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I. INTRODUCTION

This final drainage study for the concept roadway study is intended to present alternative

concepts and the identification of a storm drain system that will meet the City of Scottsdale's

design criteria and serve to safely route storm runoff around and through the project and find

acceptable points of discharge via an outfall system terminating in the existing 84 inch and 90

inch reinforced concrete pipes in Scottsdale Road. The design presented herein is not

intended to be a preliminary or final design, as that can only proceed concurrently with the

development of construction plans and specifications, but rather a concept from which final

plans may be developed without going through an extensive hydrological analysis and

feasibility study. Several assumptions were made, as shall be noted, to expeditiously size a

A. Background

The 64th Street/Indian School Design Concept Study evolved from the City of Scottsdale

North/South Corridor Study completed in 1991. That report recommended that 64th Street

from McDowell Road to Thomas Road be widened to four lanes including a median or center

turn lane. Additionally, 64th Street from Thomas Road to Indian School Road was

recommended for new street construction the same roadway configuration (four-lane etc.) as

between McDowell To Thomas Road. Buffer islands were to be incorporated between

McDowell and Thomas adjacent to the existing 64th Street. On February 18, 1992 City voters

approved funding for the 64th Street widening project. Overall the improvements include 2.25

miles of roadway widening to major collector/minor arterial standards incorporating a 45

m.p.h. design speed. Exhibit 1 depicts a site vicinity map outlining the area of improvements.

B. Purpose

The purpose of this drainage study will be to undertake a comprehensive field

reconnaissance to evaluate and identify drainage watercourses and problems and to quantify

runoff for the 10, 50 and 100 year storms. Off-site flows play an important role in the

development of storm drain infrastructure to alleviate roadway flooding by intercepting runoff

before it reaches the street, as well as relieving flows in the road itself. This study forms a

basis for the conceptual design of a storm drain system compatible with the new roadway

alignment which meet the above stated objectives. The conceptual design will be shown on

roadway plan and profile sheets except for the outfall system which will be shown on the off

site drainage map (Exhibit 3 in map pocket). The development of an infrastructure system will

allow quantities to be tabulated and a construction cost estimate to be prepared as part of the

overall cost estimate for the 64th Street roadway widening improvements.

Page 1
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II. SCOPE OF WORK/DESIGN CRITERIA

5. The final drainage report shall include 10% design drawings and hydraulic

calculations for the selected structures and facilities.

1. The Engineer shall conduct a field investigation of the project limits to become

familiar with the drainage patterns.

storm drain network to facilitate the identification of construction costs and viable alternatives

to be considered as the project proceeds into the preliminary and final design phases.

Page 3

0.04593 L0.77/S0.385

The distance to the most hydraulically remote point in the basin.

Slope of L, in percent.

TC =
L =
S =

(Kirpich)

Where

2. The Engineer shall review all reports, maps, aerial photographs as necessary to

determine the drainage patterns in the area. Peak runoff discharges shall be

computed for 10, 50 and 100 year storms at existing and future points of

discharge.

3. The Engineer shall study and evaluate alternative means of conveyance for storm

water concentrating at the intersection of 64th Street and Thomas Road.

4. The drainage report shall include applicable design criteria and

analysis/computations for the various design alternatives.

A. Contract Requirements

The scope of work includes the following:

B. Design Criteria

The City of Scottsdale Design Procedures and Criteria, Sections 2, 2.2 and 3 were used in

preparing this report (References 1, 2 and 3) and the 10% design plans.

Since all of the basins are less than 160 acres, (1/4 section) the Rational method was used in

computing hydrology for the 10, 50 and 100 year events. The minimum time of concentration

for urbanized conditions is five minutes and the Kirpich equation was used to compute this,

as follows:

64th Street/Indian School Road
Design Concept Study - Drainage Report
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• Minimum longitudinal street grade shall be 0.40%.

• Inlets shall be placed upstream of pedestrian crossings at major intersections.

• Valley gutters shall not be used on arterial to arterial or arterial to collector streets.

Other important design criteria used were as follows:

Page 4

• Maximum depth of flow in street gutters is eight inches for the 100 year storm.

According to the City of Scottsdale Ordinance "In no case, shall the depth of Flow

be greater than 1 foot".Flow must be contained within the right-of-way upon curb

overtopping.

• Use MAG Type 220-A curb and gutter (17 inch pan and effective gutter slope 

4.17%).

• Must maintain at least one dry 12 foot lane in each direction of travel for the 100

year storm for major collector/minor arterial roads. Bypass flow from each, inlet

shall be taken into account. Appropriate clogging factors must be used. HEC-12

computational procedures are appropriate for inlet design (reference 6).

• Particular care shall be exercised in roa,dway sag conditions. Inlets must be

located in low points and flow spread criteria not violated. Flanking inlets as

recommended in HEC-12 are advisable for arterial roadways/freeways (reference

6) and shall be used in the 64th Street design.

• Reinforced concrete pipe (RCP) will be used for storm drain design with a

Manning's N=0.012. Minimum velocity shall be 3 feet/second.

Runoff coefficients were used from Figure 2.2-21 (reference 2) and rainfall intensities were

taken from Figure 2.2-13 (reference 2). These are included in the technical appendix. The

exception to this is hydrology computations for off-site basins in the City of Phoenix (Papago

Park Area and north thereof) on the west side of 64th Street from McDowell to Oak Streets.

64th Street/Indian School Road
Design Concept Study - Drainage Report
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III. EXISTING CONDITIONS

A. Off·Site Hydrology
Exhibit 3 - Off-Site Basin Map (map pocket) depicts the entire watershed tributary to the 64th

Street improvements and outlines sub-basins within the watershed at particular points of

discharge. At these points, times of concentration are given, as well as peak runoff

discharges for the 10, 50 and 100-year events. Hydrological design data record computation

sheets are located in the technical appendix. The following describes existing conditions

along the 64th Street alignment.

• McDowell Road to Oak Street

Currently, 64th Street is a two-lane roadway along this stretch, without curbs.

Drainage on the east side of the road flows away from 64th Street toward the

cross cut canal. Drainage from the west side contributes substantial off-site runoff

emanating from Papago Buttes and crosses 64th Street after being conveyed in

small ditches. A significant portion of this off-site flow concentrates at the Hubble

Street dip crossing about 1500 feet north of McDowell Road. This, along with

runoff generated from residential dwellings in the Hy-View subdivision results in a

ponded backwater condition resulting in a FEMA "A" flood zone. One of the goals

of this study will be to mitigate runoff crossing the Hubble dip thereby relieving

some of the flooding into the FEMA flood zone. A reasonable approach would be

to intercept the 10 year discharge at Design Point 30 into a storm drain collection

system. Exhibit 3 - Off-Site Basin Map (map pocket) depicts this and the entire

64th Street watershed along with sub-basins at particular points of discharge.

Roadway crests occur at 450 feet and 1,750 feet from the intersection of

McDowell Road. Beyond the crest north of Hubble Street the road drains north all

the way to the intersection of Thomas Road. All runoff east of 64th Street sheet

flows to the east and is non-tributary to 64th Street. Off-Site drainage from the

west funnels to collection points shown as No. 10, 20, 30, 40, 50, 60 and 70 and

cross 64th Street thus impacting the Hy-View subdivision on the east side of the

street. Photographs are shown on the following page of these areas. Runoff to

design points 10, 20, 30, 40 and 50 at Oak Street was computed using City of

Phoenix Design Criteria, since that area is located inside the corporate boundaries

of the City of Phoenix and was obtained largely in part from the final drainage

study from the Papago Park development by the City of Phoenix (reference 5)
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Dip crossing at Hubbell Street looking South along 64th Street.
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Existing Conditions

Looking West toward Barnes Butte across from AutoPlex
and North of McDowell Road. Source of Offsite flow to
design points 10, 20, 30, 40 and 50.

Drainage Report
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Existing drainage facilities along this portion of 64th Street are as follows:

• Roadside ditch along west side of 64th Street intercepting portions of off-site

flow from the west.

• Existing 4-36" culverts at Design Point 20 crossing under 64th Street. Outfalls

into McDowell Road improvements.

• Existing 3-36" culvert at Design Point 10 crossing under 64th Street. Outfalls

into McDowell Road improvements.

Page 7

• Hubble Street dip crossing (roadway sag condition) at Design Point 30

intercepting off-site flow from the west after small roadside ditch capacity is

exceeded. Flow from this point continues east then south contributing to

flooding problem noted as FEMA "N flood zone on Exhibit 3 (map pocket).

(See photographs on following page)

The future 64th Street alignment will parallel the east side of the existing cross cut

canal approximately at existing grade providing an extension of the 64th Street

corridor from Thomas Road to Indian School Road. The cross cut canal acts like

a dam for drainage preventing sheet flow runoff to travel east from residential

neighborhoods on the west side of the canal. Minor stormflows pass underneath

the cross cut canal via pressurized storm drain into a bubble-up inlet in Paiute

Park whereby drainage travels easterly. This runoff will continue to remain non-

These computations can be found in the Technical Appendix. It is readily apparent

from the magnitudes of the peak discharges, that this off-site flow would be more than

the future cross section of 64th Street can convey and meet the flow spread criteria

mentioned above. Therefore a storm drain collection system will be necessary to

intercept the flows before reaching 64th Street. This will be discussed in Section IV,

under future conditions and alternatives.

• Thomas Road to Indian School Road

At present no through roadway exists across Thomas Road along the 64th Street

alignment other than a Salt River Project (SRP) access road from Osborn Road to

SRP dispatch operations center and local residential access from Osborn Road to

Indian School Road.

64th Street/Indian School Road
Design Concept StUdy - Drainage Report
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64th Street
Drainage Report
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Existing Conditions

Looking North on 66th Street near Palm Lane, Fema ':.4 1/ flood zone,
January, 1993

Looking West at Detention Basin at South end of 66th Street
and North of AutoPlex. January, 1993.
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tributary to 64th Street and will not be conveyed into the Osborn Road storm drain

outfall system. Therefore runoff tributary to this area emerges from the east from

the SRP electrical substation and residential subdivisions (see Exhibit 3 in map

pocket).

Existing drainage midway between Thomas Road and Indian School Road is

presently evacuated via a drainage sump pump and 10 inch force main

discharging across the cross cut canal into a flow diversion box whereupon it

becomes part of SRP's irrigation water. Since the existing grade will be closely

followed it will be necessary to relieve drainage from this sag condition (including

off-site flow) and find a suitable point of discharge and an outfall system. This will

also be discussed in Section IV Future Conditions. In addition, there exists an

inverted siphon storm drain crossing under the cross cut canal conveying runoff

from approximately 148 acres west of the canal. This is non-tributary drainage

which is conveyed to a bubble-up area inlet in Paiute Park. This system acts to

At present a serious drainage problem occurs at Scottsdale Executive Villas, the

commercial property just north of Thomas at the "T" intersection with 64th Street.

Although minor gutter flow drainage from Thomas does not enter this site because

of the driveway entrance crest designed to direct flow to the east on Thomas, the

inlet systems are tied into the dry well system of this commercial site causing

extensive runoff to bubbling up from the lowest manhole at the northeast corner of

the property adjacent to the west toe of slope of the cross cut canal. This flooding

causes the elimination of several parking spaces and blocks entrances to some of

the offices facing the east. This is shown in the pictures of Scottsdale Executive

Villas provided on the following page. The seriousness of the problem warranted

an extensive site visit conducted with the complex manager on March 18, 1993.

At that time Parsons Brinckerhoff meet with Mr. Mike Pacheco of JVT Asset

Management Company. A walk through of the area was followed by examining

JVT's record plans showing the storm drainage tie-ins. In addition to the above,

an existing 15" culvert crossing Thomas serving a parcel on the southeast corner

of the intersection of 64th Street also ties into the Executive Villas. It appears that

this and the inlet storm drains can be tied into the new storm drain outfall running

east down Thomas Road thereby eliminating the minor year ponding on this site

and resolving their problem. This will be further discussed in Section IV Future

Conditions.
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Existing Conditions

Flooding in Scottsdale Executive Villas Commercial Office Facility.
January, 1993.

Drainage Report
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restrict the flow such that the resulting condition is detentioning in the residential

area upstream. Peak flowrates and volumes can be found in Section G of the

technical appendix.

1. Papago Park baseball and recreational facility owned by the City of Phoenix.

Expansion and major renovations are currently planned for this facility. Exhibit 3

(map pocket) shows the drainage improvements being planned to incorporate

c. Existing Features

Additional existing conditions that will require attention and coordination with new storm

drainage facilities include the following:

• Indian School Road - 64th Street to 68th Street

At present there appears to be minor ponding along the edge of pavement from

64th Street going east along Indian School Road towards 68th Street. Eventually,

runoff sheet flows to the southeast whereupon it makes its way along curbs in the

main collector roads toward Scottsdale Road eventually discharging into the 84

inch storm drain interceptor system. Little, if any, future drainage improvements

are expected here, even though the road will be widened to add a left turn lane.

A final assessment may be made at the time of final design to determine if any

minor storm drain improvements are warranted for this area.

_________________ Page 11

B. On-Site Hydrology

The on-site runoff consists of stormwater collected and conveyed along the roadway itself. At

present, since no curbs are found between McDowell Road and Thomas Road, flow is

directed toward a drainage ditch on the west side of 64th Street whereupon it travels toward

the Hubble dip crossing previously mentioned, or toward the intersections of McDowell and

Thomas Roads. (See Exhibit 3 in map pocket). Runoff contribution from the roadway itself is

minor in comparison to the off-site flows it receives. No inlets or storm drain conveyance

system exists along the roadway, but these improvements will be part of the new

infrastructure developed to support the future roadway construction. Outfall systems must be

designed to dispose of the runoff and will be of major importance in the overall

implementation of a stormwater management system for this project. In conversations with

the City of Scottsdale, it was communicated to Parsons Brinckerhoff that they recognize this

need and have budgeted some of this system in their future capital improvements plan. More

will be discussed on this issue in the next section.

64th Street/Indian School Road
Design Concept Study - Drainage Report
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4. Cross cut canal north of Thomas Road and radial gate structure near intersection

of 64th Street.

5. Extensive SRP electrical power transmission lines and pole structures in vicinity 0

the intersection of 64th Street and Thomas Road. These facilities will require

relocation for the proposed improvements.

6. Drainage pump station and force main approximately half way between Thomas

Road and Indian School Road, and invented siphon under the cross cut canal

discharging into Paiute Park.

3. Existing 45 inch abandoned City of Phoenix Verde water supply line in Thomas

Road. This line may be used as a storm drain outfall conveying 64th Street runoff

to Scottsdale Road. This line is presently being used for such purposes at the

intersection of Thomas Road and Scottsdale Road.

_________________ Page 12

retention facilities. This would act to result in somewhat reduced flows into Design

Points 20 and 30 (see Reference 5 and Table 1). Even if these facilities are not

constructed, the storm drain outfall presented herein will significantly improve the

current condition along 64th street and mitigate, (but not eliminate) the FEMA 'A'

flood zone downstream of the Hubble Street dip crossing.

2. City of Phoenix water storage reservoir tanks (three circular concrete structures)

adjacent to 64th Street and at the southwest corner of Thomas Road and 64th

Street. Roadway and drainage facilities must be designed to not disturb these

existing tanks.

7. The Arizona canal on the north side of Indian School Road running parallel to the

proposed improvements from 64th to 68th Streets. Widening in this area may

necessitate a retaining wall on the south side of the canal replacing the slope

paving.

64th StreeVlndian School Road
Design Concept Study - Drainage Report
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• McDowell Road improvements from 64th to 68th Streets.

• Scottsdale Corporate Center development of the Executive Villas commercial

office park at the northwest corner of 64th Street and Thomas Road.

• Papago Park Drainage study for the City of Phoenix, involving the construction of

modifications to the baseball sports complex.

The above was used in the concept planning for drainage improvements and will

need to be studied further for preliminary and final design of the improvements.

Page 13

• McDowell Road Drainage System

The 64th Street improvements should not adversely impact the existing McDowell

Road storm drain system from either off-site or on-site roadway improvements.

The Papago Park improvements show the installation of several retention basins

aimed at this end (Reference 5). The 64th Street storm drain system will intercept

roadway runoff and direct it north into the Thomas Road outfall system.

• Scottsdale Road storm drain improvements extending to Thomas Road

incorporating the existing 90 inch RCP storm drain interceptor conveying

discharges to the Indian Bend wash.

• FEMA "N Flood Zone in Hy-View Subdivision

This subdivision is located west of the cross cut canal between McDowell and

Thomas Roads, and east of 64th Street. Although it is beyond the scope of

services of this study to remove this area from the flood zone it is desired to be

able to mitigate flooding in this area as much as possible. To do this it will be

D. Previous Studies
Previous studies pertinent to the development of a drainage infrastructure for this project

include:

E. Special Conditions
Throughout the course of this study it became evident that some conditions played an

important role in the development of alternatives and acted as constraints in the planning of a

storm drainage system. They are briefly mentioned below.

64th Street/Indian School Road
Design Concept Study - Drainage Report
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The Hubble dip crossing should be raised to improve headlight site distance

requiring some portion of the off-site drainage (10-year storm flows) to be

captured before reaching the crossing. This will also help to reduce runoff into the

FEMA flood zone.

important to intercept the large off-site storm runoff west of 64th Street as well as

the roadway stormwater before it can cross the road and continue east, into the

Hubble Street dip crossing and eventually into the FEMA "A' flood zone in the Hy

View neighborhood.

• 64th Street Continuation North of Thomas Road

This will require a bridge or culvert structure spanning the cross cut canal (see

Reference 4). During initial discussions SRP has indicated that 1.5 feet of

freeboard will be necessary for this structure. Also, a radial gate structure is

located just before the Thomas Road bridge (north side) whereupon the water

surface of the canal drops 2.5 feet. A possibility exists that this gate may have to

be moved upstream in order to provide for the minimum clearance necessary over

the canal to the new roadway. Concepts will continued to be developed into the

preliminary design phase.

• Existing Pump Station Near SRP's Electrical Sub Station

At present an existing drainage evacuation pump and force main are located east

of the cross cut canal about 2,000 feet north of Thomas Road. This acts to

dispose of drainage from Indian School Road back to Thomas Road from the SRP

maintenance road and residential access from Osborn to Indian School Road. It

would be beneficial to design a gravity flow outfall system for this area as a new

drainage pump station would be very costly and expensive to maintain. A gravity

flow storm drain outfall system, possibly running east on Osborn Road was

explored in this study as an alternative to implementing a new pump station.

Section IV to follow will discuss this alternative.

Page 14
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IV. FUTURE CONDITIONS

TABLE 1

SUMMARY OF STORM RUNOFF LEAVING PAPAGO PARK

A. 64th Street South Of Thomas Road
Exhibit 2, on the following page, shows typical roadway cross sections throughout the project.

A more comprehensive viewing of sections can be found in 10% roadway plans submitted

with the overall design concept report (Reference 4).

Basin Des. Pt. Q100 Existing Q100 Developed
(ets) (ets)

A 10 41 48

B 20 85 90

C 30 58 44

Total Runoff
Leavin the Site 184 182

________________ Page 15

The objective of the drainage design is to provide an infrastructure that will safely convey off

site flows from the west side of 64th Street and also collect surface flows from the new

roadway. Exhibit 3 (map pocket) as well as the 10% drainage plans labeled as Exhibit 5

(separate document) show the conceptual improvements. These plans show a

comprehensive storm drain system including curb inlets and connector pipes. The level of

concept development was sufficient to identify the alternatives and develop an accurate cost

estimate of the improvements compatible with new roadway improvements. Technical

computations involving inlet hydrology, HEC-12 inlet design and storm drain sizing can be

found in the technical appendix. Specific design issues on this part of the project will now be

discussed.

The City of Phoenix is planning to expand the Papago Sports Complex located jut north of

McDowell Road. This development can be seen as Exhibit 4. Drainage improvements

incorporating the use of several retention basins can be seen in Exhibit 3 (map pocket) as

well as Reference 5. Although there is some minor inter-basin transfer of flows mentioned in

the Papago Park drainage study no adverse effects are expected. Table 1 summarizes storm

runoff discharges for 100-year conditions.

64th Street/Indian School Road
Design Concept Study - Drainage Report
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Tributary Drainage

I--It1 64th 5t.
I
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Inlet design for the roadway was performed in accordance with City of Scottsdale criteria as

mentioned in Section II-B, and the level of protection for street encroachment is the 1DO-year

storm.

Another area bears mentioning in the future planning of stormwater management facilities

along this stretch of 64th Street. Basin F concentrates flow to Design Point 60 approximately

half way between Oak Street and Thomas Road on the west side of 64th Street. Although the

headwaters to this basin originate in a residential subdivision a substantial portion contiguous

to 64th Street remains undeveloped. Hydrology for this basin was computed given the

present land cover assuming City requirements to include the installation of a

detentionlretention basin as a requirement for development. This would act to keep the basin

in a 'balanced' hydrological condition keeping storm flows reduced as much as possible by

allowing the outfall storm drain to be smaller in size and consequently the outfall system

returning east in Thomas Road. Additionally, incorporating retention or over-detentioning

would reduce storm flows even further possibly allowing the storm drain to be further down

sized. In the event that the City of Scottsdale feels that it can not incorporate detention in this

area any re-analysis would be best left to the final design portion of the project whereby the

The above shows an increase in developed flows in Basins A and B. The final design along

this portion of 64th Street should analyze what effect, if any, these increased flows may have

upon the existing multi-barrel culverts routing flows into the McDowell Road storm drain

system. It may be appropriate for the City of Phoenix to do this at the time it completes the

drainage study for Papago Park Sports Complex. The benefit of the increase to Basins A and

B is the decrease of flows in Basin C (24% reduction) at design Point 30, which directly

contributes flow into the Hubble dip crossing and eventually to the FEMA 'A' flood zone to the

east. This reduction has acted to lessen the effects directly associated with the floodplain to

the Hy-View subdivision. In addition, improvements associated with this study have extended

the storm drain system to a point approximately 800 feet north of the intersection of McDowell.

This acts to collect the street flows intercepting most of the pavement drainage before it gets

to the Hubble dip crossing so that the full benefit received from the 24% reduction described

above is preserved. In addition, the storm drain system is designed to convey the 10 year off

site runoff. This means that only flows greater than a 10 year storm can overtop and

contribute storm flows into the Hubble dip section. The 24% reduction then applies to flows

exceeding this. It is beyond the scope of this study to eliminate the above described FEMA

flood zone.
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Thomas Road outfall storm drain would require a final drainage study as an update to this

master study, supporting the construction documents of that project.

The final issue for discussion along this segment of the project is the outfall trunk line

traveling east down Thomas Road between 64th Street and Scottsdale Road. Exhibit 3 (map

pocket) shows two alternative concepts which will be discussed. Neither concept included

storm flows east of the intersection of 64th Street as tributary to the outfall system, as this

would go beyond the scope of work for this project. This can be investigated at the time of

final design of the outfall system upon request by the City of Scottsdale.

In developing the storm drain system shown along the proposed west right-of-way of 64th

Street (see Exhibit 3 in map pocket), an open channel was investigated as an alternate to the

closed conduit system. Early in the design process it was discovered that a 4 or 5 foot depth

of channel would be required to capture off-site as well as road drainage from inlets. This

would require between 40 and 50 foot of right-of-way from the back of curb or sidewalk. This

would require additional encroachment into Papago Park. Additionally, there was restricted

right-of-way to install an open channel south of Thomas Road adjacent to the City of Phoenix

water storage tanks. In this area the storm drain system must be constructed in the roadway

due to the installation of a retaining wall accommodating roadway construction. The storm

drain on 64th Street as shown was located outside the roadway prism whenever possible to

make future off-site tap-ins easier and to allow for maintenance outside the traveled way.

Also, the added benefit of a smoother driving surface is a consideration since this is a major

collector roadway having a design speed is 45 mph. Since the project is in the study/concept

phase at this point, storm drains and the outfall systems were designed for open channel flow

using Manning's equation with an N value = 0.012. The 10-year event was used to size the

storm drain. Fine tuning the storm drain system will occur during the preliminary design

phase and continue throughout final design when an acceptable pressurized system can be

developed and hydraulic grade line computed for the entire storm drain system.

Computations for open channel sizing can be found in the technical appendix to this report.
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B. 64th Street North Of Thomas Road To Indian School Road

The first topic of discussion will be the resolution of the existing flooding problem at the

Scottsdale Executive Villas located just north of Thomas Road at the intersection of 64th

Street. The description of existing conditions was discussed previously in Section III-A. The

problem can be resolved by connecting existing roadway curb inlets in the vicinity of the

In conversations with the City of Scottsdale they indicated that they have provided

for expenditures in their future capital improvements to construct a drainage

outfall system in Thomas Road. Again, pipe sizes will have to be fine tuned during

preliminary/final design when hydraulic grade lines are developed, possibly using

pressure flow. This may allow a slightly smaller pipe size depending on the

hydraulic conditions and constraints.

• Thomas Road Storm Drain Outfall - Alternate NO.2

This alternative provides for a single point of discharge and does not us the

existing 45 inch abandoned waterline. The advantage of this option is that only

conventional junction structures need be installed and no split flow or flow

convergence structures need be constructed. The disadvantage is the additional

cost of installing a 66 inch pipe verses a 54 inch pipe over a distance of 5,300

linear feet. As mentioned above, the increase in cost is estimated to be $250,000.

Of course, if the existing 45 inch abandoned waterline can not be used for some

reason this alternate becomes the most viable option.

• Thomas Road Storm Drain Outfall - Alternate NO.1

This alternate incorporates the use of an existing 45 inch abandoned City of

Phoenix waterline (employing an approximate capacity of 95 to 100 cfs) and a

parallel 54 inch RCP of 5,300 feet in length tying into the existing 90 inch storm

drain running south in Scottsdale Road turning east on Thomas Road. Preliminary

discussions with the City of Phoenix indicate that they would allow the use of the

line to the City of Scottsdale for this purpose. The advantage of this alternate is a

cost saving of up to $250,000. The disadvantage is that a split flow structure and

flow convergence structure will have to be built merging the two drainage systems

at 64th Street and combining them into the existing 90 inch storm drain in

Scottsdale Road. Before preliminary design proceeds on this option, an

inspection of the existing 45 inch waterline should be performed verifying it's

suitability to be used as part of a stormwater outfall system.

________________ Page 20
64th Street/Indian School Road
Design Concept StUdy - Drainage Report
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The Static Head difference to Thomas Road is approximately 16.5 feet.

Velocity V = 108/7.069 = 15.28 fps

( 1700) ( 15.282 )
HL =0.013 -3- 2(32.2) =26.7 feet

Headloss, HL = Say 30 feet (Add 3.3 feet for miscellaneous valve losses)

Alternate NO.1 - Install a pump station employing approximately 1,700 feet of 36 inch

diameter force main to the point of delivery in Thomas Road. Total Dynamic Head

(TDH) is composed of Total Static Head (difference in elevation) = H, plus the total

friction head loss through the pipe/valve delivery system = HL plus the Velocity Head,

HV = V2/2g.

Therefore: TDH = H + HL + HV where;

HL by Darcy's Equation, =f( 5) (~2) Use f =0.013
2 g (Concrete Pipe)

Hv = ~g = Velocity Head

Using a 10-year flow rate of 010 = 108 cfs (see Exhibit 3 in map pocket) and 36 inch

RCP force main (Area =7.069 FT2).

________________ Page 21

intersection, as well as an existing culvert into the new storm drain system in Thomas Road.

This will prevent current flows from being routed via manholes into the dry well system of the

commercial site whereby existing manholes within the site, particularly at the northeast corner,

·bubble up· and overflow causing flooding. The field reconnaissance and discussion with the

property manager indicate the dry well system does keep up with the on-site flows but can not

handle the off-site flows it receives from Thomas Road via the storm drain system. The sheet

flow runoff from Thomas Road across the entrances does not overflow into the parking lot

areas and into the site. Exhibit 6 depicts the re-routing of the storm drain system to resolve

their flooding problems in the future.

The next area of discussion is the storm system for Thomas to Indian School. From the

roadway plans and Exhibit 5 (separate document), it can be seen that the roadway design

includes a sag or sump condition approximately 1,000 feet south of Osborn Road. All off-site

and roadway runoff between Thomas Road and Indian School Road is collected at this point

and must be conveyed to an outfall system. The only existing system is a small SRP pump

station which conveys minor drainage into the cross cut canal via 10 inch force main. Three

alternatives for an outfall system were examined. They are as follows:

64th Street/Indian School Road
Design Concept Study - Drainage Report
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Velocity Head =HV =( ~~~~~) =3.6 feet, Use 4 feet

TDH =16.5 + 30 + 3.6 =50.1 (round off)

Use TDH =50 feet with 36 inch force main.

The above information was provided to demonstrate the significant cost that will be

incurred by this alternate. It doesn't include other associated costs such as energy for

electrical power and maintenance over the lifetime of the facility. These requirements

are for a 10-year storm to be evacuated.

Computations reveal that using a 42 inch force main required a TDH = 33 feet. The cost

savings in pump requirements are offset by the additional cost of the pipe and

appurtenances over 1,700 feet x $30/l.f. =$50,000. The above TDH of 50 feet appears

satisfactory for purposes of this concept study. The horsepower requirements of the

pump are given by the equation:

For reasons described above, this alternate was rejected early in the concept process

because it doesn't appear to support a favorable benefit/cost ratio, even though a

complete economic analysis was not performed. The City of Scottsdale may undertake

such an economic analysis as part of its capital improvements program or as part of

preliminary/final design of this project.

Page 23

HP = ~~~ / Efficiency (as a decimal) H = total dynamic head, TDH

Assuming an efficiency of 80% = 0.80

HP = 108 (~~6) (50) / 0.80

HP of Pump =765 (rounded) (For 36· Force Main)

HP of Pump = 505 (For 42· Force Main)

Also, the outfall system shown in Exhibit 3 (map pocket) in Thomas Road, as Alternate 1

and 2, would have to be increased in size to accommodate this flow. Using a triangular

hydrograph approach to combine hydrographs at Design Points 70 and 99, due to the

different times of concentration, a 10 year peak flow of approximately 330 cfs is

obtained. This flow can not be conveyed by the 66 inch conduit in open channel flow,

shown in Alternate 2, in Map Exhibit 3 (map pocket). Therefore the pipe must be

upsized to 72 inch for this scenario. This pipe will convey up to 370 cfs in open channel

flow, 12% more capacity then is needed.

64th Street/Indian School Road
Design Concept StUdy - Drainage Report
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Alternate NO.2 - Install a pump station employing approximately 950 feet of 36 inch

diameter force main to the point of delivery in Osborn Road. This has the advantage of

saving 750 feet of force main over Alternate No.1. In addition, because the length of

force main is shorter and the static head is less at about 3.0 feet, the TDH under the

alternate is reduced to 24 feet, less than half of that for Alternate 1. Also the

horsepower requirement is reduced to 370, similarly about 50% less than Alternate 1,

using a pump efficiency of 80%.

The disadvantage of this alternate is that a new outfall system in Osborn will be required

resulting in the construction of about 5,150 feet of conduit terminating in Scottsdale

Road where it taps into an existing 84· Rep storm drain interceptor upstream of the

termination point of the Thomas Road outfall system. A significant advantage of the

Osborn Road outfall system is the possibility of capturing additional runoff from the

residential area between 64th Street and Scottsdale Road. This system would require a

48 inch outfall line in Osborn (under open channel conditions under maximum capacity)

at a grade of about 0.35%. An additional disadvantage would be that this alternate, like

Alternate 1, employs a pump station requiring operation and maintenance expense over

the lifetime of the facility. For this reason Alternate 2 was also rejected, even if the up

front cost would be a little less than that of a deeper gravity system employing a larger

outfall conduit.

Alternate NO.3 - Install a gravity flow outfall storm drain in Osborn Road. It is feasible to

construct a gravity flow outfall system, however the installation cost would be more

expensive than conventional techniques. This alternative would require 750 feet of 48

inch gravity storm drain, falling at 0.50% grade to the intersection of Osborn Road. The

cover depth ranges from 2.5 feet at the roadway sag at station 79 + 11 to about 14 feet

at the intersection of Osborn. This will make installation more expensive and protective

sheeting may be necessary. Since this 48 inch pipe is running adverse to the road

grade it enters Osborn Road 7.5 feet deeper than Alternate 2. This means that the

available grade to connect to Scottsdale Road is about 0.20%. This would require a 54

inch storm drain under gravity flow conditions. Another disadvantage of Alternate 3 is

that this 54 inch would have to be constructed quite deep in Osborn Road. The cover

depth is 14 feet at 64th Street (19.5 feet deep to the bottom of pipe) and four feet at

Scottsdale Road (9.5 feet deep to bottom of pipe). This depth will require non

conventional construction techniques, such as protective shoring/bracing or special
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TABLE 2

OSBORNITHOMAS ROAD STORM DRAIN OUTFALL ALTERNATIVES

trenching slip form techniques and may result in installation costs 50% greater than

normally expected. However, once the system is installed it won't require any

mechanical pumping nor the operational and maintenance expenses associated with a

pump. Even though it is likely that the gravity system may be more expensive initially,

the payback period would be short in relative terms to the useful life of the system. It is

for this reason that Parsons Brinckerhoff recommends Alternate 3 as the best solution to

constructing a storm drain outfall system for that portion of 64th Street draining between

Thomas and Osborn Roads. Table 2 below shows a summary of the alternatives

discussed above and the important parameters presented for comparison.

Pump Force Storm Drain
Requirements Main Outfall

Alternative TDH HP Size Length Size Length Remarks
1 The cost comparisons

Thomas Road 50 765 36' 1,700 72' 5,300 involve the cost of a
pump and station, plus
operation and
maintenance, 36' force
main and increasing
the outfall in Thomas
Road from 66 inch to
72 inch storm drain.

2 Cost comparisons
Osborn Road 24 370 36' 950 48' 5,150 involve the cost of a

pump and station, plus
operation and
maintenance, 36' force
main and installing a
48 inch outfall storm
drain in Osborn Road.

3· 48' 950 Cost comparisons
Osborn Road N/A N/A 54' 5,150 involve the installation

of 48 inch and-54 inch
gravity storm drain in
Osborn Road involving
deep excavation and
more expensive
installation
construction costs.
But low maintenance
costs, over lifetime.
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*Indicates recommended alternative by Parsons Brinckerhoff.
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(See Technical Appendix "H" for Economic Analysis)

Table 3 shows relative pipe cost, excluding pump station and O&M costs, to depict an

order of magnitude cost of the alternatives presented herein.

TABLE 3

OSBORNrrHOMAS ROAD STORM DRAIN OUTFALL

ALTERNATIVE COST COMPARISONS

Altemative 3

• Gravity Flow System (No Pumps)

• 48" Storm Drain Outfall on 64th Street
950 I.f. x $100/l.f. = $95,000

• 54" Storm Drain Outfall in Osborn Road
5,150 I.f. x $150/l.f. (over excavation) = $772,500

ROUNDED TOTAL COST = $870,000

________________ Page 26

Alternative 2

• Include Pump Station and O&M Costs

• 48" Storm Drain in Osborn Road
=5,150 I.f. x $1 OO/l.f. (Normal Exc.) =$515,000

• 36" Force Main = 950 I.f. x $55/1.f. = $52,250

• Pump Station And Backup Generator = $625,000

• Operation, Maintenance And Replacement
Over 20 years =$457,620

ROUNDED TOTAL COST = $1,650,000
(Pump is 370 H.P. with TDH =24 feet)

Alternative 1

• Include Pump Station and O&M Costs

• Increase in Thomas Road Outfall Storm Drain from
66" to 72" =5,300 I.f. x $45/1.f. =$238,500

• 36" Force main = 1,700 I.f. x $55/1.f. = $93,500

• Pump Station And Backup Generator =$725,000

• Operation, Maintenance And Replacement
Over 20 Years = $686,430

ROUNDED TOTAL COST = $1,700,000
(Pump is 765 H.P. with TDH = 50 feet)

64th Street/Indian School Road
Design Concept Study - Drainage Report
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It is expected that the radial gate structure will need to be moved upstream to a position north

of the end of a new bridge structure over the cross cut canal to facilitate the extension of the

new 64th Street alignment. This new roadway will approach the canal crossing at a

downward minimum grade of 0.40% intended to provide as much clearance over the canal as

possible. The relocation of the radial gate will further help this cause. SRP has indicated that

1.5 feet of freeboard will be necessary at the new canal crossing. It is estimated that 4.5 to

5.0 feet of clearance will be needed from the new roadway finish grade to the high water

surface level.

C. Indian School Road, 64th Street To 68th Street

The extent of storm drain and drainage improvements will be minimal for this part of the

project since it is at the top of the watershed and we will only be adding a left turn lane.

Therefore no hydrology was developed for this section of road as it will be better left for

preliminary/final design. Exhibit 3 (map pocket) indicates that present drainage sheet flows

southeasterly. it is not foreseen that this pattern will change due to adding the lane. Please

see Exhibit 5 - On-Site/Roadway Drainage Plans (Separate document) for the developed

storm drain system of the entire project.

D. City Of Phoenix Sports Complex
Exhibit 4 shows the extent of improvements for this facility. Reference 5 was used to obtain

off-site hydrology for the site. Since that project has done a suitable job of conveying and

retaining excess peak flows due to the development, no adverse impacts were found to the

64th Street project. Remaining off-site flows from Papago Park have been directed into a

storm drain system and thereby directed into the Thomas Road outfall system. Again, even if

the above improvements to the sports complex are never built this outfall system improves the

existing condition substantially.

E. Arizona Cross Cut Canal Crossing
At present there exists a bridge crossing at the intersection of the cross cut canal and

Thomas Road. Approximately 25 feet upstream (north) of this crossing is a radial gate

structure in the canal that acts to lower the water surface profile about 2.5 feet downstream of

the gate prior to flow entering the bridge section under Thomas Road. SRP was contacted to

obtain a high water surface profile of the cross cut canal. Parsons Brinckerhoff was directed

to use the "black mark" indicating previous high water levels since operations personnel at

SRP indicated the computed water surface profile was not available since the canal was built

many years ago.

________________ Page 27
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In the section of 64th street from Thomas Road to Indian School Road portions of the off-site

tributary areas were combined with the street flows where areas were small and runoff

coefficients below fUlly paved conditions were present. These areas were:

1. That area west of 64th Street up to and beyond the retaining wall. Essentially this

will include the area east of the cross cut canal to the edge of the new 64th Street

alignment. This occurs over the full distance from Thomas to Indian School

Roads.

2. That area east of 64th Street in the residential neighborhood, primarily consisting

of apartment complexes, noted as Basin °JO in Exhibit No.3. The limits of this area

run from Indian School Road to Osborn Road. All other off-site basins, e.g. Basins

H, I and K were kept separate from roadway hydrology as was done above from

McDowell to Thomas Road.

As mentioned previously, off-site flows that were substantial in nature, such as those into

design points 3D, 50, and 70, from south of Oak Street to the intersection of McDowell, were

separated from the roadway runoff. Capturing this flow into the storm drain system separate

from inlet drainage is desirable, thereby allowing inlet hydrology to be done separately from

the off-site flows. The storm drain trunk line would then consider the controlling peak flow

from the maximum time of concentration. In larger systems this is frequently the case. The

downstream inlets in the system do not add to the peak flow of the outfall and computations

are based on the controlling flows, e.g. off-site flows in this case.

_________________ Page 28

F. Developed Hydrology

The hydrology computations were developed using the RATIONAL Method for inlet design

employing curb opening inlets without a grate section such as the City of Phoenix Standard

Detail P-1569, Type °Mo with wing sizes of 3, 6, 10 or 17 feet. A minimum time of

concentration, for urban conditions, of 5 minutes was used. HEC-12 computational

procedures were used in sizing and spacing the inlets to meet the city of Scottsdale's flow

spread requirements for the 1DO-year event, allowing at least one dry lane of travel in each

direction for major collector/minor arterial streets. The computations can be found in the

Technical Appendix of this report.

64th Street/Indian School Road
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v. SUMMARY/RECOMMENDATIONS

In addition, this report will allow the development of phasing of construction improvements

should the City decide to proceed in that manner.

The overall cost of the infrastructure presented in this study are in the range of $2.4 million

dollars. This does not include a new bridge structure for crossing the cross cut canal north of

Thomas Road. Please refer to the Design Concept Report for the overall project cost estimate

(Reference 4).

A particular challenge of this study was to develop outfall drainage systems and present

alternatives therein. It is realized that the recommended improvements lie outside of the

normal funding for 64th Street and must be implemented from the City of Scottsdale's capital

improvement plan for storm drainage facilities.

Page 29

A. Summary Of Drainage Improvements
Exhibit 3 (Off-Site Basin Map in map pocket) and Exhibit 5 (On-SitelRoadway Plans a separate

document), show the proposed storm drain infrastructure developed for the widening and

new alignment of 64th Street. The storm drain system is comprehensive in nature and

presents alternative conceptual designs that will meet the needs of local residents and the

City for years to come.

B. Recommendations
The contents of this report are intended to present a comprehensive concept plan for

drainage improvements for this project. Some refinement of these improvements will be

necessary during the preliminary/final design when construction plans and specifications are

prepared. The study provides a framework for the City of Scottsdale to choose between

alternatives. This study also. provides a basis for which future storm drainage capital

improvements are warranted, in conjunction with the implementation of this project.

In conclusion, it is recommended that this study be utilized in the development of future

roadway widening and street construction for 64th Street, for any private development which

occurs along this corridor, or any upstream developments tributary to these intended

improvements. Although it is not the intended purpose of this study to eliminate the FEMA "A"

64th Street/Indian School Road
Design Concept Study - Drainage Report
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flood zone downstream from this project, this study incorporates mitigation measures that will

help in that regard and future measures that would have to be taken in order to eliminate the

FEMA flood zone. No adverse impacts are expected to occur as a result of the storm

drainage improvements presented herein. On the contrary, these improvements will facilitate

new roadway improvements for 64th Street while at the same time improving conditions

downstream and responsibly conveying upstream headwaters from off-site tributary lands.
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February 1993.

6. "Drainage of Highway Pavements~ Hydraulic Engineering Circular No. 12 (HEC-12) by

the U.S. Department of Transportation, Federal Highway Administration, FHWA-TS-84

202, March 1984.

7. "Storm Drain Design Manual - Storm brains with Paving of Major Streets~ City of

Phoenix, Revised July 1987.

64th Street/Indian School Road
Design Concept Study - Drainage Report
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Part A Off-Site Hydrology Computations
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RAnONAL METHOD

Weighted Curve NUmber
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ARIZONA HIGHWA Y DEPARTMENT
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Design Frequency
Drainage A rea
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HYDROLOQIC DESIGN DA TA SHEET

RATIONAL METHOD
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RATIONAL METHOD
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FIGURE 2.2-13
Rainfallintensity-Duration-Frequency Relation (Phoenix Metro Area)

Source: Hydrologic Design Manual for Maricopa County
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Mountain terrain - slopes greater than 10%: 0.70

Desert landscaping (with impervious weed barrier) 0.70

Agricultural areas (Flood Irrigated Fields): 0.20

FIGURE 2.2-21
Runoff Coefficients (C) for use with the Rational Formula (Q=CIA)

0.45
0.48
0.52
0.57
0.63"

0.56
0.66

0.65 .

0.55

••~ ••••",,,,- ... "9

~::,"-:...0.31 ~

0.49
0.56

"C" Value

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

.. ;~. 0.90 }.........-.- --- _..~

Residential areas-single family (average lot size):
R1-190, 130,70,43 (one acre orgreaterl1ot):
R1-35 (35,000 sq. ft.l1ot):
R1-18 (18,000 sq. ft.l1ot):
R1-10 (10,000 sq. ft.llot):

"R1-7 (7,000 sq. 'l.llot):

Apartments and condominiums:

Townhouses:

Land Use

_.Composite Area-'!Ylde yalues . _...
_Commercial and industrial areas: _~_J
·'-n_.~. .a "' • . • __ ._~__ • •

_..~_SpeclflC Surface.Type Yalues ...."._,..=--=_~.'~-:'t ~~_..-,.....,
~e.aved,streets or parking lot (concrete or asphalt), ~. ;J;:O-!~~_u

~~-.:w:s~::::::~and pams (g~a~~):· ~.. . j'
Hydrologic soil group B: O.
Hydrologic soil group C:
Hydrologic soil group 0:

~-~ _ ........ _~.-:--:.~---::"". -'?:. ,t . _ iO!ii(.-<;Jt:"'!"

.~ ~r:t9i~tur.t>_edJ:latural desert or desert landsCaping ;f;1
(no impervious weed barrier):

Hydrologic soil group B:
Hydrologic soil group C:
Hydrologic soil group 0:
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DATE: o~- J?:'i?

HYDROLOGIC DESIGN DATA RECORD
RATIONAL METHOD

DESIGN DATA
DESIGN FREQUENCY: I 2 I 5 (;) 25 (;) (,;) I YEARS

DRAINAGE AREA: P' Dt¢, P,.-@ )A1~:;.;:~~I-f-;':"';~1-=0~A¥-.:.:......+·~~~::.:.'.:;;.~+_-+_'7f-'1-f--~-II-ACRES
.te?It:>e-t-JTiAl-~,(el-I~) l~kFrZ.Avu.o,.-) A2 :K'~, . 22..'5" II ,,, ACRES

-:hJ ~,.,s.ir--3 "~ 13 ~~, ~.7$ ACRES

T&T~(ArA-4- VtJr:eJ. 4o.zC;; ACRES

r-J!-rr: DFlAUMGE L£N~: ...,.-c;~1- CPr) 1t:;8.~ 1'5?~ 15?§:eET -Ac::.y'~$

ELEVATION: .... r-J/1t-
TOP OF DRAINAGE AREA: FEET

-rz~~L.0
AT STRUCnJRE FY'Il"M ------+-.......----4----1--- FEET

DRAINAGE AREA SlOPE: ~. PT7 50 PERCENT

I ACC--<.J~l1o,)G Tc... A"Jt> "PeAII- RU"JOFF 10 De51&t>J P-r; 1;P " ]<ev, 09 - \~..q~
'I ., --oJ... Ll C 0 -t;::::"-J--f-~' "CI 13~IN F ./L INCW.DE:'$ ~..."-T\$ltJ;7 I 1~''1 --)- ..-------- .. ------- ~/ /2

I CITY OF SCOTTSDALE

1"'-'"

I
I
I
I

I

I)
I
I
I

- _ 1~0'l) .-
\ <:...: "2"".~ -t- (e,.2l)("o) = ~z. MIN.

DESIGN COMPUTATIONS
FREQUENCY FACTOR (F): I 1.00 I 1.00 (;) 1.10 (,;) (;) I

TIME OF CONCENTRATION: Tc "P'Z. ~-:z ~ MINUTES

RAINFAll INTENSITY (I): I I Z.(,~ '3,~ 4.0 IINCHESMOUR

O .A I': (Figure 2.2-13)I RUNOFF COEFFICIENT (c): C1 ~~.~~...-.ll----I----I----I---

AU = 67. B(0. +5) T" 22.~ [o.o:iZ) -r- e. 15(0/10) C2 ----:O~,;..:::;5_2-~--I--4_-_I__-
/53.'b I~.~ 1<;;3.2> o,qo

I -t- I;:;~~6R;~~ICIENT: CA- ~~O:...•....:~:..."..--I-I---+--+--+--

I
PEAK DISCHARGE Op. CwIA(F)~ C tI,) I c"- 4G o.~ o.~ O,4$' .....

~ 1~4;ZqI I~ c..f:s Q=cr)C1.( 4-

I "J CHECKEOBY: DATE:

1 8Jf;.: .AJ0~~tJlfl:iJfJC>.~Jf~1"'jJiTW-j~;::ftt5Vl~W~ ..!!' @ IN
FIGURE 2.2-22 1?A~\N r- --

I Hydrologic Design Data Record



_N~.ft~_+-----1I--~_-I-__FEET

___--+-_-+-_-+-_4--_ FEET

___--+-_-+-_-+-_4--_PERCENT

..r.....l.o-_~~_-+-_+_-+--FEET

CHECKED BY: DATE: _

FIGURE 2.2-22
Hydrologic Design Data Record

DRAINAGE LENGTH:

ELEVATION:
TOP OF DRAINAGE AREA:

ATSTRUCnJRE

DESIGN DATA

If--~CCO('NJlAt-nV@ -/C._ cA!J~B~Irl?_~f:rt~,~--fi'L-®~ ~~, ()~-/~-{~t INCl-\Jt>6"9 ?MliJ::J. C,];i,G;E 4@ClFS60TTSDALE ~]N6" ;/:

. HYDROLOGIC DESIGN DATA RECORDI ~;;_.. -; RATIONAL METHOD

LOCATION DATA -
PROJECT:1,4nt~!t3Ca~t:)J::'J••€· CONCENTRATION POINT: :D¢? I R- ~ 0 I~ I N" <::r
LOCATION:0~&9G"C.11CN of tsuktt~1~~ RD.
PROJECT NO.: 454' PI Oe> STATION: A->-r-:A-. "2-+-14-.:t"
NAMEOFSTREAMNlATERSHED: to4~ ~~~n>;...:t/-=e;.:.;fA..;..e;;..:f\J~I-=~~ _

I
I
I
I
I
I
I)
• _ DRAINAGE AREA SLOPE:

~= "?'Z-+ /4oz> = ~4-MIf,.J'
(. rz.. 0 '2> )("0)

DESIGN COMPUTATIONS

FREQUENCY FACTOR (F):

TIME OF CONCENTRATION: Tc --+-~-+-_ _+_=~~--'-- MINUTES

RAINFALL INTENSITY (I): l...----L_~z....;.;,'5G~I-----+-~~~;p.~Bo--l INCHESIHOUR

O (Figure 2.2-13)

I RUNOFF COEFFICIENT (c): C1 (

C2 Of}O
JW -= IS?;.S (0,4'5")+ ?X>.O (O.'W'\t- ~o 10/t'5') -----+=O~,..+--+--+--

I~ ?,-~ I ~'5'. ~ j 16$", £>t' C3 -----F-'~I_____+-__+--
WEIGHTED RUNOFF COEFFICIENT: _ Cw -+:=O~,s:~3"'-11__-+:~,~5~~+:~~/~

PEAK DISCHARGE Op • CwIA(F): ~~'l" D 4 ds LY= (~C i. A-

~_~?~ EPjr~r~IlJ.G' 5_,P~I~_ ql2illll:lo~~
COMPUTED BY: ~, g;Am;,~u...o DATE: 0:;-/343 e'c

I
I



08-fJt7-13 I

8/12

DATE: O~-rh~

......L.~~~_-+-_-+-_+---+FEET

--+J~::..:...L.lIT-+_-+-_-+-_+---+FEET

CHECKED BY: DATE: _

CITY OF SCOTTSDALE

FIGURE 2.2-22
Hydrologic Design Data Record

HYDROLOGIC DESIGN DATA RECORD

DRAINAGE LENGTH:

ELEVATION:

TOP OF DRAINAGE AREA:

ATSlRUCnJRE

DESIGN DATA

I. .---t· ---

I
I :::... ; RATIONAL METHOD

LOCATION DATA II ~

I PROJECT: (p4m--~ IScoro~CONCENTRATIONPOINT:~' D6~, 'P;-; go
LOCATION: rY"UM)Hr. Of ~4W'4=.1'ffoM~ @D. b~, tJ~-n+ c:€5:.1 PROJECT NO.: %4/ Ptv8 STA~J.,-r~TliMQS""b -<-~, 7/;-'5'0
NAMEOFSTREAMIWATERSHEO: ~4nt~ ~rove~f$_. _

I
I
I
I
I)
I

DRAINAGE AREA SlOPE: ---l"'-•.....t..L.....;.:-+-_+----+_-+_-+ PERCENT

~!\2'oAQ T c. ~ J :; 2-Pr~ :: CfsD'f-z.x. bo ~ B~lkJ, '\l ... TC.. Uf-.l~LeD &j OFf.$t-m:-~IU ~)
I DESIGN COMPUTATIONS

I
FREQUENCY FACTOR (F): ,--1.00--L_1_.00-+~,-+-_-f--lo~~:::::o"'--iI TIME OF CONCENTRATION: Tc MINUTES

RAINFALL INTENSITY (I): ?·b INCHESIHOUR
(Figure 2.2-13)

I RUNOFF COEFFICIENT (c): C1 -~~-+--+---+--+----+

T 0,17 / C2

'-= O.04D~f cklrplC-J+~) C3==:~::=:==:===:=::==:
I J~ % ~EIGHTED RUNOFF COEFFICIENT:

PEAK DISCHARGE Qp • CwIA(f):

'vJ '" c..,~ -K'/..fu. +-C~ A~. A, 4,- A;-

I
"J

I
I
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CITY OF SCOTTSDALE 9;(Z.

HYDROLOGIC DESIGN DATA RECORD

DESIGN DATA
DESIGN FREOUENCY:

DRAINAGE AREA:---1tZ:~~~':::::""":::~~l...--¥-J-;\-"-~-t--t--~-t----t ACRES

I ( -,....,...t::::::::.~~~I---I!!JL_~~--+---+--+--+--t ACRES
~ '{{!...\l 1.0

-----tl1~~~~.--..;;~:_:___t~:=t-__t::_:::::=t"::_=_:t ACRES

_"-'-""""-l--+....;.......;~_-+~....Io.t-~"""-IACRES

-----f--+---+--+---lFEET



I
I
I

DESIGNER: BOB B

PROJECT: 64 TH STREET

INLET NO.: 90

ROADWAY DRAINAGE DESIGN

tt~C-IL-

DATE: 08-05-1993

PROJECT NO.: 4541P108

STATION: OSBORN

cA NPrLyZ~ ~ftPUJAY FOf2-
C0 e.£:? \JELCG I·h €?->~
~()-re: ~ @, t:::es, P, ®
~ If'J D I A f0 <7v l+ \?D, .-fv
4so Fr. S~-n+-~
~~D Gru1o~=- l.GQj{

(tt/ftl (ft/ftl (ctel (ftl

ROADWAY & DISCHARGE DATA

DESIGN FREQUENCY: 10 Years

I
I
I
I

DRAINAGE AREA:

Crose-Slope S

Acres

Sx n o T

~, ~::; ;f.AJt-J. LtvI,t-J/MJJfi1)
,

/. 110 (..;-M ,,,/) = ~. I II··:/k.

~+QIO::: CiA ~O~S-(0,IXI.l't
= /.~5cb

I
I

Composite 0.027 0.020 0.016 7.85 12.86

I
I
I
I
I
I
I

GUTTER FLOW

W SW a Eo d

(ttl (ft/ttl (inl (ttl

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

1.42 0.042 0.00 0.289 0.29

v

(tpel



DESIGN FREQUENCY: 10 Years

f~'M A- B I~l 450 h-
Scru---n+ OF \l--)DI ti-10 ~.

1('0 . --tv c::>.; 130'(~ f(Z D.
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FIGURE 2.2-21
Runoff Coefficients (C) for use with the Rational Formula (Q=CIA)
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Yo/-~:S..rr~ (}.71)~ I.X ('1..J/i)(o.&S) (SOXL..- j
L(m.9-)() = 4;14-P-j- -13/566

;:;e~/ew~ R-I/Nt-e--f (! .{'"rA-, 83hJV (L~ 350 J
Q t'7) .= 1,.)0 (d ·85")(f,,;l) ( ~ XJDO~) = 5, ~<J c.:/s,

43/~o
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c2~ s./J. /NJ-e.-j, A/ar1-f- c::Jr /Hc;JhAS 4. (.cTblP~=j,&O;/o )

/1 f / I ,.d ~ Uz- /C=5'/I1I/
-rtJ/H1\I I/se/AJ("'~ lI-enr'55~ /1118. ~n)e e-#a/c:: 7' ftt/N/I>'!f//1

/,vL?(-~ ~-r4, ~ f-tJ?) / ct.:= J.95x~,2£:,r (J,t" x~·]7 ~ (}r74
o.~ '3 . c9- 63

QJ/~ (-at~r1~t'4-.)=-j,X((J,74)(9,2-)({)-6~) :; 51!;"
Y1l1Z,(7Zl7".) n> /tVtd ~ ,5;JC, 7-(1/ ::; tJ .~) :; 5',94 c!-~ cJ)::..?

a/lUI dr.e~IvL-bfw; /W/~q cPC!..~e:::- S:I;;<~
I cp ~/f = (),1;; II

hr iv~c1 AkrH ~~Rr$t6,Jv7U5e:::lw0 - /l?l'f-rc;;+h-,
op /51 M~ ../N~r c? .5;-4 6t -rjG' - JI"tJi/~ IJr~5/r§;40 :D CA-/./-/9L-,

OJ1l = (~.95 )(0,31) r tJ·(;<) X g,/;'IIC2' = a, tt, ~~~t<1/~
(J,3 7 .;-p,/~ (/.37 +-P,I,). (/;f,N/..,cJH)

~nJ = j,J5Cl',4 = I,.)S (t7,8-t,) (~,..j )((). 4'1 ) :: 4b1a:~ .~ qc. = ~~Jb oIL

r/s£, SRh/E /tVt-~-f Ih ~tJ E/tsrc:.//!!-#.
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;::inv IS .;)-/ :1 ()re-,e {!~. Md ,J;t-~fF7?~cf~IIt, ~th ~
( ;:::h-w S;»-ec/'Ul:= It., j, Fr ~cI:=- 4,1- 1

/ Le,JfY~~ )~/5"1 ~J1Ne t/p£)J ,/

&~re LC/J74X) t,17-t:),7Z=- I,X(tJ,7~)(1,;2.)(LX77.S\ /
L (AJIJX,) =- 4tJl,13) t/>F Itn r=r-, f3/St.o)

!l4Cb ,A/e--r r /<.1 i.eI- (MI> 0~) e :5Tf9- r ~ -r JcJ -j-t77) = 74#V
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~<- £(_x.) 1.'#-tJ.1·/(~)"'. /,;J5(M"'I)t9'))(L.n~
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. 4~5"~o

trw;. /iJJ?- k;.,e/-j;;~;;. :. 3, 74 r~/fl::: t,4/) c 4, /~ cYls.
U'£/lV7 0ue6 /11/L-ef-Nj IOlMN11 (?cr~rt::::3·J7 cis tJj f;==().;
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S;~)4E7

L:. 3s-on-c
/' =
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4'!t //l/t.-01-~fd o,&- .p/P, S'CI-/' P. (g,lJ,S'/pe) &1!If~e-;-CJ.)O-O°

~-~ Zitu;:d,t! &/l-tUj'/lJ1 Cbto$, e;:t~,=5.55
Cw p- i,f:, == , f5 )(35' r- 1,/0)( It, == {J,§4-

55'-r/r, !br3S

tJ~~ L(,n,4X) = s: 5~- 0, (p I .:: ,1,.:1-5/(b, 84)(tJ,~)(J-XS"/
L (mllJ(,) = 431 F;; 13/ S-~~

~;S-~NC~ -/0 ;:i.AN-,t~/Mj /,-.;1...4-__ 8~no - 71-f-80 = ~70 Fr-

~e.-Je. ~t-~·f~ $'1,4, <9-1-rO'O Y/<J~':;;~ If/II~. ~u/;

•-. 0/1'" (T~/J9.481r) =: /,,,1S-~,84)(9-"))(:3SCJ)(s-~ \ ;; 5/1~~
+~5~O) ~

yjor.> (lZr) /NTO IvW~-3,9(,-r(f/=o,~/)'; 4.57 ,:>

0//IJt1 &R6/NL-e/- 4 /o(MAJ-e; o~ = 4.o4-e-Is_
/ / B f2- = ~,S~ e-is

1- 5d. .z;L-~f-~d2<--rH-c'F /N~iI)N.5C!-h'-~, (5,~,5liJ5)
.e:/r- p~ t. = ().Z8 ~. ~G = /.4(,7 % 9~=

(!w == t)I' l?I - $,qmG A-s s-,

~;;u-"7& L.(MI?-X) ::::?:t?~-(),ZB == /;~S(O,g/)(9~,})(LXS7;) j
J.. (~4J(,) =- 7()gIf'~ 4-..3IS~O

R/fC£/Nud-e ;;5!-/9. ~-r0() -4t.~s jt-c/W1 (,.,-/f-,(f//d

L-=s;o .Fr,
.-. CFJvo(r4(J,4I'(!,I4-)=-/;rJ5&,~/)(r;'))(Sd)-Sx SO) -==- 5rc'/cr4

4:3;5'0
cPro -ro /Nuf-::r- §,C,! cis -r- (6/f..::- ~,l~) = s,fi e..-h.

thINJ ~.8 /;vt-d- wj ! 7 IMNi) c?CAjrv,e,q =- 6,28~-'"S
d3/?~ O./p/
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k",,~ {? ::7/1'1. 71+-fo L ~ ;kr// ~ 3~H
/

ep/,-0 (re/~. ~~,4.) ==- ~e?5'(~/~f)(1"2)(5;)c; x 5'! \ =- J:b2*
-f~.s~o )

C}fotl 1N7vj;u:!-= 3,~2+-/~;;tJ,~~) = 1/5"a:i.
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/ $/,P = j, / I e--fs

J~

Pag._~__ of_?~ __ 1~4/~Jq§
Mad. by__~_~~ _
Dat. __i2~~_~_:~~ _
Ch.ck.d by _
Da t. _

I
I.
I
I
I
I
I
I

I
I
I

{\

I
I

)0/ brH- kf--eI- ~77-I- !J,c );JJ/,4-/I./5CfI ,fl;. (..s,.!t .5/P E)
( ;5u!n? /VL-~-f c? ,If~ c;l /?orr.J) 5/fCj, )
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~/ f? rnJh.1 ~rrt -=- / •cf'4 c-is '
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ff- g12t:! 1M-&!-d~ /?'J,4-/N Rc/U--f/01 ~ SI.J~p Ovrrt;L,.1.- ;@:-pe-.L6Ve£

(4,) ~ '!I!e 4ru-r# ~5J;VN/~ (? ;!vror ~/Y3/p,

I {? hr j.rU:?f, /v1& 15,~. Sfr,. I,t, -f-7S
~ = 4~7 +- 4-,~1- = g-,71 c--~.
~ =::- I"MJ ~ (SA~ /Is 'f:-,.w ~ps )

/YC ~o.0/2 (~e;:»

Ue d4":? ;e~,/! (/J7tA/. Size IOz d-/TJ/f-/i) ~,e/?Jt9INiOJ/}I)C.'8:

drrf-/ = 0·70 P77 Jcp~::;- c?-f'C?~ ~ "

V::: B,e41;;5.· .
F;:::- ~/,1. :SeE / ~

(~G /0 rvLL) I {/s£~~d./! {?/eft;;{~ . /i;;GuIt'~

~, (! d~ /tvuh 1//16·1.5,8,/ ~ 7oro-o

t2~-k 1-~'9J/eL- -hn«. ltv /'~IF .; ;fd-5'==~W1 _ (),t! I-iIJ
Fr1lL- ;;_ ..)-rd,!PI = t;;. ~/ (1t1IN) g>,P4 -/fs x G:> sac/Itf/;)

--.7) 6.ose:- EI'I'd2.-~f; lOe SroL>j It> V0:Sr t4~o 4:j})L. /tVLe!rk;)rJ5 :s~.c£

Cj?TVr; =:; 8'71 (11~) ~ ;{,84 I- St/:l - /{,.t.Je.----/s 7G~/rJ

S,-?e: tJ, 7.$gZ.;{ (..5YfnB .4 &~f-) ~r,4"Id)

/?L ~()rOJZ (~{!/)

Tel ~4-~1 Kd/'
de;lf./ == j,B/ h;

V ::: 7, ~4- fpS
r::; /' ,p~ rh

( 6;;5J{, ;::bt.t- ) I ~£;/4 //.I?~ / e 017as%~g 5:ee;f::f I

~, 1JC,/L tf .51~. ;{;t-d'-d &1f;., '74-rov I q::: b, 37 e-/5,.
lizHnit., rM?:: /otJ/ 1104· -fjP5" K &.0 ~/;1( IN ;: tJ, g1 U/d.

.\o{ r; (.,..r,) = ."b/ r 19. fj7~ ? f£, ;I1,AI. Af1/11/ U£ S.41/1.1 ,~ &<&1-3 ri

,\fbOo~ 6!rtJr:- /6f'~7f-~.j7::;dJ,tPlt:!-~, (jO-sf ;£)~P /NL""r,tb:~Y.J5)

,0\; !/5e~4" ¢,e dlfJ. '$8,£ /f ;=OIL) . .
~J t d ::;- /7'7 rro /I ~ '7lc!5 f2f?5' IU~£;<411~e(~ ~ {),7~% /o5~ .
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(a 7BrCO)

Qror, === )7,)-4 -r 7rf-Z .::: :JI,t?-r~e;:ou ~v-c.~ I!UCllA-,v /N1 /Z7c
( r.? S/11/u:-7C ) hI.-" e<... 7C-, TO -rAt- ft/M/

:7?/E 7~t/ei- 71/k.2r I-. ;; .3s;t; / il',5YX. '0 .=- ~ -!P~ ,ij/,v.

Te.::5 t/, ~!J -f ~, 7 ~ 7,4";W1 J() ,

1'/171>(5"/11(1./.) = 711-/AJ/h, tIm) (1,~J-{(;(}) := fj,./IN/h, .
.R~~ = 1~",r;;if",r", = 6-//p.. = rM3B 0-9.~..P %)
cf(roTt) == ;4,{,? (0 ,cPS) -= ~ ,5;:; ch~

.:5'fE :;:::- ?J ,Cl'07~ Ip
0c. 36'1:, /L!-t/? ~

~~ 'ry==
V ==- &.86 ~
(p ') 0 /Vz-.t--
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$rz~ /tV/-e:l-tuedo£- !J7f1/N ~ff1V11v Su/Y1f Ou-/r:f;-LL

(E) hmr7 Ite ;t}tJZ77-f} ,l}ez/NAJfAlje IN/. 0=/".rMHJ 5o;r,~

~ /~ )NUi A/Ig~ @ 5i11J- /7~
Cf1";7U7I) = 4,11 t2-1S Ie -=-5,rf,ft!V, (4J/NJmvm)
~:= Ir~o;t (SrM1~ 1fs~C/fH)) NZ~O'()JZ

?t'SI ~ I/- 'I1 - !11/N 1mU7v1 SI"Z,6~ Ih ,4,/tV It
dr-ff~ = 0,74- SFr:- 90/1::= 15,5*D c:!.-I~.
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V::::: 4,27 Pf3

§1 X PVI-I- )
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cp(17JT,) = 4,47 + 4,/3 +- 11.fr;> = /~, ~ ef; C 70 :-S/.4/tfj
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d:::: ! 4D Fr;
(5,S~ ~
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I /Or, /c = 6. d-/ r cJ,5"d. = ~. 7.3 ,A(/I!/,
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I ( i /~ (->,11/,</) -= i'~~/"h, 'lIlT() (7,33 Un'./) = Co
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I k~f-6/: o· f (tfJ) tf) .:: f,3-o cis.
CjJ(nr)= I,~~ +- ./~.-.X> ~ ,)J,s!R of;,

I (/Gtr 3-0'<? /'.t.'!.~ ifl S'L =&.4m;(

I d:: tJ,GJ/ fit (j1).!-;6fV~?-)
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GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1. 42 0.042 0.00 0.350 0.24 1. 95

Cross-Slope S Sx n Q
(ft/ft) (ft/ft) (cfs)

----------- --------- --------- ------- ---------,

Composite 0.006 0.020 0.016 2.19

T
(ft)

PROJECT NO.: 4541P108

DATE: 08-14-1993

STATION:

DESIGN FREQUENCY: 100YearsAcres

ROADWAY & DISCHARGE DATA

*****************************************
***** ROADWAY DRAINAGE DESIGN *****
*****************************************

IIR-/~

DESIGNER: BOB B

PROJECT: 64TH STREET

INLET NO.:

DRAINAGE AREA:
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ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (efs) (ft)

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

Composite 0.005 0.020 0.016 5.55 15.50

(
GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1. 42 0.042 0.00 0.241 0.34 2.29

*****************************************

*****************************************
rr£C-I2-

Years

*****

STATION:

DATE: 08"'11-1993

PROJECT NO.: 4541P108

DESIGN FREQUENCY:

ROADWAY DRAINAGE DESIGN

Acres

*****

DESIGNER: BOB B

PROJECT: 64TH STREET

INLET NO.:

DRAINAGE AREA:
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GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1. 42 0.042 0.00 0.257 0.32 5.05

*****

*****

DATE: 08-11-1993

STATION:

PROJECT NO.: 4541P108

DESIGN FREQUENCY: 100Years

PROJECT NO.: 4541P108

DATE: 08-11-1993

STATION:

DESIGN FREQUENCY: 100Years

ROADWAY DRAINAGE DESIGN

ROADWAY DRAINAGE DESIGN

Acres

Acres

*****
*****************************************

*****************************************

*****
*****************************************

*****************************************

DESIGNER: BOB B

INLET NO.:

PROJECT: 64TH STREET

DRAINAGE AREA:

DESIGNER: BOB B

INLET NO.:

PROJECT: 64TH STREET

DRAINAGE AREA:

ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (cfs) (ftl

----------- --------- --------- ------- --------- --------
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GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1.42 0.042 0.00 0.257 0.32 3.70
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ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n
(ft/ft) (ft/rt)

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

Composite 0.014 0.020 0.016
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7.86

T
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(ft) (ft/ft) (in) (ft) (fps)
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T
(ft)

16.53 ~<--

STATION:

DATE: 08-12-1993

PROJECT NO.: 4541P108

DESIGN FREQUENCY: 100YearsAcres

*****************************************
***** ROADWAY DRAINAGE DESIGN *****
*****************************************

DESIGNER: BOB B

INLET NO.:

PROJECT: 64TH STREET

DRAINAGE AREA:

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

."
I



GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1. 42 0.042 0.00 0.241 0.34 2.05

ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (efs) (ft)

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

Composite 0.004 0.020 0.016 4.96 15.50

@ Ju-r Or ~mM ;4?0LJ tb4n+.5r; - Our60llVq Ge~g-=o,hV
I /0

- £ft~~*~~~2::::~~:*:* ******** ** ** ***
***** ROADWAY DRAINAGE DESIGN *****
*****************************************

PROJECT: 64TH STREET

STATION:

DESIGN FREQUENCY: 100Years

PROJECT NO.: 4541P108

DATE: 08-10-1993

~-/2..

Aeres

DESIGNER: BOB B

INLET NO.:

DRAINAGE AREA:

I
I
I
I
I
I
I
I
I
I·

I
I
I
I
I
I
I
I
I



GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1.42 0.042 0.00 0.241 0.34 4.34

ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (cfs) (ft)

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

Composite 0.018 0.020 0.016 10.54 15.50

*****************************************
***** ROADWAY DRAINAGE DESIGN *****
*****************************************

#G""t!-/Z

STATION:

PROJECT NO.: 4541P108

DATE: 08-11-1993

DESIGN FREQUENCY: 100YearsAcres

DESIGNER: BOB B

PROJECT: 64TH STREET

INLET NO.:

DRAINAGE AREA:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I"
I



- .K;T;-/,>Whlj CA-fJ. LA--L..-C.-
GFr6~ //VTD $'"'1 CoIJ.D/770tJ ~ I/r;? j, .5T-rl-, 79-t-C0 - - 0,7882%

GUTTER FLOW

W Sw a Eo d V
(ft) . (ft/ft) (in) (ft) (fps)

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

1.42 0.042 0.00 0.241 0.34 2.87

ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (cfs) (ft)

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

Composite 0.008 0.020 0.016 6.97 15.50

*****************************************
***** ROADWAY DRAINAGE DESIGN *****
*****************************************

-rTFC-/2...

'Years

DATE: 08-11-1993

PROJECT NO.: 4541P108

STATION:

DESIGN FREQUENCY:Acres

DESIGNER: BOB B

PROJECT: 64TH STREET

INLET NO.:

DRAINAGE AREA:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
.-
I



GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1.42 0.042 0.00 0.249 0.33 2.52

ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (cfs) (ft)

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

Composite 0.006 0.020 0.016 5.73 15.00

*****************************************

*****************************************

*****

STATION:

PROJECT NO.: 4541P108

DATE: 08-14-1993

DESIGN FREQUENCY: 100Years

STATION:

DATE: 08-14-1993

PROJECT NO.: 4541P108

DESIGN FREQUENCY: 100Years

ROADWAY DRAINAGE DESIGN

Acres

Acres

***** ROADWAY DRAINAGE DESIGN *****
*****************************************

*****
*****************************************

DESIGNER: BOB B

INLET NO.:

PROJECT: 64TH STREET

DRAINAGE AREA:

DESIGNER: BOB B

INLET NO.:

PROJECT: 64TH STREET

DRAINAGE AREA:

,I
I
I
I
I
I
I
I
I
I'
I
I
I
I
I
I
I
/
\

I"

I



GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1.42 0.042 0.00 0.249 0.33 2.11

ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (cfs) (ft)

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

Composite 0.009 0.020 0.016 6.94 15.00

GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1. 42 0.042 0.00 0.249 0.33 3.05

*****************************************

T
(ft)

15.004.83

Q
(cfs)

*****

n

0.016

STATION:

DATE: 08-14-1993

PROJECT NO.: 4541P108

DESIGN FREQUENCY: 100Years

0.020

Sx
(ft/ft)

ROADWAY DRAINAGE DESIGN

Acres

ROADWAY & DISCHARGE DATA

0.005

S
(ft/ft)

*****
*****************************************

INLET NO.:

DESIGNER: BOB B

PROJECT: 64TH STREET

DRAINAGE AREA:

Cross-Slope

Composite

I
I
I
I
I
I
I
I
I
I·
I
I
I
I
I
I
I
I
I



GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1. 42 0.042 0.00 0.249 0.33 2.65

ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (cfs) (ft)

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

Composite 0.007 0.020 0.016 6.03 15.00

*****************************************

*****************************************
*****

PROJECT NO.: 4541P108

DATE: 08-14-1993 .

STATION:

DESIGN FREQUENCY: 100Years

ROADWAY DRAINAGE DESIGN

Acres

*****

PROJECT: 64TH STREET

DESIGNER: BOB B

DRAINAGE AREA:

INLET NO.:

I
I
I
I
I
I
I
1
1
1--'

I
1
I
I
I
I
I
*..
I



GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1.42 0.042 0.00 0.249 0.33 3.17

ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (efs) (ftl

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

Composite 0.010 0.020 0.016 7.21 15.00

***************~**********************~*x

*****

STATION:

DATE: 08-14-1993

PROJECT NO.: 4541P108

DESIGN FREQUENCY: 100Years

ROADWAY DRAINAGE DESIGN

Aeres

*****************************************

INLET NO.:

DESIGNER: BOB B

PROJECT: 64TH STREET

DRAINAGE AREA:

I
I
I
I
I
I
I
I
I
I.·
I
I
I
I
I
I
I

•
I



GUTTER FLOW

W Sw a Eo d V
(ft) (ft/ft) (in) (ft) (fps)

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

1.42 0.042 0.00 0.249 0.33 2.45

ROADWAY & DISCHARGE DATA

Cross-Slope S Sx n Q T
(ft/ft) (ft/ft) (cfs) (ft)

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

Composite 0.006 0.020 0.016 5.58 15.00

*****************************************

*****************************************
*****

DATE: 08-14-1993

STATION:

PROJECT NO.: 4541P108

DESIGN FREQUENCY: 100Years

ROADWAY DRAINAGE DESIGN

Acres

*****

DESIGNER: BOB B

INLET NO.:

PROJECT: 64TH STREET

DRAINAGE AREA:

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

\1-·

I



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

Part D HEC·12 Inlet Capacity Computations
(McDowell Road to Thomas Road)



08-14-1993

______PAGE _

0.400
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

1.200
24.184
2.715
4.091

4.960
15.485

2.234

... 4.960
2.715

,.. 1.200

= 4.091
:II 2.000

:II 15.502
0.800

Q(By-Pass)
----------

3.631
2.350
1.453
0.565
0.000

Flow-CFS--O
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

~77J,e,yJ ~)/fJ GETtU6C,v N.,<:"'c70;'V~i fTfl./r-" ~

/1>., ,AIf 6', /Nt.-er

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

CURB OPENING INLET -- ON GRADE

Flow-CFS--Q
SPREAD-Ft.--T

Ayeraqe Velocity-V-fps =

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manninq's 'N =

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.268 1.329
6.583 0.526 2.610
9.583 0.707 3.507

13.583 0.886 4.395
20.583 1.000 4.960

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-
HIGHWAY NAME _---=:=-'::'-=----:-;:;-;--;--f....=::=::"""'=~~~-'7':i~7r DESIGNER - ....~.::=...J3=:;........;~__- _
LOCATION CHECKER

I
I ..
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I'
I



PROJECT NAME--=~-= 77~~==~~~~ TRACS NO.-
HIGHWAY NAME - DES I GNER -lM=.<oc::"""O..:...:...:Jt),--, _
LOCATION CHECKER PAGE _

08-14-1993

0.633
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.088
29.255
2.998
3.425

3.720
12.709

2.519

3.720
... 2.998... 1. 088

- 3.425- 2.000

= 14.639
g 0.800

Q(By-Pass)
----------

2.669
1. 667
0.979
0.324
0.000

Flow-CFS--Q
SPREAD-Ft.--T

Ayeraqe Velocity-V-fps

CURB OPENING INLET -- ON GRADE

!fEe-I;;'
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

FLOW in Gutter-CFS--Q ...
% Flow in Gutter-CFS-~Eo ...

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d =

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-
Manninq's 'N

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.283 1.0"51
6.583 0.552 2.053
9.583 0.737 2.741

13.583 0.913 3.396
20.583 1. 000 3.720

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

I
I
I
1-------------

I
I
I
I
I
I
I
I
I
I
I
I
1
I
I



08-14-1993

_______PAGE _

0.633
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

1. 003
30.667
2.902
3.278

3.270
12.095

2.452

=- 3.270- 2.902- 1. 003

- 3.278
= 2.000

=- 13.604
=- 0.800

O(By-Pass)
----------

2.281
1.355
0.735
0.183
0.000

1Ie-/~

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe Velocitv-V-fps

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Flow-CFS--O
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--O

Roadwav Grade-% Per cent--G =
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-
Manninq's 'N

LENGTH Efficiencv O(Captured)
------ ---------- -----------
3.083 0.302 0.989
6.583 0.586 1. 915
9.583 0.175 2.535

13.583 0.944 3.087
20.583 1.000 3.270

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME--=~~--~~~~__--~~~- TRACS NO.-
HIGHWAY NAME- DESIGNER -
LOCATION CHECKER

.01-;9,

I
I
I
1-------------

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

I
I

I
I



08-14-1993

_________PAGE _

1.771
1.058
0.580
0.150
0.000

O(Bv-Pass)

2.530
9.571
3.076

2.672
2.000

2.530
3.527
0.966

1.270
0.020

20.000
0.020
1.420
0.042
0.716
0.016

0.966
38.173
3.527
2.672

13.722
0.800

Flow-CFS--O ...
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--O ...

Depth at Curb Line-Inches--d ...
Local Gutter Depression-Inches

Flow-CFS--O =
SPREAD-Ft. --T =

Averaqe Velocitv-V-fps =

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo ...

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d =

Roadwav Grade-% Per·cent--G =
Roadwav Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiencv O(Captured)
------ ---------- -----------
3.083 0.300 0.759
6.583 0.582 1. 472
9.583 0.771 1.950

13.583 0.941 2.380
20.583 1.000 2.530

CURB OPENING INLET -- ON GRADE

Lenqth of openinq: TOTAL Intercept--Ft. ...
CLOGGING FACTOR--CURB OPEN. -

CURB OPENING--ADOT STD. C-15.20

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

I/Fc-I;Z
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
SECTION

PROJECT NAME-~=7~__~~~~~~~~__ TRACS NO.-
HIGHWAY DESIGNER - ~#I

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

LOCATION CHECKER

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



08-14-1993

4.887
3.647
2.715
1. 666
0.403

______PAGE _

3.803
2.000

6.110
3.918
1.598

Q<Bv-Pass)

0.927
0.020

20.000
0.020
1.420
0.042
0.716'
0.016

1.598
26.148
3.918
3.803

6.110
14.285

3.250

21.132
0.800

F1ow-CFS--Q =
SPREAD-Ft.--T

Averaqe Ve1ocitv-V-fps =

CURB OPENING INLET -- ON GRADE

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--Q =
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--Q •

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches =

Roadwav Grade-% Per cent--G =
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N =

LENGTH Efficiencv Q<Captured)
------ ---------- -----------
3.083 0.200 1. 223
6.583 0.403 2.463
9.583 0.556 3.395

13.583 0.727 4.444
20.583 0.934 5.707

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. •
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME--=~~~~~~-=~~~~~ TRACS NO.-
HIGHWAY NAME- , DESIGNER - -"C&#~=-.=::/;3::....,~ _
LOCATION CHECKER

I
I
I
1-------------

I
I
I
I
I
I.
I
I
I
I
I
I
I
I'

I



08-14-1993

______PAGE _

0.560
0.020

20.000
0.020
1.420
0.042
0.716
0.016

0.760
34.697
2.505
2.921

2.190
10.610

2.153

2.190
2.505- 0.760

- 2.921
... 2.000

... 10.526
"" 0.800

Q(Bv-Pass)
----------

1.354
0.628
0.210
0.000
0.000

TRACS NO.
DESIGNER -

Flow-CFS--Q =
SPREAD-Ft. --T =

Averaqe Ve1ocitv-V-fps

CURB OPENING INLET -- ON GRADE

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d ...

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Roadwav Grade-% Per cent--G ...
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.382 0.836
6.583 0.713 1.562
9.583 0.904 1. 980

13.583 1.000 2.190
20.583 1. 000 2.190

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

CURB OPENING--ADOT STD. C-15.20

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME - --"'::r:-'-::-='----:::-d----:.==,.-..;:....,:~r_
HI GHWAY NAME - ......£.:.~.;:;-::;r=.:~~:...=...",;....-:..==.:::.....!.=-.:....
LOCATION

I
I
I
1-------------

I
I
I
I
I
I
I
I
I
I
I
I
I
(

1'-

I



CURB OPENING INLET -- ON GRADE

4.019
2.000

0.000

3.443
2.198
1.333
0.489

4.740
2.697
1.168

O(By-Pass)

0.405
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.168
24.649
2.697
4.019

4.740
15.184

2.223

15.157
0.800

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

08-14-1993

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Flow-CFS--O '"'
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--O

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

SECTION

Flow-CFS--O =
SPREAD-Ft.--T

Averaqe VelocitY-V-fps =

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-- '"'
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-
Manninq's 'N -

LENGTH Efficiency O(Captured)
------ ---------- -----------
3.083 0.274 1.297
6.583 0.536 2.542
9.583 0.719 3.407

13.583 0.897 4.251
20.583 1.000 4.140

Lenqth of openinq: TOTAL Intercept--Ft. =
CLOGGING FACTOR--CURB OPEN. =

CURB OPENING--ADOT STD. C-15.20

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME- __~~~~7-~~~~~~__ TRACS NO.-
HIGHWAY NAME- DESIGNER - 2k~t?~
LOCATION CHECKER ~:::~~:====-P-A-G-E======

I
I.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



08-14-1993

___________PAGE __

0.400
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

1.201
24.166
2.716
4.094

4.970
15.497

2.235

• 4.970
2.716- 1. 201

- 4.094
• 2.000

= 15.520
• 0.800

Q(By-Pass)
----------

3.640
2.357
1. 458
0.568
0.000

ON GRADE

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe Velocitv-V-fps =

CURB OPENING INLET

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manninq's 'N =

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.268 1.330
6.583 0.526 2.613
9.583 0.707 3.512

13.583 0.886 4.402
20.583 1. 000 4.970

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME--=~-= ~__~~~~=-~ TRACS NO.-
HIGHWAY NAME- DESIGNER -
LOCATION CHECKER

I
I
I
1---------------'--------

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



08-14-1993

3.474
2.221
1. 349
0.497
0.000

4.780
2.690
1.172

4.039
2.000

Q(By-Pass)

0.400
0.020.

20.000
0.020
1.420
0.042
0.716
0.016

1.172
24.516
2.690
4.039

4.780
15.269

2.216

15.185
0.800

Flow-CFS--Q =
SPREAD-Ft.--T

Ayeraqe Ve1ocity-V-fps

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--Q 
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q -

Depth at Curb Line-Inches--d =
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx ~

Shoulder Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft ..--Sw

Gutter Depression-Inches-- =
Manninq's 'N =

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.273 1.306
6.583 0.535 2.559
9.583 0.718 3.431

13.583 0.896 4.283
20.583 1. 000 4.780

Lenqth of openinq: TOTAL Intercept--Ft. =
CLOGGING FACTOR--CURB OPEN.

CURB OPENING--ADOT STD. C-15.20

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

#EC-/~
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

PROJECT NAME- ~4rH-.f1.,-; /SOo7/S"..D19-i-E TRACS NO.-
HIGHWAY NAME - /l7C!,l)<:;WE'ii;zo 77/O/UJ'lS ;eo, DES IGNER - --=&:....:::...::8-..::..f:)_. _
LOCATION - dlLJ, S7?'f;~7.L CHECKER - PAGE _

a.s; E, CbRNe-/!:. of ML.g#-/~

I
I
I
1-------------

I
I
I
I
I
I
I
I
I
I
I
I
I
I'
I



08-14-1993

2.859
2.000

1.308
0.603
0.198
0.000
0.000

Q(By-Pass)

2.120
2.543
0.753

0.596
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

0.753
35.506

2.543
2.859

2.120
10.351

2.193

10.477
0.800

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches =

Flow-CFS--Q
Velocity of Flow in Gutter-fps 

FLOW in Gutter-CFS--Q -

Flow-CFS--Q =
SPREAD-Ft.--T

Averaqe VelocitY-V-fps

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d =

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-
Manninq's 'N

LENGTH Efficiency .Q(Captured)
------ ---------- -----------
3.083 0.383 0.812
6.583 0.716 1.517
9.583 0.906 1.922

13.583 1. 000 2.120
20.583 1. 000 2.120

CURB OPENING INLET -- ON GRADE

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. =
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

PROJECT NAME- 64rli.;1-r; !:ltJorr:sL>/7L£ TRACS NO.
HIGHWAY NAME- /lJ(!.j)(}W€LL'lO 7"HoMFlS R.Q DESIGNER - ;::;06 ;3~

LOCATION - /t%b/ $ij?J ~--rtJZ) CHECKER ~~~~=~=====-P-A-G-E======

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



08-14-1993

0.596
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

0.777
34.863

2.576
2.908

2.230
10.556

2.215

= 2.230
2.576

= 0.777

- 2.908
= 2.000

= 10.785
'" 0.800

Q(By-Pass)
----------

1. 397
0.668
0.239
0.000
0.000

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

TRACS NO.-
---..:..:....:-7=:;;;lL:..:;::.:::=--r-----l::~-;-!-~:.:..:...:..~-DES I GNER - -->=M~£3~Z3_. _

CHECKER PAGE _

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

Flow-CFS--Q =
SPREAD-Ft.--T =

Ayeraqe VelocitY-V-fps

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.373 0".833
6.583 0.701 1. 562
9.583 0.893 1.991

13.583 1.000 2.230
20.583 1.000 2.230

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

CURB OPENING--ADOT STD. C-15.20

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT

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



CURB OPENING INLET -- ON GRADE

______PAGE _

0.596
0.020

20.000
0.020
1.420
0.042
0.716
0.016

0.777
34.861
2.576
2.908

2.230
10.556

2.215

"" 2.230
"" 2.576
"" 0.777

'"' 2.908
= 2.000

= 10.784
0.800

Q(BY-Pass)
----------

1.397
0.668
0.239
0.000
0.000

08-15-1993
TRACS NO.-
DES IGNER - ---...::ffi$==-=ft3=--. _
CHECKER

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

Flow-CFS--Q
SPREAD-Ft.--T

Ayeraqe VelocitY-V-fps =

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH EfficiencY Q(Captured)
------ ---------- -----------
3.083 0.373 0.833
6.583 0.701 1.562
9.583 0.893 1. 991

13.583 1.000 2.230
20.583 1.000 2.230

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME - "-::"~"":-'-;..----:-<-:---r-:~~~~~-7-~~
HIGHWAY NAME - ---'-~:';:::-'7r--"7=:":::"'''';'=:'---''::~:''':':''':-'-'-'''-=='''
LOCATION

I
I,

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

I

I'
I



08-15-1993

______PAGE _

0.596
0.020

20.000
0.020
1.420
0.042
0.716
0.016

0.773
34.975

2.570
2.900

2.210
10.519

2.211

... 2.210
= 2.570
,. 0.773

,. 2.900- 2.000

... 10.729
0.800

Q(BY-Pass)
----------

1.381
0.656
0.231
0.000
0.000

Flow-CFS--O
SPREAD-Ft. --T =

Averaqe VelocitY-V-fps

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

Flow-CFS--O
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--O

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH EfficiencY Q(Captured)
------ ---------- -----------
3.083 0.375 0.829
6.583 0.703 1.554
9.583 0.895 1. 979

13.583 1.000 2.210
20.583 1. 000 2.210

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT

I
I
1
1-------------

I
1
I
1
I
I
I
I
I
1
I
1
I
I
I



08-15-1993

______PAGE _

3.137
2.000

2.790
2.726
0.897

Q(Bv-Pass)

0.596
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

0.897
32.140

2.726
3.137

2.790
11.511

2.318

12.260
0.800

=

=

=

=

=

=

=

...

...

..

Q(Captured)

Flow-CFS--O
SPREAD-Ft.--T

Averaqe Velocity-V-fps

CURB OPENING INLET -- ON GRADE

Efficiency

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-
Manninq's 'N

LENGTH

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME - -::::"~:'-='----:--=-~:"""':=:::---'--====--=~~~

HIGHWAY NAME--'A75~~~~~~ti~~~~
LOCATION

I
I.
I
I
I
I
I
I
I
I.-

I
I
I
I
I
I 3.083 0.333 0.928 1.862

6.583 0.636 1.774 1.016
9.583 0.829 2.313 0.477

~
13.583 0.980 2.734 0.056 ~-;

20.583 1.000 2.790 0.000 ~

a-----ZT!S 7JBtTpzmzg 7Z5 Z/JlJlr ~_~~0Zfrll~S~er--
=_'7(~Ti!~,AjZXJJF/Yr.PrJwtO ..~MlJ~KLI7PIJTC/t!ff41CC770/:2

I



08-15-1993

4.262
2.875
1.883
0.859
0.003

______PAGE _

5.680
2.809
1. 306

Q(By-Pass)

4.288
2.000

0.400
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.306
23.001
2.809
4.288

5.680
16.305

2.300

16.720
0.800

Flow-CFS--Q =
SPREAD-Ft. --T =

Averaqe Velocity-V-fps

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

Flow-CFS--Q ..
Velocity of Flow in Gutter-fps ..

FLOW in Gutter-CFS--Q ..

Depth at Curb Line-Inches--d ..
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.250 1.418
6.583 0.494 2.805
9.583 0.669 3.797

13.583 0.849 4.821
20.583 0.999 5.677

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. ..
CLOGGING FACTOR--CURB OPEN. ..

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME- TRACS NO.
HIGHWAY NAME- __~~~~~~~~~~~~~,DESIGNER -
LOCATION CHECKER

1
I
I
1-------------

I
I
I
I
I
I
I
I
I
I
I
I
I
,

I··

I



08-15-1993

2.453
1. 492
0.842
0.242
0.000

3.345
2.000

3.470
2.946
1.041

O<BY':'Pass)

0.633
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1. 041
30.009
2.946
3.345

3.470
12.374

2.483

14.072
0.800

Flow-CFS--O =
SPREAD-Ft.--T =

Averaqe VelocitY-V-fps

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--O =
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Lins-Inches--d =

Flow-CFS--O =
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--O -

Depth at Curb Line-Inches--d =
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-- =
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manninq's 'N

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN. -

LENGTH EfficiencY O<Captured)
\ ------ ---------- -----------

3.083 0.293 1. 017
6.583 0.570 1.978
9.583 0.757 2.628

13.583 0.930 3.228
20.583 1.000 3.470

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

7!Ec-/;L.
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

PROJECT NAME- 64rH-SCr, fJ~rr5/)IJLG" TRACS NO.-
HIGHWAY NAME- 4/~.l1JU.Je 7D /lkJM,I}$ 'Z). DESIGNER - ~:e.
LOCATION 3'. &" .s.,-r:;.. ~/-rtJ1) CHECKER =::'=-~-=--=--=--=--_-_-P-A-G-E-_-_- _-_-_

I
I
I
1-------------

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



CURB OPENING INLET -- ON GRADE

08-15-1993

______PAGE _

2.410
1.458
0.815

Q<Bv-Pass)

3.420
2.935
1.032

3.328
2.000

0.227
0.000

0.633
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.032
30.169
2.935
3.328

3.420
12.305

2.475

13.956
0.800

Flow-CFS--Q =
SPREAD-Ft.--T

Averaqe Velocitv-V-fps

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches

Flow-CFS--Q =
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--Q -

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

Roadwav Grade-% Per cent--G =
Roadwav Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiency Q<Captured)
------ ---------- -----------
3.083 0.295 1.010
6.583 0.574 1.962
9.583 0.762 2.605

13.583 0.934 3.193
20.583 1. 000 3.420

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN. -

CURB OPENING--ADOT STD .. C-15.20

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

~c-/~
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

PROJECT NAME-~~~~~H~~_~'~~~~~~~~~~ TRACS NO.-
HIGHWAY NAME-~_ :;4-;;MIIS DESIGNER -
LOCATION -s:~, $'1,4. -,t-~ CHECKER

I
I
I
I
I
I
I
I
I
I·
I
I
I
I
I
I
I
I
I



CURB OPENING INLET -- ON GRADE

08-15-1993

2.728
2.000

1.909
1.169
0.667

2.690
3.582
1.004

Q(Bv-Pass)

0.199
0.000

2.690
9.803
3.113

1.270
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.004
37.342
3.582
2.728

14.215
0.800

JlcfC-/~
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

&4rrf$r~SCJ.o77StJ.4LE" TRACS NO.-
/?2cJ-?<:l?<.)G~7b 7J=1C;~t:3. DES IGNER - --=~:::::.=:...::::::-=e,-. _
$, 6Sr;?7-· ~5-r5D CHECKER - PAGE _

;::VWY/~ /Nit-~f- /t/,~ ~(.)~- eI/tJ6~£1..- £),;::'-

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches :0:

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d =

F1ow-CFS--Q :0:

Velocity of Flow in Gutter-fps :0:

FLOW in Gutter-CFS--Q :0:

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe Ve1ocitv-V-fps =

Roadwav Grade-% Per cent--G =
Roadwav Cross-Slope-Ft.JFt.--Sx =

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw :0:

Gutter Depression-Inches-- =
Manninq's 'N =

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.290 0.781
6.583 0.565 1.521
9.583 0.752 2.023

13.583 0.926 2.491
20.583 1.000 2.690

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME
HIGHWAY NAME
LOCATION

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
'I
I
I



08-15-1993

CURB OPENING INLET--IN SUMP

PROJECT NAME
HIGHWAY NAME
LOCATION

1I£(1-/rQ
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

f?;4-rJ.f SIgClt:Jrr;5'f),t:}LE TRAC S NO.
mc:<~~tc"lO --rHit"w1/tS DESIGNER - &i3 b<
.$ 23, g~,,~4r3:3,S r CHECKER =~~:~:~:~~=-P-A-G-E======
( .s()~ /1rL-~T)

-;J. ~%C-AL 4p~O)jL- ~

GUTTER FLOW HYDRAULICS

GUTTER DESCRIPTION

Roadwav Cross-Slope-Ft./Ft.--Sx =
Shoulder Width-Ft.-- =

Shoulder Slope-Ft./Ft.--Ss =
Gutter Width-Ft.--W

Gutter Slope-Ft./Ft.--Sw
Gutter Depression-Inches-- =

Depth at Curb Line-Inches--d

Flow-CFS--Q =

Local Gutter Depression-Inches
CLOGGING FACTOR--CURB OPEN.

LENGTH d(weir) d(orifice) d(INLET)
------ ------- ---------- --------

3.083 5.466 4.347 5.466
j 6.583 3.962 0.953 3.962

9.583 3.279 0.450 3.279
13.583 2.712 0.224 2.712
20.583 2.133 0.098 2.133

0.020
20.000

0.020
1.420
0.042
0.716
2.728

3.190

2.000
0.800

SPREAD

*** d(INLET) is Greater of WEIR or ORIFICE Depth.! ***



08-16-1993

5.041
3.783
2.834
1.762
0.455

______PAGE _

3.839
2.000

6.280
3.946
1. 626

Q(Bv-Pass)

0.927
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1. 626
25.884
3.946
3.839

6.280
14.436

3.269

21.461
0.800

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe Velocitv-V-fps

CURB OPENING INLET -- ON GRADE

Ifa-/~
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

&4r;f?rI~rr&~ TRACS NO.-
@L:fJ"J~7D ~~ DESIGNER - ;@8,,--,,~13--,.,--- _
.d, (j, :i:lrlr, 2~~5C CHECKER

FLOW in Gutter-CFS--Q ""
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--Q ""
Velocity of Flow in Gutter-fps 

FLOW in Gutter-CFS--Q ""

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches

Roadwav Grade-% Per cent--G
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-
Manninq's 'N ""

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.197 ·1.239
6.583 0.398 2.497
9.583 0.549 3.446

13.583 0.719 4.518
20.583 0.928 5.825

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. ""
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME
HIGHWAY NAME
LOCATION

I
1
I
1-------------

I
I
1
I
I
I:

1
I
I
1
1
I
I



08-16-1993

______PAGE _

3.005
2.000

0.001
0.000

O<BY-Pass)

1.510
0.741
0.282

2.380
2.558
0.801 .

0.560
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

0.801
33.667

2.558
3.005

2.380
10.957

2.189

11. 040
0.800

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches ..

Flow-CFS--O
SPREAD-Ft.--T

Ayeraqe VelocitY-V-fps =

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--O ..
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--O

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-
Manninq's 'N =

LENGTH EfficiencY O<Captured)
------ ---------- -----------
3.083 0.366 0.870
6.583 0.689 1.639
9.583 0.882 2.098

13.583 0.999 2.379
20.583 1.000 2.380

CURB OPENING INLET -- ON GRADE

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

h'E~-/~
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

PROJECT NAME- &'4""H~"-' j:?af'J'rrso"YLe TRACS NO.-
HIGHWAY NAME- A1az::bU)e2L-7D -rmrM//54. DESIGNER - ~e; Z3,-=:..::.....::'--'---------LOCATION - S',~ . .971"9- cf15r#O CHECKER

@ ftv7EZSC-CT2~cg-O&<' 9h

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



CURB OPENING INLET -- ON GRADE

#Ec-/~
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

______PAGE _

4.202
2.000

4.011
2.668
1.715
0.744
0.000

Q<BY-Pass)

5.390
2.785
1.267

0.405
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.267
23.506
2.785
4.202

5.390
15.945

2.285

16.285
0.800

08-16-1993
TRACS NO.-
DES IGNER - _~:::....::.-:::B=--=13_. _
CHECKER

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe VelocitY-V-fps

Flow-CFS--Q =
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--Q =

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches -

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manninq's 'N =

LENGTH Efficiency Q<Captured)
------ ---------- -----------
3.083 0.256 1.379
6.583 0~505 2.722
9.583 0.682 3.675

13.583 0.862 4.646
20.583 1.000 5.390

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJ ECT NAME - --=~""':""l....I..--=-:'-:-"-';-:===~...-'-=~~;;;=-_
HIGHWAY NAME--!,~~~~::::":"';(fi--P~~U~L
LOCATION

I
I
I
I
I
I
I
I
I
I·
I
I
I
I
I
I
I
(

I
I



08-16-1993

5.560
2.794
1.289

4.256
2.000

0.400
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

1.289
23.184
2.794
4.256

5.560
16.173

2.290

16.522
0.800

Flow-CFS--Q
SPREAD-Ft. --T =

Averaqe VelocitY-V-fps =

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d =

Flow-CFS--O- ..
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--O

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx ..

Shoulder Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W ..
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches--
~ Manninq's 'N =

LENGTH Efficiency O(Captured) O(BY-Pass)
------ ---------- ----------- ----------
3.083 0.252 1.404 4.156
6.583 0.499 2.774 2.786
9.583 0.675 3.750 1.810

13.583 0.855 4.753 0.807
20.583 1.000 5.560 0.000

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

CURB OPENING--ADOT STD. C-15.20

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

-II-~-/~
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

PROJECT NAME- t4r H .9-rh~rrS~""L-E TRACS NO.-
HIGHWAY NAME- mC!ZkrWt?tz-1b 771ot?1IfS DESIGNER - ~ C;.
LOCATION - $ 6~ 9rf'f. 447S" CHECKER =~=-=--=--=--=--=---=--__-P-A-G-E-_-_-_-_-_

I
1
1
1-------------

1
I
I
I
1
I
1
1
I
I
I
I
I
I
I



08-l6-1993

3.266
2.051
1.213
0.411
0.000

______PAGE _

4.540
2.655
1.134

3.968
2.000

Q(Bv-Pass)

0.400
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.134
24.987
2.655
3.968

4.540
14.972

2.192

14.753
0.800

TRACS NO.
DESIGNER 
CHECKER

F1ow-CFS--Q =
SPREAD-Ft.--T

Averaqe Ve1ocitv-V-fps

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d =

Flow-CFS--Q =
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q -

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches =

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

*~'bF:~.~Wh

Roadwav Grade-% Per cent--G
Roadwav Cross-S1ope-Ft./Ft.--Sx =

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss =

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.281 1.274
6.583 0.548 2.489
9.583 0.733 3.327

13.583 0.909 4.129
20.583 1.000 4.540

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN. =

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME
HIGHWAY NAME
LOCATION

I
I
I
1-------------

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



CURB OPENING INLET -- ON GRADE

08-17-1993

______PAGE _

0.026

Q(Bv-Pass)

3.926
2.701
1.816
0.885

3.874
2.000

5.170
3.186
1. 325

0.596
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

1.325
25.637
3.186
3.874

5.170
14.580

2.636

17.390
-0.800

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d ..

Flow-CFS--Q ..
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--Q

Depth at Curb Line-Inches--d =
Local Gutter Depression-Inches

Flow-CFS--Q =
SPREAD-Ft. --T =

Averaqe Velocitv-V-fps

Roadwav Grade-% Per cent--G =
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-- =
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.241 1.244
6.583 0.478 2.469
9.583 0.649 3.354

13.583 0.829 4.285
20.583 0.995 5.144

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. =
CLOGGING FACTOR--CURB OPEN. ..

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

PROJECT NAME- CLInt ~7i /~7I"SJf)A-t-€ TRACS NO.-
HIGHWAY NAME-~~~~T~~~~~'~~~~~~~~M~~~. DESIGNER -
LOCATION 5.&, Sh9 S3"13b CHECKER

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I-
I



08-17-1993

3.802
2.596
1.728
0.822
0.014

______PAGE _

5.030
3.164
1. 303

3.838
2.000

O(By-Pass)

0.596
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

1. 303
25.898
3.164
3.838

5.030
14.428

2.621

17.124
0.800

TRACS NO.
DESIGNER 
CHECKER

Flow-CFS--O
SPREAD-Ft.--T =

Ayeraqe VelocitY-V-fps =

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--O '"
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--O '"

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

64-rrf $." /$oo-rrS~4tB
~ 70 1'tJ'rytf1~ ;e

,,8,..57-4r 5~~75"

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-- =
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Pt.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manninq's IN

LENGTH Efficiency O(Captured)
------ ---------- -----------
3.083 0.244 1.228
6.583 0.484 2.434
9.583 0.657 3.302

13.583 0.837 4.208
20.583 0.997 5.016

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. '"
CLOGGING FACTOR--CURB OPEN. '"

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME
HIGHWAY NAME
LOCATION

I
I
I
1-------------

I'
I
I
I
I
I
I
I
I
I
I
I
I
I"
I



08-17-1993

______PAGE _

0.596
0 . .020

20.000
0.020
1.420
0.042
0.716
0.016

1.411
24.714
3.266
4.009

5.710
15.143

2.693

5.710
= 3.266
= 1. 411

= 4.009
= 2.000

= 18.387
= 0.800

Q(Bv-Pass)
----------

4.406
3.111
2.162
1.142
0.098

-IkC'-/~

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe Velocitv-V-fps =

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Roadwav Grade-% Per cent--G 
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.228 1.304
6.583 0.455 2.599
9.583 0.621 3.548

13.583 0.800 4.568
20.583 0.983 5.612

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

CURB OPENING--ADOT STD. C-15.20

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

I
1
1

C!1-------------

I
I
I
I
I
I
1
1
I
I
I
I
I
I
I
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Part E HEC·12 Inlet Capacity Computations
(Thomas Road To Indian School Road)



,c.

08-13-1993

7.390
4.401
1. 411

SPREAD

21.822
10.991

4.540

2.000
0.800

0.020
20.000

0.020
1.420
0.042
0.716
3.702

Local Gutter Depression-Inches =
CLOGGING FACTOR--CURB OPEN.

Flow-CFS--Q =

Roadwav Cross-Slope-Ft./Ft.--Sx
Shoulder Width-Ft.-- ~

Shoulder Slope-Ft./Ft.--Ss
Gutter Width-Ft.--W

Gutter Slope-Ft./Ft.--Sw
Gutter Depression-Inches-- ~

Depth at Curb Line-Inches--d

TRACS NO.-
~~~~~~~~"ll~H~DESIGNER - ~ib.=:..<li<::~;.....6~/ _
----'--=.--=-_-'--...L.--r----- CHECKER PAGE _

*** d{INLET) is Greater of WEIR or ORIFICE Depth.! ***

GUTTER DESCRIPTION

CURB OPENING INLET--IN SUMP I
GUTTER FLOW HYDRAULICS

LENGTH d{weir) d{orifice) d{INLET)
------ ------- ---------- --------

3.083 6.916 7.612 7.612
6.583 5.013 1.931 5.013
9.583 4.148 0.911 4.148

13.583 3.431 0.454 3.431
20.583 2.698 0.198 2.698

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I-
I



ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

CURB OPENING INLET -- ON GRADE

______..s:.6
)'S

0.377
0.000

2.986
1.875
1.110

Q(Bv-Pass)

4.150
2.822
1.117

08-13-1993

3.702
2.000

______PAGE _

0.500
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.117
26.912
2.822
3.702

4.150
13.864

2.348

14.761
0.800

SECTION

Flow-CFS--Q
SPREAD-Ft.--T =

Averaqe Velocitv-V-fps

Flow-CFS--Q a

Velocity of Flow in Gutter-fps
FLOW in Gutter-CFS--Q

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches a

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d a

Roadwav Grade-% Per cent--G ~

Roadwav Cross-Slope-Ft./Ft.--Sx
Shoulder Width-Ft.-

Shoulder Slope-Ft./Ft.--Ss =
Gutter Width-Ft.--W =

Gutter Slope-Ft./Ft.--Sw
Gutter Depression-Inches-- =

Manninq's 'N =

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.280 1.164
6.583 0.548 2.275
9.583 0.733 3.040

13.583 0.909 3.773
20.583 1.000 4.150

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

URBAN HIGHWAY

PROJECT NAME-_b-=qt;~~_~~~~0'-~';J~~_~~7_7~~~_~~ TRACS NO.-
HIGHWAY NAME- ~1It1f-!J 70//AJt>IA-AJ s:::;+-/2'L>, DESIGNER -
LOCATION ~~, SrA I "79r;;o CHECKER

( ~~t'I/'J /AI~e;z:)

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

1----

1



08-13-1993

3.827
2.000

0.000

Q(Bv-Pass)

3.351
2.175
1.351
0.532

4.570
2.891
1.187

0.500
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.187
25.974
2.891
3.827

4.570
14.384

2.396

15.585
0.800

Flow-CFS--Q
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--Q =

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d

Flow-CFS--Q
SPREAD-Ft.--T =

Averaqe Velocitv-V-fps

Roadwav Grade-% Per cent--G =
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-
Manninq's iN =

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.267 1.219
6.583 0.524 2.395
9.583 0.704 3.219

13.583 0.884 4.038
20.583 1.000 4.570

CURB OPENING INLET -- ON GRADE

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

/lEe -/c::<
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

PROJECT NAME-~~~'~~~~~~Ler TRACS NO.-
HIGHWAY NAME- ~M,t1-9 ~hHNSc;r.e.L). DESIGNER - ---LomJ~r.3-=--,Ib..=.....;.,--- _
LOCATION -~, .:57]9 &3+OZJ CHECKER PAGE _

I
I
I
I
I
I
I
I
I
I:
I
I
I
I
I
I
I
I-
I



----s,£
3S

08-13-1993

4.801
3.687
2.837
1.860
0.609

______PAGE _

5.890
4.610
1. 698

3.471
2.000

Q(By-Pass)

22.980
0.800

.. 1.467
= 0.020- 20.000
:0:: 0.020
= 1. 420

0.042
= 0.716.. 0.016

.. 5.890
= 12.902
= 3.866

= 1.698
= 28.836

4.610.. 3.471

/lEe-Ie:<
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

Flow-CFS--Q ...
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--Q -

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches =

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe Velocity-V-fps

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-
Manninq's 'N

LENGTH Efficiency Q<Captured)
------ ---------- -----------
3.083 0.185 1.089
6.583 0.374 2.203
9.583 0.518 3.053

13.583 0.684 4.030
20.583 0.897 5.281

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN. ..

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-~==~~~~~~~7~7~~=~~~~~~ TRACS NO.-
HIGHWAY NAME- /V~/I7-V SCrI- - DES IGNER - ....2b#'..:::.=....:......;,b!lloc:::-_" _

LOCATION ~C) CHECKER

I
I
I
I
I
'I
I
I
I
I
I
I
I
I
I
I
I
I'
I



CURB OPENING INLET -- ON GRADE

PROJECT NAME-_~~~~~~~~~~~~ TRACS NO.
HIGHWAY NAME-_-w~~~~~~~~~~~ DESIGNER -
LOCATION CHECKER

___5,D

~$

2.930
1.779
1. 000
0.284

08-13-1993

Q(BY-Pass)

4.150
2.596
1. 072

______PAGE _

0.000

3.847
2.000

1. 072
25.829
2.596
3.847

0.400
0.020

20.000
0.020
1.420
0.042
0.716
0.016

4.150
14.468

2.150

14.027
0.800

Flow-CFS--Q
SPREAD-Ft.--T

Ayeraqe Velocity-V-fps =

Flow-CFS--Q .
Velocity of ·Flow in Gutter-fps

FLOW in Gutter-CFS--Q

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo ..

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

Depth at Curb Line-Inches--d ..
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-- =
Shoulder Slope-Ft./Ft.--Ss =

Gutter Width-Ft.--W ..
Gutter, Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- ..
Manninq's 'N =

LENGTH EfficiencY Q(Captured)
------ ---------- -----------
3.083 0.294 1.220
6.583 0.571 2.371
9.583 0.759 3.150

13.583 0.932 3.866
20.583 1.000 4.150

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. =
CLOGGING FACTOR--CURB OPEN. ..

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

I
II
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



CURB OPENING INLET -- ON GRADE

08-13-1993

0.000

--$.P
/9

Q(Bv-Pass)

__________PAGE _

3.266
2.051
1.213
0.411

3.968
2.000

4.540
2.655
1.134

0.400
0.020

20.000
.0.020
1.420
0.042
0.716
0.016

1.134
24.987

2.655
3.968

4.540
14.972

2.192

14.753
0.800

Flow-CFS--Q
SPREAD-Ft.--T =

Averaqe Velocitv-V-fps

I-!£c-/c:<

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d =

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

F1ow-CFS--Q 
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q -

Roadwav Grade-% Per cent--G
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss =

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches~

Manninq's 'N =

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.281 1.274
6.583 0.548 2.489
9.583 0.733 3.327

13.583 0.909 4.129
20.583 1. 000 4.540

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-~~~~~~~r-~~~__~ TRACS NO.-
HIGHWAY NAME- ~·DESIGNER -
LOCATION CHECKER

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I~

I



ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

5.300
3.970
2.968
1.838
0.465

O(Bv-Pass)

6.610
3.783
1.634

08-12-1993

______,PAGE _

4.008
2.000

0.800
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.634
24.720
3.783
4.008

6.610
15.139

3.119

21.354
0.800

SECTION

TRACS NO.
DESIGNER 
CHECKER

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches ...

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo ...

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

CURB OPENING INLET -- ON GRADE

Flow-CFS--O 
Velocity of Flow in Gutter-fps ...

FLOW in Gutter-CFS--O

Flow-CFS--O ...
SPREAD-Ft.--T

Averaqe Velocitv-V-fps =

Roadwav Grade-% Per cent--G ...
Roadwav Cross-Slope-Ft./Ft.--Sx ...

Shoulder Width-Ft.-- =
Shoulder Slope-Ft./Ft.--Ss =

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw ...

Gutter Depression-Inches-- ...
Manninq's 'N ...

LENGTH Efficiencv O(Captured)
------ ---------- -----------
3.083 0.198 1.310
6.583 0.399 2.640
9.583 0.551 3.642

13.583 0.722 4.772
20.583 0.930 6.145

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. ...
CLOGGING FACTOR--CURB OPEN. ...

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

URBAN HIGHWAY

PROJECT NAME- I4rfl.s,-; /g~i750~
HIGHWAY NAME- 7Min~ ,{o l/Jp;,4N SCh ~.

LOCATION - s~ 1. Sn't48+5"O
( r'-H~I /1Vt.~

I
I
I
I
I
I
I
I
I,
I
I
I
I
I
I
I
I-
I



08-12-1993

_______PAGE _

0.800
0.020

20.000
0.020
1.420
0.042
0.716
0.016

6.940
15.422

3.152

1.685
24.280
3.829
4.076

.., 6.940

.., 3.829

.., 1.685

:z 4.076
= 2.000

- 21.944
0.800

O(BY-Pass)
----------

5.600
4.235
3.202
2.028
0.571

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

. Flow-CFS--O
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--O

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Flow-CFS--O
SPREAD-Ft. --T =

Averaqe VelocitY-V-fps =

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d ~

CURB OPENING INLET -- ON GRADE

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx ~

Shoulder Width-Ft.-- ..,
Shoulder Slope-Ft./Ft.--Ss •

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw ~

Gutter Depression-Inches-
Manninq's 'N ..,

LENGTH Efficiency O(Captured)
------ ---------- -----------
3.083 0.193 1.340
6.583 0.390 2.705
9.583 0.539 3.738

13.583 0.708 4.912
20.583 0.918 6.369

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-~~~~~~~ ~~~ TRACS NO.-
HIGHWAY NAME- DESIGNER - &6 is ...-'='-'-----'---------
LOCATION CHECKER

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



GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

08-12-1993

4.802
3.735
2.916
1.967
0.720

5.840
4.966
1. 754

3.342
2.,000

Q(Bv-Pass)

23.952
0.800

1.800
"'" 0.020.. 20.000

0.020... 1.420
... 0.042
... 0.716... 0.016

= 5.840
12.365

... 4.185

= 1. 754
... 30.030

4.966.. 3.342

I/-£e-/~

CURB OPENING INLET -- ON GRADE

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

64rH Sr: / £bo7l5i)lH..ff TRACS NO.-
"7ihm~ =Tt'111/)/!1N $C!.H Il!t>, DESIGNER - ~ ;6.
g,./}, $=r74, p-HlV CHECKER =~:~:~~====-P-A-G-E======

Flow-CFS--Q 
Velocity of Flow in Gutter-fps 

FLOW in Gutter-CFS--Q ..

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches -

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe Velocitv-V-fps

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Roadwav Grade-% Per cent--G
Roadwav Cross-S1ope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-
Manninq's 'N

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.178 1.038
6.583 0.360 2.105
9.583 0.501 2.924

13.583 0.663 3.873
20.583 0.877 5.120

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN.

PROJECT NAME
HIGHWAY NAME
LOCATION

I
I
I'
I
I
I
I
I
I
I

'I.-.,

I
I
I
I
I
I
I
I ..·

I



08-12-1993

0.000

3.553
2.285
1.400
0.531

4.870
2.703
1.186

4.066
2.000

______PAGE _

Q(By-Pass)

1.186
24.348
2.703
4.066

0.400
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

4.870
15.378

2.225

15.344
0.800

TRACS NO.
DESIGNER 
CHECKER

Flow-CFS--Q =
SPREAD-Ft.--T

Ayeraqe Velocity-V-fps =

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d

Flow-CFS--Q =
Velocity of Flow in Gutter-fps =

. FLOW in Gutter-CFS--Q

Depth at Curb Line-Inches--d =
Local Gutter Depression-Inches -

flee-Ie:<
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

t4rrrSri / ~'T7$f),4Le
7@m;;5J iTf:t11M} Sqrr P .
$, f:;,..5T7'f . -;- 75

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-- =
Shoulder Slope-Ft./Ft.--Ss =

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manninq's 'N =

LENGTH Efficiency Q<Captured)
------ ---------- -----------
3.083 0.271 1. 317
6.583 0.531 2.585
9.583 0.712 3.470

13.583 0.891 4.339
20.583 1.000 4.870

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. =
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME
HIGHWAY NAME
LOCATION

I
1
I
1-------------

I
I
I
I
I
1
\

I
I
I
I
I
I
I
1--/

I
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ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION
08-12-1993

PROJECT NAME-~~~~~+-~~~~~~ TRACS NO.- -=~~~ _
HI GHWAY NAME - 't>. DESI GNER - ....,t,§ol3=~=---=Zf,~,=---- _
LOCATION PAGE _

CURB OPENING INLET--IN SUMP

GUTTER FLOW HYDRAULICS

GUTTER DESCRIPTION

Roadwav Cross-Slope-Ft./Ft.--Sx
Shoulder Width-Ft.-

Shoulder Slope-Ft./Ft.--Ss =
Gutter Width-Ft.--W

Gutter Slope-Ft./Ft.--Sw
Gutter Depression-Inches-- z

Depth at Curb Line-Inches--d =

Flow-CFS--O -

Local Gutter Depression-Inches
CLOGGING FACTOR--CURB OPEN.

LENGTH d(weir) d(orifice) d (INLET)
------ ------- ---------- --------

3.083 6.067 5.943 6.067
6.583 4.397 1. 304 4.397
9.583 3.639 0.615 3.639

13.583 3.010 0.306 3.010
20.583 2.367 0.133 2.367

0.020
20.000

0.020
1.420
0.042
0.716
0.000

3.730

2.000
0.800

SPREAD

15.384
8.426
5.267
2.645
1. 238

*** d(INLET) is Greater of WEIR or ORIFICE Depth.! ***

,5.08.3 feus 1- LJ'l ~a- = II-to /T; t:ks£ (/z jn/// Is J&,,e)

$;"-!CG /175 ,4-~mp ~.o/4-n .l3r ~e-tAJa../;,;e

d~ L~b,51?:3' ~f,i3It/t~ r-6'S~(£ftud}
~h7kJ 4/~ h We-IY, /lL-t4W5 ff: /UtrV 'c::'~jtj/IJ/r...bc~ s bUrdJ'lf~

13·J6 /
~ -IZ-~~



08-12-1993

--__ ,(J.d.
~S

3.012
1.897
1.127
0.388
0.000

O(Bv-Pass)

4.180
2.827
1.122

3.711
2.000

14.821
0.800

... 0.500
"'" 0.020
... 20.000- 0.020- 1.420
... 0.042- 0.716
'"" 0.016

= 4.180
13.903

= 2.351

= 1.122
= 26.841

2.827
"'" 3.711

Flow-CFS--O 
Velocity of Flow in Gutter-fps 

FLOW in Gutter-CFS--O -

Depth at Curb Line-Inches--d =
Local Gutter Depression-Inches

LENGTH Efficiencv O<Captured)
------ ---------- -----------
3.083 0.279 1.168
6.583 0.546 2.283
9.583 0.730 3.053

13.583 0.907 3.792
20.583 1.000 4.180

Roadwav Grade-% Per cent--G
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-
Manninq's 'N

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--O
SPREAD-Ft.--T

Averaqe Velocitv-V-fps

CURB OPENING INLET -- ON GRADE

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN.

"

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

PROJECT NAME- &'4& Sr7 jqao7TS.D/JL.E TRACS NO.-
HIGHWAY NAME- =r;:;::;zm&.9 72S IN£)/NSC!rl-,e~. DESIGNER ....J2b~a~~IB==-=-. ---
LOCATION - ,N.I3. 3'7"71-.21"1'80 =L CHECKER PAGE _

( R.""'N~/AJj /tV~e.-rj

I
I
I
I
I
I
I
I
I,
I
I
I
I
I
I
I
I-
I



CURB OPENING INLET -- ON GRADE

-- ML

73

3.483
2.284
1.439
0.591
0.000

Q{By-Pass)

4.720
2.915
1.211

08-12-1993

3.870
2.000

______PAGE _

0.500
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1. 211
25.666

2.915
3.870

4.720
14.563

2.413

15.870
0.800

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches =

Flow-CFS--Q =
SPREAD-Ft.--T

Averaqe Velocity-V-fps =

Flow-CFS--Q 
Velocity of Flow in Gutter-fps =

FLOW in Gutter-CFS--Q

FLOW~in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d

Roadway Grade-% Per cent--G 8

Roadway Cross-S1ope-Ft./Ft.--Sx
Shoulder Width-Ft.-- 8

Shoulder Slope-Ft./Ft.--Ss
Gutter Width-Ft.--W =

Gutter Slope-Ft./Ft.--Sw
Gutter Depression-Inches-- =

Manninq's 'N =

LENGTH Efficiency Q{Captured)
------ ---------- -----------
3.083 0.262 1. 237
6.583 0.516 2.436
9.583 0.695 3.281

13.583 0.875 4.129
20.583 1.000 4.720

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. =
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-~~~~r.ff__~~~'~~__~~~~ TRACS NO.-
HIGHWAY NAME- DESIGNER -
LOCATION CHECKER

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

l1./
I



CURB OPENING INLET -- ON GRADE

08-12-1993

----N,LS_
~~

6.430
4.656
1. 785

Q(By-Pass)

5.289
4.114
3.213
2.168
0.795

3.597
2.000

1.420
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.785
27.757
4.656
3.597

6.430
13.426

3.887

23.972
0.800

-/-lEe. -'/ c:<
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

t4rrr$r; /~~""r:JP/ft.E" TRACS NO.-
7Ro11t&-'9 TO /;'vP/,<J-N 2t+;e~7 DESIGNER - -=lk_6:o....-l!J"---'r _
~g . .97?'J.". 8~rSo' CHECKER PAGE _

Flow-CFS--Q
SPREAD-Ft.--T =

Averaqe Velocity-V-fps

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d

Depth at Curb Line-Inches--d 
Local Gutter Depression-Inches

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q -

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-- s

Shoulder Slope-Ft./Ft.--Ss
Gutter Width-Ft.--W =

Gutter Slope-Ft./Ft.--Sw 
Gutter Depression-Inches-- =

Manninq's 'N

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.178 '1.141
6.583 0.360 2.316
9.583 0.500 3.217

13.583 0.663 4.262
20.583 0.876 5.635

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME
HIGHWAY NAME
LOCATION

I
I
I
I
I
I
I
I
I,
I
I
I
I
I
I
I
1-'"

I



CURB OPENING INLET -- ON GRADE

1
1
I
I
1
1
I
1
1
I.
\.

1
1
I
I
1
1
I
1./
I

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx ""

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W ""
Gutter Slope-Ft./Ft.--Sw ""

Gutter Depression-Inches-- ""
Manninq's 'N :II

Flow-CFS--Q
SPREAD-Ft. --T ""

AyeraqeVelocity-V-fps =

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

CURB OPENING--ADOT STD. C-15.20

Flow-CFS--Q =
Velocity of Flow in Gutter-fps ""

FLOW in Gutter-CFS--Q ""

Depth at Curb Line-Inches--d ""
Local Gutter Depression-Inches

Lenqth of openinq: TOTAL Intercept--Ft. ""
CLOGGING FACTOR--CURB OPEN. ""

LENGTH EfficiencY Q(Captured)
------ ---------- -----------
3.083 0.245 1.443
6.583 0.485 2.859
9.583 0.658 3.878

13.583 0.839 4.939
20.583 0.998 5.876

___- N,tJ

>S.

08-12-1993

______PAGE _

0.400
0.020

20.000
0.020
1.420
0.042
0.716
0.016

5.890
16.531

2.318

1.337
22.694
2.835
4.342

5.890
2.835
1. 337

4.342
2.000

17.061
0.800

Q(By-Pass)



---- Me
4iJ

08-12-1993

0.000

3.544
2.278
1. 395
0.527

~6,
______PAGE _

4.860
2.701
1.184

4.063
2.000

Q(BY-Pass)

0.400
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.184
24.367
2.701
4.063

4.860
15.366

2.224

15.326
0.800

F1ow-CFS--Q
SPREAD-Ft.--T =

Ayeraqe Velocity-V-fps =

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d

Flow-CFS--Q =
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches =

Roadway Grade-% Per cent--G
Roadway Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-
Shoulder Slope-Pt./Pt.--Ss

Gutter Width-Ft.--W =
Gutter Slope-Pt./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N =

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.271 1;316
6.583 0.531 2.582
9.583 0.713 3.465

13.583 0.892 4.333
20.583 1.000 4.860

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN. =

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-~~~~A/.,,~~~~~~~
HIGHWAY NAME --..L:4~~.r-=:-~"'_::io~.:,_:..::,,~~.:....:....:;~
LOCATION

I
I
I
1-------------
I
I
I
I
I
I
\

I
I
I
I
I
I
I
I·
I



___ ;v.6
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08-12-1993

4.071
2.000

4.890
2.705
1.189

1.189
24.311
2.705
4.071

0.400
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

4.890
15.402

2.227

15.379
0.800

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe Velocitv-V-fps

CURB OPENING INLET -- ON GRADE

f!&!-/cJ
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q -

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Roadwav Grade-% Per cent--G =
Roadwav Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss =

Gutter Width-Ft.--W 
~utter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiencv Q(Captured) Q(Bv-Pass)
------ ---------- ----------- ----------
3.083 0.270 1.320 3.570
6.583 0:530 2.591 2.299
9.583 0.711 3.478 1.412

13.583 0.890 4.352 0.538
20.583 1.000 4.890 0.000

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-~~~ -+__-+~~__~ ATRACS NO.-
HIGHWAY NAME- pESIGNER - ~~,
LOCATION CHECKER ~==========~PA--G~E------

I
I
I
1-------------

I
I
I
I
I
I
\

I
I
I
I
I
I
I
I··,
I



08-11-1993

3.640
2.357
1. 458
0.568
0.000

4.970
2.716
1.201

4.094
2.000

Q(By-Pass)

0.400
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.201
24.166
2.716
4.094

4.970
15.497

2.235

15.520
0.800

Flow-CFS--O
SPREAD-Ft. --T =

Ayeraqe VelocitY-V-fps ..

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--O
% Flow in Gutter-CFS~-Eo

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d ..

Flow-CFS--O ..
Velocity of Flow in Gutter-fps ..

FLOW in Gutter-CFS--O ..

Depth at Curb Line-Inches--d =
Local Gutter Depression-Inches

Roadway Grade-% Per cent--G ..
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- ..
Manninq's 'N ..

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.268 1.330
6.583 0.526 2.613
9.583 0.707 3.512

13.583 0.886 4.402
20.583 1. 000 4.970

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. ..
CLOGGING FACTOR--CURB OPEN. ..

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

PROJECT NAME- (/;,41;# ~0/$tJorrsJ)"lL..t:F TRACS NO.
HIGHWAY NAME- [/fOm/fS /70 7.-frhl9N ~h. DESIGNER - ~ /p.
LOCATION A//~ , $&_ +~~ CHECKER =:~=-=--=--=--=-- -P-A-G-E-_- -_-_

I
I
I
1-------------'--

I
I
I
I
1
I
I
I
I
I
I
I
I
I
I



-- tV.;.,
/$

08-11-1993

4.230
3.302
2.590
1.761
0.665

2.995
2.000

5.130
5.553
1.733

Q(Bv-Pass)

2.650
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

1.733
33.779

5.553
2.995

5.130
10.918

4.753

24.263
0.800

Flow-CFS--Q =
SPREAD-Ft.--T

Averaqe Velocitv-V-fps

CURB OPENING INLET -- ON GRADE

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps =
Depth at Curb Line-Inches--d =

Flow-CFS--Q 
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q =

Depth at Curb Lin~-Inches--d 
Local Gutter Depression-Inches

Roadwav Grade-% Per cent--G =
Roadwav Cross-Slope-Ft./Ft.--Sx

Shoulde~ Width-Pt.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manninq's 'N -

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.175 0.900
6.583 0.356 1.828

, 9.583 0.495 2.540
13.583 0.657 3.369
20.583 0.870 4.465

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

I!E{!-/~
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

PROJECT NAME- b4m .i!r~ /~r~".4Le- TRACS NO.-
HIGHWAY NAME- TtiO/J114-:9;'; MII'MJ ScH-- R,b, DESIGNER - ~ j:1,
LOCATION - d. #, .3T11-1 1iTCJ?) CHECKER ~:~~~::::::::::::::::::::::::'-P-A-G-E======

I
I
I
1-------------

I
1
I
I
I
I
\.

1
I
I
I
I
I
I
I-
I



CURB OPENING INLET -- ON GRADE

o/~ , . n/"./ ~N"

&;:o~$'~

Q(By-Pass)

08-11-1993

______PAGE _

0.417
0.000

3.740
3.259
1.137

3.305
2.000

2.733
1.764
1.086

0.788
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.137
30.391
3.259
3.305

3.740
12.211

2.750

15.428
0.800

TRACS NO.
DESIGNER 
CHECKER

Dept'h at Curb Line-Inches--d ...
Local Gutter Depression-Inches

Flow-CFS--Q ...
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q ...

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo ...

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--Q
SPREAD-Ft. --T =

Ayeraqe Velocity-V-fps

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-- =
Shoulder Slope-Ft./Ft.--Ss ...

Gutter Width-Ft.--W ...
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-
Manninq'~ 'N

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.269 1.007
6.583 0.528 1.976
9.583 0.710 2.654

13.583 0.888 3.323
20.583 1.000 3.740

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. ...
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJ ECT NAME - --==:::::;::::;:;;:==-""-----:-::'---;f---i'-::--:-~~_;:o;~
HIGHWAY NAME-----!~~~~£L!:;,~~==:~~.:.
LOCATION

I
I

..- ...~
: ".

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Ij
I



08-11-1993

3.736
2.000

0.133

Q(By-Pass)

5.350
3.567
1.426

4.159
2.971
2.097
1.146

0.788
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

1.426
26.651

3.567
3.736

5.350
14.006

2.964

18.896
0.800

CURB OPENING INLET -- ON GRADE

If-et!. - / eA
ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAY DEVELOPMENT GROUP
URBAN HIGHWAY SECTION

&477-f- 5r; /SJoT73PrrL~ TRAC S NO.-
7ti'rY1ff$- -ro/jI(1). ScH-h. DESIGNER - ~~.

/1/. iJ, Sf;9 J 10-f-t;l) CHECKER =:~========-P-A-G-E======

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d

Flow-CFS--Q 
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q =

Flow-CFS--Q
SPREAD-Ft.--T

Ayeraqe Velocity-V-fps

Depth at Curb Line-Inches--d =
Local Gutter Depression-Inches •

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft./Ft.--Sx

Shoulder Width-Ft.-
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-
Manninq's 'N

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.223 1.191
6.583 0.445 2.379
9.583 0.608 3.253

13.583 0.786 4.204
20.583 0.975 5.217

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft. 
CLOGGING FACTOR--CURB OPEN. -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME
HIGHWAY NAME
LOCATION .,.

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



C7'" I v ( lv',

CURB OPENING INLET -- ON GRADE

08-11-1993

~(!-/~

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

1.800
0.020

20.000
0.020
1. 420
0.042
0.716
0.016

1.259
36.280

4.353
2.802

3.470
10.113

3.765

= 3.470
4.353

= 1. 259

- 2.802
= 2.000

.. 17.785.. 0.800

Q(By-Pass)
----------

2.652
1.844
1.257
0.634
0.032

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo 

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d =

Flow-CFS--Q =
SPREAD-Ft.--T

Ayeraqe Velocity-V-fps =

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft./Ft.--Sx =

Shoulder Width-Ft.-- =
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manninq's 'N

LENGTH Efficiency Q(Captured)
------ ---------- -----------
3.083 0.236 0.818
6.583 0.469 1.626
9.583 0.638 2.213

13.583 0.817 2.836
20.583 0.991 3.438

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

CURB OPENING--ADOT STD. C-15.20

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-~~~__~~~~__~~-=__ TRACS NO.-
HI GHWAY NAME - /). DESI GNER ......:~=::..=;;...;~18---'-, -=----=- _
LOCATION CHECKER PAGE __

I
I
I
I
I
I
I
I
I
I',
I
I
I
I
I
I
I

.,',.

I'·>

I



CURB OPENING INLET -- ON GRADE

08-11-1993

0.400
0.020

20.000
0.020
1.420
0.042
0.716
0.016

1.193
24.256
2.710
4.080

4.920
15.438

2.230

... 4.920

... 2.710... 1.193

... 4.080

... 2.000

.. 15.432.. 0.800

Q(Bv-Pass)
----------

3.596
2.321
1.429
0.549
0.000

flE~-/2-

ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAY DEVELOPMENT GROUP

URBAN HIGHWAY SECTION

$C~~p~~ TRACS NO.-
IW/;n/!'~ n> 'NP, DESIGNER - ~ e.

f- 5' CHECKER =~===~~====-P-A-G-E======

Depth at Curb Line-Inches--d
Local Gutter Depression-Inches

Flow-CFS--Q
Velocity of Flow in Gutter-fps

FLOW in Gutter-CFS--Q

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS--Eo =

Velocity of Flow in Gutter-fps
Depth at Curb Line-Inches--d

Flow-CFS--Q
SPREAD-Ft.--T

Averaqe Velocitv-V-fps =

Roadwav Grade-% Per cent--G
Roadwav Cross-Slope-Pt./Ft.--Sx =

Shoulder Width-Ft.-- ...
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-
Manninq's IN =

LENGTH Efficiencv Q(Captured)
------ ---------- -----------
3.083 0.269 1.324
6.583 0.528 2.599
9.583 0.709 3.491

13.583 0.888 4.371
20.583 1.000 4.920

CURB OPENING--ADOT STD. C-15.20

Lenqth of openinq: TOTAL Intercept--Ft.
CLOGGING FACTOR--CURB OPEN.

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME
HIGHWAY NAME
LOCATION

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



Comment: COLLECTION TO INLETS @ STA 66+75 N.B.&S.B.

Worksheet Name: 64TH STREET S.DRAIN

8.71 cfs

0.70 ft
8.84 fps

2.00 ft
0.0180 ft/ft
0.012

0.99 sf
1.05 ft
0.,?043 ft/ft

35.14 %
32.88 cfs
35.37 cfs

2.17 (flow is Supercritical)

Open Channel - Uniform flow

.Circular Channel Analysis & Desiqn
Solyed with Manninq's Equation

Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Discharqe ..•......

Input Data:
Diameter .
Slope .
Manninq's n .

Computed Results:
Depth .
Velocity .

Solye For Actual Depth

Giyen

I
I
I
I
I
I
I
I
I
I
I

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

I ~&ilZtJr/,j/flJ£3lir/l1Ji e!:f § gml,7, i-7~-A/,6·1fP, p,

I
I
I
I
I
l

t
I



Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

2.00 ft
0.0079 ft/ft
0.012

1.31 ft
7.64 fps
2.18 sf
1.47 ft
0.0058 ft/ft

65.54 %
21.78 cfs
23.43 cfs
1.26 (flow is Supercritical)

16.6' cfs

Open Channel - Uniform flow

Circular Channel Analysis & Desiqn
Solyed with Manninq's Equation

Results:
Depth .
Velocity .•........
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Discharqe .

Input Data:
Diameter .
Slope .
Manninq's n .

Worksheet Name: 64TH STREET S.DRAIN

SolYe For Actual Depth

Computed

Comment: COLLECTION TO INLETS @ STA 70+00 N.B.&S.. B.

Giyen

I
I
I
I
I
I
I
I
I
I.
I
-1-lirIlL -~j!JIC1lON mm-llzT/1Vz:lr5-to -S1rll/)--.ffJ.}(J;, i :(Sf;)

I
I
I
I
I.;
I



Worksheet Name: 64TH STREET S.DRAIN

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * WaterburY, Ct 06708

1. 77 ft
7.83 fps

0.0079 ft/ft
0.012

2.94 sf
1. 71 ft
0.0083 ft/ft

88.54 !'6

21.78 cfs
23.43 cfs

0.91 (flow is Subcritical)

23.04 cfs

@ STA 74+00 S.B.

Open Channel - Uniform flow

Circular Channel Analysis & Desiqn
Solyed with Manninq's Equation

Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Results:
Depth .
Velocity .

Discharqe .

Input Data:
Diameter .
Slope , .
Manninq' s n .

SolYe For Actual Depth

Computed

Comment: COLLECTION TO INLET

Giyen

I
I
I
I
I
I
I
I
I
I·
I

_~1J!t'ill" ?l2!t~i7tiX/7JR!!Ll!!kJ~JIr7D --,gm-,'~~(?;,8,)
I
I
I
I
I

"

I
I



Worksheet Name: 64TH STREET S.DRAIN

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

0.0079 ft/ft I

0.012

1.45 ft
8.53 fps

25.17 cfs

2.95 sf
1.71 ft
0.0049 ft/ft

57.99 96

39.49 cfs
42.48 cfs
1.37 (flow is Supercritical)

@ STA 75+00 N.B.

Open Channel - Uniform flow

Circular Channel Analvsis & Desiqn
Solved with Manninq's Equation

-:::>m.&n ..ub4/I'J ;;:;e-j-wee:-N ~1'1-;5 f /AI!?I/fAJ :x:.H-/-£),

72> 3r-d II/, 6, ~?eI-

Discharqe .

Results:
Depth .
Velocitv .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacitv .
QMAX @. 94D .
Froude Number .

Input Data:
Diameter .
Slope .
Manninq's n .

Solve For Actual Depth

Comment: COLLECTION TO INLET

Given

Computed

I
I
I
I
I
I
I
I
I
I.
I

~mLZb2zet7!OAlrnrrJ irli- f;1/W~;v-gtfl 15#D /I/'~~--~
I
I
I
I
I
I-
I



Worksheet Name: 64TH STREET S.DRAIN

Comment: COLLECTION TO INLETS @ STA 78+50 N.B.& S.B.

Open Channel Flow Module, Version 3.41" (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

2.50 ft

1. 65 ft
8.88 fps

0.0079 ft/ft
0.012

30.52 cfs

3.44 sf
1.88 ft
0.0056 ft/ft

65.99 %
39.49 cfs
42.48 cfs
1.30 (flow is Supercriticall

Open Channel - Uniform flow

Circular Channel Analysis & Desiqn
Solved with Manninq's Equation

D1Scharqe .

Slope .
Manninq's n .

Results:
Depth .
Velocity .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

:::::?;o/!m 2J~I4IN &rwBl3\/ ffp/f/lS> f ZvP/~tJ 5cH,;t?i/,
TO ;=iA1'/Ie:(1.J7 Jut e!5,

3/ 5!PB'

Solve For Actual Depth

Computed

Given Input Data:
Diameter .

I
I
I
I
I
I
I
I
I
I."
I
I

7(J/IJ;1 - wz:t£{!rw!J--lt!1f[-=-d-j-J-~n~--'JZ)-fK-rl1,---qt2-- 0 ~t5-~~,I-LY--:---'£.:. ~~_L_JL----~L~I__C;?"?Y- ('V (=- /'

I
I
I
I

I

I'~

I



Worksheet Name: 64TH STREET S.DRAIN

Open Channel - Uniform flow

0.74 ft
4.27 fps

2.00 ft

4.47 cfs

0.0040 ft/ft
0.012

1. 05 sf
0.74 ft
0.0038 ft/ft

36. 77 ~6

15.50 cfs
16.67 cfs

1.02 (flow is Supercritical)

Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Discharqe .

Input Data:
Diameter .
Slope .
Manninq's n .

Circular Channel Analysis & Desiqn
Solved with Manninq's Equation

7HtJJ1-1,1f5 ! /IJ f)) fl,v XI!dOL- ,c:£J-,
~ /sr j;,I3. )J/t-ef 5;'"

~ /~)!l5Crt

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708

Solve For Actual Depth

Computed Results:
Depth .
Velocity .

Given

Comment: COLLECTION 'TO INLET @ STA 97+00 N.B ..

A ~~~~~~----uvJZl?6r rul'V 1 f'{/~I-!-!- , L:-._t.It:.!P~ __~Lf]- /. 1 __

I
I
I
I
I
I
I
I
I
I,

I
I

--I'

I
I
I
I

"" ~

I~"

I



Worksheet Name: 64TH STREET S.DRAIN

Comment: COLLECTION TO INLETS @ STA 95+25 N.B.& S.B.

1. 40 ft
5.53 fps

0.0040 ft/ft
0.012

13.00 cfs

2.35 sf
1. 30 ft
0.0049 ft/ft

70.09 %
15.50 cfs
16.67 cfs

0.86 (flow is Subcritical)

Open Channel - Uniform flow

Circular Channel Analysis & Desiqn
Solved with Manninq's Equation

Discharqe •........

Results:
Depth .
Velocity .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Input Data:
Diameter .
Slope .
Manninq's n .

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

Solve For Actual Depth

Given

Computed

I
I,
I
I
I
I
I
I
I
I,:

I
I
-t1t1kc~~rmJJ1t1J~ ~J'ff!:~r~7J2~(fJ!, ~ rAI:)

I
I
I
I
I'"

I



Circular Channel Analvsis & Desiqn
Solved with Manninq's Equation

Open Channel - Uniform flow

Worksheet Name: 64TH STREET S.DRAIN

Comment: COLLECTION TO INLET

Solve For Actual Depth

@ STA 93+50 N.B.

Given Input Data:
Diameter ........•.

ope .
Manninq's n .
Discharqe .

0.012
16.22 cfs

Computed Results:
Depth .
Velocitv .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacitv .
QMAX @.94D .
Froude Number .

1. 74 ft
5.59 fps
2.90 sf
1. 45 ft
0.0057 ft/ft

86.92 %
15.50 cfs
16.67 cfs

0.67 {flow is Subcriticall

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterburv, Ct 06708



Circular Channel Analysis & Desiqn
SolYed with Manninq's Equation

Open Channel - Uniform flow

Worksheet Name: 64TH STREET S.DRAIN

Comment: COLLECTION TO INLETS @ STA 91+75 N.B.& S.B.

SolYe For Actual Depth

Giyen Input Data:
Diameter .
Slope .
Manninq's n .
D1Scharqe .

2.50 ft
0.0040 ft/ft
0.012

23.26 cts

.

Computed Results:
Depth .
Velocity .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

1.73 ft
6.40 fps
3.64 sf
1. 64 ft
0.0046 ft/ft

69.39 %
28.10 cfs
30.23 cfs

0.90 (flow is Subcritical)

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



I
I
I
I
I
I
I
I
I
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I
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Part F Open Channel Flow Storm Drain Computations



Worksheet Name: 64TH STREET DRAINAGE

Open Channel - Uniform flow

circular Channel Analysis & Design
Solved with Manning's Equation

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708

1.95 ft
7.29 fps
4.12 sf
1.87 ft
0.0055 ft/ft

78.18 %
31.42 cfs
33.80 cfs
0.91 (flow is Subcritical)

Slope .
Manning's n •••••••
Discharge .

':::Y7<) Y,y; LAe.19 / /\} Be7We ~ ,'./ 0
/17~ D(/YJ~u.- L?o I'~~ 4

Depth ...•.........
Velocity ••..••••..
Flow Area •.••.••••
critical Depth .•..
Critical Slope ••••
Percent Full ••..••
Full Capacity •••••
QMAX @.94D •••..•..
Froude Number ••••.

Computed Results:

Solve For Actual Depth

Comment: SIZE S. DRAI:N AT DESIGN PT. 30 FOR Q10=30CFS ¢V~IE ;)0'1/ ?/~G)

of-fCZ!./:. .5r/2ecr Ft-okJ Y
cp;~ --h:> /~u ye. TlM-'-

2.50 ft CotJf)/T/OAJ g)()('t; /VCJ+
0.0050 ft/ft CONretJe- -;..& eP€5/'jN.
0.012

30.00 cfs

Given Input Data:
Diameter ••••••••••

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



Worksheet Name: 64TH STREET S.DRAIN

2.01 ft
6.53 fps

27.56 cfs

4.22 sf
1. 79 ft
0.0052. ft/ft

80.27 %
28.10 cfs
30.23 cfs

0.79 (flow is Subcritical)

@ STA 89+40 S.B.

Open Channel - Uniform flow

Circular Channel Analvsis & Desiqn
Solved with Manninq's Equation

Slope .
Manninq's n .
Discharqe .

Results:
Depth .
Velocitv .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacitv .
QMAX @. 94D .
Froude Number .

Input Data:
Diameter .

Solve For Actual Depth

Comment: COLLECTION TO INLET

Computed

Given

I
I
I'
I
I
I
I
I
I
I·
I
I Au,-

-.WaeeaM7 Ttih1-1J./flU'ts p _::sr77l_~J-c~t7!~,_t-----_---~~

I
I
I
I

,..

Ic~

I

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd'* Waterburv, Ct 06708



Comment: STORM DRAIN NORTH OF MCDOWELL

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

1. 04 ft
5.60 fps
1.65 sf
1. 08 ft
0.0043 ftlft

51. 88 %
17.33 cfs
18.64 cfs
1.09 (flow is Supercritical)

Open Channel - Uniform flow

Circular Channel Analysis & Desiqn
SaIyed with Manninq's Equation

Results:
Depth .
Velocity .

D~scharqe .

Plow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Input Data:
Diameter .
Slope .
Manninq's n .

Solye For Actual Depth

Worksheet Name: 64TH STREET

Computed

Giyen

I
I
I
I
I
I
1
I
I
I .. ,
I

1_-~:t0~l1t1'N~~-!t1I~ (J&lJ /iMJ#,tfl/~f7o.J. tS,

1
I
I
I
I
I1·'-

I



Worksheet Name: 64TH STREET

SolYe For Actual Depth

Open Channel - Uniform flow

Comment: COLLECTION TO INLETS @ STA 21+00 N.B.& S.B.

1. 51 ft
6.26 fps
2.54 sf
1. 44 ft
0.0056 ft/ft

75.44 %
17.33 cfs
18.64 cfs

0.91 (flow is Subcritical)

Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @. 94D .
Froude Number .

~£h1 D,I!!A-/N eJ,n-w~N /;1~ i"fJ'-"J..e.-t-<.- f /H-or.ML-S;4:2

-2

Circular Channel Analysis & Desiqn
SolYed with Manninq's Equation

Computed Results:
Depth ......•......
Velocity .

Giyen Input Data: 2.00 ft cJt4K'!LCt rDiameter.......... ~

Slope. . . . . . . . . . . . . 0.0050 ft/ft) t/5F i30" --L -7'1> !?"'G"
Manninq's n....... 0.012 Cf" 1-

r , B
--......;D.;;i;::..;s;;;c;;h;;a;,;r;.q~e-. .:.:. ...:.. ...:.. ...:.. ...:.. ...:.....:..~.---:;1~5~.~9~1~cf s $/ Ze- /5 CaNf;lZ.ot.-~.D /

00 C/FF~/~ ~ ~o C!.-Y3
7c;n,v1"1-YO 'flu t!5;; L-e ..f) 1-j>
.k- /VCj e L)E$!. 19-, 3cJ

( See :;'n--a;T 0)

1
I
1
I
I
I
I
I
I
I·~

1
I

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

17 o!1fL _t!J!#~'-ltJ}2!JPfrlJf!k_7JZ~f£)__7Z?_97JJr_~7 -;ffO

I
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Comment: COLLECTION TO INLETS @ STA 23+80 N.B.& S.B.

:>roM? .££fifN ~T;1r;~UJwc:---<- t
~/YJff-fj ..eo.

Open Channel - Uniform flow

3

I

-S4mt;;r :SiZGF 4s cPta

~ei5 I cI e. Oe? A do

(SEC- Q~f- ,,)

2.50 ft
0.0050 ft/ft
0.012

1.45 ft
6.79 fps

20.10 cfs

2.96 sf
1. 52 ft
0.0043 ft/ft

58.13 %
31. 42 cfs
33.80 cfs
1.09 (flow is Supercritical)

Circular Channel Analysis & Desiqn
SolYed with Manninq's Equation

Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number ....•

Discharqe .

Worksheet Name: 64TH STREET

Solye For Actual Depth

Computed Results:
Depth .
VelocitV .

Giyen Input Data:
Diameter .
Slope .
Manninq's n .

I
I
,

I
I
I
I
I
I
I
I ··.'

I
I
I

I
I
I
I'-
I

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

.;;:5~ ~ I 2E ~ qt~

~6.6 @ .LJ~9, 4, ~o

(Sec- .s./f£VT 0)

S.B.

2.50 ft
0.0050 ft/ft
0.012 !

1.59 ft
6.99 fps

23.05 cfs

3.30 sf
1. 63 ft
0.0046 ft/ft

63.64 96

31.42 cfs
33.80 cfs
1.05 (flow is Supercritical)

@ STA 24+33

~ <U,eA-ltJ ':;:;G-TUJel?N /f1C!-WJ,4?'-L hA..!J)

~~4"9.

Open Channel - Uniform flow

Circular Channel Analysis & Desiqn
Solved with Manninq's Equation

ope .
Manninq's n .

Results:
Depth .
Velocity .

Discharqe .

Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Worksheet Name: 64TH STREET

SolYe For Actual Depth

Comment: COLLECTION TO INLET

Giyen Input Data:
Diameter .

Computed

I
I...,
( :,
'- .

I
I
I
I
I
I
I
I··.·
I
I
I /Oiir2=rFjU~1z~H~jil1!f:. --;~iids-m~__P.di:-J?__{A

I
I
I
I
j-
I



Comment: COLLECTION TO INLETS @ STA 25+30 N.B.& S.B.

Open Channel Flow Module, Version 3.41 (cl 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

~ffmC: $/2g >1~ tY/D
~6 ~ _eL)~. 4,3c

(Se~ ~+ 0)

2.50 ft
. 0 0 ft/ft

0.012

!. 79 ft
7.20 fps

27.07 cfs

3.76 sf
1. 77 ft
0.0051 ft/ft

71. 58 %
31.42 cfs
33.80 cfs

0.98 (flow is Subcriticall

Open Channel - Uniform flow

Circular Channel Analysis & Desiqn
SaIYed with Manninq's Equation

ope .
Manninq's n .

Results:
Depth .
Velocity .

Discharqe .•.....•.

Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Input Data:
Diameter .

Worksheet Name: 64TH STREET

SolYe For Actual Depth

Giyen

Computed

I
I
I
I
I
I
I
I
I
I-
I
I

_~7/fL~I7J?;QmllL~_2P lJ7f!. -;J-g8o;,:1'

I
I
I
1'-

I



Comment: COLLECTION TO INLETS @ STA 33+50 N.B.& S.B.

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * WaterburY, Ct 06708

2.50 ft

2.10 ft
8.31 fps

0.0065 ft/ft
0.012

36.60 cfs

4.40 sf
2.05 ft
0.0068 ft/ft

84.06 %
35.82 cfs
38.54 cfs

0.94 (flow is Subcritical)

Open Channel - Uniform flow

Circular Channel Analysis & Desiqn
SolYed with Manninq's Equation

Velocity .

Slope .
Manninq's n .

Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Depth .

Discharqe ..••.....

Input Data:
Diameter .

Worksheet Name: 64TH STREET

SolYe For Actual Depth

Computed Results:

Giyen

I
I
,~ .

I
I
I
I
I
I
I
I
I
I

-jQ;1fL- (}juee71oNff!iY17Jtl &l-:d:?_7PSJ113fj@ II,~ i-'£,;~
.--

I
I
I
I

I

I-

I



Open Channel - Uniform flow

Worksheet Name: 64TH STREET

Comment: COLLECTION TO INLETS @ STA 35+20 N.B.& S.B.

7

2.50 ft

2.31 ft
8.43 fps

0.0070 ft/ft
0.012

39.93 cfs

4.74 sf
2.13 ft
0.0076 ft/ft

92.32 96

37.18 cfs
39.99 cfs

0.79 (flow is Subcritical)

DlSCnarqe .

Slope .
Manninq's n .

Circular Channel Analysis & Desiqn
Solved with Manninq's Equation

Plow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @. 94D .
Froude Number .

Solve For Actual Depth

Computed Results:
Depth .
Velocity .

Giyen Input Data:
Diameter .

I
I
I
I
I
I
I
I
I
I',
I
I

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

:~h1l= (hlLf?e77lJtJ flM I!3-/IJZeif!;7tT.5WT%tiJi5/1. ~f~~
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Open Channel - Uniform flow

Circular Channel Analysis & Design
Solved with Manning's Equation

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708

2.84 ft
8.80 fps

4.00 ft
0.0040 ft/ft
0.012

84.00' cfs =- Pta

9.55 sf
2.78 ft
0.0042 ft/ft

71.05 %
98.42 cfs

105.87 cfs
0.96 (flow is SUbcritical)

Depth ..........•..
Velocity •.••••••••

Slope .
Manning's n •••••••
Discharge ......•..

Flow Area .••••••••
critical Depth ••.•
critical Slope ••••
Percent Full .•••••
Full Capacity ••••.
QMAX @.94D•.....•.
Froude Number •••••

Solve For Actual Depth

Computed Results:

Given Input Data:
Diameter •.••••••••

Worksheet Name: 64TH STREET/SCOTTSDA

Comment: COLLECTION AT OFFSITE BASIN NO. 50

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



Open Channel - Uniform flow

Circular Channel Analysis & Design
Solved with Manning's Equation

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708

7

4.11 ft
12.08 f s

4.50 ft
0.0065 ft/ft
0.012

184.00 cfs - CfJo

15.23 sf
3.92 ft
0.0068ft/ft

91.33 %
171.76 cfs
184.76 cfs

0.87 (flow is SUbcritical)

Slope .
Manning's n •••••••
Discharge .

Depth..•..........
Velocity ..•••.•..•
F ow Area ••...••••
critical Depth ....
Critical Slope .•••
Percent Full .••...
Full Capacity .••••
QMAX @. 94D ••.•....
Froude Number ••••.

Worksheet Name: 64TH STREET/SCOTTSDA

Comment: COLLECTION AT DESIGN POINT 60/ 54" S. DRAIN

Computed Results:

Solve For Actual Depth

Given Input Data:
Diameter ••••••••••

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



Open Channel - Uniform flow

Worksheet Name: 64TH STREET/SCOTTSDA

Comment: ALT NO 1 - 54" OUTFALL & EXIST 45" IN THOMAS

/0,

4.50 ft
0.0065 ft/ft
0.012

169.00 cfs

3.62 ft
12.31 fps
13.73 sf

3.79 ft
0.0060 ft/ft

80.55 %
171.76 cfs
184.76 cfs

1.11 (flow is Supercritical)

circular Channel Analysis & Design
Solved with Manning's Equation

Slope .
Manning's n •.•••••
Discharge ...•.....

Depth .
Velocity ..••.••.•.
Flow Area •.••.•••.
critical Depth •••.
critical Slope ..••
Percent Full •..••.
Full Capacity•••..
QMAX @. 94D •••.•••.
Froude Number ••••.

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708

Solve For Actual Depth

Computed Results:

Given Input Data:
Diameter ••••••••••

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



Open Channel - Uniform flow

Worksheet Name: 64TH STREET/SCOTTSDA

Comment: ALT NO 2 - 66" OUTFALL WITHOUT 45" IN THOMAS

II

4.15 ft
14.00 fps
19.21 sf

4.56 ft
0.0054 ft/ft

75.38 %
293.30 cfs
315.50 cfs

1.23 (flow is Supercritical)

5.50 ft
0.0065 ft/ft
0.012

269.00 cfs

circular Channel Analysis & Design
Solved with Manning's Equation

Slope .
Manning's n •••.•..
Discharge .

Depth .
Velocity••......•.
Flow Area •••••••• ~

critical Depth ....
Critical Slope •••.
Percent Full ••.•..
Full Capacity .•••.
QMAX @. 94D .•••..•.
Froude Number ...•.

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708

Solve For Actual Depth

Computed Results:

Given Input Data:
Diameter ••••••••••

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



Worksheet Name: 64TH STREET/SCOTTSDA

Open Channel - Uniform flow

Comment: COMBINE OSBORN AND THOMAS RD. OUTFALL SYSTEM

Ie:?

6.00 ft
0.0065 ft/ft
0.012

330.00 cfs

4.42 ft
14.79 fps
22.31 sf

4.94 ft
0.0051 ft/ft

73.63 %
369.90 cfs
397.90 cfs

1.27 (flow is Supercritical)

Circular Channel Analysis & Design
Solved with Manning's Equation

Slope .
Manning's n •••••••
Discharge .

Depth .........•...
Velocity •.•••••••.
Flow Area ••••••••.
Critical Depth .•..
Critical Slope •••.
Percent Full .•••..
Full Capacity ••••.
QMAX @.94D ••••.•..
Froude Number •••••

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708

Computed Results:

Solve For Actual Depth

Given Input Data:
Diameter ••••••••••

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



Worksheet Name: 64th. STRET S. DRAIN

Open Channel - Uniform flow

Comment: 48" RCP OUTFALL IN OSBORN ROAD (PUMP ALT.)

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

/3.

•

4.00 ft
0.0035 ft/ft
0.012

92.06 cfs

92.06 cfs
4.00 ft
7.33 fps
12~57 sf
2.91 ft
0.0045 ft/ft

100.00 96

92.06 cfs
99.03 cfs

FULL

O..5SoeN 6erfI/17~' dJ~/AJ OU;rPrlJ,C-
C/,v b t/rlT ..$"rJ

7k-//~
Circular Channel Analvsis & Desiqn

Solved with Manninq's Equation

Computed Results:
Full Flow Capac~tv•..•.
Full Flow Depth .

Velocitv .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacitv .
QMAX @.94D .
Froude Number .

Solve For Full Flow Capacity

Given Input Data:
Diameter .
Slope .
Manninq's n .
Discharqe .

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



Worksheet Name: 64th. STRET S. DRAIN

Open Channel - Uniform flow

Comment: 54" RCP OUTFALL IN OSBORN ROAD (GRAVITY ALT)

Circular Channel Analysis & Desiqn
Solved with Manninq's Equation

/4.

4.50 ft
0.0020 ft/ft
0.012

95.27 cfs

95.27 cfs
4.50 ft
5.99 fps

15.90 sf
2.87 ft
0.0037 ft/ft

100.00 %
95.27 cfs

102.49 cfs
FULL

~&rAl ~t)" ,S, L)£'I"j-/~ Ov/rrf?L /11/ {)~80rl1.J K'LJ"
~ ~~/)-t!-G~,

Open Channel Flow Module, Version 3.41 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

Solve For Full Flow Capacity

Computed Results:
Full Flow Capacity ...•.
Full Flow Depth .

Velocitv .
Flow Area .
Critical Depth .
Critical Slope .
Percent Full .
Full Capacity .
QMAX @.94D .
Froude Number .

Given Input Data:
Diameter .
Slope .
Manninq's n .
Discharqe .

I
I
I
I
I
I
I
I
I
I-
I
I
I
I
I
I
I
(

1'-'

I
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Part G Non-Tributary Runoff Into Paiute Park
(HEC-1 ITR-55 Models)
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Storm Number 1 2
---------------------- ------ ------

Frequency (yrs) 100 10

24-Hr Rainfall (in) 3.9 2.4

Ia/P Ratio 0.17 0.28

Runoff (in) 1.59 0.59

unit Peak Discharge 0.777 0.701
(cfs/acre/in)

Pond and Swamp Factor 1. 00 1.00
0.0% Ponds Used

---------------------- ------ ------
, -. ~~r.g~f., {c.fS';JT z!· ·fu,S:62··;t~.,., . _.J.{~<~...~.- .. - "',- .-', 'ft' ,

======================================

Data: Drainage Area
Runoff Curve Number
Time of Concentration:
Rainfall Type
Pond and Swamp Area

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

Project :
County
subtitle:

TR-55 GRAPHICAL DISCHARGE METHOD
64TH STREET - SCOTTSDALE User:
MARICOPA State: AZ Checked:
PIUTE PARK TRIB AREA

148 Acres
75
0.50 Hours
II
NONE

B.B
~

VERSION 1.11
Date: 05-02-94
Date : s - "y' 7' y



VERSION 1.11
Date: 05-02-94
Date: S-"I- 97'

METHOD
User: B.B

Checked: ~

Subarea Contribution to Total Flow (cfs) ------------

TR-55 TABULAR DISCHARGE
- SCOTTSDALE

State: AZ
TRIB AREA

Total watershed area: 0.230 sq mi Rainfall type: II Frequency,~,
U;~~;';;;;;';;;:J

-------------------------- Subareas --------------------------
A

Area(sq mi) 0.23
Rainfall(in) 2.4
Curve number 75
Runoff(in) 0.59
Tc (hrs) 0.50
TimeToOutlet 0.00
IajP 0.28

Time Total -------------
(hr) Flow A

11.0 0 0
11.3 0 0
11.6 1 1
11.9 1 1
12.0 2 2
12.1 9 9
12.2 24 24
12.3 45 45

1"2.- ,-. 61P -~ -' '6'1.l> ... ~-\

~-.~5" 61 61
12.6 52 52
12.7 41 41
12.8 32 32
13.0 21 21
13.2 16 16
13.4 13 13

13.6 11 11
13.8 9 9
14.0 9 9
14.3 7 7
14.6 7 7
15.0 6 6
15.5 6 6
16.0 5 5

16.5 5 5
17.0 4 4
17.5 4 4
18.0 4 4
19.0 3 3
20.0 3 3
22.0 2 2
26.0 0 0

P - Peak Flow

I
I

Project : 64TH STREET
County MARICOPA
Subtitle: PAIUTE PARK

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



Total watershed area: 0.230 sq mi Rainfall type: II Frequency: ;; - ~;:- >~

-------------------------- Subareas --------------------------.

TR-55 TABULAR DISCHARGE METHOD
64TH STREET - SCOTTSDALE User:
MARICIPA State: AZ Checked:
PAIUTE PARK

Area(sq mi)
Rainfall(in)
Curve number
Runoff(in)
Tc (hrs)
TimeToOutlet
Ia/P

VERSION 1.11
Date: 05-02-94
Date : S- - 'f' "n

B.B
~

Subarea Contribution to Total Flow (cfs) ------------
A

4
5
8

14
23
47
93

151

A
0.23
3.9

75
1.59
0.50
0.00
0.17

4
5
8

14
23
47
93

151

Total
Flow

11.0
11.3
11.6
11. 9
12.0
12.1
12.2
12.3

Time
(hr)

I
I

Project :
County
Subtitle:

I
I
I
I
I
I
I

I
I 13.6 25 25

13.8 22 22

I 14.0 19 19
14.3 17 17
14.6 15 15

I 15.0 14 14
15.5 12 12
16.0 11 11

I 16.5 10 10
17.0 9 9
17.5 9 9

I 18.0 8 8
19.0 7 7
20.0 6 6

I
22.0 5 5
26.0 0 0

P - Peak Flow

I
I
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THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1K}).

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

HEC-1 INPUT PAGE 1

***************************************
* *
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *

* *
***************************************

1.44 2.51 2.82 3.05 3.30 3.60 3.90

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X .X XXXXXXX XXXXX XXX

100 YEAR MODEL USING:
- SCS CURVE NUMBER METHOD
- TIME OF CONCENTRATION - EQU 4.2 (URBAN CONDITIONS)
- FOR RAINFALL DISTRIBUTION SEE PH CARD
- USE CURVE NO = 72 FOR RESIDENTIAL DEVELOPMENT
- NMIN =5 MINUTES

05 0 0 300
3 2

100
****************************************************************************
************* 100 YEAR FREQUENCY WITH SPECIFIED RAINFALL *******************
****************************************************************************
0.23

o 0 0.74
o 72

0.50 0.26

****************************************************************************
64 TH STREET - SCOTTSDALE
FILE: 64PIUTE1.DAT

ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
IT
IO

LINE ID 1 2 3 4 5 6 7 8 9 10

13
14
15
16
17
18
19
20

*** FREE ***
1
2
3
4
5
6
7
8
9

10
11
12

1*****************************************
* *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* SEPTEMBER 1990 *
* VERSION 4.0 *

* *
* RUN DATE 05/03/1994 TIME 17:33:32 *

* *
*****************************************

1
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*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

21 ZZ
1***************************************** ***************************************
* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U. S. ARMY CORPS OF ENGINEERS *
* SEPTEMBER 1990 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.0 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 05/03/1994 TIME 17:33:32 * * (916) 756-1104 *
* * * *
***************************************** ***************************************

OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 2 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

****************************************************************************
64 TH STREET - SCOTTSDALE
FILE: 64PIUTE1.DAT

MINUTES IN COMPUTATION INTERVAL
STARTING DATE
STARTING TIME
NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME
CENTURY MARK

.08 HOURS
24.92 HOURS

SQUARE MILES
INCHES
FEET
CUBIC FEET PER SECOND
ACRE-FEET
ACRES
DEGREES FAHRENHEIT

5
1 0

0000
300

2 0
0055

19

100 YEAR MODEL USING:
- SCS CURVE NUMBER METHOD
- TIME OF CONCENTRATION - EQU 4.2 (URBAN CONDITIONS)
- FOR RAINFALL DISTRIBUTION SEE PH CARD
- USE CURVE NO =72 FOR RESIDENTIAL DEVELOPMENT
- NMIN =5 MINUTES

COMPUTATION INTERVAL
TOTAL TIME BASE

HYDROGRAPH TIME DATA
NMIN

IDATE
ITIME

NQ
NDDATE
NDTIME
ICENT

ENGLISH UNITS
DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOW
STORAGE VOLUME
SURFACE AREA
TEMPERATURE

IT

12 10

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I l3KK

**************
* *
* 100 *



****************************************************************************
************* 100 YEAR FREQUENCY WITH SPECIFIED RAINFALL *******************
****************************************************************************

SUBBASIN RUNOFF DATA

* *
**************

SUBBASIN CHARACTERISTICS
TAREA .23 SUBBASIN AREA

80.
3.

110.
4.

152.
6.

........... TP-49 .
2-DAY 4-DAY 7-DAY 10-DAY

.00 .00 .00 .00

8.
1.383

17.

100

***

24.92-HR

1.39

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .50 HR, R= .26 HR

SNYDER TP= .41 HR, CP= .73

UNIT HYDROGRAPH
20 END-OF-PERIOD ORDINATES

228. 264. 258. 211.
22. 16. 11. 8.

STORM AREA = .23

DEPTHS FOR O-PERCENT HYPOTHETICAL STORM
............... TP-40 .
2-HR 3-HR 6-HR 12-HR 24-HR
2.82 3.05 3.30 3.60 3.90

***

160.
30.

84.
42.

HYDROGRAPH AT STATION 100

***

SCS LOSS RATE
STRTL .78 INITIAL ABSTRACTION

CRVNBR 72.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

CLARK UNITGRAPH
TC .50 TIME OF CONCENTRATION
R .26 STORAGE COEFFICIENT

***

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

PRECIPITATION DATA

..... HYDRO-35 ......
5-MIN 15-MIN 60-MIN

.74 1.44 2.51

24.
58.

***

20 UC

17 BA

19 LS

18 PH

TOTAL RAINFALL = 3.90, TOTAL LOSS = 2.51, TOTAL EXCESS =

PEAK FLOW TIME MAXIMUM AVERAGE FLOIi'
6-HR 24-HR 72-HR

+ (CFS) (HR)
(CFS)

+ 196. 12.50 31. 9. 8.
(INCHES) 1.263 1.383 1.383

(AC-FT) 15. 17. 17.

CUMULATIVE AREA = .23 SQ HI

1 STATION
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L.
L.
L.

.L.
L.
L.
L.
L.
L.
L.
L.

LL.
LLLL .

. LLLL.
LLLLL.

. LLLLLLLX.
LLLLLLLLXX.

LLLLLLLLLLLLLLLXXXXXX.
LLLLLLLLLLLLLLLLLLLLLXXXXXXXXXXXXXXXX.

LLLLLLXXXXXXXX.
.LLLLXXXXX.

LLLXXX.
LLXXX .

. LLXX.
LX.
LX.

X.
X.
X.
X.
X.
X.
X.

.X •
X.
X.

. .

o
o

. 0
. 0 .
o.

o .
o
o

o
o

o
o

10935 1160
10940 1170
10945 1180
10950 1190
10955 1200
11000 1210 .
11005 1220
11010 1230
11015 1240
11020 1250
11025 1260
11030 1270
11035 1280
11040 1290
11045 1300
11050 1310 .
11055 1320
11100 1330
11105 1340
11110 1350
11115 1360
11120 1370
11125 1380
11130 1390
11135 1400
11140 1410 .
11145 1420
11150 1430
11155 144.0
11200 145. 0
11205 146.
11210 147.
11215 148.
11220 149.
11225 150.
11230 151.
11235 152.
11240 153.
11245 154.
11250 155.
11255 156.
11300 157.
11305 158.
11310 159.
11315 160.
11320 161.
11325 162.
11330 163.
11335 164.
11340 165.
11345 166.
11350 167.
11355 168.
11400 169.
11405 170. 0
11410 171. .0.
11415 172. 0
11420 173. 0
11425 174. 0
1+430 175. 0
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RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
100 196, 12,50 31. 9. 8, ,23

I
20035 2960

I
20040 2970
20045 2980
20050 2990
20055 3000---------,---------,---------,---------,---------,---------,---------,---------,---------,---------,---------,---------,

I ~

I
I +

I +

'I *** NORMAL END OF HEC-1 ***
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Part H OsbornlThomas Road Storm Drain
Outfall Economic Analysis



With regard to the cost of pump house facilities, PB called several sources to make inquiry. Those

sources are shown herein.

OSBORN/THOMAS ROAD
STORM DRAIN OUTFALL ECONOMIC ANALYSIS

As requested by the City of Scottsdale, PB contacted the WatertNastewater Department to obtain

costs of pumping facilities and operation and maintenance costs over the 20 year design life of the

project.

Alternative 1
Involves no Osborn Road outfall system. Storm runoff between Thomas Road and Indian school

Road is pumped south to Thomas Road thereby necessitating an increase in size to the Thomas

Road storm drain outfall system. .This alternative also requires a pump station.

Page 1

= $238,500

= $93,500

= $500,000

= $150,000

= 75,000

= $686,430

1. Thomas Road 72-lnch Storm Drain Outfall- 5,300 L.F. X $45/L.F.

(Unit Cost represents increase from 66-inch to 72-inch required

for this scenario)

2. 36-lnch Force Main from 64th Street - 1700 L.F. X $55/L.F.

3. Pump Lift Station - Includes 2-430 H.P.

Submersible pumps, housing facility complete in place - 1 EA.

4. Emergency Electrical Generator Backup - 1 EA.

5. Electric Motor Controller - 1 EA.

6. Operation, Maintenance And Replacement

Compute the future value of an annuity

compounded annually @ 8.0% for 20 years Lump Sum

= $15,000 x 45.762 (See Attached Table) (Ignore Inflation)

TOTAL COST ALTERNATIVE NO.1 = $1,743,430

Mr. Bob Berlese and Gary Covert responded (see attached correspondences). They were not able

to provide cost for pump stations and said that it would be difficult to even provide 0 & M costs.

Finally Mr. Covert said somewhere in the $20,OOO/year range is what he thought it would take to

maintain, repair and replace the pumps after a 20 year design period. Since these alternatives are

to compare cost to a gravity drain system, for which cost are relatively straight forward, PB will use

$15,000/year as conservative in the economic analysis utilizing a compounded annual rate (of

return) of 8.0% for the time value of money.

Appendix H - Osbornnhomas Road Storm Drain Outfall Economic Analysis
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Alternative 2
Involves pumping storm drainage between Thomas Road and Indian School Roads into the Osborn

Road storm drain outfall system to be able to obtain more grade on the outfall conduit thereby

reducing the pipe size in Osborn Road.

Appendix H - Osbornnhomas Road Storm Drain Outfall Economic Analysis

3. Jack Frost at Cummins Southwest in Phoenix
Phone: (602) 250-8253

• Cost of Emergency Backup Generator
in case there is a loss of locally supplied power $150,000

Source of Pump Cost Information
1. Glen Harris at James, Cooke and Hobson in Phoenix

Phone: (602) 243-0585

• For Alternative NO.1 - use 2-430 H.P. submersible pumps to
start at different times $275,000

• For Alternative NO.2 - use 1-370 H.P. submersible pump $165,000

Page 2

= $515,000

= $52,250

= $400,000

= $150,000

= 75,000

= $457,620

1. Osborn Road 48-lnch Storm Drain Outfall- 5150 L.F. x $1001L.F.

2. 36-lnch Force Main from 64th Street - 950 L.F. X $55/L.F.

3. Pump Lift Station - Includes 1-370 H.P.

Submersible pump, housing facility complete in place - 1 EA.

4. Emergency Electrical Generator Backup - 1 EA.

5. Electric Motor Controller - 1 EA.

6. Operation, Maintenance And Replacement - Lump Sum

F/A @ 8.0% interest, 20 years

= $10,000 x 45.762 (Smaller Pump) (Ignore Inflation)

TOTAL COST ALTERNATIVE NO.2 = $1,649,870

2. Don Felix at Felix Construction in Phoenix
Phone: (602) 464-0011

• For Alternative No. 1 - Lump Sum cost of pump station
including vault, manifold, hook-ups, rails, pumps, etc $500,00

• For Alternative No.2 - Lump Sum cost of pump station
including vault, manifold, hook-ups, rails, pumps, etc $400,000

• Cost of Electric Motor Control System $75,000
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COMPOUND INTEREST TABLES 587 II TABLE D-13

I
8% Compound Interest Factors

Single PaymeDt Uniform Series I
I Compound Present SlnkiDg Capital Compound PreseDt 'I

AmouDt Wortb Fund Recovery AmouDt Wortb ,I
Factor Factor Factor Factor Factor Factor ~ I

n F/P P/F AlF AlP ~ I FIA f PIA n ; :

I
./

1 1.0800 0.9259 1.000 00 1.08000 1.000 0.926 1 1.

1 1.1664 0.8573 0.48077 0.56077 2.080 1.783 1 i!
3 1.2597 0.7938 0.30803 0.38803 3.246 2.577 3 I

I
4 1.3605 0.7350 0.22192 0.30192 4.506 3.312 4
5 1.4693 0.6806 0.17046 0.25046 5.867 3.993 5

6 1.5869 0.6302 0.13632 0.21632 7.336 4.623 6
7 1.7138 0.5835 0.11207 0.19207 8.923 5.206 7

I I 1.8509 0.5403 0.09401 0.17401 10.637 5.747 •
9 1.9990 0.5002 0.08008 0.16008 12.488 6.247 ,

10 2.1589 0.4632 0.06903 0.14903 14.487 6.710 10

I
II 2.3316 0.4289 0.06008 0.14008 16.645 7.139 11
n 2.5182 0.3971 0.05270 0.13270 18.977 7.536 n
13 2.7196 0.3677 0.04652 0.12652 21.495 7.904 13
14 2.9372 0.3405 0.04130 0.12130 24.215 8.244 14

I
15 3.1722 0.3152 0.03683 0.11683 27.152 8.559 15

16 3.4259 0.2919 0.03298 0.11298 30.324 8.851 16
17 3.7000 0.2703 0.02963 0.10963 33.750 9.122 17
18 3.9960 0.2502 0.02670 0.10670 37.450 9.372 18

Ae4-,eLi~e
19 4.3157 0.23]7 0.024 13 0.]04 13 4] .446 9.604 V20 4.66]0 0.2145 0.02185 0.10] 84 t 45.762 9.818

Ccf°t/NPeP 21 ) 5.0338 O. ]987 0.0]983 0.09983 50.423 10.0]7 21

'N{)I'+Uj 12 5.4365 0.1839 0.01803 0.09803 55.457 10.201 12 ,
23 5.8715 0.1703 0.01642 0.09642 60.893 10.371 23 I,
24 6.3412 0.1577 0.01498 0.09498 66.765 10.529 24 11
25 6.8485 0.1460 0.01368 0.09368 73.106 10.675 25 il

I 16 7.3964 0.1352 0.012 51 0.0925] 79.954 10.810 26 II
27 7.9881 0.1252 0.01145 0.09145 87.351 10~935 27 II
28 8.6271 0.1159 0.01049 0.09049 95.339 JI.051 28 Ii
29 9.3173 0.1073 0~009 62 0.08962 ]03.966 11. 158 19 rl

I 30 10.0627 0.0994 0.00883 0.08883 113.283 11.258 31 ,.
r!

31 10.8677 0.0920 0.00811 0.08811 123.346 11. 350 31
.,

32 11.7371 0.0852 0.00745 0.08745 134.214 11.435 32 ~I
I

33 12.6760 0.0789 0.00685 0.08685 145.951 11.5]4 33
34 13 .6901 0.0730 0.00630 0.08630 158.627 JI.587 34 .:
35 14.7853 0.0676 0.00580 0.08580 172.317 JI.655 35

40 21.7245 0.0460 0.00386 0.08386 259.057 11.925 40

I 45 31.9204 0.0313 0.00259 0.08259 386.506 12.108 45 .'50 46.9016 0.0213 0.00174 0.081 74 573.770 ]2.233 50 "
55 68.9139 0.0145 0.001 18 0.081 18 848.923 12.319 55
60 101.2571 0.0099 0.000 80 0.08080 1253.213 12.377 60

I 65 148.7798 0.0067 0.000 54 0.08054 1847.248 12.416 65
70 218.6064 0.0046 0.000 37 0.08037 2720.080 12.443 70
75 321.2045 0.0031 0.000 25 0.08025 4002.557 12.461 75

I
10 471.9548 0.0021 0.000 17 0.080 J7 5886.935 12.474 10 t,
IS 693.4565 0.0014 0.000 12 0.08012 8655.706 12.482 IS I;
90 1018.91051 I:0.0010 0.000 08 0.08008 12723.939 12.488 90 I

95 1497.1205 0.0007 0.000 05 0.08005 18701.507 12.492 95 •

I 100 2199.7613 0.0005 0.000 04 0.08004 27484.516 12.494 100 '!

I

I
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TELEPHONE CONVERSATION MEMORANDUM

Job No. 47"4IfJl-0:3 Date /lJ1911~ 94
(U.. Complete Number) r ;

b5./ !L#Jlh?('I _

PARSONS, BRINCKERHOFF, QUADE a DOUGLAS, INC.

Project 61TH 5n?~e/!stJc rrStJ&-Lc:
I

From ~t3 &mSffLto Talked to &hJR'; t!oYsz/--Ca OF
_____________ .s~bo,.qt..£Wrm=rl.s~e#
Indicate Department, Field Offic., .tc. for -In Ho"••- callL 4+ :3'7/-~m
Indicat. agency or firm for other thon -In Ho",.- coli••

Oi atribution:

Information Obtained --=---;--=-----+--.,........f--..L.,;;;,---.,~--~-----
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