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1.2 Location of Project

The Arcadia area watershed IS located within the metropolitan Phoenix area, and

encompasses Sections 16 through 21 of Township 2N, Range 4E of the Gila and Salt

Tins project is a joint effort between the Flood Control District of Maricopa County

(FCDMC) and the City of Phoenix (COP), with the District taking the lead in the design

and the City taking the lead in the construction. SRP is also a Project Stakeholder

because of the reconstruction of tile OCCC.
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Phase 1 of this project includes the undercrossing of t11e Arizona Canal and the

replacement of the OCCC earthen charmel with an underground drainage system.

Phase 1 is subdivided into Phase 1A, which consists of design and construction of the

storm drain system from Indian School Road up to the Arizona Canal, and Phase 1B

which includes the design of the undercrossing. The undercrossing may be constructed

during t11e January 2011 dry-up jf an agreement with SRP is reached in time, Otherwise,

it will be constructed during the 2012 dry-up. Future phases will construct the stann

drain portion to the north of the Arizona canal, including the junction structure.

The purpose oftbe Old Cross Cut Canallmprovements Project is to mitigate flooding for

properties within the Arcadia area watershed and to reduce flooding along the upstream

side of the Arizona Canal. Currently, tilere are no drainage facilities to outlet stonnwater

from the Arcadia drainage area. This project will construct a stoml drain system to

col1ect and convey flows from the Arcadia drainage area into the Old Cross Cut Canal

(OCCC) north of I:ndian School Road. The system will provide flood protection in

excess of the 10-year level. The existing OCCC earthen ditch will be piped underground

and be connected to the existing 2-10'xlO' box culvert, which ultimately drains to the

Grand Canal.

1"\.,
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1.1 Purpose
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River Base Line and Meridian, Maricopa County. Phase 1 is located within the

southwest quarter of Section 20 and runs from Indian School Road to the Arizona Canal.

Figure l shows the Project Vicinity Map and Figure 2 is a Project Location Map showing

the Phase 1 area.
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1.3 Existing Conditions

I
I
I
I
I
'I
I
I
I
I
I
I,

t
I
I
I
I
I
1

I

/

August 20103

Figure 2: Site Location Map
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Stormwater from the Arcadia area drainage watershed sheet flows in a southerly

direction, originating from tbe Camelback Mountains and continuing somb until it

reaches the Arizona Canal. The canal, being elevated several feet above existing ground,

craps water and floods properties along its upstream bank during large storm events.

Properties inside this flood area are within FEMA's Zone "An floodplain designation,

which corresponds to the 100-year floodplains that are determined by approximate

methods with no base flood elevations or depths. Areas north of the Zone "A"

designation are designated shaded Zone "X", which corresponds to areas outside the 100

year floodplains or areas of 1aO-year sheet flow flooding where average depths are less

than 1 foot. A FIRM map showing the existing floodplain of the project area is provided

in Figure 3.
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1.5 Design Criteria

1.4.1 Basis of Hydrology

TI1e basis of design for this project 1S the Arcadia Area Drainage Project. Final

Recommendation Report (Huitt-Zollars, 1997). This report evaluated five different storm

drain alignments and design alternatives to mitigate flooding problems within the Arcadia

drainage area, and recommended the Alternative No.2 as the preferred alternative.
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The stann drain north of the Arizona Canal will be designed for the 1O-year flow.

The hydraulic grade line (HGL) will be at least I foot below the ground or rim
elevation for any catch basins and manholes for the IO-yr event.

The minimum velocity in the stann drain pipe will be 5 ftlsec and the maximum
velocity will be 15 ftlsec. Please note that the 102" pipe wiJl have a velocity of 17,45
ftJs at the design discharge of 990 cfs. For the 10-year or less event, the pipe velocity
will be less than 15 ft)s, TI1e District has indicated that this condition is acceptable.

The drainage facilities proposed for the Arcadia Area Drainage Improvement Project is

located within the City of Phoenix: and will be designed to meet the standards and

guidelines set forth in the City of Phoenix's Stonn Water Policies and Standards, unless

otherwise noted, These criteria are supplemented with design standards and procedures

established in the FCDMC's Drainage Design Manual. VoLume / (HydroLogy), and

Volume 2 (Hydraulics). The following summarizes the design criteria for the project:

The basis of hydrology for this project is the hydrology analysis that was performed in

the Huitt-Zollars report. The District selected Alternative 2 as the preferred alternative,

which has a total flow of 681 cfs at the concentration point located just north of Arcadia

Drive and the Arizona Cana1. The City has requested that capacity be provided for some

drainage at the Arizona Canal, hence the OCCC design includes 1,000 cfs for the SRP

canal discharge and 990 cfs for stOnTIwater flows.

1.4 Basis of Design
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2.2 Datum

The ground survey performed for this project was tied into the survey performed by

Aztec Engineering for the adjacent projects using the following metadata:

August 2010
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A) Top of brass cap in hand hole at the intersection of 48t11 Street and Indian
School Road. This marker is designated the Project Benchmark.

Elevation = 1243.301 (COP datum)

B) Top of brass cap in hand hole at the intersection of 44th Street and Indian
School Road.

Elevation = 1222.577 (COP datum)

1. Coordinates were taken from GDACS, recorded in Book 734, Page 10, Records
of Maricopa County, Arizona and converted from grid to ground using a scale
factor of 1.00016.

2. The Basis of Bearing is the South line of the Southeast quarter of Section 19,
Township 2 North, Range 4 East of the Gila and Salt River Meridian.

a. Said line bears N87°51'48"W, as taken from GDACS, recorded in Book 734,
Page 10, Records of Maricopa County, Arizona.

3. TIle Benchmarks used for this project are:

A topographic ground survey was perfonned in the Phase 1 project area, whkh includes

Arcadia Drive from the northerly curb of Indian School Road to approximately 200 feet

north of the centerline of the Arizona Canal, and from the edge of sidewalk along the

westerly curb of Arcadia Drive to approximately 100 feet east of the easterly curb of

Arcadia Drive. Existing surface utilities were located. Control elevations were

established in the field areas to create contours or spot elevations, including ground

elevations, grade breaks, curbs and/or edge of pavement elevations. Surface features

such as structures and trees were identified and located. Topographic surveys from

adjacent projects were used to supplement the ground survey perfonned. Survey data is

provided in Appendix F.

2.1 Scope

2.0 SURVEY
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3.2 Existing IGA's along the OCCC

An amendment to this IGA was made on November 29, 1993 (IGA FCD

90007A). This amendment revised the design assumptions, which states the

There are several IGA's between the District, City of Phoenix, and SRP that specify the

capacity of and flows in the Old Cross Cut Canal. These IGA's are summarized below:
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IGA dated December 8, 1975. This agreement was entered into by the District,

City, and SRP for the reconstruction of the Old Cross Cut Canal to a flood control

and drainage channel. This agreement indicates the capacity of the gates at the

Arizona Canal to be approximately 1,000 cfs. SRP retained the right to the first

1,000 cfs of capacity in the OCCC, and the City had the right to connect stann

drain facilities up to 1,000 cfs capacity.

681 cfs in a stonn drain along Arcadia Drive to the Arizona Canal
990 cfs for the Arizona Canal undercrossing
1,000 cfs from the Arizona Canal

• 1,990 cfs at the tie-in to the existing 2-10'x 10' box. culvert

IGA dated February 26, 1991. IGA FCD-90007 was entered into by the District,

City of Phoenix, and SRP for the design and reconstruction of the Old Cross Cut

Canal north of McDowell Road to the Arizona Canal. This lOA specified that the

OCC "shall be improved to a capacity of approximately 3000 cfs at the Arizona

Canal and approximately 4100 cfs at McDowell Road." The lOA repeats the

current agreement to assign the first 1000 cfs of capacity to SRP and limits the

City to 1000 cfs capacity.

The regional hydrology for the Arcadia drainage area was pel-fonned as part of the Huitt

Zollars study and is not included in the scope of this project. The results from that report

are used as the basis of hydrology for this project. The following design flows are used

in the stann drain for this project:

Final Design Report

3.1 Design Flows

3.0 HYDROLOGY



Larger facilities would be needed to accommodate the higher flow values stated in the

various IGA's. However, the project team has agreed that the drainage facilities should

be upsized to the extent that is economically feasible, using flow values indicated in

Section 3.1.

capacity of the culvert at Indian School Road to be approximately 2,500 cfs,

including the SRP 1,000 cfs discharge from the Arizona Canal. The IGA also

specifies the capacity of the conveyance system not to exceed a IO-year stonn

frequency discharge.

Final Design Report
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4.1.1 SRP Gates

4.1 Design Considerations

Several design considerations were taken into account in the design of the proposed

storm drain system. These factors include:

The hydraulic analysis follows procedures described in Section 3.3 of Flood Control

District's Drainage Design Manual, Volume 2, Hydraulics.
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• Meeting SRP's requirement not to submerge the radial gates at the canal
• Maintaining the historic features in the project area
• Minimizing traffic impacts to 48th StreeVArcadia Drive during construction
• Allowing SRP to maintain service of the canal during construction

SRP has the right to discharge up to 1,000 cfs from the Arizona Canal through 3 radial

gates. The gates currently discharge the canal water under free flow conditions. SRP has

expressed concern about the possibility that the proposed drainage system would

submerge the gates, which would reduce their performance and potentially impact SRP's

ability to discharge up to 1,000 cfs. If the proposed storm drain submerges the gates,

SRP has requested that at a minimum, a flow level sensor be installed downstream of the

gates to monitor the water surlace elevation just downstream of the gates so that

submerged gate equations could be used. However, SRP has also indicated that they are

concerned about their ability to control any gates in a submerged condition and that any

modifications downstream that would create a submerged condition would be a concern.

Therefore, the storm drain and inlet structure have been designed to ensure that the gates

are not submerged. This is done by maintaining supercritical flow for a distance

downstream of the gates.

()\,OLS50N
IdSOC.",Jri

4.0 HYDRAULICS
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4.1.3 Constructabillty

O'\OLSSON 10 August 2010
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The roadway along Arcadia Drive between Indian School Road and the Arizona Canal is

a two-lane local street. At its narrowest section, the roadway width is less than 22 feet. It

is the goal of this project to minimize traffic impacts and keep Arcadia Drive open during

Several historic features are present within the project area. These include the Arizona

Canal, the Old Cross Cut Canal, the Lateral 4.7 canal, and the Lafayette-Arcadia

Historical Streetscape District.

Old Cross CutCanallrnprovements

To maintain the historical streetscape of the area, the project team has agreed to protect

the four large eucalyptus trees south of the Arizona Canal. These trees add to the

character of the historical streetscape, and residents in the area have expressed a desire to

preserve the eucalyptus trees.

4.1.2 Historic Features

An arborist was contracted to evaluate the health of the eucalyptus trees and determine

the clear zone requirements needed to keep the trees healthy and safe during construction.

The arborist report indicates one tree with a sheared top that will need to be removed for

public safety reasons. A critical zone of 12' was indicated for the other 3 eucalyptus

trees to remain. The alignment of the proposed stonn drain was designed to be outside a

15' radius from the center of the eucalyptus trees. The palm trees that are impacted will

be salvaged and replanted at the end of construction. The arborist evaluation is provided

in Appendix J.

The canals are owned by the Bureau of Reclamation, with SRP managing the operation

and maintenance of the canals. The project team met with a representative from the BOR

to discuss requirements for construction in and near the canal. The BOR representative

indicated that the surface features of the Lateral 4.7 canal needs to be preserved. This

lateral is located along the east side of Arcadia Drive north of the Arizona Canal within

Phase 2 of the project. The final Phase 2 stonn drain alignment should be designed to

avoid impacting the surface features of the Lateral 4.7 canal.

Final Design Report
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4.2 Storm Drain Design

C1#\~OLSSON 11 August 2010
.ASi"CC.IAt(\

construction. To achieve this, the alignment of the stonn drain along the OCCC was

designed as far east as possible to limit excavation onto the roadway. Shoring will be

required for any excavation that extends into the roadway.

The canal crossing will be constructed during the dry~up period. However, SRP has

indicated the need to provide up to 70 cfs of flow for service during the dry-up. A

temporary bypass pipe will be provided during the canal crossing construction to allow

up to 70 cfs of flow in the canal.
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The goal of the stonn drain design is to not submerge the gates at the SRP headgate

structure for a discharge of 1,000 cfs. To accomplish this, supercritical flow must be

maintained for a distance downstream of the gates. Energy must also be dissipated to

drop the storm drain approximately 12.8' from the existing outlet elevation at the

headgate structure. Several designs were proposed to dissipate the energy, induce a

hydraulic jump, and convert the flow to subcritical as the water enters the stonn drain.

TI1ese designs include a flume with roughness elements and a stepped spillway.

SRP has indicated that they may need to release water due to stonnwater flows into the

canal or delivery cancellations downstream. Therefore, there is the potential for up to

1,000 efs to be discharged through the OCCC even during construction. The stann drain

system was designed to provide for an interim channel above the canal storm drain to

convey any canal discharge during construction. The channel will outlet into the new

transition structure.

.An attempt was made to have the stonn drain cross the canal at the shallower location for

constructability, as recommended in the Huitt-Zollars report. However, because of the

proximity to the existing pedestrian bridge at the shallower location, the project team

agreed during the Value Analysis 01A) meeting to move the crossing west to avoid

impact to the pedestrian bridge. This location is in a sump that is approximately 6 feet

deeper.

Final Design Report



4.3 Velocity in Storm Drain

Structural design calculations for the inlet structure and transition structure are provided

in Appendix C.

City of Phoenix and FCDMC standards both specify 15 ftls as the maximum allowable

velocity in storm drains. Table 1 below lists the velocity within the storm drains for

various pipe sizes and flow values flowing under pressure condition:

August 20JO

Old Cross Cut·Canal Improvements

12

The stonn drain system was modeled using Bentley's StonnCAD program. Curves were

used in the storm drains to minimize toss at deflection points. Losses at manholes and

junctions were detennined using the procedures in the District's Drainage Design

Manual, Hydraulics. The StonnCAD outputs are provided in Appendix D.

Calculations were performed using procedures and parameters provided by SRP to verify

the flow through the three radial gates and to determine the flow condition of the gates.

The headwater elevation upstream of the headgate structure was assumed to be 10 feet.

These calculations are provided in Appendix B. Hydraulic calculations for the stepped

spillway and USBR Type III basin are also included in Appendix B.

Several hydraulic memos were prepared during the design process to obtain feedback

from the District. These memos are included in Appendix A. The District was agreeable

to the stepped spillway. However, in order to ensure that the energy is dissipated, the

District recommended adding a USER Type III basin with a row of baffle blocks and a

concrete sill downstream of the stepped spillway. The proposed inlet structure is a

combination stepped spillway with a USBR Type III basin. With this design, nonnal

depth is achieved at the face of the 120" stonn drain.

Final Design Report
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The hydraulic design has been done to detenninethe smallest pipes that will work from a

hydraulic perspective. Additionally, the velocities above are for pipe full conditions

where the downstream HGL dictates flow capacity. It should be noted that the existing

sections downstream of the OCCC have velocities that exceed 15 ftJs.

During the VA meeting, the District indicated that an earnest effort should be made to

meet the 15 ftJs maxirnumcriterion. Consequently, the stann drain carrying stonnwater

was upsized to 102" and the profile was flattened to keep the velocity below 15 ftls for

the IO-year or less events. For the design flow of 990 cfs, the 102" would flow under

pressure condition and have a velocity of 17.45 ftls. The District has indicated that

because this occurs less frequently, the high velocity for the design flow condition was

acceptable.

During the VA meetingl the project team also evaluated and recommended the use of

cast-in-place pipe (CIPP) for the canal stonn drain segment. CIPP is easier to construct

and costs about a third less than pre-cast rubber gasket reinforced concrete pipe (RGRe).

However, it does not perform well in pressure flow conditions. The City of Phoenix

allows the use of CIPP, while the Disbict is currently developing a policy on CIPP. The

District has indicated that CIPP would be acceptable if it does not flow under pressure.

To meet this condition, the storm drain carrying canal water was sized so that the HGL

would be a minimum of 6 inches below the pipe crown. This results in a 120" eIPP for

the storm drain segment for the canal flow.
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Table 1
p' VI" V' F1 V iIpe e l>clfies at anous ow a ues

Diameter Area V (Q=990 cfs) V (Q=l,OOO
(inches) (ft3) (ftls) cfs) (ftls)

96 50.3 19.7 19.9
102 56.7 17.4 17.6
108 63.6 15.6 15.7
120 78.5 12.6 12.7
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Five soil borings were performed in the Phase 1 project area by Alpha Geotechnical &

Materials, Lnc. to investigate the subsurface soil conditions and characteristics. A copy of

the Geotechnical Report is provided in Appendix H which includes the laboratory results

and boring logs.

The borings were drilled to a depth of 25 to 40 feet. No ground water was encountered,

although saturated soil was observed in Borings 3 and 4 beginning at 35 feet. The

borings indicate that the soil within the project area consists of mostly silty sand with

gravel (8M), with densities ranging from loose to very dense. Boring B-5 was a core

sample to determine the pavement section in the parking lot area.

Based on the field and laboratory results, the report recommends an excavation slope of

1Y2 horizontal to 1 vertical or flatter for excavations 20 feet or less in depth. Steeper cut

slopes may be utilized for excavations less than 5 feet. Trench boxes and shoring are

recommended in the areas near the eucalyptus trees to minimize impacts to the trees.

Shoring is also recommended for construction near the existing SRP headgate structure to

protect the structure.

August 2010
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Table 2 - Utility Contact Information

This section identifies the existing utilities within the project area and the design

constraints that impact the design of the proposed stonn drain.

An initial utility base map was created using as-built maps, quarter section maps, and

facility maps obtained from the utiJitycompanies, A pothole list is being prepared and

potholes will be performed at the stonn drain crossings to identify potential conflicts.
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Company Utility Number Contact

AT&T· Fiber Optic
800.241.3624

LSACGroup
ext. 0

City cfPboenix Traffic Traffic Signals, lunction
602.262.6204 Main Admin Desk

Signals Boxes, Fiber

City ofPboenix Water Water, Sewer, Reclaimed
602.261.8229 Jami Erickson

Services Departlllent Water

Cox Communications Cable TV, Fiber 623.328.4349 lohnRowe

Qwest Local Coaxial, Fiber 602.630.3370 Larry Lasky

• Irrigation (includes

SRP SCADA equipment) 602.236.5227 Bob Gooch

• Construction License

Power Distribution 602. 236-8066 Bob Maldonado

PowerTransmission 602.236.4882 Wayne Darby

Southwest Gas Gas 480.730.3855 Zach Stevenson

High Pressure 480.730.3672 Saul Carrasco

Arcadia Water Company Irrigation 480.945.4621 John Richardson

Initial identification of utilities within the project area was provided by Bluestake through

a design request. The utilities identified within the project area include: water, sewer,

storm drain, traffic signals, irrigation, cable TV, telephone, fiber optics, gas, and

underground and overhead power. The name and contact for each utility are provided in

Table 2 below.

6.0 UTILITIES
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utility conflicts will be with SRP facilities.

Since the proposed storm drain is located off of the roadway, utility impacts .will be

minimal. The stann drain will cross an existing 8" sewer line north of the canal, but the

storm drah"j is sufficiently deep to provide a miDimurn 2 feet of clearance. The marIl

I
I
I
I
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SRP is a project stakeholder because they manage most of the Project rights-of-way and

their existing earthen canal is being replaced. Coordination will be needed at the

headwork tie-in location. The existing wing walls will need to be removed and the four

4-inch underdrain pipes wi]] need to be extended through the proposed flume. In the

current stonn drain layout, the SCADA equipment and conduits need to protected in

place during construction. The undercrossing of the canal will need to be done during

SRP's dry-up period for an open cut. The City of Phoenix may be able to work out an

agreement with SRP for the 2011 dry-up season. This needs to be coordinated with the

City's Water Services Department. For an open cut, the minimwn clearance required

between the bottom canal lining and the top of pipe is 18 inches. For a jack-and-bore, the

clearance required is 4 feet. SRP also has power transmission and distribution lines

within the project area. The transmission poles are not impacted, but three distribution

poles are in conflict and will need to be relocated. SRP's irrigation junction and piping

north of the canal are within the excavation limits and should be relocated.

The aligronent of the canal crossing was revised from the 40% design to avoid impact to

the existing pedestrian bridge, which should be protected in place during construction.

Access to and use of the pedestrian bridge should be maintained during construction.

Finally, coordination will be needed with 111e owners of the medical building and with the

Arcadia Estates Homeowner's Association located at the northeast corner of Arcadia

Drive and the ArizoDa Canal. Impacts to these properties should be minimized during

construction. A drainage easement and temporary construction easement (TCE) are

being acquired from the owners.
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A retention basin is located at tbe northeast comer of Arcadia Drive and the canal, with

an existing headwall and a pipe that outlets into the canal. These faeili ties need to be

protected in place during construction. The City does not allow a private drainage

facility to be connected to its stann drain system.

Final Design Report Old Cross Cut.Canal Improvements
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Potholes were perfonned to detennine if there were conflicts with any underground

utilities. The pothole results indicate there are no conflicts with the proposed storm

drains. Pothole results are provided in Appendix G.
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A dual stann drain system is recommended, with a 120" diameter eIPP to handle 1,000

cfs from the canal flow and a 102" diameter RGRCP to handle 990 cfs of stonnwater

from the Arcadia area. The TWO pipes would run separately on different profiles until

they combine at a transition structure at the existing box culvert inlet.

TIlls project will construct a storm drain system to convey stonnwater from the i\rcadia

watershed and canal water from the Arizona Canal to the existing Old Cross Cut Canal

2-1 O'x 10' box culvert north of Indian School Road. The existing Old Cross Cut Canal

earthen channel will be replaced with an underground pipe. The project also includes the

undercrossing ofthe Arizona Canal.

In order to keep the pipe velocity below the 15 ftls maximum requirement, the stann

drain profile needed to be lowered and flattened. TIus requires the pipe to be dropped a

total of 12.8' from the SRP headgate structure, an additional 5.3' from the 40% design.

The proposed inlet structure is a combination stepped spillway with a USBR Type III

basin containing a row of baffle blocks and a sill to dissipate the energy through the drop.

Normal depth is ach.ieved at the entrance of the ]20" eIPP storm drain.

TI1e stann drain system will be designed for a capacity of 1,990 cfs, which includes 1,000

cfs from the Arizona Canal and 990 cfs from the Arcadia drainage area. The 10-year

flow from the Arcadia drainage area is 681 efs. The additional 309 cfs of capacity for the

stormwater drainage system will increase the level of protection to a 10-plus year system,

or provide the capability to handle additional future flows. A collection system will be

needed to collect the additional 309 cis north of the Arizona Canal. The collection

system design can be part of the future phase, including the junction structure.

August 2010
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1. Drainage Design Manual for Maricopa County, Arizona, Volume 1 - Hydrology,

Flood Control District of Maricopa County, November 2003 (Draft).

2. Drainage Design Manual for Maricopa County, Arizona, Volume 2 - Hydraulics,

Flood Control District of Maricopa County, September 2003 (Draft).

3, Metro Phoenix Area Drainage Master Plan, Engineering and Environmental

Consultants, Inc. for Flood Control District of Maricopa County, September 2008.

4. Storm Water Policies and Standards, City of Phoenix, March 2004.

5. Arcadia Area Drainage Project Final Recommendations Report, Huitt-Zollars for

Flood Control District of Maricopa County, FeD No. 94-21, March 1997.
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The basis of design recommended the follOWing:

The purpose of this memo is to evaluate the feasibility of downsizing the proposed 2-1 O'x1 0'
box culverts from Indian Schoo/Road to the Arizona Canal.
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• A 96-inch pipe to convey flows along Arcadia Drive from Lafayette Boulevard to the
acc. The total flow at the canal undercrossrng is 681 cfs.

• A concrete-lined vertical wall channel, 20-ft base and 18 to 20-ft height, to convey
1,990 cfs (1,000 cfs SRP and 990 cfs stormwater) through the OCC and connecting
to the existing 2-10'x10' box culverts north of Indian School Road. The scope of the
Phase 1 project revised the vertical wall channel to 2-1 O'x1 0' box culverts.

Project No: 2008C013, Assignment #4

RE: EVALUATION TO DOWNSIZE BOX CULVERT

TECHNICAL MEMOfl-ANDUM

Date: April 13, 2010

From: Jeff Ford, P.E.

To: Bobbie Ohler, Project Manager

Existina [GA's along the oce
There are several IGA's between the District, City of PhoeniX, and SRP that cover the ace.
These are summarized below:

• IGA dated December 8, 1975. This agreement was entered into by the District, City,

Project: Arcadia Drainage Jmprovements, Phase 1
Indian School Road to Arizona Canal

Introduction
The basis of design for this project is the preferred alternative (Alternative #2) from the Arcadia
Area Drainage Project, Final Recommendation Report (Hurtt-ZoHars, 1997). This report
evaluated several alternatives that would construct drainage infrastructure to reduce flooding in
the Arcadia area northeast of the Arizona Canal. The recommended alternative was to provide
a 10-year storm drain along Arcadia Drive and convey this flow under the Arizona Canal,
discharging into the Old Cross Cut (OCC) canal. In addition to the storm drain flows entering
the OCC, SRP has IGA's that gives them the right to the first 1,000 cfs of capacity within the
acc.
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The hydrology has been based on the Huitt-Zollars report, which states the capacity of the
existing 2-10'x10' box culverts north of Indian School Road to be 1,990 cfs. Therefore, the
design flows will be as follows:

Hydrology
The project team has agreed that since there is not any other major drainage infrastructure that
pass flows out of the Arcadia area, this facility should be upsized to the extent that is
economically feasible.

Storm Drain Design Approach
The goal of the storm drain design is to not change the water surface elevation at the
downstream face of SRP's structure for an SRP discharge of 1,000 cfs, The following
approach has been used:

April 2010

• 681 cfs in a storm drain along Arcadia Drive to the Arizona Canal
• 990 cfs for the Arizona Canal undercrossing
• 1,000 cfs from the Arizona Canal
• 1,990 cfs along the acc canal

and SRP for the reconstruction of the Old Cross Cut Canal to a flood control and
drainage channel. This agreement indicates the capacity of the gates at the Arizona
Canal to be approximately 1,000 cfs. SRP retained the right to the first 1,000 cfs of
capacity in the acc, and the City had the right to connect storm drain facilities up to
1,000 cfs capacity.

• IGA dated February 26, 1991, IGA FCD-9000l was entered into by the District, City of
Phoenix, and SRP for the design and reconstruction of the Old Cross Cut Canal north of
McDowell Road to the Arizona Canal. This IGA specified that the acc "shall be
improved to a capacity of approximately 3000 cfs at the Arizona Canal and
approximately 4100 cfs at McDowell Road," The IGA repeats the current agreement to
assign the first 1000 cfs of capacity to SRP and limits the City to 1000 cfs capacity.

An amendment to this IGA was made on November 29, 1993 (IGA FCD-900G?A). This
amendment revised the design assumptions, which states the capacity of the culvert at
Indian School Road to be apprOXimately 2,500 cfs, Including the SRP 1,000 cfs
discharge from the Arizona canal. The IGA also specifies the capacity of the
conveyance system not to exceed a 10-year stonm frequency discharge.

Storm Drain Design Consideration
SRP currently has the facilities and the right to discharge up to 1,000 cfs from the Arizona
Canal through 3 radial gates under free flow conditions. SRP has expressed concern about the
possibility that the proposed drainage system would submerge the gates, which would reduce
their performance and potentially impact SRP's ability to discharge 1,000 cfs. If the proposed
storm drain submerges the gates, SRP requests that at a minimum, a flow level sensor be
installed downstream of the gates to monitor the water surface elevation just downstream of the
gates so that submerged gate equations could be used. However, SRP has also indicated that
they are concerned about their abilrty to contra! any gates in .2 submerged condition and that
any modifications downstream that would create a submerged condition would be a concern.
Therefore, the storm drain has been designed to ensure that the gates are not submerged. To
ensure this condition is met, supercritical flow needs to be maintained for a distance
downstream of the gates.

ARCADIA DRAINAGE IMPROVEMENTS, PHASE 1
TECHNICAL MEMORANDUM: BOX CULVERT EVALUATION
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Velocity in the Storm Drain
Table 6.9 in Section 6.6 in the Drainage Policies and Standards for Maricopa County identify 15
fUs as the maximum allowable velocity in storm drains. Table 1 below lists the velocity within
the storm drains for various pipe sizes and flow values flowing under pressure condition:

Constructability
SRP has indicated that during construction they may need to release water due to stormwater
flows into the canal or delivery cancellations downstream. Therefore, there is the potential for
up to 1,000 cfs to be discharged through the OCC even during construction. Construction of
two separate storm drain systems would allow quicker construction to handle SRP discharges,
as well as significantly reduce open trench widths.

The hydraulic design for this submittal has been done to determine the smallest pipes that will
work from a hydraUlic perspective, but it should be noted that the current design does not meet
FCDMC design requirements for maximum velocity within the storm drain. Additionally, the
velocities above are for pipe full conditions where the downstream HGL dictates flow capacity.
For flows less than the design flow, velocities will be up to 26 fUs. This should be evaluated
during the VA meeting to determine how much pipes could be upsized and slopes revised
before adding substantial costs. It should also be noted that the original 20 foot wide concrete
channel proposed in the 1997 Huitt-Zollar study would have resulted in velocities similar to the
velocities identified in this report. Minimizing these velocities would require a series of drop
stuctures as well as significantly increasing the open area of any conduit. Consideration should
also include the difficulty in constructing large drops in a channel that has the potential for flow.
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FI V I
Table 1

p' V I'f tV'Ipe e OCI les a arlous ow a ues
Diameter Area V (Q=990 efs) V (Q=1,000 cfs)
(inches) (ft3) (ft/s) (ftls)

96 50.3 19.7 19.9
102 56.7 17.4 17.6
108 63.6 15.6 15.7
120 78.5 12.6 12.7

ARCADIA DRAINAGE IMPROVEMENTS, PHASE 1
TECHNICAL MEMORANDUM: BOX CULVERT EVALUATION

1. Determine the existing water surface elevation at the downstream face of SRP's
structure for the existing condition. A HEC-RAS model from the gates to the existing 2
1O'x1 0' box culverts was created using GIS topo data. For a flow of 1,000 cfs i the WSE
just downstream of the gates was computed to be 1241.39'. Outputs from the RAS
model are included in Appendix A.

2. Determine the HGL of the proposed storm drain system downstream of the gates. A
StormCAD model was created based on the proposed storm drain layout and design
flows. Various scenarios were developed with different pipe sizes and profiles until a
preferred alignment was found that resulted in an HGL that matched or was lower than
the existing WSE from the RAS model. .

3. Determine hydraulic profile through the hvdraulic jump downstream of SRP's structure.
A water surface profile was calculated just downstream of SRP's structure to ensure that
the jump does not drown SRP's gates. Calculations are included in Appendix B.
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The dual storm drain concept also allows each system to be constructed separately, which
provides a way for the contractor to handle the SRP discharges during construction. While one
system is being constructed, the side of the other system could be used to convey the SRP
discharge.

40% Oesicm
A dual storm drain system is recommended, with a 102" diameter pipe to handle the canal flow
of 1,000 cfs and a 96" diameter pipe to handle the Arcadia flow of 990 cfs. The two pipes
would run separately on different profiles until they combine at a jUDction structure
approximately 15 feet upstream of the tie-in point. A is-foot segment of 2-1 O'x1 0' box culvert
section downstream of the junction would allow a matching interface at the connection point.
This system produces an HGL of 1241.03' just downstream of the SRP gates. Results of the
StormCAD model are included in Appendix C.
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Background

Introduction
The purpose of this memo is to summarize the hydraulic evaluation for the Old Cross Cut Canal
(OCCC) storm drain and to document the methodology and procedures of its design.
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TECHNICAL MEMORANDUM

From: Jeff Ford, P.E.

Project: Arcadia Drainage Improvements. Phase 1
Indian School Road to Arizona Canal

To: Bobbie Ohler, Project Manager

As part of this project, the Old Cross Cut Canal earthen ditch will be replaced with an
underground conduit to convey 1,000 cfs from the Arizona Canal to the existing 2-1 0'x1 0' box
culverts north of Indian School Road. The tie-ln elevations at the SRP headgate structure and
existing box culvert are 1237.50 and 1223.19, respectively. This results in an average slope of
3.15% for a straight connection of the two inverts.

RE: occe STORM DRAIN HYDRAULIC EVALUATrON

Project No: 2008C013, Assignment #4

Date: June 2, 2010

At the 40% comment resolution meeting, there were several comments regarding the pipe
velocity being greater than the maximum 15 ftls guideline established by the District and City of
Phoenix. The District's Engineering Department requested that an effort be made to keep the
pipe velocity below the 15 ftls guideline, especia!ly for the more frequent storm events.

At the 40% design, a 2:1 spillway was proposed to drop the elevation 7.5 feet to flatten the pipe
slope to reduce the pipe velocity. A hydraulic jump was designed at the end of the spillway to
transition the flow from supercritical to subcrtical. The proposed 102" diameter pipe was under
pressure flow condition with an average pipe velocity of 17.62 ftls. At flows less than the design
0, the velocity in the pipe could reach up to 26 ft/s.

In order to reduce the velocity In the pipe, the slope would have to be flattened. This requires
dropping the pipe about 5 feet deeper at the upstream end. The project team brainstormed
during the VA meeting and recommended a plunge basin to dissipate the energy created by the
approximate 12.5' drop at the SRP headgate structure.
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It was determined that a 120" CIPP at a slope of 0.0039 Wft meets the design criteria described
above. Two 300-foot radius curves are also designed to minimize losses through the pipe. The
StormCAD OLItputs are attached.

The FHWA circular "Hydraulic Design of Highway Culverts" (HDS-5) was used to develop the
entrance geometry of the square throat section and the square-to-round transition. The side
taper inlet design form was used along with the nomographs for side taper inlets.

Assumptions
• The design flow is 1,000 cfs.
• The headwater depth upstream of the gates is 10 feet.

June 2010

Design Criteria
• The minimum velocity in the storm drain pipe will be 5 ttlsec and the maximum velocity

will be 15 ttlsec.
• The proposed storm drain system will not submerge the SRP gates.

Inlet Design
Olsson Associates reviewed the plunge basin concept, and due to the uncertainty of the
turbulent flows in a plunge basin, recommended a flume with roughness elements as a way to
dissipate the energy and reduce the flow velocity. The following describes the hydraulic
analysis of the proposed inlet design.

During the VA meeting, the project team also discussed the use of cast-tn-place pipe (CIPP).
An advantage 01 CIPP is that it is about a third less expensive than rubber-gasket reinforced
concrete pipe (RGRCP. CIPP does not require large equipment to handle and can be installed
faster than RGRCP. The trench required for CIPP is narrower, so it would minimize Impact on
Arcadia Drive. However, CIPP can crack IT the pipe is under hydraulic pressure. CIPP can also
leak if the joints are not sealed.

Inlet Desio" Methodology
I he upstream boundary condition was calculated using the equations and procedure from the
M. G. Bos reference, which is attached. The upstream WSEL was set to 10'. The gate opening
height was determined to be 2.03' and the water surface elevation downstream of the gate
calculated to be 1.44'. The velocity was calculated as 21 fps. -

The City of Phoenix allows CIPP if it is not under a roadway, and the District is developing a
polley on the use of CIPP. The District has indicated that CIPP would be allowed if the pipe will
not be under pressure.

CIPP Design
Olsson Associates evaluated the use of CIPP for the acec storm drain. StormCAD was used
to model the storm drain system. The design parameters for the StormCAD model include:

• Design flow to be 1,000 cfs
• HGL to be a minimum of 6" below crown of pipe
• Tailwater elevation was set at 1230.00. This was based on as-built plans of the accc

Phase 4 construction. This is a conservative estimate as the design Q for the Phase 4
construction is 3,000 cfs, while the design Q for this project is 1,990 cfs.

• Maximum pipe velodty is 15 ft/s.

ARCADIA DRAINAGE IMPROVEMENTS, PHASE 1
TECHNICAL MEMORANDUM: occe SO HYDRAULIC EVALUATION
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Please feel free to contact me at 602.748.1000 or email mejford@osconsulting.comif you have
any questions or concerns.

The inlet geometry and a preliminary chute were modeled using HEC-RAS in a supercritical run
using the upstream boundary condition of 1.44' as a known water surface elevation. A
combination of Manning's n values and slopes were used to find an alternative that would
match the velocity of flow in the pipe. This model showed that a 4:1 slope and an effective
Manning's n value of 0.0585 on the chute would slow the flow to 15 fps before entering the
square throat section. Outputs from the HEC-RAS model are attached.

The chosen slope and effective Manning's n were used with equations from HEC-14 ("Hydraulic
Design of Energy Dissipators for Culverts and Channels") to determine the size, shape, and
number of the necessary roughness elements on the chute to create the modeled effective
Manning's n. These calculations are provided in the attached documents. The splash
freeboard was checked using the equations in HEC-14. The conjugate depths were also
checked using the method in the Design of Small Dams.
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References:
1. M.G. Bos, "Discharge Measurement Structures", December 1989

2. EM 1110-2-2702, Corps of Engineers, Engineering and Design - "Design of Spillway
Tainter Gates", January 2000

3. Federal Highway Administration, "Hydraulic Design of Highway Culverts" (HDS-S),
September 2001

4. Federal Highway Administration, FHWA-EPD-86-11 0, HEC-14, "Hydraulic Design of Energy
Dissipators for Culverts and Channelsn

, September 1983

5. Bureau of Reclamation, "Design of Small Darnsn
, November 1987

Proposed Inlet Design
The proposed inlet design downstream of the SRP headgate structure is a flume at a 4 to 1
slope with 19 rows of roughness elements. Each roughness element is 3.25" high, 2.7' long,
spaced at 2.7' apart. At the end of the flume, a 12' wide by 10' high side square throat section
tapers at a 5-foot length to a 10' wide by 10' high square throat section. A square to round
transITion occurs in the next 5 feet, which then connects to the 120~ cast-in-place pipe (Cl PP).
The roughness elements reduce the flow velocity from 21 ft/s downstream of the gates to 15
ftJs as the water enters the 120" CIPP. A hydraulic jump occurs within the transition section as
the flow transitions from supercrltical flow to subcritical flow. The design is also under inlet
control, so there is no backwater effect from the storm drain. Therefore, the gates will not be
submerged.

ARCADIA DRAINAGE IMPROVEMENTS, PHASE 1
TECHNICAL MEMORANDUM: ocee SO HYDRAULIC EVALUATION
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Reach RIIlef'sta I Profl,lo OTotDl Min Ch EJ W.S.E.lev CriIW.s. E.G. Elev E.G. Slope Vel Chnl FioYt ArM TopWldtl'l Froude1J Cnl

I Ids) (h) (f\) (il) (11) (flltt) (11I» Isq h) (f\)

1 110479.29 1000<:13 1000,00 1237,50 lZlB.94 1240,55 1245.82 0.471964 21,Od d7,52 33.00 3.09
1 1Cl479.29 800 800,00 1237.50 1238.94 I:MO.\Z 1243.34 0.302070 lS.SA 47,5:1 3),00 2,47

I
1 10478.5' 1000 ds 1000.00 \237.26 '238,75 1240,32 12'6.26 OA26516 20,48 48,82 32.58 2..95
1 10478.:r 800 800.00 1237..26 1238.73 1Zl9,9() 12AS,QZ 0.286429 la.63 dO,09 32.66 2.41

I
1 104n.r 10000':; 1000.00 1237.00 1238.55 1240,10 1244.77[ 0.390199 20.01 d9,97 32,18 2,83

1 11047l.7' 800 600.00 1237.00 1238.511 1239.67 12'2,72 0.273179 16..AB ,e,60 32.18 2.36

I 1
I 10470,&' 11000 "'" 1000.00 1236.7SI 12:38.36 1239,88 1244.32 0.3S9SO' 19.00 61.03 31.16 2.72

1 10416.9' 1800 800.00 123&.7SI 1238.29 1239"'1 1242A3 0.262101 16.32 '9.01 31.76 2.32

1 10476.1' 1,000ds 1000,00 1236.61 1236.17 1239,61 1243,91 0.:l3.:J850 19.23 52.01 31.35 2.63
1 10476.1' lsoo BOO.OO 1236.511 lZl8.OS 123922 1242.16 0.261696 lG.19 4942 31.36 2.27

1 10475..3' 10oocfl; 1 1000.00 1236.26 1237.971 12J9A4 1243.53 0.312435 18.92 52.6.5 30.94 2.55

I 1041f;.3' BOO 800.00 1236.26 1237.86 12:39,00 1241.90 014<160' 16.12 49.63 30.94 2.24

1 1047•.6' 1000 d> 1000,00 1236.D1 1231.n 123822 1243.18 0..19'941 1a.61 53.67 30.52 2.48

1 110474.5" 800 800,001 1235.01 1237.64 1230.78 '241.66 0.239911 16.10 49.70 30.52 2.22

1 10473.8' 1000ds .000.00 1235.76 1237.5$ 1239.00 1242.85 0.281019 18..47 6"'5 30,12 2.43

1 1(10173.8' BOO SOO,OO 1235.76 1237.41 123l1.55 1241.43 0135&56 16.08 49.76 30.12 2.20

I I
1 10413.0' 1000d> '000,00 1235.51 1237.35 123S.78 1242.65 0.268997 18.30 54.65 29.70 2.38
1 10473.0' 800 600.00 1235.61 '237.19 1238.35 1241.19 01305b7 15.04 49.06 29.70 2,18

I 11(10172.2' 1000 en; lCOO.OO 1235.26 1237.14 1238.56 1242.27 0259301 18.17 56.04 29.30 2.34
I 10472.2' 600 800.00 1235.26 IZl6.96 1238.10 12dO,96 0.227b78 15.05 49.6' 29.30 2.17

I
1 110471.4' 1000d> 1000.00 \235-01 1235.93 1238.34 1241.99 0260699 '8.08 55.37 28.88 2.30

1 10471.4' BOO 800,00 1235.01 123&.73 1237.86 1240.74 0.224937 16.07 49.79 2!I.8B 2.15

I 1()470.6' 1000els 1000.00 1234.71 12:36.7.3 1236.13 1241.73 0.242268 17.95 OS.72 20,46 2.26

1 10470.6' 800 800.00 \234.71 1235,52 1237.67 1240.53 0.222046 16.07 49.71 2a40 2.1.

1 10469.tr 10ood>; 1000.00 1<34.52 1236..51 1237.91 1241A8 0.236192 11.99 65.90 26.06 2.23
1 104&9..B' 800 800.00 1234.52 12J6.29 I=A5 12'0.3.2 0219621 16.10 49.70 26.06 2.13

I
1 104611.0' 1000 tis 1000.00 1234.27 1236.30 1237.70 1241.2S Q.2316ll2 17.66 55...98 27.54 2.21
1 10469.0- 800 800.001 1234.27 1236.07 12.37.23 1240.10 0.211522 16.13 49.60 27.64 2.12

I I
I i0486S 1000m 1000.00 1234.Q2 12:36.00 1237.48 124l.Ot 0.226613 17.82 66.11 27.24 2.19
I 1045!l.3" BOO 600,00 1Zl4.02 1235.84 1237.0U 1239.90 0.216()o11 16.17 49A6 27..14 2.11

1 104b7.5" 1000 en 1000.00 1233.71 1235.81 17.17.27 1240.78 0.2.22181 17.80 56.19 26.82 2.17

1 110467.6' 800 800.00 1233.n 1235.61 12:16.78 12:39.69 0.214321 16..21 49.36 26.82 2.11

1 10466.7' 1000 rn 1000.00 1233-52 123S.65 1237.05 1240.57 0.219125 17.80 55.18 26.42 2.15

1 104611.7" 800 800,00 1233.52 1235.39 1236.56 1239A7 0.21\462 1&..22 49.33 25.42 2,09

I
1 10465.9' 1000 ds lUOO,OO 1233.27 1235A3 1236.84 1240.305 0.216839 17.80 56.18 20.001 2.13
1 1046.5..9' SOO 800,00 1233.27 1235..17 1Zl6.36 12:19.26 0.208491 1&..23 49.30 26.00 2.08

1 1()465.1 , 1000 cr. 100U.OO 1233.02 1235..22 1236.63 1240.14 O.212nB 17.01 56.16 25.58 2.12
1 1'046'3." BOO I 800,00 \233.02 1234.95 1236.13 1239,04 0.205573 15.24 4917 2S.58 2.06

I 10464.3' 10DOd> 1000.00 1232.78 1236.01 1236.43 IllS.93 0.20!l431 17.80 56,18 25.10 2,10

1 10464.3' 800 BOO.oo 1232.76 1234.73 1236.92 1238.84 0.2036.50 16.27 49.18 25.18 2.0S

1 10463.6' 1000 eIs 1000.00 1232.53 123-1.80 123&..22 1239.73 0..207063 17.83 Gal0 24.76 2.09
1 10463C 800 800.00 1232.5~ 1234.51 '235.7\ 12:38.64 0:;01811 1&.31 49.0. 24.76 2.04

I 10462.8' lCOOds 1000.00 1232.28 1234.58 1236.01 1239.53 0.205315 17.66 55.98 24..16 2.00
1 10462.0' 600 1 800.00 123<.28 1234.29 1235.49 1238"" 0..100300 16.36 46.94 24.36 2.03

I
1 10462.0' 10ooe':; I 1000.00 lZl2.03 1234.37 1235.60 1239.341 0.203178 17.B1l 55.89 23.9. 2.06
1 10452.0' 800 000.00 1232.03 12.34.07 123528 1238.24 0.196529 16.39 48.82\ 23.!l4 2.02

I "

1 10461-2' 100U Cs 1000.00 1231.78 1234.15 1235.601 1239,14 0101168 17.9.:1 65.79 23.52 2.05

1 10481.2' BOO BOO.OO 1231.78 \233.85 123S.07 1238.04 0,19678. 16A3 46.70 23.62 2.01

I
1 10460.4' 1000m 1000.00 1231.53 1233.9' 1235.39 1238.94 0.19B473 17.9' 55.7BI 23.12 2.04

1 110460.4' 800 BOo.ool 1231.!iJ 1233,63 12.34.55 1237.851 0.195389 16.47 48.561 23.12 2.00

I
1 110459.6' IOOUe':; 1000.00 1231.23 1233.74 123.5,19 1238.741 0.1956:lJ 17.9' 6S.73 \ 22.70 2.02

tiEe RAs Ptan.: Sid I er R:i e '\ R t\;'
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H.f.C.R.AS Plan' SIde U1pe.r" RIver: 1 Read\" , (Continued)

Resch RNerS.. ProNe o Total 1 Min Ch EI W.s.. Elev I DiIW.s. E..G.Bt\I E.G. Slcpe I VefChn\ FlOV'tNeiJ ioo Width I Froude-tS Chi

I (ds) I (Rl (Ill I (~) (h\ (MIl (1t/s) (.q f1) (It) I
1 'll<~.6- BOO \ eoo.ool 1231.2BI 1233,41\ 1234.esl 1237.65 0.193692 16.521 48A3 22.701 1.99

1 I I 1 I
1 110458.9' 1000m 1000.00 1231.()4 t?1".54 1235,00 1226.5< 0.1924611 17.9'1 55.75 22.301 2.00
1 I '045B.9' SIlO 600.00 1231.041 12:33,211 123".451 ':137.'5 0.190952 '6.531 d8Al' 2~01 1.96

1 I I I I I 1
I 1'0468.,- 1000 cis '000,00 1:<30.79 12.33.34 123-l.80 123B.34I 0.16978" 17.951 55.721 21.66 1.96
1 110458.1' 1600 600.00 1230.791 1133.00 123<.2.4 1237.26 0.1693721 16.571 49.211 ll.B6 1.97

1 I \
1 110457.3' j,ooo CIS I 1000.00 12:!0.5< 1233.'3 12:34,601 1238.161 0.1879951 ii.Sa 65.C1 1 21..<a l 1.91, 110457.3' 600 BOO.OO 1230.541 1232,781 1234,04 1237.07\ O.IBllI131 15.6:2 48.12 21.481 '.95

1 I 1
1 1045&.5" 1000ds 1000.00 12.30.29 1232.931 1264AO 1237.961 0.165338 17.991 55,5B 21.06 1,~

1 1,04fiB.S' 600 BOO.OO 1230.29 1232,57 1233,83 1236.8B 0.186494 \6.67 4799 2'.06 1.95

1 1
1 10455.7' 1000 cfs 1000.00 '230.041 1232,'73 1234.20 1237.76 0, 'B2713 18.00 55.55 20.64 1.93
I 104-55.7' 800 600.00 lz.ao.04 1232.36 12:33.63 1236.70 0,164875 '6.72 47.66 10.64 \.93

I 1 I
1 10454.9" 1000 ds 1000.001 1229.79 1232.53 1234.01 1237.5B 0.1810B6 18.04 65.44 20.2.4 1.92
1 10454.9' 800 I 800.00 1229.79 12:12.15 1233.~3 1236.51 0.183515 16.77 47.12 10.24 1.92

I 10454.'- 1000<:1& l000,OD lm.54 1232.34 1233.82 123U9 D.178516 18,OS 65.41 19.62 1.90
1 11ld54.1' 600 eoo.oo 1229.54 1231.9<: 12= 1236.:l:l 0.161919 16.61 ~7.S9 19.B21 ',91

1 I
1 110453,A' 11000 c:b 1000.00 1229.30 1232.15 1233.6< 123; .22 0.176116 18.08 65.321 '9.421 1.99
1 110453.4' 1800 600.00 1229.30 1231.76 1233.04 1236. '4 0,179264 15.5.2 41.06 19.12 Ul9

I
1 '0452.6' 1000 ds 1000,00 1229,05 1231,96 1=.45 12J7.04 0.1742~7 18.09 65.29 19.1l0 \,67

1 '0452.6" BOO 800.00 1229.il5 1231.55 1232.64 1235.96 0.,n646 16.85 47.44 19.00 1,88

I I 1 1 1
1 IH>l51.8" l000ds 1000.001 lm.60 1231,nl 12:33.271 1236.861 0.1718261 18.10 55.26 '8.5BI 1.B5
I 10401.e- 1600 eoo.ool 1228.801 1251.:151 1232.&51 1235.79 0.1759841 16.911 47.321 16.58 1.B7

I I I I I
I \10461.0- I,ooods I 1000.00 1228.651 1231.58 1233.0BI 1236,69 0.170261 16.13\ 55.16 18.16 1.8S, 110451.0' BOO 1 600.001 1228.55 1231.151 1232.451 1235.61 O. t7-<624 \6.96 ~7.'8 18.18 1.85

1 1 \ I
1 10450.2' 1000 cts 1000.001 ln6.:l0 1231.411 12:32.90 1236.511 0.167910 18.14 55.H '7.76 1.81
1 10450.2' 600 I BOo.ool '228.30 123G.95 1232.27 1235.44 0.1728641 16.99 47.0B 17.761 1.84

1 I I \ 1
\ '(1449." l000ds \ 1000.001 1226.05 1231.2.21 1232.72 12.36.34 0.165779 18.15 65.I' 17.36 t.79
1 10449A , 800 800.001 1228.05 1230.76 1232.08 1235.26 0.17t~23 17.04 46.95 17.361 1.6.9

I \ 1 1 I I
1 '0446." l000ds 1 1000.00 1227.80 1Zl1.OS 1232,55 1236.'8 0.1643701 18.191 54.991 '6.941 1.761
1 '0446.7" 800 1 600.00 1227.80 1230.57 1231.89 1235.09 0.169552 17.07\ 4&.861 16.S~1 1.81

I I
1 llJ447.9' lOOOds I 1000.00 1227.55 '230.67 1232.381 1236.03 0.162730 15.21 5ol·901 1•.521 ',,76
1 110447.9' 600 800.00 1227.551 1230.39 1231.711 1234.92 0,1670521 17.08 '6.BS 16.52 1.79

1 '0447." ,000ds 1000.00 1227.311 1230.72 12:12.22 12:35.87 0,160390 16.21 5ol.92 '6,l2 1.74
1 IHI447.1" 1500 600.00 1227.3\ 1230.22 1231.64 '234,7' O.1~9~61 17.06 46.88 '6.12 \.76

I
18.21I, '0446.3' 'OOOds 1000.00 1227.061 1230.56 1232.05 1235.71 0.151l317 54.90 15.70 1.72

\ '0446,s- laoo 800.00 I lZZ7.o51 1230.0~ 12;)1.37 123<.571 0.'61599 17.071 46,115 \5.70 1.74

I I
1 110445.15" 10~Ods I '000,00 1m.811 1230.401 1231.89 1235.55 0.166191 18.21 54.92 15.301 \.69
I '0445.5' BOO 1 800.00 1226.8' I Illi.81 \231.19 '234.401 0.159-1431 17,OB 46.&3 15.30 1.72

I I I I I
\ 110444." '01l0cfs '000.001 1228.561 1230.251 1231.74 1235.40 0, !5:l915 18.20 54.951 1~.B8 1.67, 10#1.7' 800 800.001 1m.561 1229.70 1231.02 '23U5 0.101l031 17.12 46.721 ".58 \.70

I I I I 1 1
1 '0444.' 1000 cfs I 1000.00 1226.31 1230," I 1231.58 1235.251 0,,51ml 1S.19 5"-67\ "A5 \.65
1 '0444'- 800 800.00 1226,311 '229.531 1230.661 1234.101 0.15E6791 11.16 46.61I ,dA8 1.59

I 1 I I I I i
1 10443.? lOBO ds 1000,001 1226.061 1229.981 123\.44 '235.101 0. 1494871 18.\6 65.06 1~·061 1.62
1 t04A~ 160~ 800.001 1226.061 1229.371 12:10.69 'L!~25 0.15018641 n.17 46.581 '4,061 1.66

I I I I I 1 I
1 110442.4' 11000 cts lcoo.ool 12:25.811 1229.861 1231.301 12301.95 0.1463471 18.10 55.261 \3.641 l.58
" 10442.4' 1800 800.001 '225.811 122923\ 1230.5<1 1233..50 0.1524 59\ 17. ,61 46.61 t3.641 l.641

1 I I I 1 I 1 I 1
1 110.14'.6' '000 ds '000.001 1225,57/ 1229.nl 123'.17 1 123<.601 0. '4117~8 18.00 55.57\ 13.24 - 1.55
1 1'0... 1.S' 1800 I BOO.ool 1225.511 1229.101 1230.391 123:;.061 O.HG;S1 17.13 46,69 \3.24 1.61

I I I I 1 I I
1 10440.8' 1000 ds I 1000.001 '225.32 1229.691 1231.05 123'1.6'\ 0.136691 1?ll71 55.9& 12.8:2 1.5\
1 10440.6' 800 800.00 1225.321 1228.971 1230.251 '22:3.511 0.147194 17.10 46.n \2.82 i,S8

I I I I I I I 1 1 I I
I 110440.0' '000 cfs 1000.001 1225.071 ,m,621 1230.911 1234.491 o.,:><ml 17.721 56.45 12'<2 lAS
I 10440.0' 600 800.00 1225,071 12211.6"1 1230.10 1233.371 0144853 17.071 48.66 '2.~2 1.651



HEe-RAS Plen.: Slda laDe,· River: 1 ~Cr1" t (ConUnued)

ReBC" Rjytlt Sla. Protilo Q1""" I MlnCh8 I W.S. Be" C~IW.S. E..G.EIev E.G. Slope ve:JChnl RewArM Top Width Fr'oude#Chl

(ds) (ft) (ft) (It) ml (MIl (M) I~Q ttl (tt)

I 1
1 10439.29 WOOd' 1000.00 1224.82 1229.47 1230.611 123'.45 0.00li813 17.;3 55.78 12.00 1.J7

1 10439.29 800 800.00 1224.82 1220.67 1229.98 12:>3..:13 0.007392 17.34 48.14 12.00 1.56

1 I
1 1ll410.29 11000d& 1000.00 1224.BOI 1231.55 1231.55 1234.96 0.004113 14.81 67.5' 10.00 1.00

1 10410.29 1800 800.00 1224.80 1230.62 1230.621 1233.55 o.aOJIl70 13.75 58.101 10.00 1.00

I I
1 10414.04 11000 eft I 1000.00 1224.70 123U7 I23U31 \234.94 0.004211 1~.95 66.89 10.001 1.()2

I 10414.04 IBOO I 300.001 1224.78 1230.60 1230.60 12:l3.531 0.003670 I 13.751 58.18 10.001 1.00

I I I I 1
1 1!l!l89.0< /10ODds I 1000.00 I 1223.191 1229.941 '229.94 1233.35 0.00<112 14.61\ 67.521 10.001 1.00

1 19989.04 \800 I 600.00 12:23.191 lno·!T71 1229.01 1231.551 0.tl0J9-;71 13.65 57.751 10.001 1.02

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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0100216 Plan: Side Laper + Uniform slope - nc 6/1/2010

Geom: Side taper and uniform slope - nc
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Baffle Sizing

Job Number:

Engineer:

Date:

10·0216
KAR

5/28/2010

Cells In green require input

Variables:

Manning's n of culvert without elements:

B (width of chute)

D (welled depth)

L/h (length of element divided bV height)

Lr/P

n,/n (From Figure VII-C·81

n,

So (stope of chute)

C
h (height or elements)

V, (guess V, so I hat Q: o,'''''r.'')
A,

R,

Q

v,
y

V" (no/mal depth)

p

CD
A,

V., (normal veloclly)

V" (avg velocity divided by 3)

N (required number of rows of elements)

Length of chute
Spacing of elements

Length of element

0.013
25.36 ft

1.44 ft

10.00
0.50

11.50

0.0585

0.25

12.74
0.27 ft

2.71 ft

68.66 ft '2

1.22 ft
1000 cfs

14.55 fps

62.4

U4 ft
1.911

1.9

6.87 ft'2

21 fp~

5.93 Ips

19 (minimum 51)

5D.7 It
2.7 ft

2,71 ft

= (n,/n)/n

gues5 V, so that Q = Qdesign

= IV.,+V,)/6

= Length of chute/N

=(Ijh)"h

Use L/h:e=lD

C=L 4950 1{ 'nr

A..i~BYi

Ri=A.i/2 (B-LYi)

Q~rll_49fnr)S~/1 lAiRL/ i

V~Q/~

Q =l.94

Co"'1.9
Af~wettect frontal arga of

=8(h) for bottom roug!lnl
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Depth of Flow Wetted Capacity Velocity Froude
Flow Area Perimeter Number

it ft"2 ft cfs fps unitJess
0.25 0.52 3.18 1.1 2.15 0.76
0.38 0.96 3.90 2.7 2.80 0.81
0.56 1.75 4.79 6.4 3.65 0.86
0.84 3.18

,
5.89 15.1 4.73 0.9·j

1.27 5.n 7.27 35.3 6..12 0.96
1.90 10.38 9,02 81.4 7.84 1.00
2.85 18.43 1126 182.8 9.92 1.04
427 32.01 1425 392.0 12.25 1.04
6.41 53.15 18.56 760.2 14:40 1..00
7.90 66.55 21.90 996.8 14.98 0.94
10.00 78.54 31.42 1032.7 13.15 0.73

Pipe

Partial Pipe Capacity

Diameter:
Slope=

'n)=

120 inches
0.0039 fUft

0.013 uniUess

Calculated:
Capacity=

Depth of Flow:
Radius=

Page 1

1032.7 cfs
10.00 ft

5ft
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(:)~~'LOLSSON
ASSOCIATES

TECHNICAL MEMORANDUM

Date: July 10,2010

To: Bobbie Ohler, Project Manager

From: Jeff Ford, P.E.

Project: Old Cross Cut Canal Improvements,
Arizona Canal to Indian School Road

Project No; 2008C013, Assignment #4 (OA Project 010-0216)

RE: STUBOUT EVALUATION

Introduction
The purpose of this memo Is to evaluate constructing a stubout as part of this project for future
collection of stormwater.

Background

As part of this project, the existing irrigation junction and associated pipes are being relocated
by SRP because they are within the construction limits of the proposed storm drain. Several
comments were received to provide a stubout underneath the 24" irrigation pipe to the north to
eliminate the need to support or relocate the irrigation pipe during the future phase of the storm
drain construction. The stubout would provide additional capacity to capture stormwater,
possibility using the existing retention basin as a collection system. The stormwater system
south of the canal is designed to coHect the 1a-year flow of 681 cfs and an additional capacity
of 309 cfs for a total of 990 cfs across the canal. The stubout would provide the additional 309
cts capacity.

Stubout Evaluation

Three stubout configurations were evaluated, as shown in the attached exhibit. The size of the
stubout was assumed to be 60", based on an assumed design flow of 309 cfs and slope of
1.5%. The layout of each configuration was based on physical constraints, such as the
historical eucalyptus trees nearby that need to be protected in place.

-
The foHowing table summarizes the advantages and disadvantages of each stubout
configuration.
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2.97

NA

6.12

2.19

19.79

10.51

13.3523

I-------Ln------I

Available Tallwaler: Elev. t233:od:iNRCS 1-, = L n /3

.MinImum Tailwater - d'2;tt. BafflePier Location - L1~ft.

4.66

21.73 ~~ d~=O.85d2 = 11-17 w F, :54.6 L,=J.5d, =
~ ~ Elev. 1235.84 ~ F1 > 4.6

~_I d~ = 1.4d1F,o.4S = 1.2.03 ::l L, =(1.04+0.10F,)d , =
Elev. 1236.70 BuREC 1-, = O.80d,

INADEQUATE TAiLWATER per Baffle Pier Height - h,tt.
USACE, BuREC w F1 :s 4.6 h = d'l/6

13.14 INADEQUATE TAiLWATER per ~ F1 > 4.6
NRGS :::> h = (0.387 +O.135F,)eI, =

13.14

Comment:

O. Hum 1/2007

HYDRAULIC
JUMP TYPE

BASIN

Basin Floor Elevation: 1224.67;

t5a::
z

From Hydraulic Analysis:

Chute Width, tt = 1--_.......,.-1

Discharge, cis = '---'-_....,

Unit q, cls/ft = ,-.-_~....,

Entrance depth d1 ,ft ='----....,
V"tVsec =

i3
a::
z

Wl.l
Ow
<a:en :J
;:,w

WO
Ow
cl:n:
(/) :::>
:::>m

Sidewall Height - J,ft. Endsill Height - S,ft. BuREC h = (0.59 + 0.17 F, )d , =

SequentDepth - d21tt.

Fraude No. - F1

References: EM 1110-2-1602, Hydraulic Design of Reservoir Outlet WorkS, USACE
EM 1110·2·1603, Hydraulic Design of Spillways, USACE Design of Small Dams. Third Edition, 1987. BuREC
Engineering Monograph No. 25, Hydraulic Deslgn of Stilling Basins and Energy Dlsslpators, BuREC
Engineering Handbood Sec1lon 14, Chute Spillways. NRCS

~ ~ J =Max. lallwateT= B.33 ~ S = h/2 6.68 NRGS h = d)
~ ~ ~ S = smaller d,/2.d,j12 1.08 Sidewall Diver ence - Z,ftIft

~ J = d 2 + d' 15.55 8uREC S= (0.992+ o.056F,}d, 2.69
~ 3 2 NRGS S = O.07d, 0.92 NRGS

Basin Leng1h - LeA Guidance from the Indicated sources. I

I
I

I

I

I
I

I

2.15

Selected Values:

z ~ 3.J'F: ~ 13.9B

C:\Sluff\STM_MAST3.xfs

65.69

52.55

49.79

43.27

30.29
36.78
75.73
80.17

29.41

18.35

39.42
45.98

32.85

52.55

Page 1

La = Kd,Fi u (2 < F1 < 20)
K =1.4 (F 1 < 8) (1 or 2 rows of baffle plefS and endslll)

K = 1.7 (endslll only)

K :: 3.5 (FI < 5) } .
K - 8 0 F (F 5 (Ilat baSin wlo baffle piers & endslll)

- . d) I I»

K = 2.0 { low head broad-crested spillway with 1 or 2
rows of baffle piers and endslll

La - 4.5d,
- F, c.n

as ns w a e piers & en 5 I (3 < \ < 12

La = 3.0d 2 (recommended}
La = 3.5d'l to 4.0d, (for highly erodible outle1 chann91)

L B = 2.5d 2 (for stable "rock" outlet channel)

~ Basins w/o baffle piers &ends ill
La = 4.Od, w 5.Dd,

o I Le Is a Type II (chute blocks & endslll . no baffle piers)
~ funetJon 01 chute blocks. baffle piers & ends III: V,<50
&: F, & dz Type III to 60 tvs; Unit q<200 cfslft.

g
N

'"

::;;
w

I
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10.00

Y, ft
-0.68

"'._ ··"C·

ft!ft
0.2500
Default

1.00

Page 1

I I I
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I

B,OO

.'~ ,0"";-,:,,. ";:':~"

.' )!"

,
I

I

I ,

I
I I

,
, \ ,

X,ft
6,004,00

I I I

Curve Profile

I I I
I

2,00

, I

I

I, ,
,

, ~,

, ,
I I

I
I, ,

I I
-0.80

-0.30

·1.00

-0.70

-{lAO

·0.90

,,{),60

-0,20

,0.10

Elev

1238.17

1237.50
1237_50
1237.50
1237.49
1237.49
1237,48
1237.47
1237.45
1237.45
1237.43 ot: -0.50 I: I
1237.42 ,:

1237.40
1237,38
1237.35
1237.33
1237.30
1237,28
1237.25
1237.21
1237.18

1237.1 5 I -- Vertical Curve - Tangenl Poinl I
1237.11 s . 3 _ Const.anl Slope Ii

1237.07 ,L ---:l=--=-=-=--=en=e=s==========-.__-I
1237,03 Note: The velocity has been increased by 25% (1.25Vsm) In the
1236,98 t . t ., t· . t fl .. f th fI1236.94 raJ8c Dry equation 0 Insure agalns ow separation rom e oar.

1236.89
1236,84
1236.82

0.000
-0,001
-0.003
-0.005
-0.007
-0.008
-0.010
-0.012
-0.007
-0.015
-0.017
-0.019
-0,021
-0.022
-0.024
-0.026
-0,028
-0.030
-0.032
-0,034
-0.035
-0.037
-0.039
-0.041
-0.043
-0.045
-0.047
-0,049
-0.025

y

0,6695

0,0
-0.0009
-0.0037
-0.0084
-0.0149
-0.0233
-0.0336
-0.0457
-0.0525
-0.0674
-0.0842
-0,1029
-0.1234
-0.1459
-0.1701
-0.1963
-0.2243
-0.2541
-0,2859
-0.3195
-0.3549
-0.3923
-0.4315
-0.4726
-0.5155
-0,5603
-0.6070
-0.6555
-0.6B05

x
o

0.20
0.40
0.60
0,80
1,00
1.20
1.40
1.50
1.70
1.90
2.10
2.30
2.50
2,70
2.90
310
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5,10
5.30
5.40

-"':;'~1!j*0Rill:tJllC.(F?IH~P;fv1~EgS':"";;::",,::,,j ~, .. , '. X:Y" "
Entrance Invert Elevation = '123;7,:'50; Max. Allowable Chute Slope =i:'i4;'00~,1,,;,

Entrance Slope,ftlft = :oJQciQ,;, User
Discharge,cfs =,,~)()8'b; Increment for "x" in table and chart, ft = "~~0~'2()"i;'~'
Flow Depth,ft =>,',.,", Note: Increment must be;:: 0,1

Flow Width,ft = ,3~l0@ , Coordinates for tangent point at WhiCh} X, ft
Flow Velocity,ftIsec = ij~1;g;9~~ Max, Allowable Slope is attained 5.40

Unit Discharge,cfs!ft = 30.30

Arcadia AZ Chute Floor Curve.xls

Reference:

EM 111Q-2-1602, Hydraulic Design of Reservoir Outlet Works, USACE (Pg. 5-4, F·4)

EM 1110-2-1603. Hydraulic Design of Spillways, USACE (Pg. 4-5 , E-6)

Equation for Free Trajectory:

gx2
y=-xffine-----~~---

2*(1,25V
jm
ycos 1 e

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Total discharge Ow

Ii
cos B ~.QJ1l,t2~[~-.....

Spillway width w _ It sin B ~~Or2J9a!l7i

Spillway slope e :C" ~ qw [f.MJ~~Jt9.~
Dam height Hd .. :'7.\';~·iIt F( ffi1U,9.ijJ!2.~
Step helqhl h t:i'~lt~jlll k ttG:.97~~f:t$
Slep length I ~.~Ift L t~q7f.X6Z52

Critical depth d. f-iS", .' 9 ftla.~.~.,1!

IIHolde

d.1I1

i .2-0.325 tan B
Is skimming flow? TRUE
Maximum neigh! ot

[~;t~l~~i~listep h< 15dc cos B ik~,1, ,,,~!kl

RHS 0.1193 cos e (sin G)nss (Lf[t) cos e))o 9~ :If;at.56.92I4,

Inception point L i < 9.719 (sin atU/
.., F,o· '"k fl

Depth at inception d/. (0.4034 F (Q."" k)/( (sin 9t"") ft
LengUl to
attainment L u = 8.6 q", 0.7 If[ho.07 (cos EI}0.07 (sin O)O.lB 1 fI

Criteria dclh <MS"

D/1 1.398154

1.-.~ -.' d =do (f./(8 sin e)Jlf-' 1/fm 6.389551
,'".

~,~c·., ;.iI·'~;':\··-" f m 0.156506

3,":' .:' ':' 0 0.252588

Uniform now d w = 0.215 de (sin er'" . 'r.. fh:,~;jLl;'·~1!""""'7. 0.156 C=Blfe II' ;,;.?M~§ n 1.486R ""10 .JU~lt

!:.~~i~:~~~~~: ~:£:~~~~ ·:::.~<ff'01~~~~: 0.103 (1f!:'?4.L~~~ .11.';0,061".' . _c,,,"

~i,f;"!i};,~:;~02~f0~}1~r1~~:L~~ 0.200 ':,(~1z~M ._;~I(:@,~~

r.fi§~gi~'~~~;~lQi~lgWJii/! 0.079507 . ,i2if372 "<0 q;p~~
;r ,--,.,1.,,-

uw=qw ld 22.23 ftls Fr- 3.354669

25.54 ftls 4.130991
20.47 ftIs 2.965446
27.84 tus 4.703296

Y90= d/(1.0) 1.82 ft BL -O.4·Yoo 0.73 h w '" 1.4·yoo 2.55

1.59 ft 0.64 2.22
1.98 ft 0.79 2.77
1.46 ft 0.58 2,04

Sequent depth d~ = 0.5 d (·1+(8F("z+1)u~ ft Basin length =4 d 2 ft
ft
ft

>. .,.~. It

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



~- -- - - - - - - - - - - - - - - - - - -
Total discharge Q,v i~iUiG1D@ ft cos e 'Qi~t,Q2~_6• :i~.~ <,' "~"'·N!>,

Spil\way width II' ~a~~rt~fl sin a i;;eJ2~',9a~7:

Spillway slope 8 "';l'l""mil'~ qw ;151§~~~§~~£;'~_ ·~l

Dam height H d ~~':5\g,~ n F, :~~§~~L
Slep heiqht h _; /,'- '1." 't1; ft k ;;'!il:9.70ggG
Step lenQth I ~~r~mjft L ;t.~'Z~'h67S2

Crl1Jcai depth do I~?!~~§~§~ ft

He/de

dclh

1.2-0.325 tan e
Is skimmina flow? TRUE
IMaXlmum nelgm 01

,~:~?·;~i.f§.Z,step IJ <: 15d c cos e
RHS 0.1193 cos a (sin e)0~9 (Lllh C03 0])°,935 .~1\~.t92~'a

Incepllon point L,= 9.719 (ain (ltO
fl
'" F, u,I

13k ft

Depth at inception d/= (0.4034 F, 0,>9'L k)/( (sin et04
) ft

ILengl.n to
a1tainment L u = 8.6 Qwo.7'lIhO,07 (cos 8)0.07 (sin 8)°.28 J fl
Criteria d./h <: RHS·1

D H 1.999312

i .~ d =do If./(B sin 8)l"" 2.611799 1ITm 6.BB2561

~;~,. 2.395294 f m 0.145295
3.- , 2.905364 C 0.166013
Unirorm flow d IV = 0.215 do (sin Or ,(J 2..136284 j.~ :"", :1 [~:" . " ,,i.'t::l.. ~~'·N ....... 0.145 C= 8ff. III ~O,9[!! n =1.4B6R "'"Ie Qfb,,~~

2 i;;H ~L
-; , c-' 0.112 '??j.~~l O'9I2.-:+' •. - . L

~?"".. l:rj f'fi ~.,..,

,,;-:: :J~ 0.200 \1?i§§~ .,,;.,q;Q~~,ii,.,' . '."' ,
f. ~1!3g i:!,~;3 ~il1 ellf,~t' 0.079507 ,21'1.372 bios9

uw-q,,/d 31.91 fils Fr' 3.479215

34.79 fils 3.961435
28.6B fils 2.965446
39.01 flfs 4.703296

Yao= dl(1-C) 3.13 ft BL = 0.4·yso 1.25 h", = 1.4'Yao 4.3B
2.87 ft 1.15 4.02
3.46 ft 1.39 4.88
2.56 n 1,02 3.59

Sequenl depth d 2 :: 0.5 d (-I+(BFr"z+1)"") ~ .- '. ft Basin length = 4 d 2
,.:<;;; , ; fI

ft
I ft

J;lo'. §' ft



Worksheet for 102" Pipe Free Flow

Project Description

I
I
I

Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Slop::

Diameter

Discharge

Manning Formula

Normal Depth

0.013

0.0050 flirt

102.00 In

800.00 ft'/s

I
I
I

Results

Normal Depth

Flow Area

Welted Perimeter

Top Width

Critical Depth

Percent Full

Critical Slope

Velocity

Velocity Head

Specific Energy

Frouds Number

Maximum Discharge

Discharge Full

Slope Full

Flow Type

GVF 'Input Data

Downstream Depth

Length

Number Of Steps

GVF Output Data

7.49 ft

52.97 ff

20.73 ft

5.49 ft

7.05 ft

88.2 %

0.00546 fIJff

15.10 ftls

3.55 ft

11.04 It

0.86

815.45 ft"/s

758.06 Wis

0.00557 IlIft

SubCritical

0.00 ft

0.00 ft

o

I
I
I
I
I
I
I
I

Upstream Depth

Profile Description

Profiie Headloss

Average End D::pth Over Rise

Normal Depth Over Rise

Downstream Velocity

Upstream Velocity

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

0.00 ft

0.00 ft

0.00 %

88.17 %

Infinity ftls

Infinity Ills

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

I
I
I

6/14/2010 10:53:42 AM

Bentley Systems, Inc. Haerud Methods Solution Center Bentley FfowMa>iler [OB.01.0&6.00J

27 SlemoJlS Company Drive Sufis 200 W Watertown, CT 06795 USA +1.203-765·1 &66 Page 1 of 2

I
I



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

Worksheet for 102" Pipe Free Flow

GVF Output Data

Normal Depth 7.49 ft

Critical Depth 7.05 f\

Channel Slope 0.0050 fUll

Critical Slope 0.00546 flfft

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

I
I

61141201010;6.3;42 AM

BenUey Systems, Inc. Haesbld Methods Solutlon Center Bentley FlowMasler [OB.OHI66.00)

Z7 Slemons Company Drive Suite 200 W Watertown, CT 06796 USA +1·203·758-161>& Page 2 of 2
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I
I
I

Worksheet for 120" Pipe Free Flow

Project Description

I
I
I

Friciion Method

Solve For

·Input Data

Roughness Coefficient

Channel Slope

Diameter

Discharge

Results

Manning Formula

Normal Depth

0.013

0.0039 ftIf!

120.00 in

100000 tr/s

Upstream Depth

Profile Description

Profile Headloss

,'\verage End Depth Over Rise

Normal Depth Over Rise

Downslream Velocity

Upstream Velocity

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

Normal Depth

Flow Araa

Wetted Perimeter

Top Width

Critical Depth

Percent Full

CriUcal Slope

Velocity

Velocity Head

Specific Energy

Froude Number

Maximum Discharge

Discharge Full

Slope Full

Flow Type

GVF Input Data

Downstream Depth

Length

Number Of Steps

GVF .output Data

6J212010 9:41 :21 ANi

7.93 ft

66.75 lt~

21.96 It

8.11 It

7.62 it

79.3 %

0.00424 f!IfI

14.98 ftJs

3.49 fI

11.41 fi

0.92

1110.86 tr/s

1032,68 ff'/s

0.00366 ftIfi.

SubCrilical

0.00 ft

0.00 ft

o

0.00 f!

0.00 Ii

0.00 %

79.25 %

Infinity tus

Infinity ftIs

---------

Bentley Systems, Inc. Haestad Methods Solutlon Center Bentley FlowMaster /08.01.066.00)

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·20.3-755-1666 Page 1 of Z



Worksheet for 120" Pipe Free Flow

GVF Output Data

Normal Depth 7.93 ft

Critical Depth 7.62 ft

Channel Slope 0.0039 fUft.

Critical Siope D.00424 f\Jft

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

&12120109:41:21 AM

-------

Bentley Systems, Inc. HaElStad Methods Solullon Center Bentley FfowMamr [08.01.066.00]

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2
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Worksheet for Exist Flow Condition DS of Gates

Project Description

I
I
I

Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Slope

Bottom Width

Discharge

Results

Normal Depth

Flow Area

Wetted Perimeter

Top Wldlti

Critical Depth

Critical Slope

Velocity

Velocity Head

SpecHic Energy

Fraude Number

Flow Type

GVF Input Data

Downstream Depth

Length

Number or Steps

GVF Output Data

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream VelocIty

Normal Depth

Critical Depth

Channel Slope

Critical Slope

4/8120109:10:53 AM

Manning Formula

Normal Depth

0.015

0.00700 ftItt

33.00 ft

1000.00 ft'fs

2.29 ft

75.67 fl2

37.59 ft

33.00 It

3.06 ft

0.00283 Wit

13.22 ftls

2.71 ft

5.01 It

1.54

Supercrltlcal

0.00 ft

0.00 ft

o

0.00 II

0.00 ft

Jnflnfty ftfs

Infinity f1Js

2.29 It

3.06 It

0.00700 flffl

0.00283 lUff

Bentley Syslerrn;, Inc. Haestad Methods Solution Center Bentley FlowMaJlter (OB.01.066.00]

27 Slemons company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Paflll 1 of
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I
I
I

Culvert Calculator Report
Interim Pipe

Solve For. Discharge.

1.00

73.• 2 cis

1,245.00 ft

Entrance Control

Headv..'ater Depth/Height

Discharge

Tailwaler Elevation

Control Type

1.247.00 ft
1.247.00 ft

1,246.87 It

1,247.00 ft

Allowable HW Elevation

Computed Headwater Elev;

Inlel Control HW Elev.

Outlet Control HW Elev.

Culveri Summary

I
I

I
Grades

Upstream Invert

length

1.244.00 ft
100.00 fl

Downstream Invert

Constructed Slope

1.238.50 ft

0.055000 Nfl

I Hydraulic Profile

Section

Seelion Shape Circular Mannlngs Coefficient 0.013
SecUon Material Concrete Span 3.00 fI

Section Size 36 Inch Rise 3.00 ft

Number SecUons 2

Outlet Control Properties

Outlet Control HW Elev. 1,247.00 it Upstream Velocity Head 0.B6 ft

Ke 0.20 Entrance Loss 0.17 ft

I
I
I
I
I

Profile ComposilePressureProfileS152

Slope Type N/A

Flow Regime N/A

Velocity Downstream 5.17 Ns

Depth. Downstream

Normal Depth

Critical Depth

Cri1lcal Slope

6.50 fl
0.99 h

1.97 II

0.005128 ftllt

). - oCt, ~ ~ \pts \C I)~ Ct\A(2hA= I?~

DiJ R. u'-1 (, ~ k-L »P--'-( \,) f

I
I
I
I

Inlet Control Properties

Inlel Control HW Elev. 1,246.87 ft

Inlel Type Groove end projectlng

K 0.00450

M 2.00000

C 0.03170

Y 0.69000

Flow Control

Area Full

HDS 5 Chari

HDS 5 Scale

Equation Form

N/A

14.1 It'

3

I
I
I

f:\projects\010-0216\_wtrs\calcs\arcadla.cvm
06/14/10 10:58:20 Ai:M3entley Systems. Inc.

Olsson Associates Phoenix
Haesled Methods Solution Center Walertown. Cl' 06795 USA

Project Engineer: ddao
CulvertMaster v3.1 (03.01.009.00J

+1-203-755-1666 Page 1 of 1



project:
•••••• h •••••••••••••••••••••••••••••••••••••••••• ........................................................... _ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• _ •••••••••••••• •••••••• •••• h ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

subject
•• • ••~ •••••••••••••• u •••• _ _ ••••••••• ••••••••••••••• _ u ....•.....•....•.....•...•••....••........ •••••••••••••••••••••••••••• , •••••••••••••••••••••••• 0# , •••••••••••••••••••••••••••••••

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

ojsheet

~ h'g.1'.1 DPM)
k

b
~ o,t{' W 4J--t> P&JP

projecl no.:dote:

0\.0LSSON
ASSOCIATES

2..

1-..(&7..Vi. - Q1 VI - ()3 Vj G:;, ft·) + V, 2. <- V'1.

CAl -t- Al-) ~ ~?- J

= '-C~~o)l\ 9,1) - ~8 0( \.,,55') - Q6~) (\ 6~;Was 1';J + 6;" s:0"- - (15,1zly-
( 50/2--1 -+- 5(J,2-.-D (?'2,2..) J-\~2,2.) ~(?2,2J

~ ~ \( ;[
1> b '1-J

hb::- O,q (\ ?>.55}2- ~
2-l J;J2. z..)

TDt-Ov~ loss @ JtlV\G~GY\ = ? ,tl -\- \' l'-J :::

1J~ciDN ~ CAr-tM-.

1
e5 " '1'2-

4

&3'" 2>0'1 &s
V~: \D'93 *)5

(

A) '= ~,2.1 f~l-

(
)

l. ARCAj)lilr
IIII'~

~ (

lJ
f2-"'~ ~I rl :;: '\Co ~

4,')' ~

( £
Q1- '" qqo d's Q\" C:,f)\ cAs

V1- ~ ~~.lO %-/s ~ :: \3.55 %[s
1 z.. A\ = 5'[), 2.1 f+ 'L.51( A;..':. 51),'2.l ft'L.r

drown by:



-

}g v>~ Bf
~ &\:: t Bel cb
~ V~ ~ 4.M ~~
':J ,I" A:> ~ )8,16 ft'"

fL. := q(p" ~ ~ ~ 78 II

« 'C

Q2.-'" ~B\ cJs 0<1 ~ .:t9B~

Vi- ~ 1,.~5 d's V~;: 15,0\.ftb
A"v;;' 50, '2.1 ft~ Al ;;- ~3, l8 ~ 2-

, - :2.-( Q2.V" ~ Q{ VI - Q~ \)3 CDr" 2/)
j >

(}~\ -r 1t2-) J

0\.0LSSON
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Figure 4.7
Bend Loss Coefficient

(University of Missouri. \958)
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General Design Criteria

1) Design Code: AASHTO LRFD Bridge Design Specifications 4th Edttion 2007

2) HL-93 Design Truck Wheel Load of 16 kips

3} One loaded lane with a multiple presence factor of 1.2

4} Concrete Compressive Strength f c == 3,500 psi

5) Rebar Yield Strength fy= 60 ksi

6) At-Rest Equ Iva lent Fluid Pressure EFP = 51 pd

7) Allowable Bearing Pressure == 3,000 psf

8) Subgrade Modulus = 150 pci

9) Coefficient of Friction = 0.4

I
I

structural Design Calculations
Old Cross Cut Canal Improvements
Phoenix, AriZDne O\.OLSSON

ASSOCIATEl
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Transition Structure

The transition structure was designed as a one-way slab since the span ratio is greater
than 2. A two-dimensional stick model was created in RISA to analyze the structure. The
loads applied to the structure included self weight, vertical and lateral earth pressure,
lateral Jive faad surcharge and vertical vehicular live load. The wheel point load was
applied on the top slab and positioned to create the maximum shear and moment in the
slab. The wheel point load was distributed over a 11.22' width with a multiple presence
factor of 1.2 detell1lined according to Art. 4.6.2.10.2. The lane load ;s not considered for
traffic traveling parallel to the span width.

The top slab and wall corners were modeled with simple shear connections, while the
waH-ta-footing connection was modeled as a rigid moment connection.

Strength I combination governs for buried structures. For a rigid buried structure, 1.3
was used for the vertical earth pressure load factor, 1.35 was used for the at-rest
horizontal earth pressures load factor, and 1.75 was used for the live load factor. The
concrete shear strength for the top slab was modified according to Art. 5.14.5.3. The
strength reduction. factor for shear is taken as 0.85 for buried CIP concrete structures.

The same flexural reinforcing in the bottom of the top slab was used in each direction
using the maximum moment from either direction. The maximum shear was
conservatively taken at the support. •
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I TRANSITION STRUCTURE DESIGN

010-0216

I
I
I'
I

I

I
I
I
I
I
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ro

R.c. concrete sections are designed accordlng to AASHTO LRFD 2005. Design is based on a per foot of length basIs. Fill
height Is measured from grade co the bottom of the CDp slab of the box.

MATERIALS BOX DrMENSIONS

Concrete Strength ~ 3.5 ksi Wall Thickness TW 12.0 InIe

Cone. Mod. ofElast. Ec 3,587 ksl Top Slab Thickness IT 12.0 In

Stress Block Coeff. ~I 0.85 Top Slab Width 8T 12.00 ft:

Rebar Strength fy 60 ksi Bot Slab Thickness T8 12.0 in

Steel Mod. of Elast. E, 29,000 ksl Bot Slab Width BB '12.67 ft

Modular Ratio n 8.1 Total Height H 14.00 ft

,.,
PARAMETERS

~"t !':~Design Span S 10.00 It

RIse R 12.00 IT :: I

Fill hi 10,55 ft

Footing Offset d 0.33 ft

SOJLDATA
I
I.. 'lJ

At-Rest- Drained - Cohesive 5011

$oilWt. y, 115 pcf

Eq. Fluid Density y" 51 pcf

~

I _:.

DEAD LOADS '"
Component No. Height (ft) Length (It) Width [It) Area err) Wt (peD Wt (kilt)

Top Slab 1 1.000 12.000 1.000 150 1.800

Walls 2 1.000 12.000 1.000 150 3.600

Bottom Slab 1 1.000 12.667 1.000 150 1.900

Earth Fill 1 1.000 129.633 115 14.908

Water PlU 1 4.000 10.000 1.000 62.4 2.496

Concrete Fill 1 5.500 10.000 1.000 150.0 8.250
Additional Wt. 0.000

Total 32.954

LIVE LOADS
The equivalent strip width for fill > 2' is calculated aexortllng to Art 3.6.1.2.6 and for fill < 2' Art. 4.6.2.10 Is used. The tire
contact \vidth of 20· Is also raken into account in calculating the distributed live load. For box culvert loading, only one
loaded lane is considered. however the multiple presence factor of 1.2 still applies.

I
I
I
I
I

Wheel Load - Traffic Parallel to Span
Total Span Length L

Actual Fill Height hr.

Fill Height <: L· Must Include Liye Load

Axle Load P
Impact Factor 1M

Distribution Width E.paII

Wheel Load w

12.00 ft

9.55 it

16.0 k

0%
11.22 ft

0.153 ksf

Surcharge - Hol"l. Loads Only

Soil Height

Hon. Pressure

h,

P

2.0 ft

102 psf

4



STABILITY

010-0216
rb

For the live load bearing pressure. the wheel load applied to the top slab Is distributed over the bearing area without an increase due to
impact Forces resistlng buoyancy include the bOl[ self weight and soli weight above the box. Based on the preliminary geotechnical
report, dated March 30th, 2010, complered by Alpha Georechnlcal and Materials, Inc.. no ground'"vater was considered as part of the
design. Stability calculations are based on a one foot strip width.

I
I
I

BEARING CAPACITY (SERVICE LOADS)

Bearing Area Aq 12.67 ~

DL Bearing Pressure tlOL 2,602 psf

l..L Bearing Pressure gil. 135 psf

Bearing Pressure q 2.736 psf

AlL Bearing Pressue q.1I 3.000 psf

Utilization Ratio q/q.Il""'il~li:~Of{

BUOVANT FORCES

Depth co Bot Slab

Groundwater Depth

Buoyant Porce

Self Weight

Factor of Safety

'Z 23.55 ft

z,. 0.00 ft

Pb 10.S k

P., 22.2 k
~"~~v,~~

FS f u~o;;i,,~~1 OK::> 1.1

5
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I

Designed as a simple span slab with the dear span length used to calculate forces. Strength I combinatlon governs for buried strucrures.
For a rigid buried structure, 1.3 is used for vertlcal earth pressure. Concrete shear strength Is modi fled according to 5.14.;.3. Strength
reduction factor for shear is taken as 0.85 for buried CIP concrete structures.

TOP SLAB DESIGN
010-0216

rb

Use #6 @ 8 In. Spa.

0.150 ksf

1.098 Icrf

0.153 ksf

M, '17.8 k·ft/ft

f" 34.8 Icr!

d" 2.38
~$ 1.35

Yc 1.00

S ~~~~~;.
mOl:!; tt~,::il.~~'- iJ:l::J..~ In

Mu 23.8 k'ft/ft

<lJMn 26.9 Ht/ft

Mu / 4>M.~!ii~I@:ij!i OK

Art 5.8.3.3

Vu 9.5 k/ft

¢V, 15.0 k/ft
V / ¢v U!1;).(I,\~'f;:i[&63iOK

\l ct~~:~'.!:,;.~~

Service Moment

Service Stress in Reinf.

Pactored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

Concrete Cover

Clear Cover Pactor

Exposure Factor

Max. Spadng

Moment Capacity, Art 5.7.3.2.1

Pactored Ultimate Load

Reduced Nom. Cap.

Utili2atioD Ral10

LOADS (Service)

Self Weight

SoH Load

DisO'. Live Load

Strain Calculal10n

E:xtr. Tensile Strain E, 0.0191

MIn. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Ma 19.9 k·ft/ft

1.33 x Ult Moment l.33Mu 3L7 k·ft/ft

Min. Moment Capadty Mmln~~'ii'~~idt/ft

Temp & Shrink· Art 5.10.8
A ~""~. ·-';'~o''fiifJf· 2Min. Area of Steel "'<min ro!t!""';:.~~ 10 /ft/face

Crack Control· Art 5.7.3A

0.85

12.00 in

9.63 in

17.6 k/fl:

12.00 in

dl 0.90

b 12.00 In

h U.OO in

c, 2.00 in

#6 I±:
8.0 [bin

db 0.75 In

ft.., 0.66 In2/ft
d 9.63 In

a 1.11 In
1.30 In

'1'. 1.0

'1', 1.0

Ld 18 in

Art 5.14-.5..3

dl

bv
d.,

'IT

FLEXURE [BOTTOM BARS)

Parameters

Reduction Fdetor

Width

Height

Clear Cover

Bar Size

Spacing

Bdr Diameter

Area ofSteeJ

Steel Depth

Eq. Stress Depth

Neutral AxJs Depth

!qlacing Limit· Art 5.10.3

Min. Clear Spacing

Acrudl Clear Spacing

Max. Spacing

Development Length, Art 5.11.2.1

Epoxy ModIfier

Top BOlT Modlfler

Development Length

PARAMETERS

Slab Tl-Jckness

SHEAR

Reduction Factor

Width for Shear

Steel Depth for Shear

Conc. Shear Strength

I

I

I

I

I

I
'I

e

I
i

I
I
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I

Designed with a simple connection to the top slab and a rigid connection co the bottom slab. Clear span length is used co calculate forces.
Strength I combination governs for buried stTUetl.lres. For a rigld burled sOLlccure, 1.35 is used for at-rest horizontal earth pressur~.

Ma'Cimurn shear Is taken at the face of the bottom slab. Axial load Is not taken into consideration.

WALL DESIGN
010-0216

rb

PARANETERS LOADS (Service)

Outer Wall Thickness 1W 12.00 In !>arth f>ress. @Top PSH 0.538 klft

Span Length L 12.00 ft ~arth Press. @ Bot. PEH 1.150 kif!
Point of Cancraflexure x 2.54 ft LL Surcharge PIS 0.102 k/ft

SHEAR

Reduction Factor

Width for Shear

Steel Depth for Shear

Cone. Shear Strength

Art. 5.8.3.4.1

<l>

bv

dv

V.

0.85

12.00 In

9.63 in

13.7 k/ft

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

Art 5.8.3.3

V. 10.6 k/ft
<!lV, 11.6 kilt

V I cf>V !17'" ';l'iR;'l'O"iHii'f
LJ c:~~~~it~';\%~;~~';' OK

I,
I
I
I

I

I
I

I
i

I
I

M, 9.8 k·ft/ft

f" 23.6 ksl
d, 2.38

~, 1.35

y, 1.00

S..... '~~~I~ljn

Mu 13.9 k-ftjft

<PMn 21.8 k·ft/ft
M I 4JM lr,ogi!l1liWtro~OK
Ut1·mrt.\::n:'~~:..:!: ..

Service Moment

Service Stress In Relnf.

Concrete Cover

Clear Cover Pactor

Rxposure Factor

Max. Spacing

Moment Capacity· Art 5.7.3.2.1

Factored tntlmate Load

Reduced Nom. Cap.

UttJi2aciOD Ratio

Stral.n Calcu1ation

Extr. Tensile Strain £, 0.0247

Min. RelnforcemeDt - Art 5.7.3.3.2

1.2 x Cracldng Moment 1.2M.,. 19.9 k·ft/ft

1.33)( Ult Moment l.33M" 18.5 Ht/fr

Min. Moment Capacity Mmla~~l;~~lj11li~k·ft:/ft
Temp & Shrink - Art 5.10.8

Min. Area of Steel A..nun~~~m in'/ft/face

CrackCoDtroI • Art 5.7.3.4

4> 0.90

b 12.00 In

h 12.00 in

c, 2.00 in

#6EE
10.0 l:ijin

dh 0.75 In

A. 0.53 In'lft

d 9.63 In

a 0.89 tn

c 1.04 In

Use #6 @ 10 in. Spa.

\fl, 1.0

'P, 1.0

Ld 18 In

FLEXURE (lNSIDE FACE)

Parameters

Reduction Factor

Width

Height

C1egrCover

Bar Size

Spactng

Bar Diameter

Area of Steel

Steel Depth

Eq. Stress Depth

Neutral AxIs Depth

Spacing Limit - Art 5.103

Min. Clear Spacing

Actual Clear Spacing

Max. Spacing

Development Length· Art 5.11.2.1

Epoxy ModifIer

Top Bar Modlfler

Development Length

I
I
I
I

7

I



Strain Calculation

Extr. Tensile Strain E, 0.0247

Mlo. Reinforcement· Art 5.7.3.3.2

1.2 x Cracking Moment 1.2M" 19.9 k·ft/ft
1.33 x Ulr. Moment 1.33M, 23.1 k·ft/ft·

Min. Moment Capacity Mtnlo [S}i:.Sf:',~1J:; k-ft/ft
Temp & Shrink· Art 5.10.8

Min. /\rea of Steel A..mJn~~:'Sf~ in 2/ft/face

Crack Control - Art 5~7.3.4·

M, .12.7 k-ft/ft
f", 30.7 ksi

dc 2.38

~, 1.35

Yc 1.00

5 ;l!11·~.;)f1l:"li:~pi[["~\ inm:Ul v!J!.i~~~

Mu 17.4 k·ft/ft

<t>Mn 21.8 k·ft/ft
Me I <1> Me l1:"~~i.YlffBOJ DK(l'.L~.I;':'~~

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Faeror

!>xposure Pattor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom. Cap,

Utill.7.atlon Ratio

<t> 0.90

b 12.00 in

b 12.00 in

Cc 2.00 in

l~.~§ln
db 0.75 in

A, 0.53 in'lft

d 9.63 In

0.89 in

c 1.04 In

Use #6 @ 10 In. Spa.

4', 1.0

'fI, 1.0

L.! 18 in

PLEXURE (CORNER BARS)

Parameters

Reduction Factor

Width

Heighr

Clear Cover

Bar Size

Spacing

Bar Diameter

Area of Steel

Sreel Depth

Eq. Stress Depth

Neutral Axis Depth

Spacing Limit - Art 5.10.3

Min. Clear Spaclng

Ae:rual Clear Spacing

Max. Spacing

Developmeot Length - Art 5.11..2.1

Epoxy ModJfier

Top Bar Modifier

Development Length

I

I
I

I
I

t
I
I
I
I
I
I
I
I
I
I
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FOOTING DESIGN
010-0216

rb

I
I

Designed with rigid connections to tne walls for flexure In the comers. The maximum moment and shear are taken from the RlSA
analysis. Loads are appUed to the top slab and transfered Into the footing. The subgrade modulus is taken as 150 pd.

PARAMETERS
Footing Thickness T8 12.00 In I

SHEAR

Reduction Factor

Width for Shear

Steel Depth for Shear

Cone. Shear Strength

Art. 5.14.5.3

<1J

b.

dv
Vc

0.85

12.00 In

9.69 in

13_7 kjft

Art 5.8.3.3

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

I

I

I
,I

I
I

I
I

7.7 k·ft/ft

31_2 ksl

2.31

1.34

1;00

Me 9.6 k-ft/fr

.;>Mn 13.2 k·ftjft

M" / ¢MD~%j~§OK

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capadty - Art 5.7.3.2.1

Factored Uldmate Load

Reduced Nom, Cap.

Utill2adoo Ratio

Strain Calculation

Em. Tensile Strain £, 0.0444

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracldng Moment 1.2Mcr 19,9 k·ftjft

1.33 x Ulr. Moment 1.33Mu 12.8 k,ftjft
~":r,;"MI@I'

Min. Moment Capacity M"Il>I'~~~1i2~S.k-ft/ft
Temp & Shrink -ArtS.10.S

Min. Area ofSteel As""ln ~~1ii:."~jn21ft/face
Crack Control- Art 5.7.3.4

13 in

1.0

1.0

0.90

12.00 In

12.00 In

2.00 in
# Sl'_~~:

12.0ttJin

0.63 in

0.31 in'/ft
9.69 In

0.52 in

0.61 in

Use #5 @ 1'2 In. Spa.

c

<1J

b

n

FLEXURE (TDP BARS)

Parameters

Reduction Faeror

Width

Height

Clear Cover

Bar SIze

Spacing

Bar Diameter

Area of Steel

Steel Depth

Eq. Stress Depth

Neutral Axis Depth

Spacing Limit - Art 5.10.3

Min. Clear Spacing SmJn 1.50 in
o;~~~'""'::."'.t .~.

AcI1Jal Clear Spacing S'lr£%"'iJ~trl~"R: in
Max. Spacing SOU>( 12.0 in

Development L.ength - Art 5.11.2.1

Epoxy Modifier

Top Bar Modifier

Development Length

I
I
I
I
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I

0.0247

M, 12.7 k·ft/ft

fs> 30.7 ksJ

~ 2.3B

~, 1.35

Yo 1.00

S r~p~~min
m~ ~~,:a.':"';'::'~lIo~'i'

Strain Calculation

E.xrr. Tensile Strain

Min. Reinforcement· Art 5.73.3.2

1.2 x Cracldng Moment 1.2MO' 19.9 k·ft/ft

1.33 x Ult Moment l.33M u 23.1 k·ft/ft

Min. Moment Capacity Mm r;""'~",,:,,;:l.~ k·ft/ft
Temp &. Shrink - Art 5.10.8

Min. Area ofSteel

Crack Control- Art 5.7.3.4·

Clear Cover Factor

Exposure Factor
Max. Spacing

Moment Capacity· Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom. Cap.
Utllizatlon Ratio

SeJVice Momenr

SeJVice Stress in Relnf.

Concrete Cover

1.0

18 in

1.0

10.0 In

0.7S In

0.53 in'1ft
9.63 in

0.89 in

1.04 In

Use #6 @ 10 in. Spa.

c

a

¢ 0.90

b 12.00 In

h 12.00 In

Cc 2.00 in

#6

A.
d

FLEXURE (CORNER BARS)

Parameters

Reduction Parror

WIdth

Height

Clear Cover

Bar Size

SpacIng

Bar Diameter

Area of Steel

Steel De!Jth

Eg. Stress Depth

Neucral AxJs Depth

Spacing Limit - Art 5.10.3

Min, Clear Spadng SmJ:, 1.50 in

Actual Clear Spacing ScI'£~~~in

MaY~ Spactng Sl!WC 12,0 In

Development Length· Art 5,11,2,1

Epoxy Modifier
Top Bar Modlfler

Development Length

'I
I

I

I

I

I

I

I
I
I
I
I
I
I
I
I
I
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Transition Struct. Quantities

I
I
I
I
I
I

Project Name:

Project Number:

Analyst:

Date:

Summary

;\rcadia

010-0116

RB
8/1/2010

Concrete
Reinforcing

48.5 ydJ

8,173.8 Ib

I
I
I
I
I
I
I
I
I

I

Concrete
Total 48.5 yd3

1

LocofiDn/Descriprion Amount Height Length Width Area Volume
Top Slab 1 1.00' 28' 12.00' 336 ft3 12..4 yd'

-1 1.00' 12.57 ftl Oft' 0,0 yd'
Walls 2 12.00' 28' l:GG' 672 ft3 24.9 yd3

2 12.00' 10' 1.00' 240 ft3 8.9 yd'
Minus 120 "Pipe -1 l' 113.10 ft2 -113 ft3 -4,2 yd'
Minus 102 "Pipe -1 l' 82.52ft2 -83 ft3 -3.1 yd3

Minus 10XI0 Box -1 l' 253.00 ftl -253 ff -9.4 yd'
Footing 1 1.00' 28,667' 12.667' 363 ft3 13.4 yd3

flll et 2 28.667' 2.33 ft' 134ft3 5,0 yd3

MH Base 1 l.oOO' 15.71 ft' 16 ft· 0.6 yd'

i4
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Reinforcing I'Total 8,173.8Ibl

Location/Description Mark Amount Length
Weight.ft. in. ITop Slab

Longs.-Top 4 13 27' 8.00" 240.261b

l..ongs-Bot. 4 13 27' 8;00" 240.261b ITrans.-Top 4 28 11' 8.00" 218.211b

Trans.-Bot. 6 46 1.1' B.OO" B06.071b

Dowels 4 96 4' 0.00" 256.511b

I
at MH-Dowels 4 16 2' 4:.{)O" 24.941b

at MH-Stirrup 4 1 15' :850" 1o.491b

Iat MH-Bars 6 16 6' 0.00" 144.19Ib

Wa'ils

IShort Walls

Horz. 4 48 11' 8.00" 374.0B Ib

.LF. Verts 6 29 ,11' 1'0.00" 515.441b

Ia.F. V-erts 4 29 n' 10.00" 229.24 fb

I.F. Dowels 6 29 S' 7.0IJ" 243.201b

O.F .• Dowe.ls 6 29 7' 7.00" 330.311b

18" pipe trim 5 oS '5' 6.00'" 45.891b ILong Walls

Horz.-box side B 2 27' 8.00" 147.741b

II.F. Verts-box. side 6 34 l' 6.00" 76.601b

a.F. Verts-box side 4 3'4 l' 6.00" 34.o71b

Box dowels 4 28 l' 6'.00" 28.061b

Horz"pipe side B 2 27' 8.00" 147.741b IHorz.-pipe side 4 22 20' 0.00" 293.921b

I.F. Verts-pipe side 6 32 12' 10.00" 616.82 ib

a.F. Verts-pipe side 4 32 12' :10.00" 274.331b ICorner Bars 4 48 4' 0:00" 128.26 Jb

lirimBars 6 16 8' 0:00" 192.261b

I.F. Dowels 6 8 5' 7.00" 67.091b Ia.F. Dowels 6 8 7' 7.00" 91.121b

Footing

Longs.-Top 5 13 28' 4.00" 384.171b ILongs-Bot. 5 13 28' 4.00" 384.17Ib

Trans.-Top 7 58 9' 8.00" 1,146.00Ib

Trans.-Bot. 4 29 9' B.Oo" 187.261b

·1Deep footing Trans. 5 29 5' 7.50" 170.141b

Deep footing Longs. 4 6 27' B.DO" l1o.89lb

Box Dowels 4 14 I' 6,00" 14.031b

I
i
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Inlet Structure

The inlet structure sidewalls were modeled as a cantilevered retaining wall. The
maximum retained height for each section was used for design; 26'-3n for Wall Type 1,'
and 25' for 'Wall Type 2.' For stability, the bearing pressure, buoyant forces and
overturning forces were checked. The wa{ls are considered restrained from sliding due
to the continuous footing betl,veen the two walls. The stem, heel, and toe reinforcing
were designed on a per foot basis according to AASHTO LRFD Specifications.

Reinforcing for the footing slab for Wall Type l' was based on a RISA analysis to
determine the bending moment in the siab, based on a 12' distance between the stems.
A similar method was used to determine the maximum bending moment for Wall Type
2,' with a 16.5' distance between the stems.

The inlet box at the transition between 'Wall Type l' and the 120n CIPP, was designed
as a one-way slab. A two dimensional model was created in RISA to analyze the
structure. The loads applied to the structure include self weight, vertical and lateral earth
pressure, lateral live load surcharge, and vertical vehicular live load. The wheel point
load was applied on the top slab and positioned to create the maximum shear and
moment in the slab. The wheel point load was distributed over the entire top slab width
with a multiple presence factor of 1.2, determined according to Art. 4.6.2.10.2. The lane
load is not considered for traffic traveling parallel to the span width.

The top slab and wall corners were modeled with simple shear connections, while Ihe
wall-to-footing connection was modeled as a rigid moment connection. The maximum
shear was conservatively taken at the support.

Strength 1 combination governs for buried structures. For a rigid buried structure, 1.3
was used for the vertical earth pressure load factor, 1.35 was used for the at-rest
horizontal earth pressure load factor, and 1.75 was used for the live load factor. The
concrete shear strength for the top slab was modified according to Art. 5.14.5.3. The
strength reduction factor for shear is taken as 0.85 for buried CIP concrete structures.

To divert loads away from the 120· CI PP, a beam was added and supported on columns
in the corners of the walls. Similarly, a beam was created at the front face of the top slab
to carry the additional vertical load from the parapet.

The parapet was designed as a two-way slab; a plate fIXed at the bottom, as well as
each side, and free at the top.

,I

I

Structural Design Calculations
Old Cross Cut Canal Improvements
Phoenix. Arizona CY\OLSSON

ASSOCIATE!
16



MATERIALS SOIL DATA
Concrete Strength f, 3.5 ksi At-Rest - Drained· Cohesive SoH

Cone. Mod. ofElast E, 3,602 ksi Soi!Wt. ,. 115 pef

Stress Block Coeff. ~l 0.85 Eq. Pluld Denslry Yoq 51 pef

Rebar Strength f1 60 ksl

Steel Mod. of Iilast E, 29,000 f.-.si

Modular Ratio n B.1

PROJECT DIMENSIONS

Wall Dimensions Footiog Dimensions

Design Wall Height H 26.25 It Dlst from Wall to Wall S 12.00 ft

Stem Thick @ Top 24 In. Heel Length d 5.00 ft

Stem Thick. @ Bottom 39.00 In. Bot Slab Thickness 18 42.0 In

Bot Slab Width BB 28.50 ft

DEAD LOADS
Component No. Height (ft) Length (ft) Width [tt) Area (tt1 Wt (pel) Wt (k/ft)

Walls 2 26.250 2.625 1.000 150 20.672

Bottom Slab 1 3.500 28.500 1.000 150 14.963

Earth Fill 2 26.250 5.000 1.000 115 30.188

Water Fill 1 4.000 12.000 1.000 62.4- 2.995

Concrete FIJI 1 0.000 12.000 1.000 1$0.0 0.000

Additional Wt. 0.000

Total 68.817

RC concrete sections are designed according to AASHTO LRFD 200S. Design 1s based on a per foot of length basis. Fill
height Is measured from grade to the top of the apron slab.

LrvE LOADS
Live Load to be considered includes surcharge on horiZontal pressure equal to a quantity of addltional flU. A Live Load
pressure Is considered to act on the apron slab.

INLET STRUCTURE DESIGN - WALL TYPE 1
010-0216
rb
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300 psf

Surcbarge -Vertical on Apron Only

Vertical Pressure p3.0 ft

153 psf

h,

p

Surcharge - Horz. Loads Only

SoH Height

Ho",. Pressure



For the live load bearing pressure, the wheel load applied to the top slab is distributed over the b~ring area without an Increase due to

Impact. Forces resisting buoyancy Include the boy. self weight and soH weight above the box. The groundwater is assumed to be at

I
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STABILITY

010-0216
rb

BEAJUNG CAPACITY (SERVICE LOADS)

Bearing Area 1\ 28.50 ttl

DL Bearing Pressure qOL 2,415 psr

LL Bearing Pressure lili. I 126 psf

Bearing Pressure a. 2,541 psf

All. BearIng Pressue qoJl 3.000 psf
M'~r·~"~:{i~

Factor ofSafety FSt;;'2i\~~..:?.'OK

BUOYANT FORCES

Depth to Bot Siab

Groundwater Depth

Buoyant Force

Self Weight

Factor of Safety

1. 29.75 ft

1.w 0.00 ft

Ph 29.7 k

Pw 65.B k

Fs~;t,,~~~~; OK > 1.1

18
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Cantileverd wall designed with a rigid connection to the apron slab. Strength J combination governs. The load factor for at-rest lateral earth
pressure Is 1.5 and for 2ctlve lateral earth pressure is 1.35. COE recommends an addItional load iactor of 1.3 for all loads on hydraulic
structures. MaxJmum shear is taken at the face of the support.

WALL DESIGN
010-0216

rb

Art 5.8.3.3

VII 30.8 kilt

(1lV, 4.4.0 k/ft

V I epV f~r,i:~11~~)·ol{u ct~~'l:i~ ••'"

PARAMETERS
Stem Height

Top of Stem Thickness

Stem Batter

Stem Thick. @ Bottom

SHEAR

ReductJon FaCTOr

Width for Shear

Steel Depth for Shear

Cone. Shear Strength

H

TW

Art. 5.8.3.4.1

<lJ

b.

d.
v,

26.25 ft

24.00 In

M~

39.00 In.

0.85

12.00 In

36.37 in

51.8 k/ft

LOADS (Service)

Earth Press. @ Bot

LL Surcharge

Factored UltJmate Load

Reduced Nom. Cap.

Utilization Rado

PEn

pu

1339 kif!

0.153 k/ft

I
I
I
I
I
I

Strain Calculation

Extr. Tensile Strain £, 0.0189

Min. Reinforcement· Art 5.7.3.3.2

1.2 x Cracking Moment 1.2MtT 211.5 k·ft/ft

1.33 x Ulr. Moment 1.33M" 398.7 k·ft/ft

Min. Moment Capacity Mmini¥·:~~W~ "~~k·ft/ft
Temp & Shrink- Art 5.10.8

Min. Area of Steel A..mIn'~'~~in 2/ft/face

Crack Control - Art 5.7.3.4

Deflection a
Deflection Limit 0.002H

At-Rest Lateral Earth Pressure

I
I

I

I
I

I

I
I

I

0.33 In

0.58 In

M. 206.5 k· hilt

f.. 27.6 ksi

de 2.64-
P. 1.10

y, 1.00

S INiZ;~r.'f~;;·
m:&x ~'':i~111ilr~~~~~In

Service Moment
Service Stress in Reinf.

Concrete Cover

Clear Cover Pactor

~osure Pactor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

lP 0.90

b 12.00 in

h 39.00 in

c, 2.00 in
r~l

#.10~

6.0 l±Jtn
db 127 In

As 2.54 In 2/fr
d 36.37 In

a 4.23 in

4.98 In

Use #10 @ 6 in. Spa.

\fI, 1.0

\fI, 1.0

Ld 51 in

c 9.89 In

If 48,090 In'

I" 45,205 in4

Mer 105.4 k·ln

I, 48,090 In1

FLEXURE

Parameters

ReductJon Factor

Width

Height

Clear Cover

Bar Size

Spacing

Bar Diameter

Area of Steel

Steel Depth

Eq. Stress Depth

Neutral Axis Depth

Spacing Limit - Art 5.10.3

Min. Clear Spacing

Actual Clear Spacing

Max. Spacing

Development Length· An 5.11.2.1

Epoxy ModIfier

Top Bar Modifier

Development Length

DEFLECTION

Nuetral Axis Depth

Grosslnertla

Cracked Inertia

Cracked Moment

Effective Inertia

I
I

19

I



I

Designed with rlgJd conneetJons to the walls for flexure In the corners. The maximum moment and shear are taken from the RISA
analysis. Loads are applied to the top slab and transfered Into the footing. The subgrade modulus is tdken as 150 pel.

FOOTING DESIGN
010-0216

rb

3.019 k/ft

0.250 kilt

0.300 k/ft

M, 186.1 k·ft/ft

f.. 2B.9 lesl

d, 2.56

~ 1.09

Y. 1.00

s ~.lc·,{idf!~(f£l)\ in
ma.x':':~';};;:..;::;.,~

Mu 273.0 k·ft/ft
¢>Mn 339.9 k·ft/ft

M / CIlM.I~~~~~\ OK
g .. I:b '" ''':d'"!;Ql~vJ

Service Moment

Service Stress In Rein!.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art S.7,3.2..1

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

ArtS.B.3.3

Factored Ultimate Load

Reduced Nom. Cap.

UtHlzadon Ratio

Str.ain C:llculation

Ext!'. Tensile Strain E, 0.0272

Mm. Reinforcement - Art 5.7,3.3,2-

1.2 x Cracking Moment 1.2M", 245.3 k·fl:/ft

1.33 x Ult. Moment 1.33M u 363.1 k·ft/ft

Min. Moment Capacity Mmln ',;~~~1I5$1k.ft/ft

Temp & Shrink - Art 5.10.B

Min. Area of Steel A...mlnli:~:;~ in 21ft/face

Crack Control - Art 5.7.3.4

Loads In Apron (Non-concurrenc)

Pluid Load PFL

Live Loa d Pressure PLL

LOADS (Service)

Loads on Heel

Vertlcal Earth Pressure Pcv

1.0

1.0

40 In

3.92 in

0.85

12.00 In

39.44 In

56.2 k/ft

12.00 IT

42.00 in

5.00 IT

28.50 ft

0.90

12.00 In

42.00 in

2.00 in
: .-1

#9L~1
6.0, : Un

1.13 In

2.00 In!/ft
39.44 Iii

3.33 in

Use #9 @ 6 in. Spa.

c

a

q>

b
h

<;,

TB

d

BB

Art 5.14.5.3
¢>

by

Area of Stee I

Steel Depth

Eq. Stn!ss Depth

Neutral Axis Depth

Spacing Limit· Art 5.10.3.1.1

Min. Clear Spacing Smu. 1.69 In

Actual Clear Spacing S ~~~,~'; '~4Inclrlii.\li;>!i:tl...~
Max. Spacing Sma>< 12.0 in

Development Length - Art 5.11.2.1

Epoxy Modlfier

Top Bar Modifier

Development Length

FLEXURE (Top Bar)

Parameters

ReductJon Factor

WIdth

Height

Clear Cover

BarSize

Spacing

Bar Diameter

SHEAR

Reduction Factor

Width for Shear

Steel Depth for Shear

Cone. Shear Strength

PARAMETERS

Dist. from Wall to Wall

Footing Thickness

Heel Length

Bot Slab WIdth

I

I
I

I

I
I

I

I
I

I
I

I
I

I
I
I
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010-0216

Inlet Structure - Wall Type 1

Strength 1 - Shear

.J!

July 29,2010 at 5:33 PM

Inlet· WALL TYPE 1.r3d
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rb Inlet Structure· Wall Type 1 July 29, 2010 at 5:35 PM
,

010-0216 Service - Bending Moments i Inlel· WALL TYPE 1.r3d
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IR.esul~ IoILC 1., 5tJeflQlh I wi U
MemMr l Bending Mcmllfla:. (k-ft)

.,

IOlsson Associates

1-------------
Inlet Structure - Wall Type 1

Strength 1 - Bending Moments

----------1
July 29. 2010 at 5:35 PM

Inlet· WALL TYPE l.r3d
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lNLET STRUCTURE DESIGN - WALL TYPE 2
010-0216

rb

R.C- concrete sections are designed accordJng to AASHTO LRI'D 2005. Design Is based on a per foot of length basJs. Plil
height is measured from grade to the top of the apron sl<lb.

MATERIALS SOIL DATA
Concrete Strength f, 3.5 ksi At-Rest:· Drained - Cohesive Soil

Cone. Mod. or Elast E, 3,587 ksl SollWt. y, 115 pef

Stress Block Coeff. ~, 0.85 Eq. Fluid Density Yeq 51 pef

Rebar Strength fy 60 ksi

Steel Mod. ofElast E, 29,000 ksl

Modular Rdtio n 8.1

PROJECT DIMENSIONS

Wall Dimensions Footlng Dimensions
Wall Height H 25.000 ft Dist from Wall to Wall S 17.00 ft

Stem Thick @ Top 24 In. Heel Length d 3.00 ft
Stem ThJck. @ Bottom 39 In. Bot Slab Thiclmess TS 36.0 In

Stem Batter 0.6 :12 Bot Slab Width BB 29.50 ft

DEAD LOADS
Component No. Height (ft) Length (It) WIdth (ft) Area (rr) Wt (pst) Wt (k/fl)

Walls 2 25.000 2.625 1.000 150 19.688

Bottom Slab 1 3.000 29.500 1.000 150 13.275

Earth Pill 2 25.000 3.000 1.000 115 17.250

WacerFill 1 4.000 17.000 1.000 62.4 4.243

Concrete Pill 1 0.000 17.000 1.000 150.0 0.000
Additional We 0.000

Total 54-.456

LIVE LOADS

Live Load to be considered includes surcharge on horizontal pressure equal to a quantity of additional fill. A Live Load
pressure Is consldered to act on the apron slab.

I
I
I
I
I
I
I

SUrcharge· Bon.. Loads Only
Soil Height

Han Pressure

h,

P

3.0 IT

153 psf

Surcharge -Vertical on Apron Only

Vertical Pressure p 300 psf

24



Por the live load bearIng pressure, the wheel load applied to the top slab Is distributed over the bearing area without an Increase due to

impact. Forces resiSting buoyancy Indude the box self weight and soH weight above the box. The groundwater is aSsumed to be at

STABILITY

010·0216
rb

BEARlNG CAPACITY (SERVICE LOADS)

BearJng Area ~ 29.50 tY
DL BearJng Pressure qpc 1,846 psf

LL Bearing Pressure qu. 173 psf

BearJng Pressure q 2,019 psf

All. Bearing Pressue q.1I 3,000 psf

FactorofSafecy ps~li!:t~~OK

BUOYANT FORCES

Depth to Bot Slab

Groundwater Depth

Buoyant Porce

SelfWeigbt

Factor of Safety

2 28.00 ft

z... 0.00 ft

Pb 36.7 k

Pw 50..2 k
~~'~'~~'1~~ K

FS@:~i;:~~:t;10 > 1.1
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WALL DESIGN

010-0216

rb

Candleverd wall designed with a rigid connection to the apron slab. Strength I combination governs. The load factor for at-rest lateral earth
pressure is 1.5 and for active lateral earth pressure is 1.35. COE recommends an additional load factor of 1.3 for all loads on hydraulic
structures. Maximum shear is taken at the face of the support.

Art 5.8.3.3

V. 28.2 klft
<l>V, 43.9 k/ft

Vu/~vc~~~~1~~m6~oK
-~- '--~~

I
I
I

Stem Height

Top of Stem Thickness

Stem Batter

Stem Thick. @ Bottom

SHEAR

Reduction Factor

WIdth for Shear

Steel Depth for Shear

Cone. Sbear Strength

H

1W

Art. 5.8.3.4..1

Ql

b.
dv

25.00 ft

24.00 In

0.60 :12

39.00 In.

0.85

12.00 In

36.4-4 In

51.7 k/ft

LOADS (Servlce)

Earth Press. @ Bot.

LL Surcharge

Factored Ultimate Load

Reduced Nom. Cap.

UtiJizatiOD Ratio

PEli

PLS

1.275 klft

0.153 kilt

0.26 in

0.58 in

M, 180.6 k·ftjft

f., 30.5 ksi

d.: 2.56

~, 1.10

y, 1.00

s",,,,.~:;~~ffijin

Deflection Il

Deflectlon Limit O.002H

At-Rest Lateral Earth PreSSure

Strain Calculadon

Extr. TensJle Strain E, 0.0246

Min. Reinforcement - Art 5.7.3.3.2

1.2 x CJ'3cklng Moment l.2M" 210.6 k-ft/ft

1.33 x Ult Moment 1.331'.1. 349.8 k·ft/ft

Min. Moment Capactty M"ih L~liil'jJID k·ft/ft
Temp & Sbrtnk - Art 5.10.8

f ~~~~tl\~~"' 2Min. Area 0 Steel A,...,,1ni~!&~;t~ In /ft/face
Crack Control - Art 5.7.3.4

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored UltJmare Load

Reduced Nom. Cap.

Utilization Ratio

Use #9 @ 6 In. Spa.

'l' 0.90

b 12.00 in

h 39.00 In

c.: 2.00 in

#9~'
6.0 : ~in

db 1.13 in

~ 2.00 in'/ft
d 36.44 In

a 3.36 in

c 3.95 in

'1-', 1.0

lfI, 1.0

Ld 41 In

c 8.95 in

Ig 4B.372 in
,

I" 4-2,859 In'

M" 105.4- k·in

It 48,372 in'

FLEXURE

Parameters

Reductlon Factor

Width

HeIght

Clear Cover

Bar Size

Spacing

Bar Diameter

.4rea of Steel

Steel Depth

Eq. Stress Depth

Neutral A.'<is Depth

Spacing Limit· Art 5.10.3

Min. Clear Spacing 5",lh 1.69 in
;~~/,~-

Actllal Clear Spacing Sur ,!1;"tt;: \~:S~: in

Max. Spadng 5..", 12.0 In

Development Length· Art 5.11.2.1

Epoxy Modifier

Top Bar ModIfier

Development Length

DEFLECTION

Nuetral Axis Depth

Gross Inertia

Cracked Inertia

Cracked Moment

Effective Inertia

I
I

I
I
I

I
I

I
I
I
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Designed with rigld connections to the walls for flexure In the comers. The maximum moment and shear are taken from the RISA
analysis. Lo'ads are applied to the top slab and c.ransfered into the foodng. The 5ubgrade modulus is taken as 150 pcL

FOOTING DESIGN
010-02)6

rb

PARAMETERS
Dist from W.all to Wall

Pooting Thlclmess

Heel Length

Bot Slab Width

TB

d

BB

17.00 ft

36.00 In

3.00 ft

29.50 ft

LOADS

Loads on Heel

Vertical Earth Pressure

Loads in Apron [Opdonal)

Pluld Load

LIve Load Pressure

Psv

PFL

PLL

2.875 k/ft

0.250 kJlt

0.300 kJIt

I
I
I
I
I

I
I

I

I
I

I

I

M, 166.1 k·ft/ft

fn 30.6 ksi

de 2.56
~, 1.11

Yu 1.00
r~li1i'1l:O\'(!i~1

S_Ili'£~~~B~ln

Art 5.8.3.3

Vu 21.8 kJIt

¢lV, 40.3 kilt

Vu J<IlvJ~~i11ID.ii!iOK
n(-~~

Factored Ultimate Load

Reduced Nom. Cap.

UtilUadon Ratio

Service Moment

Service Stress In Reinf,

Concrete Cover

Clear Cover Factor

Exposure Pactor

Max. Spacing

Moment Capacity - ArtS.7.3,2,1

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

Strain CalculatIon

Extr. Tensile Strain Eo, 0.0224

Min, Reinforcement· Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Ma 179.4 k·ft/lt

1.33 x Ult Moment 1.33M. 324.3 k·ft/ft

Min. Moment Capacity Mm,.~.~k· !tIft
Temp & ShMnk - Art 5.10.8

Min. Area of Steel A,~l.~f'~.!l'iin lift/face
Crack Control- Art 5.7.3.4

1.0

1.0

41 In

0.e5

12.00 in

33.44 In

47.4 kJf!:

0.90

12.00 In

36.00 In

2.00 In
r-;··'j

#9in
6,0':-+4 In

1.13 In

2.00 In'Jft

33.44 In

3.36 In

3.95 In

Use #9 @ 6 in. Spa.

a

<I>

b
h

As
d

Art 5.14.5.3

<I>

bv

d.

SHEAR

Reduction Factor

Width for Shear

Steel Depth for Shear

Cone. Shear Strength

FLEXURE (Top Bar)

Parameters

Reduction Factor

Width

Height

Clear Cover

Bar Size

Spacing

Bar Diameter

Area of Steel

Steel Depth

Eq. Stress Depth

Neutral AxIs Depth

Spacing Limit - Art 5.10.3

Min, Clear Spacing Smlll 1,69 In

I I S \iW~F~T~~.Aetua C ear Spacing <I,' ,';~~~!1I~ In

Max. Spacing S""" 12,0 In
Development Length· Art $,11,2,1

Epoxy Modifler

Top Bar Modifier

Development Length

I
I
I
I
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RaslJJb (or lC 3. SUongth 1 W/O U.
~Dmbot 'I Snear FOftle$ (k)

Olsson Associates

!rb
010-0216

Inlet Structure - WALL TYPE 2

Strength 1 - Shear

July 29,2010 at 5:39 PM

Inlet - WALL TYPE 2.r3d
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INLET BOX DESIGN
010-0216
rb

Design of Inlet transition box between Wall Type l' and 120"CIPP. R.C. concrete sections are designed according to
AASHTO LRPD 2005. Design Is based on a per foot of length basis. Fill height is measured from grade to the bottom of the
top slab of the box.

MATERIALS BOX DIMENSlONS

Concrete Strength f, 3.5 lesl Wall Thiclrness TW 14.0 In

Cone. Mod. of Elast. E, 3,587 ksi Top Slab Thickness TT 18.0 In

Stress Block Coeff. (31 0.85 Top Slab Width BT 14.33 ft

Rebar Strength fy 60 ksl Bot. Slab Thickness TB 18.0 In

Steel Mod. 0 f Elast. E, 29,000 ksi Bot Slab Width B8 15.00 ft

Modular Ratio n 8.1 Total Height H 15.00 ft

,.'

{~
PARAMETERS ~,.

Design Span S 12.00 ft T
. I

Rise R 1.2:00 ft rr I I

Fill hr 12.75 ft

Footing Offset d 0:33 ft

SOIL DATA

At-Rest - Drained - Cohesive SoH

SollWt y, 115 pcf

Eq. F1uid Density yoq 51 pcf

-'>,-'
DEAD LOADS '.. ,. J
Component No. Height (tt) Length (ft) WIdth (It) Area (~) Wt(pd) Wt (kIlt}

Top Slab 1 1.500 14-.333 1.000 150 3.225

Walls 2 1.167 12.000 1.000 150 4-.200

Bottom Slab 1 1.500 15.000 1.000 150 3.375

Earth Flil 1 1.000 177.750 115 20.4-41

Water Fill 1 12.000 12.000 1.000 62.4 8.986

Concrete FJll 1 0.000 12.000 1.000 150.0 0.000

Additional We 0.000

Total 40,2Z7

LIVE LOADS
The equivalent strip width for fill> 2' Is calculated according to An. 3.6.1.2.6 and for flll < 2' Art. 4.6.2.10 Is used. The tire
contaetwJdth of20" Is also taken into account 10 calculating the diStributed Ilve load. For box culvert loading, only one
loaded lane Is considered, however the multiple presence factor of 1.2 still applies.

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

Wheel 1A:lad - Traffic Parallel £Xl Span

Tobl Span Length L

Acrual Fill Height hr.

Fill Height < l- Must Include Live load

Axle Load P

Impact Factor 1M

DIstribution WIdth Esp.n

VVheelLoad w

14.33 ft

11.25 ft

16.0 k

0%
12.92 ft

0.115 ksf

Surcharge - Harz. 1A:lads Only

Soil Height

Harz. Pressure

h,
p

2.0 ft

102 psf

31
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I
I STABILITY

010-0216
rb

For the live load beating !,ressure, the wheel load applied to the top slab Is distributed over the bearing area without an Increase due to

impact Forces resisting buoyancy Include the box self weight and 5011 weight above the box. Based on the preliminary geotechnical
report, dated March 30th, 2010, completed by Alpha Geotechnical and Materials, Inc., no groundwater was considered as parr of the
cieslgfl. Stability calculations are based on a one foot strip width.

I
I
I
I
I
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BEAJUNG CAPACl1Y (SERVICE LOADS)

Bearing Area Aq 15.00 fl!
DL Bearing Pressure qOL 2,682 psf

LL Bearing Pressure qlL 102 psf

Bearing Pressure q 2,784 psf

AlL Bearing Pressue q.1I 3,000 psf

Utllizatlon lliItlo q/q.uKIJJtiJ~lOK

BUOYANT FORCES

Depth to Bot Slab

Groundwater Depth

Buoyant Force

SelfWeight

Factor of Safety

32
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Designed as a simple span slab with the clear span length used to calculate forces. Strength I combination governs for buried structures.
For a rigid buried strUetlll'E, 1.3 Is used for vertical earth pressure. Concrete shear strength Is modified according to 5.14.5.3. Strength
reduct:1on factor for shear is tllken as 0.85 for burled Cl P concrete structures.

TOP SLAB DESIGN
010-0216

rb

PARAMETERS

S!ab Thicbess TT 18.00 in

LOADS (SeJVice)

Self Weight

Soli Load

Distr. Live Load

0.225 ksf

1.294 ksf

0.115 ksf

I
I
I
I

Use #7 @ to In. Spa.

Art. 5.14.5.3

<l>

bv

d.

Strain Calculation

Em. Tensile Strain !; 0.0298

Min. Reinforcement - Art 5.7.3.3.2

1.2 xCracking Moment l.2Ma 44.9 k·ft/ft

1.33 x U1t. Moment 1.33Mu 52.1 k·ft/ft
~~~~

Min. Moment Capacity Mm1n :~:,,,,,. -',.i1,/;.' ',zf k·ft/ft

Temp & Shrink - Art 5.10.8
Min. Area of Steel .. 1,'11l":-::l"'''';'':'~(;. 2/ft/faI "'J,.mIQ.J.:, ~~~?m ce

Crack Control- Art 5.7.3.4

I

I

I
I
I

I

I

I
M, 29.6 k·ft/ft:

f", 32.4 ksl

de 2.44

~. 1.22

Y. 1.00

Sn\lX~;~~in

Mu 39.2 k·ft/ft

<l>Mn 48.5 k·ft/ft

M"/4lMnlR~OK

An 5.8.3.3

Vu 13.1 k/ft

¢Ve 22.9 k/ft
V / <JlV Wf,~~1tj'~li:<t¥~1 OK

\l c~~;~:dir~~li5

Factored Ultimate LO<ld

Reduced Nom. Cap.

Utlllz.atlon Ratio

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Paetor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultlmate Load

Reduced Nom. Cap.

Utilization Ratio

0.85

12.00 In
15.56 In

26.9 klft

<l> 0.90

b 12.00 In

h 18.00 In

Co 2.00. in

#717'
10.0 liJin

db 0.86 In

'''-. 0.72 in1/ft:
d 15.56 in

1.21 in

1.42 In

0/, 1.0

IJ!, 1.0

4t 25 in

FLEXURE (B0TIOM BARS)

Parameters

Reduction Pactor

Width

Height

Clear Cover

Bar SIze

Spacing

Bar Diameter

Area of Steel

Steel Depth

Eq. Stress Depth

Neutral Axis Depth

Spacing Umlt - Art 5.10.3

Min. Clear Spacing

AetJJal Clear Spacing

Max. Spadng

Development Length - Art 5.11.2.1

Epoxy Modifier

Top Bar Modifier

Development Length

SHEAR

Reduction Factor

Width for Shear

Steel Depth for Shear

Co nc. Shear Strength

I
I
I
I
I
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WALL DESIGN
010-0216

rb

Designed with a simple connection to the illp slab and a rigid connection to the bottom slab. Clear span length is used to CC1lculare forces.
Srrength I combination governs for buried strUerures. For a rigid buried structure, 1.35 Is used for at-rest horizontal earth pressure.
Maxlmum shear is taken at the face of the bottom slab. Axial load is not taken into consideration.

PARAMETERS LOADS (Service)

OuterWa!1 Thickness TVV 14.00 in Earth Press. @ Top PE~ 0.650 k/ft

Span Length L 12.00 fr Eanh Press. @ Bot. Pe~ 1.262 klft

Point of Contra flexu re K 2.54 ft LL Surcharge PLS 0.102 klft

M, 9.8 k·ft/ft

fa 27.4 ksi

de 2.31
fl, 1.28

Ye 1.00
S ~"R'ii':'tj!!.~\!:Eii in
~'U~Ilf~b~:k:

Art 5.8.3.3

Vu 11.9 klft

<PVc 13.9 k/ft

VyI <pVcf~~~~l OK

Pactored lJIdmate Load

Reduced Nom. Cap.

UtUlzation Ratio

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capadty - Art 5.7.3.2.1

Pactored Ultlmare Lo.ad

Reduced Nom. Cap.

Utilization Ratio

Service Moment

Service Stress In Relnf.

Strain Calculation

Em. Tensile Strain £, 0.0447

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Me 27.1 k·ftjft

1.33 x U1t Moment l.33Mu 18.5 k·ft/ft

Min. Moment Capaclty Mmln~'!t.l1t~;<tIif5ik·ftjft

Temp & Shrink - Art 5.10.8

A I.~. 2jftj'-Min. Area of Steel '.mJn!l::'i'!'§'.~ln Idee

Crack Control· Art 5.7.3.4

1.0

1.0

13 In

0.85

12.00 In

1156 in

16.4 k/ft

0.90

12.00 In

14.00 in

2.00 in

# S!-;-'
10.0 ~Jn

0.63 In

0.37 in'/ft
11.69 In

0.63 In

0.74 In

Use #5 @ 10 in. Spa.

4>

b

h

Art. 5.8.3.4.1

¢l

bv

d.

FLEXURE (INSIDE FACE)

Parameters

Reduction FactOr

Width

Height

Clear Cover

Bar Size

Sp.aelng

Bar Diameter

Area of Steel

Steel Depth

Eq. Stress Depth

Neutral Ax:ls Depth

Spacing limit· Art 5.10.3

Min. Clear Spacing Smln 1.50 In
-~ '''H'i·.},''''F''',Actual Clear Spacing Scl,G;11; ',l~,::~..2.{!·ln

Max. Spacing S_ 12.0 In

Development Length· Art 5.11.2.1

Epoxy Modifier

Top Bar Modifier

Development Length

S'H.RAR

Reduction Factor

Width for Shear

Steel Depth for Shear

Cone. Shear Strength

I
I

I
I

I
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I

27.7 k·ft/ft

M, 20·.4 k·ft/ft

[os 30.2 ksl

d., 2.44

~s 1.30

Yo 1.00

Sm...fi~1jjn

Servlce Moment

SeTV1ce Stress In Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spaclng

Moment Capacity - Art 5.7.3.2.1

Pactored Ultlmate Load

Reduced Nom. Cap.

Utilization Rado

Strain Calculation

Extr. Tensile Strain ~,0.0214

Min, Reinforcement - Art 5.7.3.3.2

1.2 xCracking Moment 1.2M" 27.1 k·ft/ft

1.33 x Ult. Moment l.33Mu 36.8 kit/ft·

MIn, Moment Capacity Mmin~.;;.t~1\S';·;t-£k-ft/ft

Temp & Shrink - Art 5.10.8
.~.;~''''.''''; 1

Min.AYea ofSteel A.JlIln~~1;¥.O§1in /ft/face

Crack Control· Art 5.7.3.4

1.0

1.0

25 In

0.90

12.00 In

14.00 In

2.00 In
117 1

: .

10.0[Eln

0.88 in

0.72 In1/fr

11.56 in

1.21 In

1.42 In

Use #7 @ 10 In. Spa.

c

a
d

<t>

b

h

A,

lJl,
'I),

Spacing

Bar Diameter

Area of Steel

Sreel Depth

Eq. Stress Depth

Neuo-al Axis Depth

Spacing Limit· Art 5.10.3

Min. Clear Spacing Smln 1.50 in
·:l)r.~·""~'

ActUal Cle.ar Spacing Scl, "c,~:,·:j l\\11,;gl'.;~;gln

Max. Spacing S""", 12.0 In

Development Length - Art 5.11.2.1

Epoxy ModJfler

Top Bar Modifier

Development Length

FLEXURE (CORNER BARS)
Parameters

Reductlon Factor

WIdth

Height

Clear Cover

Bar Size

I
I
I
I
I
I
I
I
I
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Designed with rigid connections to the walls for flexure in trle corners. The maximum moment and shear are taken from the RISA
analysis. Loads are applied to the top slab and transfered into the footing. The subgrade modulus is taken as 150 pci.

FOOTING DESIGN
010-0216

rb

0.0738

M. 15.7 k-ft/It
<t>Mn 21.5 k·ft/ft

M. I <t>M.r~~i7i· OK

Art 5.8.3.3

V. 13.6 k/ft

¢lVe 18.9 k/ft

V lfi'~~1i:-;"-";;'~'"
Vu / $ ~l;(i~~"l'~}~:~--;;1!t~l OK

Factored Ultimace Lead

Reduced Nom. Cap.

Utilization Ratio

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2..1

Pactored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

Strain Calculation

Em. Tensile Seraln

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracldng Moment 1.2M", 44.9 Idt/ft

1.33 x Ult Moment 1.33M. 20.9 Idt/ft

Min. Moment Capacity MmlJI~~T42bi9i k·ft/ft1!ft&~_;_f

Temp & Shrink· Art 5.10.8

Min. Area of Steel

Crack Control - Art 5.7.3.4

Servlce Moment

Servlce Stress In Relnf.

PARAMETERS

Footing Thiclrness TB 18.00 In

SHEAR Art. 5.14.5.3

Reduction Factor <3> 0.85

Width for Shear bo 12.00 in

Steel Depth for Shear d. 1$.69 In

Conc. Shear Strength V, 22..3 k/ft

FLEXURE (TOP BARS) Use #5 @ 12 in. Spa.
Parameters

Reduction Factor ¢l 0.90
Width b 12..00 In

Height h 18.00 in
Clear Cover Ce 2..00 in--
BarSlze #5~
Spacing 12.0 : In

Bar Dlame-ter db 0.63 in

Area of Steel A. 0.31 in 2/ft
Steel Depth d 15.69 In

~q. StTess Depth a 0.52 In

Neutral A.x1s Depth 0.61 In

Spacing Limit - Art 5.10.3

Min. Clear Spacing

ACUJal Clear Spaclng

Max. Spacing 5""", 12.0 in

Develvpmenr Length - Art 5.11.2.1

Epo>ey Modifier 'V, 1.0
Top Bar Modifier 'V, 1.0
Development l.ength La 13 In

I
I

I
I
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0.0298

M, 20.4 k-ft/ft

f" 22.2 ksi

d.: 2.44-
p, 1.22

Y. 1.00

s 1\\:1i~~i''::'~ innux IJ!W. ""'. I ~ij .

Strain CaJculation

Elm". Tensile Strain

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracklng Moment 1.2M17 44.9 k·ft/ft

1.33 x Ult. Moment 1.33Mu 36.8 k·ft/ft

Min. Moment Capaclty Mm'nl~~:;~'?§6""'1 k·ft/ft

Temp & ShMnk - Art 5.10.8

Min. Area of Steel

Crack CODtrol - Art 5.73.4

Service Moment

Service Stress l.n Relnf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Momeot Capacity - Art 5.7.3.2.1

Faetore<l Ultimate Load

Reduced Nom. Cap.

Util.i2.atlon Ratio

1.0

1.0

25 In

0.90

12.00 in

18.00 In

2.00 In

#7

10.0 In

0.88 In

0.72 Inl/ft

15.56 In

1..21 In

1.4·2 In

Use #7 @ 10 In. Spa.

a

<l>

b

h

c;,

Spacing

Bar Diameter

Area ofSteeJ

Steel Depth

Eq. Stress Depth

Neutral Axis Depth

Spacing Limit· Art 5.10.3

Min. Clear Spacing s",ln 1.50 In

Actual Clear Spacing Sd 1.""\ifi1f;l;,'lJ,If#rl\i~ inC'll?.....a~:Q)~

Max. Spacing Sma 12.0 In

Development Length - Art 5.11.2.1

Epoxy Modifier

Top Bar Modifier

Development Length

FLEXUR£(CORNERB~

P:arameters

Reduction Factor

Width

Height

Clear Cover

Bar Size

I
I
I
I
I
I
I
I
I
I
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I 010-0216 Strength 1 - Shear Inlet Box.r3d
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PARAPET WALL
010·0216
rb

Deslgned.~.plate "nth a free connection on the top, and either hinged or fixed on all other sides. S<:n>ngtlJ I cornblnatJon gOllern~.

The load laCtor lor at'~~rlateralearth pre~SUTE Is 1.5 and for actille lareral eanh pressure I~ 1.35. Max:lmum shear Is ::akan arthe

!ace of the suppon.

MATERIALS PA.rtA.,~ETERS

Concrete Strength r, 35 lest Wall Heigh! lZ.7.S It

Cone. Mod. of Elast. E, 3,5B7 lesl Top of Wall Thick. t, IB.OO in

Stress Block CoefT. Il, 0:B5 Bottom ofWall Thick I, lB.OO In

Rebar Stren gth I, 60 ksi TopofWalililevadon 1250;B.2

Steel Mod. of ElasL E. 29',000 ksl Ground Water EI.""don

Modular lOtio n 8.1 Height of Water 0.00 n
Span Length 12.00 f\

SOIL DATA afb 0.47

Deso1pdon: Drained Cohesille 5011

Moist Soil WL w, 115 pel L.OADS (Service)

EFP w,. 51pcf Lareral Earth Load Faaor 13S

Saturated SoU Wt. w, 135 pcf F.ctI)red Lateral Earth Pr PE 1.141 kif!"

Saturared EF1' w.. 7S pd Factored Surcharge ('2' A, Po 0.299 kif\"

At· RJ!st Lateral Earth Pressure Pore Pressure Load Ps 0.00 kif\"

CASE 1· PLATE FIXED ALONG THREE EDGES AND FREE ALONG THE FOURTH EDCE.

Mx for WaU Slab at Supports Max Moment. Mt 7.79 k·ft

Moment Coeffidencs

values of pb'
Moments (1<./l)

Tom]

185.5 48.6 0.0 Moments (1<.

xla 'lib PI! Po Ps ME Me 1\1, ft)

a 1.0 0.0131 0.0764 0 2.43 3.71 0.00 6.24

0 O.B 0.0193 0.0727 0 3.57 353 0.00 7.11

a 0.6 0.0250 0.0648 0 4.&4 3.15 0.00 7,79

a 0.4 O.OZUl 0.0506 0 4..84 2.46 0.00 7.30

0 0.2 0;0156 0;0241 a 2.90 1.17 0.00 4.07

0 0 0.0000 0.0000 a 0.00 0.00 0.00 0.00

0.2 a 0.0013 0.0017 a 0.23 0.08 0.00 032

0.4 a 0.0030 0.0045 0 0.S6 0.22 D.OO 0.77

0.6 0 0.0045 0.0071 0 0.8-4 0.35 0.00 1.19

O.B 0 0.0056 0.0089 0 1.03 0.43 0.00 1.46

1.0 0 0.0059 0,009S a 1.10 OA6 0.00 1.56

My for Wall Slab at Supports Max Moment, My 7.80 k·ft

Momen! Caeffidencs

Values 01 pb'
~lomenl:S (k·It)

Tollll

les.5 48..6 0.0 Moments (1<.

x/a ylb Pf ~ 1', M, Mo M, It)

0 1.0 0.0000 0.0000 0 0.00 0.00 0.00 0.00

0 0.11 0.0038 M145 a 0.71 0.70 0.00 1,42

0 D.6 O.OOSO 0.0129 a 0.93 0.63 0,00 1..56

0 0.4 0.00S2 '0.0101 a 0.96 0.49 0.00 lA6

0 0.2 0.00'31 0.004B 0 0.58 023 0.00 0.81

0 0 0.0000 0.0000 0 0.00 0.00 0.00 0.00

0.2 0 0.()061 0.00B4 0 1.13 0.41 0.00 1.54

0.4 0 O.OrSl 0.0224 0 2.80 L09 0.00 3.89

0.6 0 0.0228 0.0356 0 4.24 1.73 0.00 5.97

0.8 0 0.0279 0.044S 0 5.18 2.16 0.00 734

1.0 0 0.0296 0.0476 0 5.48 2.31 0.00 7.80
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0.0738

M, 6.0 k>ft/fl.

f~ 14.9 ksl

d, 2.31

fl, 121

y, :1.00

Sm,..~~~»iIDin

Sm.. 150 In

Srl~~~~in
5= 12.0 In

ll'M" 21.5 k-ft/ft

1>1. 7.8 k·ft/ft

<l>M. / M. ~~;:"~",,'f:miOK

Em. Tensile Strain

Min. Reinfurrement· Art 5.7..3.3.2

1.2 ~ Cracking Moment 12M" 44-9 k·lt/ft

133 x Ult. Moment 1.33M. 10.4 Idtfft

Min. Moment Capadty Mm••1fi1j[~1 k·ft/ft

Crack Control· Art 5.7.3.4

Service Moment

Service So-e55 In ReloL

Concrete Cover

Clear Cover Factor

Exposure FaClDr

Max.Spadng

Moment Capadty· Art 5.7.3.2.1

Reduced Nom. Cap.

Factored Ultlmare l.oad

FaetorofSafety

M~ Reinforcement- A..wotS./.3.2.1

Spllcing LImit· Art 5.10.3.1.1

MIn. Clear Spacing

Actual Claar Sp.1ctng

M=Spadng

Temp & Shrink· Art 5.10.8

Min. A:re2. of Steel

1.0

1.0

0.90

12.00 In

18.00 lo

0.63 In

0.31 tn'/It
15.69 tn

0.52 In

0.61 In

I.. ~

#4 i~

17.00

0.00

9

12.0 ~tn
2.00 in

10.00 It

c,

<l>

b

Dowels Vert. Bat'S

#517
6.50

0.3"1

13

Bar Stu!

Length (ft)

Area oiSteel (In'/tt)

Dev. Length (io)

Parameters

Reduction F.CIor

Width

Thickness

Bar DlaJn ere r

Area of Steel

Steel Depth

Bq. Stress Depth
Neutral Axis Depth

Development Length. Art 5.11.2.1

Epoxy Modiner

Top Bar ModJner

Fl.liXURE

At TOp Slab Interaetlon

Reinforcing

llar Spadng

CI""rCover

Uip Length

I

I

I

I
I

I

O.073B

5.0 k·ft/ft

14.9 ksI

231

121

1.00

';~'n

/>I,

f~

d,

II.
y,

S_ .,

SoU. 150 In

Sdr~\<~~.~!ln
s.- 12.0 In

<l>M, 21.5 k·ft./ft

M. 7.B k-ft.m
<l>M./Mu~:%1~OK

Servia! Momenr

Service Stress In Reln/.

c.oncrete: Cover

Clear Cover Factor

Exposure FactOr

Max.Spactng

Moment Capadty· Art 5.7 .3.2.1

Reduced Nom. Cap.

Factored Ultimate t.oad

Factor of Safety

Spadng Wmlt· Art:5.10.3.1.1

MIn. Clear Spadng

Actual Clear Spac1ng

Ma'<.Spadng

Temp & Shrink· Art 5.10.8

Min. Area ofSreel A.,.mk~fin'/ft/face
Max. Reinforcement· An 5.7.3.3.1

Extr. Tensile Strain

Min. Reinforcement· Art 5.7.3.3.2

1.2-.< C..eking Moment 1.2M" 44.9 k,ft/ft

L33 ~ Ult Moment 133M. 10.4 k·ft/ft

Mtn. MomentCapadty ~lmln&~J.!~l<-it/ft
Crack Cona-ol· Art 5.7.3.4

1.0

1.0

0.90

12.00 In

18.0010

0.63 In

0.31 lo'/ft

15.69 In

052 In

0.61 In

12..0 ~tn
2.00 lo

18.10 It

<I>

b

t

d.
t\,

d

Dowels Vert. Bars

#5~ #4:~
6.50 18.90

0.31 0.00

13 9

Bar Size

Length (ft]

Area of Steel (In'/It)

Oev. Length (In)

Parameters

ReduetJon PaCIor

WIdth

Thickness

Bar Dlamerer

Area ofSt..l

Stet'.l Depth

Bq. Seress Depth

Neutr,,1 Axis Depth

Oevelopm<nt Length· Art 5.11.2.1

SpaX)' Modifier

Top Bar ModUler

AtWalllnteraetlon

Reinforcing

Bar Spacing

aearCover

Lap Length

I

I

I
I
I

I

I
I
I
I
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SHEAR
Reactions (or Wall Slilb ilt Supports Max Shear, R ':1.55 k

ShearCoeffideots

Values ofpb
Shear [k)

Total Shear

l4.6 3.8 0.0 (k)

x/a y/b PE Po P< R, ~ R,

0 1.0 0.0294 0.1145 a OA3 0.44 0.00 0.86

a 0.8 0.1214 0.1067 a 1.77 OAI 0.00 2.17

0 0.6 0.lB71 0.0930 0 2.72 0.35 0.00 3.0B

a 0.4 0.2347 0.Ofi33 0 3.42 0.32 0.00 3.73

0 0.2 0.1627 0;1111 a 2.37 0.42 0.00 2.79

a 0 ·0.0010 0.1479 a ·0.02 0.56 0.00 055

0.2 0 0.0680 0.2230 0 0.99 0.85 0.00 1.E4

0.4 a 0.1835 0.2946 a 2.67 1.12 0.00 3.79

0.6 0 0.2571 0.3305 a 3.74 1.26 0.00 5.00

0.8 a 0.2971 1.2228 a 4.32 4.66 0.00 8.98

1.0 a 0.3097 1.3242 a 4..51 5.05 0.00 955

CODo-ere· Art. 5.14..5.3 Shear Strength· Art 5.8.3.3

Reduction FaCllJr II> 0.90 Reduced Nom.. Cap. <l>V, 20.0 kJIt

Width for Shear b, 12.00 In Facwred Ultimate Load V, 9.6 kJIt

Steel Depth for Shear d, 15.69 In Factor of Safety 4>V<JVu~~' E/JOJ(

Cooc. Sh""r SO'e"ooth V, 22.3 kilt
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I
I Project Name:

ProJect Number:

Analyst:

Date:

Arcadia
010-0216
RB
8/1/2010

I Inlet Struct. Quantities

I
Summary Concrere

Reinforcing
864.7 yd>

112,411.0 It

I
I
I
I

I
I
I
I
I
I
I
I
I

Concrete
Total 864.7 yd3

1

LocationlDescnption Amount Height Length Widih Area Volume

INlET 80){

Top Slab 1 1.50' 11.167' 14,33' 240 ft3 8,9 yd3

Side Walls 2 12.00' 11.167' 1.17' 313 ff 11.6 yd~

1 12.00' 12.00'0' 1:17' 168 ft3 6.2 yd3

Minus Rjpe Penetration -1 1.167' 113.lOft' -132 ft3 -4.9 yd3

Footing 1 '1.50' 12.000' 15,00' noff 10.0 yd'
Foot Fillet 1 15.00' 7.13 ft> 107 ft3 4.0 yd 3

Par.apet Wall 1 12.75' 14.333' 1.50' 274 ft3 10.2 yd3

F-illet 1 14.333' a.63ft2 9ff 0.3 yd3

INt.ETWAll TYPE 1-

Stem 2 26.25' 48.02'1' 2.63' 6/618 ft3 245,1 yd'

Footing 1 3.50' 37.271' 28.50' 3,718 ft3 137.7 yd3

1 3.50' 10.750' 30.73' 1,156 ft' 42.8 yd'
Box connection foot l' :2.00' 2.500' 18.50' 93 ft' 3.4 yd'

Type 2 connection foot 1 2.17' 2.000' 33:50' 145 ft3 5.4 yd'
Stair Stop Box 1 3.00' 15:620' 4.00' 187 ft3 6.9 yd 3

Chute Blocks 3 2.00' 4.000' 2..00' 48 ft3 1.8yd'
Baffles 3 2.00' 6.31 ft2 38 ft3 1.4 yd'

Sills 2 5.50' 738ft' 81 ft3 3.0 yd3

1NLETWAl.l TYPE 2

Stem 2 21.51 ' 40.833' 2.63' 4,611 ft3 170.8 yd J

Footing 1 3,00' 1361.25 ft2 4,084 ft3 151.3 yd~

Stairs ~ 1.33' 989.00 ft> 1,319 ff 48.8 yd)
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I

Reinforcing ITotal 9J,162.4 ril)
Locatiol1/Description Mark Amount Length

Weight
ft· in. IINLETBO)(

Footing

Long.- Top 7 .15 11' 2.00" 342.371b

ILong.-Bot. 5 15 11' 8.00" 182.531b

Trans. - Top 5 13 14' 0.00" 189.831b

Trans. - Bot. S 1-4 14' 0.00" 204.43lb

IDeep Footing-Trans 5 6 14' 0.00'" 87.611b

Deep Footing-Long 5 15 .9" 0.00" 140.811b

Sidewalls

irF'Dowels 5 24 4' 0.00" 100.l3lb IOf Dowels 7 24 8' 6.00" 416.981b

IF Verts 5 24 11' 1D.OO~' 296.211b

OFVelts 4 24 11' 10,00" 189.711b IHarz 4 48 10' 10.00" 347.36 Jb

Headwall'

FO'oting Dowels 4 8 4' 2;00'" 22.271b ITrim Bars 6 16 12' 5.00" 298.401b

column' bar. 6 8 16' 2.0D" 194.261b

Stirrups 3 18 3' 4.00" 22.561b Ibeam"bars 8 2 14' 0.0.0" 74.761b

beam bent ,bars 5 4- 4' '0.00'" 16.691b

Top Slab IHeadwall Dowels 4 24' 5' 8:00" 90.851b

Sidewafl.bowels 4 48 3' 2.UO" 101.541b

Trans.-,bot 7 11 14' 0.00" 314.78 Jb

ITrans-top S 13 14" 0.00" 189.831b

longs-bot 6 15 10' 10.00" 244.08Ib

longs-top 5 15 10' 10;00" 169.491b

Ibeam' bars 9 4 15' 0.00" 204.001b

Beam Stirrups 4 14 5' 6.00" 51.44lb

Parapet

IFillet Dowel 4 14 5' 8.00" 52.991b

Mild Dowel 5 14 4' 4.00" 63.281b

Main Dowel 5 14 6' 1.00" 88.831b

IIF Verts 5 14 12' 6.00" l82.531b

OF Verts 4 14 12' 6.0D" 116.90Ib

tie 4 14 3' 2.00" 29.611b

Hor<: 4 26 14' 0.'00" 243.151b ICorners 5 52 5' 0.00" 271.18Ib

WALL TYPE 1

Footing ITrans.-Bot 9 75 28' 2.00" 7,182.50Ib

9 22 32' 8.00" 2,443.47Ib

Trans.-Top 9 75 28' 2.00" 7,182.50 Ib I
45
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I

9 22 32' 8.00" 2,443.47Ib

I
Long-Bot. 5 43 50' 0.00" 2,242.45Ib

Long-Top 5 43 SO' 0.00" 2,242.45Ib

Stem

I
Mild Dowel 5 130 6' 7.00" 892.631b

Dowel 10 130 17' 6.00" 9,789.33Ib

IF verts 5 130 26' 0.00" 3,525.34Ib

OF verts 6 130 26' 1.00" 5,093.03Ib

I Ties 4 130 4' 8.00" 405.251b

Inlet box toot

ties 5 19 9' 8.00" 191.561b

I trans 4 8 18' 2.00" 97.081b

ties 4 13 3' .2.00" 2750lb

at :Inrlet 2 toot

I ti:es S 25 10' 4.00" 269.44 fb

trans 4 S 25' 0.00" 83.501b

ties 4 34 6' 0.00" 136.27Ib

I stair stop·block

dowel 5 16 2' 6.00" 41.72lb

Bottom 4 16 3' 8.00" 39.191b

I trans 5 16 6' 5.00" 107.081b

longs 4 13 18' 0.00" 156.311b

chute blocks

I dowel 4 24 2' 0.00" 32.061b

harz 4 21 3' .8,00" SL44lb

trans 4 15 5' 2.00" 51.77 Ib

I
sill

dowel 4 6 5' 10.00" 23.381b

dowel 4 6 4' 1.00" 16.371b

I
trans 4 21 l' 8.00" 23.381b

baffle

dowel 4 14 4' 2.00" 38.971b

I
dowel 4 14 4' 6.00" 42081b

trans 4 6 5' 2.00" 20.711b
WAll TYPE 2

I
Footing

Trans.-Bot 6 80 25' 2.00" 3,024.03Ib

Trans.-Top 9 80 41' 8.00" 11,333.33Ib

Long-Bot. 5 34 41' 3.00" 1,462.81Ib

I Long-Top 5 34 41' 3.00" 1,462.81 Ib
Stem

Mild Dowel 5 170 4' 1.00" 724.02Ib

I Dowel 9 170 15' 6.00" 8,959.00Ib

IF verts 5 170 21' 3.92" 3,781.51Ib

OF verts 6 170 21' 3.92" 5,445.55 rb

I Ties 4 170 4' 8.00" 529.951b

Stairs Typ.

Long-bot. 4 25 41' 0.00" 684.70Ib

I
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Stirrups 4 270 7' 0.00" 1,262.52Ib

Trans. 4 90 24' 6.00" lA72.941b

bent at bottom 5 20 5' 3.00" 109.521b

Add. Trans at bottom 4 2 16' 3.00" 21.71lb

tie 4 11 5' 0.00" 36.741b

Top stirrups 5 40 3' 5.00" 142.541b

longs 4 4 32' 6.00" 86.84 Ib

dowels 4 33 2' 0.00" 44.09/b

Stem Dowels

6 48 2' 0.00" 144.19Ib

47

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



I
I
I

I'
I,

I



Scenario: Scenario 38 - 120" CIPP at DCC & 102" Arcadia SD S. of Canal
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I Calculation Results Summary

I =============================~=============~~======~=======~==--==
Scenario: Scenario 38 - 120· CIP? at OCC & 102 ft Arcadia SD S. of Canal

I »» Info: Subsurface Network Rooted by: 0-1
»» Info: Subsurface Analysis iterations: 1
»» Info: Convergence was achieved.

I CALCULATION SUMMARY FOR SURFACE NETWOP~S

Gutt.er
Spread
(ftl

InletInlet
Type

Label Total rotal Capture
lncercepted Bypassed Efficiency

rlo~1 Flow (%)

1 1 I I (cis) 1 Icfs} 1 I
1----------------------1---------------1----------------------1-------------1----------1------------1--------
1 I-2 Flow @ Lafayetce I Generic Inlet I Generic Default 100% I 0.00 I 0.00 1 100.0 I 0.00
1 I-3 Addl FLow I Generic Inlet I Generic Default 100% I 0.00 I 0.00 1 100.0 1 0.00
1 I-I AZ Canal F 10>1 I Generic Inlet I Gener ic Default 100% I 0.00 1 0.00 1 100.0 I 0.00

I
I
I

CALCULATION SU~RY FOR SUBSURFACE NETWORK WITH ROOT: 0-1

I
I
I
I
I
I

Label Number Section Section 1 Length
of She Shape 1 (ft)

Sections 1

1 1 I 1 1
1-------1----------1------------1----------1--------
1 BC-01 I 2 1 10 x 10 ft 1 Box I 1.16
1 P-ll 1 1 I 102 inch 1 Circular 1 44.84
1 P-04 I 1 1 120 inch 1 Circular I 41.97
1 P-I0 1 1 I 102 inch I Circular I 181.50
1 P-03 1 1 I 120 inch I Circular 1 285.55
1 P-09 1 1 I 102 inch 1 Circular 1 41.32
I P-02 1 1 I 120 inch 1 Circular I 40.26
I ?-08 I 1 ) 102 inch I Circular 1 207.32
1 P-01 I 1 I 12 x 10 tt. I Box 1 10.00
1 P-07 I 1 I 102 inch 1 Circular 1 197.08
I P-13 I 1 I 60 inch 1 Circular I 1.00
I P-06 I 1 I 96 inch 1 Circular I 490.01
I P-05 I 1 1 96 inch 1 Circular I 484.84
I P-12 I 1 1 96 inch 1 Circulal: I 1.00

TOLal Average Hydraulic Hydraulic
System Velocity Grade Grade

Flow (ft/s) Upstream Downstream
(cfs) I I (ttl 1 (ft) I

----------1----------1-----------1------------1
:,990.00 I 19.64 1 1,229.94 1 1,230.00 I

990.~0 I 17.45 1 1,232.02 1 1,231.63 I
1,000.00 I 14.08 1 1,231.78 1 1,231.63 1

990.00 17.45 I 1,233.75 I 1,232.20 1

1,000.00 14.55' 1,232.79 I 1,231.90 1
990.00 17.45 I 1,234.25 1 1,233.89 1

1,000.00 14.65 I 1,233.03 1 1,232.91 I
990.00 17.45 I 1,236.72 I 1,234.961

1,000.00 11.34 I 1,233.04 I 1,233.03 1
990.00 17.45 I 1,240.30 1 1,238.62 I

309.00 15.74 1 1,245.04 I 1,245.03 I
681.00 J3.55 1 1,247.76 I 1,245.03 I

681.00 13.551 1,253.31 I 1,250.61 I
681.00 13.55 I 1,255.32 I 1,255.31 I

Ground
Elevat.ion

(tt)I
I
I
I
I

I Label Total
I System
1 Flow
1 I (cfs) I
1----------------------1----------1-----------
I 0-1 I 1,990.00 I 1,245.40
I J-Combine I 1,990.00 1 1,245.40
1 Crv-05 I 990.00 I 1,245.80
1 Crv-03 I l,OOO.OO 1 1,245.00
1 Crv-04 I 990.00 1 1,248.10
1 Crv-02 1 1,000.00 1 1,249.50
I J-04 1 990.00 1 1,248.80
1 Crv-OJ 1 1,000.00 1 1,253.75
1 J-03 I 990.00 I 1,252.70
II-l.h.ZCanc_Flow 1 LOOO.OO 11,253.75
I J-02 I 990.00 I 1,253.90
1 1-3 Addl FLow I 309.00 I 1,254.00
I MH-Ol I 681.00 I :.,258.70
1 J-01 I 681.00 I 1,265.50
1 1-2 flow @ LafayeHe I 681.00 I 1,265.50

Hydraulic Hydraulic
Grade Grade

Line In Line Out
(ft 1 1 (ft 1 1

-----------1-----------1
1,230.00 I 1,230.00 I
1,231.63 :,229.94 I
1,232.20 1,232.02 I
1,231.90 1,231.78 1

1,233.89 1,233.75 1

1,232.91 1,232.79 1

1,234.96 1,234.25 I
1,233.03 1,233.03
1,238.62 1,236.72
1,233.34 1,233.04
1,245.03 1,240.30
1,245.04 1,245.04
1,250.61 1,2~7.76

1,255.31 1,253.31
1,255.32 1,255.32

I
nUe: Arcadla·Dual System
f:\ ...\calcs\stormcad\arcadia,-duaJ·1 OO.{}1 .81m
07/26110 11 :03:26 AM ll:i Haestad Methods, Inc.

Olsson Associates
37 Brookside Road Waieroury, CT 06708 USA +1-203-755-1666

Project Engineer: Due
StormCAD v5.5 [5.5003]
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Scenario: Scenario 38 - 120" CIPP at DCC & 102" Arcadia SD S. of Canal

:=

1.245.00

::::::; "" \.25~0<l:
O)OJ-:~Of co=co

_ri;i~~-' _~~-:
~-NNN.\l1~ -CIIt/ltl
.sco,,!~-'Q'''! tD~~~

~~~~~~:. ~~~:
yi!i;:~H ~~.~
.., <n..E s.s a:0" d<n.5 a:<n

\

:= ..
V'~':::'IT

ri~ oV?=NN_:ri 13
<DC'! ..... '"'~
t'?_.:..:<'! ....

g~·c~,.;Q.

~~;~H
O(l).ES ([00

Profile: Profile - OCCC

:=

r-----

"'en ""
CD 1"): OJ

~~o':
:::;:'~~~
o~ ..... ~~

N~:-:;~:-:
~~-=o .. ~
i::.!! > >E ju V)5.sa: en

~ ., ""
o lJ)l:tD

u:: vw"'l
- N,,~

~r;~ ~ :::~ _""Scenario: Scenario 38 - 120" CIPP at acc & 102" Arcadia SD S. orCanal
+:».-:'.. ~U1-'O

t\loo a. l/)"Q" lJ)Vl

< .. EE "",,,~

:;:GisccclJ ~~~:;t~
-+:-:;~::
'?? =0 EO' ~
~!!! >:> -:
OCh..s"S t:CUI

1.240.00

8evet!on(f'O

- - 1,235.00

",8 n

, 1,225.00

1,220.00
4+00

1,230.00

L BC·Ol
2.."""'0 J( 10 fl Concre1e
@ S : 0.008621 IVII
Qe: 1.990.00 of.
Avg Veloci1y: 19.8A W.

3-+00~·oo1..00

P.Q2\
40.2611 120 Inch Concr.l.

@ S _ 0.003726 IVII
0.: 1,000.00 cl.

Avg volocll~: t 4.65 Ills

0+00

10.001\ 12 x 10'1 Cone,. I.
@ S , 0.002000 WIt

0_: 1.000.00 cis
Avg Veloci1y: 11.34 fV,

nile: Arcadia-Dual System
f:\. ..\caJcs\stonncacl\arcacna-dual-100-Dl.slm
00/01/10 11 :26:54 AM

Olsson AssocIates
(!ll Haestad Methoets, Inc. 37 BrooksIde Road Walerbury. CT 06708 USA ...1-203-755--1666

Stl><Ion (n)

,eS.55 H '20 Inch Conarete
@ S _ 0.003677 IIf1,

D.: 1.000.00 cl.
Avg Velochy: '4.55 IV.

---
Project Engineer: Due

Sto,mCAD vS.5 (5.5003]
PaDe 1 of 1

---

p.()1

41 .97 tI 1:20 Inch Concra Ie
@ S • 0.0034 55 IVII
Q..: 1.000.00 cl.
AI/O Velocity: 14.06 Iff!>

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



- - - - - - - - - - - - - - - - - - -
Profile

Scenario: Scenarto 3B -12tr' CIPP al OCC & 102" Arcadia SD S. of Canal

Scenel1o: Scenarto 36· , 20"' CIPP a( OCC 8. 102"' Arcadia SDS. O(CI'f"1al

DC'... klO(~

'.2IHI,O\\

U:10.()O

l..l") OIJ

I.2!iO.OO

l,l~!l.OO

Ut.5.00

t~40.00

1.2"30.00

1,.l:lS.1l0

~.,

'."'~ eO<>1 " Con~",
\f. bO 1.15 II if~O~ (1l~~";~I. 11111

.hVO~1l:~~~'~lL6-f fIJI

;'::11'" ~

ll'I",-;:;a.

c.::~a~ja
t: ... "!.('ol- .. N

~'~;-~g?~

'>:\il.m~j~.=
..=~

~;;~;:;
(D~""

.. :~~

~,;::~
":'S>.f li

~ __ r=

=-0 =;
o"l;':::O

e:".:~o"'-

~~~~.

~~i~?i
MH<!11
'----

;f:):;:
"1"'o~

~~~~~
5;!!~~

t'-\O J

19~68 ~ ~~Di1'1~'( '1FJnall ro
O~:"O.(rDch

AVO VlliqcJlr~ 1).46 IIIl

:~:::":-....
;;:;~"lI:'"
~N..-~f{
.;:,::;~::

ij~~~J-

p-op
t\,.JZ II lD~ 1r;C" CtInCttllb
~ B - Q.OO(O'17 11/11

a ..:g9~OO <:1'"'''0 VtI'aelty: 11.tS 1111

c:"" :;
..,.,'"'='"

~~~ti
::~~~~

r"'::1;i5:-:~
~~1:~0

P·O!l
2ll'7.n 1I1000lncn COl'1tJctCl

iU' s - o.OO!lO I!I MI
0-: !KIo.O~ Cl,

"""0 Voloe-ltr. 11 .... S ltll

"'110

:::.".:! .. =
.... oq~.

c~~~~~ .
dl'1C1(-~r-j

~~:~~i:.

~t1~i~BA

...,
.!hll:>n(I'

Proftle: Profile - Pi=dia

p·DO .//

"(110..0 I II 9'tI loet! Cofl('fOUI
8':5 - o.oo~ooo 1tn1

Q.; £.lJI,oO cl:!

""'Ill Volct'ly: 1)"6~ IlID

r.oo5.00

::::1%> :::
e",:a
~no"

j~~~
~ic~£!

~ooM'',00 z·oo

P.OS
.fld JH II M Inch Colic/Pie

OG • O.QU5!'Ht\ IV'll
O.;UI,OOol,

)l."Q V.btJl'r,I:l.!lS 11Il

U I

.:~ =
cn"1=:$
rlO o '1

~~:~~
0_-;;<"(_

c;~~~
q~»~~1~.~

"00

flUe: Arc.JClll-OI.1OJ~m
f:\. ..~b'As'tOln·<:EIid\.II'cn.dlo-dl.Q,l. t 00-0'1 ~Il

08(0111011:28:15 AM
a....._.....

¢I Ha9'St.\(l M"thod:~. Inc. :J7 Brt:IOk$.dg Rn-ad Wat-eJbvoy. cr 00'08 LISA ... , ·2tO-1SS-166e

Pfot~&9IlEl'ef:Ovc

SlormCA!)..s.S (&.5000)
F'lt(Je' Dr ,





I
I
I 8.4

8.4.1
Radial or tainter gate
Description

I
I
I
I
I
I
I
I
I
I
I

The radial or tainter gate is a movable control; it is commonly used in a rectangular
canal section. It has tbe structural advantage of not requiring a complicated groove
arrangement to transmit the hydraulic thrust to the side walls, because this thrust
is concentrated at the hinges. In fact, the radial gale does not require grooves at all,
but bas rubber seals in direct contact with the undisturbed sides of the rectangular
canal section.

Figure 8.9 shows two methods by which the radial gate can be installed, either with
the gate sill at stream bed elevation or with its sill raised.

GATE WITH SILL AT STREAMBED EL£:VAHJN

~~

w~'--------.-.../l---·~
L

GATE WrTIi RAGED SILL

Figure 8.9 Plow below a radial or tainter gale
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8.4.2 Evaluation ofdischarge

Equation 8-16 was obtained by fitting a parabola as closely as possible to Toch 's results
(1952, 1955) and data obtained by Von Mises (1917) for non-gravity, t'oNo--dirnensional
flow through an orifice with inclined side wails. Values of 0 given by Equation 8-16
aud shown in Figure 8.12 can be expected to have an error of less than 5%, provided
that e < 90 0

•

IT the discharge coefficient Co in Equation 8-15 is to be evaluated from the contrac
tion coefficient, we may write, according to continuity and Bernoulli:

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

-~ I
I

(8-17)

(8-16)

C = 0
o J1 + OW/Yl

The discharge coefficient, Co, given in Figure 8.10 and Equation 8-17 for free flow
below a radial gate can be expected to have errors of less than 5% and between 5
and 10% respectively. The error in the correction coefficient ell given in Figure 8.1 J

can be expected to have an error of less than 5%. The method by which these errors
have to be combined with other sources of error is shown in Annex 2.

6 = 1-0.75 (El/900) + 0.36 (6j90 ay
where eequals the angle of inclination in degrees.

The coefficient C j is a correction to Co for gate sills above streambed elevation and
depends upon sill height PI and the distance between the step and the gate seat L,
as shown in Figure 8.11. Insufficient information is available to determine the effects,
if any, of the parameter pdL

It should be noted that the velocity .j2ii; in Equation 8"15 does not occur anywhere
in the now system, but simply serves as a convenient reference velocity.

The experiments on which Figure 8.10 is based showed that the contraction coeffi
cient, 5, of the jet below Ule gate is mainly determined by the angle 6 and to a much
lesser extent by the ratio yJw. For preliminary design purposes, Henderson (1966)
proposed ~uation 8-16 to evaluate a-values. .

Free now through a partially open radial gate is commonly computed with the follow
ing equation:

Q = CDC) wbJ2ij; (8-15)

The coefflcient, CD' depends on the contraction of the jet below tbe gate and may
be expressed as a function of the gate opening w, gate radius r, trunnion height a,
and upstream water depth YI' for a gate sill at streambed elevation. Figure 8.10 gives
CD-values for air ratios of 0.1, 0.5, and 0.9. Coefficient values for other air-values
may be obtained by linear interpolation between the values presented.
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Figure 8.·11 CI-value.s for radial gates with raised sill (from U.S. Anny Engineer Waterways Experimen(
Station) .
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Modular flow below a radial gate occurs as long as the roller of lhe hydraulic jump
does not submerge the section of minimum depth of the jet (vena contracta). To pre-

8.4.3
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vent such submergence, the water depth, Y2, downstream of the hydraulic jump should
not exceed the alternate depth lo y = bw or according to the equation

~ < ~ [J1 + 16 (i: - 1) - 1] (8-18)

For eacl1 radial gate the modular llU1jt may be obtained by combining Equation 8-16
(or Figure 8.12) and Equation 8- ]8.

If flow below the gate is submerged, Equation 1-73 as derived in Section J.12 may
be used as a head-discharge relationship. It reads

(8-19)

Photo I RadiBJ gates areruitable flow control slructures

285



Insufficient experimental data are available to preSeut reasonably accurate C.-values.
For design pllJ1lose.s, however, the coefficient c" may be evaluated from the contrac
tion coefficient 0 for free Oow conditions (Figure 8.12).

A combination of the Bernoulli and lhecontinuity equations gives for C.

(8-20)

It should be noted that the assumption that the contraction coefficient is tbe same
for free flow as for submerged Dow is not completely correct.

8.4A Limits of application

The limits of application of the radial or tainter gate are:
a. The bottom edge of the gate should be sharp and horizontal from end to end;
b. The upstream head should be measured in a rectangular approach channel tbat

has the same width as the gate;
c. The gate opening over water depth ratio should not exceed 0.8 (WjYl ~ 0.8);
d. The downstream water level should besuc.h that modular now occurs (see Equation

8-18).
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VII-C-15

I~CREAsED RESISTANCE IN BOX CULVERTS

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

TRANSITION RESISTANCE
ABRUPT .{H IGH}
TRUE

,STRAIGHT LINE (LOW)
JSo

L\ 'rED
.. RO{j

. ,t"LoW·· GftNESs

9.· '12._LIh

TRANSITION CURVES BETWEEN FLOW
REGIMES

t

FIGURE VII-C-7.

Observations ·by Powell (VII-C-3) are the basis .for assuming
. the 6 to 12 range of L/h for the transition curve. An L/h=10
is ohosen for design because it yieldS the largest n value.

Material. for this seotion was drawn pr~arily from· an
preliminary FHWA.·report on fish baffles in box c.ulverts
(VII~C-l). This report used Morrie' (VII-C-4) categorizatiQn
of tlow regimes and.bas~c friotion equations, but a mOre
representative approaoh velocity. VA, in one of .bhe regimes.
Experimental .data· by Shoemaker (VII-C-~n was also utili~ed

to define the transitiQn· curves. For several reasons, modi
fications to· tile· ·fish baffle development were necessary to .
better fit energy dissipator needs. In: fish baffle design,
the interest is· in a conservative estimate of resistance
in order to size' a culvert; whereas, in this manual, a
copaervative estimate of the outlet velocity is also important.
Also, fish baffle design· curves involve· bottom roughness
only~ ..

The use of a representative approach velocity., VA, allows
an· opportunity to inpu·t culvert parameters that will lean
towards· either an overprediction or an ·underprediction of
·resistanoe. For ·this manUal, it is approp~iate to develop

. high as well as low resistance curves. Rather than attempt to
define the transition between these curves, an abrupt transi
tion is· used ·as the worst condition for .the high curves,
and a straight line transit~onis assumed as the mildest .
oondition for· the low ~urves. This is illustra~ed.in figure
VII-C-7.

~.
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Design,Recommendations

The ~h~ee equations below form the basis for determining,
through a procedure simular to that shown in figure VII-C-7,
the upper and lower design curves which can be used to
conservatively compute resistance for culvert sizing and
outlet velocities;

(nIR!n) Low=' (1+200 (h/L) (Lr/P) ] 1/2 • VII-C-:-7

(,nIRI'n) High::: (1+390 (h/L) (Lr/P) J 1 /2. • •VII-C-8 '

(nHT/n)={(1-Lr/P)+70~6{Lr/P)/[21og( (Ri/h)(h/L) )+1. 75] 2}i/z
, • . . • .VII-C-9

The ,equations are based on CD=1.9; £=0.14 '(where f i'8 the
Darcy friction factor for the culvert surface without rough
ness elements), and VWVr=O. 60 or 0.85" ,The lower v:a'lue of
VAfV is implicit1y included in equation VII-C-7 and the,'
high~r value in equation VI'I-C-B. 'It is assumed that (R/Ri) 1/3

is approx~ately one. R is the hydraulic radius, of the
culvert proper and Ri is the hydraulic radius taken inside
the orests of,the roughness elements.

SLnce the above equations are normal flow equation and since
roughness elements may be relatively small using this' method,
it is hecessary, to compute the length of cUlve~t to be,
roughened. The momentum equation, Written for the roughened
section of culvert, is used to compute the number of rows
of 'roughness element needed. The number of rows should never
be 1eSB than fiv.!2..' Furthermore, it is recommended that orie
ra;ge e1sment oe used at the· beginning of ~he roughened zone
to ,accelerate the asymptotic approach to normal flow. The
recommended height of the larger'element is twice the height
of the ,regUlar elemenFs. The spacing is the 'same £or all
rowa of elements.

The procedure'is limited to solid strip roughness elements
with-sharp upstream' edges, Rectangular cross section rough-
~elements will best fi't the assumptions made.

Due to the 'assumed velocity distribution, application'of
the procedure must be l~ited to small roughness heights and
to relatively flat slopes. The roughness height ,should not
exceed ten, percent of.the, flow depth. This'restriction is
inherently included in the suggested range of h/Ri in the
design procedur'e. Slope sho,uld not exceed 6 percent.

, '

Design Prooedure

Note: Steps 1 through 7 are concerned with computing an outlet
. velocity to evaluate scouring po'tential and/or to design

, ad~ition~l outlet protection~

VII-C-16



L

2.

3.

4.

5.

6.'

\

Ose L/b=lO

'S~lect h/Ri from 0.10 to 0.40,

Compute Lr/P/ where L ~ peripheral roughness length
including 8~ots~ Lr /f=l,when roughness length extents
through the flow or when the culvert is f~owing full
with a roughness length equal to the circumference.
Slots ,are proviri1ed foz: J oW 'f) Clli!, 4z;:aina.2:" Their width

1U1ould not exceed h/2. P is the total wettea p~rimeter
of the culvert. In this step assume the culvert will
flow :elill j , so

P=2(B+D)
and

Lr=B' for bottom rough~ess only

Determine (nr/n) fr~m the lower set of curves .of figure
V,II-C-S. In this ratio, "nil is the Manning resistance
coefficient for the culvert without roughness elements,
or .015/ whiqhever is smaller. Compute ~ which is the

,overall effe~tive Manning resistance coefficient for the
roughened portion of the culvert.

Determine the flow depth, Yi' measured from th~ roughness
element crests:

a. Assume a value of h from h:::«h>Ri)BQ;(2,(B+D)')'

b. Asswue a trial value of Yi' Ini tally asswne' Yi =O-h.,
compute, C=l'. 4950 1 / 7'I'lr

c. . Compute. A:i and ~

d. Com1?ute "Q" from the Manni'ng' equation

Q= [ ('1 • 49/Ilz: ) so, 1 /2 J~ R.t 1 / 3

where % "'" bottom s lope of the cuIvert

e. Compare Q with Q '(DESIGl>l') i and increase Yi i£ Q is
,less than Q (DESIGN); decrease Yi if Q is, greater
than Q (DESIGN) . ,.

f. Rep'eat steps Sc, d, and, e until Q and Q(DESIGN)
are approximately equal.

a. Compute the veloc~ty, V, ~sin~ ~ fro~ the last
iteration

V=Q/~

VII-C-17'
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.Note: Steps 8 throu~h 9 check the height of tPe culvert
for capacity.

.J b. Compare V with the allowable outlet velocity. If
a different value of V is required, select a ne~

h/Riand repeat 'steps 2 through 6 ..

7. Compute the .required number of rows of rotighness elements
from the momentum equat+on written as follOWSt

"n tl.r·

Try y'=D-h. ~ lIzCompute C =1.498 0 Inr

Compute Ai and Ri

e. Compare "Q" with n Q (DESIGN) • " If "QII is greater
than or equal' to Q.(DESIGN) I t..}:}e cuJ,.vert size is
adequate. If IIQ" is less .than "Q (DESIGN) I" increase
D and repeat steps 9b through e.

d. Compute "Q" from the Manning equation

Q=[(l.49/nr )s6!2 )AiR i /3

c.

b.

Check adeq~acy of culvert height ana compute flow' depth
if necessary by trial and error:

a. Compute h using Ri from step 5

Determine (nr/n) from the ~pper set' ofourves of
figure V.:rI-C-B·, us.~ng Lr/p 'from step 3. Compute

CD=1.9,
Af~etted· frontal area of a ro~ghness row

=B ('h) for bottom roughness
p ·=1.94 .

. V~av~rage wall velocity acting on the
roughnes~ elements

=vavg.j3=(Vn+Vi )/6
N=reguired number of rows of roughness elements .

,O.5YBYn2+PQVn=='{N)CnAfPVW2/2+0.S"(BYi 2.+ PQVi •• : •• VII-C-IO

where: Yn .and Vn are 'normal depth ana vei6ci ty for
the srnoo,til culvert ~.

Yi and Vi are normal depth· and velocity for the·
rough culvert

9.

I

I
I

I
I
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I
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10. Use the last value of D as the height of the culvert for
'the roughened section.

11. 'Specify diffiensionsl

Use h from step 9a
. Compute L==lOh

Use 'on~ upstream element twice th~ height
of the others; hl~2h

Design Example

Given: 4 1x4' box .culvert, 200 feet long
ri=.013, 6% sl~pe.
Q (DESIGN) lOU of·s
Allowable outlet velocity=15 ips
V~cVn=22.3· ft/sec.
Yo=Yn=1.12 feet

L . Use L/h=lO

2. Select h/Ri =O~lO; 'use bottom roughness only

3. Lr .=B=4 ft.
. P=2 (B+D) =16 it.
Lr/P=~ 25

4. (nT/n)~2.25 from -the lower set of curves of figure VII-C-8
nr;·225x.~13=O.oi9

. 5. Plow- depth ia:

a • .Q.~O.lO(4x4)/4(4+4)=O.lO ft. ~
b. Try Yi=4-0.lD~3.9', C=12.6
a. ~~4(3.9)z15.6

Ri=l5.6Ii4+7.8)=l.32
d. Q= [ (1. 49 /nr ) So 1 /2 J~.Ri 2. / g = [12 .6 J (15 .6) (1. 20) ;::

137 c::fs>lOO ·cfs
try ·smaller Yi

Trial
Yi .~ ~ Q cfs

3.9 237
2.5 . 10 1.11 135
2.0 B.O 1.0 100.8

6. Vr;Q/AJ, =100/8.0=12. 5 ft/8ec~lS ft/sec OK

VII-C-19
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CRITICAL DEPTH

10. 0=4 ft"..

VII-C-20

·.---.....,

h=O.lO(l)=O.l
Try y·=4-0.1=3.9', C=ll.l
~=4(~·.9)=15.6 .
~c15.6/(4+7.8)=1.32

Q=[11.1] (15.6) (1.3'2) 2/~""20B

Q>Q{DESIGN)i therefo~e th'e culvert size is adequate
d.

a.
b.
c.

e.

VII-C-2. Shoemaker, R. H., HYDRAULICS OF BOX CULVERTS WITH
.FISH-LADDER' BAFFLES, Proceedings of the 35th ·Ann.
Meeting of the HRB, Washington, D,C' r 195p, pp. 196-209.

VII-e-3. -Powell,' R. W., FLOW .IN A CHANNEL OF DEFINITE RQUGB
NESS, ASCETransactionB, Figure 10, p.'544 r 1946.

VII-C-4. MORRIS,H. M., APPLIED HYDRAULICS IN ENGINEERING,
The Ronald Press Company, New York, 1963.

-T------·-------~-

y cc2.flS':__----~

7.' .5(62.4) (4) (1.12) 2+1.94(100) (22.3)=
. N(1.9) (4) (.103) (1.94) [(22.3+12.5}/6J 2/2

+62..4(4) (2:0) 2/2+1.94(100)12.5

156.5+4326.2=26.1N+499.2+2425
N=59.7use 60 rows

VII-C-l. Normann,' J. M~, HYDRAULIC ASPECTS OF FISH-LADDER
BAFFLES IN BOX CULVERTS, Preliminary FHwA Hydraulics
Engineering Circular, Jan. 1974.

9.

11. il=O .1 1
,. use 1 "1/4"" angles

,L=lOh=l'i use l'~O'

hl=2h; use 2 1/2" angles

8. (·nr /n}=2.5 from the upper curves figure VII-C-B
nr =2.5xO.OI3=O.033

I
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The portion of equation (2) in the paren
theses is termed the absolute head, and i.s
written:

(3)

Equa.tion (3) is called the Bernoulli equation.
The energy in the CroBB section, with respect tQ

the bottom of the channel, is termed the specific
energy. The corresponding head is referred to as the
specific energy head and is expressed as: \ '1 \~

- "\.J... +L t..vc., c.[)i H'~d+~ .J vi'; ,,«D)(,)

Where Q=av, equation (4.) can be stated:

HE=rl+
2
Q:1 i (5)
ga l

Equation (5) is represented in diagram
matic form on figure B-2 to show the. rela.tion
ships l)etween diacba.rge, energy, and depth of
flow in an open channel. The diagram is
drawn for several values of unit discharge in a
re.ctangular channel.

It can be Been that there are two values of d,
d1 and d,., for eRc~ value of 81::, except at the
point wbere H! is minimum, where onl~r a sing'e
value exists. The depth at energy H E",in is
called the critical depth, a.nd the depths for
other values of HE are called alternate depths.
ThOBe depths lying above the trace through the
locu8 of minimum .depths a.re in the subcritical
flow range and are termed BubcriticaJ depths,
while those lying below the trace are in tne
8upercriticaI flow range and are termed super
critical depth£>.

Figure B-3 platB the relatioDships of d to HE
as stated in equation (6), for various va.}ues of
unit discharge q and aide slope z. The curves
can be used to quickly determine alternate
depths of flow in open channel spillways.

(b) Crit7,'cal Flow.-Critical ftow is the term
used to describe open channel ftow when cer
tain relationshilR! exist between specific en
ergy and diRcharge and between specific energy

I'
I



FlglKe 6-2.-00pth of flow and lpeclflc energy for 0 reetungulor sedlon In opeon channel.
288-0-2551.

I
I
I
I
I
I

I

'I
I
I
I
I'
I
I
I
I

I

571

widTh

unit width.

when the discharge is critical
(4) Critical slope.-That slope whieh wi1I

sustain a given di8cha.rge a.t uniform
critical depth in a given channel.

(5) Subcritical ftow.-Those conditions of
flow for which the depths are greater
than critical and the velocities are less
than critical.

(6) Superc?'itical ftow.-Those conditions
of flow for which the depths are less
than critical and the velocities are
greater than criticaL

More complete discussions of the critical

de =critical depth
'Ie : critical discharge per unit

HEmin. =mini mum energy content

HYDRAUUC COMPUTATIONS

HE = d+~~ =d + ~2 e where q: discharge per
':I Zgd

e

(Clc)T 2
do= vg ="'3 HEmin. where

IOI--r----r--I-I--,--.,.....-......,....--r---...,--~_rr_-~-__,

9 \ [IV

and depth. As indicated in section B-2 (a)
and as demonstrated on figure B-2, critical
flow terms can be defined as follows:

(l) Critical discharge.-The maximum dis
cha.rge for a given specific energy, or
the discha.rge which will occur with
minimum specific energy,

(2) Critical deptk.-The depth of flow at
which the discha.rge is maximum for a.
given specific energy, or the depth at
which a. given d.i8Ch&rge occurs with
minimum specific energy .

(3) Critical velocity.-The mean velocity

I
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(BASIS OF BEARING)
~ljJ S87'51'48"E 2684.70' -UJ S89'42'40w E 5269.53' k'\O'l-

~
~
to

~
,. COORDINATES WERE TAKEN FROM GDACS, RECORDED IN BOOK

734, PAGE 10, RECORDS OF MARICOPA COUNTY, ARIZONA
AND CONVERTED FROM GRID TO GROUND USING A SCALE
FACTOR OF 1.00016

2. 1HE BASIS OF BEARING IS THE SOUTH UNE OF THE
SOUTHEAST QUARl£R OF SEC1l0N 19, TOWNSHIP 2 NORTH,
RANGE 4 EAST OF Tl-lE GILA AND SALT RIVER MERIDIAN.
SAID LINE BEARS N87'51'48"W, AS TAKEN FROM GDACS,
RECORDED IN BOOK 734, PAGE 10, RECORDS OF MARICOPA
COUNTY, ARIZONA.

3. THE BENCHMARK'S USED FOR mrs PROJECT ARE:
a) TOP OF BRASS CAP IN HANDHOLE AT THE INlERSECnON

OF 481H STREET AND INDIAN SCHOOL ROAD.
\0"" ELEVATION "" 1243.301 (COP DATUM)

b) TOP OF BRASS CAP IN HAND HOLE AT THE INTERSECTION
OF 441H STREET AND INDIAN SCHOOL ROAD.
ELEVAllON = 1222.5n (COP DAruM)
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1,908072.708 ,6B1394. 669.1247. 625,BASE SRB ALUM CAP
10000,907734.621,678690.579, 1222. 585,BCHH
10001.907634. 527 r 681373.415,1243.301.SCHH
100046904996.618,681363.720~l221.608,BCHH
105,9 7734.621,67g690.579r1L22.S77~SEARCH
106,907634.527. 681373.413,1243. 301,SEARCH
lOOO2.907607.786,686662.885,1275.757,ACH
10003.912927.249. 681397.484,1310. 749,BCHH
lOOO,908072.708,681394.669,1247.S80,BASE SRB ALUM CAP
10008,907712. 574, 681406.236, 1244. 030, SAC
l0009,907634.441,681456.006,1244.203,CRN
10010,907635.162.681384.241,1243.711,CRN
10011,907646.639,681424.688, 1243. 872.GVL
10012,907649.070,681419.968, 1243. 799.GVL
10013,907664.455,68146O.714,1243.583.B EOAOl
10014.907665.776,681460.776,1243.578,B GUTOl
10015,907666.402,661460.750,1244.003,8 BCVOl
1OO16,907671.213,681460.779,1244.107.B Eos01
10017,907666.492,681455.617,1243.606,BCVOl
10018,907666.819.681427.611, 1243.373 ,BCVOl
10019,907666.801,681422. 109, 1243.756, BCV01
l0020,907673.449,6B1422.723,1244.064,TSA
l0021,907666.282,681403.150,1242.76S,CBI CL30FT
l0022,907671.690,681420.377,1243.735,EOSOl
10023 ,907672.706,681418. 673,1243.761,EOS01
10024,907672.950,681389.457 ,1143.278. EOS01
1OO25,907673.416)681389.427,1243.261,C3 EOS01
10026,907678.930,681367.127, 1243.844, EOS01
10027,907700.963.681356. 656,1244.317, Eos01
l002B,907700.480,6813S1.207,lZ44.251 r E EOSOl
10029,907666.977,681389.067,1243.259,(3 BCVOl
10030,907674. 836, 681363. 891,1243. 647, BCVOl
10031,907700. 504, 681351.132 ,1244.242,BCVOl
l0032,907672. 056. 681367.619,1243.604, BCV
l0033,907673.367,681365.78B,1243.666,BCV
l0034,907690.836,681352.816,1244.017,BCV
10035,907686.546,681354. 580,1243.83S,HCR
10036,907682.790,681356.671,1243.445,HCR
10037,907679.404,681359. 146, 1243.36S,HCR
10038,907676. 354,681362.176.1243. S45,HCR
10039,907681.200, 681361.428, 1243.SS2,HCR
l0040,907684.366,6813S9.131,1243.623,HCR
10041,907669.969,681371.622,1243.330,HCR
1004·2,907668.612 ,681375 .885 ,1243 .018, HCR
10043 J 907667 .756,681380.185! 1242 ~927, HCR
l0044,907667.15S,6B1384.359,1243.140,HCR
l0045,907670.420,681380.566,1243.083,HCR
10046,907671.331,681376. 586, 1243.124,HCR
l0047,907666.423,681389.030,1242.625,C3 GUTOl
10048 ,907674.125,681363.742, 1243.233,GUTOl
10049,907700.376,681350.S21,1243.762,GUTOl
10050,907665.140,681389.151,1242.944,C3 EOA01
10051,907666.680,681374.432.1243. 078, EOAOl
l0052,907673.234,681362.499,1243.265,EOAOl
10053 r 907672.909,6813Z2.143.1243.026,E EOA01
10054,907665. 520,681332.001, 1243.161,WVL
10055,907653. 673,681328.673,1243.132,WVL
10056.908072.934, 681406.217 ,1247. 580,CHK1000
1OOS7,907634.589;681373.411,1243.268,CHK ~OOOl
10058,907634.590,681373.413,1242.950,10001
10059,907761.964, 681383.973, 1242.523,BOL
10060,907763.073, 681375. 932,1142.491,BOL
10061,907764.449,681367.893,1242.480,BOL

Page 1

I
I
I
ii,
I,
I
I
I
I:
I,
I
11
I;
I,
t
"I,
I
:t,
II:



I
Ii
,I

I
I
I
I,
I
I~

'I'
Ii
II
I
I
'I
I
I
I
I

100216-l010-03-25_NC.txt
10062,907673.250,681362.450.1243.271,B EDBOl
10063.907672.970,681322.105,1243.026,C3 EaSOl
10064,9076&0, 54S.681319,710.1243.231,EOB01
10065,907688.102,G81317.970,1243.499,EDB01
10066,907688.178,681351.675,1243.614.C3 EOSOl
10067 ,907679,823,681356.204,1243.407 ,EOB01
lOO68,907673.246,681362.453,1243.260,EOBOl
10069,907673.247,681362.454,1243.260,E EQBOl
10070,907673,35B,681381.136,1243.191.CC
10071,907674,094,681377.350,1243.272,CC
10072,907682.410,681363.103,1243.659,cc
10073 ,907685.452.681360.898, 1243. 786,CC
10074,907673. 012,681420.7g7, 1243.739,TSB
10075,907672.275,681417.357,1243.808,8 MER01
10016,907672. 580,681388. 59B, 1243. 310,MEROl
10077,907682.943.681389.472,1242.984,MEROl
l0078,907684.899.681361.962,1243.807.MEROl
l0079.907701.676,681362.483,1243.491,MEROl
10080,907103.054,681352.678,1243.772,E MER01
10081,907692.876,681361.045,1244.142,TSP
10082,90767S.845,681377.869,1243.535,TSP
10083,907680. 984,681367.790,1243.798 ,TSB
10084.907692. 707,681359.396,1243. 696 ,GMK
10085,907701.213,681352.860,1243.964,SGN DELINEATOR
1oo86.907673.033.681389.497,1243,263,B socOl
l0087,907683.448,681389.991,1242.998,BOCOl

. l0088,907683.610,681387.699,1243.494,E BOCC1
10089,907673.034,681390.015,1242.291,8 EOCOl
l0090,907683.936,681390.576,1242.0S7,EOC01
10091,907684.099,681387.675, 1243. 371, EOCOl
10092,907683.643, 681387. 580,1243.531,EOCOl
10093 t 907685.169,6B1362.309,1243.824,EOCOl
l0094,90770S.945,681363.420,1243.547,EOCOl
l0095,907702.777,68141B.107,1244,211,EOCOl
l0096,907695.785,681417,604,1242.147.EOCOl
l0097,907672.832,681416,331,1242.754,E EOC01
10098,907672.782,681416.905,1243.727,8 B0C02
10099,907688.83S,6B1417.801,1243.123,BOC02
10100,907695,724,681418.207,1143.160,80C02
l0101,907702.781,681418.456,1244.21S,E BOCOZ
10102,907690.585,681388. 029,1241. 729,cc
10103 t 907697, 505.681388. 531,1241.705,cc
10104,907696.059 1 681379. 321, 1241. 056,CC
,10105,907696.484,681371. 937, U41. 080. CC
10106,907693.518,681371.699. 1241.073,CC
10107.907693.142,681379.023,1241.043,CC
10108.907694.675,681377.163 ,1241.0Z5 I CBS
lOl09,907694.946,681373.712,1241.013,CBS
10110,9077lB.738,68141S,6S5,1247.512,TRF
10111,907700.424,681351.153,1244.215,C3 BCVOl
1Ol12,907778.422,681354.267,1245.1B6,BCVOl
10113 ,907846.609,681368,289, 1246.234,8CVOl
lO1l4,907846.615,681368.287,1246.234,E BCVOl
10115,907700.400,681350.535,1243.746,C3 GUTOl
l0116 J 907778.S56,6B1353.693,1244.697,GUTOl
10117,907846.815,68~67.561J124S.795.GUTOl
10118,907846,816,681367.560,124S.795,E GUTOl
10119,907688.193,681317.974,1243.495,B EOA02
l0120,907688.224,681351.65B ,1243.590,C3 EDA02
10121, 907693.993,6B1349.938,1243.628, EOA02
10122,907700.234,681349.156,1243.799,EOA02
10123,907700.237,681349.167,1243.799,C3 EOA02
l0124,907778,633,681352.332,1244.785,EOA02
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l00216-2010-03-25-Nc.txt
l0125,907847.243,681366.195,1245.704,EOA02
10126,907846.730,681368.357,1245.817,C3 EOA02
10127,907856.837,681372. 171,124S.895,EOA02
10128,907868.641, 681377. 571,1245.984, EOA02
10129,907916. 715,681401.703.1246.594,EOA02
10130,907961.806,681423. 594, 1247.357,EOA02
l0131,9079iO.221,681409.629,1247.79S,p
10132,907923.979,68138S.092,1246.962,P
10133 1 907S76.876,681362.496,1246.191,P
l0134,907827.053,681343.329,1245.473,p
l0135,907773.867,681331.711,1244.796,p
10136,907756.094,681331.5~1,1244.688,EOA
10137,907731.737,681330. 544,1244. 519,EOA
10138,907702.168,681330.243,1244.047,EOA
10139,907694.871,681330.3S1,1243.936,EOA
l0140,901707.830,681351.452.1243.963,GDR PC
10141,90775S.126,681351.621,1244.314,GDR POe
10142,907B07.765,681358.546,124S.170,GDR POC
l0143,901843.887,681366.946,1246.235,GDR poe
10144,907867.523,681376.582 , 1246. 024 ,GDR PT
10145,907917.478,681401,S43,1246.638,GDR
l0146,907962.065,681423.968,1247.282,GDR
l0147,907960.316.68142S.991,1247.159,SGN 25 MPH
10148,907959.357 ,681427. 521,1246.778,TOP
10149,907914.48S,681407.614,1246.022,TOP
101SO,907926.990,681411.738,1246.579,SGN DELINEATOR

. 10151,907884.868,681390.165,1246.063.SGN ADOPT A
l0152,907864.659,681385.902,124S.651,TOP
10153,907816.464,681364.402,1244.832.TOP
10154,907809.470,681359.502,1245.024,6 GUNOI
10155,907808.814,681362.96S,1244.937,MSC TOP GUN
10156,907785.070,6B1357.l18,1244.604,MSC TOPGUN
10157,907809.414,681359.465,1245.052,C3 GUN01
101Sg,907787.968.681355.73~,1244.765,GUNOl
10159,907766.317.681353.175.1244.331,GU~Ol
10160,907810.163,681360.862,124S.001.B CLFOl
l0161,907785.273,681356.404,1244.687,CLFOl
10162,90n64.745,681353.976,1244.130.CLFOl
l0163,907741.267,681352.729,1244.385.CLFOl
10164,907720.439/681353. 599,1244.239,CLFOl
10165 ,90n20.439, 681353. 598,1244.241,SGN
10166, 907720.089,681411.195.1244. S89,CLF01
l0167,907733.917,681412.531,1244.738,E CLF01.
l0168,907733.920,681412.532,1244.738 j GAT
10169,907753.302,681414~750,1244.787,GAT
10170,907797.266,681417.017,1244.781,8 CLF02
10171,907753.590,GB1414.488,1244.816,CLF02
10172,907755.267.681404.867,1244. 544,E CLF02
l0173,907766.163,681354.627,1244.265,MSC TOPGUN
10174,907764.475.G81364.251,1239.260,GUN01
10175,907764.172,681365.481,1239.112,GUN01
10176,907763.795.681364.750,1239.091,TOE
10177,907748.158,681363.633,1239.141,TOE
10178, 907744.249. 68136S.131,1239.061,TOE
10179,907742.613,681369.182,1238.946,TOE
l0180,907741.076.681384.945,1239.815,TOE
10181,9077S9.969,681386.076.1239.233,TOE
10182,9077S6.648.681388.262.12~9.530,Z
10183,907752.32S,681400.031,1241.S86,Z
10184,907751.205,681410.072.1244.010,2
101BS ,907736.832,681409. 317,1244.126,z
10186,907739.237,681395.527,1241.378.Z
10187,907752.042,681376.173,1239.001,Z
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100216_2010-03-25-NC.txt
10188,9077SS.959,681404.507,1244.313 ,TOP
l0189,907753.807,681408.783,1244.602,TOP
10190,907751.498,681414.111, 1244.604,TOP
10191,907736.409,681412,221,1244.484,rop
10192,907733.682,681411.638, 1244.776,TOP
10193 ,907724.214,681387.290,1244.657 ,TOP
10194,907121.264 1681363.662, 1244.428,TOP
l0195.907723.532,681356.678,1244.S88,TOP
10196,907730. 390,681354.652.1244.481,TOP
10197,907746.645,681353.378,1244.284,TOP
10198,907766.013,681354.385,1244.144,TOP
l0199,907796.S09,681415.r65,1244.596,B GUN02
10200.907796. 838, 681415. 768,1244. 594,C3 GUN02
10201,907775.491,681412.132,1244.486,GUN02
10202,907756.657, 681404.709,1244.27S,GUN02
10203.907797.Z49,681413.485,1244.451,MSC TOPGUN
10204,907776. 589,681409.B8S, 1244. 480,MSC TOPGUN
10205,907757.211,68~402.2S4.1243.9S7,MSC TOPGUN
10206,907760. 309.681385.827 ,1239.197.GUN02
10207,907798.138,681413.725. 1244. 348 ,TOP
1020B ,907826. 953,681420.103,1244.904,TOP
10209,907855.683,6&1423.405 ,1244.853 ,TOP
10210,907847.995,681441.065,1245.382,Z
l0211.907798.901,6al432.65S,1245.387,Z
10212,907747. 037,681425. 990,1244.676,z
l0213,907671.867,681453.325,1244.373,FXC PC DAMAGED
l0214,907678.1S1.681452.094,1244.663,FXC MID DAMAGED
l0215,907684.079,681452.193,1244,773,FXC PT DAMAGED
10216,907692.325,681453.164,1244.761,FXC END DAMAGED
10217,907692.323,681453.169,1244.761,8 FXCOl
10218,907671.88S,681429.183.1243.663,EOA PC
l0219,907723.824,681435.043,1244.710,EQA POe
10220,907770.DS8,681443.777,1245.0S0,EOA POC
10221,907737.532,681458.904, 1245.408. FXC01
l0222,907758.324,681461.681,1245.566,C3 FXCOl
l0223,907790.456,681468.B90,1245.683,FXCOl
10224.907820.011, 681477. 779, 1245.912,FXCOl
10225,907820.934,681478.02B,1245.68S,E FXCOl
l0226,907712.32S,681428.047 t 1244.502,PLM
l0227i907636.012,681344.108,1243.S39,CRN
lOOl,90791B.300,681492.264,1246.101.SPK
1002.907846.672,681429.086,1244.921,PAl 1FT DIA
l0228 ,907766.354,681386.B83,1238.954,HWL
10229,907769. 608, 681366.460,1238.982,HWL
10230,907763.846, 6S1365.473, 1239.105.EOC
l0231,907760.48S,68138S.834,1239.191,Eoc
10232,907766.778.681386.766,1239.301,MSC TRASH RACK
10233,907768 .364,681377 .121,'1239.278 ,MSC TRASH RACK
10234,907768.507 I' 681376.219,1239.294, MSC TRASH RACK
1023S,907770.081,6B1366.642,1239.324,MSC TRASH RACK
10236.907765.793 , 681387.S49,1238.972,B MER02
10237.907769.36S,681365.771,1238.980,E MEROZ
10238,907774.292,681439.007,1249.S22,WDP
10239,907836.665,681454.435,12S0.150,WDP
l0240,907926.750,681489.092,12S0.826,WDP
10241,907913,270,681474.024,1245.941,8 UGEO~
10242,907B94.629,681465.B47,1246.019,E UGE01
10243.907830.967, 681455.056,124S.901,ESX
l0244,907824.592,681455.877,1245.417,EOA POC
1024S,907871.728,681471.463,1245.642,EOA POe
10246,907917.296,681490.192,1246.099,EOA PT
10247,907963.040,681511.644. 1246.646,EOA
l0248,907828.366,6B14BO.489.124S.670,B FXC02
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100216-2010-03-25_NC.txt
10249,907828.409,681480.516.1245.669,C3 FXC02
l0250.907845.720,6B1486.226,1246.125,FXC02
102S1,907866.1l3,681493.960, 1245.751, FXC02
102S2,907866.115,681493.961,1245.751,E F.XC02
10253 ,907865.195,681493.6&1,1246. 180,FXC
10254,907829.411,681480.873,1246.033,RKC
10255.907828.224,681500.655,1246.839;B EDS02
10256,907828.265 , 681481. 210, 1245 .626 , EOS02
10257,907820.687.681478.891;124S.564,EOS02
10258,907820.603,681500.629,1246.B85,E Eos02
l0259,907866.214,681494.487,124S.7SS,B FXC03
l0260,907866.1B7,681495.233,1246.160,FXC03
10261,907866.131,681S09.068,1246.645.E FXc03
10262,907865.801,6B1S09.198,1246.694,BLD
10263,907888.763,681511.884,1246.490,B FXC04
10264,907888.599,681505.234,1246.395.C3 FXC04
l0265,907890.296.681502.208,1246.505,EXC04
l0266,907894.253,6B1502.453,1246.501,FXC04
10267,907902.614, 6S1S05. 567,1246.539,F,XC04
l0268.907927.407,68152Q.174,1246.728,FXC04
l0269,907928.113,6B1520.592,1246.409,E F,XC04
10270,907928.678,681520.893,1246.408,B FXCOS
10271,907928.446, 681521.624.1246.772, FXC05
10272.907926.651, 681528. 555, 1246. 786,C3 FXCOS
l0273,907925.558,681529.888,1246.779,FXC05
10274.907923.734,681529. 559, 1246.811, FXC05
l027S,907923.730,681529.557.1246.81O,E ~C05
l0276.907863.076,681437.212,1245.337,MSC JOSHUA TREE 1.5FT OIA
10277,90786S.B78,681435.782,1245.309,MSC JOSHUA TREE 1.OFT OIA
l0278,907865.428,681433.710,1246.472,MSC JOSHUA TREE 1.OFT DIA
10279,907863.312,681434.991,124S.23S,MSC JOSHUA TREE 1.0FT OIA
10280,907855.730,681425. 570.1244.895.BUR
l0281,907849.882,6S1443.188,1245.488,BUR
10282,907853.577,681448.961,124S.860.BUR
1o283,907864.4S4, 681455.104.1245.805, BUR
10284.907&77.292, 681446.657,1245.593 ,BUR
10285, 907888.275,681449.857,1245.605, BUR
l0286,907898.668,681455.254,124S.831,BUR
l0287,907906.087 ,6814S2.690,:I245.754,BUR
10288. 90790S. 129, 681441. 031,1245. 127, BUR
10289,90788S.03Z,681431.476.1245.061,TOP
l0290,9078B8.677,681440.016,1246.826,MSC CHOLLA 7FT WIDE
10291,907919.654,681445. 568,1245.400,TOP
10292, 907929. B37, 681450.840,1245.885,BUR
10293 ,907927.059,68146S. 632,1246.203, BUR
10294,907927.291,681476.406,1246.051, BUR
10295 ,907938.S26, 681481.150,1246.187,BUR
10296,907946.021,681484.862, 1246.220,BUR
10297.907947.671,681490.526,1246.384,BUR
lOZ9S,907959.218.S81493.490,1246.419,BUR
10299,907971.S75,681491.079,1246.460,BUR
10300, 907974.707, 681480.735, 1246.736,BUR
l0301,907924.2S1,681462.198,1245.941,MSC PRICKLY PEAR 7FT WIDE
l0302,907931.039,681464.268,1246.307,SAG 1.5FT OIA
l0303,907996.0S9,681491~S60,1246.820,BUR
10~04,907992.452,681499.160,1247.066,BUR
l0305.908007.475,681507.147,1247.491,BUR
l0306,908017.102,681513.769.1247.604,BUR
l0307,90B026.376,681513.038,1247.731,BUR
10308,908028.430,681521. llO.1247.707 J BUR
l0309,908041.022,S81533.023,1247.832.BUR
10310,908039.894,681549.105,124S.743,MES IFTDIA
l0311,9080S7.967,681569.496,1249.548,MES 1.5FTDIA
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10312,908003.361,681496.331,1248.450,MSC PEPPER TREE 1FT OlA
l0313.908003.563,681498.457.1257.663.PWP
10314,908002. 568,681499.41B,12S&.678,TEP
l0315,907981.927,681514.B76, 1252. 346,TRF
10316,907982.952,681517.938,1247.492,CCp
10317,907985.210,681511.968,.1247.490,CCP
1031B.907981.363.681510.534,1247.429,cc?
10319,907973.707,681517,123,1247.327,B FXC06
l0320,907973.708,681517.124,1247.327,c3 FXC06
10321, 907980.736,681520. 935, 1247. 391,FXC06
l0322,907988.029,681525.799,1247.511,FXC06
10323,907993. 735,681530.150, 1247. 609,FXC06
10324,90B030.496.681559.056,1249.691,FXC06
10325 ,908066.879, 681S87.571,1249.50S, F-XC06
l0326,908080.175,681598.441,1249.885,C3 FXC06
l0327,908088.649,681607.B81.1249.883,F,XC06
10328,90B090.909,681618,S19,1249.802.FXC06
l0329,908090.491,68162S.572,1249,642 J C3 FXC06
l0330,90B090.890,681627.640,1249.603,FXC06
l0331 J 90B092.314 J 681628.S59,1249.629,FXC06
10332,90810S.635,681632.126,1249.981,FXC06
10333.907949.919,681538.270,1247.106,8 FoXe07
10334,907950.448,681536.358.1247.091,C3 FXc07
l0335,907951.949.681S35.041,1247.089,FXC07
l0336,907953.664,6S1534.987.1247.040,FXC07
10337.907960.770,681537.803, 1246. 988.FXC07
10338,907961.497,681538.122,1246.664,E FXC07
10339,907962.204,68153B.353,1246.666,8 FXC08
10340.907962.859,681538.786,1247.007.F.XC08
l0341,907990.348,681559.17S,1248.192,FXC08
10342,908013.803, 681577. 233,1249.318,FXC08
10343. 908053.890, 68160B. 336,1248. 980, FXC08
10344.908054.678,681608.832,1248.541.E FXC08
1034S.908055.314,681609.376,1248~540.B FXC09
10346,908056 .01'1,681610.023 I 1248'.998 ,FXC09
10347,908065.583,681617.531,1249.019,C3 FXC09 '
10348 ,908065 .273 ,681620. 614, 1249 •000 t FXC09 '
10349,908062.930',681622.421, 1248.904, F,XC09
10350,908061.774,681618.964,1251.082,TN~
lO~51,908058.172,S81614.098,1252.721,LTP
l0352,9080B7.734,681603.169,1249.514,SGN FIRE LN
l0353,908061.956,681581.749,1249.245,SGN FIRE LN
10354,90S044.151,681602.884,1248.858,SGN FIRE LN
l0355.907984.032,681556.50B,1249.082,SGN FIRE LN
l0356,907968.700,681545.032,1248.345,SGN NO PARK
l0357,90B013.303,681542.196,1248.511,SGN SRP' R/W
l0358,908013.862,6B1538.586,124S.306,TOP
10450,908111.347,681672.143,1251.941,BSH 2FT
10451,908102.328, 681666.960,1249 ..957,BSH 2FT
l0452,9080B4.712,681664.336,1249.222,BSH 4FT
10453,90BI06.739,681686.181,12S1.368,BSH 2FT
10454,908096.416,681702.243.1250.179,BSH 3FT
10455,90B098.087,681707.190,1250.589,BSH 3FT
10456,908121.244,681723.811,1252.345,BSH 4FT
l0457,908126.297,681722.949,1252.583,BSH 4FT
10458.908129.495,681721.61l,1252.426,BSH 3FT
10459,908096.626,681749.796,1251.550,PLM 2FT OIA
l0460,908110.625,681748.2S4,1251.945,?LM 2.5FT DIA
10461,908103.964,681742.909,1252.145,PLM 1.5FT DIA
10462,908101.158.681742.702,12S2.016.PLM 1.5FT OIA
l0463.908106.388,681741.134,12S4.411,WAW ABAN
10464,908102.192,681739. 33S, 12S2.484,ccP
10465,908103.288,681737. 730,1252.444,ccP
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10466,908102.117,681736.967,1252.444 J CCp
10467, 908100. 578,681718.387, 12S1. 639,PLM 2FT OIA
10468.908112.142,681697.658.1255.405,PIC 7.5FTXS.5FT
l0469,908131.888,68171O.559,12S2.546,PLM 1FT
l0470,908136,458,681712.401,1252.502,PLM 1.5FT
l0471.908138.665,681660.639,1253.126,PLM 1.5FT
10472,908136.175,6S16S9.374,1253.233,PLM 1.5FT
10473,908130.690,681658.075,1253.454,MSC EUC 3.5 OIA
l0474,908127.035,6B160S.534,1250.914,MSC Eue 2.5 DIA
l0475,908117.533,681601.976,1250.485,MSC EUC 1.5 CIA
10476, 908110.437,681590. 611,1249. 861,PLM 1.5 DIA
10477,908109.106,681591.440,1249.922,MES .5 DIA
10478,908095.423,681S88.9E4,1249.843,MSC Eue 3.5 OIA
l0479,9081l1.136,681580.041,1247.788,BSH 3FT DIA
10480,908104.287,681574.597,1248.706.BSH Srr OIA
10481.908092.902,681562.974,1247.792 r PUM 2.5 OIA
l0482.908083.798,681556.232,1248.036,PLM 2,OFT OIA
10483.908081.108,681553.913.1247.693,PLM 2.0FT OIA
10484.90S073.906,681579.120,1249.046,PLM 1.5FT OIA
l0485.908070.834,681581.543,1249.117,PLM 2FT OIA
10486,908080.043,681595.S10,1249.471,PLM 2.5FT DIA
l0487,908092.144.681604.508.1249.657,SGN SRP R/w
10488,908001. 317,68144S.400, 1248.230,TOP
10489,908003.521,681446.198,1248.288,EOA
l0490,908003.907,681445.910,1248.442,GDR
10491.908010.338, 681432. 616,1248.830,P
10492, 908002.678 ,681451.045, 1248.613 ,GUN
l0493.908011.210,6814S0.328,1248.423,EOC
10494.908007.366,681455. 721,124&. 263,EOC
l0495.90801S.10S,681459.5S3,1248.285,EOC
10496,908019.409, 681454.996,1248.62S,EOC
10497,908024.979,681457.172,1249.1l0,EOA PC
10498,908024.711,681457.652,1249.458,BOC PC
10499,908017.239,681458.533,1248.3SS,GUN PC
10S00,908024.684,681457.167,1249.408,GDR PC
lOSOl,908033.444,68146S.764,1249.402,SGN DELINEATOR
lOS02,9080S9.326,681487.591,1249.582,GUN ,PaC
10S03.908062.935,681480.633,1250.278.BOC poe
l0504.908063.307,681479.S98,1249.81S,GDR POC
l0505,90B063.307,S81479.896.1249.816,EOA POe
10506.908068. S87,6B1469.551,1250.31S, P
l0507,908097;201,681520.969,1250.335 r GUN POC
l0508,90S104.154,68151O.261,1250.995,BOC POC
10509.908104.465,681S09.607,1250.492,GDR POe
lOSlO,908104.462,681S09.597,1250.491.EOA POC
10511,908110. 533,681500.246, 1250.962 ,P
10512,908102.235,681513.329.1ZS0.715,SGN DELINEATOR
l0513,908087.924,681502.587,1250.604,SGN PED XING
10514,908133.490,681553.172,1250.922,GUN poe
10515,908142.267,681544.096,1251.721,GUN PT
l0516,908142.625,681543.S67,1251~286,GDR POC
lOS17,908142.629,6S1543.S74,1251.286,EOA POC
10S1B,90B150.904,68153S.512,1251.475,P
10S19, 908134.872, 6B15SB.751,1249.566,GUN
10520,908136.90S,681SS6.871,1250.823 J TOP
10521,908166.255,681583.556, 12S1.595.TOP
l0522,90S162.789, 681586.554,1249. 967,GUN
10S23,9OB173.218,681594.048, 1250. S97,GUN
10524,908179. 594, 681596.030,1251.686,GUN
l0525,90B176.24S,681591.400,1252.064,TOP
10526.908172.834,6B1574.794,1252.SS2.BOC pee
l0527,908178.962,6815B2.912,1252.694,BOC MID
lOS28.908179.837,681595.290,1252.258,BOC PT END
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10529, 908173.163,681S74.501,1252.561,GOR pee
10530,908177. 834,681580. 514 , 12S2.648,GOR MID
10531.908180.38S,681586.79S,1252.366,GDR PT
10S32,908180.078,681603.933,1251.B17,GOR END
lOS33,908163.693,681571.382,1252.018,SGN CURVE
l0534.908142.730,6B1624.S37,125Q.215,GUN
10S35 , 908140.807,fiB1617,913.1249.94Z,GUN
l0536,90B130.409, 681602.633, 1249.433,GUN
l0537,908l10,467, 681S78. 619, 1247.467, GUN
10S38,90809S.440,681565.523,1248.073,TOP
10539,908076.757,6S1545.481,1247.400.TOP
lOS40,908063.097.681542.821,1247.104,PLM l.50IA
10755, 908194.836,681744.839, 1260.084,MERll
l0756.908210.184,68174B.938,1259.976,MERl1
10757,908223.413,681752.446,1259.412,MERll
10758,908233.719,681755.172, 1258. 752,MERl1
10759,908233.634,68~75S.441,1258,750,E MER11
10760 1 908162.931,681747.486.1258,746,8 MERl2
l0761,90S162. B70,681747.777, 1258. 747,MER12
10762,908175.585,681751. 190,1259. 540,MERl2
10763,908192. 179,6B1755.665. 1260. o36,MER12
10764,908206. 371,681759,447, 12S9,995,MER12
1076S,908220.936,681763.363,1259.398,MERl2
l0766,908230.756,68l766.005.1258.742,MERl2
10767,908230.812,68176S.711.1258.765,E MER12
10768,908231.246,681766,526,1258.759,8 MER13
l0769,908227.187,681769.857,1258.799,E MER13
10770,908234.680,681754,688,1258.781,6 MER14
10771,908238.380,681750.975 J 1258.822,E MER14
10772,908238.930,681750.855,1254.299,8 EOC13
10773,908236.S90,681753.273,1254.300,EOC13
10774,90B237.945, 681754.065,1254. 290, EOC13
10775 ,90823l,632. 6817S6. 839, 1254. 278,E0C13
10776,908226.998, 681770.567, 12S4. 309,EOC13
10777,908226.442, 681769.865i +254.305, E0Cl3
10778,908230.597,681766.484,1254.280, E0C13
10779,908230.652,681766.565,1254.284,EOC13
10780,908234.108,681754. 564. 1254.280, E0C13
10781. 90823S.282,6817S0.228,1Z54.268, EOCl3
10782,90823S.925,681750.835,1254.272,E EOC13
10783,908252,'346.681759.866,1253.872, B E0C14
10784,90S245.679,681770.443,1253.868,E0C14
10785.908231.803,681766. 646.1254.297,E0Cl4
l0786.908237.304,681755.67B,1254.271,EOCl4
10787,908252.362,681759.883,1253.862,E EOC14
10788,908233.635,681755.524,1254.292,8 BOKOl
10789,908224.073,681753.068,12S4.935,BDKOl
l0790,908204.703,681747.923,1255.620,BDKOl
l0791,908185.289,6g1742_682,1255.413,BDKO~

1079Z,90B165.671,681737.364,1254.249,BDKOl
10793,908162.879,6B1747.434,1254.27S,BDK01
l0794.908l82,245,681752.602,12S5.426,BDKOl
10795, 908198.071,681756.851, 1255. 633,BDKOl
l0796,908215.919,681761.594,1255.201,BOKOl
10797,9D8230.832,68176S.621,1254.271,BDK01
l079B.908233.622,68l755.598,1254.295,E SOKOl
10799,908233.205,681760.665,1254.251,BOL
l0800.90S240.187,681743.717,1248.266,RCP I:Nv30"
10801,908234.077,681754.493,1253.284,8 EOClS
10802,908232.662,681753.644,1253.273,E0C15
lOB03,908231.485.68175S.682.1253.302,EOC15
10804,908164.473,681693.579.1253.560,8 EOC16
1080S,908162.124,681701.151,1253.624,E0C16
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lOa06,90B162.721,681701.356.1253.642,EOC16
10807,908158.738,681691.920,1253.420,B Eoel7
10808.908157. 8Z3 ,681699. 850,1253.480,EOcl7
10809,9081S8.431,681699. 930,1253. 481. Eoe17
10810,908155.947,681704.054,1253.686,8 E0Cl8
10811,908155. 337, 681704. 117, 1253.642, EOClB
10812 ,908156.006, 681712. 014, 1253. 641. EOC18
10813,908154.530,681715.690,1253.683,8 Eoc19
l0814,908150.400,681722.467,1253.782,E0C19
10815 ,908149.828,681722.141,1253. 779, EOCl9
10816,908156.200.681718.502,1253.788,B EOC20
10817, 90S156. 615, 681718. 966,1253.788 ,EOC20
10818 ,908162.464,681713.553,1253.81S ,E0C20
10819.908154.449,681723.162,1254.016,8 E0C21
10820,90815S.040,6B1723.332,1254.019,E0C21
10S21.908153.152,681731.0S1,1254.045,EOCZl
10822.908149.821,681727.391,1253.889,8 EOC22
10823,908149.291,681727.089,1253.888,E0C22
l0824.908145.242,681733.972,1253.937,E0C22
10825,908146.825,681738.416,1253.985,8 EOC23
10826,908147. 261,681738.899.1253.9B5,E0C23
10827 ,908141.256,681744.127,1253. 982.E0C23
10828,908134.870,681742.930,1253.754,8 E0C24
lOB29 ,908134.411, 681742. 51S, 1253. 754,EOC24
l0830,908139.609,68173~.47g,12S3.693,E0C24
10831,908139.787,681748.940,1254.226,8 EoC25
10832,908140.413,681749.137.1254.226,EOC2S
10833,90B138.159,6817S6.777,1254.303,E0C25
10834,908130.135,681748.836,1253.753,B E0C26
10835,908130.118,681748.202,1253.756,E0C26
10836,90B122.148,681748.630,1253.725,EOC26
10837,908133.445,681748.805,1258.549,8 E0C27
10838,908133.447,681748.802,1258.549,C3 E0C27
10839,908126. 107 ,681756.293, 1260.098, E0C27
10840.9081l8.710,681748.927,1260.106,E0C27
10841,908118.715.681748.922,1260.107,C3 Eoe27
10842,908126.147 ,681741.491,1260.135, EOC27
10843,908133.467,.681748.885,1258.537, E0C27
l0844,908133.462,681748.889,1258.53S,E E0C27
10845.908126,106,681739.550,1261.096,8 EOC28
10846,908126.105, 681740.811, 1260.117 ,EOC28
10847,908133.040·,681744.957,1258.549, Eoc28
1084R ,908133. 046;681752. 891, 1260.106, E0C28
10849,908134.188,681753.545,1261.095,C3 E0C28
l0850,908126.116.681758.249,1261.083,EOC28
l08S1,90B118.013,681753.555,1261.097,EOC28
10852,908140.022. 681732. 391,1257.484,BOL
10853,908151.017,681716.404. 1261.S70,BOL
l0854,908163.677,681742.032,1262,062,BOL
10855,908163.640,681707.277.1253.916,MSC pwp OHX
10856,908164.546,681706.217,1253.920.SGN
100S,90B132.8SZ,68178S.S05,1254.7071SRB ALUM CAP BASE
l0857,908234.913.681645.033,1256.87l,B BRGOl
l08S8,908235.060,681644.437,1256.862,BRG01
l0859,908237.146,681644.981,1256.891,BRGOl
10860,908271.701,68~680.980,1256.903,BRG01
10a61,908271.298,68~681.431,1256.911,E BRGOl
10862,908226.482,681648.402.1256.17S,ISP 30"O:rA
10863,908164.164,681652.951,125S.549,ISP 30"O:rA
10864,908183.476,681664.163 ,1254. 943 ,MER
1086S,908177.S71,681673.200,1254.793,MER
l0866,908165.631,681652.768,1253.662,MSC 2"IRON PIPE CAPPED
10867,908228.352,6B1649.263,1254.445,MSC 2"IRON PIPE CAPPED
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l08E8,908233.710,681648.473,1252.889,MSC STEEL LADDER
10869,908232. 561, 6Bl649. 106,1252. 911,MSC STEEL LADDER
10870,908231.254,681644.176,1257.470.BOL PLASTIC
l0871.90B226.604,681645.203,1258.050.BOL PLASTIC
10872,908221.605,681646.250,12SS.721,BOL PLASTIC
10873,908200.S79,681631.747,1257.17S,BOL PLASTIC
10874,908196.689,681628.538,1257.269,BOL PLASTIC
l0875,908193.348,681624.666.1254.680,BOL PLASTIC
l0359~908035.297.681S54.603,1249.246,TOP
10360,90S060.168,681573.408,1249.290,TOP
10361,908064.836,681567.064, 1248. 167,TOE
10362,90S041.912,681550.729,1248.~18,TOE
l0363,90801S.620,681531.BoS,1247.559,TOE
l0364,907926.024.681491.709,1246.40B,SGN SRP.R/W
lO03,9080B7.148,681630.583,1249.011,SPK
10365,907987.034, 681522.686,1247.181,EBX
10366,908049. 569,681619.119, 1249.124,FXC09
l0367,908048.701,681621.B80,1249.126,E FXC09
10368,908048.244.681621.776,1249.127,8 BoCOl
10369,908048.164,681621.805.1249.127,8 EaSOS
l0370.908042.432,681620.372,1249.2B4,EOS03
10371,908037. 299,681640.464, 1249. 244,EOS03
10372,908025.836,681637.632, 1249. 441, EOS03
10373 ,908024.633,681642. 427,1249.416,EOS03
10374.908036.078,681645.284,1249,193,EOS03
l0375,90803S.753,681670.928.1249.001,BOC01
l0376,90S029. 868,681669.500, 1249.094,EOS03
10377,908019.439,681710. 217,1248. 990,EOS03
10378,908007.899,681707. 457,1249. 438 ,EOS03
l0379,908006.667,681712.236,1249.432,EOS03
10380,908018.162.681715.041,1249.000,EOS03
10381,908023. 763,681717.574,1248.865,BOC01
10382,908017.070,6B1743.427,1248.799,E ~Ol
10383,90BOll.333,681741.948,1248.911,E Eos03
10384,908034.469,661749.120.1247.966,6 EOA03
10385,908033.089,681748.576,1247.878,VG CLN
10386,908031.714,681748.084,1247.978,8 EOA04
10387,908042.074,681707.432,1248.141,EoA04
10388.908027.889,6B1703.899,1248.312,E EOA04
10389,908028.037,681702.869, 1248. 260,VG CLN
l0390,908042.476,681706.547,1248.082,VG ClN
10391,908045.437,681701. 594.1248.137,VG CLN
10392,908046. 641,681701.886,1248.179.EOA03
10393,908044.662,681697.735,1248.112,8 EOA05
10394,908028.26Q,681701.902.1248.886,B FXCIO
10395,908041.492,681705.088,1248.620,C3 FXClO
10396,908042.794,681704.959,1248.598,FXClO
10397.908043. 6Z1, 681703. 914, 1248.622,F.XCIO
10398,908044.753,681699.220,1248.668,C3 FXClO
10399,908044.484,681697.664,1248.627,FXC10
10400,908043.226,681696.746,124S. 625, FXCIO
10401,908030.526,681693.316.1248.878,E EKC10

. 10402,908034.738,681699.712,1248.814,MES 1FT CIA
10403,908042.893.681699.545 ,1248.473,LTP
10404. 908054.076,681660.600 ,1248.195,EOAOS
1040S,90B039.909,681656.901,1248.502 r E EOA05
10406,908040.363,681654.935,1248.551,B EOA06
10407,908040.216,681655.925,1248.405,VG CLN
10408,908054.279,681659. 699, 1248. 141,VG CLN
l0409,908056.373,681657.844,1248.148,VG CLN
l0410.908054.617,6816SS.644,1248.258,EOA06
l0411,9080S7.822,681658.242,1248.268,EOA03
10412,908066.731,681623.189,1248.427,EOA03
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l0413,908064.036,681622.461.1248.415.E EOA03
10414.90S063.803,681622.528,1248.407,E EOA06
l041S,908065.379,681622.826,124B.306,VG CLN
10416.908077.332,681622. 560,1248.834,WVL
l0417,908097.102,681664.944,1249.700.FXC06
10418,908083.931.681661.429,1249.475,C3 FXc06
10419,9080BO.545,681663.43S,1249.370.FXC06
10420,908082.571.681667.21B,1249.429,FXC06
10421, 9080B2.442,681665. 819 ,1249. 31S,LTP
10422 ,908079.002. 681665.841,1257.314.CAN
10423,908095.149,681670.08S.1257.367,CAN
10424,908095.622,681670. 575,1249.629,FXC06
10425 ,908092.431, 681760. 674,12S1.727,TOP
10426,908099.887,681764.847,1252.459,TOE
10427,908116.296,681771.734,1254.703,TOP
10428,908124.160. 681759. 462. 1253. 865 ,TOP
l0429,9081l2.842,681753.365,1252.344,TOE
10430,908137.870,681736.853.1253.646,Z
10431.90B116.983,681726.180,1252.375,z
10432,908102.114,681722.216,1251.853 ,TOP
10433.908113.202,681681.520,1252. 327 ,TOP
10434 ,908142.441. 681688.035,1253.454,Z
10435,908165.418,681660.951,1253. 449,z
10436,908125.121,681644.024, 1252. 746, TOP
10437,908143.038,681633.088,1253. 381,TOP
l0438,908136.516,681621.143,1251.014,TOE
10439,908102.626, 681614. 525,1250.081,Z
10440.908110.2S0,681632.520,1250.056,BSH 3FT
10441,9081l3.741,681633.678,1250.S21,BSH 3FT
10442.908117.179,681637.684,1251.393,BSH 2FT
10443,908123.424,681636.749,12S2.333,BSH 3FT
10444,908124.90B,681649.914,1252.659,BSH 3FT
1044S,908136.384.681669.5S1,1252.952,BSH 3FT
1044.6,908132.874,681673.961.1252.879.BSH 3FT
10447.908133.298,681680.080,1252.979,BSH 3FT
10448,908140.259,681685.823,1253.249,BSH 3FT
10449,908117.579,681682.658,1252.574.BSH 3FT
l0541,908060.039,681529.454,1245.668,PAL .5 DIA
lOS42,90B049.750,681S22.023,1247.151,TOP
10543 ,908032.618,681506. 546,1247. 220 ,TOP
10544,907952.799,681463.638,1246.276,TOP .
10545 ,907937.463,681470. 097, 1246.401,PLM 4FT DIA
10546,908189.180.681691.059.1253.815,8 Eoc02
10547,908180. 594,681685. 539,1253. 789 ,EOC02
10548.,908166.424,681650.308,1253.765, EOC02
10549,908151.oo9,6B1628.758,1253.798,EOC02
10550,908149.080,681627.854,12S3.754,EOC02
lOS51,90Bl44.511,68162S.659,1253.021.EOC02
10S52,908145.131,681624.444.12S3.025,EOC02
l0553,908149.783,6B1626. 559,1253.762 ,EOC02
10554,908151.907,681627. 522 ,1253. 734,EOC02
10555,908167.639,681649.476,1253.724.EOC02
l05S6,908177.164,681612.975.1253.740,EOC02
lOS57,908176.962,681673.249,lZ53.784,EOC02
10558,908177.445,681674. 300,1253.806. Eoc02
lOS59,90S190.020.681655.263,1254.016,EOC02
10560,90S202.624,681636,170.1253.787,EOC02
10561,908201.8S5,681635.606.1253.759,EOC02
10S62,908201.73~,681635.818.1253.766,EOC02
l0563.90B194.415,681629.84S ,1253.786, Eoc02
10564,90817B.571,681607.96S.1253.770,EOC02
10565.908178.341,681605. 54B,1253. 750, Eoc02
lOS66,908177.BS7,681600.475,1252.935,EOC02
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10S67.90B179.265,681600.313.1252.953,EOC02
lOS6B.908179.781,68160S.315,1253.772,EOC02
10569,908180.041,681607.415. 1253. 756,EOC02
10570,908195.632,681628.968. 1253.77S,EOC02
10571, 908218. 322,681646.937, 1253. 734,EOC02
l0572,908189.166,681691.123,1253.807,E EOC02
10573,908176.490,681641.109,1253.794,B EOC03
10574,908161.549.681620.371,1253. 787 ,EOC03
1057S, 908162.684, 681619. 511, 1253. 767. EOC03
10576,908177.640,681640.214,1253.771,C3 EOC03
10577, 908177.459, 681641.247, 1253.791,EOC03
10578,908176. 527,681641. 172,1253.779,EOC03
10579,908176.522,681641.160,1253.779,E EOC03
10580,908182.613,681636.805,1253.797,8 Eoc04
1QS81,908167.628.681616.005,1253.755,EOC04
l0582,908168.822,681615.166,1253.747,~OC04
105B3,908183.794J681~35.834,12S3.799.C3 EOC04
l0584,908183.652,681636.892,1253.786,EOC04
l058S,908182.610.6B1636.815,llS3.800,EOC04
10586,908182.598 r 681636.788,12S3.BOO,E EOC04
105&7,908144.642,681625.153,1256.865,8 MER03
10588, 908151.330. 681628.169,1257. S88,E MER03
10589,908151.799,681628.677,1257.594,B MER04
10590,908161.776,681642.634,1257.552,E MER04
10591,908162.521,681642.072,1257.550,B MERDS
10S92,908172.01S,681635.083,1256.738,c MEROS
10593,908173.450.681634.028,1257. 583,B MER06
10594,908178.077,681630.739,1256.649,E MER06
10595,908179.579,681629.680,1257.619,B MER07
10S96,908188.993,681622.867,1257.573,E MER07
10597,908189.788,681622.165,1257.631,8 MEROa
l0598 r 908179.696,681608.280,1257.600,E MEROS
10599,908179.194,681607.616,1257. 564,B MER09
l0600,908178.434,681600.437,12S6.759,E MER09
l0601,90B189.595 ,681622. 745 ,1257.436,IGV
10602,908178.694,681630.640,1257.143.IGV
10603,908172.60S,681635.040,1257.137,IGV
10604,908177.070,681673.274,1254.741,8 SOC02
1060S,90B201.926,681635.710,1254.760,E BOC02
10606,908173.407,681S74.346,1252.067.EOA Pee
10607,90817S0416,681580.227,1252.227,EOA MID
10608,908180.417.681587.292,1252.306,EOA PT
10609,908179. 657,681602.930,12S1.814,EOA
l0610,908180.1Z3,681607.396,1252.178,EOA
l0611,90S195.809,681628.899,1253.194,EOA
1004,908180.851 681693.352,1253.655 SAC
10612,908190.023,681689.986,1254.719,B soeos
10613,90B190.827.681690.506,1254.744,EOCOS
10614,908190,697,681690. 730,1254.752, EOC05
10615,908190. 966,681690.980, 1254. 740, EOCOS
10616,908191.109,6B1690.756,1254.738,EOC05
10617,908192.755,681691.721;1254.719,c3 EoeoS
10618,908192.990, 681692.699.1254.723,EOC05
10619,908191. 932,681692. 956, 1254.727 rEOCOS
106Z0.908189.188,68~691,186,1254.713,EOCOS
10621,908189.999,681689.988,1254.695.E EOC05
10622,908198.328,681682.764,1252,898,8 Eoe06
10623,908199.461,681683.394,1252.934,C3 Eoe06
l0624,90B199.726,681684.225,1252.911,EOC06
10625,908198. 740,681684. 365,1252.884,EOC06
l0626,908197.733,681683.684,1252.898,E EOC06
10627,908208.970,681666.624.1252.912,8 EOC07
10628,908210.151,681667.252,12S2.900,C3 EOCO?
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l0629,90S210.324,681668.1l8,1252.895,EOC07
10630,908209.327, 681668. 208,1252. 917.EOC07
10631,908208.401,681667.522,12S2.934,E EOC07
10632,908217.532,681648.255,1254.448,8 EOCOB
10633,908218.323,681647.055,1254.473,EOC08
l0634,908227.781,681653.315,1254.479,EOC08
10635,908228.436,681653. 39S, 1254.S03,EOOO8
10636,908230.075.681649.207,1254.498,EOC08
l0637,908~31.0S7,681648.659,12S4.474,EOC08
10638 ,908231.165.681648. 564,1253. 671, EOC08
l0639,908236.255,68164S.926,1253.637,EOC08
l0640,90S236.219,681645.SS9.1253.628,EOC08
10641.908236.786.681645. 677,1253. 725, EOC08
l0642,908237.S34,681646.374,1253.6S6,EOC08
l0643,908231.626,681649.3S9,1253.661,EOC08
10644,908231.535,681649. 437.1254.488, EOC08
10645,908228.985,681655.795, 1254.484, Eoc08
10646, 908218.844,681649.109, 1254.489, EOC08
10647,908218.957,681648. 884,1254.474,EOCOB
10648,908218.362, 681648.462, 1254.460. EOC08
l0649.90821B.209,681648.687,1254.466,EOC08
10650,908217.545,681648.248,12S4.459,E EOCOB
10651,908219,720.6Bl649.713,1254.248,MSC TRASH RACK
l06S2.908208.69~,6B1666.364,1254.261,MSC TRASH RACK
106S3,308208.072,681667.335,12S4.287,MSC TRASH RACK
l06S4,908198.095.681682.466,1254.269,MSC TRASH RACK
10655,908197.422,681683.447,1254.272,MSC TRASH RACK
l0656.908192.194,681691.317,1259.464,MSC TRASH RACK
10657, 908191.145,681690. S92,1253.773,MEC
l06S8,908203.S78,681670.997,1253.885,MEC
10659,908218. 400, 681649.042, 12S3.771,MEC
10660.908228.322,681653.408,1254.294,8 EOA07
10661,908230.052, 681649.045,1253.845,EOA07
10662.908236.212,681645.891,1253.S73,EOA07
10663, 90SZ36.153,681645. 528,1253. S71, EOA07
l0664,908233.825,681645.055,1253.484,EOA07
l0665,908235.535,681642.214,1253.537,EOA07
10666,908222.184,681628.521, 12S3.509,EOA07
l0667,908223.299,681627.029.1253.S34,EOA07
10668,90S25S.201,681660.405,1253.678,EOA07
10669,908281.243, 6816B7.440, 1253.608.EOA07
10670,908280.006,681688.343,1253.514,8 EOc09
l0671,90B272.992,681681.113,1253.S07,EOC09
10672,908272.068,681682. 538, 1253.S06,EOC09
10673.908274.082, 681693.807,1253.482,EOC09
10674,908273.377,681693.968,1253.477,EOC09
10675,908271.396,681682. 620,1253.515,EOC09
10676,908271.771,681681.890,1253.493,E EOC09
10677,908271.230,081682.681,1251.816,8 BSP01
10678,908271.126,681681.911,1251.681,BSP01
l0679,908271.325,68168l.594,12S1.694,E aSPOl
10680,908255.419,681664.976,1252.334,B aSP02
10681,908255.292, 681665. 297, 1252.362,BSP02
10682,908254.352,681665. 545, 1252.290, BSP02
l0683,90S2S4.249,68~664.567,1252,309,BSP02
10684)90S254.S32,681664.024,1252.328,E BSP02
10685,908237.344,681644.973,1254.158,8 Fsc01
10686,908237.340,681644.976)1254.16O,C3 FSCOl
10687,908237.921,681644.977,1254.181, FSCOl
10688,908238.406)68164S.183,1254.172.FSCOl
10689,908272.186,681680.470,1254.179.C3 FSCOl
l0690,908272.424,681680.B97,1254.178,FSC01
l0691,908272.S15,681681.176,12S4.204.FSCO~
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10692,908272.204.681681.406,1254.130,£ FscOl
l0693,90S281.235.681668.308.1253.931,P
10694,908248. 560,681635.100,12S3.828,p
10695.908230.392,681616.22S.1253.B12.p
10696,90819S.762,681580.104,1252.433.p
l0697.908186.142,6815BB.543,1252.383,P
10698,908217.696, 681621.077,1253.472,P
l0699,908229.653.681650.158.1254.196.P
10700,908231.199,6S164B.465,1253.588,P
10701.908227.246, 681644.726,1253.411. P
l0702,908225.261,681647.460,1253.836.P
10703.908218.542,681646.950,1253.842.P
l0704,908223.261.681639.777,1253.247.p
10705 ,90S210. 521, 681626.781.1252.876,P
10706,90820S.998,681625.764,12SZ.781,P
10707,908204. 624,681630.274,1252.997,P
l0708,908206.20S,6B1631.643,1253.33S,p
l0709,908203.856,68163S.350,1253.709.p
10710,908202.230,681633.996,1253.367,P
l071l,908202.785,681619.127,1252.637,P
l0712,908187.971,681602.821,1252.235,p
10713 ,908180.286,6B1602. 474, 1251.746,P
10714,908191.756, 681693.066,1251.729, GUN
l0715,90S188. 865,6B1691.098.1253. 561,TOP
10716, 908186.224,68169S.986,1253. 518 ,TOP
10717,~08189.723,681699.536,1251.608,GUN

1071S,90818.9.800,681704.578,12S1,661,GUN
10719,908186.141,681704. 668,1253.437,TOP
l0720,908184.886,681712.B32,12S3.455 ,TOP
10721,908189. 673,681713. 807,1251.785,GUN
10722,908173.595,681738.435,1251.756,GUN
10723,908169.836.6B1734.432, 1253. 642,TOP
10724,908167.459,681730.905,1254.063,2
10725,908156.147. 681754. 186,1254. 243 ,TOP
10726,908166.061,6B1749. 246,1251. 620.GUN
10727,90S133.336,681789.808,1254.883,TOP
10728,908137.984,681792.421,1251.968,GUN
10729,908128.740,681765.450,1254.363,8 EOD01
10730.908118.598,681780.367,1254.686. EOool
10731,908109.076.681794.627,1254.755,E EooOl
l0732,908114.375,681779.689,1254.919.PWP
10733,908144.724,681743.369,1253.996,B EoclO
l0734,9081S1.825,681732.834,1253.898,EOClO
10735,908164. 613,681736. 255,1254.289,EOCIO
IG736, 908161. 406,681747. 78Z,1254.264,EOClO
l0737,908144.723,681743.384,1253.994,E EOClO
10738,908158.626,681752.917,1254.271,B Eoell
l0739.908161.50S,6S1747.983,1254.Z70,EOCll
l0740,908164.872,681735.803,1254.267.EOCLl
l0741,908167.853,681731.20S,1254.265.E0C11
10742,908168.618,681731.625.12S4.233,EOC11
10743,908165.696, 681736.022 ,12S4.266,E0C11
10744,908162.364,68174B.348,1254.269,EOCll
10745,908159. 396,681753. 398.1254.271,EOCll
10746,9081SR.642,6R17S2.962,1254.272,E EDell
10747,908161.719,681749.609,1253.341.6.E0Cl2
l0748.908164.036,681750.286,1253.275,EOC12
l0749,90816B.185.68173S.062,1253.344,EOC12
l0750.90B166.836,681734.602,1253.303,E E0C12
10751.908168.050,681731.712,125B.786,B MERlO
10752,908165.213,681736.110.1258.7Bl,E MERlO
l0753.908~65.753,681736.987,1258.748,B MER11
l07S4,908180.406,681740.945,1259.655,MERIl
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10876,908190.301,681711.931,1251.527,MSC STEEL LADDER
l0877,908190.40S,681710.635,1251.463.MSC STEEL lADDER
10878,908264. 703, 681702.728,1248.910,CSp
10879. 908263.272 ,681704.959,1248.805,CSp
10880,908266.B47,681707.192,12S2~129,CSp
10881,908268.205,681704.971, 1252.174,CSp
10882,908294.945,681651,829,1253.368,B UGGOl
1~883,908296.998,681654.019,1253.443,UGG01
10884,908272.809, 681686.175,1253.474, UGG01
10885 ,908301.860,681711.982.1253. S43,UGGOl
10886,908414.744,681803. 132,1256.687,TNH
10887,908415.087,681802.~08,1253.694,B UGW01
l0888,908426.209~681783.729,1253.399,UGWOl
10889,908423.395,681781.839,1253. 379,UGW01
10890,908424.288,681780.466.1253.290,UGW01
10891,908424.296,681780.469,1253.29O,B UGW02
10892,908442.436,6817S2.900,1252.764,E UGW02
10893,908334.639,681713.400,1252.B33,UGW01
10894,908325.650, 681683.481,1252.564.UGW01
10895,908294.570,681654.334,1253.610,5 UGWQl
10896,908270.696,681750.299,1253.873,8 UGIOl
l0897,908295.218,681699.234.12S3.627,UGIOl
10898,908315.891,681674.304,lZ53.019,UGIOl
10899.908321.668,681682.389,1252.834,B UGSsOl
10900,908291.881,681723.057,1253. 588,UGSSOl
l0901,908444:071,681780.570,1253,073.E UGssOl
10902 ,908424. 330,681780.460,1253.280,WVL
10903,908425. 532,681784. 693.1253.396,WVL
l0904.90B385.292,681769.207,1253,264.FPK
10905,908291.819,6B1723.086.1253.S97,SSMH
l0906,908271.877,681680.699,1254.212,MSC BCF MCOOT ENG
10907, 90B274. 69J., 681694. 528, 1.252. 631 ,GUN
l0908,908275.94B,681693.084,12S3.316,TOP
10909,908276.159,S81697.323,1253.316,TOP
l0910,908246.330,681742.640.1253.922,TOP
10911,908243.489. 681740. 810,1251. 745,GUN
10912, 90S240. 784, 681751. 881, 1254,OSO,TOP
10913,908234.086,681754. 275,1251.42S,GUN
l0914,908250.481,681770.485,1253.724,SGN
l091S,9082S7.727,681769.674,1253.663,BUR
l0916,908254.407.681763.9S5,1253,716,BUR
10917. 9082S8.12S, 681755.003,1253.811,BUR
10918,908271. 375,681757.942,1253.795,BUR
10919,908264.06S.681771.510,1253.764,BUR
10920,908260.311,6S1766.031,1253.640,BUR
l0921,908260.93S,681761.447,12S3.584,BUR
10922,908262.624,681766.546,1253.664,BUR
10923,908265.890,681763.156, 1253.756,BUR
l0924,908262.411,6B1764.742,1253.682,MSC CITRUS 1FT OIA
l0925,908273.369,681751.582,1255.535,MSC IRRG STRUCTURE
10926,90826S.218,681748.039,1255.559,MSC IRRG STRUCTURE
10927,908263,246,681752.579,1255.508.M5C IRRG STRUCTURE
l0928,908271.440,681756.162,1255.514,MSC IRRG STRUCTURE
l0929,908265.766,681740.667,1253.892,PWP
l0930,908253.57S,681774.700,1253.816,BSH 2FT DIA
10931,908256.694,681776.368,1253.770,BSH 2FT DIA
10932,9082S9.938,681777.492,1253.938,BSH 2FT DIA
l0933.908262.531,681778.908,1253.761,BSH 2FT CIA
l0934,908281.803,681787.520,1254.066,BSH 2FT OIA
10935.908334.838.681797.87S,1254.022,MSC EUC 1FT OIA
l0936,9083S2.965,681805.562.1253.753,PLM 3FTDIA
10937,908376.191,681806.142,1254.777,MSC EUC4FTDIA
l093B,908423.058,681825!303,1254.l11,MSC EUC7FTDIA
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10939,90B425.944,681839.596,12S4.30Z,B EDSOS
10940,908422.628,681846.843,1254.409,B Eos06
10941,908380.136,681819.298 ,1254.029, EOSOS
10942, 908379.729, 681&27.826, 1254. 120, EOS06
l0943,908351.515.6B1808.272,1253.966,EOS05
10944,908340.261,681803.646,1253.974,EOS05
l094S,908329.395,681798.806,1254.018,EOS05
l0946,908304.782,681736.797,1253.721,EOSOS
l0947,908301.246,681713.065,1253.514,EOSOS

. l0948,908304.164,681708.628,1253.428,EDSOS
10949,908297.869,681704.077,12S3.584,EOS05
l0950, 908292.691,681710. B99,l253. 606, EOS05
l09S1, 908297. 274, 681739.427,1253.823,EOS05
10952,908298.038,681741. 380,1253.818,EOSOS
10953 ,908287.444,681754.225,1254.117, EOs05
10954,908282. 097.681762.628,1254.119, EOS05
l0955,9082BO.143,681688.344,1253.S8S,EOA PC
109S6,908319.719,681720.808,1253.273.EOA poe
l0957,908362.S21,681753.282,1253.090,EOA POe
l0958,908404.669,681782.561,1253.416,EOA POC
10959,908449.514,681808.807,1253.714,EDA poe
l0960,908490.S54.681827.981,1253.894,EOA PT
10961,908426.121,681810.865,12S4.109,TOP
10962, 90842S.384,681812.889, 1251.950 ,TOE
10963,908410.300,681805. 390,1253.779,TOP
10964,908410.044,681806.527,'1251.813,TOE
10965,908401.919,681804.777 .1253.775,TOP
10966,908400.946,681807.113 ,1251. 627 ,TOE
10967,908388.770,681801.061,1253. 531. TOP
10968,908388.540,681804.131,1251.S56,TOE
10969, 908374.680, 681795.436.1253.354,TOP
l0970,908374.377,681797.783,1251.401,TOE
10971.908370. 543,681806. 724,1253.875.TOP
10972.908370.398,681803.751,1251. 269,TOE
10973,908384.218,681813.345,1254.361,TOP
10974,908360.897,681805.441,1253.576,B GUNOl
l0975,908360.716.681806.072,1253.57~,GUNOl
10975,908364 •464, 681807 _672,1253.• 821, GUNOl
l0977,908369.807,681B06.920,1254.116,GUNOl
10978,908369.824,681802.997,12S1.173,GUNOl
10979.908369.643.681801.090,1251.117.GUNOl
109801~8370.5.23,681796.900,1253.916,GUN01
l006,~8306.379 681743.376,1253.763,SPK
10981,908403.79b.6B1844.048,1260.274,B WIFOl
10982,908276. 639. 681787.68S,1260.053,GAT
10983,908271.628,6B178S.406,1260.118,~T
l0984.908271.24S,681785.145,1260.243,GAT
10985, 908262.042 ,681781.119,1260. 109 r GAT
10986,908249. 573,681775.783,1260.100,WIFOl
10987,90&382.326, 681801.484,1251.253,TOE
109S8,908399.685 ,681814. 100,12S1.802,TOE
10989,908399.940, 681819. 589, 1254.461,TOP
10990,908415.779, 681824. 675 ,1254. 650.TOP
10991,908417.759,681819. 194, 1251.836,TOE
10992,908405.795,681842.030,1254.173,B BUROl
10993,908373.027,681827. 724,1254.052, BUROl
10994,908336.087,681811. 645,1253.925,BUR01
10995,908302.064, 681796. 579,1254.120,BUROl
l0996,908279.540,681786.508,1254.036,E BUROl
10997,908297.887,681769.539,1253.936,Z
10998,908317.050,681731.212,1253.439,2
10999,908349.088 r 681752.103,1253.276,Z
11000,908337.825,681781. 974,1253.789,Z
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11001,908364.103,681794.503, 1253.373,Z
l1002,908376.469,681773.732,1253.137,Z
11003.908411.812, 681795.960,1253. 587,Z
11004,908370.295,681797.867,12S3.827,MSC TOPGUN
ll005,908365.227,6&1797.294,1253.692,MSC TOPGUN
11006,90B361.125,681805.549,12S3.S40,MSC TOPGUN
11007,908364.692,681806.247.1Z53.791,MSC TOPGUN
ll008,908369.547,681806.175,1254.03S,MSC TOPGUN
ll009,90836S.206,681803.644,1250.859,MSC TOEGUN
1l010.908361.887,681803.5BS,1250.077.MSC TOEGUN
11011,908363.931,681799.570,1249.943,MSC TOEGUN
1l012,908367.839,6S1800.824.12S0.882,MSC TOEGUN
l1013,908363.262,681799.593,1250.020.MSC IRASH RACK
11014 t 908359.752.6B1797.S41,12S4.126,MSC TRASH RACK
1l01S,908357.783,681B01.594,1254.130,MSC TRASH RACK
11016,908361.343,681803.311,1250.062,MSC TRASH RACK
1lO17.908360.434,681805.132.12S4,384~B KWlOS
11018,90B360.992,681B05.397,1254.386,HWL05
11019,908361.783,681803.679,1254. 383,HWL05
11020,908357. 729,681S01.619,1254. 32S,HWL05
l1021,908359.753,681797.S18,1254.366,HWLOS
11022,908363.884. 681799.504,1254. 364,HWLOS
11023.908364.776;681797.780,1254. 360,HWL05
11024,908364.171,681797.496.1254.345,E KWL05
1l025,9083S8.894,681799.688,1248.156,RCP l:NV30"
llQ26, 908259. 16B, 681748.867,1253.864,Z
110Z7,90828Z.223.681705.002,1253.699,Z
11028. 908284.9BS, 681739.185. 1253. 946,Z
11029. 908270.464,681774.863.1254. 058,Z
11030,9Q8358.016.681806.959,1253.639,Z
1l031.90B322.156,681802.306,1254.129,EOS06
11032, 908300.136,681746.594.1253.810, Eos06
11033,908291. 648,681756.847,1254.056, Eos06
11034.908286.368,681765. 353,1254.056, EOS06
l1035.90B276.416,681787. 062,1254.233. EOS06
11036.908271.907,681784. 995 r 1254. 133 ,Eos05
11037,908455.040.681796.452,1253.503,P
11038.908408. 611,681768.948,1253.071, p
11039,908366.337. 681739.469, 1252.835 ,P
11040,908325.700,681708.273,1252.977,P
11041,908334. 517,681713.450, 1252. 825,WVL
1lO42.908292.181.681679.023,1253.S54,P
1l043,908263.342,6816S0.358,1253.851,?
l1044,908047;17S.6B1422.1l5,1248.641.PWP
~045,908280.759,681531.284,12S3.585.PWP
11046, 908322.B93.6816S6. 016,1252.9S1,PWP
1007,908281.722,681937.429,1253. 641.SPK
11047,908243.861,681770.086,1253.889,B EOO02
11048, 908227.113,681772.682,1253. 987,TOP
11049,908224.053,681770.188,12S1.8~StGUN
11050 ,908224.490, 681767. 696, 1250. 941,CMP INV24"
11051,908226.815,681766.794,1253.281,EOC
11052,908228.703, 681767.913,1253.29S,EOC
l1053,908204.329,6B1804.856,1253.693,TOP
1l054.908201.674,681803,861,1251.878.GUN
11055,908215.965,681813.705,1253.555,80002
11056,908198.0S3,681837.161,1253.486,E0002
l1057,90S187.209,681830.S62,1253.623.0P
llOSS,908183.919,6B1828.66S.1251.599,GUN
llOS9,908204.106,681843.365,1259.597,E WIFOl
11060,908117.976,681753.581,1261.243,C3 EOc28
11061,908117.934. 681744.221,1261.233, Eoc28
11062,908126.055,681739.529.1261. 238,E0C28
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11063 J 908126.053,681739.517,1261.239,E EOC28
11064,9081l2.481,681756.477 J 1252.317,MSC IRRG STRUCTURE
1l065,908108.985,681753.481,1252.330,MSC IRRG STRUCTURE
l1066,9081D4.022,681759.482,1252.448,MSC IRRG STRUCTURE
1l067.908107.461,681762.334,1252.456,MSC lRRG STRUCTURE
1106&,908104.141,681762.112,1252.. 434 t PLM 2FT DIA
l1069,908081.410 J 681752.S33,1250.1BO,PLM 2FT CIA
11070,908087.044,681761.474) 1251.448, FILM 1.5FT OIA
11071, 908074.255,681753.071,1249.222, FXC06
11072,908060.061,681749.154,1249.042,C3 FXc06
11073 t 9080S8.S86,681749.335,1249.017,FXC06
1l074,908057.962J681750.1~O,1249.003,FXC06
11075,908057.466,681752.053,1248.945,(3 FXC06
11076,908057.700, 681753.233,1248.941,FXC06
11077,908058.590, 681753.810,124S. 929,FXC06
11078, 908073.147 ,681757.65'7 ,1249.221,FXC06
11079,908069.707,681770.848,1249.124,£ FXC06
1l080,908060.760,681751.110,1257.S14,LTP
11081,908057.266, 681749.06B,1257.495,CAN
11082,908067.640,681754.068,1248.894,BSH 2FT PIA
1l083,908094.262,681770.957,12SS.143,PIC 7.50XS.SO
11084,908071.371,681770.627,1249.113 ,TOE
11085,908083. 343,681774.322,1250.855,z
l1086,908095.060,681780.015.12S2.755.Z
1l087,90B106.222,681785.459,1254.658,TOP
11088,908145.359,681722.663,1253.969,8 cCPOS
11089 ,908146.235,681721. 296,1253. 940 r CCPOS
1l090,90Bl44.846,6B1720.458,1253.932,CCP05
1l091,90814S.988,681718.592,1253.836,B cCPOS
l1092,908148.420,68V20.109,1253.B54,CCP06
U093,908149.649.681717.938,1253.809,CcP06 .
11094,908147.434,681718.038.1257.161,MSC IRRGMONW!RADAR
ll095, 908145.099,681721.508,.1255.883, MSC :IRRG 1.20 O:IA
11096,908144.058,681724.843,1254.442,MSC IRRG
l1097,90S141.2oS,681722.964,1254.369,MSC IRRG

.1l098,908137.344,681728.911,1254.342,M5C IRRG
11099,908140.116,681730.791,12S4.51O,MSC IRRG
11100,908183.365,681644.437.1253.742,MGR
ll101,908173.144,681676.6S8,1253.622.Z
11102. 90B157.123 ,681654.641 J 1253.423,Z
1008,908013.014,681454.206 1248.42S,SCX
11103,908017.422,681460,S72,1247.228,MSC GUY ABAND
11l04,907767.648,6S1381.716,1239.275 J MSC SPOT SHOT
1110S,907769.304 r 681371.689,1239.266,MSC SPOT SHOT
11106.907768.176,681376.366.1233. 948,HWL
11107,90776S.o80,681376.92S,1233.929.HWL
l1l08,907766.349,681386.949,1238.920,MSC HWL GUN
11109,907769.728,681366.476,1238.92B.MSC HWL GUN
11110,907779.811.681368.156.1233.637,MSC HWL GUN
11lll,907791.6S6,681377.680,1226.979,MSC HWl GUN
1ll12,907791.888,681378.453.1226.531,MSC GUN TOE
11113. 907778.286,681377.919,1231. 5Zl,HWL
11114,907778.120,681378.S20,1231.894,HWL
11115,907776.3SS,681388.151,1223.779,MSC GUN TOE
1!ll6,907789.332,681390.504,1226.915,MSC GUN TOE
11117,907789.237,681390.748,1227.185,MSC HWL GUN
11118,907802.411,681392.991,1229.499.MSC GUN TOE
11119.90780l.794,68138S.191,1229.454,MSC GUN TOE
11120,907805.808, 681383.080,1229. 280 ,TOE
11121,907803.578.68139~.521J1229.089,TOE
11122,907824.034,681403.014,1230.262.TOE
11123,907829.832,681390.953,1232.050,TOE
11124,907807.264.681390.666, 1227.192 ,FLN
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11125.907803.216,681389.093,1229.222,FLN
11126,907833.409,681400.322,1229.398,FLN
11127,907861.335,681412.413,1230. 606 ,TOE
'11128.907862.823,681404.215,1230.658,TOE
11129,907862.246,681407.933, 12Z9. 843,FlN .
11130, 907916.742,681423.606, 1230. 124,TOE
11131,907913.272,681429.905,1229.987 JTOE
11132.907914.782,681426.614,1229.562,FLN
11133,907952.412,681441.000,1229.968,TOE
11134,907950.897.681446. 306,1229. 966,TOE
1l1~5,907951.922,681444.133,1229.962,FLN
11136,907987.895,681467. 013, 1230. 933 ,TOE
11137,907989.314,681461.954, 1230.482 ,TOE
11138,907995. 583,681464.009.1234.606,GUN
11139, 908000.279.681470.102, 1230.071, FLN
11140,908009.828,681473.060,1233.S77 ,GUN
11141,908008.800,681477.262, 1232. 711,GUN
11142.908014.733,681476.499,1232.94S,TOE
11143.908012.658,6814B4.413,1231.859,TOE
1ll44,908031.S00,681492.589,1233.272,TOE
11145,908031. 509,681492.608,1133. 26S ,GUN
11146, 908034.098,6814S9.164,1233.282 ,TOE
11147,90B061.334,681S09.987,1233.416,TOE
11148,908058.224,681512.817,1233.455,TOE
11149,908058. 22B,681S12.820, 1233. 454. GUN
11150,908083.150.681533.94S,1233.660,GUN
11151,908083.162,681533.958,1233.657,TOE
11152,908085.867,681S31.033,1233.988,TOE
11lS3,908104.448,681553.271,1233.604.TOE
11154,908104.447, 681553.271,1233.604,GUN
11155 ,908107.134,681549.278, 1233. 799,TOE
111S6,908117.836,681567.247,1233.794,MSC GUN TOE
11157,908121.592.681562.694,1233.880 ,TOE
11158,908146.258,681588. 825,1234.654,TOE
11159,908141.016,681593. 706,1234. 703 ,TOE
111~O,908153.438,681609.951,1234.865,TOE
11161, 908160.058,681602. 73S. 1235. 326,TQE
1ll62,908166.825,681604.957.1237.079,TOE
11163, 90B173.Z15,681608.342,1237. 607,TOE
11164,908178.365,681608.480, 1237.606.,EOC
11l65,90B169.129,681615.01B,1237.631,EOC
11166,908167.368,681616.134,1237. 597,EOC
11167,908163.068,681619.441, 1237. 620,£OC
1l168,908161.2B7,681620.595.1237.633,EOC
11169,908154.290,681624.869,1237.S99.TOE
1ll70,908153.737,681615.892,1236.918,TOE
11171.908160.874,681611.410,1237.037,TOP
11172,908156.494,681605. 570, 1234. 997 ,TOE
11173.908162.334,681606.296,1235. 835,MSC TOP 6ft PIPE
11174.908163,328,68160S.304.1236.122,MSC TOP 6" PIPE
11175,908157.019, 681610.IB8,123S.501,MSC TOP 6" PIPE
1l176.90B154.969,681612.086,1235.611.MSC TOP 6" PIPE
11177,908184.472,681626.291.12S3.760,MSC SPOT SHOT
11178,90817S.846,681632.544.1253.766,MSC SPOT SHOT
11179,90B167.445,681638.662,1253.747,MSC SPOT SHOT
11180,908269.S88,681789.686,1254.063,C3 EOSOS
11181,90&259.910,6818Z9.482,1252.457,EOSOS
1ll82,9082S9.452,681872.302.1252.119,EOSOS
11183 ,908270.455,681799. 570, 1253. 761, EOS06
11184,908267.475,681B09.653, 1253 ,046, Eos06
l1185,90&265.807,681S19.436,1252.619,c3 EOS06
lllB6,908263.782,681848.908,1252.129.EOS06
11187,908265.107,681878.81l,1252.1BS,EOS06
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11188,908202.911,681847.896,1258.369,8 BUR02
11189,90&207.129,681851.300,1253. 921,TOP
11190,908215.658,681856.872,1251.176,TOE
11191,908240.S28,681816.732,12S1.367.TOE
11192,908233.352,681811.034,1253.79S,TOP
11193 ,908243.412, 681797.017, 1253. 349 ,TOP
11194 ,908243.209,681794.245,1253.403 ,TOP
11195,908246.380, 681793.249,1251.696,TOE
l1l96,908247. 439, 6B1801. 296,1251. 334 ,TOE
11197,90S247.884, 681791.344,1251. 681, TOE
l1198,908253.678,681799.803,1251.691,TOE
11199,90825S.991,681809.042,1251.629,TOE
l1200,9082SS.428. 681825. S92,1251.438,TOE
11201,908254. 372, 681851. 422 ,1250. 968 ,TOE
11202,908255.328,681875.741,1250.911,TOE
11203,908270.926,6818BO.166,1251.106,TOE
11204,908270.022,681856.502,1250.957 ,TOE
11205~908270.871,681B29.664,12S0.905,TOE
11206.908272.l73, 681816.378, 1251.169,TOE
11207,908275.405, 6Bl813.404, 1251. 334.TOE
'11208,908264.718,681800.174 ,1253. 624.TOP
11209,908260.843,681790.949,1253. 596,TOP
11210,908255.495,681784.265,1253.604,TOP
1l211,908248.843,681788.607,1253.109,TOP
11212,908250.626,681790.192,12S2.801,TOP
11213,908249.334,681778.932,12S3,607,E BUR02
11214,908245.371,681790.611,1251.190,CMP !NY 24"
11215.908243.204,681793.865,1253.49S,GUN
l1216,908243.071,681791.457,1253.792,GUN
11217.908246.035.681787.872,1253.824,GUN
Jl218,90S248.201,681788.817,12S3.296,GUN
11219.908250.495,681809.943,1251.403,2
11220,908244.938,681845.092,1251.081,2
11221,908231.484,681845.985,1251.004,Z
11222,908221.375,681863.997,1251.093,Z
11223,908243.790.681872.950,1250.731,Z
11224,90B233.770,681861.021,12S1.134,MSC EUC1.5DIA
11225,908241.160,681824.457,1251.500,MSC EUCl.SDIA
11226, 908271. 553,681798.079.1253,747,TOP
1l227.908279.973.681799.029,1254.086,TOP
11228,908287.489,681811.753,1253.955,TOP
11229.908278.754, 681819. 780, 1251.109,TOE
11230,908285.477, 681832.987,1251.075 ,TOE
11231,908295.336,6S1825.138,1254.1l9,TOP
11232,908308.217, 681835. 984, 1254. 342,TOP
11233,908302,651,681848. 837.1251.146,TOE
11234,908316.766,681856. 525,1251.029 ,TOE
11235 ,908322.358,681844,193, 1254.183,TOP
11236.908334.261. 681846.293, 1254.099,TOP
11237 ,908333.768, 6S1859.835, 1251.107 ,TOE
11238,908351.942.681857. 596,1251. 281,TOE
11239,908350.074. 681843. S36,1254.072,TOP
11240,908369.461.6S1839.735,1254.205,TOP
11241,908376. 851, 681840. 775, 1254. 379 ,TOP
11242,908391.608,681845.383,1254.298,TOP
11243,908400.313,681852.509,1254.286,TOP
11244,908390.814,681860. 540, 1251.784 j TOE
11245,908379.130,6B1856.2S8,1251.409,TOE
11246, 908364. 746, 681SS6. 348,1251.137 ,TOE
11247,908370. 419,681896. 933, 1251. 706 J TOE
11248,908373,972,681906.SB9,1253.936,TOP
11249,908348. 164.681917.66S,1254.407,TOP
11250 ,908344. 230 t 68190S.892,1251.328,TOE

Page 20

I
I
I
I
,I

I
I
I
I
I
I
,I
I
I
I
I
I
:,
j·I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I:
I
I
I
I

100216-2010-03-25-Nc,~xt
11251,908309.190, 681916. 040, 1251. 306,TOE
1l252,908313.379,681926.872,1254.205,TOP
11253,908316.245,6B1935.918,1254.464,CCW
11254,908355.138,681920.989,1254.813\CCW
11255,908292.024,681908.080,1251.046,2
112S6,908283.612,681872.861,1250.706,Z
11257,908276.782,681833.910,1.250.768,2
11258,908313.261,681864.005, 1250.699,z
11259,908325.168.681893.250.1251.260.Z
11260,90a3S9.039,681891.316,1251,197,Z
11261,908379.021,681865.835,1251.249,2
11262.908350.233,681869.643,1250.933.2
11263,908367.794,681833.010,1254. 324,z
11264,908331.273,681817.432,1254.027,2
11265,908326.498.681836.888,1254.145,2
11266,908295.047,681803.796,1254.168.Z
11267,908305.811,681817.187.1254.510,MSC EUc1.80DIA
11268,908354.027 I 681858.063 J 1251.183 ,MSC E.UC:1FTDIA
11269 t 908369.373 ,681867.240,1251.172, MSC EUC1FTDIA
11270,908384.498.681865.745,1251.960,MSC EUCl.40DIA
11271.908350.067,681883.344,1251.425,MSC: EUC1.500IA
l1272,908304.427,681908.487.12S1.547,MSC EUclFTDIA
11273,908276.311,681870.686.1250.849,DTR .7DrA
11274,908278.980,681849.033,1251.036,OTR .SOIA
11275.908304.039,681850.090,1251.109,DTR .6oIA
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PRERARED·ROR:

M~RI'CO:PACO:U;NT¥FLOOD··CONTROL

DlS···1RiCT

~. BASEPLAJ''tS U.S.A.

.27SQ 'S,rJal"ayDr,Suite,2
Termpe,AZS5282

: Arcadia .Drainage. Improvements Phase 1
:20tOC006
: ST83110066
: 1
:.347.,01
: June 15,2010

Project Name
Contraot No.
Project No.
Assignment
BasePlans JooNo.
Date
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Vacuum Extraction Crew Chief: Kevin Acosta

Special Notes:

Survey Crew Chief: Bruce R. Heyse

2. Stationing is based on drawings supplied by MCDOT.

I
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Gary Maiers

Location Report

317-01

June 15, 2010

ST83110066

Arcadia Drainage Improvements Phase 1

2010C006

5, Pothole 3 was not found, potholed 4 feet across and 6 feet deep. The line is capped at the
irrigation structure to the east.

Maricopa County Flood Control District Location Contract

4. Pothole 1 was not potholed, there was no Bluestake markings or signal detected in the
area.

3. Utility sizes noted are as seen in the pothole opening and are approximate,

1. All data is in English and is based on information received from MCFCD.

Job No.:

Contract No.:

MCFCD Project No.:

Requested by:

Project Name:

Date:
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Request of Pothole Locations
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Vacuum Excavation Daily Report
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Vacuum Excavation Daily Report
-,,- - ~- ~ - -- ~ - - ..

Baseplans Job #: ) t 7 --0 ( Crew: . rL.<.vv./ A,-OS'lA

..

Job Name: ,Arc f\.c( lA Dr A,wl\s-c Date: (;-)-(0

I .Utility Depth: . Utility.Depth;
Pothole' Utility - Width of Config. Of Multl-
Number

Utility Type
Diameter:

:Type ofMaterial.
ganl< .

Sl:.lrface to .Surface to
Conduit system Soil Type & Condition

Top Bottom

( 0/7' Le. - I--- NO BLv 1Q~(l.< ~ {t/u :;f.S Iv/<\-(

2-
. \,\

DJ2- 7,G-.(rj.//¥T"C. t CP

"1 IQJL -yyc>T p-oul'-..,.~ kr- iC( ~~ f.. c. rotS to I~.r Dee-/?
(i.J...<. L

(II •
>'!-<:. -c {t( G:;-?J/--;:. I ... <:: {} '3,oD -So OS 0

~ TV - GL.c. c
r- '2 'I

~lh:\~ (' {. 00 '3.00 ~. '2 ()
() "F "t-V

')-1" 000 _ <;L"~

(, 1(L(Z, '2 tl <' {or-' c.. 3.5' ()
7 I (2..((. "3t.." LOrJ c.. S.:?> ~

8 -z.. -\ 'I 0«; C 2- '2)
, e CA.p I v-e...::v

TV '2.00 ~ ~

c; {TAJ i?~' ST-<.-e \ 5· ('S
/0 W.f.lr-rCr

~~\
ST"'o.L~( 7<70

I { Wf'.<\'<.r
Eft.

CotvC 4.50

,
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Vacuum ExcavatiDn Data Sheets



BP Form No. 1009 ReV. 4/99 VACUUM EXCAVATION DATA SHEET
BASEPLANS U.S.A.

2750 S. Hardy Dr. Suite 2, Tempe, AZ 85282 - Ph: (480)784-4452

Pothole No.: 1 • NOT POTHOLED - No Bluestake or signal detected in this area.

Type of Utility: Telephone

Approx. Outside Diameter of Pipe: n/a

Structure/Pipe Material Composition: nia

Approx. Width of Conduit/Slurry Bank: n/a

Config. of Non-encased Multi Conduit System: n/a

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. Elev. Elev.

15+75.92 \ nia 104.98' Rt \ n/a n/a n/a n/a

Pothole Coordinates: n/a

Surface to Top: n/a

Surface to Bottom: n/a

Benchmark. Provided #1 :' BCHH Just east of int. 48th St. & Indian School Rd

Elev.= 1243.301

C.O.P. Datum

Benchmark Provided #2: BCHH at the int. 44th St. & Indian School Rd

Elev.= 1222.577

C.O.P. Datum

Swing Ties: Distance Description Approx. Location

No.1

NO.2
-

No.3

Remarks: All data is in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerllne.

1

Date:

BasePlans Job No.:

15-Jun-10

317-01

MCFCD Proj. Name: Arcadia Drainage
Improvements Phase 1

MCFCD Project No: ST83110066

317-01 Acrcadia Drive
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BP Form No, 1009 Rev. 4199 VACUUM EXCAVATION DATA SHEET

BASEPLANS U.S.A.
2750 S. Hardy Dr. Suite 2, Tempe, AZ 85282· Ph: (480)784-4452

Pothole No.: 2

Type of Utility: Water

Approx. Outside Diameter of Pipe: 6"

Structure/Pipe Material ComposITion: Ductile Iron

Approx. Width of Conduit/Slurry Bank: n/a

Config. of Non-encased Multi Conduit System: n/a

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. Elev. Elev.

15+79.61 \ 15+77.06 110.86' Rt \ 112.25' Rt 1248.92 1246.27 n/a

Pothole Coordinates: N= 908079.671, E= 681623.102

Surface to Top: 2.65 ,
Surface to Bottom: n/a

Benchmark Provided #1 : BCHH just east of int. 48th S1. & Indian School Rd

Elev.= 1243.301

C.OP. Datum

Benchmark Provided #2: BCHH at the iot. 44th S\. & Indian School Rd

Elev.::: 1222.577

C.O.P. Datum

Swing Ties: Distance Description Approx. Location

NO.1 2.46 Water Valve 15+74.62,113.48' Rt

NO.2 18.32 Fire Hydrant 15+58.64,121.12' Rt

19.82 Back of Curb 15+68.76,93.84' Rt
.

NO.3

Remarks: All data is in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerline.
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Date:

BasePlans Job No.:

15-Jun-10

317-01

MCFCD Proj. Name: Arcadia Drainage
Improvements Phase 1

MCFCD Project No: ST83110066

317-01 Acrcadia 0rive



BPFormNo. 1009 Rev. 4199 VACUUM EXCAVATION DATA SHEET
BASEPLANS U.S.A.

2750 S. Hardy Dr. Suite 2, Tempe, AZ 85282 - Ph: (480)784-4452

Pothole No.: 3 - NOT FOUND - Potholed 4 feet across, 6 feet deep

Type of Utility; Irrigation

Approx. Outside Diameter of Pipe: n/a

Structure/Pipe Material Composition: n/a

Approx. Width of Conduit/Slurry Bank: n/a

Config. of Non-encased Multi Conduit System: n/a

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. EJev. Elev.

16+83.52 \ n/a 116.50'Rt \ n/a n/a nla n/a

Pothole Coordinates: nla

Surface to Top: n/a

Surface to Bottom: nia

Benchmark Provided #1: BCHH just east of int. 48th SI. & Indian School Rd

Elev.= 1243.301

C.oP. Datum

Benchmark Provided #2: BCHH at theint. 44th Sl. & Indian School Rd

Elev.= 1222.577

C.O.P. Datum

Swing TIes: D[stance Description Approx. Location

NO.1

No.2
-

No. 3

Remarks: All data is in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerline.

Date:

BasePlans Job No.:

15-Jun-10

317-01

MCFCD ProJ. Name: Arcadia Drainage
Improvements Phase 1

MCFCD Project No: ST83110066

317-01 Acrcadia Drive
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BP Form No. 1009 Rev. 4199 VACUUM EXCAVATION DATA SHEET
BA8EPLANS U,S.A.

2750 8. Hardy Dr. Suite 2, Tempe, AZ 85282 - Ph: (480)784-4452

Pothole No.: 4

Type of Utility: Power

Approx, Outside Diameter of Pipe: 6 @ 1 1/4",5 @ 2 1/2"

Structure/Pipe Material Composition: Steel conduit

Approx. Width of ConduiUSlurry Bank: 1.50

Conflg. of Non-encased Multi Conduit System: random

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. Elev. Elev.

16+97.23 \ 16+94.72 109.65' Rt I 109.15' Rt 1253.41 1250.41 1250.11

Pothole Coordinates: N= 908160.110, E= 681700.774

Surface to Top: 3.00

Surface to Bottom: 3.30

Benchmark Provided #1 : BCHH just east of int. 48th St. & Indian School Rd

Elev.= 1243.301

C.OP. Datum

Benchmark Provided #2: BCHH at the into 44th Sf. & Indian School Rd

Elev.= 1222.577

C.OP. Datum

Swing Ties: Distance Description Approx. Location

NO.1 7.78 Power pole 17+02.29, 110.98' Rt

NO.2 18.17 Metal Post 16+99.65,126.64' Rt

22.03 Aluminum cap 17+03.76, 89.05' Rt -
NO.3

Remarks: All data is in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerline.

I
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Date:

BasePlans Job No.:

15-Jun-10

317-01

MCFCD Proj. Name: Arcadia Drainage
Improvements Phase 1

MCFCD Project No: 8T83110066

317-01 Acrcadia Drive



BPFormNo. 1009 Rev. 4/99 VACUUM EXCAVATION DATA SHEET
BASEPLANS U.SA

2750 S. Hardy Dr. Suite 2, Tempe, AZ 85282 - Ph: (480)784-4452

Pothole No.: 5

Type of Utility: CATV/Power

Approx. Outside Diameter of Pipe: 3 @ 3", 1 @ 2"

StruetureIPipe Material Composition: Plastic conduit

Approx. Width of Conduit/Slurry Bank: 1.00

Config. of Non-encased Multi Conduit System: 2" over 3·3"

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. Elev. Elev.

17+97.82 \ 17+97.08 63.14' Rt I 66.38' Rt 1253.51 1250.51 1246.31

Pothole Coordinates: N= 908262.581, E= 681745.591

Surface to Top: 3.00

Surface to Bottom: 7.20

Benchmark Provided #1: BCHH just east of int. 48th St. & Indian School Rd

Elev.= 1243.301

C.OP. Datum

Benchmark Provided #2: BCHH at the int. 44th S1. & Indian School Rd

Elev.= 1222.577

C.O.P. Datum

Swing Ties: Distance Description Approx. Location

NO.1 12.31 NW corner lrr structure 17+97.08,66.38' Rt

NO.2 6.29 Power pole 18+01.20,52.57' Rt

36.89 Sewer manhole 18+31.77,57.23' Rt
~

NO.3

Remarks: All data is in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerline.

Date:

BasePlans Job No.:

is-Jun-10

317-01

MCFCD Proj. Name: Arcadia Drainage
Improvements Phase 1

MCFCD Project No' ST83110066

317-01 Acrcadia Drive
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8PFormNo.1009 Rev. 4/99 VACUUM EXCAVATION DATA SHEET
BASEPLANS U.S.A.

2750 S. Hardy Dr. Suite 2, Tempe, AZ 85282 - Ph: (480)784-4452

Pothole No.: 6

Type of Utility: Irrigation

Approx. Outside Diameter of Pipe: 24"

StructurelPipe Material Composition: Concrete

Approx. Width of Conduit/Slurry Bank: n/a

Config. of Non-encased Multi Conduit System: n/s

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. Elev. Elev.

18+02.65 I 18+01.20 54.65' Rt I 52.57' Rt 1253.78 1250.28 n/a

Pothole Coordinates: N= 908275.570, E= 681739.054

Surface to Top: 3.50

Surface to Bottom: n/a

Benchmark Provided #1 : BCHH just east of into 48th St. & Indian School Rd

EJev.= 1243.301

C.O.P. Datum

Benchmark Provided #2: BCHH a1 the int. 44th Sl. & Indian School Rd

EJev.= 1222.577

C.O.P. Datum

Swing Ties: Distance Description Approx. Location

No.1 12.68 NW comer Irr structure 17+97.08,66.38' Rt

NO.2 9.34 Power pole 18+01.20, 52.57' Rt

22.76 Sewer manhole 18+31.77,57.23' Rt
~

NO.3

Remarks: AI! data is in English and based on infonnation received from MCFCD.

All stationing is Arcadia Drive constn.lction centerline.
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Date:

BasePlans Job No.:

15-Jun-10

317-01

MCFCO Proj. Name: Arcadia Drainage
Improvements Phase i

MCFCD Project No: ST83110066

317-01 Acrcadia Drive



BPFormNo. 1009 Rev. 4199 VACUUM EXCAVATION DATA SHEET
BASEPLANS U.S.A.

2750 S. Hardy Dr. Suite 2, Tempe, AZ 85282 - Ph: (480)784-4452

Pothole No.: 7

Type of Utility: Irrigation

Approx. Outside Diameter of Pipe: 36"

StructurelPipe Materia' Composition: Concrete

Approx. Width of Conduit/Slurry Bank: n/a

Config. of Non-encased Multi Conduit System: n/a

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. Elev. Elev.

18+30.52 \ 18+31.77 58.90' Rt \ 57.23' Rt 1253.73 1250.40 n/a

Pothole Coordinates: N= 908296.581, E= 681765.389

Surface to Top: 3.33

Surface to Bottom: n/a

Benchmark Provided #1: BCHH just east of int. 48th St. & Indian School Rd

Elev.= 1243.301

C.OP. Datum

Benchmark ProVided #2: BCHH at the int. 44th St. & Indian School Rd

Elev.= 1222.577

C.O.P. Datum

Swing Ties~ Distance Description Approx. Location

NO.1 27.04 NW corner Irr structure 17+97.08,66.38' Rt

NO.2 39.12 Power pole 18+01.20, 52.57' Rt

42.50 Sewer manhole 18+31.77,57.23' Rt -
NO.3

Remarks: All data is in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerline.

Date:

BasePlans Job No.:

1S-Jun-10

317-01

MCFCD Proj. Name: Arcadia Drainage
Improvements Phase 1

MCFCD Project No: ST83110066

317-01 Acrcadia Drive
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8PFormNo. 1009 Rev. 4199 VACUUM EXCAVATION DATA SHEET

BASEPLANS U.S.A.
2750 S. Hardy Dr. Suite 2, Tempe, AZ 85282 - Ph: (480)784-4452

Pothole No.: 8

Type of Utility: CATV

Approx. Outside Diameter of Pipe: 2@1"

Under concrete cap, 3' wide, 1" thick, 1.00' deep

Structure/Pipe Material Composition: Direct bury cable

Approx. Width of ConduttiSlurry Bank: n/a

Config. of Non-encased Multi Conduit System: stacked

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. E!ev. Elev.

18+38.62 \ 18+94.65 37.14' Rt
\

10.00' Rt 1252.91 1250.91 1250.66

Pothole Coordinates: N= 908377.846, E= 681770.500

Surface to Top: 2.00

Surface to Bottom: 2.25

Benchmark Provided #1 : BCHH just east of int. 48th 81. & Indian School Rd

Elev.= 1243.301

C.O.P. Datum

Benchmark Provided #2: BCHH at the int. 44th S1. & Indian School Rd

Elev.::: 1222.577

C.O.P. Datum

Swing Ties: Distance Descriotion Approx. location

NO.1 49.22 Fire Hydrant 19+42.42,16.39' Rl

NO.2 49.85 Water Valve 19+42.08,4.77' Ll

NO.3 71.92 Power pole 19+54.36,31.76' Ll ~

Remarks: All data is in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerline.
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Date:

BasePfans Job No.:

15-Jun-10

317-01

MCFCD Pro]. Name: Arcadia Drainage
Improvements Phase 1

MCFCD Project No: ST83110066

317-01 Acrcadia Drlve



BPFormNo.1009Rev.4.1€19 VACUUM EXCAVATION DATA SHEET
BASEPLANS U.S.A.

2750 S. Hardy Dr. Suite 2, Tempe. AZ 85282 - Ph: (480)784-4452

Pothole No.: 9

Type of Utility: Gas

Approx. Outside Diameter of Pipe: 8"

Strueture/Pipe Malerial Composition: Steel

Approx. Width of Conduit/Slurry Bank: nJa
)

Config. of Non-encased Multi Conduit System: nfa

Station Offset Surface Top Bottom
Given Actual Given Actual Elev. EJev. Elev.

19+04.14 I 19+04.08 13.21' Rt I 21.45' Rt 1252.85 1247.70 n/a

Pothole Coordinates: N= 908379.060, E= 681785.435

Surface to Top: 5.15

Surfaoe to Bottom: nla

Benchmark Provided #1 : BCHH just east of jnt. 48th St. & Jndian School Rd

Efev.= 1243.301

c.O.P. Datum

Benchmark Provided #2: BCHH at the int. 44th S1. & Indian School Rd

Elev.= 1222.577

C.O.P. Datum

Swing Ties: Distance Description Approx. Location

NO.1 39.86 Fire Hydrant 19+42.42,16.39' Rt

No. 2 46.59 Water Valve 19+42.08, 4.77' Lt

72.87 Power pole 19+54.36,31,76' Lt -
NO.3

Remarks: All data is in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerline.

Date:

BasePlans Job No.:

1S-Jun-1 0

317-01

MCFCD Proj. Name: Arcadia Drainage
Improvements Phase 1

MCFCD Project No: ST83110066 '

317-01 Acrcadia Drive
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BP Form No. 1009 Rev. 4/99 VACUUM EXCAVATION DATA SHEET
BASEPLANS U.S.A.

2750 S. Hardy Dr. Suite 2., Tempe. AZ 85282 - Ph: (480)784~4452

Poth01e No.: 10

Type of Utility: Water

Approx. Outside Diameter of Pipe: 6"

Structure/Pipe Material Composition: Steel

Approx. Width of Conduit/Slurry Bank: n/a

Config. of Non,encased Multi Conduit System: n/a

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. Elev. Elev.

19+42.28 I 19+42.03 3.27' Rt
\

6.48' RI 1253.20 1250.50 n/a

Pothole Coordinates: N= 908419.732, E:; 681794.239

Surface to Top: 2.70

Surface to Bottom: nla

Benchmark Provided #1 : BCHH just east of int. 48th S1. & Indian School Rd

Elev.= 1243.301

C.O.P. Datum

Benchmark Provided #2: BCHH at the int. 44th St. & Indian School Rd

Elev.:; 1222.577

C.OP. Datum

Swing Ties: Distance Description Approx. Location

NO.1 9.91 Fire Hydrant 19+42.42,16.39' Rt

NO.2 11.26 Water Valve 19+42.08,4.77' Lt

40.10 Power pole 19+54.36,31.76' Lt -
NO.3

Remarks: All data is in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerline.
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Date:

BasePfans Job No.:

15-Jun-10

317-01

MCFeD Proj. Name: Arcadia Drainage
Improvements Phase 1

MCFCO Project No: 8T83110066

~17-01 Acrcadia Drive



BPFormNo.1009Rev.4199 VACUUM EXCAVATION DATA SHEET
BASEPLANS·U.8.A.

2750 S. Hardy Dr. Suite 2, Tempe, AZ 85282 - Ph: (480)784-4452

Pothole No.: 11

Type of Utilfty: Water

Approx. Outside Diameter of Pipe: 8"

Structure/Pipe Material Composition: Concrete

Approx. Width of ConduitfSlurry Bank: nla

Config. of Non-encased Multi Conduit System: n/a

Station Offset Surface Top Bottom

Given Actual Given Actual Elev. Elev. Elev.

19+81.34 \ 19+78.62 3.21' Lt I 4.28' Lt 1253.47 1248.97 n/a

Pothole Coordinates: N= 908456.893, E= 681803.060

Surface to Top: 4.50

Surface to Bottom: n/a

Benchmark Provided #1 : BCHH just east of into 48th 81. & Indian School Rd

Elev.= 1243.301

C.O.P. Datum

Benchmark Provided #2: BCHH at the int. 44th St. & Indian School Rd

Elev.= 1222.577

C.O.P. Datum

Swing Ties: Distance Description Approx. Location

NO.1 41.99 Fire Hydrant 19+42.42,16.39' Rt

NO.2 36.26 Water Valve 19+42.08,4.77' Lt

36.17 Power pole 19+54.36,31.76' Lt -
No.~

Remarks: All data IS in English and based on information received from MCFCD.

All stationing is Arcadia Drive construction centerline.

Date:

BasePfans Job No.:

15-Jun-10

317-01

MCFCD Proj. Name: Arcadia Drainage
Improvements Phase 1

MCFCD Project No: 8T83110066

317~01 Acrcadia Drive
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Testhole Summary Report



Projecl Name: Arcadia Drainage Improvemenls Phasa 1
Testhole Summary Report 5115120'10

1 ,clrcadia Drive 15+75.92 104.98' Rl Telephone l~bT pbTHdLED • No Ellueslal<e or signal deiecled lh this area Qwesl
2 Arcadia Drive 15+77.06 112.25' Rt Water 1248.92 2.65 1246.27 na na 6" Ductile Iron City of Phoenix
3 Arcadia Drive 16+83.52 116.60' Rl /rrlgatlon NOT FOUND - Potholed 4 'eel across, lhe line is capped In Iha struclure \0 lhe easl SRP
4 Arcadia Drive 16+94.72 '109.15' Rl Power 1253.41 3.00 1250.41 1250.11 1.50 6 @ 1 1/4",5 @ 2 1/2" condull SRP
5 Arcadia Drive 17+97.08 66.38' Rl CATV/Power 1253.51 3.00 1250.51 1246.31 1.00 3 @ 3", 1 @ 2" Plaslic conduil CoxlSRP
6 Arcadia Drive 18+01.20 52.57' Rl irrigation 1253.78 3.50 1250.28 na na 24" Concrete SRP
7 Arcadia Drive 18+31.77 57.23' Rl Irrigalion 1253.73 3.33 1250.40 na na 36" Concrele SRP
B Arcadia Drive 18+94.66 '10.00' Rt CATV 1252.91 2.00 1250.91 1250.66 na 2 @ 1" Direct bury cable COX
9 Arcadia Drive 19+04.08 21.45' RI Gas 1252.B5 5.15 1247.70 na na B" Steel SWGas
10 Arcadia Drive 19·~42.03 6.48' Rt Water 1253.20 2.70 1250.50 na na 6"Sleel City 01 Phoenix
11 Arcadia Drive 19+78.62 4.29' LI Waler 1253.47 4.50 1248.97 na na 8" Concrele City of PhoeniX

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



so 60

Sa~. i
~tnFM1

:Ji) 0--
0-'"

1:=~ -----====:::::-

___l- ~P~O~T~H~OLELERESULTS

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





GEOTECHNICAL EXPLORATION
OLD CROSS CUT CANAL IMPROVEMENTS

ARIZONA CANAL TO INDIAN SCHOOL ROAD
N.E.C. OF 48iH STREET AND INDIAN SCHOOL ROAD

PHOENIX, ARIZONA
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Annando Ortega, P.E.
Vice-President, Engineering

Expires 9/30/2012

Expires 9/30/2011

Mr. Jeff Ford, P.E.

GEOTECHNICAL EXPLORATION
Oid Cross Cut Can8!~ improveme.nts
Arizona Canal to Indian SChodl Road
N.E.C. of 48th Street and indian School Road
Phoenix, Arizona

RE:

We appreciate the opportunity of providing our services for this project. If you have questions
regarding this report or if we may be of further assistance, please contact the undersigned.

A.LPHA GEOTECHNICAL&MATERfALS, ~NC.

Sincerely,

Olsson Associates
7250 N 16th Street, Suite 210
Phoenix, Arizona 85020

Dear Mr. Foref:

Attention:

July 27, 2010
Alpha Project #1 D-G-1735 and 10-G-1837

Based on our findings, the site is considered suitable for the proposed construction. Specific
recommendations regarding the geotechnical aspects of project design and construction are
presented in the. following report. The recommendations contained within this report are
dependent on the provisions provided in the Limitations and Recommended Additional Services
sections of this report.

In accordance with your request and authorization, Alpha Geotechnical & Materials, Inc. (Alpha)
has performed a geotechnical subsurface exploration for phase 1 of the proposed Old Cross
Cut Canal Improvements project located on the northeastern corner of 48th Street and Indian
School Road in Phoenix, Arizona. The purpose of this report is to provide recommendations
relative to the geotechnical aspects of design and construction of the project.

James P Floyd, P.E.
Project Manager

Dlst: Addressee (5)
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1.2. Proposed Project

Al~..=:....::h=a=--··· _
Engineering Testing ISolutioos

Our study included a site reconnaissance, subsurface exploration, soil sampling, field

and laboratory testing, engineering analyses, and preparation of this report. This report

presents recommendations for design of suitable foundation types, site grading and

structural fill placement, moisture protection, and construction considerations. The

recommendations contained in this report are subject to the limitations presented

herein. Attention is directed to the "Limitations" section of this report.

This project consists of improvements to the existing canal located on the east side of

Arcadia Drive north of Indian School Road in Phoenix, Arizona. Specifically this project

includes development of subsurface soil data as it relates to the design and construction

of a 120-inch cast-in-place pipe (CIPP) and a box culvert type inlet structure to connect

water released from the Arizona Canal to the Old Cross Cut Canal. In addition the

project will include a storm drain crossing below the existing Arizona Canal.

Page 1 of 24

Alpha Project 10-G-1735

INTRODUCTION

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona

1.

1.1. General

The purpose of this geotechnical exploration was to evaluate the general surface and

subsurface conditions at the referenced site, and to present recommendations related to

geotechnical aspects of design and construction of the project. Results of our laboratory

testing are also presented within this report. Our scope of services was in general

accordance with our proposal 10GP027 - Revision 1, dated February 10, 2010 and

10090 dated June 29, 2010. This geotechnical report is based on available project

information and the site plan provided by the client and our experience with similar

construction and soil conditions.
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Geotechnical Subsurface Exploration Alpha Project 10-G-1735
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona Page 2 of 24

2. FIELD EXPLORATION

Five soil test borings were advanced at the subject site to a depths ranging between five

(5) feet and forty (40) feet below existing ground level with a Diedrich 0-50 power drill

rig. The soil test borings were advanced using 8-inch hollow stem augers to develop

information relative to foundation, slope stability, and storm drain design

recommendations. The borings were located in the field at the approximate locations

shown on the sample location plan included in the Appendix A of this report. Prior to

the start of drilling, the Arizona Bluestake Center was contacted to locate existing

utilities at the boring locations. Upon completion of the borings, the boreholes were

backfilled with excavated materials.

Soil classifications made during our field exploration from excavated soil samples were

confirmed in the laboratory after further examination. The site soils were classified in

accordance with the Unified Soil Classification System presented, along with the soil

test logs, in Appendix B. Sample classifications and other related information are

recorded on the soil boring logs which are presented in Appendix B.

3. LABORATORY TESTING

Selected soil samples from the borings were tested in the laboratory for classification

purposes and to evaluate their engineering properties. The laboratory tests included:

• Gradation
• Atterberg limits
• Moisture content
• One-dimensional consolidation
• One-dimensional swell/settlement
• Undisturbed ring density
• Proctor test
• pH test
• Resistivity test
• And direct shear test

Alg.=.....::h=.=CI=.-··-----'--'------,-__
Engineering Testing I Solutions
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4.1. Surface Conditions

4.3. Groundwater Conditions

4. GENERAL SITE CONDITIONS

4.2. Subsurface Conditions

Page 3 of 24

Alpha Project 10-G-1735Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona

AJg.=....::h=,CI=--·. _
Engineering Jesting Solutions

A brief description of each test preformed on the soil samples and the results are

presented in Appendix C.

The project is located along the east side of Arcadia Drive and north of East Indian

School Road. Both Arcadia Drive and Indian School Road were paved with asphaltic

concrete at the time of our field study. Water within the Arizona Canal flows from

southeast to northwest, a set of gates diverts water from the Arizona canal into the inlet

structure of the Old Cross Cut Canal which flows north to south. The areas adjacent to

both wing walls, by the Arizona Canal and Indian school, is protected by shotcrete (in

areas the underlying reinforcement was visible) however localized slope failures were

noted throughout the sides of the old cross cut canal.

The naturally occurring coarse-grained site surface and subsurface soils extending

throughout the depth of our borings consisted of silty sand with gravel (8M), clayey

sand (8C), and sand with silt (SP-SM). The relative densities of these soils ranged from

loose to very dense. Carbonate cementation was found in both soil test borings and

ranged from weak to moderate. Cementation generally increased with depth. No

bedrock was encountered during our field investigation.

At the time of our field investigation, free groundwater was not encountered in our

explorations, though in boring B-3 located on the south bank of the Arizona Canal the

40 foot samples was found to be wet. It should be noted that groundwater and soil
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4.4. Seismic Considerations

4.5. Liquefaction Potential

Alp.;;;;,...;;h~a;:;..-· _
Engineering I Testing I Solutions

Based on the site soils encountered during this investigation and low ground motion

hazard (relatively low ground acceleration), the potential for soil liquefaction is

considered to be negligible.
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Alpha Project 10-G-1735

Central Latitude 33.49541 0

Central Longitude 00 .. 00-111.97795 0

Ss Spectral Acceleration for Short Period 00.00 00 0.188g

S1 Spectral Acceleration for a 1-Second Period 0.063g

Fa Site Coefficient for Short Period. 00 00 .. 00 00 00 .. 00 .00 1.20

Fv Site Coefficient for a 1-Second Period 1.70

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona

moisture conditions within the area will vary depending on rainfall, irrigation practices,

and/or runoff conditions not apparent at the time of our field investigation. Based on the

wet conditions found in boring B-3 it would be expected that some infiltration of water

from the canal is present and may create areas of perched groundwater.

The project site is located in south-central Arizona which is an area of low seismic

activity. The following values were developed using the 2006 International Building

Code (IBC) and are based on knowledge of local geologic conditions, and subsurface

soils encountered during our investigation. A 100-foot soil test boring was not advanced

during our field investigation. A site class C (very dense soil and soft rock) may be used

for design.



5.1. Earthwork

5. ENGINEERING ANALYSES AND RECOMMENDATIONS

5.1.1. Site Grading

5.1.1.2. Grading Below Box Culvert Structure

Page 5 of 24

Alpha Project 10-G-1735

5.1.1.1. Pavement Site Preparation and Grading

Alp=-=h=a=-- _
Engineering Testing rSolU'tiol'1s

4.6. Land Subsidence and Earth Fissures

All existing structures/structural remnants, fill, topsoil, vegetation and organic soils

should be removed from below the pavement areas. The site soils tested have low

expansive potentials and are considered suitable for use as engineered fill in the

pavement areas. The native soils should be scarified to a depth of 12-inches: moisture

conditioned to within .:!:,2 percent of optimum moisture content and compacted to a

minimum of 95 percent of maximum dry density. Optimum moisture content and

maximum dry density should be determined by American Society for Testing and

Materials (ASTM) D 698.

The native soils should be scarified to a depth of 8-inches, moisture conditioned to .2:2

percent of optimal moisture content and compacted to a minimum of 95 percent of

maximum dry density. Optimum moisture content and maximum dry density should be

determined by ASTM D 698.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona

The project site is located in an area with no documented earthen fissures and a

measured land subsidence of between zero and one foot (Land Subsidence and Earth

Fissures in Alluvial Deposits in Phoenix area, Arizona by H.H. Schumann, 1974, and

http://azmap.orglfissures).
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5.1 .1.4. Engineered Fill

1. Native soils or imported soils with low expansive potentials could be used as fill

material for the following:

2. Structural backfill should be used against concrete structures designed to resist

earth loads, such as box culverts, wingwalls and retaining walls. All Structural

backfill should meet the material requirements of Section 206 MAG Uniform

Standard Specification.
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AIpha Project 10-8-1735

o embankment constructiono general site grading

Engineered fill materials should be composed of on-site soils or imported soils meeting

the requirements for imported soils presented below. The site soils tested are non

expansive and are suitable for use as engineered fill, although due to their low resistivity

should not be used in direct contact with the concrete structure. All engineered fills

should be compacted as noted.

5.1.1.3. General Grading

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona

Areas to receive fill should be scarified to a depth of 8-inches, moisture conditioned to

,:t2 percent of optimal moisture content and compacted to a minimum of 95 percent of

maximum dry density. Fill material placed should be moisture conditioned to .±2

percent of optimal moisture content and compacted to a minimum of 95 percent of

maximum dry density. Optimum moisture content and maximum dry density should be

determined by ASTM D 698.



3. Imported soils (if required) should conform to the following:

Additional requirements for import in contact with ferrous material or

concrete:

o Any engineered fill (backfill) materials placed beneath the foundations

should meet the requirements for Engineered Fill Materials.

Expansion Index (ASTM 04829)

Maximum expansive index 20

Page 7 of 24

Alpha Project 10-8-1735

.Alg...:.:::...:;h::..=B.::..- _
Engineering i Testing I Solutions

o Any natural washes, depressions or new excavations which are to be

filled, should be widened as necessary to accommodate compaction

equipment and provide a level base for placing fill.

Corrosion Potential

Minimum Resistivity (ohm-em) 2,000

Sulfate Content (percent)...................................................... 0.1

Percent finer by weight

Gradation (ASTM C136)

6" 100

No. 200 Sieve '" 60 (max)

4. Aggregate base should conform to MAG and/or local governing specifications.

5. The following are intended to guide in establishing adequate support for the

conventional foundation elements:

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona
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5.1.2. Excavation

5.1.3. Temporary Excavations

Alp,;;;;...;;;h;;.;;;=CI:::.-· _
Engineering I Testing iSnlut.ioFls

Page 8 of 24

Alpha Project 10-G-1735

Excavations in the site soils can most likely be accomplished by conventional earth

moving equipment. Site soils in the upper five to 10 feet are generally less dense than

soils at depth and may experience greater potential for instability during excavation.

Areas of sandy and wet soils are present and may create areas of instability during

trench excavation. Please refer to Section 4 and sample logs for more information.

The field sampling and exploration was performed using a truck-mounted drill rig with 8

inch diameter hollow stem augers. We present the following general comments

regarding excavatability with the understanding that they are opinions based on the test

borings. The project consultant and contractor should become familiar with this report

including boring logs to evaluate potential hard dig conditions.

6. All fill soils to be used beneath the foundations, slabs and pavements should be

approved by the Geotechnical Engineer. Fill should be placed in 8-inch loose lifts

and should extend beyond the edge of the structure for a minimum distance of five

(5) feet.

o All footing excavations should be relatively level and free of loose or

disturbed material and inspected by a qualified representative of the

Geotechnical Engineer.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona

All excavations must comply with applicable local, state, and federal safety regulations

including the current Occupational Safety Health Association (OSHA) Excavation and

Trench Safety Standards. Construction site safety generally is the sole responsibility of

the Contractor, who shall also be solely responsible for the means, methods, and

sequencing of construction operations. We are providing the information below solely



Construction Considerations

During wet weather, earthen berms or other methods should be used to prevent runoff

water from entering all excavations. All runoff water should be collected and disposed

of outside the construction limits.
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as a service to our client. Under no circumstances should the information provided be

interpreted to mean that the consultant team or the District assumes responsibility for

construction site safety or the Contractor's activities; such responsibility is not being

implied and should not be inferred.

Near-surface soils encountered during our field investigation consisted predominantly of

silty sand and sandy silts. In our opinion, these soils would be considered a Type C soil

when applying OSHA regulations. For this soils type OSHA recommends a maximum

slope inclination of 1% (h):1 (v) or flatter for excavations 20 feet or less in depth.

Steeper cut slopes may be utilized for excavations less than 5 feet deep depending on

the strength, moisture content, and homogeneity of the soils as observed in the field.

Flatter slopes and/or trench shields may be required if loose, cohesion less soils and/or

water are encountered along the slope face.

Heavy construction equipment, building materials, excavated soil, and vehicular traffic

should not be allowed within one-third the slope height from the top of any excavation.

Where the stability of adjoining buildings, walls, or other structures is endangered by

excavation operations, support systems such as shoring, bracing, or underpinning may

be required to provide structural stability and to protect personnel working within the

excavation. Shoring, bracing, or underpinning required for the project (if any) should be

designed by a professional engineer registered in the State of Arizona.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona



5.2. Slopes Analysis

Alp.:::::-.=h=a=-- _
Engineering Testing! SOlut.ions

The slope stability was analyzed using the soil properties presented above to identify

critical slope sections. The slopes were assumed to be dry (no groundwater) and soil

characteristics modeled in the XSTABL software were near optimal moisture content.

Fill placed on slopes steeper than 5(h):1 (v) should be benched into the existing slope. It

is recommended that the slope face be compacted as presented in the earthwork

section of this report.
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Unit Weight (psf)

Moist 105

Saturated 115

Soil Strength

Cohesion (pst) 0

Angle of Internal Friction (deg) 34

Slope profiles including existing slope from the Old Cross Cut Canal Improvements

project were modeled using soil data obtained from field and laboratory test in XSTABL

Version 5.0 by Interactive Software Design, Inc. Factor of safety against failure in the

critical surfaces identified by the Bishop method were calculated using a Generalized

Limit Equilibrium (GLE) method. A summary of the soil properties is presented below.

We recommend all permanent cut and fill slopes in soil be constructed at a gradient no

steeper than 3(h):1 (v). During wet weather, erosion could become a problem. Proper

drainage and maintenance is recommended. To reduce the potential for surface

erosion, a berm or "V" ditch may be located at the top of slopes subject to significant

overland water flows in order to intercept and redirect surface runoff.

5.1.4. Permanent Excavations and Slopes

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona



5.3. Design Values for Buried Pipes

The most critical surfaces as calculated by XSTBL are depicted in Appendix D of this

report. A summary of the resulting factor of safety have been tabulated below.

Alp..:::.....:h=..=a::.-· _
Engineering Testing!Snlut.ions

Cd =Load Coefficient based on KIJ'

V =Moist unit weight of backfill material (pcf)

Bd= Width of trench at top of pipe (ft)
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Soil Loads on Buried Rigid Pipes

Calculation Method Slope Factor of Safety
Original Slope 1 (H) : 1 (V) 0.763

1 % (H):1 (V) 1.031
1 % (H) : 1 (V) 1.201

XSTABL 2 (H) : 1 (V) 1.356
2 % (H) : 1 (V) 1.524
2 l'2 (H) : 1 (V) 1.704

5.3.1.1.

Soil loads on buried rigid pipes such as concrete or clay pipes can be analyzed using

the Marston's Formula as follows:

We =Cd VBi

The coefficient Cd is dependent on the backfill type, which depends on the pipe

manufacture's recommendation or local municipality requirements, the trench width, and

pipe installation depth. Where the ratio of the backfill depth to trench width at the top of

the pipe (H/Bd) is at least 1 and where trench width, at top of pipe, is no greater than 3

The following sections provide design information relative to flexible and rigid pipes. The

recommendations provided within the following sections are based on the pipe being

installed by open cut excavations. If an alternative construction process is utilized,

Alpha sho!Jld be contacted for additional recommendations.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona
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times the pipe diameter, the value of Cd may be determined using the following formula

for load coefficient, Cd:

-2KlJ' (H / Bd)

Cd =...:..1_-..;::e'-- _

Al~.;;:...;;h=a=- _
Engineering Testing .. Sniutions

K =Active earth pressure coefficient

IJ' =Friction coefficient between fill material and sides of trench

H =Backfill height above the pipe crown
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Soil Type KJ.I'

Clay (CL,CH) 0.12

Silt (ML) 0.13

Silty Sand (SM) 0.15

Well and Poorly Graded 'Clean' Sands (SW, SP) 0.165

Sandy Gravels and Cobbles
0.18

(GW, GP, GM, GC)

Source: ASCE (1982)

Based on soils encountered during our field investigation, we recommend using a KIJ'

value of 0.13 for design and a wet soil unit weigh, V, equal to 125 pcf for soil backfill

material.

The product KIJ' in the above referenced equation is dependent on the backfill type,

degree of compaction, and moisture content. The following table provides estimates for

the KIJ' product based on various soil types.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
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Live loads on buried conduits due to vehicular loads may be determined as presented

below:

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona Page 13 of 24
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Height of Cover, H Impact Factor, If(ftl
oto 1 ft 1,3

1 ft, 1 in to 2 ft 1.2
2 ft, 1 into 3 ft 1.1

Over 3 ft 1.0
Source: ASCE Manual No. 60 I WEF MOP No. FD-5, 2007

AJ~.::::...-.:h=·,a~. _
Engineering Testing ISolut.ions
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=live load soil pressure from a concentrated surface load, psf
=impact factor, dimensionless (See Table below)
= live load, Ibs
=height of fill above the top of the pipe, ft
=distance from the point of load application to top of pipe, ft

Live Loads on Buried Conduits

Where:

5.3.1.2.
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5.4. Structures

5.4.1. Shallow spread footings

Allowable Bearing Pressure for Shallow Foundations
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3,000
2,500

4,0004.0 and reater
3.0
2.0

"',', 'Footing Depth
'"Below;Finishe

Gradeft.*>

Geotechnical Subsurface Exploration
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*Note: Footing depth is defined as the depth below the
lowest adjacent finished grade elevation within 2-feet of
the edge of the footing.

Alp..:;::;...;:h:.=a=--', _
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The proposed storm drain below the Arizona Canal has a cover of 18 feet within the

maintenance road area. It is anticipated that the roadway may be used by large SRP

equipment, thus the loads on the buried pipe were calculated based on an SRP design

vehicle. In our calculation we modeled the SRP design vehicle as a point load of

183,000 pounds. Using the equation present above and an impact factor (It) of 1.0, the

calculated vertical pressure at the top of pipe due to the SRP design vehicle is 270

pounds per square foot.

Shallow spread footings bearing on undisturbed native or engineered fill can be used to

support the structures as recommended. Recommended footing depths and allowable

bearing pressures are presented below.

A one-third increase may be applied to the design bearing pressures when considering

short duration loads, such as wind and seismic.



5.4.1.1 . Estimated Settlements

5.4.1.2. Resistance to Lateral Loads

A passive EFP of 300 peF may be used for shallow spread footings. A coefficient of

friction of 0.40 is recommended for computing lateral resistance between the base of
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Proposed walls/structures that will retain soil must be designed to withstand lateral soil

pressures. Cantilevered retaining walls, or unrestrained walls subject to lateral earth

pressures, should be designed for an equivalent fluid pressure (EFP) of 33 PCF.

Restrained walls should be designed to withstand a residual or long-term at-rest (Ko)

earth pressure condition of 51 pounds per cubic foot (PCF).

Settlement of footings designed as recommended above are estimated not to exceed

1-inch. Differential settlements between similarly loaded, adjacent footings are

expected to be less than %-inch. Significant moisture increases above those

recommended for compaction could result in additional movements. In order to

minimize the sensitivity of the structure to differential settlements, footings should be

reinforced to allow for a degree of load redistribution should a localized zone of

supporting soils become saturated.

Continuous footings should have a minimum width of 12-inches. The minimum widths

are recommended for ease of construction, and to provide a margin of safety against a

local or punching shear failure of the foundation soils. All footings should be reinforced

to reduce potential distress caused by differential foundation movement.

.Algha=-········---' _
Engineering resting i Sniutlom;

All the footing excavations should be observed by the Geotechnical Engineer prior to

placement of reinforcing steel and/or concrete. If subsurface conditions are encountered

that are different than indicated by the test borings, revised recommendations may be

required.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona



5.4.2.1. Lateral Earth Pressures

5.4.2. Retaining Walls

footing and soil in analyzing lateral loads. Vehicular surcharge loads and/or hydrostatic

pressure will increase the recommended EFP.

Ailp..:;;;...;;h~a=---. _
Engineering Testing I Solutions
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If retaining walls are utilized in this project, they should be designed to resist the earth

pressure exerted by the retained, compacted backfill plus any additional lateral force

that will be applied to the wall due to surface loads placed at or near the top of the wall.

The at-rest earth pressure against walls that are restrained at the top and with level

backfill may be taken as equivalent to the pressure exerted by a fluid weighing 51

pounds per cubic foot (pet). Fifty percent of any uniform areal surcharge placed at the

top of a restrained wall may be assumed to act as a uniform horizontal pressure over

the entire height of the wall.

Only cohesionless, free-draining granular materials should be used as backfill, adjacent

to earth-retaining structures. We recommend that backfill directly behind the walls be

compacted with light, hand-held compactors. Heavy compactors and grading equipment

should not be allowed to operate within 3 feet of the walls during backfilling, to avoid

developing excessive temporary or long-term lateral soil pressures. Positive gravity

drainage of the backfill should be provided.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona

Retaining walls that are not restrained at the top and with backfill, which is level behind

the wall, may be designed for an active earth pressure developed by an equivalent fluid

weighing 33 pet. Thirty percent of any uniform surcharge may be assumed to act as a

uniform horizontal pressure over the entire height of the wall.



5.4.2.3. Backfill Placement

5.4.3. Box Culvert

Alg.,;;:;-:;h;.=.D:::.-· _
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All backfill should be placed and compacted in accordance with recommendations

provided above for engineered fill. Light equipment should be used during backfill

compaction to minimize possible overstressing of the wall.
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Wall drainage should be collected by continuous perforated drainpipes, filter fabric, and

gravel connected to weep holes. The drainpipe must run parallel to the wall. We

recommend drainrock consist of durable stone having 100 percent passing the 1-inch

sieve and zero percent passing the NO.4 sieve. Synthetic filter fabric should have an

equivalent opening size (EOS), U.S. Standard Sieve, of between 40 and 70, a

permeability of at least 0.02 centimeters per second and minimum puncture strength of

50 pounds.

The box culvert is anticipated to extend along the entire project alignment from the

Arizona Canal to Indian School Road.. Based on our understanding of the proposed

design the culverts will bear on native soils approximately 15 feet below adjacent grade.

We anticipate that the scour depth will not exceed the bottom elevation of the culvert.

Base on our exploration and the above assumptions, we provide the following design

recommendations:

5.4.2.2. Wall Drainage

The above-recommended values do not include lateral pressures due to hydrostatic

forces. Therefore, wall backfill should be free draining and provisions should be made

to collect and dispose of excess water that may accumulate behind earth retaining

structures.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona
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5.5. Corrosion Potential

5.5.1. Electrical Resistivity

A commonly accepted correlation between soil resistivity and corrosivity towards ferrous

metals is shown in the following table.

Alp.:::-::h:.=a=:.--·--'-- _
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Electrical Resistivity of a soil is a measure of resistance to the flow of electrical current.

Corrosion of buried metal is an electrochemical process in which the amount of metal

loss due to corrosion is directly proportional to the flow of electrical current (DC) from

the metal into the soil. As a soil's resistivity decreases, its corrosivity increases.

• An allowable bearing pressure of 3,000 pounds per square foot may be used for

box culverts bearing at a depth of 10 feet below adjacent grade or greater.

• A passive EFP of 300 peF may be used for design. A coefficient of friction of

0.40 is recommended for computing lateral resistance between the base and soil

in analyzing lateral loads.

• Estimated settlement of the box cu Ivert is estimated to be 1-inch total and 1/2 

inch differential.

• The excavations should be observed by the Geotechnical Engineer prior to

placement of reinforcing steel and/or concrete.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona

Culvert walls which are laterally supported and can be expected to undergo only a slight

amount of movement should be designed for an at rest lateral earth pressure of 51

pounds per cubic foot (PCF). Cantilevered retaining walls, or unrestrained walls subject

to lateral earth pressures, should be designed for an equivalent fluid pressure (EFP) of

33 PCF. The pressures assume drained soil conditioned behind structure, a horizontal

backfill surface, and no surcharge.



5.5.2. Sulfate and Chlorides

Alg...;;....;;h'-'=CI::.-.~ _
Engineering ! Testing So~U'tjons

Based on a review of available published data regarding chloride Ion content for

corrosion protection of concrete reinforcement, soils with a chloride concentration of 500

ppm or greater are considered corrosive. Based on the laboratory result of the samples

Based on the laboratory tests as shown in the preceding table, this soil would be

considered "corrosive to severely corrosive". It should be noted that these corrosion

conditions are for the soils at submerged moisture conditions. Resistivities at drier

moisture contents would be less corrosive than the results of the test.
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Corrosivity Classification
severely corrosive
Corrosive
Moderately corrosive
Mildly corrosive

8.5 1534
8.5 534

pH·· . Resistivity·(Ohm-cm)

Bulk Sample B-2 15'-20'
Bulk Sample B-1 0'-2'

Sample Location

Resistivity (ohm-em)
ato 1,000
1,000 to 2,000
2,000 to 10,000
Over 10,000

Based on provisions of American Concrete Institute (ACI) 318 Section 4.3, Table 4.3.1,

Requirements for Concrete Exposed to Sulfate-Containing Solutions a sulfate

concentration below 0.10 percent by weight (1,000 ppm) is negligible. Based on the

laboratory results, sulfate contents of the site soils tested indicate a negligible corrosion

potential to concrete.

Selected samples of the near-surface soils encountered at the site were subjected to

chemical analysis for the purpose of corrosion assessment. The samples were tested

for soluble sulfates, and soluble chlorides. The samples were tested in general

accordance with Arizona Test Methods 733, and 736 for soluble chlorides, and soluble

sulfates, respectively. The test results are provided in Appendix C.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
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5.6. Pavement

5.6.2. New Asphalt Pavement
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6
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8

AGGREGATE BASE •

'COURSETHICKNESS (IN) ,"

2
North 49th Street

5.6.1. Existing Asphalt Pavement

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona

collected for this project, chloride contents of the site soils tested indicate negligible

corrosion potential.

The existing pavement on 49th Street was cored as part of the field study at the location

labeled as 8-5 on our Sample Location Plan (Appendix A). The pavement section of

the area explored was 1.69-inches of asphaltic concrete over 7-inches of aggregate

base (Appendix 8&C).

We are basing our recommendation for pavement design on our classification of the

subsurface soils, the site preparation and grading recommendations provided in this

report, and correlated R-values of 58 and 67 (based on percent passing the No. 200

screen and the plasticity index). The pavement design recommendations given in this

section are based on the AASHTO method 'for flexible pavements.

The design criteria used for 49th Street are maximum Equivalent Single Axle Loads

(ESAL) of 250,000 and 20-year design. Considering the above, we recommend the

following minimum pavement structural section options:



6.1 . Limitations

6. CLOSURE

5.6.3. Aggregate Base Course
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The recommendations contained in this report are based on our field exploration,

laboratory test results, and our understanding of the proposed construction. The

subsurface data used in the preparation of this report was obtained from the test

Our professional services have been performed using that degree and skill ordinarily

exercised, under similar circumstances, by reputable Geotechnical Engineers practicing

in this or similar localities. No warranty is expressed or implied.

Al~..:.;;;....;;h~a;;;;.- _
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Aggregate base used in support of concrete or asphalt pavements should conform to

the local governing and/or M.A.G. Section 702 Specifications. The plasticity index of the

fraction of material passing the No. 40 sieve should not exceed five when tested in

accordance with ASTM Test Method 0 4318. Coarse aggregate should have a percent

of wear, when subjected to the Los Angeles abrasion test (ASTM Test Method C 131),

of no greater than 40.

All aggregate base should be placed in lifts not thicker than eight inches and compacted

to a minimum of 98 percent of maximum dry density as determined by American Society

for Testing and Materials (ASTM) Test Method 0 698 or as specified by local

specifications. The moisture content during compaction should be maintained within

two percent of optimum moisture content.

The flexible pavement section should consist of Central Plant Mix Asphaltic Concrete

Pavement (AC) on compacted Aggregate Base Course (ABC) as recommended in the

table below. Flexible pavement should be placed in accordance with MAG Section 321

and local municipality standards.

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona
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It is the Client's responsibility to see that all parties to the project including the designer,

contractor, subcontractor, etc. are made aware of this report in its entirety. The use of

information contained in this report for bidding purposes should be done at the

contractor's option and risk.

This report may be used only by the Client and only for the purposes stated, within a

reasonable time from its issuance. Land use, site conditions (both on and off-site), or

other factors may change over time, and additional work may be required with the

passage of time. Any party, other than the Client, who wishes to use this report, shall

notify Alpha of such intended use. Based on the intended use of this report, Alpha may

require that additional work be performed and that an updated report be issued.

This report is for the exclusive purpose of providing Geotechnical Engineering and/or

testing information and recommendations. The scope of services for this project does

not include, either specifically or by implication, any environmental assessment of the

site or identification of contaminated or hazardous materials or conditions. If the owner

is concerned about the potential for such contamination, other studies should be

undertaken. This report has also not addressed the site geology and the possible

presence of geologic hazards.
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borings excavated during the field subsurface exploration. It is anticipated that some

variations in the soil conditions will exist on-site. The nature and extent of variations

may not be evident until construction occurs. If any conditions are encountered at this

site that are different from those described in this report, we should be immediately

notified so that we may make any necessary revisions to the recommendations

contained in this report. In addition, if the scope of the proposed construction changes

from that described in this report, our firm should also be notified.



• Monitor the backfill procedures.

• Monitor the scarification operations of the exposed subgrade.

• Keep records of on-site activity and progress.

• Monitor excavation operations to document those footings are bearing in soils as
recommended above.
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• Perform field density tests, as needed, to verify compaction compliance. The
representative should monitor the progress of compaction and filling operations.

• Observe and document that any existing surficial vegetation and other
deleterious materials have been removed from the site as required in site
preparation section.

• Approve any material used as engineered fill in structural areas to document that
it meets the requirements outlined above before placement.

Observation of footing excavations should be performed prior to placement of

reinforcing and concrete to confirm that satisfactory bearing materials are present.

Construction testing, including field and laboratory evaluation of fill and backfill

materials, concrete and steel should be performed to determine whether applicable

project requirements have been met.

The recommendations provided in this report are based on the assumption that an

adequate program of tests and observations will be performed during the construction.

These tests and observations should be performed by the Geotechnical Engineer's

representative and should include, but are not necessarily be limited to the following:

6.2. Recommended Additional Services

Geotechnical Subsurface Exploration
Old Cross Cut Canal Improvements
Arizona Canal to Indian School Road
Phoenix, Arizona
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APPENDIX A
Sample Location Plan



-,-- .. _- .... '... _- .. - ----- --

A
X

(NOTTO SCALE) ALPHA : Salnple Location Plan

Drawn By: J Floyd07/23/10Date:

Project: Arcadia Drive Drainage Improvement - Phase 1, 10-G-1735I~AIPhaGeotechnical and Materials, Inc. I

2504 W. Southern Avenue I Location: Phoenix, Arizona
Tempe, Az 85282~ Boring Location

LEGEND



APPENDIX B
BORING LOGS
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APPENDIX B
FIELD INVESTIGATION

TEST BORINGS

The subsurface conditions at the site were explored on March 18, 2010, July 14, 2010
and July 17, 2010 by advancing 4 soil test borings using a Diedrich 0-50 power drill rig
and one core on 49th Street. The locations of soil test borings performed for this
investigation are shown in appendix A of the report

Our engineer maintained a log of the excavations; visually classified soils encountered
according to the Unified Soil Classification System (USCS) (see USCS Table) and
obtained samples of the subsurface materials.

SAMPLING PROCEDURES

Bulk samples were taken from the test borings at selected intervals. Soil samples were
packaged and sealed in the field to reduce moisture loss and disturbance, and returned
to our laboratory for further testing. After the soil test borings were completed, they
were backfilled with the excavated soils,

LIST OF ATTACHMENTS

The following plates are attached and complete this appendix.

Unified Soil Classification System
Logs of Soil Test Borings

Engineering I Testing i Solution.-
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i 50'%

5-10 \_0050.u (U1~Jned

I,

SW Woll-f.lfl!.d~d r,·Hod:) Dnd 'J

I
'J

J on
Sands Clean

\
gf~veiJlv (woOS, little 0' no

11-30
r

No. 200 HM.' Medium Dense
~., More Sands

t

sieve i tnarl 50% SP Po¢'rly pradC!d.s-snas end 31·50 ~Dense "

·.i of COlJrS8 gmv"lIy <andli, Ill'lIO or no

traction
S"mo!.

~

I
> 50 Very Dense

passes Sands SM I Sllw $iSl"\d3. send-sill rnlXlures ~
~,I\!o , 4 WiTh

~sieve Fines

~
SC I CI~yOV "und•• sUM·,cloy

mbaUIUE i
I ~

I
ML

I
Inorg.ehic_,sllus. very tine Siandard Penetration Test
t.ands, roc\( flow. silty or

Consistency of Cohesive Soils ~
~

r.l.oyeV nne sands I

S'\\ts and Clays Unconfined I

I
Fine· Liquid Limit CL

\

Inorgenlc Clt:lV5 crl low 10 Penetnnlon Compressive ~,
Grained 50% or less m13dlvm plastlcltv .. grevell'v Resistance N Suength

Soils ct~vs. s.andy clavs. lilltl? clay!>, (blows/ttl Consistency nonslft21 ~

! lea", clavlii

~ \ Drg'iln1C 51h~ and' QJgnnlc SillY ~" 50% or~ OL <2 Very 5011I <0.25 ~.r more cltlYIJ anow plU&lloHy
I\'ipasses I !No. 200 I 2·4 Soft 0.25·0.50

: MH

I
InorgcJnh:~snlS. mloaceoUIii ot

sieve dialomaC20US" fine &andJ or "

I' s111s. elD.!\lc .slllS 4-8 Firm 0.60-1.00

~
Silts and Clays

i
Liou'td L1rn'l, CH inorO""'c cl8YS 01 high 8 -, 5 5tlft 1.00-2.00 ~

grea-ter 'the'! ::'0% p1U811oky. lei 01"".

~;~ ,
16·30 Very 5tift 2.00-4.00 tl

i~
OH l OrgB"011: ctBvr~ ot m~'dlum 10 ifI high ~\I".Uchy

> 30 Hard >4.0
~
~

~ I 1 I~ !-iighly Org'anic Soils I Pi I F'O~lt mucic. and other highly
~~ I oIgmlic ··s.olls

.~

iV101STUR" CONDITIONS

#'2.00 U,S. Standard Sieve

I

I

I

I

I

I
I

I
I

I

I
I

I
I

OTHER SYMBOLS

Slit or Clay

MATERIAL QUANTITY

·.#40

P. it

Sand

t f'

Gravel

3" 3/4"

Cobbles

BAS1'C LOG FORM.o,T:
Group name, Group Symbol. igriliT' size!. cDlor, moisture, consistency or relativo density, Additional commGnfs: odor, presence of r001S,

rnl~G, gypsum, COlJrse grair1cd ~nJrtj~le5. gle.

C.'rv
Slightly Damp
{v"\oist

VRry Moist
Wo,

AbsenC'.\; of moist. dusty, dry to the touch
Br.low omimurn moisture conteni for compaction
Nr;at Dptimum moisiUre come nt, will moisten ~he hand
Above o[rtimum moisture content
Visible free water; below water table

trace
few
IIn\a
sorTl~

mostly

0·5%
5·10%
10·25%
25·45%
50 - 100%

C Core Sample
S SPT Sample
B Bulk Sample

Groundwater
ap Pockel Peneuometel

I
I

EX,lI.MPLE:
Brown, 100S8 fine 10 medium Send (SPI. 1I8ce silt, IInle line gravel, damp

I
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Alpha Project Number: 10-G-1735 Log of Boring No. B-1

Project: Arcadia Drive Drainage Improvement - Phase 1 Client: Olsson Associates

Project Location: Phoenix, Arizona Boring Location: See attached site plan

LL Longitude: 33.49537 . Latitude: -111.97787 .
Ql

<D
U ~

Qla- ~ ~ Cii Remarks: Bulk Sample collected from 0'-2' and 20'-25', Ring Samples
>- ... "Ql 0I- Ql

~ ~ I:::.. U driven at 2'-3',5'-6',10'-11',15'-16', and 20'·21', and Split Spoon Sample
~

0..
IJl '" ::l :; C/) driven at 25'-26.5'.a- c: +'

E :i: Ql .~ a- U
0 0 0 Ql C/)

ell
CD ::E 0 ::JCIl c:-

o Description of Subsurface Conditions

B 8.5 SM SILTY SAND WITH GRAVEL

Light to medium brown, predominately fine graded, subrounded,
2 iR 4-5 I loose to medium dense to very dense to medium dense to dense to

loose, slightly damp to moist to slight damp, non-plastic, non to
4 l;~

weakly cemented.

R 9-16 102 9.3
6

I8

10 IiiR 30-50/5" I12 ;~ ..

14 ~

f~

RIB 15.6/9.0
sg

8-16 86 ~
16 ~

18 ~

iI
tj

20 1.Jil

RIB 17-25 112 11.1

22
~,if,
'fiI,l

24 ~

S 4-4-4 13.3
26

I~~
'f~ Bottom of boring @ 26.5'; no groundwater encountered.~~.

28 iIli1

The stratification lines represent the approximate boundary lines Sample Type Key: S =Split Spoon B =Bulk Sample
Between soil and rock types: In-situ, the transition may be gradual. BN =Bull Nose R =Ring Sample

Alpha Geotechnical & Materials, Inc. Sample Date: 06/04/09 & 06/05/09

2504 West Southern Avenue
Tempe, Arizona 85282 Drill Rig: Diedrich D-50



Alpha Project Number: 10-8-1735 Log of Boring No. B-2

Project: Arcadia Drive Drainage Improvement - Phase 1 Client: Olsson Associates

Project Location: Phoenix, Arizona Boring Location: See attached site plan

~ Longitude: 33.49590 . Latitude: -111.97736 .
Cll

<0
u - ......

Cll
~ e:.. ~ d; "C Remarks: Bulk Sample collected from 15'-20', Ring Samples driven at
>- ... Cll 0f- Cll

~ ~ !::.. u 10-11',15'-16',20'-21' and 25'-26', and Split Spoon Sample driven at 2'-
Cll c..
Q. III

III .: .r:. rn 3.5' and 5'-6.5'.
~

E :; Cll '" Q. u
l'tl 0 CI '0 Cll rn

(..1') !!l C' ::E CI ::>

CI Description of Subsurface Conditions

SM SILTY SAND WITH GRAVEL

2
Light brown, predominately coarse graded, subrounded, medium

S 6-6-7 l~ dense to dense to very dense to dense, slightly damp, non-plastic,

~i,,,
~f. non to weakly to moderately cemented.

4 f

S 7-7-6
6 II

.~.

~~:M8 ,w),

10
.~R 10-25
~,I
'~:

12 'llil

14
~l
~I

RIB
,!~

30-35 7.7 I16
i"~ ,

18
~1

~1
20 rJ

R 30-34 100 12.7

22
}~;
~~
~1~24 lrJ

R 15-24 106 10.6
26 II

~] Bottom of boring @ 26.5'; no groundwater encountered.
28 ~J

The stratification lines represent the approximate boundary lines Sample Type Key: S = Split Spoon B = Bulk Sample
Between soil and rock types: In-situ, the transition may be gradual. BN = Bull Nose R = Ring Sample

Alpha Geotechnical & Materials, Inc. Sample Date: 06/04/09 & 06/05/09

2504 West Southern Avenue
Tempe, Arizona 85282 Drill Rig: Diedrich D-50
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Alpha Project Number: 10-G-1837 Log of Boring No. B-3

Project: Arcadia Drive Drainage Improvement - Phase 1 Client: Olsson Associates

Project Location: Phoenix, Arizona Boring Location: See attached site plan

u. Longitude: 33.49612 . Latitude: -111.97701 .
Ql

to
u

Ql
Co a.. ~ a; "0 Remarks: Bulk Sample collected from 0'-5' and 23'-25', Split Spoon
>- ~ Ql 0
~ Ql >- Ql U. u Samples driven at 5'-6.5',10'-11.5',15'-16.5',20'-21.5', 25'-26.5', 30'-31.5,
Ql a.. :::: ~

Q. I/)
I/) E .::; en 35'-36.5', and 40'-41.5'.c:

E :: Ql VI c.. U
l'Cl .£! Cl '0 Ql en

en w i::' :2: C! ::>

Cl Description of Subsurface Conditions

B 7.6 SM SILTY SAND WITH GRAVEL

Medium brown, well graded, subrounded, loose, slightly damp,
3

~"
non-plastic.

';~

S 3-4-4 1~r.

6 ~J

SC CLAYEY SAND -
9 illS 4-9-10

I
Reddish brown, predominately fine graded, subrounded, firm,

slightly damp, medium plasticity.
12 iLb

15 ~
S 9-12-11 SM SILTY SAND WITH GRAVEL

II
Light brown, well graded, subangular, medium dense to dense to

18 ~
medium dense to dense to medium dense, slightly damp to moist to

S 11-14-17 wet, non-plastic.
21

IB 11.2
24 :1liJ

S 2-3-8

27

I
30
,

S 10-16-24

33

I
S 3-5-6 ~

36 ~

39 "\1
S 6-8-7 ,~

42 ~ Bottom of boring @ 41.5'; no groundwater encountered.

The stratification lines represent the approximate boundary lines Sample Type Key: S =Split Spoon B =Bulk Sample
Between soil and rock types: In-situ, the transition may be gradual. BN =Bull Nose R =Ring Sample

Alpha Geotechnical & Materials, Inc. Sample Date: 07/14/10
2504 West Southern Avenue

Tempe, Arizona 85282 Drill Rig: Diedrich D-50



Alpha Project Number: 10-G-1837 Log of Boring No. 8-4

Project: Arcadia Drive Drainage Improvement - Phase 1 Client: Olsson Associates

Project Location: Phoenix, Arizona Boring Location: See attached site plan

~ Longitude: 33.49632 • Latitude: -111.97695 .
a.> <0

(,) z- a.>Q. e:. C Cl> 't:l Remarks: Bulk Sample collected from 2'·5', and Split Spoon Samples
>- .. a.> 0I- a.> .i:' Cl> u.. (,) driven at 5'-6.5', 10'-11.5', 15'-16.5', 20'·21.5', 25'·26.5', 30'·31.5, 35' .36.5',
Cl> a.. .. -c.. III

III E .: en and 40'-41.5'.
~

c III Q. (,)E a.>
0 0 '0 a.> en

t1l in ::: 0 :::JIII c=-
o Description of Subsurface Conditions

SM SILTY SAND WITH GRAVEL

B Light to medium to reddish brown, predominately coarse graded to
3

I well graded, subrounded, medium dense, dry to slightly damp,

S 3-8-10 non-plastic, non-cemented.
6

SC CLAYEY SAND

S 6-10-8 9 I Medium brown, well graded, subrounded, firm, slightly damp,

12 I medium plasticity, non-cemented.

15.1

15
S 10-14-9 SM SILTY SAND WITH GRAVEL

18 lil
Light brown, well graded, subrounded, medium dense to very dense

to dense to medium dense to dense, slightly damp to moist to wet,

S 19-26-34 11.3 medium plasticity, weakly cemented.
21

; :

!I..'
I

24 l·

S 14-19-21

27

1.!::t'30 i

S 9-14-26

33 I
S 11-12-13 t~

36 ~

S 14-17-19
39 \f

~~
f.~ Bottom of boring @ 41.5'; no groundwater encountered.

42 !Ii

The stratification lines represent the approximate boundary lines Sample Type Key: S = Split Spoon B = Bulk Sample
Between soil and rock types: In-situ, the transition may be gradual. BN = Bull Nose R = Ring Sample

Alpha Geotechnical & Materials, Inc. Sample Date: 07/14/10

2504 West Southern Avenue
Tempe, Arizona 85282 Drill Rig: Diedrich 0·50
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Alpha Project Number: 10-G-1837 Log of Boring No. 8-5

Project: Arcadia Drive Drainage Improvement - Phase 1 Client: Olsson Associates

Project Location: Phoenix, Arizona Boring. Location: See attached site plan

~ Longitude: Latitude:
Ql

<D
()

QlCo e:. ~
.... Remarks: Bulk Sample collected from 1'-5'.

>- ... Ql -0
Ql 0r- Ql

~ ~ !::. ()
Ql a..
Q. /Jl

/Jl E .::: en
~

~

.!!! .... ()E Ql Co
III ..S! 0 0 Ql en
en CD >- ~ 0 :::J

~

Description of Subsurface Conditions0

ASPHALTIC CONCRETE (1.69")

AGGREGATE BASE COURSE (7")
2

,§~
~l\l

Sp·SM SAND WITH SILT

,I Light brown, well graded, subrounded, slightly damp, non-plastic.
4

!

6
Bottom of boring @ 5'; no groundwater encountered.

1W;j

II1,

8 I'

10

I.~.~
12 II

14

i
~1j~

16 .\1

18
I

20 II
22

II!l1!
24 ~1

26

Ir,
~

28
~
""

The stratification lines represent the approximate boundary lines Sample Type Key: S =Split Spoon B =Bulk Sample
Between soil and rock types: In-situ, the transition may be gradual. BN =Bull Nose R =Ring Sample

Alpha Geotechnical & Materials, Inc. Sample Date: 07/17/1 0

2504 West Southern Avenue
Tempe, Arizona 85282 Drill Rig: Core Rig
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APPENDIX C
LASORATORY TESTING

LASORATORY TESTS
Laboratory tests were performed on selected samples to aid in soil classification and to
evaluate physical properties of the soils, which may affect the Geotechnical aspects of
project design and construction. A description of the laboratory testing program is
presented below.

Sieve Analysis
Sieve analyses were performed to evaluate the gradation characteristics of the material
and to aid in soil classification. Tests were performed in general accordance with ASTM
Test Method C 136 and 02487.

Atterberg Limits
Atterberg Limits tests were performed to aid in soil classification and to evaluate the
plasticity characteristics of the material. Additionally, test results were correlated to
published data to evaluate the shrink/swell potential of near-surface site soils. Tests
were performed in general accordance with ASTM Test Method 04318.

Moisture Content
Moisture content tests were performed to evaluate moisture-conditioning requirements
during site preparation and earthwork grading. Moisture content was evaluated in
general accordance with ASTM Test Method 02216.

Moisture-Density
Standard proctor tests were performed on bulk soil samples to evaluate maximum dry
density and optimum moisture content. Test procedures were in general accordance
with ASTM Test Method 02937.

Swell Test
Swell tests were performed on bulk soil samples to evaluate the expansion potential of
the site soils. Test procedures were in general accordance with ASTM Test Method 0
4546.

One-Dimensional Consolidation
A one-dimensional consolidation test was performed on a ring samples to evaluate
consolidation potential of the site soil. Test procedure was in general accordance with
ASTM Test Method 0 2435.

pH and Resistivity
pH and resistivity tests were performed on the bulk soil sample to evaluate the site soil
corrosion potential. Test procedure was in general accordance with Arizona Test
Method 236.

Alp-=-=h=..=a=-- _
Engineering Testing 'I Solutions



Project:

Project Location:

Client:

Sample Source:

Alpha Geotechnical & Materials, Inc.

Arcadia Drive Drainage Improvement - Phase 1

Phoenix, Arizona

Olsson Associates

See Below

Mechanical Sieve Analysis

Group Sumbol, USCS (ASTM 0-2487)

Project Number:

Work Order Number:

Sample Date:

Material:

10-8-1735

1

03/18/10

Native

Silt or Sand Gravel
Moisture

Clay Fine I Medium I Coarse Fine I Coarse

\ Lab Number I Location & Depth I USCS 1 LL I PI #200 #1001 #50 \ #40 I #30 I #16 1 #10 I #8 I #4 1/4" 13/8" 11/2" 1 3/4" I 1" 11 1/4"\ 11/2" I 2" I 3" %

Percent Passing By Weight

1 Bulk Sample B-1 @ 0'-2' SM NV NP 39 48 53 55 58 65 73 77 84 100 100 100 100 100 100 100 100 100 8.5

2 Bulk Sample B-1 @ 15'-20' SM NV NP 25 31 36 39 42 52 64 69 82 100 100 100 100 100 100 100 100 100 9.0

3 Bulk Sample B-2 @ 15'-20' SM NV NP 27 31 35 38 42 52 64 69 84 100 100 100 100 100 100 100 100 100 7.7

4 STP B-1 @ 25'-26.5' SM NV NP 32 40 44 46 49 58 66 70 86 100 100 100 100 100 100 100 100 100 13.3

Reviewed By: AC

Alpha Geotechnical and Materials, Inc.
2504 West Southern Avenue
Tempe, Arizona 85282.. - c.. '.. .. .. _.. .. ...... .. .. ..- - .. -
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Project:

Project Location:

Client:

Sample Source:

Alpha Geotechnical & Materials, Inc.

Arcadia Drive Drainage Improvement - Phase 1

Phoenix, Arizona

Olsson Associates

See Below

Mechanical Sieve Analysis

Group Sumbol, uses (ASTM 0-2481)

Project Number:

Work Order Number:

Sample Date:

Material:

10-G-1837

:I

07/14/10

Native

Silt or Sand Gravel
Moisture

Clay Fine I Medium I Coarse Fine I 'Coarse

I Lab Number I Location & Depth I USCS I LL I PI #200 #100 I #50 I #40 I #30 I #16 I #10 I #8 I #4 1/4" I 3/8"11/2" I 3/4" I 1" 11 1/4" I 1 1/2" I 2" I 3" %

Percent Passing By Weight

1 Bulk Sample B-3 @ 0'-5' SM NV NP 29 35 39 41 44 51 59 63 80 100 100 100 100 100 100 100 100 100 1.6

2 Bulk Sample B-3 @ 23'-25' SM NV NP 14 19 24 29 34 51 63 67 80 100 100 100 100 100 100 100 100 100 11.2

3 STP B-4 @ 10'-11.5' SC 28 9 46 57 62 64 65 73 80 82 93 100 100 100 100 100 100 100 100 100 15.1

4 STP B-4 @ 20'-21.5' SM 31 8 44 53 58 60 64 72 80 83 94 100 100 100 100 100 100 100 100 100 11.3

Reviewed By: AC

Alpha Geotechnical and Materials, Inc.
2504 West Southern Avenue
Tempe, Arizona 85282



I
Alpha Geotechnical & Materials, Inc. I

Sieve Analysis of Fine and Coarse Aggregates (ASTM C136/C117)

Project:

Location:
Material:
Sample Source:
Proposed Use:

Arcadia Drive Drainage Improvement - Phase 1

Phoenix, Arizona
Native
30' North & 35' West of Arcadia Dental Building, N.W.C.
Roadway - Subgrade

Project Number:

Sample Number:
Sample Date:

Sampled by:

10-G-1837

10415
07117110
Jeremy Fraser

I
I
I

Silty gravel and sand

AASHTO description:

PI: NP

Atterberg
Limits

I
I

I
I

I

I

I

I
IMAG

SP-SM

A-1-b(1)

NVLL:

USCS:

AASHTO:

Mechanical Analysis
MAG

Sieve Size % Passing

6 in I 152mm 100

4 inl 100mm 100

3 in 175mm 100

2 inl 50mm 100

1 1/2 in I 37.5mm 100

1 1/4 in I 32 mm 100

1 in 125 mm 100

3/4 in 119 mm 100

1/2 in 112.5 mm 100

3/8 in I 9.5 mm 97

1/4 in I 6.4 mm 94

#4,4.75mm 88

#8,2.36mm 73

#10,2.00mm 61

#16,1.18mm 55

#30,0.60mm 44

#40, .425mm 35

#50, .300mm 25

#100, .150mm 14

#200, .075mm 8.0

Reviewed by: AC I
I

Alpha Geotechnical and Materials, Inc.
2504 West Southern Avenue
Tempe, Arizona 85282 I



.. - - - .. - .. - .. .. - - ..' - .. .. .. .. -
Project:
Location:
Material:
Sample Source:
Supplier:
Sampled By:

Lab Number

Alpha Geotechnical & Materials, Inc.

Arcadia Drive Drainage Improvement - Phase 1 Project Number:
Phoenix, Arizona
Asphalt Core Sample Number:
See Below

Unknown (Product Code Unknown) Date Sampled:
Jeremy Fraser

Unit Weight & Thickness (AASHTO T-245IT166A, as Applicable)

Sample Locations

10-G-1837

See Below

07117110

Total
Thickness

I '104oa----T Northwest Parking Lot - Location B-5 -- I- I 1.69-:---]

Reviewed by: AC

Alpha Geotechnical and Materials, Inc.
2504 West Southern Avenue
Tempe, Arizona 85282



ALPHA Geotechnical & Materials, Inc.

I
I

Laboratory Compaction Characteristics of Soils Using

Standard Efforts (12,400ft.lb-fticu.ft) (ASTMD698A)

Project:

Location:

Material:

Sample Source:

Proposed Use:

Arcadia Drive Drainage Improvement - Phase 1

Phoenix, Arizona

Native

Bulk Sample B-1 @ 15'-20'

Pads/ Mass Grading

Project Number:

Work Order Number:

Lab Number:

Sample Date:

Sampled by:

10-G-1735

1

5

03/18/10
-J. Floyd

I
I
I

Curve: A
Maximum Dry Density:

Optimum Moisture (%):

English

(pct)

110.1

11.9

Metric

(kg/ cu.m.)

1763

11.9 I

'\. i
I

I\.
.... '\.

M'"
..- ~

~ '\

'" "-
"'~ I

I " ~
I
I
!

I
I

I

Moisture (%)

113

112

111

110

;;::- 109
(,)

S: 108
>.=:
III 107t:
CI>c 106
r=-c 105

104

103

102

101
8 9 10 11 12 13 14 15 16 17 18 19

I
I
I
I
I
I
I

Notes:
- The Zero Air Void Curve Represents a Specific Gravity of: 2.65 (Assumed).

- This is a Summarized Report of the Referenced Procedures and Does Not Include All Reporting Requirements. Additional Data Can be Provided at Clients Request.

Reviewed by: AC
I

I
I

Alpha Geotechnical and Materials, Inc.
2504 West Southern Avenue
Tempe, Arizona 85282 I



Alpha Geotechnical & Materials, Inc.

Laboratory Compaction Characteristics of Soils Using

Standard Efforts (12,400ft·lb·ft/cu.ft) (ASTMD698A)

ONE DIMENSIONAL SWELL OR SETTLEMENT POTENTIAL OF COHESIVE SOILS (ASTM 0-4546)

I
I
I
I

Project:

Location:

Material:

Sample Source:

Proposed Use:

Arcadia Drive Drainage Improvement - Phase 1

Phoenix, Arizona

Native

Bulk Sample B-3 @ 23'-25'

Padsl Mass Grading

Project Number:

Work Order Number:

Lab Number:

Sample Date:

Sampled by:

10-G-1837
1

5
07/14/10

J. Floyd

I Maximum Dry Density:

Optimum Moisture (%):

English

(pcf)

110.9
13.5

Metric

Specs

1777
13.5

f\ j
I

\ I
~ I

/' ~ \1
J '\ ~

.I 1\ i

\ I
\ I
'lIIIl I

I
I I

I,

I
I

114

113

112

111

;-
110"E:

~ 109
/IIc

108IIIc
~ 107c

106

105

104

103

8

Notes:

9 10 11 12 13 14 15 16 17 18 19

Moisture (%) % Swell: 0.6

- The Zero Air Void Curve Represents a Specific Gravity of: 2.65 Assumed for the -#4 Matena!.

- This is a Summanzed Report of the Referenced Procedures and Does Not Include All Reporting Requirements. Additional Data Can be Provided at Clients Request.

I

I

Reviewed by: AC

I
Alpha Geotechnical and Materials, Inc.
2504 West Southern Avenue
Tempe, Arizona 85282



Redox performed on saturation paste. Eo is the potential developed by the platinum redox electrode.

JMOTZZ LABORATORY, INC.

B-1 @ 23'·25' Old Cross Cut Canal I

I
I
I
I
I
I
I:
I

,I
I
I
I
I
I
I

Levels

Levels

Levels

Project: 10-G-1837

Sampler:

Date Received: 7/16/2010

Date Reported: 7120/2010

PO Number: 10-G-1837

Soil Analysis Report

Method Result Units

ARIZ 736 53 ppm

Method Result Units

ARIZ 733 63 ppm

Method Result Units

Saturated Paste 168 (Eo) mVRedox Potential

Chloride (ARIZ 736)

Chloride, Cl

Sulfate (ARIZ 733)

Sulfate, S04

Redox Potential

Alpha Geotechnical and Materials
Jamie Floyd
2504 W. Southern Ave
Tempe, AZ 85282

I Lab Number: 902125-01

I:
I.

602-454-2376 (Phone) 602-454-9243 (Fax) Page 1 of 1
I
I:



I
I Alpha Geotechnical & Materials, Inc.

I
I

Project:
Location:
Client:
Material:
Sample Source:

Arcadia Drive Drainage Improvement - Phase 1
Phoenix, Arizona
Olsson Associates
See Below
See Below

pH & Resistivity (AZ 236)

Project Number:
Work Order Number:
Lab Number:
Date Sampled:

10-G-1837
1
See Below
07/14/10

I
I
I
I
I
Ii
I

I
I
I
I
I
I

Lab Number Sample Source Material Resistivity pH
(Ohm-em)

6 Bulk Sample B-3 @ 0'-5' Native 6,940 6.9
7 Bulk Sample B-3 @ 23'-25' Native 5.210 7.1

Reviewed by: .....;.A.;.;;C _

Alpha Geotechnical and Materials, Inc.
2504 West Southern Avenue
Tempe. Arizona 85282
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Levels

Crop:

Growth Stage:

Project: 10-G-1735 Arcadia Dr Drain.

Sampler:

Date Received: 3/22/2010

Date Reported: 3/24/2010

PO Number: 10-G-1735

8.5 SU

1534 ohm-em

Result Units

Soil Analysis Report

ARIZ 236b

ARIZ 236b

Method

Lab Number: 901535-02

Sample ill: B-1 0-2'

Description: Arcadia Dr Drainage Improvement Phase 1

iMOTZZLABORATORY,INC.

pH (ARIZ 236b)

Minimum Resistivity, Box

Alpha Geotechnical and Materials
Jamie Floyd
2504 W. Southern Ave
Tempe, AZ 85282

pH & Minimum Resistivity Box

Test

I,
I
I:
Ii

602-454-2376 (Phone) 602-454-9243 (Fax) Page 2 of2



SoilAnalysis Report

Lab Number: 901535-01

Sample ill: B-2 15-20'

Description: Arcadia Dr Drainage Improvement Phase 1

Project: 10-G-1735 Arcadia Dr Drain.

Sampler:

Date Received: 3/22/2010

Date Reported: 3/24/2010

PO Number: 10-G-1735

Levels

Crop:

Growth Stage:

8.5 SU

534 ohm-cm

Result Units

ARIZ 236b

ARIZ 236b

Method

pH (ARIZ 236b)

Minimum Resistivity, Box

pH & Minimum Resistivity Box

Test

Alpha Geotechnical and Materials
Jamie Floyd
2504 W. Southern Ave
Tempe, AZ 85282

I
I
I
I
Ii
I
I
I
I
I
I
I
I
I
I
I
I

602-454-2376 (Phone) 602-454-9243 (Fax) Page 1 of2



Alpha Geotechnical & Materials, Inc.

Project: Arcadia Drive Drainage Improvement - Phase 1
Project Location: Phoenx, Arizona

Client: Olsson Associates
Material: Native

Sample Source: See Below

Sample Prep: And at 2% Below Optimum Moisture

Project Number: 10-G-1735
Work Order Number: 1

Lab Number: See Below
Sample Date: 3/18/10

Load: 100 psf

I
I
I
I

One Dimensional Swell or Settlement Potential of Cohesive Soils (ASTM 0-4546)

Lab Number Sample Description Initial Reading Final Reading % Swell
(in) (in)

6 Bulk Sample B-1 @ 15'-20' 0.00 0.0025 0.25

7 Bulk Sample B-2 @ 15'-20' 0.00 0.0031 0.31

I
I
I
I
I
I
I
I

Reviewed by: AC I
I
I
I
I
I

Alpha Geotechnical Materials, Inc.
2504 West Southern Avenue
Tempe, Arizona 85282 I



............-: .. ' - .. ---
Alpha Geotechnical & Materials, Inc.

Project:
Project Location:
Client:

Material:
Sample Source:

Arcadia Drive Drainage Improvement - Phase 1
Phoenix, Arizona
Olsson Associates
Native
See Below

Density of Soil in Place by the Drive-CylinderMethod (ASTM D2937)

Project Number:
Work Order Number:
Lab Number:
Date Sampled:

10-G-1735
1
See Below
3/18/10

Lab Number Boring
Wet WI.

(g)

Moisture
DryWt.

(g)
Moist.

Content
#

Of Rings
Wet WI'+ Rings

(g)
Wt.ofRings

(g)
Dry Density

(pcf)

8 Ring Sample B-1 !il5'-6' 117.9 107.9 9.3% 6 1064.9 258.2 101.9
9 Ring Sample B-1 ~ 20'-21' 102.2 92.0 11.1% 6 1157.7 259.8 111.5
10 Ring Sample 8-2 (i 20'-21' 103.5 91.8 12.7% 6 1077.4 263.7 99.6
11 Ring Sample B·2 (i 25'-26' 104.7 94.7 10.6% 6 1116.7 266.5 106.1

Reviewed by: AC

Alpha Geotechnical and Materials, Inc.
2504 West Southern Avenue
Tempe. Arizona 85282



I
Alpha Geotechnical & Materials, Inc. I

Project:
Project Loaction:

Client:
Material:
Sample Source:
Sample Prep:

Arcadia Drive Drainage Improvement - Phase 1
Phoenix, Arizona
Olsson Associates
Native
Ring Sample B-1 @ 15'-16'
Insitu

Project Number:
Work Order Number:
Lab Number:
Date Sampled:

10-G-1735
1
12
03/18/10 I

I

I
I

I

I

I

I

I

I

I10

4.43
31.3%
89.0
97%
0.9
1 ksf

Final Volume (cu. in)
Final Moisture Content
Final Dry Density(pcf)
Final Degree of Saturation
Final Void Ratio
Saturated at

4.60
15.6%
85.7
45%
0.9
2.65

One-Dimensional Consolidation Properties of Soils (ASTM 02435)

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

"~

'\
\
~~

99

~
Cl
'iii
:I:

~
:5
'0
~ 98.
c:
.~
«i
~
"0
til
c:
0
u

97

96
0.1

100

Initial Volume (cu. in)
Initial Moisture Content
Initial DryDensity(pcf)
Initial Degree of Saturation
Initial Void Ratio
Estimated Specific Gravity

Vertical Stress (ksf)

I
Reviewed by: -'-A'-C _ I

I

Alpha Geotechnical and Materials, Inc.
2504 West Southern Avenue
Tempe, Arizona 85282 I



I
I
I

ame

I
PROJECT:
LOCATION:
MATERIAL:
SAMPLE SOURCE:
SAMPLE PREPARATION:

Arcadia Drive Drainage Improvement-Phase I
Phoenix, Arizona
Soil
Project Site

insitu

Innundated for 30 minutes prior to shear

JOB NO:
ALPHA JOB NO:
WORK ORDER NO:
LAB NO:
DATE ASSIGNED:

3-119-000186
10-G-1735
214

299
3/18/2010

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS(ASTM 03080)

3
119.6

13.4%
112.3

99.1
25.8%
124.6
99.0
4.0

4.49
0.028

0.402

2
122.8

12.9%
114.7
101.7
28.1%
130.2

101.6
2.0

3.55

0.017

0.402

1.00

2.42

DigiShear Automated Shear Test System by Trautwein Soil Testing Equipment
0.016

1
122.8

11.3%
113.2

101.7
26.7%
128.8
101.7

1.0
2.18
0.014

0.403

Initial thickness of specimen (in.):

Initial diameter of specimen (in.):

Shearing device used:

Rate of deformation (in/min):

Direct shear point:
Dry mass of specimen (g):

Initial Moisture Content:
Initial Wet Density (Ib per cu.ft):
Initial Dry Density (Ib per cu.ft):
Final Moisture Content:

Final Wet Density (Ib per cu.ft):
Final Dry Density (Ib per cu.ft):
Normal Stress (ksf):

Maximum Shearing Stress (kips per sq. ft):
Vertical Deformation @ Max Shear (in):

Horizontal Deformation @ Max Shear (in):

I
I
I

I

I
I
I
I
I

Residual Shear Stresses (ksf)

7.0

6.0

.;::-
5.0'"::.

.-'"'"~
iii 4.0

'" .-.§
'" 3.0".<:
1Il

2.0 II

1.0

0.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Normal Stress (ksf)A. REVIEWED BY AO
AASHTOR18

I



Arcadia Drive Drainage Improvement-Phase I

Phoenix, Arizona

Soil

Project Site

Insitu

Innundated for 30 minutes prior to shear

PROJECT:

LOCATION:

MATERIAL:

SAMPLE SOURCE:

SAMPLE PREPARATION:

NORMAL LOADS (ksf): 2 4

JOB NO:

ALPHA JOB NO:

WORK ORDER NO:

LAB NO:

DATE ASSIGNED:

3-119-000186
10-G-1735
214
299
3/18/2010

I
I
I
I
I

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS(ASTM 03080)

Shear Stress

I
-1 ········..···•..·.. ·..·..·..·.. <·.. ·..·..2 4 I

7.0

6.0

J<i=' 5.0III

~,::. - -III 4.0III

........)./............}.
.........

~ ./U5
.<...........

3.0
~ "" ......... '..........~ /Q) .,.,. C'" :0..!:: 2.0en ,----- --'-1.0

~0.0
0.00 0.10 0.20 0.30 0.40 0.50 0.60

Horizontal Displacement (inch)

Vertical Displacement

I
-1 ······..···..·..·.. ··· ......·.................. ·2 4 I

-0.005

:2 0.000 ....
(j

0.005 .."".'c
::;.

~.\~1:: 0.010Q)
~~ -...E

Q) 0.015
1'0.. --(j

til
0.020Q.

~III

Ci 0.025
7ii ........... .........
(j 0.030
'E ~
~ 0.035

0.040

0.00 0.10 0.20 0.30 0.40 0.50 0.60

Horizontal Displacement (inch)

-

I~~I

I
I

I
I
I
I
I
I

I
I

I:
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APPENDIX 0
Slope Stability Analysis
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35

28

30

2412 16 20

X-AXIS (feet

15 20 25

X-AXIS feet)

... ffJ
~.i."'.•

.~..•.....••....

.....,.,•.•.•......&...V/

~
./.
~.' .

. ./

~-

8

10

Existing Slope Adjacent to 48th Streel1 (H) to 1 (V)

4

5

10 mosi critical surfaces, MINIMUM BISHOP FOS = .763

10 most critical surfaces, MINIMUM BISHOP FOS = 1.031

I
48 _I

I

44 -l-1-.,..--,--.,...-.,..--.----,--..---.,----r--~--.....--~~
o

8.4 -.

I
·1
I

60 J
J

,........, !
lD 56 J
~ i
'-'" I
(/) ·1

X I<t: 52 -l

I i
>- i

!

r------------------.I

I
I,
I
I
I
I
I
I
I
I
I
I
I
I
I

Slope 11/2 (H) to 1 (V)

t------ ----------ll
LPIHA Slope Stability Analysis (1 of 3)

",.:.~-G-eo-t-e-c-h-ni-c-a-Ia-n-d-M-·-a-te-r-ia-'s-,-In-c-,-t-~-ro-je-ct-; -A-rc-ad-ia-O-r-iv-e--O-ra-in-a-ge-I-m-p-ro-ve-m-e-n-t.-P-h-as-e-1-,-10---G--1-7-35------1 'I
2504 W. Southem Avenue Location; Phoenix, Arizona

L.-__T_e_m_p;...e_'_A_Z_8_5_2_82 ~_D_at_e:_03_J_30_J1_0 --I._Dr3W_n_B_y_:_J_FI~OY;...d ..... 1



4

4

35

35

Drawn By: J Floyd

30

3015 20 25
X-AXIS feet

Date: 03/30/10

Project: Arcadia Drive Drainage Improvement - Phase 1, 10-G-1735

Slope Stability Analysis (2 of 3)

Location: Phoenix, Arizona

Slope 2 (H) to 1 (V)

10 15 20 25
X-AXIS feet

10

Slope 1 3/4 (H) to 1 (V)

5

5

10 most critical surfaces, MINIMUM BISHOP FOS = 1.201

10 most critical surfaces, MINIMUM BISHOP FOS = 1.356

o

o

45

45

60

65

60

65

Vl
X« 50 +- __
I

>-

Vl
X« 50 +- -"'"
I

>-

Geotechnical and Materials, Inc,
2504 W. Southern Avenue
Tempe, AZ 85282

lPIHA

I
I'

l '

I
Ii
I)
Ii
I
I
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I
I



4423618 24 30

X-AXIS feet

12

12

Slope 2 1/4 (H) to 1 (V)

6

6

10 most critical surfaces, MINIMUM BISHOP FOS = 1.704

10 most critical surfaces, MINIMUM BISHOP FOS = 1.524

o

o

42

66

60

42

66

60

til
X
« 48
I

>-

til
X
« 48
I

>-

.---..
Qj 54
(l)

'l
'--'

,...---------------.,1

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

18 24 30 36 42 4 I
X-AXIS feet .

Slope 2 1/2 (H) to 1 (V)

t-----------r------------II

~...l·G·~·;H·ec·h·~·ic·al·a·nd-M·at·e·ria·ls·)·1n·c·,-r-p-ro-je-ct:-~-:-r-~~-di-~=-~-ive-~-r-a~-:-~-Im-i Ip_i~_~_:_e_",n__p-~-~:-e-~-.~-~-G-~3_73_5_O_f_3_)-; I
2504 W. Southern Avenue Location: Phoenix, Arizona

.....__T_e_m_pe_,_A_Z_8_52_8_2 ......&_D_at_e:_o3_/3_0_/1_0 .....I._Dr_aw_n_B_Y_=_J_FI....;oy;..d ~ I
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Final Design Report Old Cross Cut Canal Improyements

Ap_pendix I

Construction Plans
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CONSULnNG ENGINEER
CK: JCF to ATE: 8/10

MAYOR

DES: OVD

PHIL GORDON

CITY MANAGER
DAVID CAVAZOS

CITY COUNCIL

INDEX OF SHEETS

1 COVER SHEET
2 LEGEND AND NOTE SHEET
3 STORM DRAIN SUMMARY SHEET
4 ALTERNATE PIPE TABLE
5 GEOMETRIC PLAN

6 - 9 STORM DRAIN PLAN AND PROFILE SHEETS
10 GRADING PlAN

11-13 TRANSITION STRUCTURE DETAILS
14-22 INLET STRUCTURE DETAILS

23 SRP STANDARD DETAILS
24 SOIL BORING LOGS

CITY BENCHMARKS;

'" TOP OF BRASS CAP IN HAND HOLE JUST
EAST OF THE INTERSECTION OF 48TH ST AND
INDIAN SCHOOL RD. (PROJECT BENCHMARK)
ELEV=1243.301 (C.O.P. DATUM)

'" TOP OF BRASS CAP IN HAND HOLE AT THE
INTERSECTION OF 44TH ST AND INDIAN
SCHOOL RD.
ELELEV=V=1222.577 (C. D.P. DATUM)

THE BASIS OF BEARING IS THE SOUTH LINE
OF T1HE SOUTIHEAST QUARTIER OF SECTION
19, TOWNSHIP 28 NORTIH, RANGE 4 EAST OF
THE GILA AND SALT RIVER MERIDIAN, SAID
LINE BEARS N87"51'48", AS TAKEN FROM
GDACS RECORDED IN BOOK 734 PAGE 10,
RECORDS OF MARICOPA COUNTY, ARIZONA

O
CALL 1WO WORKING
DAYS BEFORE YOU DIG

602·263-1100
1-8IJO.STAKE·IT
(OUTSIDE MARICOPA
COUNTY)
BLUE STAKE CENTER

"PER CITY OF PHOENIX ORDINANCE G-4396,
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITIH OTHERS EXCEPT
AS REQUIRED TO FULFILL THE OBLIGATIONS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX."

PRELIMINARY PROJ. NO. NO. TOTAL

100% ....._..:183110066 1 24

REVIEW
NOT FOR

CONSTRUCTION
OR RECORDING

DISTRICT NO 1. THELDA WILLIAMS

DISTRICT NO 2. PEGGY NEELY

DISTRICT NO 3. BILL GATES

DISTRICT NO 4. TOM SIMPLOT

DISTRICT NO 5. CLAUDE MATTOX

DISTRICT NO 6. SAL DICICCIO

DISTRICT NO 7. MICHAEL NOWAKOWSKI

DISTRICT NO 8. MICHAEL JOHNSON

Z~~~

KEY MAP
NTS® STORM DRAIN PLAN/PROFILE SHEETS

LENGTH OF PROJECT = 650 LF = 0.123 MILES
AREA OF DISTURBANCE = 1.56 ACRES

2010

CONTACT

JAMI
ERICKSON

623.328.4349 I JOHN ROWE

602.630.3370 I LARRY LASKY

480.730.3855 I ZACH
STIEVENSON

UTILITY NUMBER

WATER AND 1602.261.8229
SEWER

COAXIAL, FIBER

CABLE TV, FIBER

GAS

IRRIGATION AND 1602.236.5227 I BOB GOOCH
CONSTR LICENSE

POWER DISTRIBUTION BOB MALDONADO

POWER TRANSMISSION WAYNE DARBY

UTILITY CONTACT INFORMATION

OLD CROSS CUT CANAL IMPROVEMENTS
ARIZONA CANAL TO INDIAN SCHOOL ROAD

ST83110066

COMPANY

CITY OF PHOENIX
WATIER SERVICES DEPT.

COX COMMUNICATIONS

QWEST LOCAL

SRP

SOUTHWEST GAS

CITY OF PHOENIX
STREET TRANSPORTATION DEPARTMENT

DESIGN & CONSTRUCTION MANAGEMENT DIVISION

CAREFREE HW'f

DOVE vAlLEY

LONE MOUNTAIN

D1XIl£TA OR

DYNAMllE BLVD

PINNACLE PK RD

DEER VAllEY DR

JQMAX RD

HAPPY VALLEY RD

BEARDSL.£Y RD

MAYO BLVD

--17~~
,'"
l~

i
!

- .. Tt"-·,;·-··;~;;;;;;;OO":~..;;.

INDIAN BEND PROJECT
LOCATION

CAMELBACK RD

INDIAN SCHOOL RD
THOMAS RO

Me DO'MJ...l. RO

DATE

DATE

DATE

CIRCI...E·MOUNTAIN RD

CLOUD RD

JOY RANCH RD

DESERT HILLS RO

ROCKAWAY HILLS RO

HONDA BOW RO

> > ~ I- I- I- I- ~ I- I-« « u1 UJ en III VI ~ Vl (/)

~,...r--~~~~~m:;

{

~~~~~""l-I-I-I-I-I-

; ~ ~ : ~ ~ ; ~ ~ ; ; ;

VICINITY MAP

DEPUTY STREET TRANSPORTATION DIRECTOR

ASSISTANT STREET TRANSPORTATION DIRECTOR

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

JENNY UN RD

GREENWAY RD

'AN BUREN 5T _

THUNDERBIRD RD

v
f1!J

City of Phoenix

N

APPROVED

APPROVED

APPROVED

I
I

I:

I

I

I

I

I
I

I

I

I

I
I
I
I

I
I

I



STRUCTURAL NOTES

• ST8150005 - ARCADIA DRIVE PAVING AND GRADING IMPROVEMENTS

NOTES (cont.)

1. "CLEAR" DIMENSIONS FOR DEPTH OF REINFORCING SllEEL ARE FROM
FACE OF CONCRETE TO FACE OF BARS.

2. ALL EXPOSED EDGES OF CONCRETE SHALL BE BEVELED OR ROUNDED.

3. ALL EXPOSED CONCRETE SURFACES SHALL BE FINISHED IN ACCORDANCE
WITH ARIZONA DEPT. OF TRANSPORTATION STANDARD SPECIFICATION
601-3.05 - FINISHING CONCRETE UNLESS OTHERWISE SPECIFIED.

o

I 2 I 24

INo·1 TOTAL

O
CAll. TWO WORKING
DAYS BEFORE YOU DIG

602·263-1100
1-80D-STAKE·IT
(OUTSIDE MARICOPA

~~~~r;fAKE CENTER

PROJ. NO.

ST831100669 IARIZ. I
0\ S1b21G

OLSSON ~~~ CONSULllNG ENGlffEER4SSQ.CIAT.!S FAX/lM.T4111M1

ES: DVD lOR: JU5 ICK: JCF JQATE:87lO

F.H.W.A·I J
REGION STATE

PRELIMINARY

1000/0
REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING

""''I"'P'''''
[EXISTING

GROUND

BACKFILL PER MAG 601

ABC GRANULAR OR 1/2 SACK
CLSM AS ALTERNATiVE
PER MAG SPEC 728

1/2 SACK CONTROLLED
LOW STRENGTH MATERIAL
(CLSM) TO SPRING LINE OF
PIPE PER MAG SPEC 728

LEGEND AND NOTES

"PER CITY OF PHOENIX ORDINANCE G-4396,
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT 8E SHARED WITH OTHERS EXCEPT
AS REQUIRED TO FULFILL THE OBUGATIONS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX:'

3" ACr(TYPE C-3/4)

e 6"AB

:".":": ::":::" SUBGRADE
." """ "".,,",,
"0" """""

DR: JLD DES: DVD CK: JCF
DATE:08 10 DATE: 08 10 DATE: 08 10

:GALE NONE

TOTAL THICKNESS = g"

CITY OF PHOENIX, ARIZONA :
STREET TRANSPORTATION DEPARTMENT •

I----'---'-=---------'---'---=---'--=-------l 0>

OLD CROSS CUT CANAL ~
IMPROVEMENTS 3

INDIAN SCHOOL ROAD TO ARIZONA CANAL ~

8T83110066 g

PAVEMENT REPLACEMENT SECTION

NOT TO SCALE

TYPICAL PIPE TRENCH DETAIL

NOT TO SCALE

SPRINGLINE

""

PAVEMENT

SECTION~

TOP OF
BEDDING

GRANULAR BEDDING
1/12 0.0. OF PIPE

INTERIM
CHANNEL

CHANNEL
BOnOM
ELEVATION
PER PLAN

\EXIST
_I GROUND

~--

1

PROTECT IN PLACE
PRIVATE PROPERTY
RIGHT OF WAY

SLOPE
STORM DRAIN
STANDARD
TYPICAL

PIP
PP

R/W
S
SD
sm
TYP.

NOT TO SCALE

TYPICAL SECTION
INTERIM CHANNEL

EXIST PIPE &
EDGE OF CHANNEL

ARCADIA PVMT t.
DRIVE

~~;- -" I
SHORING 1~ "~20'~

IF CHANNEL 1 JA I I
DAYLIGHTS "+"",,,,..---4-_-.
INTO EXIST EXIST~

EDGE OF CHANNEL __
PAVEMENT

120" CIPP
INVERT PER PLAN

ABBREVIATIONS

BRASS CAP
CENTERLINE
CAST IN PLACE PIPE
CITY OF PHOENIX
HAND HOLE
INVERT

MONUMENT LINE

BC

't
CIPP
C,O.P.
HH
INV

't!

17. EXISTING IRRIGATION BERMS DISTURBED BY NEW CONSTRUCTION SHALL BE
RECONSTRUCTED AS SHOWN ON PLANS.

18. CATCH BASIN ACCESS FRAME AND COVERS SHALL BE CONSTRUCTED PER
C.O.P. DETAIL P1561.

19. THERE ARE SEVERAL OTHER CONSTRUCTION PROJECTS IN THE AREA THAT
WILL TAKE PLACE CONCURRENTLY WITH THE PROPOSED PROJECT. THE
CONTRACTOR SHALL COORDINATE THE CONSTRUCTION WORK WITH THESE
OTHER PROJECTS AND SCHEDULE THE WORK ACCORDINGLY. THESE OTHER
PROJECTS ARE:

• ST87600045 - ARCADIA PORTAL MULTI-USE TRAIL ENHANCEMENT

• ST83140025 - 48TH STREET SIDEWALK IMPROVEMENTS, INDIAN SCHOOL
ROAD TO CALLE REDONDA

NOTES

1. ALL CONSTRUCTiON SHALL BE PERFORMED IN ACCORDANCE WITH
CONTRACT SPECIAL PROVISIONS, DETAILS, CONSTRUCTiON PLANS, CITY
OF PHOENIX SUPPLEMENTS TO MAG STANDARD SPECIFICATIONS AND
DETAILS, AND MAG STANDARD SPECIFICATIONS AND DETAILS, IN THAT
ORDER OF PRECEDENCE, AT THE TIME OF CONSTUCTION BID.

2. ALL STORM SEWER MANHOLES ARE TO BE CONSTRUCTED' WITHOUT STEPS

3. PIPE CONNECTIONS TO EXISTING CONCRETE PIPE MAINS SHALL BE MADE
IN ACCORDANCE WITH DETAILS CALLED OUT ON THE PLANS.
CONNECTION TO MAINS SHALL NOT BE CLOSER THAN 5', CENTER TO
CENTER.

4. PIPE CONNECTIONS TO NEW PRECAST CONCRETE PIPE MAINS, SHALL
BE MADE WITH FACTORY MADE WYES OR TEES. THE DETAIL OF THE
FITTINGS MUST BE SUBMITTED TO THE ENGINEER FOR APPROVAL PRIOR
TO MANUFACTURE. PIPE CONNECTIONS TO NEW CAST IN PLACE
CONCRETE PIPE MAINS SHALL BE MADE PER C.O.P. DETAIL P1576.

5. CATCH BASIN CONNECTOR PIPES SHALL BE LAID ON A STRAIGHT
ALIGNMENT AND SLOPE UNLESS OTHERWISE SPECIFIED. IF BREAKS IN
ALIGNMENT OR SLOPE ARE NECESSARY TO MEET FIELD CONDITIONS,
THE MAXIMUM DEFLECTION SHALL BE 22-1/2°. THE BEND SHALL BE
COLLARED ACCORDING TO C.O.P. DETAIL P1505. ANY ANGLE BENDS
GREATER THAN 22-1/2° SHALL BE PREFABRICATED.

6. CONNECTOR PIPES SHALL CONNECT TO CATCH BASIN WALLS AT AN
ANGLE NOT TO EXCEED 22-1/2° FROM PERPENDICULAR.

7. FACILITIES WHICH ARE NOT SPECIFICALLY LOCATED WITH ACTUAL
VERTICAL AND HORIZONTAL CONTROLS, ARE LOCATED ONLY
APPROXIMATELY AND TO THE BEST AVAILABLE INFORMATION PROVIDED
BY VARIOUS OWNERS OF THE FACILITIES, AND SUPPLEMENTED BY
VISUAL SURFACE INFORMATION WHERE APPROPRIATE. ACCURACY,
LOCATION AND COMPLETENESS OF THIS INFORMATION SHALL BE
VERIFIED BY THE CONTRACTOR PRIOR TO INITIATION OF CONSTRUCTiON.

8. AT LEAST TWO WORKING DAYS BEFORE CONSTRUCTiON, THE CONTRACTOR
SHALL CONTACT BLUESTAKE TO FIND AND FLAG UNDERGROUND UTILITiES.
THE CONllRACTOR SHALL CONTACT OTHER APPROPRIATE UTILITIES
DIRECTLY IF THEY ARE NOT ON BLUESTAKE SYSTEM,

9. VERTiCAL CONTROL IS BASED ON NATIONAL GEODETiC SURVEY.

10. UNLESS OTHERWISE NOTED, STATIONS SHOWN ON PIPE PROFILES ARE
ALONG CENTERLINE OF PIPE.

11. UNLESS OTHERWISE NOTED, PIPE SHALL BE BEDDED IN ACCORDANCE
WITH CITY OF PHOENIX DETAIL P1200.

12. CATCH BASINS ARE STATIONED PERPENDICULAR TO THE CENTERLINE OF
THE STREET AT THE CENTERLINE OF THE MAINTENANCE BASIN OF THE
CATCH BASIN.

13. SANITARY SEWER MAINS AND TAPS CROSSING OVER STORM DRAIN MAINS
SHALL BE SUPPORTED PER M.A.G. DETAIL 403-1 AND 403-2.

14. ALL EXISTING PRECAST CONCRETE SAFETY CURBS, WHICH ARE INSIDE
THE RIGHT OF WAY AND APPROXIMATELY PARALLEL TO THE NEW CURB
LINE, SHALL BE RESET ON THE RIGHT OF WAY DIRECTLY OPPOSITE
THEIR EXISTING LOCATION, WITH THE BACK EDGE ON THE RIGHT OF
WAY LINE. ALL OTHER PRECAST CONCRETE SAFETY CURBS INSIDE THE
STREET RIGHT OF WAY SHALL BE SALVAGED AND STOCK PILED FOR THE
OWNER AT THE RIGHT OF WAY LINE. .

15. EXISTING PRECAST CONCRETE SAFETY CURBS OUTSIDE THE RIGHT OF
WAY, WHICH ARE DISTURBED BY NEW CONSTRUCTION, SHALL BE RESET
IN THEIR ORIGINAL POSIllON BY THE CONllRACTOR.

16. ALL EXISTING DRIVEWAYS AND ALL EXISTING ALLEYS SHALL BE GRADED
TO MATCH THE NEW WORK IN ACCORDANCE WITH sm. DETAIL P1164,
UNLESS OTHERWISE SPECIFIED. EXISTING SURFACING SHALL BE REMOVED
AND REPLACED AS NECESSARY.

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.

LEGEND

.& BENCHMARK

@ NEW SURVEY MONUMENT - M.A.G. DETAIL 120-1 TYPE "B"

i;] NEW SURVEY MONUMENT - M.A.G. DETAIL 120-1 TYPE "A"

= COMBINED CURB & GUTTER - M.A.G. DETAIL 220 TYPE "A"

ElB BACKFILL TYPE & SQ. YD. PVMT. REPLACEMENT - C.O.P. DETAIL P1200

~"3~:Z3: EXISTING CONCRETE PAVEMENT OR SIDEWALK

~ NEW CONCRETE SIDEWALK - STD. DETAIL P1230

~ NEW CONCRETE DRIVEWAY OR ALLEY ENT. PER DETAIL NO. ON PLANS

A NEW CONCRETE SIDEWALK RAMP PER DETAIL ON PLANS

7\ AVERAGE GROUND ELEVATION AT R/W UNEo BACKFILL COMPACTION TYPE

=:::.==--=--= EXISTING DITCH

::lLif:'C@E)::EXISTING IRRIGATION UNE W/SIZE (NOTE PRIVATE, SALT RIVER OR R.I.D.)

---[}-- EXISTING IRRIGATION STRUCTURE

@ EXISTING IRRIGATION STANDPIPE

~ NEW IRRIGATION STANDPIPE - M.A.G. DETAIL 503

~ NEW IRRIGATION VALVE - M.A.G. DETAIL 506 w/ CONC. SCOURING BASIN

c::::::::> IRRIGATION BERM

~ NEW IRRIGATION STRUCTURE PER DETAIL ON PLANS

--12' DIP w-- EXISTING WATER LINE W/SIZE & TYPE (12" AND SMALLER)

::=~:::DJEJ<== EXISTING WATER UNE W/SIZE & TYPE (GREATER THAN 12")

--r- ADJUST EXIST. WATER VALVE BOX - C.O.P. DETAIL P1391

--3/'" W--O WATER SERVICE WjSIZE AND WATER METER BOX

® EXISTING FIRE HYDRANT

8 NEW OR RELOCATED FIRE HYDRANT BY CONTRACTOR

r'·N.-- EXISTING WATER VALVE W/TOP OF OPERAllNG NUT EUEVATION

--,' vCP s-- EXISTING SANITARY SEWER LINE W/SIZE & TYPE (12" AND SMALUER)

::=~:::vIO=:: EXISTING SANITARY SEWER UNE W/SIZE & TYPE (GREATER THAN 12")

- --(}-- EXISTING MANHOLE

-®-- NEW MANHOUE

===--=== CATCH BASIN, GUTTER INUET (LENGTH TO SCAUE)

/6'----,11 CATCH BASIN, CURB INUET (LENGTH TO SCALE)

~-~ CATCH BASIN, CURB & GUTTER INLET (LENGTH TO SCALE)

:::;jQ:]PJ@~:: EXISTING STORM DRAIN UNE W/SIZE & TYPE (GREATER THAN 12")
: "'"' NEW PIPE FOR STORM DRAIN OR IRRIGATION LINE
-- 4'G--- EXISTING GAS LINE W/SIZE

---E--- EXISTING UNDERGROUND EUECTRIC CABUE OR SINGUE CONDUIT

--HO-- EXISTING UNDERGROUND ELECTRIC DUCT (SPECIFY NUM8ER)

--- T --- EXISTING TELEPHONE BURIED CABUE OR SINGLE CONDUIT

--T-40-- EXISTING UNDERGROUND TELEPHONE DUCT (SPECIFY NUMBER)
--CATV-- EXISTING UNDERGROUND CABLE TV
---FO--- EXISTING UNDERGROUND FIBER OPTIC UNE

r-r--";' EXISTING TRAFFIC SIGNAL POLE W/MAST ARM & SIGNAL INDICA1l0NS
7 7

• EXISTING STREET OR TRAFFIC SIGN
-0- EXISTING UTiUTY POLE W/L1NE INDICATING WIRE DIRECTION
~ EXISTING WIRE FENCE

------- EXISTING BLOCK FENCE
-0--0---0- EXISTING WOOD FENCE

t" MAIL BOX

E-- EXISTING POWER POLE DOWN GUY ANCHOR

o------:g EXISTING STREET LIGHT & POLE

~ EXISTING TREE OR STUMP TO BE REMOVED - MORE THAN 12" DIA.o EXISTING TREE TO BE TRANSPLANTED BY CONTRACTOR

---------- EASEMENT UNE
- - - - - EXISTING OR NEW R/W UNE
-- - -- PAVEMENT CENTER UNE OR MONUMENT UNE© EXISTING TREE OR STUMP TO BE REMOVED 12" DIA. OR UESS (NON PAY ITEM)o EXISTING TREE TO REMAIN
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OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.

R.C.P. rDPE *** ICIPP &
I TO I L.F. 1 (I.D.) (I.D.) C.S.P. MIN. MAX. R.C.P.,C.S.P., & MIN. D-LOADFROM

IN. IN. (1.0.) (FT.) (FT.) HOPE *** (TO PRODUCE
IN. FT. 0.01" CRACK)

11+47.01, 15+40.02, I 371 I 102" I NA I NA 12.2 15.7 UNRESTRICTED 200043.80' RT 93.84' RT

15+40.02, 16+16.09, I 71 1 102" I NA I NA 115.7117.11 13.2 1 3000
93.84' RT 115.64' RTj

16+16.09, 17+19.39, 1 111 I 102" 1 NA I NA 117.1118.21 UNRESTRICTED 1 3000
115.64' R 98.09' RT

17+19.39, 17+82.47, I 71 I 102" 1 NA 1 NA 118.2118.21 13.2 I 300098.09' RT 65.55' RT

17+82.47, 18+38.38, I 63 1 102" I NA I NA 117.8\18.21 UNRESTRICTED \ 3000
65.55' RT 38.67' RT

11+47.46, 15+37.57'1 372 I NA 1 NA I 120" 110.5114.81 12.0 1 NA
30.70' RT 33.96' RT

MAIN LINE PIPE

-r~TOTAL

T4l 24

PROJ. NO.

ST83110066
~

0\ ...~,
OLSSON ~~..'='" ~~..~." T",~ ",.=""

ASSOCIATI!S ".v~n'u.

ES: OVO lOR: JLD ICK: JCF pTE: 8/10

9 TARiZl
F.H.W.A 1- I
REGION' STATE

LOCATION
IQUANTIT~ DEPTH TO PIPE DIA. R.C.P. ** C.S.P.

TOP R.C.P.,C.S.P.,
OF PIPE

MIN. D-LOAD r l.:'& HOPE *** (TO PRODUCE
2 x 2

( 1.0. )

MIN. MAX IN. 0.01" CRACK)
CORR.

STATION (LT. or RT.) I L.F. I (FT.) (FT.)
ALUMINIZED

TYPE "2"
MIN. GAGE

CONNECTOR PIPE

STORM DRAIN
ALTERNATE PIPE MATERIAL

REINFORCED

CONCRETE

PIPE **

PIPE
DIAMETER

DEPTH IMAX TRENCH

TO TOP WIDTH AT
r----r--~---110FPIPEI TOP OF PIPE

QUANTITYSTATION

I
I
~

I!!

1 I~~
1 f

(3

>-1%

I Iii;
~I~
a::

1

I Ilg

I
I I!!... I ~

~

I I!~. a.~

~

I I~I~
1 Illi
I. I ~

R: JLD DES: DVD CK: JCF ;;;
ATE:0810 DATE:0810 DATE:08 10 ~

(f)

CALE NONE

CITY OF PHOENIX, ARIZONA co
STREET TRANSPORTATION DEPARTMENT 'it

OLD CROSS CUT CANAL ~
IMPROVEMENTS ~

INDIAN SCHOOL ROAD TO ARIZONA CANAL ::g
ST83110066 g

ALTERNATE PIPE TABLE

"PER CITY OF PHOENIX ORDINANCE G-4396,
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITH OTHERS EXCEPT
AS REQUIRED TO FULFILL THE OBUGAnONS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX."

o
ISN

O
CALL 1WO WORKING
DAYS BEFORE YOU DIG
602·263·1100
1-801l-STAKE·IT
(OUTSIDE MARICOPA
COUNTY)
SLUE STAKE CENTER

PRELIMINARV

1000/0
REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING

* TYPE "F" - COATED AND CONCRETE LINED CSP
CITY OF PHOENIX SUPPLEMENT TO MARICOPA ASSOCIAllON
OF GOVERNMENTS UNIFORM STANDARD SPECIFICATIONS.

** RUBBER GASKETED PIPE REQUIRED FOR ALL REINFORCED CONCRETE PIPE

*** HIGH DENSITY POLYETHYLENE (HDPE), TYPE OS" WITH WATERllGHT JOINTS
PER AASHTO 252, AASHTO M294, MAG AND CITY SUPPLEMENTS TO MAG.
JOINTS SHALL MEET ASTM 0-3212 WATERTIGHT REQUIREMENT (10.8 psi).
MAXIMUM DIAMETER ALLOWED = 48-INCH.

**** THE MINIMUM DIAMETER FOR CIPP IS 30 INCHES

GENERAL NOTES:

1. ONLY PIPE MATERIALS SPECIFIED ON THIS SHEET ARE ACCEPTABLE FOR THIS PROJECT.

2. WHERE MAXIMUM TRENCH WIDTH IS NOTED AS "UNRESTRICTED", PIPE STRENGTHS ARE SPECIFIED FOR A
POSITIVE PROJECTING OR EMBANKMENT LOADING CONDITION. TRENCH WIDTH RESTRICTIONS FOR THE
CAST-IN-PLACE CONCRETE PIPE OPERAllON, SHALL COMPLY WITH SECllON 620.

3. CITY POLICY REQUIRES THAT CAST-IN-PLACE PIPE AND CORRUGATED STEEL PIPE MAINLINES BE UPSIZED A
MINIMUM OF 6-INCHES GREATER DIAMETER THAN THE SPECIFIED REINFORCED CONCRETE PIPE DIAMETER. IF
EITHER OF THESE OPTIONS ARE USED, THE CONTRACTOR SHALL BE RESPONSIBLE FOR RESOLVING ANY UllLlTY
CONFLICTS ASSOCIATED WITH THE INCREASED PIPE DIAMETER. MINIMUM WALL THICKNESS FOR CAST-IN-PLACE
PIPE SHALL BE 1/12 OF INSIDE DIAMETER PLUS ONE INCH, BASED ON THE UPSIZED DIAMETER.

4. A MINIMUM OF 14 GAUGE IS REQUIRED FOR ALL CSP BY CITY OF PHOENIX TO OBTAIN DESIGN LIFE
REQUIREMENTS OF 75 YEARS TO FIRST PERFORATION.

5. WHERE NEW MAINLINE STORM DRAIN CONNECllON TO EXISllNG MAINLINE SYSTEM IS REQUIRED, AND THE NEW
MAINLINE IS LARGER THAN THE EXISllNG, (SUCH AS NEW 6" OVERSIZED CIPP OR CSP CONNECllNG TO EXISllNG
RGRCP), PIPE INVERTS SHALL BE MATCHED. IN ALL OTHER CASES, INSIDE TOP OF PIPE (CROWN) ELEVAllONS
SHALL BE MATCHED.

6. MAX TRENCH WIDTH AT TOP OF PIPE SHALL BE BASED ON MAG PAY WIDTH ON PROJECTS WITH MINIMUM
PAVEMENT REPLACEMENT ("PATCH"). ON PROJECTS WITH NEW FULL PAVEMENT (SUCH AS MAJOR ARTERIAL
STREET CONSTRUCTION PROJECTS), THE MAX TRENCH WIDTH SHALL BE LABELED, "UNRESTRICTED".
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S I 24

NO. I TOTAL

\

PT STA 20+42.00

O
CALL "TWO WORKING
DAYS BEFORE YOU DIG

602-263·1100
1-S0ll-STAKE·IT

- (OUTSIDE MARICOPA
COUNlY)
BLUE STAKE CENTER

K21·5.z:0~~ --+
N~--

I
I

PROJ. NO.

ST8311 0066

1L
II

CITY OF PHOENIX, ARIZONA OJ

STREET TRANSPORTATION DEPARTMENT ~

OLD CROSS CUT CANAL ~
IMPROVEMENTS 0

INDIAN SCHOOL ROAD TO ARIZONA CANAL ~

ST83110066 g

9 I ARIZ.

I
~

PRELIMINARY

1000/0
REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING

0\ &al8210

OLSSON ;',;"'':'~..'='''' CONSULT1NG ENGINEER4'SOCIA..T!S F-XllM.74BtlXll

r

GEOMETRIC PLAN

"PER CITY OF PHOENIX ORDINANCE G-4396,
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT 8E SHARED WITH OTHERS EXCEPT
AS REQUIRED TO FULFILL THE 08UGAnONS OF
YOUR CON1RACT WITH THE CITY OF PHOENIX:

ES: OVO lOR: JLD ICK: JCF '-IDATE: 8/10

I

~'~dM' \STATE

I
---j

\~Q
'Z-~

o

\
I I

I
I I

I I I
I 126'± I

CANAL-----It+
R/W'

J I
I PC STA 17+88.36 I /

~
" I I
-+--- I I, ---l ---T-___ L I

"-

'"'"
~

PT STA 16+24.42

PT# SO STATION CONSTR STATION NORTHING EASTING

200 198+66.92 9+95.41, 33.25' RT 907634.53 681373.42

201 199+23.35 10+54.20, 35.73' RT 907690.95 681374.09

202 199+80.00 11+14.10, 41.81' RT 907747.26 681380.33

203 200+10.00 11+47.01, 43.80' RT 907776.86 681385.19

204 200+90.31 12+35.72, 50.03' RT 907853.29 681409.01

205 202+23.87 13+80.30, 51.21' RT 907973.24 681467.46

206 202+47.82 14+05.66, 51.30' RT 907993.61 681480.00

207 202+79.70 14+39.43, 53.49' RT 908018.98 681499,28

208 204+97.49 16+62.02,127.70' RT 908124.08 681690.04

209 208+34.77 19+64.65, 1.30' LT 908443.27 681799.02

4·-__ ,:---) I ~I
__-cf\l:~:908265-:42.. L. 08>+4ll.8D· • '.;,:,o---.-t N. 968'3lT.1~· ~~ - _. - •®~, --L681766 53--- 09

681608.35 ,.-.j\" ... ' '. "rN18'5!0i'~~@~'NEW TCE0), . ~.,_,' AI,""" N 9 ..~.~:c __ -I

\

. S75

0

44'29"td. ..•. ,~_.•-. ..: .... ..J ,,,_ . ' I- - E' 083Z9.70.- -_::~-~-
\ <am' .. '.' • ...,- '", . \ _0--''>~- -;; . 681795.40 '"

, N. 908039.63 J, " \~ /. 9081<1.78 iT-- -1-'~:-c::-:==....
E. \;81655.66' .. \,,''. \, \\\" . E. 6817,06Jl" ... ' ,_J "I·· ~:_.·ccc~~.~~ - - - -

57,9" N ,<"<C' ,.
N1

".'1'0;<':> :' - '. ' ,~.. -----~-:-=---- S68°04'42"~ E.' :8.0'1~.6.. 11 ' \~. 0 ~:z·....~.9Il,.E NO! II ,Ii, I "c, '. ~~~E""NAGE .' N 9 - 12-00' E,,07

0

.

70

" ,<i, ,,~" I' ': . , ,., ',M,," ' 08325-22

\

\, APN "'C~LoO~ \} _~, Ji iii !i1 i, '/1 i ".' , NEwICC' E. 681806,53 .

, N. 9,080,",61~ . _""",,,",,1 j ~.I !,1.
1

. '.'.•.N21

0

55'18--E

"\ E. 681753,69 ,/ I '! -L""__.i' !I 'I' I, ;. ' 83,8<' /
ARCADIAST k' ~---"-_.~!Ii ~: ~f{;;"i35J... /// \

OONSTRUCnoa M ORAJN " .' . \N DATA TABLE I -- / ./'-N. 908202 67 . / //

E. 681840.'95 /

APN 172-37-005A

CANAL STORM DRAIN
CONSTRUCTION DATA TABLE

.._.--..::::-.....;:::::'--:.~-- \ \

PCC STA 12+91.04

PT# SO STATION CONSTR STATION NORTHING EASTING

100 98+65.39 9+96.92, 22.27' RT 907634.94 681362.34

101 99+22.62 10+55.71, 24.73' RT 907692.16 681363.04

102 99+80.00 11+15.51, 28.77' RT 907749.38 681367.40

103 100+10.00 11+47.46, 30.70' RT 907778.98 681372.26

104 100+93.97 12+37.47, 37.02' RT 907858.89 681397.16

105 102+47.29 13+99.69, 36.36' RT 907996.71 681464.33

106 103+80.47 15+37.57, 33.96' RT 908104.90 681540.61

107 104+11.33 15+69.47, 37.71' RT 908125.30 681563.76

108 104+27.77 15+86.43, 40.37' RT 908135,31 681576.80

109 105+45.77 17+05.09, 56.93' RT 908204.95 681672.07

110 106+51.18 18+08.12, 43.06' RT 908287.57 681737.53

ARCADIA DR
CONSTRUCTION 't

~cale in Feet
Horizontal Scale

20 0 20 40
~4 i

,\PC STA 10+71.68 .:--

\ ~ ~.
\. /. - > :~.?- - 'b--- //.-~ ~" /.,.-. -

NOTE:

KEEP AT LEAST ONE LANE ON ARCADIA DRIVE OPEN
TO THE PUBILC FOR LOCAL TRAFFIC. ACCESS TO
AND FROM THE FUNERAL HOME LOCATED AT 4800
EAST INDIAN SCHOOL ROAD TO BE MAINTAINED.

CURVE DATA CURVE DATA CURVE DATA CURVE DATA CURVE DATA CURVE DATA CURVE DATA

@ PI STA 11+83.36 @ PI STA 14+59.66 @) PI STA 19+17.11 ® RADIUS CENTER @ RADIUS CENTER @ RADIUS CENTER @) RADIUS CENTER
N=907819.0668 N=908073.2755 N=908392.8993 N=907730.2300 N=907852.7600 N=907730.2300 N=907919.7900
E=681334.7685 E=681452.8702 E=681785.5052 E=681669.28 E=681783.3500 E=681669.2800 E=681577.1400

MAIN CURVE MAIN CURVE MAIN CURVE MAIN CURVE MAIN CURVE MAIN CURVE MAIN CURVE
.<\.=26°30'55" 6.=21 °13'26" 6.=24°13'15" 6.=15°59'00" .<\.=27"51'19" .<\.=15°59'00" .<\.=11 ·15'00"
0=12°05'16" 0=06°21'58" 0=09°32'57" 0=19°02'07" D=19°05'55" 0=19°54'06" 0=46°57'50"
R=474.00' R=900.00' R=600.00' R=301.00' R=300.00' R=287.90' R=122.00'
L=219.36' L=333.38' L=253.64' L=83.97' L=145.85' L=80.31' L=23.95'
T=111.68' T=168.62' T=128.74' T=42.26' T=74.40' T=40.42' T=12.02'
EXT=12.98' EXT=15.66' EXT=13.66' EXT=2.95' EXT=9.09' EXT=2.82' EXT=0.59'
SUPER=N/C SUPER=N/C SUPER=N/C SUPER=N/C SUPER=N/C SUPER=N/C SUPER=N/C

~
SW CORNER OF SE 1/4
SEC 19, T2N, R4E
FOUND BCHH
N. 907734.6213
E. 678690.5791

\

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.

~

gl

dz

~
<3
>-Iz
~I~0'"lijg
5'"",,0

a::

I!!
~

~

~!"">-OlD
:1:~
Il.",
u..
0

E

~,z!!=
0'"
iii~50

\

""a::

dz ..

1i;

~1tW"">-OlD

1E~
u.. I
o

I
I
I ~@

"">-

I
OlD

1~1&1
~

I I~I~
~15(J)Vl

~!~
a::

I:

I

I;

I

I

I

I

I

I

I

I

I'

I

I
F.i7'nf;i;;-=:-*~=";iif7:",-li'C"iK",:,;:J",CbF..,.".--j ~

DATE:08 10 .....
(f)



N

<Xl

24
NO. I TOTAL

JOB

SQ. FT.14,618

PROJ. NO.

ST83110066

~~tO

"'-'to,/4Z~ _

m. """"000 CONSULTING ENGINEER

DESCRIPTION I UNIT I QTY

REMOVAL/RELOCATION NOTES

© REMOVE EXISTING CHAIN LINK ILIN. FT. I 235
FENCE, WITH GATE

@ REMOVE EXISllNG WOOD I JOB
POSTS

Q}) RELOCATE EXISllNG I EACH I 8
BOULDERS (>2'). LOCAllON
TO BE COORDINATED Will-i
SRP.

NO.

REMOVE EXISTING VEGETATION
(SEE PLANT DISPOSITION
DETAIL ON GRADING PLAN,
SHEET 10)

@ jREMOVE EXISTING CONCRETE
CHANNEL LINING

CD

ES: DVD IDR: JLD ICK: JCF IbATE: 8/10

DES: DVD CK: JCF
DATE:0810 DATE:0810 DATE:0810

H 1"-20'
SCALE V ''';;;4'

CONSTRUCTION NOTES

NO. DESCRIPTION UNIT QTY

IT] CONSTRUCT NEW 120" DIA. LIN. FT. 335
CIPP

I I1J CONSTRUCT NEW TRANSiTION I EACH
STRUCTURE
SEE DETAIL SHEET 11

@] !cONSTRUCT NEW MANHOLE EACH
WITHOUT STEPS AND VENTED
LID PER COP DETAIL P-1560
'F' = 28" FOR 120" PIPE

GENERAL NOTES

1. SEE PROJECT NO. ST8760045 FOR
ARCADIA PORTAL TRAILS IMROVEMENTS.

125~ 2. PROTECT EXISllNG LANDSCAPE IRRIGATION
SYSTEM IN PLACE AND REPLACE ANY

1248 DAMAGED COMPONENT IN KIND.

1246

12441 ® PROTECT IN PLACE

12421 ® RELOCATE

1240 I @ RELOCATE BY Oll-iERS
",

r--
....,./- .. '

W
W
:cen

,W
w
en

15+00

a
···,···············l~

LO
.......

14+0013+0012+00

~. L1?:KJ-.· ·~L3-" HE· ~~ i~i i.li
~ 1-1"'""7'-'· - ••

·1· rr "PER CITY OF PHOENIX ORDINANCE G-4396,

/- 1228 I\;~S~:;A~gT~REE ;HO:R~DFF~~L~TtEE~;LE~CEPT
..,..«. .. AS REQUIRED TO FULFILL THE OBLIGAnONS OF:a: 1226 YOUR CONTRACT WITH THE CITY OF PHOENIX."

o

1224
l..m' , . ' . '/H' ' . • CI CITY OF PHOENIX ARIZONA, , . , • • ' , 'J 1222 '
'-"-" "'m •• ~\ mST':~4+54.23,yr. ..,.~TAJ.5:t'9o_00,•........" STREETTRANSPORTATION DEPARTMENT ~

1220 OLD CROSS CUT CANAL g
IMPROVEMENTS (f)

1218 I INDIAN SCHOOL ROAD TO ARIZONA CANAL ~
ST83110066 g

11 +00

10 0 10 20

~ i

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.
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247

NO. I TOTAL

O
CAll lWO WORKING
DAYS BEFORE YOU DIG

602-263-1100
1-80Il-STAKE-IT
(OUTSIDE t.4ARICOPA
COUNTY)
BLUE STAKE CENTER

PROJ. NO.

ST83110066

&*210
I'!lDef1Ilt,AZIISQ2O-5282 _

"""'~,~ CONSULTING ENGINEER

REMOVE EXISTING CONCRETE ISQ. FT. 14, 760
CHANNEL LINING

REMOVE EXISTING TREE I EACH I 5
(DIA. > 12")

REMOVE EXISTING CONCRETE I JOB
WINGWALL

REMOVE EXISTING HANDRAIL ILIN. FT. I 51

RELOCATE PALM TREE EACH 2

OLD CROSS CUT CANAL
IMPROVEMENTS

INDIAN SCHOOL ROAD TO ARIZONA CANAL
ST83110066

REMOVAL/RELOCATION NOTES

®
@

NO. DESCRIPTION UNIT QTY

CD REMOVE EXISTING VEGETATION JOB 1
(SEE PLANT DISPOSITION
DETAIL ON GRADING PLAN,
SHEET 10)

@

//
CONSTRUCTION NOTES

NO. DESCRIPTION UNIT QTY

OJ CONSTRUCT NEW 120" DIA. LIN. FT. 37
CIPP

~ CONSTRUCT NEW INLET I EACH
STRUCTURE
SEE DETAIL SHEETS 12-13

GENERAL NOTES

1. SEE PROJECT NO. ST8760045 FOR
ARCADIA PORTAL TRAILS IMROVEMENTS.

2. PROTECT EXISTING. LANDSCAPE IRRIGATION
SYSTEM IN PLACE AND REPLACE ANY
DAMAGED COMPONENT IN KIND.

1250

ES: OVO IDR: JLO I CK: JCF lilATE:-87lO

CITY OF PHOENIX, ARIZONA ~
1226 STREET TRANSPORTATION DEPARTMENT ~

-0

N
o
o
Ul
<0
<0o
o

1238

1236

1222

REVIEW
NOT FOR

CONSTRUCTION
12341 OR RECORDING I I

"PER CITY OF PHOENIX ORDINANCE G-4396.

12321 ~~St:}A~gT~~E :~:R~6F~~L ~~EE~~LZXCEPT
AS REQUIRED TO FULFILL THE OBLIGATIONS OF

12301YOUR CONTIRACT WITH THE CITY OF PHOENIX." ~

CANAL STORM DRAIN 0
PLAN AND PROFILE ~

1228 STA 15+00 to 20+00 '"

1224

3. MAINTAIN 15' CLEAR ZONE AROUND
1248 EUCALYPTUS TREES TO REMAIN.

.,...... f--'=.:..:::..j

1246 ® PROTECT IN PLACE

® RELOCATE
1244

@ RELOCATE BY OTHERS

1242 PRELIMINARY

1240 100%

...-...•.~..

//

.., //';"!//)@
. / .' / ~;?'/

t~ .
7 ./~

/'

c:-, ...-"r-.

,
\.

.~. "-,

\('i '" .
{~'~~OTE: As":suiLT SURVEY 10 COP SURVEY SECTI6~··R·EQUIRED F~R

ALL UNDERGROUND FACILITIES AT 100-FT INTERVALS ON TANGENTS
AND 25-FT INTERVALS ON CURVES PRIOR TO BACKFILLING.....

.>~

ARCADIA DRIVE
CONSlRUCTION <t

..
~CQle in Feet

Horizontal Scale

-~-...,.-. -=-:::;:..:

10 0 10 20
b§I""j :

....

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.

1244

1234
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1232--T
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DATE:08 10 DATE: 08 10 DATE: 08 10
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o

DO

N

24

TOTAL ;;:;
SHEETS ~

Vl
24

NO. I TOTAL

O
CAll. TWO WORKING
DAYS BEFORE YOU DIG

602-263-1100
1-80o-STAKE·IT
(OUTSIDE MARICOPA

~E~~~AKE canER

CK: JCF
DATE: 08/10

PROJ_ NO.

ST8311 0066

s.-Z10

~:z.~~ CONSULTING ENGINEER

ARCADIA STORM DRAIN
PLAN AND PROFILE
STA 10+00 TO 15+00

OLD CROSS CUT CANAL
IMPROVEMENTS

INDIAN SCHOOL ROAD TO ARIZONA CANAL
ST83110066

PREllM1NARl'

100%

REVIEW
NOT FOR

CONSTRUCTION
OR RECORDING

REMOVAL/RELOCATION NOTES

"PER CITY OF PHOENIX ORDINANCE G-4396,
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITH OTHERS EXCEPT
AS REQUIRED TO FULFILL THE OBLIGATIONS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX."

CONSTRUCTION NOTES

GENERAL NOTES

ES: avo lOR: JLD ICK: JCF IDATE: 8710

NO. \ DESCRIPTION I UNIT \ QTY

NO. DESCRIPTION UNIT QTY

[±] FURNISH AND INSTALL 102" LIN. FT. 332
DIA. RGRCP

@] CONSTRUCT NEW MANHOLE I EACH
WITHOUT STEPS PER COP
DETAIL P-1560, MODIFIED
FOR 24· BEND
F=24i" FOR 102" WALL 'A'
F=26" FOR 102" WALL 'C'

[j] !PERMANENT PAVEMENT ISQ. YD. I 994
REPLACEMENT, CONTINGENT
ITEM

iDR: JLD I DES: DVO
IDATE:08/10 -IDATE: QB/1Q

SCALE ~ F;;;~P'15+00

1248

r~11246...1--- ...-
UJ
UJ 11244

'I:
en 11242• LoU -.-.

~ 11240
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~] 1234

~11232
::::ii
:c11230
U -
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::2 11226
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~hA 14+39A3,y[Jl [[ - l/ I 11222
. "C';'_', "."." .. --, .....,STA.J.5+00.00,., ." .

1220

1218

14+0013+0012+0011 +00

10 a 10 20

~ - j

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.
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7

24

NO, I TOTAL

JOB

SHEET TOTAL ~
NO: SHEETS I-

tI)

9 24

EACH

EACH

EACH

EACH

EACH

UNIT OTY

EACH,

SQ. YD.I 141

SQ. FT. I 241

SQ. YD.I 154

LIN. FT.I 355

SQ. YD. I 206

NOTES

CK: JCF
DATE: 08/10

PROJ. NO.

ST83110066

DESCRIPTION

DESCRIPTION I UNIT I OTY

CONSTRUCTION

REMOVAL/RELOCATION NOTES

REMOVE EXISTING CONCRETE ISQ. FT. I 1263
CHANNEL LINING
REMOVE AND SALVAGE
EXISTING SIGN

REMOVE EXISTING CONCRETE ILIN. FT. I 126
CURB

SALVAGE AND RELOCATE
EXISTING CONCRETE ART
BLOCKS

REPLACE CONCRETE
SIDEWALK

REMOVE EXISTING 6" WATER
VALVE, BOX, AND COVER

RELOCATE EXISTING 6"
WATERLINE

GENERAL NOTES

FURNISH AND INSTALL 102"
DIA. RGRCP

CONSTRUCT NEW MANHOLE
WITHOUT STEPS PER COP
DETAIL P-1560, MODIFIED
FOR 42° BEND
F=24<1:" FOR 102" WALL 'A'
F=26" FOR 102" WALL 'C'

102"X18" ECCENTRIC TEE
CONNECT TO 18" SO PER
PROJECT ST8150005

CONCRETE SINGLE CURB MAG ILIN. FT.I 126
DETAIL 222, TYPE "B"

PERMANENT PAVEMENT
REPLACEMENT FOR ASPHALT
PARKING AREA

CONSTRUCT PIPE PLUG PER
MAG DET 427

CONSTRUCT NEW CANAL
LINING PER DETAIL, SHT 23

PERMANENT PAVEMENT
REPLACEMEN~ CONTINGENT
ITEM

NEW 6" VALVE, BOX & COVERI EACH

OVD lOR: JLD ICK: JC'F -,DATE: 8710

SEE PROJECT NO. ST8760045 FOR
ARCADIA PORTAL TRAILS IMROVEMENTS.

PROTECT EXISTING LANDSCAPE IRRIGATION
SYSTEM IN PLACE AND REPLACE ANY
DAMAGED COMPONENT IN KIND.

9 I ARIZ.

REVIEW
NOT FOR

CONSTRUCTION
OR RECORDING

0\ &itit210

OLSSON ~~~,=,"" ~~''''~''A-~A'''"~~
ASSOCIATI!S

~'~~~'ISTATE

1236

1238

1234

12461 3.
MAINTAIN 15' CLEAR ZONE AROUND

I
EUCALYPTUS TREES TO REMAIN.

1244 4.
CANAL CROSSING TO BE COORDINATED
WITIH SRP DURING DRY-UP PERIOD.

12421--~~~~~

PRELIMINARY @ PROTECT IN PLACE

12401 1000/0 ® RELOCATE

@ RELOCATE BY OTIHERS

"PER CITY OF PHOENIX ORDINANCE G-4396,

12321 l%~S~:~A~gTASR: :~:R~6F~~L gi'~E~~L:XCEPT
AS REQUIRED TO FUL,"LL THE OSUGA1l0NS OF

-11230 YOUR CONlRACT WITH THE CITY OF PHOENIX"

CANAL STPI3M DRAIN 0

PLAN AND PROFILE I'
1228 STA 15+00 TO 20+00 N

CITY OF PHOENIX, ARIZONA ~
r1226 STREET TRANSPORTATION DEPARTMENT !
.J11±. OLD CROSS CUT CANAL g

IMPROVEMENTS tI)

1222 INDIAN SCHOOL ROAD TO ARIZONA CANAL ~
....:..:::=:. ST83110066 g

U-

NO.

®
®

0
@

®
_I@

@

-

NO.

/1:
/

I[§J

I
[2]

lID

::;jcale In Feet I@]Horizontal Scale

[j]]

[TI

1254

1252
~

1250 1.

1248 2.

10 0 10 20
....,..,." i

/
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. \

19+00

(")-

:) ,

'--..

\

\.

~.

\.

\.

\
..::\ \
_0 \ \.

\ ,

\-.JU.Uf 1'\ I. 16

, /
NOTE: AS-SUILT SURVEY BY COP SURVEY SECTION REQUIRED FOR
ALL UNDERGROUND FACILITIES AT 100-FT INTERVALS ON TANGENTS
AND 25-FT INTERVALS ON CURVES PRIOR TO BACKFILLING.
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PHOENIX STREET - MARICOPA CO. ~-------..JI
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24

TOTAL

TOTAL ~
SHEETS f

(J)

24

O
CALL TWO WORKING
DAYS BEFORE YOU DIG

602·263·1100
1-80o-STAKE-IT
(OUTSIDE MARICOPA

~e~~WAKE CENlER

CK: JCF
DATE: 08/10

PROJ. NO.

ST8311 0066

GRADING PLAN AND
PLANT DISPOSITION IN

OLD CROSS CUT CANAL
IMPROVEMENTS

INDIAN SCHOOL ROAD TO ARIZONA CANAL
ST83110066

CITY OF PHOENIX, ARIZONA ~
STREET TRANSPORTATION DEPARTMENT ~

'0

.5
oo
<0
<0
o
o

9 I ARIZ.

PRELIMINARY

1000/0
REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING

"-

O\.OLSSON ~~...~ ~CONSUL liNG ENGINEER
A.SSO..!<..L~:J:.E.S FAX6ll2.I4Il.l001

"PER CITY OF PHOENIX ORDINANCE G-4396.
TI-lESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITH OTHERS EXCEPT
AS REQUIRED TO FULFILL TI-lE OBUGAnONS OF
YOUR CONTRACT WlTI-I THE CITY OF PHOENIX,"

ES: DVD IDR: JLD ICK: JCF IDATE:' 8710

~&~~'ISTATE

R: JLD IDES: DVD
!DATE:OB/10 IDATE: 08/10

-GALE 1"=20'

'\

\@O
OZ-1

o

\

\
\

\

"

GENERAL NOTES

1. SEE PROJECT NO, ST8760045 FOR ARCADIA
PORTAL TRAILS IMPROVEMENTS.

2. PROTECT EXISTING UTILITIES IN PLACE.
UNLESS OTIHERWISE INDICATED.

3. BUSHES AND TREES UNDER 12" DIA.
REMOVED ARE PAID PER JOB UNDER ITEM
M3500300, MISCELLANEOUS REMOVAL AND
OTHER WORK.

\

.."
! -" .\

::-=:.::=....=:.....~'

PLANT DISPOSITION SUMMARY

\\\\

._ SEE SHEETS 6-7 FOR"' ..
'--CANAL STORM DRAIN oc" -, ...
,....fLAN AND PROFILJ; -=0","300"_,'>

~,'''_ : "" _~ ~- c ~:--=-~:;:':: ~'CC~c ~!fS~~~< C. I -l' -----
~~~~:~~,~:~~~~~,:=~~;n2~~;'~-1"-'" 1'.,-----

~_.~~ -~AL">C.A~_ I .::::::-_~. ~:' c-=-- '. '1\ '"10 -- " : .
• • :----2::"'" 'A 0 't'- -'. .; .

~~~..~~~~~~::> ." ~'.'~ _ !i!..v. ., I..~ .. ~. .. ' ~ ~----... -~ ..Jk_& IfI!
.. , . \/. --,. __-'7~O

¥~~~ 11'\.,;; --<--:--

@ iCalifornla Date Palm PhoenixdtrCtyli!era !Pr<ltcct In'P!Gt~

9 California Date ?\lfm Phoenlxliat'NJifer;-~~

(22) ICtlllfornia Date Palm IPhoenixdoc:tyiifera IProtee.tln Place

(fJ') IRed Gum IEw.:ulyptus spathulota !Ptoteet.ln Place

-(s) ,1C;ifornj~ DJH~ p<llm !Pho£>fli;l\ dact'>/ii{ew !Protect if1 Platt'

~D~ I COMMON NAME I BOTANICAL NAME I DISPOSITiON

@ IMexican Fan Palm WasMngtoniarobusta Iflrotectln Place

~.,~~J~~~~ ..~~~~:='_"_~_ ..~~~~PfS~~~~,!:'~ ~_"~~!.:!-~!I.~ ..
2H !CaliJorniil Date Pail';") IPhcenix dacryiiff:!(:J Relol:;ate

~: !C'llifornia Date p,)!r:n !P!loenix docrviijero Remov~

~

\.

\\
'\.

lR~mo'.'e

APN 172-37-005A

'r

--r
i

\Eucalyptus spathulata

---

PLANT DISPOSITION SUMMARY

NOTE: CONTOUR GRADING SHEETS FOR CONSTRUCTION STAKING TO
BE PROVIDED DURING CONSTRUCTION.

---

R.~d Gum

J.I !ChiieanMe-squite !Prosopischiiensis !R'emov_e -I

18 !Meltiean ~Jn- Palm jWostlill(jconit1:rabus({t 1P~-;:-;t In PI;)ce-

'Red Gum lftiClJlypwssputhulata [Protect in Place

---

----

10 20

------

Scale in Feet
Horizontal Scale

10 0

-----

/~,,",;.,,;,-;:;;<;':<;~
;:-~-,..'

./f-;;:':-
-""~

I~
?? ?--?--/'tI ,.,._

./(,6? .' ,.,.'

~....,. , ..-."

ARCADIA DR
L.. CONSTRUCTION It

-p,~~ <6
~'Q~ <'"

-:~~:,;;~"""'."

o ISaguaro lC;~!!gia,-~i~~;~~;~--lpfoteetln-.Pl ..ce

PLANT DISPOSITION SUMMARY

I1QI \California Fan Palm \Wnsningwnia jiififera \rtemove

II] IChllean Mesquite IProsoplschilensis IRemove

® CaJi!~)~~~ Fan Palm IWo!:hingtoniajillijera IProt<.'ct in Pf'lce

W t-Aexican,PaloVerde IPorklnsaniamexicana IRemove

I2J ~~~'Palo Verd.1 iparkinseu-,;amextcana IRemove

I~l Chilean Mesquite ,Prosaplf;chiJf:-m;,is IR(~move

PlANT I T
10 NO. COMMON NAME I BOTANICAL NAME i DISPOSITiON

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

CD M._.e.~w. "Fa" Palm I~Shing-'~~~'''sta l~~
IT] Me.locanPaloVerde IParkkmH!:amexicana Remove i
® s~;·~;·;;~····- Irl1ccoeiata Protect in fll-ace 1

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.
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Scale in Feet
Horizontal Scale

2 0 2 4
If;;,'*''''''

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.

~~ r;;:TTOTAL

T11T 24

O
CALL lWQ WORKING
DAYS BEFORE YOU DIG

602-263-1100
1-800-STAKE-IT
(OUTSIDE. MARICOPA
COUNTY)
SLUE STAKE CENTER

PROJ. NO.

ST8311 0066

TRANSITION STRUCTURE l~
LAYOUT DETAILS fc::J

CITY OF PHOENIX, ARIZONA co
STREETTRANSPORTATION DEPARTMENT g;

"OLD CROSS CUT CANAL ~
IMPROVEMENTS 0

INDIAN SCHOOL ROAD TO ARIZONA CANAL ~

·ST83110066 8

PRELIMINARY

1000/0
REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING

"PER CITY OF PHOENIX ORDINANCE G-4396,
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITl-i OTHERS EXCEPT
AS REQUIRED TO FULFILL Tl-iE OBUGA1l0NS OF
YOUR CONTRACT W1Tl-i Tl-iE CITY OF PHOENIX."

9 --r;;z.T
F.H.WA~
REGION' 1STATE I

~'T1:~=-I*'i*""'£17,;-;;c-l~C~K:iJ~C;fF;;-T..,,_l ~
DATE: 08 10 f0-

Ul

2 4

0\ Siit.:ll0

OLSSON ~~..'="" CONSULTING ENGINEERA.SSO_CIATl!S Flf.XllOU48.1001

ES: DVO lOR: JLD ICK: JCF -IDATE:B71D

r
STA 11+42.41, 23.70' RT
N. 907775.15, E. 681364.71
18" SD
INV=1231.44
SEE PROJ. ST8150005 FOR
LA1lERAL CONSTRUCTION

"'T1 I+- EL 1235.19

ill

Scale in Feet
Horizontal Scale

2 0

SECTION 0-0'

RGRCP

1-----10' I

~ 'C NEW 102" RGRCP

INV=1223.19

r
'"

L( I i l- EL """

-

\~ I >V
~

tt STRUCTURE

Scale in Feet
Horizontal Scale

2 0 2 4
\$Fj i

SECTION 8-8'

------

17-2
0

__

I

STORM DRAIN
MANHOLE SHAFT
WITHOUT STEPS
PER MAG DETAIL 522

I--- EL 1235.19

I 13' I 13' I
tt 120" CIPP tt 102"

13.1' I
1--6.2' I 6.9'--

1--2'

':::h
NEW 120" CIP;J"7

INV=1223.19 -.I

tt STR

JL
MANHOLE FRAME & BOLTED COVER
PER MAG DETAIL 423 & 424
RIM EL = 1246.38

I, 26'-------------1

Scale in Feet
Horizontal Scale

2 0 2 4
hiE"" j

SECTION C-C'

J

~
I

I 10'

I

~L! I , I,- EL 1223.19

+

'"

I--- EL 1235.19

RGRCP

CIPP

-

--

Scale in Feet
Horizontal Scale

2 0 2 4
W'E'"

SECTION A-A'

'f. STRUCTURE

iI ~~-=1!~-=·-=-1i
I I II I I
I I III I I

I \ II~ EXISTING 2-10'X10' \ I
I I BOX CULVERT

I 13' I 13'-----1

~ I
I I I~ I _d~-EL1223.19

r
'"

l

TRANSITION STRUCTURE
LAYOUT pLAN

I-

13 / '~=
A ~STA 11:~.80, -------

".87' 87 ",W 102"
N. 907775.88
E. 681391.18

I~/

::>

---r-
j

/)/ J

STA 11+35.64
49.43' RT
N. 907766.01
E. 681389.56

I--

RT
N
3 LF 18" R,CP FOR
PLUG PIPE \

STA , SEE PROJ. S1"8150005 FOR
23.47 R LATERAL CONSTRUCTION
N. 9077~0.22 0' \
E. 68136(3.90 \

'I "'-: \STA 11+47~68;------------...

I
B ~3.88' RT / N~W-i-W'I 1't,907780.09

-~ I E. \681365.52

k;=J,- \;,' - --------- -"" \--~ -l~'~"""""
.1 REMOVE EXIST "" \ .

1::> ' HANDRAIL "" \ -
I - ,. _ STA 11+41.83, 36.69' RT ~

: -N. 907773.05 -
II' E. 681377.54 .-

U
STORM DRAIN MANHOLE SHAFT ~~~~

i PER MAG DETAIL 5.F ~~

I I'~~
~

~.Ii -.... ........... -...... _____
I'

II

REMOVE EXIST ill
WINGWALLS I
& TRASH RACK I

- I ~

.1 - Ii ;:, -
, II

~
---------~- - --- ------==~~ +----J

NOTES:

1. REMOVAL OF EXISTING FEATURES AROUND THE PROPOSED
TRANSI1l0N STRUCTURE WILL BE PAID PER JOB UNDER
ITEM NUMBER M3500030.

2. SEE SHEETS 12 - 13 FOR STRUCTURAL DETAILS OF
TRANSITION STRUCTURE.
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24

TOTAL

12

i NO.

1

'1'0CALL TWO WORKINGDAYS BEFORE YOU DIG

602·263·1100
1-80D-STAKE·IT
(OUTSIDE MARICOPA
COUNTY)
BLUE STAKE CENTER

PROJ. NO.

#4 Corner Sar
@ 12" Ctrs. <Typ.)

ST83110066

Top of Slab
Elev. = 1223.19

#4 Placed as Shown <Typ,)

STRUCTURAL DETAILS
TRANSITION STRUCTURE

OLD CROSS CUT CANAL
IMPROVEMENTS

INDIAN SCHOOL ROAD TO ARIZONA CANAL
ST83110066

CITY OF PHOENIX, ARIZONA
STREET TRANSPORTATION DEPARTMENT

9 I ARIZ.

PRELIMINARY

1000/0

=~l'"
O\.OLSSON ~~'="" CONSUL TING ENGINEERA5S0CIAT&5 ~fm.70C8.1001

~EHGibN~ 1STATE

,SCALE· AS NOTED 12 24

DES. ROB lOR. MWS ICK' AMB 10ATE' S/10

lOR' MWS"· IDES RD·S- ICI(' AM~-------sHm-I' TOTAL
DATE'OS/10 IDATE'OS/10 IDATE' OS/lO NO' SHEETS

#4xI8" @ 12" Ctr-s.
Drill 4" into Existing
Work & Set Bars in
Epoxy Compound <Typ,)

#5 Bars
(EF) <Typ.)

#4 @ 10" (Outside Face)
(Clip as Needed) (TypJ

#6 @ 10" (Inside Face)

WALL SECTION f2\
SHOWiNG WALL REINFORCING \IV

Scale:%" = 1'-0"

2-#4 Bar-s

#6 Dowel to Match
Vert. Bars
(Inside Face) nyp,)

PIPE PENETRATION DETAIL
Scale: %" = 1'-0"

Allreinforcing steel shall be black. uncoated steel and shall conform to
the r-equir-ements of ASTM designation A-6l5 or A-6l7, grade 60.

All elastic water- stop shall be polyvinyl chloride (PVC),Ribbed or
seliated type.%" thick with an "0" bulb closed center section.
Water stop shall be 9" wide greenstreak "735" or Vinylex "RB9-38H."
Reclaimed material will not be acceptable. Provide hog rings or grommets
spaced at I2" ctrs. entire length.

REVIEW
NOT FOR

CONSTRUCTION
The minimum covering. measured from the face of the concrete to the t-0_R_R_E_C_O_R_D_I_N_G....:.., ......,
sur-face of a reinforcing bar, shall be 2 inches unless otherwise noted. "PER CITY OF PHOENIX ORDINANCE G-4396,

The minim.um covering for bar-~ near- the underside of footings or- slabs ~~S~~L~~sT ~REE [~:RE~;~~+~LOUTS~ERo;LE~CEPT
cast against ear-th shall be 3 Inches. AS REOUIRED TO FULFILL THE OBLIGATIONS OF

yOUR CONTRACT WITH THE CITY OF PHOENIX."

The minimum lap for- spliced bars shall be 48 bar- diameters.

Field bend and/or- clip reinforcing steel to allow for- minimum clearance
ar-ound all openings.

,.,- 'I <1)
# ro

Q.

IQ

I

Q.
>,
I-

~ -
LL ~

wu
- ill
~ U

~ ~
'"z

rs. !TypJ

tr-s. (TypJ

Bars @ 12" Ctr-s. <Typ.)

GENERAL STRUCTURAL NOTES:
All concrete shall have a 28-day cylinder strength of at least 3,500 psi.

All exposed edges of concrete shall be finished with a %" chamfer.

!1/ 1'" L i L iLl L I ~ I \ i .,
#6 Dowel to Match ----I ~ 1: \ I I j rr-- #5 @12" Ctr-s. (Typ,)

Vert. Bars
(Outside Face)
nypJ

1'-0" (Typ.)
j Wall Thickness

~

~
connection to 18" SO
Inv. = 1231.44

~~~ / f£ i8" RCP

l- _1
,

6'-9%"

5'-0"

-W \JV

~/II

/!\.

.....

I3'-0"

48" Storm Drain
Manhole Shaft
(See Section 6
for Details)

Vert. Bars
IInside Face) !Typ.)

5'-0"

6'-2%"

~

26'-0"

~

~o

#6 @10" IInside Face)

4 Bar

WALL SECTION E3
SHOWING' WALL REINFORCINGI2

Scale: 3/,," = 1'-0"

6'-10%"

4'-3"

-----------Y

PI AN OF TRANSITION STRUCTURE
Scale: %" = 1'-0"

I
13'-0"

\
'-- #6 @IO" Ctrs. <Typ,)

@ iO" Ctr-s. (Typ.)

~,
i
i4'-3"

~#4

6'-1 Y4"

2-"4 Bars

~

1f.L•...r-#4@12"Ctrs.11Y/ (EF) <Typ.)

(4\

Il~

f
r~o
rl ~~.I\

IPl

L

#4 @ 10" (Outside Face)
(Clip as Needed) !Typ.l

;

2-#8 Sar-s in Addition
#6x8'-0" - to Typical Reinforcing
(EF) (Typ.) 1\ (See Section lJ #4 @ IO" C

1 r I 1\ I I ik il-{ If I f IV
[xl>< I I I I/~v II -+ II~~. I

/ ~v '"~ I V v ;;/ I ~'" I
v' -...!....""-.I"- I' V "\~~ -~

Q. ~;...- ~ f'..- Vv 1'-#4 Corner-
~ ~ I==H==fV"....-jVT--W' ~'" / / \1= r=
I ~ /' \,,,, 'I ,= ~u ,

! ~ ,II 120" I='=
I Z 1= = 1°2" CIPp

: :: ::\\ RORcp ~ H-+ ~\\ i ~

~~ /I I ~~ /1 Top of Slab

If .u Iii~ : l---t[ 1 IN Kl Ii r --Y1 i i 11 Elev. 1223.19

I ! I I I! #5@12"C

@J

,.,
#

N

LL

!::!

o

bl ,-

#6 Dowel to
Match Vert. Bar-s
<Outside Face)
!Typ.)

I" 10'0 "I I" 100; ~
"4 • 12' ITyplc,'" ~ I, ~ '
Outside of Corners) \ ! ! ! ~ ! !

2'-0"L I I I I I

2'-0" ~I~ I~--!---------------------------------r--r---------------------------------f--

OLD CRess CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.
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I NO, I TOTAL

CONSUL TING ENGINEER

(/0 CAlL TWO WORKINGII DAYS BEFORE YOU DIG

I
602·263-1100
HlOQ.STAKE·IT
(OUTSIDE MARICOPA
COUNTY>

~ BLUE STAKE CENTER

--

CK, AMB IDATE, 8/10

PROJ, NO.

ST83110066

SI*:110 eii

-~n:L15Q2.148.100a
I'AX6D:2.74l1,1

(
I

SHEAR KEY DETAIL

DR, MWS

PRELIMINARY

1000~
REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING

9 'i ARIZ, I

O\OLSSON
ASSOCIATES

F,H,W A I I
REGIO'N'STATE

DES' RDB

o,
L()

o,
N

120"<1> CIPP

: ,'_?" 11'_1" I DR,MWS iDES'RDB ICI{, AMB SHEET 'I-TOTAL
~ DATE08/1D DATE'08/10 DATE'08/10 NO' SHEETS

SCALE' AS NOTED 13 I 24

(Typ.)

11-011

5"

1'-0"

~ I ~I II, • e: ~ .~

1= +=' i ~\ ,l t
L"4 @12" Ctrs. I ~// 1

~ 20" L #6 x 5'-0" (Typ.)

8"

SECTION 5
Note: Typical Slab 12

Reinforcing not Shown for Clarity
Scale: 1" = 1'-0"

,
I ,-_: : /-Manhole Shaft

st;rrcp~~,} "I ;r,;-C:'\ Per MAG Detail522

. ---i (W
01 .' J \,

rT\
\g)

/2"
(~
~~

6.4

12'-0"

10'-0"

SECTION
Scale: Yz" = 1'-0"

-="'=-

::.L~/ L \ ~ J! CITY OF PHOENIX, ARIZONA
/'1 -#7@5"Ctrs.(Top)ISTREETTRANSPORTATIONDEPARTMENT
I ~5 @ 12" Ctrs. (Typ.)~4 Bars (Typ.> I 1'-4" I 2'-0" #4@12"Ctrs.<Bot.)lll'-0"OLDCROSSCUTCANAL

~, IMPROVEMENTS
12'-8" ~" f INDIAN SCHOOL ROAD TO ARIZONA CANAL

I b ST83110066

#4 @ 12" Ctrs.

\

(TOP & BotJ (TypJ

#4 10" Ct (T) I ;-"4 @ 12" Ctrs. #4@ rs. yp. --------. , / (Top)
2'-0" '- , " I 1

2'-0"1 ~t

I ~~ L::o~/' Ctrs. '8 Bor, 1 I

I \ @-FC•• 1231.44

#4xI8" @12" Ctrs.
Drill 4" into EXisting
Work & Set Bars in

~ Epo,y Lompocod

I VI Top of Slab --,
Existing 2-10'xl0'~ I Elev. = 1223.19 '\
Box Culvert \J

" "PER CITY OF PHOENIX ORDINANCE G-4396,I r-' 5 , 12 etco. \ I 1I '"'" ,,~. AA' eo" o;""~ "" 0""

I I\I I I I I I I I
\ l"-J 'I- I

4'-0" \ ......)(/ I'_1_. :./'./

28'-0"

L #4 Dowel @ 12" Ctrs.

r- - or - -1- - - -,..- - - -I-r 1"" -"'T - -I--r- -- - ,- - - - r- - -..,- - -- r - - - -1-- - - T - -- -1- -- -,-- - J ,
I,
t,
I,,
T,
I
I,,,,

\L'L 1',1 I I I I I I,
,
,,
i,,

/ 1/ f" ,,,,
j,,
I,,
I,,
T,
r
I

~
I

I

..
11-011

TOP SLAB REINFORCING
Scale: Y2" = 1'-0"

@ 10" Ctrs.

I "6 @ 10" Ct 5'-0"y rs.
21-7 lt

r
~"6 @ 10" Ctrs. JV 3'-0"

] 2'-7"
4" (Typ.)

1-.,

'--- #4 Bar (Top & Bot.)
(Typ. around Edges)

/fsee SlabA\ Re;of. C,yout

1 1- !iliTTnlTlTl/ 7
j--t-t I I I\I I I I I I I I

~

K+1 I 1 ffifi-ff11\ !. i I I I II'i>~ \

TYPICA~ca~~~~ = ~~:TION GD

2'-0 11

#4 @ 10" ctrs.
12

,_0"

~LI' :I!,~ : .TI='4 <Typ'I Optional Construction Jt.
1 w/Shear Key

It
#4 @ 12" Ctrs. (EF) (Typ.)

"4 @ lO" Ctrs.

1'-0"

o
I

N

//"4 @12" Ctrs. (Top) (Typ.> rProVide Additional #6 Bars as Shown (Bottom) (Typ.>

/1 "6 @8" Ctrs. <Bot.> (Typ.> /,-"6 x 6'-0" (EF) (Typ.)

LfU_ 1III1

/ Ir- I --- - - ---- VI ! I I I I I

I , /
I

o
r

N

ot--
f

'i~ Too of Sidbt ~t rj1; : ; ;~ Eley " 1223.19

I I // ~ Construction Jt.

Se~ Footing w/Shear Key

Relnf.

o
r

"!'

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARiCOPA CO.
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14 I 24

NO. I TOTAL

CONSULTING -ENGINEER
CK: JCF IDATE: 8710

PRDJ. NO.

ST83110066

Sl.ibIll0
Pi'lDwolll.JoZIlSll:M-5282
TaIlll2.748.'lOOQ

DR: JLD

SILL DETAIL
N.T.S.

110.6'

1:1/l]4"L~ 3.0'

TI 3.3' I

6'~~4'33'

:T~11
2.5L~-.C4"

I 4.83' I~

O\OLSSON
ES: DVD

2'

11
CDGJ]2

W
CHUTE BLOCK DETAIL

N.T.S.

BAFFLE BLOCK DETAIL
N.T.S.

1260

~
~

~
7
(l

~
~

~

CONSTRUCT 335 LF
8' HIGH CHAIN LINK
FENCE PER MAG DETAIL 160
SEE DETAIL, SHEET 15

STA 16+40.62,
31.57' RT
N. 908178.57

Lni I nIIII

4 0 4 S=""'1 I
Scale in Feet

Horizontal Scale

\ \

j\,
..-------:-',.-..--

.

/DREMOVE EXIST --------.....--::.-~.....--
80LLARDS ~----- Y"'/---- \E. 681608.02 ~ ----------- \

.~_.x.. . .X "f ~*'~ \--
--~::"::""- ::::::..:.::::- .' ------ .--- ,\>, \~ EXISTING SRP

1iC "" HEADWORKS
'r; \ \, STRUCTUREEXIST 4-4" , EXISTING HANDRAIL ~ \

DRAIN PIPES I TO REMAIN ~ \

SEE NOTE 1 I ~ \.,. \, .")

--':f~~--)_~ _ \\ -_____________
I "" \

-~Q) \ \

",I,., I EXISTING HANDRAIL ~\ \ .-")
... " TO REMAIN ~ \ •

! ~ \
~$~~~X~~3~--- ~ -\

~-----~ .,.
4-'W-X-1-'H- (TYP)---------- jv. ---~\--::--x-----~ ,\>, \ "/\
STEPPED SPILLWAY • ""--'-~ _ __ S..----<

STA 16+36.20, -~-...........------- "-
REMOVE 64.28' RT -~..------- \
WINGWALL & N. 908151.93 '-.
HANDRAIL E. 681627.49

INLET STRUCTURE LAYOUT PLAN

STA 15+85.36,
46.28' RT
N. 908130.49
E. 681580.38

STA 15+87.43
34.45' RT
N. 908140.10
E. 681573.18

STA 15+47.07,
41.24' RT
N. 908107.01
E. 681552.08

STA 15+70.30
31.76' RT
N. 908129.92
E. 681559.93

STA 15+36.69,
39.90' RT
N. 908100.40
E. 681544.57

CANAL STORM DRAIN
CONSTRUCTION 't

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.

STA 15+48.67
29.34' RT
N. 908116.02
E. 681544.14

STA 15+38.43
28.01' RT

" 'O"OOAO ~ '~
E 68;;;~rtF- ~ tI"", ~"

/7/7

1260

~

~~UJ>-
0'"

iE~
~

~
<3
>-5
<0",
z!!,Qg
Ul W:>0
~

~

~

oz

oz

~

~!@

r5~0'"
:J:G;
[1.0::

~

~
<3

>-15<0",

z/I!!,013
iii'"
:>:!J
UJa:
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I
I

I
I

I
I
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O
CALL 1WO WORKING
DAYS BEFORE YOU DIG

602·263·1100
1-80o-STAKE·IT
(OUTSIDE MARICOPA
COUNTY)
SLUE STAKE CEN1ER

OLD CROSS CUT CANAL
IMPROVEMENTS

INDIAN SCHOOL ROAD TO ARIZONA CANAL
ST83110066

PRELIMINARY

100%
REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING

"PER CITY OF PHOENIX ORDINANCE G-4396.
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WI11-1 OTHERS EXCEPT
AS REQUIRED TO FULFILL THE OBUGATlONS OF
YOUR CONTRACT Wlll-I ll-IE CITY OF PHOENIX."

DR: JLD DES: DVD CK: JCF ;;:;
nATE:OS 10 DATE:0810 DATE:08 10 ~

(f)
CALE l"=S'

INLET STRUCTURE
LAYOUT DETAILS N

CITY OF PHOENIX, ARIZONA ~
STREET TRANSPORTATION DEPARTMENT [?

1----=..:..:..:::=.:.....:.:...:-=..:.::::....::.:.:.:.:..==.:..:..:::~.:.:.:.:=:.:.:..----1-o

'"~o
<0
<0
o
o

1250

1240

1230

1220

PIPE

1237.50

4" DRAIN PIPE DETAIL
N.T.S.

----~EXIST

~ b;;a;~ ~-~:=-= STRUCTURE
) \, FLOOR SLAB

_____J EXIST 4" DRAIN

CUT EXIST 4"
DRAIN 1 FOOT
FROM EXIST FOOTER

INLET STRUCTURE PROFILE

:;'CQle in Feet
Horizontal Scale

STA 15+93.37,
41.53' RT
INV=1224.67
END 12' WIDE
RECTANGULAR SECTION
BEGIN STEPPED SPILLWAY

BAFFLE
SILL BLOCKS

STA 15+47.88,
35.29' RT
INV=1224.57
END 12' X 10'
BOX SECTION
BEGIN 12' WIDE
RECTANGULAR CHANNEL

4'W X 1'H (TYP)
STEPPED SPILLWAY

45'
5" BEVEL

I 48' I 40' I

STA 15+37.57,
33.96' RT
INV=1224.54
BEGIN 12' X 10'
BOX SECTION

10' I

120" CIPP

1250

1230

NOTES:

1. CUT EXISTING DRAIN PIPES l' FROM EXIST FOOTING AND
INSTALL 4-12 LF 4" DRAIN PIPE ll-IROUGHSTEPS.
SALVAGE EXIST FLAP GATE AND INSTALL ON NEW PIPE.

2. SEE SHEETS 17 - 22 FOR STRUCTURAL DETAILS OF
INLET STRUCTURE.
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o

24

TOTAL

TOTAL ;;)
SHEETS ~

(f)

24

CONSULllNG ENGINEER

O
CALL TWO WORKING
DAYS BEFORE YOU DIG

602·263·1100
11l0D-STAKE·IT
(OUTSIDE MARICOPA
COUNTY)
BLUE STAKE CENTER

CK: JCF IDATE: 8/10

PROJ. NO.

ST8311 0066

S1i111210
PlDlo'Ill,AZlI5ll2O-$282
l'B.1lO2.74l1.10lXl

JLD

INLET STRUCTURE
FENCE DETAILS ''''

DR:DVD

"'Z

~
~
'Y
()

~
~

9 I ARIZ.

O\OLSSON
"SSOCIATES

---

PRElJMINARY

1000/0
REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING

ES:

"PER CITY OF PHOENIX ORDINANCE G-4396.
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITH OTHERS EXCEPT
AS REQUIRED TO FULFILL THE OBLIGA1l0NS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX."

!DR: JLD
ATE:08 10 10

CALE "'=8'

CITY OF PHOENIX, ARIZONA ro.
STREET TRANSPORTATION DEPARTMENT ~1---C:...c:.==..:-.:..:..::..::..;..::.c....:..:..:.:..:..c:...:..::..:..;:..=.=::....:....::....:..:..:=c..;_--j<:J

OLD CROSS CUT CANAL ~
IMPROVEMENTS 0

INDIAN SCHOOL ROAD TO ARIZONA CANAL ~

ST83110066 8

4. SEE SHEETS 17 - 22 FOR STRUCTURAL DETAILS OF
INLET STRUCTURE.

NOTES:

1. NO BARBED WIRE ON CHAIN LINK FENCE,

2. CHAIN LINK FENCE TO INCLUDE TOP AND BOnOM RAILS.

3. TOTAL FENCE QUANTITY OF 335 LF INCLUDES GATE
LENGTHS.

\
""'\~ \I ~ _ \

k= \ ,
-- _.~,\ EXIST'" """"I ~ \ :~
i~ REMAIN \ \

" 'TRAS" """ "BY SHC' "CAn: V BE R"-'CAn:' \ ~I

\ ' ',~ ~, 4.3~-.......::::--...._ • ~ ~\.19.2.. T~~~:x--::::--.... \\ ...__- \

~--"""'~---....... '" /....- \STA 16+62.73, -....... _~_.-........--/ \
~~'RT ~__

N. ·908166.~~ STA 16+87.27,
E. 681649. 78.70' RT

STA 16+58.51, N. 908176.91

6823' RT E. 681674.31N .908164.53
E: 681646.31

.~ STA 16+52.58,
6732' RT
N '908161.08E: 681641.41

STA 16+33.59,
64.42' RT
N. 908150.01
E. 681625.70

STA 16+67.56,
33.45' RT
N. 908195.88 \ \
E. 681628.75 \ \

\ \

~
STA 16+76.83, ~/ /'
32.19' RT _//...---'---
N. 908203.21 _~_.--

E. ~~~_---_..---- \

~ -- \9.,;1.- ~- .

~==""'·""7"'""'C~E~-...--- \ ~-AI -- - ..... -I'. ---- \\ ,EXISTING SRP
- ". • -A \ HEADWORKS

h:c" \\ \ STRUCTURE
10' GATE ~ \

~ \

_L__i~S::'~,:"'"'' ~~ '\ ..---.J

"'l/~" / _~

.""-,,-'"

8

//

f==I i -

"

//!

4

~rG~~'ISTATE

o

.//'"___.... v-

REMOV~J
WINGWALL &
HANDRAIL

A 16+44.90

Scale in Feet
Horizontal Scale

30.27' RT
N. 908182.47
E. 681610.20

4

FENCE LAYOUT PLAN

~

160
DCIAH:·fjo,

STA 15+84.90,
47.23' RT
N. 908129.52
E. 681580.76

I
N

CORNER j ii j
POST ----l-i I I
" I II I •

1'-4 ------ooot II I
MIN'. DIA, I II 1~'"~

~-~

I ,....., ~
f:}IlJ- HAY 10'

GATE 'I i! l: •
POST------t-ll I 'fl

::: : N
1'-4"",,,-1 u_l-:....__l
MIN, OlA. i I '-
CONCR£"Tt 10. -.I ._..,-

• -0..2 4', GATt, DOuBLE $¥i1NG i

STA 15+68.44,
44.65' RT
N.90~

-E081568.20

STA 15+57.39,
43.47' RT
N. 908112.89
E. 681560.27

STA 15+51.14,
42.75' RT
N. 908108.93
E. 681555.77

MULTIF'LES OF 10'

S' CHAIN UNK
FENCE AND GATE

STA 15+70.47
30.78' RT
N. 908130.71
E. 681559.31

/'
< 1--------,-------·

/ ~,' I 11-f.-sn:O:J\!N

NO.: ., tOlLED _/ ~": ::: POST
SPRING Rfl-NFCRCED " II 1-10", MIN. DJA,
W1RF. TIE "\'itTH ',"_+u I CONCRETE

]~~GG~~t ~~~~~RS ~ t-- 1.-(
1'-6" C TO C :£/- I

STA 15+46.21,
41.72' RT
N. 908106.08
E. 681551.90

CANAL STORM DRAIN
CONSTRUCTION 't

STA 15+52.88
28.85' RT
N. 908119.40
E. 681546.47

STA 15+47.97

28.",'" ~ \ ".,.~
''''''~i 'E: "'5~..-----~ -".\ -: 0 [

h /~ MARJC'QPA' STANDARD OETAL
#~t~~t~o~~i~~N~ ENGLISH

TOPRAli, I 1-1/4" l 1.666:"

MEM8ER I AISC SIZE rOUTSIDE OIA.

BRACE: 1-1 4" I J.666"
STRETCH BAR 3/16"x.3/4" FLAT ;5/16";.;,1/4." R.ATI
GATE PO~T! 3-1 i2~ I 4,000"

CORNER POST I 2-1/2" I 2:875"
LINE 90S1 , 1-1/2" I 1.900"
STRAINPosr· i 1 1/2" i t-.9CO"

7. CONSTRUCTION AND MATERIALS SHAll
CONFORM 1'0 SECT. 420 AND
722. !'1ESF.1:,J...'TJVELY: SEE TAI3lE
722:, rOt<, 'N£lGHTS, OF -MEMBERS.

1. 'SHALL BE. CLASS 'C'

z. FITTINGS N01: SPECIFICAllY ()£TAR,EO
£HAlL. BE HE:AIfY PW lY DESIG~I:

3. STRAIN POSTS SHALL 8E "PACED AT
'SOO~ MAXIMUM 'SPACING,

4. 80111 CORNS~" AND STRAIN, POSTS
SHALL HAVE STRAIN PANELS.

5. ALL POSTS -SHALL BE CAPPED.

6. M£MBl""R: SIZES SHALL, BE, THE
FOU.o.WING:
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I NO. I TOTAL

I 16 I 24
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CALL TWO WORKING

. DAYS BEFORE YOU DIG

602·263-1100
1-80Q.STAKE·IT
(OUTSIDE MARICOPA
COUNTY>
BLUE STAKE CENTER

PROJ. NO.

ST83110066

\?V

ROB lOR· MWS ICK' AMB IOATE' 8/10

9 I ARIZ.

- =~1COl

O\.OLSSON ~f..~ rONSUL TING ENGINEERASSOCIATES FAXlIll:>~.t(l:11 v

F.H.W.A I' I
REGION' STATE,

STRUCTURAL DETAILS
INLET STRUCTURE

OLD CROSS CUT CANAL
IMPROVEMENTS

INDIAN SCHOOL ROAD TO ARIZONA CANAL
ST83110066

CITY OF PHOENIX, ARIZONA
STREET TRANSPORTATION DEPARTMENT

..."..

;/4" Drain

Jf PiPe
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f.--------t-:=:-=::_--t:-=::=::=::=:-=::=J
jlnlet t I

~Ii -----i-----------r-

f---'-"---+:=:-=-:~'r=::=::=::=::=::=:J

~4" Drain
Pipe t

..,~.::=::=:t=:;:;;:;;:;·:;;:;;:··:;;:;;:·;:;;~
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IDES·

PRELIMINAR'f

1000/0.
REVIEW I

NOT FOR I
CONSTRUCTION
OR RECORDING I

"PER CITY OF PHOENIX ORDINANCE G-4396.
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITH OTHERS EXCEPT
AS REOUIRED TO FULFILL THE OBLIGATIONS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX."

SCALE· AS NOTED 16 24

lOR MWS --I DES' ROB ICI<· AMB -----,-sHEET I TOTA[
DATE·OS/lO !DATE·OS/lO IOATE'OS/lO I NO. SHEETS

n
\0"

-----r----
Spillway Step (TypJ

----1----(-----
~I'Lf) C

~~

I 72'-0"
~

Back Face of
Inlet Wall at
Top of FootIng

l5'-5 Y4"-20'-\0"

~

INLET PLAN
Scale: Y4" = 1'-0"

GENERAL STRUCTURAL NOTES:
All concrete shall have a 28-day cylinder strength of at least 3,500 psi.

All exposed edges of concrete shall be finished with a 1"4" chamfer.

The minimum covering, measured from the face of the concrete to the
surface of a reinforcing bar, shall be 2 inches unless otherwise noted.
The minimum covering for bars near the underside of footings or slabs
cast against earth shall be 3 inches.

All reinforcing steel shall be black, uncoated steel and shall conform to
the requirements of ASTM designation A-515 or A-517, grade 50.

The minimum lap for spliced bars shall be 48 bar diameters.

Field bend and/or clip reinforcing steel to allow for minimum clearance
around all openings.

All elastic water stop shall be polyvinyl chloride (PVC), Ribbed or
serrated type,Ja" thick with an "0" bulb closed center section.
Water stop shall be 9" wide greenstreak "735" or Vinylex "RB9-38H."
Reclaimed material will not be acceptable. Provide hog rings or grommets
spaced at 12" ctrs. entire length.

T 0 I,,'\~. 4'-3" ~'-9.\~- ~!' "I
--J:r = 16'-0' _-- -1:------:--::6 4'-0"----~--1 ,------+----- l~ ~t=D
. -~ - -\-~------t - \ \ N------ .- \ =

/ \ \

-,-- -- Fcont Fa" of

Begin
120" CIPP

OLD CROSS CUT CANAL
IMPROVEMENTS
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IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.

~tG;~'NA !STATE I PROJ. NO.

9 I ARIZ. I ST83110066

I NO. I TOTAL

I 17 I 24
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Top of Wall = 1253.75
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I
i 16'-5Y~" ! _ 10'-9" 40'-0"

r0
I

Co
N

20'-10"
(Wall Type II

16'-0"

~ Sta.15+47.88.
35.29' Rt.
Inv. = 1224.57

I~~ Front Face of
I' Parapet

f---

f--

I

(Wall Type II

;- Top of W,II ~ 1250.82 'Wall Typ, "

1

- (Wall Type 2)

;" _ of Wall ~ 1250."

I I

N' ! ------1------'---\- ~:iS~-i~~-S-:P-------
Headworks

- I

. 5fa. 16' J8 '1 ';"1~ ~ lov. ~ 1237:'0
47

.
92

' Rf. ~ I
.' ~ Conceef f' "\ Cow ' 5RP Head 0 EXisting \ -!
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I N
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Sta. 15+33 96 rC?ncrete . I ..4'-0" Steps"\ ~
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I ' . Coneeef ,,---' ~ -----H' n,., 1224.54 Baffle ' '\ i- -!~~~~~~~~~~~~~~~-~~~-,
I 1231 67 1232.67

1 ll22'.67 "1230.67~,'
I i \ / '''--------- '- Sand 4! i /. -Sand Fill
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. Sta. 15+93 37 //
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"PER CITY OF PHOENIX ORDINANCE G-4396.
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITH OTHERS EXCEPT
AS REQUIRED TO FULFILL THE OBLIGATIONS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX."
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INLET ELEVATION
Note: Measurments Taken from Inlet Centerline

Scale: )/4" = 1'-0"
PRELIMINARY

1000/0
REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING
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STRUCTURAL DETAILS
INLET STRUCTURE

CITY OF PHOENIX, ARIZONA
STREET TRANSPORTATION DEPARTMENT

I
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IMPROVEMENTS
INDIAN SCHOOL ROAD TO ARIZONA CANAL
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'1'0 CAll TWO WORKINGDAYS BEFORE you DIG

602·263·1100
1-80D-STAKE·IT
(OUTSIDE MARICOPA
COUNTY)

~ BLUE STAKE: CENTER );

\

PROJ. NO.

STS3110066

I ;"9 Dowel

r_@6"Ctrs.

\
11

I

*Measured Perpendicular
to Channel tt

J

=~'lIIIl~
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9 1 ARIZ.

F.H.W A I I
REGION' 5T ATE I

PRELIMINARY

100%

CITY OF PHOENIX, ARIZONA
STREET TRANSPORTATION DEPARTMENT

OLD CROSS CUT CANAL
IMPROVEMENTS

INDIAN SCHOOL ROAD TO ARIZONA CANAL

ST83110066

STRUCTURAL DETAILS
INLET STRUCTURE

iDES' R08 lOR' MWS "lcK' AM8 IDATE' SilO

REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING,

"PER CITY OF PHOENIX ORDINANCE G-4396,
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITH OTHERS EXCEPT
AS REOUIRED TO FULFILL THE 08LIGATIONS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX."

'DR, MWS IDES RD8 ICI<, AM8
DAIEOS/10 '-lDATE'OB/IO IDATE'OS/1O

ISCALE' AS NOTED

Note:
Spillway steps not
shown for clarity.

21-0 11

Inlet Wall -'" r--=-i
rInside Face '" ;...1__..;1 _,In Yz r~

I jlto ---,
f "6 Bars @ ~
[ 6" Ctrs. :::J
l +-
I #4 Bars _ ~

[ @6"Ctrs. ttr J (EF) (Typ.) ~ IJ)

, ~ - ~
OJ L
Q. 0
;>, :;:
I-U

roco <1J
;s=:I:

+-0...
:::Bi

(2\
\IV

I
t"5 Bars @ 6" Ctrs. (TypJ ~l

"5 Dowels @6"~~t
w/Std. Hook ~ f

f
II J• 2'-6" '\jj ,

16'-5%" Min "5 B I· ~*,' ars "33 -0" M- n&B) (T @ 9 Ctrsax. yp.) •
.. / II 4'-6

11 -
Wall Type 2

Scale: %" = 1'-0"

WALL SECTION

Notes:
I. Reinforcing Steel Shall

not Extend Across the Joint

2. Provide 2" Clr. from
waters top to reinforcing

L "6 Bars @6" Ctrs.

I "9 Bars @ 6" Ctrs.

~

of Bar

f\

LElastic Water
Stop

IJarieJ

4'-6" I

II ~

u,OfI1~"4 Stirrups

~ I ;n ' 6 eteo <Typ.)

t

f

l

I---tt Joint

t:;1-il" j 51-0"

I" L Grease this Half

L1%"<l> Smooth Dowels
@18" Ctrs.

~

\ \

Construction Joint~
w/Shear Key
2" Deep by 4"Wide

STEM JOINT BETWEEN WALL TYPE 1 & WALL TYPE 2
Scale: %" = 1'~0"

n
I

Co
N

co_,
n

9" Ctrs.

1'\ "5 Bars @8" Ctrs.
I \ n&B) nyp.)

"6 Bars @
6" Ctrs.

o
I

o

+--

\

/" !

\

\
_1 \_~Clr.r YPJ

I

*32'-11%" Max.

WALL SECTION GD
Wall Type 1 16

Scale: %" = 1'-0"

"5 Dowels @6"~'
w/Std. Hook

=1 I

~"9 Bars @ 'f
6" Ctrs. n&B) (Typ.) N~ [I

Inlet Wall . 2'-0"

:4 !tIcCCp;noide Foe,~ r
6 Ctrs n "\ I

• ypJ n' I

l tp--#5 BV: 1 (EF) (~~~J@

) '5 BdCo I
! ' 6" eteo. I

1\

I
;:,.,tL "10 Dowel~ ~ I

5'-0" 3'-3" u * Bars @6" Ctrs 4'-0" . I
. 12' 0" Min. 1 ,'"

*16'-5 "M 3 3 5'-0"
8 ax.

*28'-6" Min.

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.
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TOTAL

19

I NO

II0
CAll TWO WORKING

' DAYS BEFORE YOU DIG

602·263-1100

I )~q~l~J,ibpA
COUNTY)
BLUE 5T AKE CENTER

*Except top step.
See Sheet 20
for details.

PROJ. NO.

ST83110066

OLD CROSS CUT CANAL
IMPROVEMENTS

INDIAN SCHOOL ROAD TO ARIZONA CANAL
ST83110066

CITY OF PHOENIX, ARIZONA
STREET TRANSPORTATION DEPARTMENT

PRELIMINARY

100%
REVIEW

NOT FOR I
CONSTRUCTION
OR RECORDING I

"PER CITY OF PHOENIX ORDINANCE G-4396,
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITH OTHERS EXCEPT
AS REOUIRED TO FULFILL THE OBLIGATIONS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX."

STRUCTURAL DETAILS
INLET STRUCTURE

9 I ARIZ.

f,H.W.A,
REGION ·ISTATE

"'1 Dowel Bar to Match
Every Other Bent Bar (EF) (Typ.)

'--"4 Bent Bars
@ 11" Ctrs. (Typ.) 1'-8"

1'-9" nl'-9"]

4'-0"

@ 10" Ctrs. (Typ.)

- ..... @ 12" Ctrs. (Typ.)

L "4 Bent Bars
@ 10" Ctrs. (Typ.)

CHUTE BLOCK SECTION
Scaie: 1" = 1'-0"

?I·S
'-,2
;L-

21
-
nll

1- ~ -I
..--, ;:=r~~'1 Bars Placed
I I·· '= as Shown

01
~l

I

1Y4 "<I> Smooth Shear Bar
@ 18" Ctrs.

Grease this Half of Bar

DES· ROB lOR. MWS ICK' AMB [DATE. 8/10

1'-3"

51-7 11

1'-5"1

SECTION OF CONCRETE STEPS

=~'lltt
O\.OLSSON ~f..~ CONSUL TING ENGINEERASSOCIATes FAX607..7411.'OOl

Scale: 1" = 1'-0"

Front Face of Inlet Wall

/ Adeka Ultra Seal MC-20lO MN, with
/ P-201, or Approved Equal. Install per

I Manufacturer's Recommendations.

of Concrete Step

1'-3"

**As an alternative, drill 6"
into existing work & set bars
in epoxy compound.

f As an alternative, drill 7" into
existing work & set bars in
epoxy compound.

'---,

Sand Fill

I
Typical Footing
Reinforcing

TYPICAL JOINT AT INLET WALL AND CONCRETE STEPS
Scale: lY2" = 1'-0"

t Bars 1'-3"#5 Ben , 9"
- @ 10" Ctrs.~ (Typ.)

1'-3" T

N,
N

•

Trim Bar
as Required
for Clearance

21-0"

1'-6" 6"

, I

/

4'-0 11

'1'-3"

1 1'-10"

41-3 lt

#5 Bent Bars
@ 12" Ctrs.

3'-8"

\

#5 Bent Bars 2'-9 "r--
@ 12" Ctrs. I

Elastic waterstoP \ 0l~

\
~#'1 @ 7" Ctrs. \~ '::::
I '\ (Typ.)

#'1 wi 135° Std. Hook
@ 18" Ctrs.

SECTION O~c:e~~,~I~~" TRANSITION ®

1

Typical Footing
Reinforcing

41-0 11

#'1 Bent Bar @ 11" Ctrs.

12-#4 Bars

I I~ 3-#4 Bars "r ,.-,
#4x2'-0" to Match ?
Horizontal Bars \ ,-1 Il %"<1> Dowels

@ 18" Ctrs.
(See Typical

r ' I. T T" I Contraction II , Joint Detail)
#'1 @ 8" Ctrs.

l~(Typ.)

;;.-,1 r"4 @ 12" Ctrs.
_I I I 1/ / ' ,

-

..1=
u

""

f
" Io,
N

\ 1 '" \\ • ,-..l
\. I I

#'1 Dowel Bar
(EF) (Typ.)

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ C ANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MARICOPA CO.
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SECTION OF PARAPET WALL
Note: Barrel Reinforcing not Shown for Clarity

Scale: Y2" = 1'-0"

SECTION 3
Scale: Y2" = 1'-0" 22

I No·1 TOTAL

I 21 \ 24

I 21 I 24

4'-4 "

j $~~~T Is~~g~

1

'1'0CAlL TWO WORKINGDAYS BEFORE YOU DIG

602·263-1100
1-800-8TAKE·IT
(OUTSIDE MARICOPA
COUNTY)

\"-- BLUE STAKE CENTER

PROJ. NO.

@ 12" Ctrs.
11-2 11

l'-6"n 1'-6"

PRELIMINARY

1000/0

STRUCTURAL DETAILS
INLET STRUCTURE

OLD CROSS CUT CANAL
IMPROVEMENTS

INDIAN SCHOOL ROAD TO ARIZONA CANAL
ST83110066

CITY OF PHOENIX, ARIZONA
STREET TRANSPORTATION DEPARTMENT

REVIEW

NOT FOR
CONSTRUCTION
OR RECORDING
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O\.OLSSON ~1J::= CONSUL TING ENGINEER

"PER CITY OF PHOENIX ORDINANCE G-4396.
THESE PLANS ARE FOR OFFICIAL USE ONLY
AND MAY NOT BE SHARED WITH OTHERS EXCEPT
AS REQUIRED TO FULFILL THE OBLIGATIONS OF
YOUR CONTRACT WITH THE CITY OF PHOENIX."

9 J ARIZ I ST83110066

F.H.W A I '
REGION ,STATE i

DR' MWS I DES' ROB ICI(, AMB
IDATE 08/10 ~DATE-:087iOlDAfE'08/10

'SCALE. AS NOTED

,DES' RDB",or~;" M'WS I CK' AMB IDATE' 8/10
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Hl---~5 @ 12" Ctrs.

r~!M--"4 Stirrups

"4 @ 12" Ctrs.
1 (EF)

,

lJ-6 U

II

m
-'
N "4 @ 12" Ctrs.

"5 Dowels @ 12" Ctrs. 1~'

"4 Bars @ 12" Ctrs. }~
~_/-+I__-+I
1'-6 "I I ' •

Construction Joint 2'-1 ".. ... ~ I
wlShear Key ,
2" Deep by 4" Wide

"/)\,<:""
U'-',-,-,~

f-------4------" ! ! '_,0

5" 1 I _1
"5 Bars @ 12" Ctrs. - ~Lol

135'-" 12'-3"

~11
1'-6 "

Notes:
1. Provide Shear Key at Joint

if Shown in Plans

2. Reinforcing Steel Shall
not Extend Across the Joint

3. Provide 2" elr. from
waterstop to reinforcing

~ )'
N

L Elastic Water
Stop

L"5 Bars @ 12" Ctrs.
IEF) (Typ,)

2'-6"L

2'-6"

LGrease this Half of Bar

Smooth Shear Bar of Diameter
Shown in the Plans

\

I---~ Joint

['-3" i 1'-3"
- I

1- d~ i )I"Y."R Toole '2

Ed
g

eII7
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,) ~lt:r
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TYPICAL CONTRACTION JOINT DETAIL
Not to Scale

*At Top of Wall

"-'
"

PLAN OF PARAPET
Note: Typical Inlet Wall Reinforcing not Shown for Clarity

Scale: Y2" = 1'-0"

I I ~ (-JOp~ 7 \\ I ~
Construction ~
Joint <TypJ

~
Front Face of
Parapet Wall

I ill l~il?~e:a~~11 ~.

I

/ 'I

I

/ ,~ I ~I
N 0.

I ;>,
~1-

-=::?=-

o,
N

6'-6"

10'-0"

11-6 114'-0"

r--

I', Trim Bars as Necessary
to Clear Opening

r~\- ----- ---- -------
, \

See Seotlon of~, I \
Parapet Wall '-I \

I '

I \
I \

\

r"S , 12' etc" \\
"4 Bent Bars ['-2" r"5 @ 10" Ctrs. "4 Stirrup @ 12" Ctrs.
@ 12" Ctrs. (EF) (Typ.). 1'-7"

8" , r - 1'-2"0

5'-0,,1 ~II ~9 ~ars i':l Place of
I 1- Typical Reinforcing

, (4 Total) wi Std.

1 . +____ \ ,- ~{y~ /0" Ctrs. 90' Hook

L"6 @ 12"·Ctrs.

~

Elastic Water stop
" (See Typical Contraction

~
@ 10" Ctrs. 18" Joint Detail)

(T&B)
"5 Bent Bars ~" 1'4"<P Dowels @ 18" Ctrs.

1',"4 Bent Bars (EF) \@ 12" Ctrs. 1~ 3 -6 (See TypicalContraction Joint Detail)

3'-21,,1 10" \ r-"5 @ 12" Ctrs. "4 w/Std.135' Hook @ 9" Ctrs._ I, ,,"7 , 12' ':'CO, Se e Typic" F00tlog Reinforcing )

I·l~.o~-_--------~----r

~----i1 i ~S :::;~:::!! ~L-~:+==+;~4=:_"~4~=8'='c=t=rs====(T~&=B=) II
"5 Bent Bars~ (TypJ W @ •

@ 12" Ctrs. "5 Bent Bars @ 12" Ctrs.
3'-8" 4'-0"

1'-8"C= I 2'-6" l'-8"C:=
3'-8" 4'-0"

OLD CROSS CUT CANAL
IMPROVEMENTS
AZ CANAL TO INDIAN SCHOOL RD
PHOENIX STREET - MAPICOPA CO.
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2'-8"

I NOJ TOTAL

10"

l2'-6"

1'-4 "

SHEET I TOTAL
NO' _ SHEETS

I 22 I 24
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CAll TWO WORKINGDAYS BEFORE YOU DIG

602·263·1100
1-8lJO.STAKE.JT
(OUTSIDE MARICOPA
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J6'-3"
10" Ct,s. (Typ.)

2'-3"

4" (Typ.)

=~1ilil'l_

O\..OLSSON ~?48.~ rnl\lc;l:I TIf'.It: nlr'lhIC-c'oAS50CI4T&S FAXm748.ltnl
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REGION STATE PROJ. NO.

DES: RDB IDR: MWS [CK: AMB IDATE' 8/10

CITY OF PHOENIX, ARIZONA
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Old Cross Cut Canal Improvements

Appendix J

Arborist Evaluation



PROGNOSIS: Tree preservation and conservation practices must be implemented and adhered to for these
trees to remain assets and not become liabilities in the future.

CLIE T CONCERN: Eucalyptus and Date Palms are near or next to construction foot print of canal
improvement project. Can these survive and what are the guidelines to facilitate
Sh0I1 and long telm survival.

CONSULTATION· SERVICE· SUPPLIES

AUTHORIZED BY: Jeff Ford

80%

D Other

RECOVERABILITY:
(with regard to appearance)

INSPECTION: $ 525.00

LAB WORK:
MATERIALS:
TOTAL DUE: $ 525.00

DATE: March 11,2010

D Chemical~ Visual

SURVIVABILITY: 80%+
(with regard to life)

D Mechanical

It is my professional opinion that these trees can survive and be assets to the landscape well
into the future.

CLIENT: Olsson Associates
7250 N. 16th St.
Phoenix, AZ 85020

DIAGNOSIS:

~rtigtit ~rborigt, ]JUt.
Tim A. Johnson - Registered Consulting Arborist # 360

CONDITION: OK

PHONE: (0) 602-748-1000 (C) 602-402-9909 (Email)jford@oaconsulting.com

4519 N. 7ih Avenue. Phoenix, AZ 85013
(602) 263-8889· (602)-265-1423 Fax· www.artisric-arborist.com

PLANT(S) INVOLVED
& LOCATION: 4 or 5 Eucalyptus trees

PLANT HEALTH EVALUATION

INSPECTION COMPLETED:
BY: Tim A. Johnson. Registered Consulting Arborist #360

FOLLOW-UP DATE:
Prepared by:

Via email onlv

SITE LOCATION: Arcadia Drive Drainage Improvements - Phase 1
From Indian School Road to Arizona Canal along east side of 48 th St.
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Olsson Associates
7250 N. 16th st.
March II, 2010

Page 2
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The trees in question are a mature, relatively unmanaged stand of trees, surviving in a harsh environment.
Currently there is very minimal activity under these trees yet activity will increase at the completion of
this project due to a new walking path that will pass under the trees. Due to this implied invitation to the
area, long term risk management is also an issue that needs to be addressed concurrently with the tree
health issue.

SUGGESTED ACTION PLAN
(For your use - fill in date steps completed and any comments)

Pre- Construction

STEP TIMING DATE TREATMENT
1. Remove the Eucalyptus Tree that recently lost two major scaffold branches from the

crown. This tree could be retained if an annual management plan could be committed to,
otherwise the risk of failure exceeds acceptable thresholds.

COMMENTS:

The desired root zone (DRZ) radius for these trees is: Eucalyptus 18'+, Date Palms 6'+.

The critical root zone* (CRZ) radius is 12' for the Eucalyptus and 3' for the date palms.

" Area that cannot be violated by surface traffic or excavation of any kind without more
detailed mechanically and analytical assessment.

COMMENTS:

Artistic Arborist, Inc. 4519 N. i h Avenue, Phoenix, AZ 85013
(602) 263-8889· (602)-265-1423 Fax· www.artistic-arborist.com

CONSULTATION· SERVICE· SUPPLIES
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Olsson Associates
7250 N. 16th st.
March 11. 2010

Page 3
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STEP TIMING DATE TREATMENT

2. Survey-

A. Determine and mark root DRZ and CRZ of each tree to remain in place to make
decision on which to use.

B. Remove granite cap and any excessive soil over root plate in the designated area.

C. Test for soil compaction (bulk density) and aerate if necessary.

D. Set up temporary irrigation system using numerous emitters to evenly distribute
water (as opposed to water volume), including a separate spray valve to maintain
moisture in compost.

E. Cover area with 4" layer of compost. Note: if traffic cannot be kept off root zone
area use 12"-14" layer of compost.

F. Maintain moist. not wet. soil to a depth of 30"-38".

G. Soil and tissue analysis could be completed at this time. primarily for future
assessment.

COMMENTS:

3. Prune trees solely to reduce branch failure potential
- Reduce branch end weight with thinning or reduction cuts, and remove dead

branches. Thinning the inner crown at this time would be detrimental to long
term health.

Pruning should take place prior to any landscaping under the trees. It does not need to be
completed prior to construction unless working under unpruned trees is an issue with the
trades on the job.

COMMENTS:

Artistic Arborist, Inc. 4519 N. i h Avenue, Phoenix, AZ 85013
(602) 263-8889 • (602)-265-1423 Fax· www.artistic-arborist.com

CONSULTATION· SERVICE· SUPPLIES
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Olsson Associates
7250 N. 16th st.
March 11, 2010

During Construction

Post Construction

ENCLOSURES: Arbor Bucks

Page 4

Excavation should stay well away from the designated boundaries. Work toward the tree
boundary as opposed to starting at the boundary.

The soil spoils excavated from near the boundary of the root zone should be stock piled
and used as back fill for the area it was taken from.

When roots 3" diameter +, are encountered on-site, an Arborist or person qualified to
assess root management issues should be consulted prior to continuing.

If excavation needs to adjoin the designated root zone, the final 2' to 3' of excavation near
and around roots should be done by hand. Roots should then be cut at the boundary.

At completion of excavation/construction, the remaining void should be back filled with
the stock pile of the soil excavated from the area.

COMMENTS:

- Prune trees not completed previously.
- Install appropriate permanent inigation system.
- Complete cunent soil and tissue analyses for comparison and for monitoring tree vitality;

follow up accordingly.
- Set up bi-annual monitoring schedule for risk and health.

COMMENTS:

I
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Artistic Arborist, Inc. 4519 N. i h Avenue, Phoenix, AZ 85013
(602) 263-8889 • (602)-265-1423 Fax· www.artistic-arborist.com

CONSULTATION· SERVICE· SUPPLIES




