stormdrain would be extended to
Scottsdale Road to intercept the remaining flow at that point (from Area B)
so that the Scottsdale Road stormdrain could adequately serve the remaining
area (Areas C and D in Figure 4.,2). A relatively large stormdrain in
Indian School would be required, but no oversizing of the 84" Second Street
pipe would be necessary. The extension from Wells Fargce to Scottsdale

would be smaller, A map reflecting this scheme is included as Figure 4.6.

Discharges along the Indian School stormdrain corresponding to the various
points of concentration and the resulting pipe size requirement for both
the 10-year and 25-year criteria are shown in Figure 4.7. _Similax
information for the Second Street stormdrain shown in Figure 4.8 indicates
that oversizing would not be required for either criterion. The hydrologic
calculations used to develop Figure 4.7 and 4.8 are included in Appendices

F and G respectively.

Scheme 2. The second scheme investigated here is that of eliminating or
reducing the extent of stormdrain necessary in Indian School Road by
oversizing the Seccnd Street stormdrain. With this scheme, the Second
Street instal lation would be extended past Scottsdale Road to Marshall Vay,
and then northward to Indian School. Laterals would also extend northward
in 75th to Indian School and then eastward to Civic Center Plaza. A map
showing this scheme is presented as Figure 4,9, The accumulation of runoff
quantities, and corresponding pipe sizes, are shown in Figure 4.10. It can
be seen from Figure 4.10 that oversizing the Second Street stormdrain to
96" will meet the 10-year criterion if Area M is precluded from entering
the system. The 25-year criterion can be met with 102" stormdrain if Area

M is excluded, an option which is probably not feasible due to constaints

f
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on the maximum pipe size. Hydrologic calculations for Scheme 2 are

presented in Appendix H.

Scheme 3. Because of the 96" maximum diameter constraint, the 25-year

criterion cannot be satisfied with Scheme 2. A third scheme has been
proposed here that utilizes the maximum diameter of pipe in Second Street

in conjunction with a minimal stormdrain installation in Indian School.

This scheme is shown in Figure 4.11. Under this scheme, it is still
necessary to extend the Second Street stormdrain to Marshall Way and Indian
School. The lateral im 75th is not needed, however.

zag are shown in Figures

The accunulated flows and corresponding pipe si

et

4.12 and 4.13. The hydrologic calculations are included in Appendix

COST ESTIMATE

The relative cost differential between the proposad alternatives has been

determined here on the basis of the following assumptions:

1. The unit costs of various sizes and types of stormdrains are shown in
Figure 4.14. Both the price of pipe installed and an estimated
“incidental™ cost for utility relocation, pavement replacement, traffic
control, etc., are shown. The incidental costs have been estimated on
the basis of the engineer's estimate for the current project, The

Ce - e

incidental costs shown for major roadways such as Indian School are

assumed to be twice those for Second Street.
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ACCUMULATED DISCHARGES, PIPE SIZE REQUIREMENTS FOR
INDIAN SCHOOL ROAD STORMDRAIN -- SCHEME 1

Required Storm Drain Diameter¥*

POC Location Frequency Runoff 10-Year Criterion 25-Year Criterion
al Marshall Way 2 39 48" 54"
5 68
10 92
25 123
50 154
12 Scottsdale Road 2 87 60" 66"
5 149
10 198
25 266
50 334
Civic Center Plaza 2 143 128 84"
5 248
10 339
25 461
50 589
75th Street 2 177 78" 90"
5 307
10 419
25 569
50 730
1 Miller Road 2 208 84" 96"
5 365
10 499
25 695
50 868

MAssumes ellective encigy gradieat ol 5%

FIGURE 4.7



ACCUMULATED DISCHARGES, PIPE SIZE REQUIREMENTS FOR
SECOND STREET STORMDRAIN (SCHEME 1)

Required Storm Drain Diameter

POC Location Frequency Runof f 10-Year Criterion 25-Year Criterion
bl Second St. at Scottsdale Rd. 2 88 60" TN
(Area B) 5 152
10 205
25 282
50 355
hl Second St. at Hinton 2 141 72 84"
(Area B+H) , 5 244
10 327
25 452
50 566
ml Second Street at Miller 2 153 78" 84"
(Area B+H+M) 5 269
10 361
25 494
50 642

FIGURE 4.8



ACCUMULATED DISCHARGES, PIPE SIZE REQUIREMENTS FOR
SECOND STREET STORMDRAIN (SCHEME 2)

Required Storm Drain Diameter

PoC Location Frequency Runof f 10-Year Criterion 25-Year Criterion
al' Marshall Way and Indian School 2 39 48" 54"
(Al) 5 68
10 92
25 123
50 154
bl' Second St. at Indian School 2 156
(A+B) 5 272
10 374
25 504
50 631
£1' Indian School at Civic Center 2 75
Plaza 5 130
(F) 10 177
25 236
50 296
gl' Indian School at 75th 2 111
(F+G) 5 197
10 265
25 366
50 459
hl' Second Street at 75th 2 257
(A+B+E+F+H) 5 464
10 627
25 873
50 1116
ml' Second Street at Miller 2 265
(A+B+E+T+I1+M) 5 477
10 643
2% 908
50 L158




ACCUMULATED DISCHARGES, PIPE SIZE REQUIREMENTS FOR
SECOND STREET STORM DRAIN (SCHEME 3)

Required Storm Drain Diameter

FOC Location Frequency Runof £ 10-Year Criterion 25-Year Criterion
W el Marshall Way and Indian School 2 39 48" 54"
(A1) 5 68
10 92
25 123
50 154
b''"' Second St. at Indian School 2 154 78" 84"
(A+B) 5 272
10 363
25 494
50 631
h'eo Second Street at 75th 2 172 84" 90"
(A+B+H) 5 304
10 418
25 581
50 742
it Indian School at 75th 2 180 84" 96"
(F+G) 5 321
10 443
25 611
50 778

FIGURE 4.12



ACCUMULATED DISCHARGES, PIPE SIZE REQUIREMENTS FOR
INDIAN SCHOOL ROAD STORM DRAIN -- SCHEME 3

Required Storm Drain Diameter*

POC Location Frequency Runof f 10-Year Criterion 25-Year Criterion
g''! 75th Street 2 111 66" 78"
5 197
10 265
25 366
50 459
1R Miller Road 2 150 78" 84"
5 270
10 363
25 496
50 621

*Assumes effective energy gradient of .5%

FIGURE 4.13



2. Only the lines shown in Figures 4.6, 4.9 and 4.11 are included. It is
y B

assumed that the collection systems upstream of each POC will be the

same .

n

No consideration has been made for the fact that Schemes 2 and: 3

(2
N

require additional cost for improvements that won't actually be
required for several years. The future value of the added cost would
be less than the costs shown here. If the future improvements are not
completed within the next few years, this effect may become

significant,

4., No cost has been placed on the disruption and inconvenience to t
public that the construction of a major stormdrain in Indian School

Road would create,

It is emphasized here that this analysis is intended to provide an
indication of the cost differentials involved with the various
hese costs should not be used for budgetary or other
purposes. A detailed stormwater management plan is necessary to develop

more complete information.

Cost estimates for Schemes 1, 2 and 3 are shown in Figures 4.15, 4.16, and
4,17 respectively, A summary of costs is presented in Figure 4.18.
Worksheets from which these cost estimates have been developed are

presented in Appendix J.

EFFECT OF STORMDRAIN SYSTEM ON LARGE FLOWS

pete

i~

It should be noted that the stormdrain system will create definitive
watershed delineation for the design storm as a minimum, plus whatever
excess the streets can contain -- provbably the mext higher fresquency sicrm
-- assuming the street drainage pattern coincides with those of the

' de

stormdrain. This effectively means the "low flow' lineation would apply
y pp-’

up through approximately the 25-year frequency for the 10-year stormdrain
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ASSUMED UNIT COST OF RCP STORM DRAIN FOR
MAJOR AND MINOR CORRIDOR ROUTES

’ipe Capacity at Cost of Pipe Minor Street Corridors Major Street Corridors

Size 50Z (per L.F.) Cost of Incidentals Total Unit Cost Cost of Incidentals Total Unit Cost
P
36" 51 5::50 $25 SAF1D $50 $100
48" 110 65 25 90 50 115
54" 151 80 25 105 50 130
60" 200 90 30 120 60 150
66" 258 110 30 140 60 170
72" 325 130 30 160 60 190
78" 402 160 30 190 60 220
84" 491 190 30 220 60 250
90" 590 215 35 250 70 285
96" 701 240 35 275 70 310
102" 824 265 35 300 70 335
108" 959 290 35 325 70 360

FIGURE 4.14



RELATIVE COST ESTIMATE FOR SCHEME 1
(REFERS TO FIGURE 4.6)

10-Year Criterion 25-Year Criterion

Pipe Reach Length Q d Unit Cost Cost Q d Unit Cost Cost
Outlet to ml 1500' 361 78" $190 $285,000 494 84" $220 $330,000
ml to hl 700" 327 7 3% 160 112,000 452 84" 220 154,000
hl to bl 2000 205 60" 120 240,000 282 72 160 320,000
Outlet to 1 2000 499 84" 250% 500,000 695 96" 310% 620,000
1. to g 700" 419 78" 220% 154,000 569 90" 285% 200,000
g to f 600" 339 728 190* 114,000 461 84" 250% 150,000
f to a2 1300 198 60" 150* 195,000 266 66" 170%* 221,000
a2 to al 700 92 48" 115%* 81,000 123 54" 130* 91,000

9500 $1,681,000 $2,086,000

*Assumes higher unit cost due to location in major roadway.

FIGURE 4.15



RELATIVE COST ESTIMATE FOR SCHEME 2
(REFERS TO FIGURE 4.9)

10-Year Criterion 25-Year Criterion

Pipe Reach Length Q d Unit Cost Cost Q d Unit Cost Cost
Outlet - ml 1500" 643 96" $275 $412,500 908 108" $325 $488,000
ml' - hl' 700" 627 96" 275 192,500 873 102" 300 210,000
hl1' - bl' 2000 374 78" 190 380,000 504 84" 220 440,000
bl1' - al' 2000 912 48" 90 180,000 123 54" 105 210,000
gl! -:hl! 1300" 265 66" 140 182,000 366 78" 190 247,000
1Y =gl 600" 177 60" 150% 90,000 236 66" 170%* 102,000

81,000' $1,439,000 $1,697,000

“Assumes higher unit cost due to location in major roadway.

FIGURE 4.16



RELATIVE COST ESTIMATE FOR SCHEME 3
(REFERS TO FIGURE 4.11)

10-Year Criterion 25-Year Criterion

Pipe Reach Length Q d Unit Cost Cost Q d Unit Cost Cost
Outlet to 1''' 2000 363 78" $220%* $440,000 496 84" $250* $500,000
12 teto gt 700" 265 66" 170%* 119,000 366 78" 220% 154,000
gt Eee £ 4! 600" 177 60" 150% 90,000 236 66" 170* 102,000
Outlet to m'"' 1500" 443 84" 220 330,000 611 96" 275 413,000
mti to bt ! 700" 418 84" 220 154,000 581 90" 250 175,000
h ol o 2000 363 78" 190 380,000 494 84" 220 440,000
bkl ctowal b 2000 92 48" 90 180,000 1:2:3 54" 105 210,000

$1,693,000 $1,994,000

*Assumes higher unit cost due to location in major roadway.

FIGURE &4.17



SUMMARY OF RELATIVE COSTS

Relative Cost in Millioms
Option Description 10-Year Criterion 25-Year Criterion

Scheme 1. Construct present Second Street storm drain $1.68 $2.09
at minimum size. Construct a future storm
drain in Indian School Road to Marshall Way.

scheme 2. Oversize the present Second Street storm drain. S1.44 ($1.70)*
Construct no future storm drain in Indian School.
Construct a lateral northward in 75th to serve
Indian School (and a lateral in Indian School over
to Civic Center Plaza).

Scheme 3. Construct maximum-sized (96'") present Second Street $1.69 $1.99
storm drain. Construct a smaller storm drain up

Indian School to Civic Center Plaza to avoid lateral
in Hinton, and to serve 25-year criterion.

*Tyenty-five year criterion can't be met with this scheme without going to greater than 96" diameter.

FIGURE 4.18
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criterion, and the 50-year storm for the 25-year criterion. The 100-yearx
1"

and larger storms would tend to revert to the "large flow" patterns

although to a lesser extent than presently would occur.

Great care must be used im the design of the upstream collection system to

ensure that the Second Street stormdrain is not overloaded by the areas
upstream of Scottsdale Road to the extent that it mo longer has the ability
to carry the entire 100-year storm approaching the depressed roadway from

the arecas downstream of Scottsdale Road.

Observations. The purpose of this effort is to determine the appropriate
size of the stormdrain to be installed in Second 3treet at this t

minimum size required to protect this project against the 100-year storm
was found to be 84", The maximum size that can be installed along this
alignment is 96" due to grade and other physical comnstraints. For lack of
a detailed master drainage plan for the downtown redevelopmenl area, a more

general analysis has been performed to determine as

advisability of oversizing te 96™.

Consideration of Figure 4.18 raveals the fellowing:
=) &

n

1. That oversizing the present stormdrain would in fact be uvltimately les
expensive -- particularly if the reduction of the future lndian Schocl

cost to its future value is ignored.

2. That an opportunity for even greater cost savings exists if cast-in-
place concrete pipe can be used along Second Street, but RCP is

required in indian School.

3, From Figure 4.1 the cost to the present project of oversizing would be

approximately $150,000.

It is noted here that the commitment to a particular drainage criterion for

the future downtown drainage system is not necessary at this time. Both

' g
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Schemes 1 and 3 can accommodate either the 10-year or 25-year criterion in
the future. Scheme 2 can also be made to fit either criterion by allowing
the excess runoff from Areas L and M to flow out of the redevelopment area
above ground, an option that does not appear to be particularly
objectionable, This is a fortumate circumstamce as it would be
advantageous to leave such a decision to be made during the more detailed
planning that should be undertaken later. The selection of the oversize
options also precludes the need to commit to one of the three particular

schemes at this time,

Recommended Pipe Size. It is recommended here that the present stormdrain
be oversized to 96" diameter. Although this action would increase the cost
of the present project, it would probably reduce the overall ultimate cost
of properly draining the downtown redevelopment area, and future segments
of the couplet system. It would also provide greater flexibility in

planning the ultimate downtown drainage system.

FLOW AT INDIAN SCHOOL AND CIVIC CENTER PLAZA

To avoid the need for a second 100~year stormdrain to intercept the flow in
Indian School, that flow is being precluded from entering the depression
with a rise in grade of Civic Center Plaza., This will result in lew flows
crossing Civic Center Plaza until construction of the segment to the north
is completed, at which time appropriate catch basins and stormdrains will

be installed,

This problem could be alleviated at this time via construction of
additional stormdrains as suggested in one of the three general schemes.
This would be expensive, and more importantly it would require a commitment
at this time to a particular scheme and pipe size -- without the benefit of
a master drainage plan. For those reasons, and since Civic Center will not
begin to function as a major roadway until it is extended anyway, this flow
has been allowed to cross Civic Center as gutter flow along Indian School

for the time being.

AL
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SECTION 5
ON-SITE DRAINAGE

The previous sections have addressed the existing and future upstream
drainage affecting this project. That drainage will be referred to here as
"off-site" drainage since it consists of runoff generated by rainfall in
upstream watersheds traversing the project location. "On-site" flow is
considered here to be flow generated from rainfall in the immediate
vicinity of the project, unable to be intercepted or diverted upstream by
the proposed off-site improvements. In this section, the locations and
quantities of on-site flow, and the methods for dealing with them are

determined.

Figure 5.1 is a drainage map delineating the source of on-site runoff.
Watersheds have been delineated for the flows entering the depression along
both gutter limes from both directions. The cross-hatching indicates the
area that will need to be pumped, this area including all the on-site
drainage except the roof of the garage which can be discharged into the
stormdrain directly. Since the Second Street stormdrain will be operating
under pressure in a 100-year storm, it will not be possible for the lower
garage level to be directly discharged, even though the stormdrain runs

under the garage.

The discharge quantities for the various points of concentration shown in
Figure 5.1 have been computed using the hydrologic methods of Secticn 2.
The results are summarized in Figure 5.2, with detailed calculations shown

in Appendix K.

Because of the greater than normal tendency for clogging in a 100-year
storm, design discharges of 10 cfs for each gutter from each direction will
be used. A design discharge of 60 cfs (27,000 gpm) will be used to size

the pump statiom.

|
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SECTION 6
HYDRAULIC DESIGN

In the previous sections, the discharge quantities nezded for designing the

resent

e

o0

o

various drainage improvements have been determined. This section
the hydraulic calculations used to design the various drainage system

compoinents.

Two individual stormdrain systems were designed to serve this project. The
first system drains the new Civic Center Plaza roadway. The outlet for
this stormsewer will be a pipe that runs from the low point in Civic Centex
Plaza to a stormwater pump station located near the northwest corner ©
Second Street and Hinton Avenue, The second system will pieck up.the
drainage coming down Second Street upstream of Civic Center Plaza. The
main trunk line of this system will serve as an outlet for the punmp

station, and will have its outfall at Indian Bend Wash, Both systems ars

graphically presented in Figures 6A and 6B.

The new profile of Civic Center Plaza was one of the major parameters
considered in designing its stormsewer. A high point will be developed
just south of Indian School Road. This will prevent the runoff flowing
east on Indian School from entering the depressed section of Civic Center
Plaza, and thus having to be pumped. The pavement drainage between this
high point and the high point in the profile immediately south of Second
Street will be picked up in a series of catch basins located in the
depressed section under the new Mall crossing. Standarxd MAG curb opening
cateh basins were selected to minimize the clogging due to debris and the
interference with vehicular traffic.

Three cateh basins will be used on each side of the road. One will be

iocated at the low point and twe others will be placed on each side of the

low point. By locating a catch basin upstream of the sump, sediment can be

picked up in the stormdrain rather than settling out in the roadway at the

valocity As shown in the

Ll e

low point where the tunoff will have its lowest
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calculations included in Appendix L, the catch basins iocated on the grade
will pick up approximately 61% of the runoff during a 100-year storm with
the carryover flow being picked up in the catch basin at the bottom of the

sag vertical curve,

After the inlets were sized and their locaticns determined, a system of
conduits was designed to convey the storm runoff to the pump station. The
procedure used to size the stormdrain pipes is based on pressure fiow and
is as follows:

a

1. A trial pipe diameter and slope are chosen such that when t

pipe is

carrying the computed discharge, it is flowing just full or under
pressure. A minimum pipe size of 18" was used.
2. A hydraulic grade lime is then computed for each lime that is flowing

under pressure. The hydraulic grade coincides with the level to which

the water would rise in a vertical tube connect to the storm sewer
flowing under pressure. By determining the elevation of the hydraulic
grade line at the inlets, the possibility of blowouts can be avolded.
In calculating the hydraulic grade line, the energy losses in the
stormdrain system due tc pipe frictionm, and the turbulence caused by
the catch basins and manholes, must be considered. The calculation of
the hydraulic grade line begins at the outlet of the first pipe which

is under pressure and proceeds upstream. The starting elevation was

taken to be the crown elevation of the pipe at the outlet.

The flows that were used to design the stormsewer were generated in another

&

section of this report. It was determined that ap roximately 30 cfs would
enter the stormsewer system in the depressed section of the roadway. Due
to the uncertainty of which direction the £lows would come from, the catch
basins in the sump area were slightly oversized to accommodate the

ar the

possibility of an unbalanced flow split. Another 30 cfs will en

stormsewer somewhere in the mew parking garage.

the pump station to the manhole immediately upstream of the parking

‘*an.\‘
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garage is sized to carry 60 cfs. The pipe from that manhole to the manhole
located at the low point of the depressed section is sized to carry 30 cfs.
The lateral pipes from the catch basins to the low point manhole are sized
to carry 10 cfs each. The pipe size and hydraulic gradeline calculations

are included in Appendix M.

SECOND STREET STORMDRAIN

It was determined earlier in this report that approximately 300 cfs would
be the peak flow on Second Street at Wells Fargo during a 100-year storm.
A series of catch basins was designed to pick up this flow upstream of
Civic Center Plaza. The first four catch basins will operate under orifice
flow conditions due to the high depth of flow, and will remove 224 cfs from
the street. Approximately 38 cfs will be allowed to flow down Wells Fargo,
which is a significant reduction in the quantity of runoff which would
currently occur in a 100-year storm. The other 38 cfs will flow down the
north gutter line of Second Street and be picked up in two catch basins.
The carryover flow of 9 cfs past the last catch basin will enter the
depressed section of Civic Center Plaza where it will be collected in the

stormsewer discussed previously.

The elevation of the hydraulic grade line in the main trunk line will be
below the crown of the pipe (i.e., the pipe will not be under pressure).
This is because runoff will not enter this pipe upstream of this project
until the trunk line is extended and additional catch basins are added.
When this extension occurs, the flow reaching the catch basins at Wells
Fargo will have been greatly reduced. Therefore, the size of the lateral
pipes between the catch basins and the trunk line will not be controlled by

the elevation of the hydraulic grade line at the truunk line.

The longitudinal slopes of these lateral pipes are great enough that their
frictional slope will not serve as a control on the pipe capacity.
Therefore, the limiting factor on the pipe capacity is the inlet control at
the entrance to the pipe. The allowable headwater for each of these pipes

was taken to be their diameter plus two feet., Since the pipes are placed




with a minimum of two feet of cover from the sub-base to the top of the
pipe, the freeboard during a 100-year storm will be equal to the depth of
the pavement structure (six to twelve inches) .

Downstream of Civic Center Plaza, the new stormsewer will be replacing a
smaller existing storm drain in Second Street. Therefore, existing catch
basins which are connected to this smaller trunk line will be tied into the

new ftrunk line using lateral pipes that are the same size as are being used

currently.

\
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SECTION 7
SUMMARY

A summary of the important points of this report is as follows:

The hydrology of this area is complicated to analyze due to the lack of
watershed definition and uncertainty of the contribution of the

existing stormdrain in larger storms.

The need for reliable analysis and design techniques 1is particularly
important in this case, since flooding of this project could also
result in damage to the parking structure, the Library, and the Public

Service Building.

This project is extremely complicated, and is being pursued under 2
very tight time schedule. Construction contracts are being let in a
series of bid packages so that preliminary construction can be underway

prior to completion of finmal design plans.

A definitive decision on whether or not to oversize the stormdrain
should be made on the basis of a detailed stormwater management plan
for the downtown redevelopment area. Because of the time constraints,
such a study cannot be made in time for a decision on oversizing. This
study has generally reviewed the available alternatives, and determined
approximate pipe sizes and relative costs of each, The intention of
this effort is to provide adequate information from which the decision
of whether to use an 84" or 96" stormdrain for the present project cam
be made. A detailed master plan is still needed and should be pursued

in the near future.

The 96" stormdrain is recommended here since it allows the greatest

2

amount of flexibility for future planning, it will probably result in 2

lower overall future cost even though it would make the present project

[oJonnson - srittain -"—-—-'""'—"/
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more expensive, and it would provide a greater margin of safety which

is of particular importance to this project.

6. The catch basin cluster along Second Street in the vicinity of Wells
Fargo has been designed to intercept the 100-year storm. As the

collection system in the upstream area is developed, these basins will

have excess capacity.

7. The easterly flow in Indian School Road will be precluded from entering

the depression by means of a rise in Civic Center Plaza. This flow
will temporarily cross Civic Center Plaza, on grade, until the next
segment is built northward. At that time, the pavement drainage system

for the new segment will resolve that problem in accordance with the

master stormdrain plan.

5
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APPENDIX A
HYDROLOGIC CALCULATIONS FOR DETERMINING

SECOND STREET STORMDRAIN REQUIREMENTS

(POCs u, v, v', w, w')




POC =z FCFCD HYDROLOGY METHOD CvcCntrPlz Sctsdl Rd
Johnson, Brittain & Associates, Inc JBA No 2490
u 25-320-1985 Opened

=lAaTERSHED

Soil Type Vegetative Cover Iap Curve No (CN) Adjusted Curve No (CN#) Runoff Coefficient (C)
Frq Subarea No Percent Type Dns Cover Description B C D c D I B c D 1

2z 21.6 12 1988%B Urban Lawn S0% S0% CvecCntr/Resort.... 017 S ) .93 65.8 =3 == 99.8 .82 == B . 88 442

50.2 12 188%B drban Lawn S58% 8en Specialties.ce..as T B 65.8 =2 == . 002 = o .7835
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58.2 12 158%B Urban Lawn S58% 88% Specialties....... T8 === 72.7 g == 062 == == 744
Tt e 5o 5 s e e b Vb SR e e ek e . veee e . ot (
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HYDROGRAPH CALCULATION RESULTS
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APPENDIX C
HYDROLOGIC CALCULATIONS FOR DETERMINATION OF

EXISTING SCOTTSDALE ROAD STORMDRAIN
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APPENDIX D
HYDROLOGIC CALCULATIONS FOR SCOTTSDALE ROAD

STORMDRAIN WITH DRAINAGE AREA TRUNCATED AT INDIAN SCHOOL ROAD
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APPENDIX E
HYDROLOGIC CALCULATIONS FOR SCOTTSDALE ROAD

STORMDRAIN WITH DRAINAGE AREA TRUNCATED AT SECOND STREET
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APPENDIX F
HYDROLOGIC CALCULATIONS FOR INDIAN SCHOOL ROAD STORMDRAIN
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12  108%B Urban Lawn S58% 8e% SpecialtiesS.scanss A== 2: %1 88.5 == = 998 L4812 e =
19.1 12 7 Urban Lawn 30% 50% CvcCntr/Resort.... 3 o 88.5 e i LAt = 5

A= "78.6 Ac

=== I NF alL L ==== ====lA T ERCOURSE==s=S======= ====FRUNOFF~ =======
Hag Values Calculated/Corrected Values Subreach Elev Basin tn
b P1 P P3 Pé P2 rg

P24 2 Length Diff Factor Watercourse Type F Pl Tc v i Cw q 2

2 1.280 1.48@ B33 18l 182 1. 174°1,37 3g0e 9 .820 Highly Urbznized.. 2 9.93 23 2 1 1.18 87

5 1.78 2.080 35 1A s .71 2,81 e ersa deas S A e a6 S 1.35 19 b 2 1.87 149
1@ 2.00 2.48 .82 50577 1287 2.86 " 2043 el aralate .. e B e T Y ig 1.62 17 2.9 3 2,49 198
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POC = o FCFCD HYDROLOGY METHOD CvcCntrPlz Sctsdl Rd
Johnson, Brittain & Associates, Inc JBA No 2670
A+F 25-30-1985 Opened
m=====I S TERSHED=== ===== = ==
Rtn Soil Type Vegetative Cover Imp Curve No (CN) Adjusted Curve No
Frq iubarea No Percent Type Dns Cover Description B C D Pl B < D
2 999 12 Urban Lawn aB% Specialties. ... . s 73 65.8 == ==
70.1 12 Urban Lawn S0% Office/Cmrcl/Rsdn. T e Ay 65.8 == o 3
1954 12 Urban Lawn S’ CvcCntr/Resort.... L& i 65.8 oy o 2
SR s o : B R o i By aide s . . R
S 99:5 12 Urban Lawn S@% 80% Specialties... ... TH M S R 135 25T = = 9.2 . 060 = = 3219 .744
70.1 12 Urban Lawn Se% 65% Office/Cmrcl/Rsdn. 7 e e 1257 i = .60 e == 616
59,0 12 Urban Lawn Se% 5% Cvcintr/Resort.... T4 i == 72,7 == = 060 == o 488
A= hgL Aot = L ek b b ) Tw= . b51
i 18 ok ) 12 10@%B Urban Lawn S8Y% 8@% SpecialtiesS.eeiass T o 1.62 TS 20 o 99.8 135 =5 == <929 .778@
i 7@.1 12 1@8%B Urban Lawn S8% 65% Office/Cmrcl/Rsdn. T8ai==m = Y i == . 135 == == . 651
i 1.1 12 1@0%B Urban Lawn 5@ S0% CvcCntr/Resort.... ¥ e i 75.2 o s 135 o= == =D 32
TR ARG e e B T R MR ST e AT O R e e e S ek et W aia e Al ahi s eze a7 % e armis i
25 5959 12 Urban Lawn S8% 807 Specialties.veesas TR i == 1§08, SR e =t 99.8 «22% o =5 L941 .799
78.1 12 Urban Lawn 58% 65% Office/Cmrcl/Rsdn. i PN e 9 = 229 = == .692
19.1 12 Urban Lawn Sex 1A CvcCntr/Resort.... T8 = P19 e == .229 5 = . 585
s 5 e eis e s Sle vy a ake o . S AR e e S e g e e et ety 2 B
5@ 12 drban 8% Specialties....... A S 2.30 7940 e = 99.8 . 307 £ == . 945 -821
12 Urban 65% Office/Cmrcl/Rsdn. JA S 79.0 - = .307 = = . 724
12 Urban 5a% CveCntr/Resort.... A L= G~ 0 e B .387 2 o 528
; ReLnong AR o VS o Sy R I At S seen e e S A MR e SRS
§ 10@ 895D 12 Urban 8@ Specialties..avuus 14 S 2.61 80.1 == = 09.8 2372 == o 955 = B39
3 78,1 12 Urban 65% Office/Cmrcl/Rsdn. T4 == 80.1 S == 2372 el o S ian!
E 19.1 12 Urban 50% CvcCntr/Resort.... A s e 80.1 == e .372 e e L44
% e M A 5 . Sis bisracadvotatete e g T see i Vieias A S a T
E 508 99.9 12 1809%B Urban Lawn 50% 8o Specialties...cae. 18 $ssld = 2.77 B8 vii=s =5 929.8 .401 -2 i, . 958 .B46
i 70.1 12 1008%B Urban Lawn 50% b5% Office/Cmrcl/Rsdn. A 88.5 ¢ — == .401 e = .763
§ 19.1 12 100%B Urban Lawn S@% SB% CvcCntr/Resort.... S e S B g = .401 e == .680
mgieRLoe. L sce S Gone a S R I T IS S . Vaein .s : eie's Taes “od e gt
5
3 ====FRMA I NFALL —===ATERCOURSE = RUNOFF
i Rtn  Map Values Calculated/Corrected Values Subreach  Elev Basin Rtn
i Frq F24 P1 P2 P3 Ps Length Diff Factor Watercourse Type Frq P1 Tc v i Cw q g
I 2 1.20 1.40 LB SR0 B ) G B Y R U G B i 4308 i8 .020 Highly Urbanized.. g 3 27 2.7 1.57 .609 8.95
S 1.70 2.00 13900087 Sl a8 tL gt 2501 seee . e R o e ] $=35 22 S5 2.399 . 651 1.66
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POE s P PCFCD HYDROLOGY METHOD CvcCntrFlz Sctsdl Rd
Johnson, Brittain & Asscociates, Inc JBA No 2652
A+F+G @5-30-1985 Opened
======lJAaTERSHE
Rtn Soil Type Vegetative Cover Curve No (CN) Ad justed Curve No (CN#¥) Runoff Coefficient (C)
Frq Subarea No Percent Type Dns Description B £ D P1 B c D 1 B C D 1 Avrg
2 99:5 12  10@%B Urban Lawn 5a% unecxaltxes ..... : 14 == == .93 65.8 - e $9.8 282 e -- .88! .785
112.1 12 100%B Urban Lawn S0% Offic E/‘mrcl/r:dn T e s 65.8 = i eaz e T (573
1951 12 188%LE Urban Lawn Se’ L«chtr/Resorg.... T A e S 65.8 oy o 222 — 3 . 442
e Baaa T S e TN L O Ao n gk e S et aie e SRR e 2 e g
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AR ST e T SR S & A e S : s PR s 508 OO
18 59.5 12 100%LEB Urban Lawn S@% B@% SpecialtieS.ieevacs L ST e 1.62 75.2 == = 99.0 135 s T= 929 778
$E 250 12 100%B Urban Lawn S@% 65% Office/Cmrcl/Rsdn. IR === 75.2 o == 135 e == . 651
19.°1 12 18@%B Urban Lawn se’ 58% CvcCntr/Resort.... 73 == == 75.2 == == 139 o = «932
z LT S A S L i e AT R P e a G e e e s e e e e R i P o VTR kY
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| M SRR G L2 o i B s P e e o CEREREE R R e AT L e LMyl e A AR TR P R s
¢ 50 59.5 12 10@%B Urban Lawn 50% 88% Specialties.veesas A SR 2.38 79.8 e = 95.8 Al e e 943 821
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; ey o S e SO P o s e sle als S 2 WRae s o aiajesa 4 N0 ataca PSR B e AT P AP SRR S SRR
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‘,
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====Ra INFAaL L ====WATERCOURSE========== ===RUNOFF~
Rtn Hag Values Calculated/Corrected Values Subreach Eley Basin Rtn
Frg b 2 P1 P P Pé P24 Length Diff Factor Watercourse Type Fro P1 Tc v i Cw q Q
2 1528 T 40 s W30 Tt a1 T 07 L7 T 37 4900 23 .020 Highly Urbgnx ed.. 2 8.93 28 2.9 1.53 601 8.92 177
3 1.70 2.00 1.39 - 1.87 1.55 1.71 2.8} i e asse 5 ] 133 23 3.6 2.48 . 543 1239 387 |
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POC = & 4 PCFCD HYDROLOGY METHOD

Johnson, Brittain & Associates, Inc

CveCntrPlz Sctsdl Rd
JBA No 2692

e T—————

A+F+G+L B5-30-1985 Opened
======lATERSHED ;
Rtn Soil Type Vegetative Cover Imp Curve No (CN) Adjusted Curve No (CN#) Runoff Coefficient (C)
Frq Subarea No Percent y ns Caover Description € D B C D 1 B c D I A
2 39.5 12 1@@J%E Urban Lawn 0% 8@ Specialties..... L Rt U == .32 =
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AE R e s e s s L I AR b Sk e e e i te e uh 4
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162.4 12 100%B Urban Lawn 50% b5% Office/Cmrcl/Rsdn. T e e 268 ==
19.1 12 100%B Urban Lawn 587 507 CvecCntr/Resort.... T4, === == 852 ==
T r e EER i et i P A D ‘ 5 : . “eone
10 39.9 12 180%B Urban Lawn 507 80% Specialties....... 74 == == == b
162.4 12 1007%B Urban Lawn 507% 65% Office/Cmrcl/Rsdn. T8 === == ==
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LT N & el ek ok Y ol ¥ie ss Selaiele ey g ts e ot el e os .
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Y T s . . wiewmes s . s n e it e e a e e & e o R T BREZ P .asle e
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162.4 12 1@08%B Urban Lawn S0% 657 Office/Cmrcl/Rsdn. 74 =gt == . 387 == —=
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e CE R Tl el RGO <A 3 a6 wnle e n e b e e ceee e s'eluie e
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B SR iig L e e e s S 0 e a T d e s e ol i o . "ois Boim sl g e uie -
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TR g e AP A N S R e e siaine’s hanamiaie At . .e'sis -
====Ra INFAL L. WATERCOURSE ss======== ====RUNOFF
Rtn  Map Values Calculated/Corrected Values Subreach Eley Basin n
Frq ) P24 P1 P2 P3 Pé P24 Length Dift Factor Watercourse Type Frq P1 Tc v i Cw q Q
2 1,281,408 0098 1.0 1087 YT 1037 5500 .020 Highly Urbanized.. 2 8.93 31 3.0 1.44 .595 @.86 288
3 1.70 2,00 T35 E 047 0 1. 85 Ha21 . 2.0 veese cess G oEs A e . 5 1.35 25 o ) 2.36 638 1.50 365
10 2.028 2,49 156206 70 1,87 c208875.2.43 ie e . 19 1.62 22 8.2 3.85 671 2.06 499
25 2.68 3.00 197216 52,28 -"2086:2197 Yo v 25 1.57 19 4.8 4,33 718 Z.8%4 695
5@ 2.88 3.40 2.30-72.812°2.65 2:93  3.47 ess . Se 2,30 18 J.1 4.33 .748 3.57 868
108 3.48 B0 - 261 520860302 IEARVDT 9T 180 2.61 16 Sl 88 766 4,44 1279
508 == = 280 13 a@3 320 3983 A9 = 5500 Lca= 2880 Sc=.00473 nbw=.0208 508 2574, 16 2.7 6.15 777 1.78 161
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~,OoC = ¥ B FCFCD HYDROLOGY METHOD CvcCntrFPlz Sctsdl Rd
Johnson, Brittain & Associates, Inc JBA No 2690
B P5-20-1985 Opened

======ll A TERSHED =
Soil Type Vegetative Cover Imp Cugve go (CN) AdgustedcﬁurveDNo (C?*) Runoéf Coericxent (C)
D

Ng_ Percent Type Dns Cover Description P1 B Avrg

12 100%EB Urban Lawn S0% 80 Specialties.....v, 74 BRCEE ot Sl 93 63.8 oo s 9%.0 .082 S == .881 .785

12 180%B Urban Lawn 587 S0% CvcCntr/Resort.... T4 =i 65.8 o == .0e2 == - . 442
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ST T R
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oe 90
20% Urban Lawn 507

.
o e e
R

120 44.0 Urban Lawn 3Q% 8a7 Specialties....... G Ot R 2.61 80.1 e s 99.8

100%B 312 £ .
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——
PIR
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SO SR see s cie v ia et s ‘e cretessaseasneaaan e 4. Gt ees o e a ST e M o n sees ssss sses R

———=IT§AINFQI_I_ ====ATERCOURSE RUMNOFF

ap Values Calculated/Corrected Values Subreach Elev Basin Rtn

Frg ) P24 P1 P P3 P& P24 Length Diff Factor Watercourse Type Frq P1 Tc v i Cw qQ ]
2 1.207 1.4@ - "@.93 1.0y71.87  1.17 . 1.37 3200 16 . 820 Highly Urbanized.. 27893 20 2.7 1.88 . 587 1.89 88
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~,aC = PCFCD HYDROLOGY METHOD CvcCntrFPlz Sctsdl Rd
Johnson, Brittain & Associates, Inc JBA No 2690
B+H @5-38—-1985
======lJATERSHED
Rtn Vegetative Cover Curve No (CN) Adjusted Curve No (CN¥) Runoff Coefficient (C
Efq Dn Description B C D B c D I c D 1
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v . e et o 5 ba swialal Mot e 2 L N A e oo .o . 5 veas Yisise .
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====RH =WATERCOURSE RUNOFF
Rtn M g alculated/Corrected Values Elev Basin & Rtn
Frq 6 P P2 P3 ) P Diff Factor Watercourse Type Frq P1 3 1 v q
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10 2,88 2.40 1.62 1,77 1.87  2.86. 243 sesn wisle s 10 1.462 16 4.3 3 2.36 3
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~OoC 2 ™z FCFCD HYDROLOGY METHOD CvcCntrPlz Sctsdl Rd
Johnson, Brittain & Associates, Inc JBA No 2692
B+H+M B5-38-198S Opened
======ldAaTERSHED ==
Rtn Soil Type Vegetative Cover Imp Curve No (CN) Adjusted Curve No (CN¥) Runoff Coefficient (C)
Frq Subarea No Percent Type Dns Cover Description B c D PRy B [ B D 1 Avrg
2 2.2 12 10Q%LB Urban Lawn S50% 8% Specialties...us.s Fh == =z 93 65.8 i -- 9.8 . 802 == = . 881 . 785
4i.4 12 100%B Urban Lawn 0% 637 Office/Cmrcl/Rsdn. 74 == -- 3.8 == .202 == == 573
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5 T m SeeE o aaara 34 e el i o . vees - s
S 2 1Z 100%B Urban Lawn 9% 807 Specialties....... 714 == == 1.33 2.7 = e 99.2 L8460 == = 215 744
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3742 12 100%B Urbzn Lawn 5en 514 CvcCntr/Resort . T A 12,7 =5 G 260 = == .428
R i LhoE o T menea 555 eh At B N §ioy, Tuientee -
i8 62.2 12 100%B Urban Lawn 'Y 8@% Specialties..... T R 1.62 75.2 = = 99.0 135 == == 529 772
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APPENDIX J

PRELIMINARY ENGINEER'S COST ESTIMATE
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MATERIALS 1LIGT ' 0S/30/85

JEOr I ) &5 entlabel G D Saglt s

RFERFIZIARZAE L AFIERRAA LU L XL AL AR L L L L RALLLURL YL L LAY LR D LNR

hid

o35 (e 1

=t Vo
- XK
€
b1
bYs
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»
YL
3¢
<

5 4
{ o

|
HUMIER DUSCRIPTION BRIE 67 €

oy
A
%
B!

011042 Pipe, Reinforced Concrete, Class 11, 26" 1:00 0% 5,00 500,460
29110423 Pipe, Reinforced Concrete, Class ITT, 24" 444 17 50,06 2z200.69
2911053 Fipe, Reinforced Concrete, Glass ITI, 40¢ 404 17 65,00 21460.,00
011072 FPipe, Reinforced Concrete, Class IT, 94 A 230,00 382690, 00

p ’ 2
2011093 FPipe, Reinforced Concrete, Clazs ITI, 94" AL 240,00 J05520. 810

total cost 327270, 69
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5011092
2011093
50125326
S012540

501259
a1 oY

MHATERIALS LLIGTY

JOB : 26790.4 endo G b DALt T’

DUSCRIPTION

"ipe, Reinforced Concrete, Class II, 94"
ripe, Reinforced Concrete, Class ITI, 76"
Pipe, Cast- In-Place, 26"
Pipe, Cast In-Place, 40"
fipe, Cast-In-Place, 94"

NS LS0/BS

RAXXXXXA LA XXX RARLRRX

112 1°
CAL 1T
o44 17
484 17
2017 17

total cost

P

UNTT

PR

£
Ly

230,00
240,00
20.09
40,00
170.00

h1Y
b1

»

»
K
P

S

-4 %

oA =0 Y
=)

-~

25770.00
97040.00
16320.00
19349.00

512690.00

633656, 00




MATERIALS LLIST 1S/30/385
JibErc e L PPN 5 2nd USRS DaG A ]t '

/
SRR SRR SRR R RIS E T T EI IR E LTSI LI I E L T P S TS PP T PSSP T PR R TRy PR

ITEM UNIT 2 TOT AL
HUMDER DIZGCRINPTION oTY, EOET CooT
3011042 Pipe, Reinforced Concrete, Class IT, Z4° 100 1° A5.00 A500.90
3011043 FPipe, Reinforced Concrete, Class III, 24" A44 1T 50,09 22200.00
5011052 fipe, Reinforced Concrete, Class 111, 4g® A04 11 L5,00 31460.09
5011082 Pipe, Reinforced Concrete, Class IT, 04" 2103 17 175,00 A10085.00
3011092 FPipe, Reinforced Concrete, Class ITI, 04" 127410 200.00 254400.00

total cost 722845, 00




MATERIALS LLIST 05/30/85
S ORCE R PGP0 G 2nd ‘st @ Siahne. AT D

2SRRI ST LI TSI LTI T LT ILE LTSI LEEEPELEEIEPELPIPDEETIIE LI L ED S T2
ITEH UHIT TOT AL
NUMTIER DEGCRIPTION A GRET £8ST
5011082 Pipe, Reinforced Concrete, Class 17, 04" 112 17 17%.00 2243%.00
0011082 Pipe, Reinforced Concrete, Class III, 04" ca6 17 200.00 49206.00
3012536 Pipe, Cast-In-Place, 26" 544 11 30.00 16326.00
9012548 Pipe, Cast- In-Place, 40" 484 17 40,00 19365.00
9012564 Pipe, Cast-In-Place, 04" 3017 1€ 120.00 2922198.00
total cost 499125. 00

¢

l !




APPPENDIX K

HYDROLOGIC CALCULATIONS FOR ON-SITE DRAINAGE ANALYSIS

(pocs . rl, ©2, 3, 14, )
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APPENDIX L

CATCH BASIN INLET CAPACITY CALCULATICHNS




PAVEMENT DRAINAGE WORKSHEET

LOCATION DATA

DESIGN DA TA

/1 & Associates, Inc.
( ),\vrmnmz ERS PLAN mi}:;-

SURVEYORS

Highway SeotTspALe Cwic CenTep Frequency 100 year
i.ocation \\\O‘Z]:H BOOND i ANS Pf,: in. 'P24: R 152 SN by U
Project No. 2GAO : e % i
13“ : Ol
RUNOFF CALCULATIONS Curb Height: = 2 L
From To L W DA LR G 5 )4 6 T Si b e e D i
| Station Station ft! ft: acr. min. | in/hr cfs cis cfs fe/{t fHitt fits i
)__i_j,fg.?».&.‘-': 17T+34 48 /O R o 079 O 2175 0.2.8 14.0
et
145448 B34 8l - = (17 |16 |Suome .02 "= 052 26.0
119+34. 48 24+71,70 |0 — l© 029 | .02 |3116 028 4.0
INLET CALCULATIONS
Station Inlet Type D Qi Q.= QT - Inlet Type: Single
. {t. cis Double
IR 5\«\61.6l .
ATI+24.48 | MAG V1" Wine | 028 .\ 32.88 L% Gl
Double
SINGLE n
15+24.48 | mag 10 wivg 0.5% Sl e 100 %
SINGLE
[+ 24,48 |MAG (7' wine 0.28 .\ 3.8% 61 Y
Computed by: DL ® Checkzad by: 2ok Date: _5/14/8%




Joﬁsonﬁrillﬂ - -

& Associates, Inc.
ENGINEERS - PLANNERS: - SURVEYCRS

TR T

PAVEMENT DRAINAGE WORKSHEET

r

LOCATION DATA DESIGN DA TA

Highway ScorropALe Civic CenTer Frequency 10O years
Location SOUTH Boo N D LANE P6= in. P24= in. P1= in.
Project No. 2 2
rojec LA Tall = IL=TEONG
RUNOFF CALCULATIONS Curb Height =
From To L w D.A. T 1 Q Qe it Q Sa Sx | z/n D T
| Station Station s {t. acr. min. | in/hr cfs cfs cis ft/ft ft/1ft ft ft.
CBH) el 40 \1+34.48 1010 0L 131725 [10.28 | 140
& , 171+ 34 .49 {8+ 24,43 Tall | s0kae o2 — 0.1% 14.0
/’\51 '
o 34,48 724#1110 lo 6729 |07 317510728 | 4o
INLET CALCULATIONS
Station Inlet Type D Q, Qc=Qp - Q; Inlet Type: Single
s cis Double
3 SINGLE MAG,  STD.
\T1+24 .48 | MAe 11 wiveg | 018 GV 2,88 Single
Ibuble
PCOVBLE 5
185+ 34.45 |\ Mpe 10" WiINe [0.28 | 1.6 T loo%
SINGLE |
2+ 34,435 |mae 171 wive | O.28] 6.\2 2.68
Computed by: _ DCB Checked by: __ Z20F Date: _5/14/85




§;

PAVEMENT DRAINAGE WORKSHEET

LOCATION DATA

DESIGN DA TA

+jo-on—‘i(t- - .
/I & Associates, Inc

g ENGINEERS PLANN! RN SURVEYORS
Q\ e

Highway ScoTToDALE Ciic CenTer Frequency loo years
l.ocation C\?OUTH or UNDER PASS 1362 in. P24= in. Pl': 1N,
Project ; ;
roject No 20 Tall = b e o A
_RUNOFF CALCULATIONS Curb Height = [
From To I Wl DoAel.LC Ta i Q Gy NS | PR DT
Station Station ft. Tt acris min. | in/hr cfs cfs cfs ft/ft ft/ft ft. £t
4+ Hilo 724+9% [B27.6] % 0.44 | 025| 5 AL 5RO O A0 009 87 | 3802|1350
|
L
Z4+71.70 24494 150.L] 26 | 0.3l |05 5 |9 |[72.68] o |72.68|.005 | 02 [2125|0.24] 11,85
INLET CALCULATIONS 2
Station Inlet Type D Q, Qc=Qp - Q4 Inlet Type: Single
fe: cfs Double
g =3 0) : ¥ |eeecuLar. Azea
—,2'4 F e Single
Double
@ MAx. Desien SePrean
24494 @ NOT REACHED. CATCH BASING

Computed by:

DCB

Checked by: eoe

oN NEXT OB

Date: 5/l4/85




LOCATION DATA

DESIGN DATA

Johnson . Brittain

Highway chz:, LenTen FLA z4A Frequency (0O years 3
~ocation  Trpian Sevgne — 280 STO Pp =t ing Py condnin Anc b = < (A:AxSSOClateS. e, VEYORS
Project No. 2490 Outlet TW Elev. = ENGINEERS - PLAN NERS - SURVEYORS
Pipe n = .01 ”’
SEWZR CALLCULATIONS
Loca:ion Drainage Area Time of Flow, Min. I Q Sewer Profile ewer Design
l.ine No. | Fromn - To No. Increm. Inlet |Sewer|Design|in. /hr] cfs' |Crown Elavation Lengtk [Slope [Diam. |Q, 1 v
3 fu e
& CcA £ CA i Sty ft. froo/ifve [ elos cis fpis.
s @ CB CBZ \O = \o 10 7%.45 77.471 8 ol (8 0.5 s |%=0.3=
@ C&H cBs 1o = \O . Ko) 23. 69 2281 ,009 | & 97| 58.0 | —
i .
v L%) Cn3 a2 \o & \O \o B2ASE1L72. 40 a8 0| 18 Vo s
| (2 CBG CB5 Lo - \O \0 | 2269 | 22.8) 98 009 | (8 QuaRl | saku =
l g [
(5 |ces MH4 20 112281 | 2220 | 10 | . 00| 724 | 19.3]| ¢4 |~
§ d) e i
10 a2 MHT 0 | 12471 | 29230 | 7 | .024] 74 [35.3 ]| 15 |k> 03
1
gy [ aua e AL 20 | 2270 | 2180 | 4849 |00z | 36 | 32 |4.2 | -
L (G MUIO  Pump Shabin 6O | Zi1.80 | 2097 | HBS [0.001T]| 48 | b4 (4.8 | —
i o
i - —
| e |
Computed by: Tl Checked by:  T2.DER Date: -A___.s.:g’_é.‘....,_



. SUMMARY OF HYDRAULIC CALCULATIONS i
Chk. by 2O PRESSURE FLOW DESIGN Oald S e
Project: Cwie Cender Plza Lines: freq 82 __Yr. | Sheel of
e | o 3 ] 3 T 8 5 .'?_.H_-','__I__.'?__,l___J?,__D'{ s ST A T8l e ] g
RUCTURE] STATION | TY 8 A Lo E.G h H.G
SI_USI L_Jj?_* 0 SIZEE . Y B S' E £ H, ] Hy HJ H, Haw Hu-sc 2HL ; . :
MH 9 ;
S e | 10
(.2 74 | 20 | 3.142] 6.2V 21202] .008]| 10 Bl = 55 et -
N 2 23,48 | .3 [ 2285
CBS 20 ! " - O s a1 | 50 | 221
(LZ) 18 | 1o FLWT] 5.66 ] 105.1] .00 A8- a9 ! 89 : : A
C B A | : 14.‘50 50 e 2360
|
Gl elw| plcrls =| 24
051 Guthd elev| @21 C7 Af 2 2|19 e
i'
|
'

\



APPENDIX M

STORMDRAIN CAPACITY CALCULATIONS
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EROSS. SECT TON -5

Velocity 4.76

ta. 14+40

STATION 3, 130 ELEVATION
STATION 0, 10 ELEVATION
STATION 7130 ELEVATION
STATION G, 00 ELEVATION
STATION .10 ELEVATION
STATION Gt 018 ELEVATION
STATION &5 .00 ELEVATION
STATION &5, 10 ELEVATION
~-STATION 86,20 ELEVATION
STATIONM 89 .00 ELEVATION
RESULTS

Manning®s "n® 0,016

Channel Slope 0.426%

W.5. Elevation 49,59

Area L i

Ferimeter B I Rl  a

Mear Bank 4

Far Rank 8a.9

Discharge B00,77 cfs

fpe

&, G0
49,20
45, 00
49.18
48. 68
49 .00
48. 54
49 .04
48. 95
&0, 00

JOBR # 2490
Civic Center
BY»: RDE
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N
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JOB # Zawo
Civic Center Flaza
BY: RDH

Ty e L

CROSS SECTION (Sta. 14+90

STATION 0, 00 ELEVATION G, OO0
STATION Q.10 ELEVATION 49 .20
STATION 7 100 ELEVATION 49, 00
STATION D 00 ELEVATION 49.18
STATION Sa16) ELEVYATION 48. 68
STATION oD, ELEVATION 49 .00
STATION 65 . 00 ELEVATION 48.54
STATION 5. 10 ELEVATION 49,04
STATION g8.v0 ELEVATION 48.95
STATION 89. 00 ELEVATION HO L 00
RESULTS

Marnning®s *n® 0,016
Channel Slope O0.424%
W.%, Elevation 49 .41
Area 4&.36 5F
Ferimeter G0, Z0 Ft.
Mear Bank 0.1

Far Bank HE o
Discharge 180,18 cfs
Velocity 3.89 fps
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STANDARD CURB-OPENING INLET CHART
EXAMPLE

: One inch is 25.4mm =
i One foot is 0.3048m Given ?x —|Ooof$ b7

5 =0.03 ft./ft

S
7 : SR8t L =24t
Sy (T-2)=dy Flnd—{L'. b |
_0i8 0 03 04 . 060810 . ‘91/0—0.65 O,/Q—I,O' ;

LTS

373

St in ]

b )

Cost In 1973 (1000 Dollars)

3.0 40 60 80 10

i ; : : X |
lg Inlet Length, L;j (ft)

FiG. 56

! | 5-27
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(89 — 10,000
S 168 8,000 EXAMPLE (1) (2) (3)
l = 156 ; 6,000 g-:zzoinefnu (3.5 feet) i & c
144 — 5,000 g P
- i — 4,000 w* Hw 6. - — 5.
— 132 r % feet [:- v 3
I S 000 0 2.5 8.8 B B as
B C 2 Gon (2) 2.1 7.4 B - F
- 2, 4, =
1o g @) 2.2 .7 . Eo £
o - "D in feet & - 3.
=0 1,000 C 3. - 5
I — 800 - - -
- 84 s b K] 7 e e
- 600 Sy By
: — 500 o - 5 L
& £ B i =
— 72 — 400 e 2 r L
W _ 300 s zr i
g E a ‘}y poei =5 1.8
z g_’ o & - L
B 60 S [ 200 / W15 i
= - s Wi i ‘
= Sf <[ - £
& ~w [ 100 e
w — 48 L 3 - = r - f=
> / [+ o 80 T
# e = — ——— e .
D - ; [ - |
O a2 o [ 0 e 1o [-40
u o |- 50 o '
— o o f HW SCALE ENTRANCE o 10 | i
I x — 40 D TYPE :5 : °
g w = I o i ey =
m A - 30 )] Square edge with :
= [ headwall g =59 -
e < [~3 - - <
2 a — 20 2) Groove ead with w F 2 g
- 30 3 heedwall x P ¥
:—— 3 Groove end — .8 #
| o7 [ projecting r
— 24 4 — .7
131 6 Yo use scule (2) or (3) project - P
i - — 5 horizontally to scole (1), then =
; : 4 use stralght inclined line through
i | D ond Q scoles, or reverse os — .6 = .6
3 illustroted, — .6
18 o
' .:;‘ 2 i B .—
15 =
- L.s Lys
' C 1.0 sl
e - — HEADWATER DEPTH FOR
' CONGRETE PIPE GULVERTS
BUREAU OF PUBLIC ROADS JAN. 1963 WITH | NLET CONTROL
i FIGURE 3-22






