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1.0 INTRODUCTION 

1.1 Purpose of Report 

The purpose of this report is to provide a description and technical back-up to fulfill the 

requirements for the final design submittal, as outlined in the scope of work for the 

Bnllard Wash Channel Improvements, Interstate 10 to Lower Buckeye Road. The 

purpose of the final design report is to provide adequate details for the channel, bridge 

crossing, landscape, irrigation and right-of-way needs. 

1.2 Submittal List 

Items to be included with the final submittal include: 

Design plans including civil, landscape, irrigation, telemetry, and soil boring logs; 

= Special Provisions and General Conditions; - Bid quantity calculations and opinion of probable costs; 

Correspondence report; 

Design Calculations and Design Data Report (included in this report); and 

= Flood Response Plan. 

1.3 Consultant Team 

The consultant team includes the following firms: 

Wood, Patel & Associates, Inc. 

Logan Simpson Design 

LTM Engineering 

Structural Grace 

ATL, Inc. 

Bolduc, Smiley & Associates 

Geotrack 

Kenney Aerial Mapping 

Wright Engineering Corporation 

EPG 

Civil Design 

Landscape Architecture 

Flood Response 

Structural Design 

Geotechnical Investigations 

Traffic Control 

Utility Locating 

Aerial Mapping 

Safety Lighting and Telemetry 

Environmental Studies 
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2.0 PROJECT DESCRIPTION 

2.1 Agencies 

The Flood Control District of Maricopa County (District), in partnership with the City of 

Goodyear (City), is developing design plans for the Bullard Wash Channel 

Improvements, Interstate 10 to Lower Buckeye Road project. 

2.2 Location 

The project includes the construction of a flood control channel along the Bullard Wash 

alignment between 1-10 and the existing channelized portion of the wash near Lower 

Buckeye Road. The project limits are shown in Appendix D on the Floodplain and 

Affected Parcels Exhibit. 

2.3 Features 

The channel will be constructed as a greenbelt facihty with irrigated landscaping, turf, 

trails, and other multi-use features. The basic project features wl l  he constructed 

initially, with additional park and recreation amenihes to be added in the future, as needs 

dictate and funding allows. Dry roadway crossings will be constructed at Van Buren 

Street and Yuma Road with adequate clearance for the pedestrian and equestrian trails. It 

is anticipated that construction funding will be spread out over several fiscal years. 

Therefore, the channel improvement plans have been broken out into the following 

projects: 

Yuma Road to Lower Buckeye Road 

Van Buren Street to Yuma Road 

Interstate 10 to Van Buren Street 

It should be noted that the plan breakout uses hard break lines to separates the proposed 

channel improvements into three reaches. If the projects are constructed separately, 

additional plans will he required to transition construction at break lines to match interim 

conditions. 

Due to FHWA and ADOT involvement on the proposed Van Buren Street and Yuma 

Road Bridges over Bullard Wash, the roadway and bridge plan design and construction 

will be performed independently. 

. . 
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2.4 Purpose 

The primary purpose of the project is flood control; however, aesthetic and multi-use 

features are important project components. The facility will provide visitors with 

recreational opportunities in a relaxing, natural-feeling park. 
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3.0 STUDY OF AREA 

3.1 Past Studies 

The following reports and studies have also been reviewed for this project's design 

concept: 

= Loop 303 Corridor/White Tanks Area Drainage Master Plan Update: Draft Level II 

Phase I Technical Memorandum for the Bullard Wash - Thomas Road to Buckeye 

Loop 303 CorridorNhite Tanks Area Drainage Master Plan Update: Draft Existing 

Condition Hydrology 

Loop 303 Corridor/White Tanks Area Drainage Master Plan Update: Draft Level II 

Phase IAlternatives Technical Memorandum 

Loop 303 CorridodWhite Tanks Area Drainage Master Plan Update: Level II Draft 

Phase I1 Alternative Analysis Report 

Bullard Wash Channel Improvements (Phase I )  - Contract FCD 95-39 (Gwtechnical 

Investigations) 

= Bullard Wash Channel Improvements (Phase I )  - Levees and Embankments, FCD 

Project No. 95-39 (Geotechnical Investigations) 

Bullard Wash Channel Improvements (Phase I )  - MC 85 Bridge and BID Canal 

Overchute (Geotechnical Investigations) 

Landscape Aesthetics & MuNi-Use Plan 

Flood Control West Valley Existing Facilities Landscape Aesthetics and Multi-Use 

Opportunities Assessment Report 

Agua Fria River Watercourse Master Plan, Landscape Aesthetics and Multi-Use 

Opportunities Assessment Report 

City of Goodyear Parks, Trails, and Open Space Master Plan 

3.2 Existing Conditions 

3.2.1 Topography 

Interstate-10 crosses the wash at the north end of the project and the project ends 

just north of Lower Buckeye Road alignment. The existing Bullard Wash 

crosses the alignments of Van Buren Street, Yuma Road, and Lower Buckeye 

Parkway. Van Buren Street and Yuma Road are dip crossings with 

approximately 24 feet of pavement at each road. Lower Buckeye Parkway 
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improvements have only been constructed to each side of the existing wash 

comdor boundary. 

Ground topography was obtained within the immediate vicinity of the project 

corridor at a one-foot contour interval. Areas outside of this area are identif ed 

with a two-foot contour interval from previous topographic data received from 

the District. 

The area in the vicinity of the existing Bullard Wash is primarily irrigated farms, 

which are being replaced with residential and industrial developments. 'The 

adjacent land slopes gently to the southeast toward the wash from Estrella 

Parkway and to the southwest toward the wash from Bullard Avenue. An 

existing irrigation tailwater swale runs the length of the wash alignment. 

3.2.2 Floodplain 

Currently, per Federal Emergency Management Agency's (FEMA) regulatoly 

Flood Insurance Rate Map (FIRM), Bullard Wash is zoned AE as shown on Map 

04013C2060F and Map 04013C2070G, map revision date July 19, 2001. Zone 

AE is defined as base flooding elevations determined. A copy of the effective 

FIRM Map is included in Appendix E. 

The Bullard Wash floodplain is rather wide and unconfined. The floodway width 

varies between 230 and 430 feet with an average width of about 350 feet. The 

floodplain varies in width between 500 and 1,200 feet. The average floodplain 

width is approximately 900 feet. A channel constructed for the Rancho Mirage 

subdivision, just north of Van Buren Street, confines the floodway and floodplain 

to 300 feet. 

A Conditional Letter of Map Revision (CLOMR) Technical Data Notebook 

(TDN) has been prepared and approved by FEMA based on the 90% design. The 

CLOMR will recommend a revision of the floodplain as shown on the TDN 

study work maps. Once the channel is built, a set of as-built plans will be 

prepared for the Letter of Map Revision (LOMR) submittal. 
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3.2.3 Soil Properties 

The soils along the wash alignment are primarily clay, silt, and sand mixtures 

with plasticities ranging from 5 to 15. In a very short segment of wash near 

Lower Buckeye Parkway, the soils exhibited no plasticity. Based on the soil 

evaluation work for this project and for the existing channelized reach 

immediately south of this project. It has been determined that the soil in the 

channel corridor is erosion resistant. 

3.2.4 Utilities 

There are several utility crossing locations along the project corridor. Sewer 

service laterals cross the wash from the Snyder's of Hanover plant and the 

Southwest Specialty Foods building on the east to a sewer interceptor line on the 

west. This sewer line then crosses the wash kom west to east approximately 265 

feet north of Van Buren Street. It is recommended that the 8" sewer line from .. 
Snyder's of Hanover be replaced at the wash crossing with 8" D.I.P. This will 

require the removal and replacement of approximately 334 LF of sewer line. 

This replacement will need to be coordinated with Snyder's of Hanover, as 

outlined in the Special Provisions for the Interstate 10 to Van Buren Street reach, 

to minimize disruption to their facility. 

The 12" sewer line from Southwest Specialty Foods was constructed with D.I.P. 

and will not be replaced. However, one of the manholes for this line lies within 

the channel bank. This manhole frame and cover will be replaced with a 

watertight frame and cover. The 18" sewer crossing north of Van Buren Street 

has approximately 12' of cover. No modifications are proposed at this location. 

In Van Buren Street, there is a 24-inch waterline, two buried telephone lines, a 

12-inch sewer force main (abandoned) and a 27" sewer line at the wash crossing. 

The 27" sewer has been designed and constructed on the south side of Van Buren 

Street to accommodate the proposed channel improvements. The sewer force 

main has been abandoned at the proposed bridge crossing. The direct bury 

Qwest lines w~ll  be relocated by Qwest prior to the constmction of the bridge 

project. 
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The 24" waterline is in conflict with the proposed Van Buren Street Bridge 

improvements and will be relocated as a part of the Van Buren Street Bridge 

plans for this project. 

An overhead electrical 69 kV transmission line and a 12kV primary conductor 

line run along the north side of Van Buren Street. It is anticipated that the 69kV 

line will remain overhead, which will require the relocation of a power pole 

outside of the bride footprint. The 12kV line will be relocated by APS possibly 

within the bridge. 

Utihties at the Yuma Road crossing include: a group of three buried telephone 

lines on the north side (one abandoned), a buried cable, a 16-inch ductile iron 

pipe (DIP) waterline, a 24-inch return effluent pipe, a common trench buried 

telephone duct bank (4-4" conduits with 2-2%" abandoned Cox conduits), a 4- 

inch gas line and a 3-inch high-pressure gas line. The 16-inch waterline, 

telephone duct bank and 24-inch return effluent line were constructed with dips 

to accommodate a future structure at the Bullard Wash crossing. The Qwest, 

Cox and Southwest gas lines will be relocated by their respective owners prior to 

construction of the Yuma Road Bridge. 

An overhead 12kV electrical primary conductor line runs along the north side of 

Yuma Road. The 12kV line will be relocated by APS possibly within the bridge. 

There is a 16-inch ACP waterline and a 12-inch sewer line in Lower Buckeye 

Parkway, which do not extend across the current gap in pavement that spans the 

entire Bullard Wash corridor. 

Effected utilities including Qwest Communications, Southwest Gas, Cox 

Communications and Arizona Public Service have been provided with plans for 

utility conflict determination and relocation. 

. . 
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3.3 Site Analysis 

3.3.1 Existing Land Use 

The existing land use within the project area is predominantly agricultural. 

However, there are pockets of development located adjacent to Bullard Wash. 

Two industrial projects, Snyder's of Hanover and Southwest Specialty Foods, are 

located between 1-10 and Van Buren Street on the east side of Bullard Wash. 

The residential community of Rancho Mirage is located on the west side of 

Bullard Wash, just north of Van Buren Street. This community extends 

approximately l/a mile north of Van Buren Street. The Phoenix-Goodyear 

Municipal Airport is located at the south end of the project on the east side. A 

United States Postal Service facility is located at Yuma Road and Estrella 

Parkway. 

3.3.2 Proposed Land Use 

The proposed land use for the area consists predominantly of residential and 

industrial developments. The west side of the channel will be developed 

predominantly as residential north of Yuma Road. Between Van Buren Street 

and Yuma Road along the west side of the wash, Centerra, a residential 

community, is currently under development. This development will include a 

mix of single- and multi-family housing, along with various open spaces and a 

school facility. This development has provisions for access to Bullard Wash for 

its residents. Development plans are currently being prepared for the Centerra 

Corporate Center at the northeast comer of Yuma Road and Bullard Wash. 

While not directly adjacent to Bullard Wash, the City of Goodyear City Center is 

planned approximately % mile west of Bullard Wash north of Yuma Road. 

The east side of Bullard Wash has been identified as industrial development. As 

previously stated, industrial developments are already located north of Van 

Buren Street. Industrial use has been identified south of Yuma Road on both 

sides of Bullard Wash through the Estrella Aerospace development. Also, north 

of Van Buren Street on the east side of Bullard Wash is the proposed Skyway 

Church of the West Valley. 
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3.3.3 Transportation Corridors 

The following transportation corridors are found within the project area: 

Vehicular - The main roadways that cross through and parallel the project area 

provide vehicular corridors. These corridors provide a means of access to the 

future amenities that will he provided at the park. 

Multi-Use Path (Bicycle/Pedestrian) - Multi-use corridors, existing and 

proposed, are provided adjacent to the main roadways that cross through and 

parallel the project area. Multi-use corridors are also provided within Bullard 

Wash. 

Equestrian Trail - An equestrian trail has been identified within Bullard Wash. 

It is to connect with the equestrian trial that is identified to parallel Lower 

Buckeye Road and ultimately extend north and south of the project limits. 

Possible connections to the Sun Circle Trail also exist, which will ultimately 

provide access to most areas of Maricopa County. 

3.3.4 Design Opportunities 

Through a combination of site visits, research, and site inventories, several 

conclusions were made regarding possible design solutions and concepts as 

related to this site. The following examples are a few of the major design 

influencing opportunities as related to this site: 

Views to both the White Tank and Estrella Mountains should he maintained 

and enhanced. Such views add a sense of place for visitors and can enhance 

the overall experience of the site. - Views of utility lines and corridors should be screened when possible. This 

includes other forms of general infrastructure that are usually not very 

pleasing to the eye. 

Views to the adjacent Phoenix-Goodyear Municipal Airport can aid in the 

development of an aircraft-based theme. In addition, the viewing of aircraft 

traffic could be developed into an activity for this area, much like people 

watching or viewing of water based traffic in some port cities. 
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Agriculture related structures could help in defining a theme for the park area 

and add a cultural and historic perspective to the park. 

Adjacent residential areas provide a population of people that are within 

walking distance to the park. This will provide a group of people with quick 

and easy access to the park and its amenities. 

Nearby businesses provide a weekday population to the area that can 

potentially add visitors to the park as well. The close proximity to businesses 

is a benefit in that there is potential for pedestrians visiting the park to also 

visit nearby shops and stores. 

= Planned land uses and some existing land uses allow for unobstructed access 

into the park at several areas. Such access points can be developed according 

to its surrounding land use and characteristics. An example would be a 

pedestrian trailhead in a residential cul-de-sac; this access point would not 

provide for parking, thus eliminating it being a destination spot for vehicular 

visitors. This example would be focused on the pedestrian and not the driver. 

Other areas, however, will provide small to mid-size parking areas, allowing 

for larger group activities. 

The several planned trails in and around the area is an asset that should be 

utilized to the fullest extent possible. 

= The close proximity to the Planned City Center along Yuma Road is a benefit 

to the park in that it allows for potential connection between the two along 

Yuma Road. This connection could be in the form of a pedestrian-oriented 

streetscape or "greenbelt." 

Bury electrical overhead lines or provide conduit in the bridges. 

3.4 Survey 

A field survey was conducted to supplement information on the aerial topographic 

mapping. This included shots on existing walls and sewer manholes, rims, and inverts. 

Detailed cross-sections were also taken along Van Buren Street and Yuma Road to assist 

with the structure and roadway designs. 
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3.5 Geotechnical Investigation 

A geotechnical investigation was conducted by ATL, Inc. to identify soil properties along 

the project corridor and at the proposed structure locations. A Geotechnical Report was 

submitted as part of the Design Concept. The investigations determined that the soils 

along the proposed channel have plasticities from 5-15, with the exception of a very 

small segment near Lower Buckeye Parkway that exhibited no plasticity. 

ATL, Inc. has performed detailed soiWgeotechnica1 analysis for the project in a 

Geotechnical Investigation Report, dated July 26, 2002. ATL recommends that the 

Uniform Standarb SpeciJcations for Public Works Construction by the Maricopa 

Association of Governments (MAG) 1997 (including revisions through 2001) be generally 

used as a guideline. Areas not addressed by the MAG specifications and areas where the 

Engineer suggests a deviation is presented in the report for the following 

activity/elements: 

= Structural Excavation and Backfill 

Borrow 

Aggregate Base Course 

Placement and Compaction 

Portland Cement Concrete 

= Shotcrete 

Riprap 
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4.0 BASIS OF DESIGN 

4.1 Project Needs Assessment 

A Project Needs Assessment Meeting was held on July 1,2002 at the City of Goodyear. 

Those in attendance included members of the design team and City of Goodyear staff. 

The purpose of this meeting was to explore the City of Goodyear's needs, in both channel 

design and recreational opportunities, for Bullard Wash Channel. 

Elements and needs discussed included the following: 

Development of 'Urban Plazas' 

Incorporation of drinking fountains, benches, and restrooms 

Rest Areas 

Ramada Structures 

Large turf open space 

Exercise Stations 

Park Signage 

Vehicle Parking 

Security Lighting and Node Lighting 

= Incorporation of low flow channel as an element 

Development of multi-use trails 

Separate bicyclists, pedestrians, and equestrians on trails 

Maintenance of low flow channel (siltldebris removal) 

= Varying channel side slopes (6: 1 to 12: 1; 4: 1 slope in very tight areas only) 

Horseshoe Pits 

Basketball and Tennis Courts, Ball Fields 

Connections to adjacent residential and commercial properties 

Skate Park - Development of community/neighborhood park areas within channel 

. Play stmctures 

These elements were then individually ranked and placed in one or more classification 

levels. The development rankings are shown on Table I - Landscape Design Criteria in 

Appendix A. 
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4.2 Design Criteria 

The criteria for the incorporated design elements are shown on Table II - Design Criteria 

in Appendix A. These criteria are the standards that have been used for the design up to 

this point and they may be updated as more detail becomes available as the project 

proceeds. 

4.3 Public Participation 

Public participation is an important part of the project. Much public input has been 

obtained through the development of the District's Loop 303 Corridor/White Tanks Area 

Drainage Master Plan and the City's Parks, Trails, and Open Space Master Plan. A 

Project Aesthetics Advisory Committee (PAAC) has been formed with adjacent 

landowners, local officials, and design team members to review and provide 

recommendations for the project. The PAAC has met twice and has given direction to 

the consultant team regarding the design. Two work sessions have been conducted with 

the Goodyear City Council, during which the project was presented and comments were 

received from the Council. Two newsletter mailings and public meetings have been held 

and comments were received from the public. 
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5.0 HYDROLOGY 

The basis for the project hydrology is the Loop 303 Corridor/White Tanh Area Drainage Master 

Plan Update: Draft Existing Condition Hydrology HEC-1 model. Accordingly, the project 

corridor will be designed for the 100-year flood peak of 3,200 cfs. This value is predetermined 

per the contract scope of work 

The Rational method was used to determine flow quantities for the design of side inlets for the 

offsite side local contributing sub-areas. The design is based on existing land use within the 

watershed. The design assumed that retention has been provided for the existing developed 

parcels based on City development requirements. The analysis and results are shown in 

Appendix B. The Rational Method was chosen because of the size of side contributing area and 

the urban nature of current and future land use. 

- . . 
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6.0 DESIGN ELEMENTS 

6.1 Right-of-way and Easements 

The right-of-way limits are shown on the plan sheets. Right-of-way has already been 

dedicated adjacent to the Rancho Mirage subdivision and for a portion of the Centerra 

residential subdivision. A goal of the project is for the right-of-way to be dedicated by 

the adjacent property owners. 

6.1.1 Alignment Comparison and Widths 

In general, the alignment of the proposed channel follows the floodway. In two 

locations, the alignment has been moved away from the floodway to avoid 

bisecting existing parcels. This has been done through property owned by 

Snyder's of Hanover, Southwest Specialty Foods, Bmce Hilby, and Coit Hughes. 

It is recommended that right-of-way be obtained according to the locations 

shown on the plans for the construction of this project. The right-of-way 

identified will provide sufficient area for the project hydraulic aesthetic and 

multi-use features identified in the Needs Assessment. 

6.1.2 Easements 

Drainage Easements have been identified on the plans for side inlets. Temporary 

Construction Easements (TCE) have been identified for the construction of farm 

roads adjacent to the channel and low areas along the channel conidor that will 

require earth fill to provide positive drainage to the channel from adjacent 

property. Easements will also be identified in the Yuma Road and Van Buren 

Street projects to accommodate the proposed interim paving design. 

6.2 Channel Design 

6.2.1 Hydraulic Design 

The flood control channel will be designed with three hydraulic functions. The 

main channel facility will contain the 100-year storm flow. Within the main 

channel, a low-flow area will cany runoff from higher-frequency, lower-flow 

events to minimize frequent flood damage and related maintenance of the upper 

terraces within the main channel. These terraces might contain practice fields, 
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playgrounds, and picnic areas. The third hydraulic function is an irrigation 

tailwater swale, which will meander through the low-flow area. 

6.2.1.1 Manning's n-value 

Subsequent to the 30% submittal, a significant amount of effort was 

expended before the design team was able to arrive at a consensus for the 

channel's Manning's n-values. A sample plan (sheet L01) of the 30% 

submittal package was determined by the District to have a Manning's n- 

value of 0.032. The District concurred with the number of additional 

hees that would be required to increase the Manning's n-value to 0.036 

and the tree density in the channel was increased accordingly. The 

following is a summary of the values used in the Hydraulic Analyses: 

During the establishment phase for the landscaping, after construction, 

when the trees and shrubs are not established, an "Initial condition" 

Manning's n-value of 0.029 will be used to determine the effect on the 

Velocity Distribution. In addition, the channel was analyzed using a 

"Neglected Condition" n-value of 0.055 to ensure the design flow would 

be contained even if channel maintenance were severely neglected. The 
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HEC-RAS calculations for the Ultimate, Initial and Neglected 

Conditions are shown in Section 2 of Appendix C. 

Ongoing maintenance of the designed or recommended drainage systems 

is required to preserve the integrity and purpose of the drainage system. 

Failure to provide maintenance can prevent the drainage system from 

performing to its intended design purpose and can result in reduced 

performance. Maintenance within the public right-of-way is the 

responsibility of the City of Goodyear. A regular maintenance program 

is required to have drainage systems perform to the level of protection or 

services as presented in this report and projects' plans and specifications. 

6.2.1.2 Allowable Velocity 

The allowable velocity for the composite channel section will depend on 

the individual treatment components. The maxlmum allowable 

velocities for d~fferent channel linlngs are shown below: 

Linine Maximum Allowable Velocity 

Turf 6.0 fVs 

Desert Landscaping 3.5 fVs 

Concrete 15.0 ftls 

The design velocities in the channel have been analyzed at different 

sections to ensure that the maximum allowable velocities are not violated 

for the different linings along the channel section. 

It should he noted that the velocity of stormwater that is above turf, 

immediately adjacent to the concrete-lined tailwater swale, could be 

greater than 6.0 ftls. Refer to Section 1 of Appendix C for further 

discussion on the maximum allowable velocity. 

6.2.1.3 Minimum Hydraulic Sections 

The channel between 1-10 and Yuma road will be turf-lined for the entire 

flow area of the 100-year flood. Above the flood high water mark, the 
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channel will be either turf-lined or desert landscaped. The channel south 

of Yuma Road will have a 4.5-foot deep turf-lined channel that carries 

the majority of the 100-year flow with desert landscaping above this 

depth. 

The minimum hydraulic sections developed in the design have been 

adjusted to incorporate a low-flow channel in the section north of Yuma 

Road and to reflect the use of a 4.5-foot deep turf-lined channel south of 

Yuma Road. The geometry of the low-flow channel, tailwater swale, and 

main channel for both treatments are identified in the Design Criteria 

Table in Appendix A and are shown on the plans. 

The minimum hydraulic sections for each treatment will be adjusted to 

include aesthetic features, such as slope warping, top and toe of channel 

meandering, terracing, benching, and mounds. These features will give 

the channel a more natural appearance and will result in a more pleasing 

facility. A minimum 300 feet of right-of-way is needed for the hydraulic 

and aesthetic features needed for the channel. This width allows for 

slope warping, benching, terraces, and mounds. This width also 

considers the City's initial vision of the open space corridor. 

6.2.1.4 HEC-RAS Analysis 

A hydraulic model has been created based on the channel geometry 

shown on the 100% plans. The HEC-RAS hydraulic analysis of this 

model is shown in Section 2 of Appendix C. Three runs were made to 

determine hydraulics for the phase immediately following construction 

when only the turf is established "Initial Condition", for the established 

vegetation phase "Ultimate Condition" and for a neglected maintenance 

scenario 'Neglected Condition". The models include bridge structures at 

Yuma Road and Van Buren Street and a future box culvert at Lower 

Buckeye Road. Printout and digital files from these three models are 

included in Appendix C, Section 2. 
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6.2.1.5 Channel Freeboard 

The flow regime for the proposed channel with the design flow is sub 

critical. Channel freeboard requirements are based on FCDMC 

requirements of 0.25(Y+3/2~) or 1 ' minimum Verification of freeboard 

requirements is shown in Appendix A, Table 111 - Freeboard 

Requirements. 

Tailwater Swale 

The tailwater swale will be constructed with a heavy broom finish or with an 

impressed cobble texture (allowance item) to increase the Manning's roughness 

value to 0.025, which will reduce velocities. With a minimum longitudinal slope 

of 0.2% in a 9-foot wide u-channel flowing at the full 9-inch depth, the channel 

has a capacity of 13cfs. Since the actual tailwater flow is unknown and will 

diminish as development occurs in the upstream watershed, the design team bas 

agreed that this design is reasonable. Tailwater swale hydraulics is shown in 

Section 3 of Appendix C. The concrete tailwater swale is also structurally 

designed with a safety factor of 1.5 to prevent buoyancy. 

6.2.3 Drop Structure Analysis and Design 

A 7-foot grade differential is required to tie the proposed channel invert into the 

existing wash invert at the end of project just south of the 1-10 crossing. For this 

purpose, a drop structure is proposed at this location. This structure will be an 

interim facility since Bullard Wash will ultimately be channelized to the north at 

which time this structure will be removed. The drop geomehy is shown on the 

plans and details. Drop hydraulic analysis is shown in Section 4 of Appendix C. 

A second one-foot drop occurs in the channel north of Lower Buckeye Road 

alignment. This will also be an interim facility since Lower Buckeye Parkway 

will ultimately be extended across the wash corridor at which time it is intended 

that the drop will be incorporated into the box culvert at the crossing. 

6.2.4 Transitions 

Concrete transitions will be located at both bridge crossings and at the tie-in to 

the existing downstream-channelized section at the downstream end of the 
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project. A layout of these transitions is shown on the plans. Transitions have 

been incorporated in the hydraulic model to ensure smooth hydraulic operation. 

Erosion protection including loose riprap upstream of the 1-10 drop and concrete 

channel lining with cut-off walls at each bridge and at the transition to the 

existing channelized reach at the downstream end of the project has been 

provided as needed to resist local erosive forces created at transition areas. 

6.2.5 Side Inlet Design 

Local inflow will be accommodated using side inlets with a drop inlet and 

culverts and outlet headwalls into the channel. The locations of the side inlets 

are shown on the plans and require Temporary Construction Easements (TCE) 

and Drainage Easements @E). The number of pipes required at each location is 

determined by normal depth calculations based on the local hydrology. The inlet 

requirements are summarized in Appendix B. Side inlet profiles are included in 

the design plans. 

6.2.6 Roadway Drainage 

The proposed interim roadway improvements are designed to provide the same 

level of service as currently exists, one lane in each direction. In the interim 

condition, roadway drainage will be directed to area drain inlets and conveyed by 

culverts into the channel. It is anticipated that in the ultimate condition a storm 

drain system will be incorporated into the roadway plans 

6.3 Earthwork 

The grading concept for Bullard Wash channel includes varying side slopes (4: 1 to 12: l), 

terracing, varying channel width, earth contouring and mounds at the top of the channel, 

and a meandering low flow channel. The careful integration of these elements will insure 

a channel that does not have a linear or "engineered" look, thus creating a park-like, or 

natural character. These techniques will allow the channel to function hydraulically, and 

yet provide a space for park activities for people to visit and enjoy. 

Additional earthwork will be performed to provide positive drainage from the area 

adjacent to the wash corridor, which will be filled to remove low areas which are now in 

the floodplain. These areas include property owned by Snyder's of Hanover, Southwest 
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Specialty Foods, Bruce Hilby, and Coit Hughes. Temporary construction easements are 

shown on the plans where fills will be placed in these areas. 

As shown in the 100% Opinion of Probable Cost, there is a considerable amount of 

excavation required for the project. This material can be stockpiled north of 1-10 in the 

District's detention ponds, for use on other projects. Adjacent landowners may also have 

interest in pre-excavating the channel to obtain material for their site grading. The City 

will need to monitor any pre-excavation allowed in order to ensure that fill requirements 

for the Yuma Road and Van Buren Street improvements can be met. 

6.4 Structure Design 

6.4.1 Structure Selection Report 

A Structure Selection Report (SSR) was prepared as part of the design concept 

submittal. This report analyzed three types of bridge structures at the Van Buren 

Street and Ywna Road crossings of Bullard Wash. The following lists the 

analyzed options: 

1. Pre-stressed Voided Slab Bridge 

2. Type 111 AASHTO Girder Bridge 

3. Cast-in-Place Concrete Slab Bridge 

Based on the comparison of above options in the revisions to the Structure 

Selection Report, the cast-in-place, concrete slab bridge was the most efficient 

structure type for these crossings. This conclusion was based on several 

parameters, including cost, aesthetics and construction procedures, and their 

relative importance in determining the best possible structure type. This structure 

was recommended to the City and the recommendation was accepted. 

The geometry of the bridge has been changed from the original SSR and is based 

on the SSR, Revision 2, dated December 2003, based on initial review comments 

from ADOT on the Preliminary Design Concept Report. 
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FHWA requires bridges that are receiving federal funding to be designed for the 

500-year event. However, this channel has been designed with a stable bed 

based on allowable velocity approach, the flow is streamlined and is designed to 

stay in the channel, flow is coming from upstream of 1-10 within the channel, the 

bridges are not skewed and concrete channel lining with cutoff walls upstream 

and downstream will be provided under the bridges. WoodlPatel has discussed 

this issue with ADOT (Dennis Crandall and Enamel Hoque) and they concur 

that, as far as scour is concerned, if there is lining under the bridge and upstream 

and downstream cutoff walls have been provided to meet long term degradation 

requirements, bridge abutment and pier scour, in this situation, is not an issue. 

Therefore, the bridge abutments will be constructed on spread footings. 

The City currently has federal funding in place for the Yuma Road Bridge and 

will be submitting a Federal funding application to Maricopa Association of, . 

Governments (MAG) for the Van Buren Street Bridge by the September 2004 

deadline. The Design Concept Reports for each of these bridges has been 

submitted to ADOT for review. 

Since ADOT will be the review agency for the bridge and roadway 

improvements, the projects will follow their schedule. This design and review 

time does not correspond with the Channel Improvement's current schedule. 

Therefore, the bridges and roadway plans have been separated from the channel 

plans. Once the Design Concept Reports for the bridges have been approved, the 

bridge and roadway plans will be converted to ADOT format. Separate plan sets 

and construction documents will be prepared for each bridge. 

6.5 Roadway Design 

Due to the profile of the proposed bridges at Van Buren Street and Yuma Road, these 

roadways will require improvements to tie into the existing profile. The roadway design 

assumes a minimum longitudinal slope of 0.25%. This was chosen as the absolute 

minimum because the road will have asphalt pavement. The design also assumes positive 

drainage towards low points at the end of the bridge approach slabs. AASHTO 

guidelines were followed regarding sight distances, striping requirements, and travel lane 

tapers. 
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6.6 Traffic Control 

Roadway closures will be permitted for construction of the bridges. However, closure of 

only one arterial roadway will be permitted at any given time. The contractor shall be 

responsible for providing bypass lanes if necessary in order to make the road available to 

local traffic. 

6.7 Utility Design 

Several utilities are crossed by the project, as discussed in Section 3.2.4. Preliminary 

analysis, using record drawings, electronically traced locations and pothole information, 

shows that no loops will be required for water or return effluent lines. The location of the 

utilities according to surveyed manholes and tracing information and potholing data is 

shown on the plans. 

6.8 LandscapingIIrrigation 

6.8.1 Landscape Concept 

The landscape concept for Bullard Wash has been identified and consists of 

planting predominantly turf from 1-10 to Yuma Road and a combination of turf 

and natlve plantings from Yuma Road to the south end of the project. 

From 1-10 to Yuma Road, turf is the dominant landscape material. Turf is 

located throughout the bottom of the channel, up the channel side slopes, and in 

places at the top of the channel. The multi-use concrete path and concrete 

headers define the meandering turf edges. Canopy trees are located within the 

turf areas and along the multi-use path. These trees provide valuable shade for 

the park users. A combination of trees and shrubs are planted within 

decomposed granite areas along the top of the channel. 

Within the project, three neighborhood park areas will be created between 1-10 

and Yuma Road on the west side of the channel. Elements of these 

neighborhood parks will ultimately include parking for eight to twelve vehicles, 

play structures, basketball courts, sand volleyball courts, ramada structures, and 

turf open space areas. 
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The side slopes of the channel vary from 4:l to 12:l throughout this stretch. 

Terraces have been created within the channel providing open space 

opportunities for multi-use recreation. 

South of Yuma Road, the channel is comprised of turf in the bottom four and one 

half feet of the channel and native plantings on the upper side slopes and top of 

channel. Turf extends a minimum of four and one half feet up the channel side 

slope from the channel bottom. Slopes vary in this stretch of the channel, but not 

to the same extent as those found from 1-10 to Yuma Road. 

Provisions for earth contouringherming, a multi-use path, operations and 

maintenance paths, and various landscape amenities have been incorporated into 

the channel design. 

Earth contouringherming occurs at the top of the channel for the entire length of 

the channel. The berms vary in height from one foot to three feet and occur in 

both turf and decomposed granite areas. 

A 10-foot concrete multi-use path meanders throughout the channel. It is 

primarily located in the bottom of the channel with provisions to connect at 

various access points at the top of the channel. The multi-use path crosses a 

meandering tailwater swale located at the bottom of the channel a number of 

times. A bridged crossing including handrails has been incorporated at those 

crossing locations. 

A meandering 14-foot, all-weather surface, maintenance path is located at the top 

of the channel on both sides. The maintenance path is widened to 20 feet at 

approximately 300' intervals for emergency vehicles to pass. The operation and 

maintenance path located on the east side of the channel would double as an 

equestrian trail. 

Access poinurest areas have been identified at various locations along each side 

of the channel but will not be constructed with this project. Access points allow 

WOODIPATEL 24 Design Concept Reporf 
Bullard Wash Channel Improvemenfs 
Interstate 10 to Lower Buckeye Road 



residents, as well as employees in the adjacent businesses, to access the channel. 

Elements of the access pointslrest areas include seating and shade. 

6.8.2 Irrigation 

Irrigation for Bullard Wash would be a combination of spray and drip irrigation. 

At this time, it is anticipated that the existing Centerra well located % mile west 

of the channel on the south side of Van Buren Street will provide irrigation water 

for the project. 

The irrigation design includes a gravity supply line from the Centerra well to 

storageldistribution points within the project. For the Yuma Road to Lower 

Buckeye Road reach, the irrigation supply line will extend from the well site to 

the southwest comer of Yuma Road and Bullard Wash. Underground storage 

tanks will be constructed to at this point and will be utilized when the automatic 

irrigation system starts delivery. Radio telemetty will be provided at the storage 

tanks and at the well site to automatically turn the well on when watering begins 

and to turn the well off once watering ends and the storage tanks have refilled. 

For the Van Buren Street to Yurna Road reach, the telemetry will be moved to 

the underground storage tanks at the southwest comer of Van Buren Street and 

Bullard Wash. Currently, there is not a pump located at the well site. The design 

for this system is based on direction from the City that a working well will be in 

place to provided water for irrigation at a rate of 2,000 gallons per minute. It is 

estimated that the irrigation requirements for this project, 1-10 to Lower Buckeye 

Road, will be approximately 1,000,000 gallons per day. This would require the 

well to run approximately 8.3 hours per day. Watering would occur during 

nighttime hours. 

There is a possibility that pressurized water line stub outs will be provided to the 

project at both Van Buren Street and Yurna Road. If this occurs, a redesign of 

the irrigation supply system would be required. 

There is also a possibility that effluent water could be used in the future as a 

source of irrigation. Therefore, the system will be designed for a non-potable 
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water supply. Once constructed, all irrigation and landscaping will be 

maintained by the City of Goodyear. 

6.8.3 Themes 

Two themes will be incorporated into the wash: agricultural and aeronautical. 

The agricultural theme will be incorporated primarily through the use of plant 

material. Plantings will be arranged to mimic the surrounding orchards and 

fields by having the plantings in rows or blocks. This type of planting will occur 

throughout the entire length of the channel. The agricultural theme will also be 

integrated into the three neighborhood park areas. The various play structures, 

shade elements, etc. will reflect elements found on a f m .  

The aeronautical theme will occur predominantly south of Yuma Road and will 

relate to the adjacent Phoenix-Goodyear Airport. Elements and materials that 

represent the airport will be incorporated into signage, ramada structures, seating 

elements, etc. 

6.9 Flood Response Plan 

Flood response and other public safety issues must be considered at all stages of design. 

It is important to avoid locating recreational facilities at points of concentrated flow for 

more kequent conditions, accommodate emergency management and response activities, 

and address specific hazards at individual locations along the channel comdor. Specific 

public safety elements for the park in Bullard Wash Channel are summarized below. 

6.9.1 Public Recreational Facilities Design 

Include signage of flood hazards where park amenities are constructed within 

the comdor and at all access points. 

Use benched or terraced recreational areas and keep active recreation on the 

upper terraces. If access is encouraged within the low-flow drainage path, 

allow passive recreation only. 

= Locate structures and parking lots above the regulatory (100-year) flood 

elevation. If structural components for recreational facilities are needed 

within the regulatory floodplain, require that they be secured. 

Disallow any recreation (active or passive) within the tailwater swale. 
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Provide periodiclfrequent structural access across the tailwater swale. 

Provide safety lighting at bridges. 

= Review of anticipated traffic patterns within the channel corridor, 

particularly the park facility. Eliminate potential risks such as fast-moving 

bicycles or roller blades immediately adjacent to play or other active 

recreation areas. 

Evaluate water quality considerations of the tailwater swale. 

6.9.2 Flood Control Facilities Design 

Because of the meandering, non-uniform layout of the park, channel sideslopes 

will vary. If steep slopes or vertical walls are used in any locations, the opposite 

sideslope must allow egress from the channel. 

The drop structure proposed at the north end of the project just south of Interstate 

10 public access to this location will be prohibited. In addition, right-of-way 

fencing issues are addressed from hydraulic, safety, and access perspectives. 

Safety lighting will be provided upstream and downstream of the Yuma Road 

and Van Buren Street Bridges. 

6.9.3 Flood Threat Recognition 

It is anticipated that the District will monitor storm conditions and notify the City 

of potential flood threat to the Bullard Wash Channel. Flood threat notification 

will be broken down into several levels of certaintylseverity. Available lead-time 

for each level will vary accordingly. 

No real-time precipitation or stage gages are currently located within the 

upstream drainage area contributing .to the proposed Bullard Wash Channel. 

Lead-time needs are being evaluated with City staff. It is anticipated that a new 

precipitationlstage gage will be recommended near Indian School Road and 

Wigwam Boulevard. In addition, a new precipitation gage near Camelback Road ' 

and Cotton Lane is anticipated. Data from these new gages and surrounding 

existing gages will be used as thresholds for activating the Flood Response Plan. 
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The City's police dispatch coordinates all local emergencies; therefore, dispatch 

will be the District's point of contact for a flood emergency in the park. 

6.9.4 Emergency Management and Response 

The Flood Response Plan will be incorporated into the City's existing 

Emergency Action Plan. City police intend to monitor the channel corridor and 

park daily for broader public safety concerns and this monitoring will be 

incorporated into the Flood Response Plan. 

It is important to include access points for routine monitoring and emergency 

response activities. The following needs have been discussed with the City: 

Access points must be large enough for emergency vehicles and related 

equipment to enter and exit the area. Parking lots envisioned near the 

existing arterial streets could provide access and would be located near areas 

of concentrated recreational activity. 

The park's maintenance road will be used for routine monitoring and 

emergency response. The roadway width and surface need to accommodate 

the City's fire trucks. 

= The City's fire trucks cannot drive off-road. Therefore, access must be from 

the maintenance road or at periodic adjacent access locations. Additionally, 

the trucks need access to the park from the arterial streets and not through the 

equestrian routes under the bridges. 

The maintenance road needs to allow periodic passing lanes for response 

vehicles or periodic backing lanes. 

Access to both sides of the channel needs to be included to avoid delays in 

responding to an emergency. 

Access gates to the maintenance road are preferred over bollards. 

6.9.5 Requirements for Adjacent Development 

The development review process should be modified to include an itemized 

review of public safety. The review could include items such as the effects of 

local surface or underground conduit drainage on park functions, emergency 

vehicular access to the park, and lighting needs. 

-- -- - 
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7.0 ENGINEER'S OPINION OF PROBABLE COSTS 

Preliminary bid quantities and an engineer's opinion of probable costs are included under 

separate cover. 
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8.0 CONCLUSIONS & RECOMMENDATIONS 

With the alignment and geometry of the channel established, right-of-way acquisition should be 

pursued in earnest. 

The improvement plans and construction documents are prepared in FCDMC format from 

Interstate 10 to the existing channel improvements north of Lower Buckeye Road. Plans for Van 

Buren Street Bridge and Yuma Road Bridge will be performed per ADOT requirements. 

Ongoing maintenance is required for all drainage systems in order to assure design performance. 

The City will ultimately be responsible for maintenance and safety of the project. The City will 

need to closely monitor adjacent development to ensure that the theme and viability of this 

project is not compromised. 

The city will need to monitor the pre-excavation allowable in order to ensure that fill 

requirements for the Yuma Road and Van Buren Street improvements can be met. 
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Table I: Landscape Design Criteria 

I Bullard Wash Channel Improvements 
Interstate 10 to Lower Buckeye Road 

ooscly shaped, daigned as integral 

Head Walk, Bridge 
Strudure, Box Culvert, 

bath sides of channel; doubles as equestrian 

multi-use path on east bat& and multi-use 

Coatnectiolts to 1 Provided at residential and busines. Refer to rest aredsecondary access 
Adjacent PropertioslDevelop~~te~~ts developments; level of develapmm~t varies point and park node descriptions 

from rest areaisefonda'y access 
points to park node 

Staging Facility for Equestrians 4 Potentially an southend ofproject Aplace Large parking area with minimal 
to park and prepare to ride a horse. features and access to the equestrian 

trail. Will be planned at a later date. 
Restrooms 2 Locat4 at major entri~ Plan location and provide conduit 

Gerbcrfeederfor equestrians off restroom 
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Table I: Landscape Design Criteria 
Bullard Wash Channel Improvements 
Interstate 10 to Lower Buckeye Road 

puppet shows, group picnics, scouting 

ce would be concnte for basketball 



Table I: Landscape Design Criteria 
Bullard Wash Channel Improvements 
Interstate 10 to Lower Buckeye Road 

Height dependant upanarea (Min. 18'; 
p u t  of ohannel, ocour at top of slope Max. 4: Lengthvaries based on lasation 

Points multi-we path, pmvidui shade and a place 12'x 12'ramada struchue; 2 benchw; 
to re61 1 trash receptacle; 1 bike ra&, shade 

trees; drinking fountsin, not gated by 
project; ADA compliant; located 
adjacent to  pa^, conslmcted of 
integrally-colored concrete 

Drinkit>g Rouutailts 1 Predominantly located at enflypoints Catalogue item; ADAcampliant; 
and rest areas chilled water provided 

Benches / Seat Walls 1 Located at rest areas, ently points Valying lengths, 6' minimum; benches 
Enlq Only to be cahloplle itcm seat walls cither 

2 CMU or cast-in-place cancnte; colors 
Elsewhere and tortures to blend with adjacent 

area 
Rnmada Structure 2 Located at enlqpoints, reat areas Sires will vary depending on area; style 

of amadaa to compliment adjacent 
developments and Ulome of area; 
Catalogue item or modified 
catalogue item 
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Table I: Landscape Design Criteria - 

Bullard Wash Channel Improvements 
Interstate 10 to Lower Buckeye Road 

h e 1  1 -Provide in Current ComtructionDocumentc 
Level 2 -Make acoommadations in the ComtructionDocuments for this item 
h e 1 3  -Do not include in Construction Documents 
Level 4 - Off-Site itemnot to be included in CamtructionDooumeats 

* See Table U for design criteria af Low Flow Charnel 
** See Table U for design criteria of tailwater *wale 



Table 11: Design Criteria 
Bullard Wash  Channellmprovements 
Interstate 10 to Lower Buckeye Road 

Feature Element Criterion SourceINotes 
Tailwater Swale Depth. 9 inches 

Max allowable flow depth: 18 inches City afGoodyear (Needs Assessment meeting) 
Manning's n 0.025 Heavy broom-finish or impressed cobble texture 
Max side slope vertical 
Bottom width 9 feet Changed from 12'10 9'lune 18,'03 
Capacity 13+& Observed operating capacity ofexisting hilwater ditch 

downstream of this project. 
Low Flow Channel Depth 2.0 feet 
North ofYuma Manning's n 0.036 

Top width 40 - 80 feet 
Capacity +ZOO cfs 

Main Channel Design flow 3,200 c h  Scope 
North afYuma Long. slope 0.002 -0.0033 A/A generally match existing slope 

Min. bottom width 192'- K (low flow top + law flow bottom widths) 
Flow depth 5.5 feet 
Manning's n composite 0.036 design for turf, 0.038 max. for turf 

Required freeboard varies Drainage Design Manual - Val. 11, Hydraulics 
Max side slope 4:l Note: 6:1 to I2:I generally desired 
Max velocity 6.0 tVs Drainage Design Manual - Vol.11, Hydraulics 
Min, wp width 178 feet at 100-yr WSE Necessaty for hydraulic conveyance 

Main Channel Design flaw 3,200 c h  Swpe 
South ofYuma Long, slope 0.0033 ft/A Existing ground 

Flow depth 4.5 feet 
Manning's n wmposite 0.033 design fortu* 0.037 max. for hlrf 
Ruquired freeboard varies DrainageDesign Manual -Val. 11, Hydraulics 
Max side slope 4.51 Note: 6:1 to 121 generally desired 
Max velocity 6.0Ws Drainage Design Manual - Val. 11, Hydraulics 
Top width 156 feet 

Maintenance Road Number 
Wldth 
Pullout lane spac~ng 
Surface west 
Surface east 
Verttcal clearance 
Maximum grade 
Access restrtctlon 

2 one on east side, one on west side 
14' with 20'width at pulloufs 
300 feet both sides 
ABC All weather 
Stabilized DG All weather 
14'6" 8.2.S.C.5 
5% ADA requirement - (8% for emergency vehicles in 8.2.5.C.7) 
Lsndscaping Design Hide access through 12'path @ entrance and landscaping 

Multi-Use Path Wldth I0  feet 
Surface 6" concrete 
Clearance 2'0" ecther slde 
Vertseal clearance 8'. 10'through tunnel 
Deslgn speed 20 mph 
Mln red~us ofcurvature 100 feet 
Stopptng s~ght d)stancec 140 feet 
Man length of crest curve 218 feet 
Lat Clearance an curve 18 feet mm 
Cross slope 2% 

AASHTO Guide for the Development ofBicycle Facilities 
Saw-cuttransverse joints 
for max. grade of 6:l; 5' far steeper sides 

far bicycles; higher for grades at 5% 
for design speed of20 mph 
longer for higher speeds 
longer for higher speeds 
at height of 28"; greater clearance req'd far higher speeds 
min. for drainage, max. for ADA 

Center stripe 4" dashed yellow solid if needed to restrid passing; to separate travel directions 
Tunnel approach length 140 feet 5 W  min. radius (required stopping sight dismce) 

Crossing Structure Max skew 20° 
Path / Swsle Design load Loaded dump truck 
orassing Handrail height Minimum 54" AASHTO Guide for the Development of Bicycle Facilities 

Structure width I4 feet includes T shoulders 
Swale width openings 9 feet 
Swale height opening 9 inches 
Top slab thickness *8 inches reinforeed wncrete 
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Table 11: Design Criteria 
Bullard Wash Channel Improvements 
Interstate 10 to Lower Buckeye Road 

Feature Element Criterion Source/Notes 
Bridee Structure Soan 106 feet ~ ~~ -~ 

Yuma Road Piers One center 
Vertical clearance I0 feet(min) 
Abutment foreslope 1.5:l 
Specifications & detaiis ADQT 
Abutments Spread Footings 

Bridge Structure Span 106 feet 
Van Buren Street Piers One center 

Vertical clearance I0 fe&(min) 
Abutment foreslope I.5:l 
Specifications & details ADOT 
Abutments Spread Footings 

Erosion Protection Thickness 6" 
under Bridges Toe down depth 4' US, 6' DS 

Reinforcement #4 @ 12" O.C. Each way 

Van Buren Street Traffic lanes 2 each way ultimate, construct one each way now, and accommodate widening 
Arterial w/ bike Right ofway width l I0 feet 
lane Existing pavement 25 feet 

Design speed 65 mph AASHTO design speed 55 mph, conservative 65 mph used 
Trans. to wider pvmnt SUdesign speed Section4.l.lO.A 
Trans. lo narrower read section Section 4.1.10.B 
Min, longitudinal slope 0.25% Section 4.1.3.H. I says 0. IS%, MAG says 0.25% for asphalt 

Yuma Road Traffic lanes 3 each way ultimate, construct one each way now, and accommodate widening 
Major arterial w/ Right ofway width 150 feet 
bike lane Existing pavement 25 feet 

Design speed 65 mph AASHTO design speed 55 mph, conservative 65 mph used 
Trans. to wider pvmnt 5'design speed Section4.l.lO.A 
Trans. to narrower read section Section 4.1.10.B 
Min. longitudinal slope 0.25% Section 4.1.3.H. I says 0.15%, MAG says 0.25% for asphalt 

Lower Buckeye Pkwy. Traffic lanes 3 each way, only hydraulic modeling ofthis crossing 
Right ofway width 130 feet 
Existing pavement none 
Culvert 8 - 10'x 6' Box Culverts Culvert modeled for hydrauiics. Culvee Const. by others (Future) 

Plans Scale 40 scale Plan and Profile 

m 100 scale Fill Areas 

I 
Hydraulic Modeling Expansion ratio 2 Downstream - App. B of HEC-RAS Hydraulic Reference Manual 

I 
Contraction ratio 1.9 Upstream - App. B of HEC-RAS Hydraulic Reference Manual 
Expansion coefficient 0.3 HEC-RAS defaults 
Contraction coefficient 0.1 HEC-RAS defaults 

I W:\2001Projecrs\Ol1489 BullardWesign\Design Criteria 3-30-05.xB 



Table 111: Freeboard Requirements 

I Bullard Wash Channel Improvements 
Interstate 10 to Lower Buckeye Road 

03/30/05 
WIP Job No. 01 1489 



Table 111: Freeboard Requirements 

I Bullard Wash Channel Improvements 
Interstate 10 to Lower Buckeye Road 



- 
Table 111: Freeboard Requirements 

I Bnllard Wash Channel Improvements 
Interstate 10 to Lower Buckeye Road 

Note: 

I (a) Fre&oard requirement is based on FCDMC Drainage Design Manual, Volume 11, Hydraulics for subcritical FIOW: FB = 0.25 ( Y + v A ~ , ~ ~ )  
(or 1' minimum). 

@) Project limit is from Station 12197 to Station 26871 



APPENDIX B 

Offsite Hydrology and Hydraulics 



Rational Method - 5-Year Storm 

Refeience: FCDMC, Jan. 1995. Drainage D e s i i  Manual for MaricopaConnly, AZ, Vol. I Hydrology 

Project Name: BuUard Wash Channel Impmvement Project Nunbec 011489 

I 
Notes: 
1.C = 0.15 for agriculhlral feld, 0.50 for midential land, and 0.65 for kdwtrial area. 

Revised 11/12102. The drainage areas have been revised based on the resulu afa field visit. 
2.An area drain will be provided an the south side ofVan Buren Street on the west side ofthe channel to convey inigation tlilwater and interim 

I condition street runoff into the channel. 

- 
Comments: 

I 
(a) - I W  year, 6 hour on site retention ha. been pmvidal. Basin 5C ha. an 18" bled &pip  inb the wssh thatwill be emndal to matoh the neu channd deign 
(b) - Rention pron'ded b a d  ondrainagcwnfor Centemby Remia Enginering. Thucwill beno 5 ycarflowhom .rea7mnbibutingtothechanndd 

(=)-east~l inha.  1 ~ , 6 h r ~ c l ~ t i ~ ~ ( g 3  ~ c t ~ ~ l 1 2 = ~ . 5 ~ c ~ ~ h b ~ t i ~ ~ )  

(d)-There is an 18" pipe *Van Burmad Wel ls  Wmvsy the will dlowflow 10th. c&. Theqzityofthis cu l~en~~ .cs t imsta l~~ iqp ip fu l l  flow 

I with inlctmntml. Sixofswill flowlothecastcastd th~1~1mainddwill c. 
(el - This flow is the mmbination ofthe now to the rsst hom 5A (6 cfs) and the flow from 58 (I&fJ) 

(0- This flow will mntinueto therovth andwill m a i n  onthewntof&uel lsPar~.  

I 
(8)-Thucwill kno5ycarflowfromsrra.9Aand9Beonbibutingtothcchannel. 

(h)-All flow is from dminsge area 138. 

(i) - hsurningpipfull flow depthwith inlctconrml. 

ti) -Combine Area 8 with Ares 10 

I (k)-Combi"eAren 17wiIhArea 19 

(L) - P i p ~ w e n  r i d  byiinetcon~l, auumingthrccfetofhcad. 

(m)-Inlet will be ADOT C-1580DovhleOrateAreaD~lin. 

(0)-blctwillbeADOT C-1580MpleOrateAreaDd8in. 

I (01 - lnld is far inigationwatuand issizd bmatchpnliminarydesign by Stantmh for Rm ihgatian line. 



f BULLARD WASH 
OFFSITE DRAINAGE MAP 

Wood, Pate1 & Associates, Inc. 
2051 West Northern, Suite 100 
Phoenix. Arizona 85021 (602) 385-8500 
DRAWN BY, PAL 

JOB NO* 011489 DATE? 6/04 J 



DOUBLE SYMMETRY 

1. HIGH POINT OF HEADWALL SHALL 
NOT PROJECT MORE THAN 3" 
ABOVE SLOPE. 

2. ALL CONCRETE SHALL BE CLASS 
'A' PER SECT. 725. 

3. ALL REINFORCING BARS SHALL BE 
NO. 4. 12" C\TO C AND 3" 
CLEAR TO INSIDE OF FLOOR AND 
WALLS. 



BULLARD WASH 
GRATE CALCULATIONS 

Weir EQ. Qi = C,P~' .~C~ Orifice EQ. Qi = ~ d \ ( 2 g d ) ~ . ~ ~ f  

Where: C, = 3.0 and C, = 0.67 and Cf = clogging factor = 0.5 

Triple Grate 
P = 13.20 
A = 8.44 

Weir 
Depth (ft) Qi (cfs) 

ft 
ftA2 
Orifice 
Qi (cfs) 

ADOT, C-15.80 Double catch basin 
Grate Opening 

Double Grate Inlet 

80.00 

1 

/+ Wier Flow 4 Orifice Flow / 



I BULLARD WASH 
GRATE CALCULATIONS 

I 
Weir EQ. Qi = c ~ P ~ ' . ~ c ~  Orifice EQ. Q, = ~ 3 ( 2 g d ) ~ . ~ C f  

I 
Where: C, = 3.0 and C, = 0.67 and Cf = clogging factor = 0.5 

1 Triple Grate ADOT, C-15.80 triple catch basin 

I 
P = 17.20 ft Grate Opening 
A =  12.66 ftA2 

Weir Orifice 

I Depth (ft) Qi (cfs) Qi (cfs) 

0.00 0.00 0.00 1 I 

Triple Grate Inlet 

1.75 59.73 45.02 

I 1.80 62.31 45.66 
1.85 64.92 46.29 
1.90 67.57 46.91 

Q a , % o o % o % o % ~ % o % o  
o. ob O? <? ,? ,? ,b ,,6 ,,? ,,? 

I+ Wler Flow +Orifice ~ l o w l  

1 W:\2001 Projects\011489 BullardWydraulics~11489GrateCaIcs.xls-GRATECAP* 3/1/2004 
4:36 PM 



APPENDIX C 

Hydraulics 

Section 1 Allowable Velocity (Soil Evaluation) 

Section 2 HEC-RAS Analysis 

Section 3 Tailwater Swale 

Section 4 Drop Structure Analysis (Interim Drop South of 1-10) 



I 
I I 

I 
I APPENDIX C 

I Hydraulics 

I Section 1 -Allowable Velocity (Soil Evaluation) 







E x c e l l e n c e  In Quality 

a [  SUMMARY OF LABORATORY ANALYSIS 

CLIENT: WOOD, PATEL AND ASSOCIATES DATE: 07103RZ 

PROJECT: BULLARD WASH CHANNEL IMPROVEMENTS. PHASE II 

1 
LOCATION: GOODYEAR, IU 

MATERIAL: SEE BELOW SAMPLING DATE: 06fl4.15.24,25102 

REOUESTED BY: AMMIOSORIO ATL JOE NO.: io1015 

1 'Hydrometer Analydr 



PHOENIX, ARIZONA 
BORE HOLE 

PLATE NO. 4a 
ATL JOB NO. 101015 



BORE HOLE LOCATION MAP 
BULLARD WASH PHASE II 

b PHOENIX, ARIZONA I 0 BORE HOLE 

a ATL JOB NO. 101015 PLATE NO. 4b 
I 



BORE HOLE LOCATION MAP 
BULLARD WASH PHASE I I  

BORE HOLE 

L T L  JOB NO. 101015 

PHOENIX, ARIZONA 

PLATE NO. 4c 



ATL Job NO. 1960203 
November 22.1997 

. . 

GEOTECHNICAL INVESTIGATION 

REPORT FOR 

SVERDRUP CIVIL, INC. 

PROJECT 

BULLARD WASH - CHANNEL 

GOODYEAR, ARIZONA 
ATL JOB NO. 196020-3 

Prepared by: 

ATL. INC 



I SUMMARY OF LABORATORY ANALYSIS 

! CLIENT: SVERDRUP CIVIL, INC. DATE: 11/18/97 

I PROJECT: BULLARD WASH -CHANNEL P &? .?- 
LOCATION: GOODYEAR, ARIZONA 

See Below SAMPUNG DATE: 09/25/97 1 ~~~~~~ B t  David Hayes A n  JOB NO: 1960204 



! @ BORING LOCATIONS 

. . 
ATL JOB NO. 196020-3 

BORING LOCATIONS 
BULLARD WASH - CHANNEL 

Goodyear, Arizona 

PLATE 4 



I TABLE C-1.--Permissible v e l o c i t i e s  f o r  channels l i n e d  w i t h  vegetat ion 
The values app ly  t o  average, un i fo rm stands of gach type o f  cover. 

Use v e l o c i t i e s  exceeding 5 f e e t  p e r  second o n l y  where good covers and 
proper  maintenance can be obtained. 

................. 

................. 
Smooth brome 

I Do n o t  use on slopes steeper than 1 0  percent  except f o r  s ide  slopes i n  
a combinat ion channel. 

I 
I 
I 

3 

I 
Do no t  use on slopes steeper than 5 percent  except f o r  s ide  slopes i n  

a combinat ion channel. 

I 
Annuals--used on m i l d  slopes o r  as temporary p r o t e c t i o n  u n t i l  permanent 

covers a r e  establ ished.  

Use on slopes steeper than 5 percent  i s  n o t  recomended. 

I 
I 9 9 

From SCS "Handbook o f  Channel Design f o r  S o i l  and Water Conservat ionU(5) 

................. Grass m i x t u r e  7- 
Lespedeza 
Weeping lovegrass 
Ye1 1 ow b l  uestem 
Kudzu 
A l f a l f a  
Crabgrass 

................. 
Sudangrass 

0- 5 
5-1 0 

30-5 

50-5 

5 
4 

3.5 

3.5 

4 
3 

2.5 

2.5 



APPENDIX C 

. Hydraulics 

Section 2 - HEC-RAS Analysis 

2.1 - Ultimate Condition (Channel n=0.036 and 0.033) 
2.2 - Initial Condition (Channel n=0.029) 

2.3 - Neglected Condition (Channel n=0.055) 



Hydraulics -HEC-RAS Analyses 

Three HEC-RAS Models were run for the proposed channel. 

1. The first model simulates the ultimate condition, which includes established vegetation including 

turf, shrubs and trees. The Manning's n-value used for this condition has been established at 

0.036 Yuma Road to Van Buren Street and 0.033 Yuma Road to Lower Buckeye Road. The 

design flow rate is 3200 cfs. 

2. The second model simulates the initial condition immediately following construction during the 

establishment phase of the vegetation. The Manning's n-value used for turf areas before trees and 

shrubs become established is 0.029. The design flow rate of 3200 cfs was used. 

3. The third model simulates a condition after the establishment of vegetation and assumes that 

maintenance of the channel is severely neglected. The Manning's n-value assumed for this model 

is 0.055. The design flow rate of 3200 cfs was used. The purpose of this model is to ensure that 

the design flow would be contained in the proposed channel. 

Subsequent to the 30% submittal, a significant amount of effort was expended before the design team was 

able to arrive at a consensus for the channel's Manning's n-values. A sample plan sheet (LOI) of the 30% 

submittal package was determined by the District to have a Manning's n-value of 0.032. The District 

concurred with the number of additional trees that would he required to increase the Manning's n-value to 

0.036 and the tree density in the channel was increased accordingly. 

It should be noted that the HEC-RAS summary tables for these models list a channel velocity that should 

not be considered to reflect velocities at every point in the cross section. Rather, this value is an average 

velocity for the channel section that includes a 9' wide concrete lined tailwater swale. The higher 

velocities 1x1 the tailwater swale will cause the average channel velocities to be much higher than an all 

turf section. For this reason, we have included shaded velocity distributions on the channel cross 

sections. 

In addition, the models with higher Manning's n-values generate higher water surface elevations. In turn, 

this places more water within the tailwater swale section (with a lower Manning's n-value) thereby 

increasing the channel velocity. 























Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 27173 U/S of I-10 West Bound Bridge 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Fiow: 100-Year Fiow 

RS = 27150 BR 1-70 Bridge WB 

-- 

Station (ft) 



Builard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 27150 BR 1-10 Bridge WE 

998 

996 

. 
994 

- 992 
C 

990 

988 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometty Flow: 100-Year Flow 

RS = 27127 D/S of 1-10 West Bound Bridge 

WS 100-Year 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Fiow: 100-Year Flow 

RS = 27057 UIS of 1-10 East Bound Bridge 

996 

994 

992 WS Low Flow 

990 

988 

986 

984 

982 
1 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 27034 BR 1-10 Bridge EB 

. . .... . . .* ..... . .... 

100 150 200 250 300 

Station (fl) 



Station (It) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 2701 1 D1S of 1-10 East Bound Bridge 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Georn: Design Geometry Flow: 100-Year Flow 

RS = 26936 

996 

994 
... ......... . ........... 

992 

990 

988 

986 

984 

982 

980 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Georn: Design Geometly Flow: 100-Year Flow 

RS = 26883.44 

Station (ft) 



Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design -Final Submittal 5/4/2004 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geomeq Flow: 100-Year Flow 

RS = 26822 

. , . , 
9 7 8 d , , ~ ; 8 , ~ ~ , l ~ ~ , ~ , ~ ~ , : , ~ , ~ , t , , ~ . , , , ~ , ,  

100 120 140 160 180 200 220 240 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 26821 

100 120 140 160 180 200 220 240 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 26806.44 End drop 

,035 ------ 
968 

7 

............ 4 ............ 
986 

984 - 
C 

982 

980 

978 
100 120 140 160 180 200 220 240 260 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 26677.6 

~ ~ . ~ . ~  ................... 

100 150 200 250 300 

Station (ft) 



1 Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS = 26495.2 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 26300.4 

---.-- .-.-. . -- 
150 200 250 300 350 

Station (ft) 





Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: IOO-Year Flow 

RS = 25558.8 



Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design -Final Submittal 5/4/2004 
Geom: Design Geometty Flow: 100-Year Flow 

RS = 25182.2 



Geom: Design Geometry Flow: 100-Year Flow 
RS = 24978.4 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 24802.1 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geomet~y Flow: 100-Year Flow 

RS = 24611.0 

984 

WS 100-Year 
............A ... .. ...... . 

982 
WS Low Flow 

980 

978 

976 

974 
1 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometty Flow: 100-Year Flow 

RS = 24462.45 Profile change at Southwest Specialty Foods sewer crossing 

5 

0, 

iii 

------. -T-r--7- 

100 150 200 250 300 350 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Finai Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 24300.2 

982 

980 

978 . . 
; 
: 
i 

976 

974 

972 
1 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS': 24152.7 

! 
! 
I 

---~ 7- 

100 150 200 250 300 350 

Stzfinn l f l )  



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Georn: Design Geometty Flow: 100-Year Flow 

RS = 23962.1 

982 

980 

978 

- 
C 
0 

976 

974 

972 
1 

Station (A) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS = 23762.2 

Station (ft) 



- 
Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometry Flow: 100-Year Flow 
RS = 23566.1 

,036 
980 

....... ............ 
978 

976 

- 
C 

974 

972 

970 
100 150 200 250 300 350 

Station (fl) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 23390.8 

~~ .......... * ............ 

e 

a, 
iii 

-- 
100 150 ZOO 250 300 350 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometiy Flow: 100-Year Flow 

RS = 23203.98 

- 
C 
0 

Station (fl) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geornetly Flow: 100-Year Flow 

RS = 23054.4 

e 

(Y 

E 

--- -- 
100 150 200 250 300 350 

Station (fl) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: IOO-Year Flow 

RS = 22946.3 

968 
100 150 200 250 300 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Georn: Design Geometly Flow: 100-Year Flow 

RS = 22845.6 

Station (ft) 

WS 100-Year 
..... ~~~~~~.*.~...~~..~~. 
EG Low Flow 1 I 
WS Low Flow 

Bank Sta 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Georn: Design Geometry Flow: 100-Year Flow 
RS = 22820.93 U/S of Van Buren Street Bridae 

Station (fl) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Georn: Design Geornetty Flow: 100-Year Flow 

RS = 22774.93 BR Van Buren Road Bridge 

k- o 9 - i .  n7s !: 0 2 4  

....... &... ........ I & Low Flow I I - I WS Low Flow I I 
............. I. ............. 
Crit Low Flow 

3 WS 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometty Flow: 100-Year Flow 

RS = 22774.93 BR Van Buren Road Bridge 

........................ 
EG 100-Year 

982 WS 100-Year 

.......... ., ........... 
EG Low Flow 

980 . 
WS Low Flow 
............ ..&.. ............ 
C"t LOW Flow 

978 

. 
/ 

976 
! 
! 
1 

974 

972 ICI - 
970 

Station (ft) I 
Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometly Flow: 100-Year Flow 
RS = 22728.93 DIS of Van Buren Street Bridae 

EG 100-Year 

WS 100-Year 
............ ............ 
EG Low Flow 

WS Low Flow 
r' --ax.? :,:%*s-r 

.. '--T-- ----.-- I--- -1 

100 120 140 160 180 200 

station (ft) I 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometly Flow: 100-Year Flow 
RS = 22705.0 

........ 
EG Low Flow 

7 ftls 
llCl 

8 ws - 
9 ftls 

Station (fl) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 2261 1.0 

. 
WS Low Flow 

6 ftls 

7 ftls 

9 ftls - 
10 ftls 

968~ i ---r 

100 150 200 250 300 

Station lfl) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 22496.6 

978 

WS 100-Year 

976 

974 - 
C 
0 

972 

970 

968 
100 

Station' (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: IOO-Year Flow 

RS = 22300.9 

---,--. 
100 150 200 250 300 350 400 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 22102.0 

976 

974 

972 

970 

968 

966 
1 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS =21911.0 

350 

Station lft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometty Flow: 100-Year Flow 

RS = 21718.5 

974 

972 

970 

968 

966 
1 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 21517.7 

974 

WS 100-Year 

972 

970 

968 

966 

964 -7- --- 

100 150 200 250 300 350 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS = 21318.7 

974 

972 

970 - 
C 

968 P 

966 

9 M  
100 150 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS = 21118.3 

I 
m 
iii 

I 
7 - r  

100 150 200 250 300 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 20918.4 

WS 100-Year 
....... , - 

- 
C 
0 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 20718.0 

a, 
iii 

-7 

100 150 200 250 300 350 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 20524.1 

972 

WS 100-Year 
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968 - 
C 
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966 

964 

962 
1 

Station (R) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS = 20341.9 

E 

a 
iii 

Station (ft) 



Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design -Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 19974.5 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 19790.8 

WS 100-Year 
............ *...~ ... - 
WS Low Flow 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometiy Flow: 100-Year Flow 

. . .  ... RS = 19602.6 

......................... 

Station (ft) 



Station (fl) 

. .- . . ..r .. -.-.---. 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometry Flow: 100-Year Flow 
RS = 19017.6 

WS 100-Year 
............... ......... . 

I Station (fl) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometly Flow: 100-Year Flow 
RS = 18821.3 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 18623.3 
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1 ....... ~ .... 4 ............ 
964 - 

WS Low Flow 
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1 Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometry Flow: 100-Year Flow 

I RS = 18424.2 

WS 100-Year 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 18226.7 
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Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

i RS = 18029.7 
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Station (fl) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Fiow: 100-Year Fiow 

RS = 17644 

WS 100-Year 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 17545 

I 
! 
i 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 17459 

962 

EG 100-Year 

WS 100-Year 

Ground 

Bank Sta T 
Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Georn: Design Geometry Flow: 100-Year Flow 
RS = 17434 UIS of Yuma Road 

- 
C 

Station (fl) 

~u l l a rd  Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometry Flow: 100-Year Flow 
RS = 17371.91 BR Yurna Road Bridge 

WS Low Flow 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 17371.91 BR Yuma Road Bridge 

WS 100-Year 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 17310 DIS of Yuma Road 

-- -I 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS = 17285 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 17188 

WS 100-Year 
............ * ............ 

100 

Station (ft) 



Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 16961.4 



. 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 16762.7 

. 

- 
C 
9 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometv Flow: 100-Year Flow 

RS = 16562.9 
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WS 100-Year 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan. Destgn - Flnal Subm~ttal 5/4/2004 
Geom Deslgn Geometry Flow 100-Year Flow 

RS = 16366 6 

E. 
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0 , 
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Bullard Wash Improvements. 1-10 to Lower Buckeye Road Plan' Des~gn - Ftnal Subm~ttal 5/4/2004 
Geom Deslgn Geometry Flow 100-Year Flow 

RS = 161657 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geornetty Flow: 100-Year Flow 

RS = 15969.0 
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WS 100-Year 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS = 15779.9 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 15590.8 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower BuckeyeRoad Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS = 15401.8 

100 150 200 250 300 

Station (R) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 15199.3 

- 
C 
0 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 14998 
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WS 100-Year 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Fiow: 100-Year Fiow 

RS = 14817.3 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 14663.1 

250 300 350 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design GeomeQ Flow: 100-Year Flow 

RS = 14544 Drop upstream of L.B.P. culvert 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 14543 

952 

WS 100-Year 
.... ... ... ... ..... - 

950 
WS Low Flow 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometty Flow: 100-Year Flow 
RS = 14461.42 Culv Lower Buckeye Road RCBC 

WS Low Flow 
. .. .. ... .... . ..& . . ... ... ...... 
Crit Low Flow 
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C 
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Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometty Flow: 100-Year Flow 
RS = 14391.42 DIS of RCBC 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 14298.9 

E. 
C 

I Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 14096.5 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 13894.6 

.......................... 
EG 100-Year 

WS 100-Year 
................... 

EG Low Flow - 
WS Low Flow 

7 fus 

a 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 

Geom: Design Geometry Flow: 100-Year Flow 
RS = 13694.6 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 13494.6 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final SubmittaI 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Georn: Design Geornet~y Flow: 100-Year Flow 

RS = 13095.9 

- 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geornetly Flow: 100-Year Flow 

RS = 12908.8 
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I 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometly Flow: 100-Year Flow 

RS = 12708.5 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 12508.7 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 12315 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geornetty Flow: 100-Year Flow 

RS = 12220.5 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geornetiy Flow: 100-Year Flow 

RS = 12209 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometiy Flow: 100-Year Flow 

RS = 12197 U/S of Drop 

........ ............. 

........... * ........... - 
WS Low Flow 
...................... 

. 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 12195 Bottom of Drop, Phase I RS = 12195 

I Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 11943 Phase l RS = 11943 
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Geom: Design Geometry Flow: 100-Year Flow 
RS=11932 PhaselRS=11932 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design -Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 11883 Phase l RS = 11883 

........ ... .&... .. ...... - 

I0000 10020 10040 10060 

Station (ft) 



Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS=11735 PhaselRS=11735 

Station (ft) 

Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

I RS=11550 PhaselRS=11550 

I ..... ~~ ................. 
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WS 100-Year 
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1 Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS = 11425 Phase l RS = 11425 
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942 EG Low Flow 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Geom: Design Geometry Flow: 100-Year Flow 

RS=11300 Phase1RS=11300 

P 

9940 9960 9980 I0000 10020 10040 10060 10080 

Station (ft) 
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Bullard Wash Improvements: 1-10 to Lower Buckeye Road Plan: Design - Final Submittal 5/4/2004 
Georn: Design Geometry Flow: 100-Year Flow 

RS=11100 PhaseIRS=11100 
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I Cross Section 
Cross Section for Rectangular Channel 

I 
Project Description 

I Worksheet Tailwater n=0.025 U-C 
Flow Element Rectangular Channel 
Method Manning's Formula 

Solve For Discharge 

1 Section Data 

I 
Mannings Coeffic 0.025 

slope 002000 wft 
Depth 0.75 n 
Bottom Width 9.00 fl 

I Discharge 13.36 cfs 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
0 

Projea Engineer: Network Administrator 

I 
untitled.fm2 Wood Patel .5 Associates lnc FlowMaster v6.1 [614kl 
12105/03 06:06:15 PM @ Haestad ~ethods,  lnc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1 
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Table 
Rating Table for Rectangular Channel 

Project Description 

Worksheet Tailwater n=0.025 U- CI 

Flow Element Rectangular Channel 

Method Manning's Formula 
Solve For Discharae 

Input Data 

Mannings Coefficl.025 
Depth 0.75 fl 
Bottom With 9.00 fl 

Attribute Minimum Maximum Increment 

Project Engineer: Network Administrator 
untitled.fm2 Wood Patel 8 Associates Inc FiowMaster v6.1 [614k] 
12/07/03 09:36:42 AM Q Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1 

Slope 
(WR) 

0.002000 
0.002100 
0.002200 
0.002300 
0.002400 
0.002500 
0.002600 
0.002700 
0.002800 
0.002900 
0.003000 
0.003100 
0.003200 
0.003300 

3ischarge 
(cfs) 

13.36 
13.69 
14.02 
14.33 
14.64 
14.94 
15.24 
15.53 
15.81 
16.09 
16.37 
16.64 
16.90 
17.17 

Velocity 
(Ws) 

1.98 
2.03 
2.08 
2.12 
2.17 
2.21 
2.26 
2.30 
2.34 
2.38 
2.42 
2.46 

2.50 
2.54 

Flow 
Area 
(fl2) 

6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 

6.8 
6.8 

6.8 
6.8 

Welled 
Perimeter 

(fi) 

10.50 
10.50 
10.50 
10.50 
10.50 
10.50 
10.50 
10.50 
10.50 
10.50 
10.50 
10.50 

10.50 
10.50 

Top 
Width 

(fi) 

9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 
9.00 

9.00 
9.00 

9.00 





APPENDIX C 

Hydraulics 

Section 4 -Drop Structure Analysis 
(Interim Drop South of 1-10) 



Typical Drop Structure Components 

Drawdown 
Zone L . : L 

n 

Yn 

(a) 

Ytw 

M m  Channel Invert 

Drop Face (St) 
(Sloppmg or Verucal) 

Stlllmg Basm 

Zo z1 22 23 Datum 

Where: 
Yn (A) = Normal depth in the upstream channel; 
Yc (A) = Critical flow depth at the beginning of the drop; 
Y1 (ft) = Supercritical flow depth of the hydraulic jump; 
Y2 (ft) = Conjugate depth of the hydraulic jump; 
Ytw (&I = Tailwater depth, 

Zo (A) = Upstream channel bottom elevation; 
Z1 (ft) = Stilling basin bottom elevation at upstream; 
22 (ft) = Stilling basin bottom elevation at downstream; 
23 (ft) = Sill elevation; 
Lt (ft) = Drop face length; 
Lb (ft) = Hydraulic jump length; 
Ls (ft) = Basin sill face length; 
L (it) = Total length of the drop structure; 

St (H:V) = Drop face slope; 
Ss (H:V) = Basin sill face slope. 



Sloping Drop Structure Design Spreadsheet 

Ref: FHWA, HEC No. 14, 1983. Hydraulic Design of Energy Dissipaters 
for Culverts and Channels 

Project Name: Bullard Wash Location: 1-10 Bridge 

Given Data: 
Design Flow (Q) 
Spillway Width (Wb) 
Drop Height (Zo-Z1) 
Tailwater Depth (Ytw) 
Spillway Crest Elevation (Zo) 
Basin Bottom Elevation (21 or 22) 
Sill Elevation (23) 
Upstream Face Slope (St, H:V) 
Downstream Face Slope (Ss, H:V) 
Coefficient C1 

Solutions: 
Critical Flow at Spillway Crest (depth and velocity): 
Yc = 0.3 1433*(QIWb)h0.667 - - 3.17 ft 
Vc = Q/(Wb*Yc) - - 10.09 Ws 
Supercritical Flow of the Hydraulic Jump (depth & velocity): 
Q = Y 1 *Wb*(2g(Zo-Zl+Yc-Y 1)+VcA2)%.5 (Eq. 1V-B-7) 
Yl=Q/~(2g(Zo+Yc+V~~2/2g-Zl-Y1))~0.5) = l.L460 ft , 

V1 = Q/(Wb*Yl) - - I 27.92 ft/s 
Froude Number: Frl=Vl/(gYl)W.S - - 4.60 
Conjugate Flow Depth of the Hydraulic Jump: 
Y2 =Cl*Yl((l+S*FrlA2)A0.5 - 1)/2 - - 6.90 ft  
Drop Structure Lengthes: 
Stilling Basin Length Lb - - 40.1 ft 
Upstream Face Length Lt = (Zo-Zl)*St - - 8.5 ft 
Downstream Face Length Ls = (Z3-Zl)*Ss = 1.5 ft 
Total Drop Structure Length L = Lb+Lt+Ls = 50.1 ft 

Check Tailwater Requirements: 
Channel flowline - - 980.00 ft 
Tailwater depth Tw - - 5.50 ft 
Tailwater per channel hydraulics (WSE3) - - 985.50 ft 
Basin bottom elevation - - 978.50 ft 
Basin flow depth Y2 = 6.90 ft 
Tailwater required for hydraulic jump (WSE2) = 985.40 ft 
Adjustment to Basin Bottom Elevation - - 0.00 fi 



1 Drop Structure Cost Estimation: 

Recommanded Design Parameters: 
Basin Bottom Elevation Z1 = 978.5 fi 
Top of Bank near Crest (Elevo) - - 991.7 ft  

Top of Bank near Basin Pool (Elevl) - - 986.9 ft 
Top of Bank near Tailwater Area - - 986.9 ft 
Protection Length @ UIS End - - 
Protection Length @ Crest - - 
Protection Length @ DIS End - - 
Concrete Thickness @ High Velocity Area = 

Concrete Thickness @ Low Velocity Area = 

Loose Riprap Thickness - - 
Bank Side Slope (H:V) - - 
U/S Cutoff Wall Height (hl) - - 
UIS Cutoff Wall Thickness (tl) - - 
DIS Cutoff Wall Height (h2) - - 
D/S Cutoff Wall Thickness (t2) - - 





- - - - PROPERTY BOUNDARY 

- - - - CONCEPTUAL CHANNEL WOW 
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