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EXECUTIVE SUMMARY 

The purpose of the Watson Drainage System Pre-Design project is to improve upon the Buckeye ADMP 

Watson Drainage System by refining and firmly establishing the project alignment and features, 

determining design constraints, resolving unknowns, confirm feasibility, and clearly establishing the final 

design criteria for the Project. The Pre-Design involves collection of field data, identification of potential 

major utility conflicts, acquisition of information to support design, refinement of hydrologic and 

hydraul ic models, development of preliminary plans that define the project in sufficient detail such that 

the size, alignment, and profile of major project features are determined that will be required fo r 

completion of the final design, definition of project rights-of-way requirements, and refinement of 

project costs. 

This Pre-Design Report summarizes the process followed in accomplishing this purpose. 

The ADMP recommendations for the Watson System (i .e. " Base Alternative") were used as a sta rting 

point for the pre-design process. Three additional alternatives (Alternatives A, B, and C) were developed 

that purported to add value to the Base Alternative by increasing performance or by reducing cost. 

These four alternatives were presented to the project team and were ranked according to several 

criteria, from which Alternative A emerged as the Preferred Alternative. 

The preliminary cost estimate for the Preferred Alternative was $58,495,043, not including 

contingencies, design, or other 'soft' costs . 

A Value Analysis session was held over a two-day span, with attendees including some individuals that 

had not hitherto been involved in the project. The purpose of the VA session was to further vet the 

Preferred Alternative and determine if there were any refinements that could be made to the system to, 

once aga in, add value by increasing performance or reducing cost. Several VA proposals were 

developed, some of which were incorporated into the plan, along with certain direction from the Town 

of Buckeye. These refinements came together to form the Recommended Plan. 

Estimated potential cost savings resulting from implementation of the VA directives and refinements 

was $2,867,500 or approximately 5% of the estimated cost. 

The design of Recommended Pla n was then developed to a conceptual level, (which plans are provided 

separately bound), and used as the basis for a conceptual cost estimate for the Recommended Plan. 

The estimated cost of the Recommended Plan from the conceptual design is $69,584,285 . 

The Recommended Plan will provide a benefit to the area by creating an outfall for the areas that are 

currently delineated with FEMA floodplains. While implementation of the recommended plan will 

provide the outfall system, the full benefit to the area will be dependent on area developers providing 

the necessary conveyance to deliver the floodwater from their respective parcels to the proposed 

Recommended Plan system channels. 
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FIGURE ESl- RECOMMENDED PLAN SYSTEM LAYOUT 
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I. INTRODUCTION 

This Preliminary Design Report is prepared for the Flood Control District of Maricopa County (FCDMC) 

and the Town of Buckeye (Buckeye) as part of the Watson Drainage System Pre-Design project. The 

FCDMC and Buckeye developed the Buckeye Area Drainage Master Plan (ADMP) in 2009. The ADMP 

identified a Recommended Plan for regional drainage improvements to alleviate existing flooding 

hazards, provide conveyance for runoff accumulation along irrigation canals, and provide drainage 

outfalls for local developments. The Watson Drainage System is one of five unique and separate north

to-south systems recommended by the ADMP. 

A. Purpose 

The purpose of the Pre-Design is to refine and firmly establish the project alignment and features, 

determine design constraints, resolve unknowns, confirm feasibility and clearly establish the final design 

criteria for the Project. The Pre-Design involves collection of field data, identification of potential major 

utility conflicts, acquisition of information to support design, refinement of hydrologic and hydraulic 

models, development of preliminary plans that define the project in sufficient detail such that the size, 

alignment, and profile of major project features are determined that will be required for completion of 

the final design, definition of project rights-of-way requirements, and refinement of project costs. 

The Pre-Design also provides a basis for determining the scope of FCDMC and Buckeye shared 

implementation responsibilities, preparation of final design construction documents, subsequent 

required utility relocations, rights-of-way reserJation and acquisition, and construction. 

This Preliminary Design Report describes the development and recommendations for further 

implementation of the recommended plan for the Watson System. For the purposes of this report, the 

Pre-Design Recommended Plan is the result of refinement of the Preferred Alternative resulting from 

an analysis of various alternatives which were all based on the ADMP plan for the Watson System. The 

alternatives analysis is described in the Preliminary Alternatives Memo which is bound separately. 

The Watson Drainage System, as recommended by the ADMP, included 2 separate locations where the 

UPRR tracks, the ANPP 96" waterline, the BWCDD canal and the Kinder-Morgan fuel pipeline were 

proposed to be crossed . Crossing each of these facilities represents a significant cost and requires time 

to obtain permits. Therefore, one of the main objectives of the Pre-Design was to evaluate the potential 

of consolidating the crossings into a single location. 

B. Study Area 

The study area is located within the Town of Buckeye and unincorporated Maricopa County. It is 

bounded by 1-10 and Buckeye FRS No.2 and 3 to the north, 2551
h Avenue to the west, Dean Road to the 

east and Gila River to the south. See FIGURE 2 for Location and Study Area. 

Runoff generally flows from north to south ultimately draining into the Gila River. Most of the study 

area is developed as agricultural fields or is in various stages of redevelopment as residential, 

commercial, and industrial land uses. Significant features that impact drainage patterns include the 
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Roosevelt Irrigation District (RID) Canal and the Buckeye Water Conservation and Drainage District 

(BWCDD) canal which both flow from east to west and intercept runoff from the north . The two canals 

split the area approximately into thirds in the north-south direction . The BWCDD canal is within a 

corridor that includes the Union Pacific Railroad (UPRR) and the Arizona Nuclear Power Project (ANPP) 

reclaimed water line that transports treated effluent to the Palo Verde Nuclear Generating Station to 

the west. There are other significant utilities within this corridor as well which will be described later in 

this report. 

FIGURE 2- LOCATION AND STUDY AREA 
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C. Environmental Assessment 

Prior to the alternatives analysis and during the data collection activities, a cursory inventory of 

environmental conditions including but not limited to the Clean Water Act Section 404 jurisdictional 

areas, hazardous material sites, cultural resource sites and the biological and ecological surveys was 

conducted by FCDMC to identify potential adverse environmental impacts within the preferred project 

alignment and boundaries. This process included a review of prio r reports, such as area drainage master 

plans, and other environmental work completed for the project site . Additional inventory work was 

conducted for project areas not covered under any prior assessments. The information was compiled 

and utilized in the ranking of each of the alternatives. 

D. Select ion of Preferred Alternative 

At the time the ADMP was completed, development was occurring at a rapid pace. Subsequent to the 

completion of the ADMP, and as a result of the national economic downturn, development activity 

effectively stopped . During development of this Pre-Design study, development plans within the study 

area have begun to start up again. The renewed development activity has resulted in changed plans 

which have an impact on the selected alignments and basin locations from the ADMP recommended 

plan. This necessitated that the ADMP alignments be re -eva luated and variations be considered to 

adapt to the changed conditions. 

The following changed conditions that have occurred since the completion of the ADMP were reviewed 

and incorporated into the refinement of the previously recommended plan : 

• Newer rainfall data with t he release of NOAA 14 which for the Buckeye area result in reductions 
in design rainfall values. 

• Elimination of the White Tanks #4 outfall channel from the project due to regional planning 
changes which will reduce design discharges in portions of the project. 

• Updates to the Town of Buckeye General Plan which impact planned land use and attendant 
runoff characteristics. 

The ADMP proposed plan was included in the new alternatives analysis as the base alternative for 

comparison with new alternatives identified for consideration . It was determined that a meaningful 

improvement to the ADMP proposed plan would be necessary in order to justify any revisions to the 

ADMP plan. In addition to the Base alternative, three new alternatives were identified which were 

mod ifications to the Base that would potentially add value to the project and/or reduce cost or other 

conflicts. A significant objective for the new alternatives was to combine outfalls so that only one 

crossing would be required across the UPRR, BWCDD Canal, and ANPP pipeline. 

Due to the reduction in peak discharge and runoff volume resulting from the revised rainfall design 

values, there was an opportunity to significantly reduce the detention basin sizes or channel sizes from 

the ADMP plan. Based on these opportunities, 3 alternatives were developed for further evaluation. 

The first, Alternative A, was developed to take full advantage of storage volumes from the ADMP and 

reduce the downstream conveyance requirements as much as practical. The opposite approach was 

taken for Alternative B, which was to reduce the detention basin volumes and associated footprint as 

much as practical and take full advantage of downstream conveyance corridors. A third approach 

(Alternative C) was developed based on the strategy of developing a system upstream of the UPRR that 
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would allow the 100-year discharge to pass through the existing railroad culverts or, alternatively, with 

minimal cost additions of culvert barrels. 

The ADMP was developed using a value-based approach to planning within the Buckeye ADMP area . 

This approach was based on clearly identifying the project objectives as expressed by "end-users", which 

in this case are the local community stakeholders. The project objectives were supplemented by 

opportunities to add value to the project as identified during the ADMP data collection process. The 

project objectives were restated as performance criteria, which were then used as a guide in developing 

stormwater management alternatives and as a means to measure the performance, or value, of the 

various alternatives. 

The project objectives expressed by the stakeholders fall into the general categories of flood protection, 

community enhancement, synergy, and implementation . 

The project goals and objectives stated by the stakeholders were synthesized into a set of performance 

criteria to be used in an evaluation matrix to measure the alternatives according to how well they meet 

the criteria and thereby add value for the community. As part of the ADMP, the criteria were each 

assigned a weighting factor from one to five based on how important the criteria should be considered 

against the others. It was determined by the design team to keep the weighting factors from the ADMP 

intact for consistency across planning and design platforms/efforts . The Performance Criteria with the 

ADMP assigned weighting factors are: 

• Constructability (3) 
• Implementation (1) 
• Life Cycle Costs (2) 
• Landscape Aesthetics and Land Use Compatibil ity (4) 
• Natural & Cultural Resources (4) 
• Public and Political Acceptance (2) 
• Safety I Flood Hazard Reduction (5) 
• Synergy and Multi-Use (4) 

The base plan plus the three alternatives were documented in the Draft Preliminary Alternatives Memo 

and distributed to the evaluation committee prior to an Alternative Selection Meeting. The alternatives 

were presented and discussed at the meeting and an evaluation matrix was used to assign scores to 

each of the alternatives to identify which alternatives provided the greatest value . The alternative cost 

and assigned value score were used to identify the preferred alternative to be carried forward in the 

project. Alternative A was selected as the preferred alternative and, with minor modification, was 

presented for review in a Value Analysis process. The Preferred Alternative presented to the VA team is 

shown on FIGURE 3 

E. Public and Stakeholder Input 

As noted in the previous section, an emphasis was placed on identifying and addressing the goals and 

objectives of the project stakeholders. Input was solicited from the general public via two public 

meetings, a Project Aesthetics Advisory Committee (PAAC) was formed to provide input on the multi 

use and aesthetic aspects of the project elements, and meetings were conducted with a number of 
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direct stakeholders who would need to participate in the project or would be directly impacted by the 

project. Meetings were held with the following stakeholders: 

• 
• 
• 
• 
• 

• 

Buckeye Water and Conservation and Drainage District (BWCDD) 

Roosevelt Irrigation District (RID) 

Union Pacific Railroad (UPRR) 

Watson Community Faci lities District (CFD) property owners 

Town of Buckeye management, Public Works, Development Services, and Operation and 

Maintenance staff. 

Arizona Public Service Co. (APS) 
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FIGURE 3- PREFERRED ALTERNATIVE PRESENTED TO VA TEAM 
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F. Value Analysis 

The Preferred Alternative that emerged from the Alternatives Analysis (Alternative A) was presented to 

an independent Value Analysis (VA) team for review. The VA Team met on June 17-18, 2013 to review 

the plan thoroughly with the goal of identifying ways to improve or enhance the value of the final 

project. Enhancement of value can be achieved by improving performance, reducing costs, or various 

combinations of the two. The plan modifications resulting from the Value Analysis are presented in this 

section. The summary report from the VA session is included in Appendix A. 

The estimated cost of the Preferred Alternative as identified by the Alternatives Analysis was 

$58,495,953, which included the estimated cost of property acquisition. 

1. VA Workshop 

The VA Team included members of the consultant team, staff from FCDMC and the Town of Buckeye 

that had been involved in the development of the project, and staff from FCDMC that had not previously 

been involved in the project. This makeup provided adequate project history and knowledge, as well as 

a fresh unbiased perspective on the proposed system. 

At the beginning of the first day of the workshop, the project team provided background information 

regarding project goals, constra ints, and alternatives development. The VA team then broke into 3 

groups to focus on 3 different areas of the proposed system, with the purpose of adding value by 

improving performance or reducing costs. 

On the afternoon of the last day of the workshop, the VA Team presented ideas for adding value to the 

proposed system to FCDMC senior management. 

2. VA Proposals 

The VA Team identified several proposals for adding value to the proposed system, ranging from 

delaying the implementation of turf lining and the associated irrigation system, to utilizing steeper side 

slopes on some of the channel reaches, to revising the downstream terminus of the project to avoid 

impacting the existing sand and gravel operation . The VA proposals are discussed in more detail in the 

Value Analysis Report in Appendix A. 

3. VA Directives 

Subsequent to the VA session and FCDMC internal discussion, the consultant team was directed to 

incorporate the following revisions into Alternative A from the Alternatives Analysis: 

• Utilize 2:1 (h :v) side slopes for the concrete industrial channel reaches of the system. A fence or 

rail will need to be included at the top of banks. 

• Design the channel reaches that are planned to ultimately be turf for the interim condition . 

That is, no turf or irrigation system will be included . The channel will be lined with non-irrigated 

hydroseeding and soil stabilizers for erosion control, collection swales where appropriate, and 
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grade control structures composed of dumped riprap to protect the inte rim channel from 

degrading beyond the ultimate channel slope. 

• Include first flush water quality microswales and mini-basins into the overbank areas for channel 

sections adjacent to existing or future roadways. 

• The channel outfall option proposed in the VA for Alternative A will require agreements to 

implement and will be pursued by the project partners with BWCDD and property owners. An 

exhibit of this alternative is included following the VA Report in Appendix A. 

• During initial project discussion, the City of Buckeye requested that the Watson system 

incorporate a planned discharge from the downtown area since they did not have adequate 

storm water infrastructure of 100-year, 2-hour retention available . Alternative A will include the 

potential to accommodate discharge from the Downtown area along Monroe Avenue and 

Beloat Road. The input hydrographs were prepared by the City's consultant and were 

incorporated into Alternative A. A memo summarizing the inflow locations and flows has been 

included in Appendix A. 

The full VA report is included in Appendix A. 

The combined potential savings that could be realized through implementation of these directives was 

estimated to be $2,867,500 or approximately 5% of the estimated cost. 

The estimated cost of the Recommended Plan from the conceptual design is $69,584,285, including 

estimated costs of property acquisition. 
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II. HYDROLOGY 

A. Introduction 

The Buckeye ADMP developed a hydrology model for the study area using the DDMSW software 

program based upon NOAA Atlas 2 rainfall data . The Watson system is one of four distinct and 

independent drainage systems proposed for implementation in the ADMP. The Watson system, as 

proposed in the ADMP, included a significant offsite flow contribution from the White Tanks Flood 

Retarding Structure (FRS) #4 Outfall Channel. 

Since the completion of the ADMP, policy changes and physical changes within the watershed have 

occurred which warranted certain revisions to the hydrology model. 

B. Hydrology Model Modifications 

For the purposes of the Pre-Design project, the portion of the hydrology model specific to Watson 

watershed was extracted as a stand-alone model. 

Subsequent to the completion of the Buckeye ADMP, FCDMC adopted NOAA Atlas 14 as the standard 

for rainfall data for hydrology modeling in Maricopa County. In addition to this significant policy change, 

the Town of Buckeye updated its General Plan, which modified certain land uses in the study area. 

Furthermore, the White Tanks FRS #4 Outfall Channel was redirected to a different outfall. 

A summary of the modifications made to the ADMP hydrology model follows: 

• Watson watershed model was isolated and extracted as a stand-alone model 

• Rainfall data was updated based on NOAA 14 values 

• Land use values were updated based on latest Town General Plan, including 100-year, 2-hour 

retention volume for all areas planned for future development 

• The offsite flow contribution from the White Tanks FRS #4 Outfall Channel was removed from 

the model 

These changes to the hydrology model created the Watson Pre-Design Base model. 

A more detailed explanation of the hydrology model modifications made for the Watson Pre-Design 

Project is provided in the Watson Drainage System Pre-Design: Hydrology Memorandum which has been 

prepared under separate cover as Volume I ofthe Design Report. 

Once the Pre-Design base model was established, alternative-specific models were developed for each 

of the alternatives evaluated in the Alternatives Analysis. Alternative A emerged as the Preferred 

Alternative, and thus the hydrology developed to represent Alternative A is the Recommended Plan 

model. 

The proposed channel sections developed for the project were utilized in the Recommended Plan 

hydrology models for the hydrograph routing steps. Estimated composite roughness coefficients were 

developed for each of the channel sections. 
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Preliminary detention basin stage-storage-discharge relationships were developed for each of the 5 

proposed basins, which were utilized in the Recommended Plan model for the storage routing routines. 

Comparisons were made between in-line and off-line storage basins. It was determined that off-line 

basins provide the most discharge reduction per unit area. Each proposed basin was optimized for 

efficiency, and it was determined that allowing a by-pass flow of SO cfs prior to intercepting flow in the 

basin yields the most benefit for a given basin footprint. A series of diversion statements was 

incorporated into the Recommended Plan hydrology model in the logic tree upstream from the offline 

basins which allows the first SO cfs to pass by the basin in the channel. Once the flow exceeds 50 cfs in 

the adjacent channel, flow is diverted into, and routed through the basin . 
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Ill. CONCEPTUAL DESIGN 

A. Introduction 

The Recommended Plan includes 5 detention basins to attenuate flows north of the UPRR tracks, all of 

which are designed as off-line basins. A single crossing of the UPRR tracks, the 96" ANPP Waterline and 

BWCDD canal is included in the Recommended Plan, with combination of the east and west legs of the 

system occurring just north of the UPRR tracks. The Recommended Plan makes use of the existing 

Watson Drain as its outfall to the Gila River. Once the elements of the Recommended Plan were 

established, conceptual plan development commenced. 

B. Landscape and Multi-Use 

The landscape and multi-use concepts for the Recommended Alternative reflect refinements to the 

design guidelines from the Buckeye Area Drainage Master Plan, with two important considerations 

driving the results. 

The first of these considerations came from the 

Town of Buckeye's strong preference for 

alternatives that are responsive to their adjacent 

settings rather than having a "one-size-fits-all" 

approach to channel and basin design . This 

resulted in the development of the suite of 

channel concepts depicted in the recommended 

plan that reflect both constra ints as well as 

opportunities afforded by the planned 

developments along the conveyance routes. 

The second consideration that shaped the 

Recommended Alternative landscape design is 

FIGURE 4- EXISTING DEVELOPMENT CHANNEL 

the phasing of the system between facilities to be constructed by the District in the near term from 

approximately the UPRR tracks to the Gila River and facilities that will be the Town's responsibility to 

implement in the future . The Town-implemented facilities will be further refined and implemented 

through partnerships with the adjacent developers to include the installation and maintenance of the 

landscape and multi-use needs. Where the District's phase will be constructed in advance of incoming 

development, interim landscape treatments have been included in the Watson Drainage System 

Recommended Plan. Final landscape treatments for the District's phase of the system, including turf and 

irrigated landscape material, will be implemented post-construction through partnerships between the 

Town of Buckeye and the adjacent developers. The Town envisions providing incentives to the 

developers to facilitate these partnerships including offering open space credits, density credits, or 

allowing potential co-location of stormwater storage. Both interim and final landscape treatments 

should be carried forward through final design. 
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1. Landscape 

Landscape design requirements related to each channel and basin concept are described in more detail 

in Section 1//-C Design Criteria including configuration criteria and landscape and lining materials with 

their associated n-values. 

2. Multi-Use 

Three primary multi-use opportunities have been incorporated into the Watson Drainage System 

Recommended Plan : 

• Co-locating a proposed Town of Buckeye park with the Rainbow Basin near the existing 

Sundance Park site . 

• Providing opportunity to implement the Town of Buckeye's Trails Master Plan through dual use 

of the O&M roads as multi-use paths or trails and providing public access onto the O&M roads 

rather than restricting access and fencing off the projects. 

• Preserving passive open space within the multiple basin sites and allowing for other multi-use 

opportunities in the future. 

Implementation of the Town of Buckeye's Trails 

Master Plan (2009) will be accomplished largely by 

designating project O&M roads as multi-use trails. 

Further refinement and coordination with the Town 

regarding this opportunity will be required at final 

design to resolve how best to route the trail at the 

UPRR and BWCDD crossings. The future design and 

construction of the Watson Road Parkway may 

serve as an opportunity to resolve this obstacle to 

having a continuous pedestrian corridor from the 

Gila River to the Sundance Park complex on the 

north side of the Roosevelt Irrigation District Canal. 

FIGURE 5- EXAMPLE FROM TOWN TRAILS MASTER PLAN 

Implementation of the basin multi-use objectives will be accomplished by the Town of Buckeye as part 

of the completion of their phase of the Watson System. Where no project partner is present, basin 

design is intended to preserve open space areas through the restoration of the basin site using native 

landscape materials as described in Section III.D.3- Detention Basins. Where partnering with an adjacent 

landowner is possible, the multi-use concept for the basin will be developed and implemented through 

the agreements of that partnership and may include active recreation to provide open space credits to 

the development as well as other incentives, as determined by the Town of Buckeye. 

C. Environmental Considerations 

1. Section 404 of the Clean Water Act 

The regulatory program administers and enforces Section 10 of the Rivers and Harbors Act of 1899 and 

Section 404 of the Clean Water Act. Under Section 10, a United States Army Corps of Engineers (USACE) 

permit is required for work or structures in, over or under navigable waters of the United States. Under 
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Section 404, a USACE permit is required for the discharge of dredged or fill material into waters of the 

United States. 

A preliminary determination was conducted to determine the limits of the USACE's jurisdiction within 

the project area under Section 404 of the Clean Water Act. The preliminary JD finds that there "may be" 

waters of the United States on the subject project site, and identifies all aquatic features on the site that 

could be affected by the proposed activity. 

For a larger riverine system such as the Gila River, the USACE typically defers to the 100 year floodway 

for their Jurisdictional Delineation (JD). Results of a field survey and aerial map review indicated that a 

FEMA 100 year flood plain exists along the banks of the Gila River around the Arlingon Canal. Based on 

a meeting and several discussions with Ric Barnas, with the Gila River Sand and Gravel company, a JD 

(File no. 2005-01600 RWF) was conducted by the AGFD within the Gila River and encompassed 160 acres 

along the Gila River, which included the current gravel pit and a portion of the Arlington Canal 

immediately downstream of our proposed outlet. Results of the survey indicated that the approved JD 

limits of the Gila River were determined to be farther south of the canal, toward the south bank of the 

river. Consequently, it is likely that no Section 404 permit would be required for impacts within the 

proposed outlet of the drain. However, further analysis and JD determination may be required during 

final design. 

2. Hazardous Material Surveys 

The emphasis of this review is to obtain regional data in evaluating the project area for the presence of 

recognized environmental conditions (REC's) resulting from past or present uses, as defined by ASTM 

Standard Practice for ESA's (E1527-0S) which could potentially adversely impact each of the alternative 

alignments. A cursory environmental analysis was conducted as part of the Buckeye Area Drainage 

Master Plan (ADMP) and was used to determine potential areas of environmental concerns within the 

proposed alignment of the drain. 

Based on this cursory review of the site, areas of concern would include the alignment through the 

industrial sites in addition to the crossings along the Kinder Morgan pipeline which will require testing 

and analysis of the soil prior to construction of the drain . A more definitive analysis of the project area 

including a Phase I Environmental Site Assessment will be conducted once a preferred alignment has 

been approved and rights of entry have been obtained. 

3. Cultural Surveys 

The FCDMC completed an archeological inventory of the Watson Drainage System base alternative 

corridor in compliance with among others a) the National Historic Preservation Act of 1966, b) the 

Arizona Antiquities Act of 1960 (Arizona Revised Statute [A.R.S.] Section [§] 41-841 et seq.), and c) the 

State Historic Preservation Act of 1982 (A.R.S. § 41-861 et seq .). The principal concern of all three laws 

is the realistic protection of all important cultural properties that might otherwise be impacted or 

destroyed during various undertakings such as geotechnical work and project construction. 
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The survey corridor was based on the conceptual design plans for the Watson drainage system as 

proposed in the Buckeye Area Drainage Master Plan (ADMP). The proposed alignment was surveyed by 

Scientific Archeological Services (SAS) on behalf of the District. The results of the survey indicated that 

seven previously recorded cultural resource sites occurred within the Area of Potential Effects (APE) for 

the project. One of the sites, AZ T:10:43 was officially relocated by ASM approximately 500 meters to 

the west of the proposed outlet of the drain, and is no longer within the APE of the project. Two other 

sites, including the historic GLO roads, have been destroyed by cultivation and are no longer in jeopardy 

of being impacted by the proposed drainage system. The remaining four sites, the Buckeye Canal (AZ 

T:10:82[ASM]), the Roosevelt Canal (AZ T:10:83[ASM]), the Southern Pacific Railroad (AZ T:10:84[ASM]) 

and the old US 80 (AZ FF:9:17[ASM]), have been recommended for or formally determined to be eligible 

for nomination with the National Register of Historic Places and will be impacted by the alignment of 

the drainage system. 

Based on SAS's recommendations, mitigation of the sites would not be necessary if it could be 

demonstrated that the National Register characteristic of the four structures would not be altered as a 

result of the impacts. Given that the proposed impacts from the drainage system will be limited to box 

culverts or similar architectural features constructed below and over the structures, the potential for 

alteration is minimal. Consequently, no further work would most likely be needed prior to 

implementing the recommended plan . Final approval of the survey report by the State Historic 

Preservation Office (SHPO) is pending and contingent upon determination of a final alignment and 

potential processing under the Section 106 of the NHPA through the Section 404 permit. 

4. Biological 

A list of Federally listed Threatened and Endangered Species for Maricopa and Pinal County is obtained 

from the United States Fish and Wildlife Services (USFWS), to determine the presence of any of these 

species within the study area . Based on meetings and discussions with the Arizona Game and Fish 

Department (AGFD), there is the potential presence of Threatened & Endangered species within the Gila 

River at the proposed location of the drain outlet upstream of the Arlington Canal. Based on 

conversation with Dana Warneke, With the AGFD, FIGURE 6- BURROWING OWL NEAR 231st AVE 
the known locations of some of the species is 

"spotty" and may not be prolific enough to 

warrant changes in the proposed location of the 

outlet. Additional surveys will be conducted as 

needed prior to construction in the event that 

T&E species are identified in the proposed outlet 

area . 

Other concerns include burrowing owls wh ich 

could be present within the bermed areas of the 

agricultural channels. Measures will be 

implemented to either avoid or relocate these 

owls prior to the construction of the project. 
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5. Ecological 

Vegetation is scarce along the major reaches of the drain and includes primarily agricultural crops 

including alfalfa and several varieties of shrubs and weeds. Stands of native mesquites (prosopis 

veluntina) and palo verde species (Parkinsonia sp.) have established in the areas upstream of the RID 

Canal where two proposed basin sites are located . Native plant inventory and salvage following the 

Town of Buckeye's Protection of Native 
Plant Species Within Pristine or FIGURE 7- VEGETATION AT GILA RIVER AND WATSON DRAIN 

Environmentally Sensitive Areas ordinance 

is recommended to protect or reestablish 

these resources during project design. 

Water impounding upstream of the UPRR 

has led to the establishment of volunteer 

desert broom, saltbush, and other scrub 

materials with few trees. Areas within the 

outlet area at the Gila River are 

significantly more dense in vegetation 

consisting primarily of tamarisk or salt 

cedar, mesquite and palo verde trees and 

riparian shrubs. Occasional cottonwoods 

can be found near the outfall as observed 

from the river embankment. 

D. Design Criteria 

Drainage design for hydraulic structures in Maricopa County is governed by criteria presented in 

Drainage Design Manual for Maricopa County, Arizona, Volume II, Hydraulics, August, 2013 (Hydraulics 

Manual) . In addition to the criteria from the Hydraulics Manual, additional criteria are adopted for 

conceptual design. The Town of Buckeye Storm Water Drainage System Design Manual (DM-500) has 

also been referenced for this project. The criteria listed below are used as a guideline during design 

development and are intended to be used for final design. 

1. Open Channels 

Channel Section- The maximum side slope is 2H :1V for concrete channels, 4H :1V for earth channels, 

and 5H:1V for turf channels for maintenance . It is intended that the side slope for earth channels is an 

average of 6H :1V and is expected to vary from 4H:1V to 8H:1V to create side slope warping and channel 

meander where sufficient right-of-way is available. A minimum bottom width of 8-ft is required . The 

design channel lining depth is the normal flow depth plus freeboard. Required freeboard is 0.25 times 

the sum of depth plus velocity head with a minimum of 1-ft for sub-critical flow and 2-ft for super

critical flow conditions. 

Right-of-Way- Channel right-of-way is to conform to the specific channel type described in Section 111-E, 

and include space for landscape buffers and O&M roads. Where channels are adjacent to roadways, 
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road rights-of-way have been integrated into the proposed channel setbacks to provide dual-use as part 

of the landscape buffer, and assist in reducing the overall project cost. 

Roughness Coefficient -The Manning's roughness coefficients (n-values) used in development of the 

channel design sections are shown in TABLE 1. The n-values selected for this project were derived from 

the FCDMC Hydraulics Manual (January, 1996) and through discussions with FCDMC staff. 

TABLE 1- MANNING'S ROUGHNESS COEFFICIENTS 

Description Roughness Coefficient 

Concrete Channel Lining 0.016 

Gunite Channel Lining 0.022 

Rock Mulch Channel Lining 0.033 

Unlined Earthen Channel 0.032 

Turf Channel Lining 0.035 

Froude Number- Froude numbers for channel design are to be less than or equal to 0.86 for sub-critical 

flow. In most cases, channels are designed for sub-critical flow. Drop structures are provided, if 

necessary, to flatten the grade to achieve sub-critical flow conditions. Although no super-critical 

reaches are anticipated, super-critical flow may be allowed in special circumstances, such as where 

right-of-way is limited. Super-critical flow channels, if used, are to have Froude numbers greater than 

1.13 and less than 2.0. 

longitudinal Slope - Extremely flat slopes are avoided for constructability reasons. However, where 

necessary, a minimum longitudinal slope of 0.0008-ft/ft is used. Generally, slopes are set to 

approximate the existing ground slope within the limitations of the channel material maximum 

allowable velocity and the limitation on Froude number. Final designers should note that minimum and 

maximum permissible velocities have been established for the channel reaches in th is project based on 

site specific soil information. A memo prepared by FCDMC pertaining to allowable project velocities is 

included in Appendix A. 

Vertical Drop Structures and Channel Profile - When the natural ground slope is steeper than the 

maximum allowable longitudinal channel slope, vertical drop structures are provided. The size and 

spacing of drop structures are established based on a net drop height of 1.5-ft. These structures have 

been sized based on the criteria established in Chapter 7 of the Hydraulics Manual (January, 1996) for 

vertical riprap basins, with a drop height of 2.5-ft and an end sill height of 1-ft. The top of channels 

should project no more than 2-ft above adjacent existing ground (fill situations) and the top of channels 

should be incised no more than 2-ft below adjacent exist ing ground (cut situations) . 

Channel Alignment- Horizontal curves are designed with a minimum radius greater than 3 times the 

flow top width . Channel confluences which occur at channel curves maintain tangency at the outer 

bank toe rather than at the channel centerline. Horizontal angle points without a transition radius only 

occur within culverts or storm drain segments, and are limited to a maximum deflection angle of 45 

degrees. The final design will incorporate channel meander through the variation in side slope from 4:1 
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to 6:1. These design crite ria do not apply to minor curves to provide subtle channel meander less than 

1/3 the width of the channel. 

River Outfall - The Watson Drainage System will outfall into the Gila River. At this location, the 

backwater from the river could spill into the Watson Drain channel. However, since it is unlikely that the 

peak flow in the Gila River would occur at the same time as the peak from the Watson drainage area, a 

reasonable assumption is for the Watson Drainage System 100-year event to occur during the Gila River 

10-year event. The Gila River 10-year WSEL is much lower than the 100-year WSEL, and no backwater 

effect from the Gila River on the Watson Drainage System is anticipated . A more detailed explanation of 

the Backwater Analysis prepared to document this finding is included in Appendix A. 

Side Drainage - Surface runoff entering the channel from the side should be directed through 

microswales, mini-basins and/or bioswales to enter the channel at planned locations. This will prevent 

rill erosion for earth channels and undermining at the concrete-soil interface for concrete channels . 

Auxiliary Drainage Facilities - A parallel v-shaped swale will be used to convey runoff to planned 

channel inflow po ints. These swales will be constructed within the channel buffer areas, above the 

channel top of bank and within the proposed channel right-of-way. 

Maintenance Access Road -The channel cross-section includes a 14-ft wide maintenance road on at 

least one side of the channel. In locations where the maintenance road is adjacent to a future public 

street, the channel maintenance road will take the place of the sidewalk on that side of the road, with 

the maintenance road meandering within both the roadway and channel rights-of-way. New 

maintenance roads should have a 2% cross slope, away from the main channel. At specified locations, 

the maintenance road should be dipped to allow side drainage to enter the main channel via a down 

drain. The maintenance roads will be surfaced with asphalt concrete pavement or as coordinated with 

the partnering developer. Where two O&M roads are included adjacent to a channel, a soft surfacing 

should be considered in place of asphalt for one of the two roads. Soft surfacing should incorporate ~~~ 

minus decomposed granite or aggregate base course (ABC) as an alternative and applied as noted on the 

plan sheets. 

Fencing - Due to the multiple-use objective in the channel design, new fencing is only provided along 

the industrial channel reaches due to the steeper side slopes of this channel section . Existing private 

fences along the al ignment are suggested to be protected in place during construction or replaced in 

kind . 

Concrete Lining- Preliminary concrete channel lining was designed using the methodology outlined in 

the US Army Corp of Engineers' Engineering Manual 1110-2-2007. Based on the design procedures for 

Continuously Reinforced Concrete Pavement outlined in this manual, the concrete channel lining 

includes a 6-inch thick concrete lining with reinforcing steel using #4 bars at 6-inch center spacing 

longitudinally and 12-inch center spacing transversely. The final concrete channel section design should 

be based on recommendations from a future geotechnical investigation. 
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Landscape - For channels designed with partnering developers and f inal conditions, tree and shrub 

densities for the landscape areas shall conform with the Town of Buckeye's Development Code Section 

7-5-6. Specific plant species will be selected by the developer to complement the development 

landscape design, and should be compliant with the ADWR Low-Water Plant List for the Phoenix AMA. 

Controlled water-harvest swales and micro-basins should be included within the road PUE and setback 

design to provide water-quality benefits, landscape establishment, and erosion reduction. 

Interim Channel Landscape- Where construction occurs in advance of adjacent development, channel 

landscape materials shall be selected, based on those materials that can survive without supplemental 

irrigation and do not prohibit future channel improvement and development landscape. Tall pot trees 

consisting of blue palo verde (Parkinsonia florida) , foothills palo verde (Parkinsonia m icrophylla}, native 

mesquite (Prosopis velutina} , ironwood (0/neya tesota), and desert willow (Chi/apsis linearis) should be 

planted in the landscape buffers only and at a density of approximately nine (9) trees per acre to allow 

for future installation of additional trees from the development plant palette . Hydroseed in the 

overbank areas should include flowering shrubs and native grasses such as indicated below in TABLE 2. 

Hydroseed in the channel side-slopes and bottoms should consist of grasses and herbaceous species so 

as to provide erosion protection in the interim condition while requiring minimal clearing and grubbing 

at the time the channel is fully developed . Plant species should be similar to that shown in Table-2 

below. Seed availability at the time of final design and construction may necessitate modifications to the 

recommended hydroseed mixes. 

TABLE 2- GENERAL HYDROSEED MIX 

Botanical Name 

Ambrosia deltoidea 
Ambrosia dumosa 
Aristida purpurea 
A triplex polycarpa 
Baileya multiradiata 
Bouteloua aristidoides 
Castilleja e.xerta ssp. exerta 

En celia farinosa 
Escltscltoltzia me.xicana 
Lesquerella gordonii 
Lupinus sparsijlorus 
Pltace/ia crenulata 
Plantago ovata 
Salvia columbariae 

Senna covesii 

Splweralcea ambigua 
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Common Name 

Triangle-leaf Bursage 

White Bursage 

Purple Three-Awn 

Desert Saltbush 

Desert Marigold 

Needle Grama 

Purple Owl's Clover 

Brittlebush 

Mexican Poppy 

Gordon's Bladderpod 

Desert Lupine 

Arizona Desert Bluebells 

Desert Indian Wheat 

Desert Chia 

Desert Senna 

Desert Globemallow 
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1.0 

1.0 

2.0 

0.50 
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0.10 
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0.50 

0.50 
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TABLE 3- EROSION CONTROL (NO WOODY MATERIAL) HYDROSEED MIX 

Bota nical Name Common Name 
PLS Rate (Pounds 

Per Acre) 

Aristida purpurea Purple Three-Awn 1.5 

Baileya multiradiata Desert Marigold 1.5 

Bouteloua aristidoides Needle Grama 1.0 

En celia f arinosa Brittlebush 2.0 

Eschscholtzia mexicana Mexican Poppy 1.5 

Plantago ovata Desert Indian Wheat 3.0 

Sporobolus airoides Alkali Sacaton 1.0 

Sporobolus cryptandrus Sand Dropseed 1.0 

Total PLS 12.5 

2 . Culverts and Storm Drain Pipe 

Design Flow- Culverts construct ed with channels are designed for the same 100-year design discharge 

as used for the channel. 

Height and Cover Requirements - A minimum culvert height of 4-ft is provided for maintenance 

purposes. A minimum of 1-ft of cover is provided to allow for a full roadway structural section. 

Conflicting Utility Clearance- M inimum recommended clearances between utilities and proposed 
culverts and storm drain pipes is 6-ft horizontal and 1-ft vertical. Special considerations will be needed 
during final design where these minimum clearances are not feasible . 

Roughness Coefficient- The Manning's roughness coefficients used in development of the culvert and 

storm drain design are shown in TABLE 4. 

TABLE 4- MANNING'S ROUGHNESS COEFFICIENTS FOR CULVERTS AND STORM DRAIN 

Description Roughness Coefficient 

Concrete Box Culverts 0.013 

Storm Drain Pipe 0.013 

Longitudinal Slope - Extremely flat slopes are avoided for constructability reasons . However, where 

necessary, a minimum longitudinal slope of 0.0008-ft/ft is used . Additionally, steep slopes are avoided 

for water velocity and flow regime reasons. 

Structural Aesthetics - The Town of Buckeye prefers 

the structures within the system be designed to 

complement the adjacent development rather than 

have a single aesthetic theme th rough-out. Structural 

aesthetics within the Town's phase of the system will 

be designed by the development. Within the phase to 

FIGURE 8 -PREFERRED DROP STRUCTURE EXAMPLE 
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be implemented by the District, permanent drop structures and culvert aesthetics should be concrete, 

include simple texturing, and be painted or stained a natural color to blend into the channel as 

described in the PAAC Meeting #2 minutes and depicted in FIGURE 8. 

3. Detention Basins 

Side Slopes- Side slopes of 6H :1V are normally used for the basin side slopes. Maximum side slopes of 

4H :1V can be used when required to achieve the required volume within the available site. However, 

this should not be used throughout the basin site . Fill embankments are avoided for detention basins. 

Basin Longitudinal Slope - Minimum slopes of 0.5% are used for grass or earth low-flow channels or 

swales within the basin. A minimum slope of 0.2% and a maximum slope of 0.5% are used for concrete 

low-flow channels within the basin. For grass or earth low flow channels in detention basins, scour or 

sediment deposition should be analyzed during final design. Maintenance may be necessary to maintain 

these channels within the basin . Final basin design should include control of sedimentation unless the 

sediment yield analysis shows there is no concern for sedimentation. 

Basin Cross Slope - A 0.5% minimum cross slope is used for sheet flow runoff surfaces. Surfaces are 

graded to drain toward the low-flow channel or outlet pipe . 

Basin Multi-Use- Basin sites are intended to have a passive open space multi -use component unless an 

adjacent development partners with the Town to include an active recreation multi-use. The Town of 

Buckeye intends to include an active recreation component with the design of the Rainbow Basin. 

Maintenance Road- A 14-ft wide maintenance access road is provided around the top of the basin . To 

minimize rill erosion, maintenance roads should have a 2% cross slope away from the top of basin. At 

specified locations, the maintenance road should be dipped, or other provision made, for side drainage 

to enter the basin via down drains. The maintenance road will be surfaced with ABC except for the 

Maricopa and Rainbow Basins which will use AC asphalt. The basin floor will be accessible for 

maintenance by one or more access ramps . 

Structural Method- Passive open space basins are to be designed with a semi-soft structural method . 

This includes forming the basin to have a naturalized shape including varied side-slopes, meandered 

edges, the inclusion of islands and low-flow in the basin bottom, and the use of berms in the over-bank 

area to transition the basin form into the adjacent topography. Active recreation basins should be 

configured to be conducive to the active recreation programmed for the site . 

Required Right-of-Way- Unless otherwise indicated in Section V, the basin site shall be of sufficient size 

to accommodate the engineering requirements of the basin, an additional 30-foot buffer for the O&M 

road and landscape, and an additional 30% of the minimum engineering requirement to allow for basin 

shaping to achieve the semi-soft structural method and context sensitivity within the setting that is 

placed. 
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landscape - Where no project partner is participating on the project, the basin is to be earthen and 

landscaped with native, non-irrigated landscape materials. Tall pots should be installed at an 

approximate density of twenty (20) trees per acre, with a concentration of trees along the linear low

flow element in the basin bottom from the inlet to the outlet. Hydroseed mixes for passive open space 

basins should include a general hydroseed mix with flowering shrubs and native grasses similar to that 

indicated in TABLE 2 above. The low-flow area of the basin should have a special riparian hydroseed mix 

with species that reflect those found within naturally occurring drainages and washes. TABLE 5 includes 

recommendations for this mix. 

TABLE 5 - RIPARIAN HYDROSEED MIX 

Botanical Name Common Name 
PLS Rate (Pounds 

Per Acre) 

Acacia ~:re~:~:ii Catclaw Acacia 1.5 
Ambrosia deltoidea Triangle-leaf Bursage 1.0 

Aristida purpurea Purple Three-Awn 1.0 
A triplex polycarpa Desert Saltbush 0.5 
Baileya multiradiata Desert Marigold 1.0 
Bouteloua rotlzrockii Rothrock's Grama 0.25 
Ence/iafarinosa Brittlebush 1.5 
Escllsclwltzia mexicana Mexican Poppy 2.0 
Lupinus succulentus Arroyo Lupine 1.0 
Parkinsonia.florida Blue Palo Verde 0.5 
Phacelia crenulata Arizona Desert Bluebells 2.0 
Salvia columbariae Chia Sage 1.0 
Sphaeralcea ambigua Desert Globemallow 1.0 
Sporobolus airoides Alkali Sacaton 0.5 
Sporobolus cryptandrus Sand Dropseed 0.25 

Total PLS 15.0 

Principal Outlet Pipe- Principal outlet pipes consist of a concrete storm drain pipe, designed to operate 

under inlet control. The minimum allowable outlet pipe size is 24 inches. Final design should 

incorporate a secondary drain or redundant outlet in case the principal outlet becomes clogged. 

Emergency Spillway - The basins are proposed to be constructed in excavation conditions only, 

however, final design of the basin should incorporate an emergency overflow location to the natural 

flow path and a design that does not increase the flood hazard to downstream properties. 

Freeboard - Freeboard is not required where basins are constructed entirely in cut. However, 

additional capacity is recommended to be provided during final design to account for volume lost to 

sedimentation, landscaping, or some other purpose, based on the specific site conditions at the time of 

final design . 

Safety Features- All inflow and outflow pipes will be equipped with access barrier grates. The grates 

should have adequate open area to limit design flow velocities through the grate to 3-ft per second (ft/s) 

or less with a plugging factor of 50% applied to the clear opening area . A maximum clear opening of 
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4 inches is allowed between grate bars and the grates should be slanted to accommodate trash and 

debris. 

Off Line Storage basins- Off line detention basin concepts are utilized in this plan. A detailed analysis 

will be required for the final design to ensure proper functioning of side weirs. 

Water Quality- Water quality and retention of the first flush runoff should be considered during final 

design. Surface runoff directly discharging into a basin or channel should have first flush retention 

provided. This can be accomplished by diverting the first flush volume from channels adjacent to off

line basins into the basin with a low flow pipe and providing a zone within the basin for first flush 

storage. The water quality storage area of the basin should have planned uses and landscaping that is 

compatible with frequent short-term pending from the first flush runoff. The FCDMC Drainage Manual 

provides additional guidance for water quality and first flush retention . 

E. Design Calculations 

New open channels, box culverts, and detention basins are sized based on projected peak runoff rates 

under future development conditions. The future conditions hydrology model is updated to reflect the 

design channel cross sections and slopes and the detention basin stage-storage-discharge relationships. 

1. Open Channels 

Open channels are sized using Manning's equation calculations in Bentley's FlowMaster computer 

program. A report including all input variables, along with the resulting water surface normal depth, is 

included in Appendix D. 

Required channel freeboa rd was calculated independently of FlowMaster; a printout of the freeboard 

calculations is also included in Appendix D. 

2. Sloping Drop Structures 

There are two locations, immediately upstream of the channel crossing Watson Road at approximately 

Station 67+50, and immediately upstream of the realigned BWCDD Canal crossing at approximately 

Station 107+50, where substantial channel invert grade changes are necessary. These grade changes 

have been designed as sloping drop structures, using a drop slope of 6H :1V. 

3. Culverts and Storm Drain Pipe 

Culverts and storm drain pipe are modeled using the FHWA's HY-8 computer program. The roadway 

deck was set to an elevation that prevented any overtopping flows at the design flow rate . The 

calculated normal depth in the downstream channel, as reported by FlowMaster, was input as a 

constant tailwater elevation constraint, in order to capture any irregular cross sections or flow changes 

and provide consistency in the water surface calculations. A summary table for the Watson Pre-Design 

culverts is included as TABLE 6. 
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No adjustment to the culvert models was made to account for bends in the culvert or storm drain runs; 

however, most of the storm drain runs are operating under inlet control, with additional head loss 

attributed to these bends likely to be negligible. The modeling method used to determine the hydraulic 

grade line during final design should account for all junction and bend losses associated with the 

underground elements of the project. Final design of the culverts shown in TABLE 6 should attempt to 

mitigate potential velocities over 1S ft/sec. , in accordance with FCDMC standards. 

TABLE 6- CULVERT SUMMARY TABLE 

ID 
Culvert Outlet 

Size ~ V (ft/s 
Station 

1 10+2S 2-8xS & 2-8x7 1170 6.13 

2 27+30 2-8x5 & 2-8x7 1170 3.16 

3 40+71 4-8xS 730 4.56 

4 66+62 3-6x6 S40 9.1S 

s 94+64 1-6x6 230 10.74 

6 114+60 1-8x4 230 9.7S 

7 226+26 3-8x4 230 2.4 

8 2S3+78 2-6x4 460 1S.64 

9 379+07 1-48" 60 7.88 

10 392+48 2-6x6 540 19.73 

11 439+60 2-8x6 390 14.7 

12 466+S1 2-8x4 390 16.49 

13 466+75 1-36" 60 11.27 

14 S07+30 1-48" so 7.39 

1S 624+49 1-8x4 240 9.89 

16 634+76 1-48" 100 8.08 

17 666+3S 2-8x4 340 6.92 

18 686+28 1-8x6 340 14.63 

19 69S+63 1-8x6 340 17.74 

20 710+32 1-8x6 280 17.S 

21 740+65 1-8x6 230 18.5 

22 7SS+75 2-24" so 7.96 

23 812+79 4-8x4 360 2.81 

24 8S1+11 2-8x4 360 6.43 

4. Detention Basins 

The hydraulic structures at the detention basins include the outlet pipes and side weirs for the off line 

detention basins. Basin outlet pipes were modeled as culverts, and were sized with a target depth of 6-

ft to correspond to the target basin volume used in the hydrology model, while matching the outflow 

peak discharge. 
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Detention basin volumes were calculated using the contour average area method, with the calculations 

included in Appendix F. 

Several of the basins are intended to operate as "Off-line basins" to allow for a more effective use of the 

available basin volume by passing low flows by the basin without occupying any storage volume. This 

preserves more available storage volume for attenuating the flow peaks when they arrive at the basin . 

Storage volume can be preserved for peak flows in flow-through basins by providing a low flow channel 

and by depressing the outlet. A depressed outlet allows a hydraulic head to build up on the outlet 

before a significant area within the basin is inundated . The low flow channel conveys low flows to the 

depressed outlet without ponding in the basin bottom. 

Emergency spillways are sized using the broad crested weir equation using the average flow depth over 

the spillway. 

F. Typical Channel Sections 

The Town of Buckeye indicated that the Watson System Recommended Plan channel configurations and 

treatments should be responsive to the adjacent land-use rather than having a single channel type 

defined for the entire system. The design and stakeholder teams used this information to identify f ive 

character areas based roughly on the future land-use, probable implementation method, slope and 

assumed erosion potential, and relationship to existing or planned development in the Town . The five 

character areas identified based on this information are: 

• 23P1 Avenue/Residential Channel 
• Apache Channel 

• Maricopa Channel 
• Watson Channel 
• Industrial Conveyance 

Typical channel cross-sections were developed for each character area through close collaboration 

between the design team and the Town of Buckeye during the Design Charrette Meeting. Minor 

modifications were made to the industrial channel cross-section during the value-analysis meeting in 

order to reduce the cost of the concrete channel section . Channel configuration recommendations 

include: channel lining type and associated roughness, side slopes, buffer widths, relationship to existing 

irrigation district facilities, trail and other multi -use considerations, and relationships to Town 

easements. The typical requirements for these channel types are summarized in TABLE 7 . 
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TABLE 7- CHANNEL CONFIGURATION SUMMARY 

Street Side Inside 

Character Avg. Bottom Width 
Avg. 

Lining O&M 
Area Buffer O&M Road Side Buffer Side 

Slope 
Road 

Slope 

231't Ave Turf 40' 14' 6:1 As needed 40' 14' 6:1 

40' 
Gunite 

(+ 20' for 
Apache with 4:1 I 

RIW 14' As needed 10'-15' nla 4:1 I 6:1 
Road aesthetic 6:1 

treatment 
setback, 

etc. ) 

Earthen 10' 

Maricopa with rock 
40' 14' 6:1 As needed 

(+ 24' if 
14' 6:1 

Road mulch or irrig. 
turf reloc. 

- -
Earthen 30' 

Watson 
with {10' Concrete 

Drain 
mowable 40' 14' 6:1 low-flow+ 10' 40' 14' 6:1 

hydrosee min each side for 
d equipment) 

- 1-

Industrial 14' + 5' 
nla Concrete 20' 2:1 As needed 10' 2:1 

Area Buffer 

As noted in the design concepts above, District implemented channels that are intended to ultimately 

have a turf lining will require interim design measures to account for the higher velocities and soil 

conditions until turf is planted as part of future land development activities. These measures are 

depicted in the plans and include : riprap filled trenches to act as temporary grade controls that will not 

conflict with future turf installation, erosion control wattles and hydroseeded side slopes, and erosion 

control micro-swales above the channel overbank areas that also serve as water quality basins while 

harvesting stormwater for landscape establishment purposes. 

1. 231 5t Avenue/Residential Channel 

The 231st Avenue Channel is intended for suburban land-use areas adjacent to residential 

developments, with a turf lining selected by the Town of Buckeye based on anticipated flow velocities 

and soil conditions. Where possible, turfed channels should be designed contiguous to active recreation 

areas within the development to maximize the open space and recreation value of the space. Where this 

occurs, buffer reductions are permissible . The east 14' O&M road should serve as a soft surface 

equestrian trail, with both multi-use trails setback from the channel top-of-bank a min. of 5' . The turf 

channel should be designed with both alignment meander as well as side slope warping. 5:1 maximum 
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side slopes are permitted for turf maintenance, with a 6:1 average side slope preferred . See FIGURE 10 

at the end of this section of an illustration of the conceptual channel conf iguration. 

Design guidelines for the 23 Pt Avenue Channel include : 

a. Landscape Guidance 

• Landscape Design Theme: Sonoran Desert Park 

• Channel Lining: Earthen with turf 

b. Buffer 

• 40 foot both sides of the channel, from top-of-bank to right-of-way to allow for landscape 

buffer, channel meander and side slope warping where possible . 

• 14-foot O&M road, meandered within the buffer to serve as a multi -use path. East O&M road to 

be a soft-surface trail , preferably W' minus decomposed granite for equestrian use. Rock 

surfacing sized W' or larger is not suitable for equestrian trail use. 

• Incorporate berms and micro-swales for water harvesting, to control side slope erosion and to 

minimize costs associated with haul of excavated materials. 

• Trees and shrubs: Per the most current version of the Town of Buckeye Development Standa rds 

based on adjacent land-use. Species to be selected from the ADWR Low-Water Plant List for the 

Phoenix AMA. 

c. Channel 

• 6:1 side slope average, 5:1 maximum for turf maintenance. 

• Provide both side-slope warping (varying the side slope from 5:1 to 7:1) as well as channel 

alignment meander to create visual interest. 

d. Multi-Use 

• O&M roads for the channel should serve as multi -use trails, with the east road serving as an 

equestrian trail. 

• The crossing of the RID canal provides opportunity to connect the trails along this channel with 

the Sundance Park as well as the planned Maricopa Regional Trail segment planned along the 

RID canal. 

• Additional Town of Buckeye Trails have been identified along Broadway Road, Southern Avenue, 

MC-85, and the BWCDD which present potential connection and trailhead opportunities when 

implemented . 

• Turf should be configured to provide active recreation benefits to the adjacent development 

and internal recreation area should be located adjacent to the channel to maximize the 

recreation benefits. 

2. Apache Channel 

The Apache Channel is intended for suburban land-use areas adjacent to residential developments. The 

gunite lining selected by the Town of Buckeye has been used successfully at the Festival Ranch 

development in north Buckeye and accommodates anticipated flow velocities and soil condit ions. To be 

compatible with the suburban setting, the gunite lining must include aesthetic t reatments such as 

integral color to match the color of the adjacent mulch and texturing. The gunite lining is intended to 
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extend to the channel design flow depth and have a maximum 4:1 side slope. The channel freeboard 

may be left earthen with a maximum slope of 6:1. Off-site flows should be controlled through the 

creation of water collection and harvesting swales and berms that can direct flows into the channel in 

designated locations to help reduce channel maintenance requirements while maximizing water

harvesting opportunities. FIGURE 11 at the end of this section depicts the conceptual channel 

configuration . 

Design Guidelines for the Apache Road Channel include: 

a. Landscape Guidance 

• Landscape Design Theme : Enhanced Desert 

• Channel Lining: Gunite 

b. Buffer 

• 40 foot plus the road right-of-way to accommodate both the O&M road as a trail and sidewalk 

as well as the relocation of irrigation distribution laterals under the trail. Total width for the 

buffer and the right-of-way is 60-feet. Buffer width between the development the top of 

channel should be 10 to 15-feet in width without an O&M road or trail. 

• 14-foot O&M road, meandered within the buffer to serve as a multi-use path in lieu of the street 

sidewalk . 

• Incorporate berms and micro-swales for water harvesting, to control side slope erosion and to 

minimize costs associated with haul of excavated materials. Locate other areas in document 

with same statement and revise as noted. 

• Trees and shrubs: Per the most current version of the Town of Buckeye Development Standards 

based on adjacent land-use. Species to be selected from the ADWR Low-Water Plant List for the 

Phoenix AMA. 

c. Channel 

• 4:1 side-slope for gunite, 6:1 side slope for earthen channel in the freeboard . 

• Channel meander is a low priority for this channel type. Emphasis should instead be placed on 

creating visually interesting berms and swales in the buffer and meandering the O&M road . 

d. Multi-Use 

• O&M roads for the channel should serve as multi -use trails in lieu of street sidewalks. 

• The crossing of the RID canal provides opportunity to connect the channel trail with the 

Maricopa Regional Trail segment planned along the RID canal and should be addressed as such 

during the final design. 

• Additional Town of Buckeye Trails have been identified along Broadway Road, Southern Avenue, 

the Maricopa Road Channel, MC-85, and the BWCDD which present potential connection 

opportunities as well as trailhead opportunities when implemented . 

3. Maricopa Channel 

The Maricopa Channel is intended for suburban land-use areas and will serve as a pedestrian connection 

between the Downtown Core and the Watson Drainage System. The rock mulch was selected by the 

Town of Buckeye based on anticipated flow velocities and soil conditions and needs to be engineered to 
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stand up to flows within channel without decomposing. Rock should be selected that is also aesthetic, 

approved by the Town, and the selected rock should complement the overall landscape and aesthetic 

design of the development. The 14' O&M road will serve dual use as a multi -use trail , replacing the need 

for sidewalk in the right-of-way. The 8' PUE should be modified from the Town of Buckeye standard 

roadway design for Maricopa Road, and be located adjacent to the edge of right-of-way due to the 

replacement of the sidewalk with the multi-use trail, and to allow for some landscape buffer between 

the trail and channel top of bank. The Maricopa Channel design should include meander of the channel 

bottom through side-slope warping (4:1 to 8:1). See FIGURE 12 at the end of this section for a graphic 

depiction of the conceptual channel configuration . 

Design Guidelines for the Maricopa Road Channel include: 

a. Landscape Guidance 

• Landscape Design Theme: Enhanced Desert 

• Channel Lining: Rock Mulch 

• Earthen with hydroseed and soil stabilizers 

b. Buffer 

• 40 foot from back of curb to top-of-bank on the road side of the channel. Buffer width between 

the development and the top of channel should be 10-feet without an O&M road or trail. 

• 14-foot O&M road to serve as a multi-use path in lieu of the street sidewalk. 

• Trees and shrubs: Per the most current version of the Town of Buckeye Development Standards 

based on adjacent land-use. Species to be selected from the ADWR Low-Water Plant List for the 

Phoenix AMA. 

c. Channel 

• 6:1 side-slope average, varied from 4:1 to 8:1 to create movement using side-slope warping. 

• The rock mulch lining may accommodate vegetation within the channel freeboard areas. 

d. Multi-Use 

• O&M road for the channel should serve as multi-use trails in lieu ofthe street sidewalk. 

• The Maricopa Road alignment was identified by the Town of Buckeye as a potentially valuable 

multi -modal entrance into the downtown. 

4. Watson Channel 

The Watson Drain Channel is intended for the area south of Beloat Road where no cu rrently planned 

developments have been identified, but options for future development should not be precluded by the 

current channel configuration . The Town of Buckeye desires the channel landscape to be simple, and not 

create a future regulatory restriction on reconfiguring the channel if future development so wishes. The 

earthen channel with hydroseed lining was selected by the Town of Buckeye in order to keep 

maintenance requirements low, with gentle side slopes of 6:1 maximum allowed in order to keep slope 

at a mowable grade. Sufficient space in the channel bottom is required for mowers and maintenance 

equipment to operate. Berms and swales should be included in the overbank area to control off-site 

flows and reduce erosion and be coordinated with meandered O&M roads on either side of the channel 
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that will serve dual use multi-use paths. The conceptual channel configuration is depicted at the end of 

this section in FIGURE 13. 

Design guidelines for the Watson Drain Channel include : 

a. Landscape Guidance 

• Landscape Design Theme: Natural Lower Sonoran Desert 

• Channel Lining: Earthen with hydroseed and soil stabilizers 

b. Buffer 

• 40 foot both sides of the channel, from top-of-bank to right-of-way. 

• 14-foot O&M road, meandered within the buffer to serve as a multi-use path 

• Incorporate berms and micro-swales for water harvesting and to control side slope erosion 

• Tall Pot Trees: Approximately 1 tree per side per 30-foot of channel length, placed in irregular 

massings along the overbank of the channel. Maintain a min. of 10 feet of clearance from the 

O&M road to tree trunk to allow for tree growth and vertical clearance. 

• Hydroseed with a mix of flowering shrubs and native grasses, similar to the General Hydroseed 

Mix provided in TABLE 2. 

c. Channel 

• 6:1 side slopes to allow periodic mowing of the native plant material in the event growth begins 

to impede channel function. 

• Provide a 10-wide concrete low-flow to carry the perennial dewatering flows from the Watson 

Drain with 10 additional feet to either side of the low-flow for equipment access in the channel 

bottom. 

• Plant material to consist of hydroseed only for the majority of the Watson Drain Channel. Tall 

pots and pole planting trees may be used in the Gila River outlet to create a desirable plant 

community to compete with potential invasive species present in the river and maintain habitat 

in the river bottom. 

d. Multi-Use 

• O&M roads for the channel should serve as multi-use trails and connect the future El Rio Levee 

trail along the Gila River with the northern channel reaches. O&M roads will be ABC on one side 

and AC for multi-use on the side adjacent to arterial streets. 

5. Industrial Conveyance 

The concrete channel is intended to include minimal landscape and aesthetic treatments and was 

selected by the Town of Buckeye based on the planned industrial land-use for the area. The concrete 

channel is considered compatible with the industrial valley plain landscape character unit associated 

with this planned land-use area. For the industrial conveyance areas, the multi-use path will be aligned 

separately from the channel corridor between MC-85 and Southern Avenue, and possibly up to Watson 

Parkway. Maintenance roads will be required within these corridors using ABC surfacing. Fencing or 

safety railing will also be required due to the steeper channel side slopes. The conceptual channel 

configuration is depicted below in FIGURE 9. 
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FIGURE 9 -INDUSTRIAl CONVEYANCE TYPICAl CROSS SECTION 
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39' 
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Design guidelines for the concrete Industrial Channel include: 

a. Landscape Guidance 

BW 

CHANNEL 

• Landscape Design Theme : Semi-Natural Lower Sonoran Desert Wash 

• Channel Lining: Concrete 

b. Buffer 

10' 
BUFFER 

• 20 foot buffer for the side of the channel to include an O&M road . This reflects the minimum 

buffer required by the Town of Buckeye's Trails Master Plan for a Canal Trail. 

• 10-foot buffer for the opposite side of the channel for safety railing or fencing and space 

between the channel and adjacent walls to accommodate worker needs. 

• 14-foot O&M road, located 5-feet from the channel top of bank. 

• Incorporate berms and micro-swales for water harvesting and to control side slope erosion in 

the 20' buffer. 

• Trees and shrubs: One (1) tall pot tree per 30-foot of channel and hydroseed per the General 

Hydroseed Mix in Table 111 -1. 

c. Channel 

• 2:1 side slope with safety railing or fencing 

• Concrete channel may receive low-cost aesthetic treatments such as a simulated desert varnish . 

d. Multi-Use 

• The trail system will not be co-located with the channel through the industrial reaches. The 

Town will evaluate alternate trail alignments to maintain trail system connectivity . 
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FIGURE 10- 23PT AVENUE CHANNEL TYPICAL CROSS SECTION 
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FIGURE 12- MARICOPA ROAD CHANNEL TYPICAL CROSS SECTION 
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IV. EXISTING FACIL TIES AND PLANNING CONSTRAINTS 

A. Introduction 

The project watershed does not currently have significant regional drainage infrastructure in place. The 

Recommended Plan is proposed as a retrofit in this area that has been slowly converting from an 

agricultural use to mixed residential and industrial uses for many years. The historic and emerging uses 

of this area have included the installation of local and regional utility infrastructure and facilities, some 

of which represent design constraints to the Watson Drainage System, as it is not feasible to relocate 

them . 

B. Existing Facilities 

1. Roosevelt Irrigation District {RID) 

The RID main canal runs through the project area near the north end . There are 2 crossings of the RID 

main canal in the Recommended Plan, both of which are intended to convey flow from detention basins 

planned north of the facility to the planned drainage channels south. These crossings are planned to be 

a single 36" pipe for the western crossing and 2-24" pipes for the eastern crossing. 

In addition to the main canal, an intricate system of delivery and tailwater ditches exists to serve the 

area agricultural fields . The functionality of this system must be maintained. The conceptual design of 

the Recommended Plan includes facilities and features to maintain this functionality. 

The RID has expressed concerns regarding using siphons to accomplish utility crossings of the new 

facilities. However, the project partners prefer to utilize siphons at select locations and this approach 

has been used herein. 

2. Union Pacific Railroad (UPRR} 

The UPRR bisects the project near the north-south mid-point of the proposed system. Although UPRR 

currently only has a single track in this area, their property is 200' wide, and is occupied by several 

critical utility facilities, including 5 fiber optic communication lines and a 20" petroleum gas line owned 

by Kinder-Morgan. Efforts to determine the elevations of these utility lines through potholing are on 

going. These utility lines are currently assumed to be in conflict with the Recommended Plan . Although 

the cost is anticipated to be high, these utilities are planned to be relocated . 

The UPRR track facility does represent a constraint to the system, as the track alignment and elevation 

cannot be changed . The Recommended Plan must cross under the UPRR tracks. The UPRR has 

indicated that they will not approve a facility that requires any amount of routine maintenance to occur 

on their property. For this reason, the crossing of the entire UPRR property is proposed to occur 

underground via a box culvert . The section of this box culvert that crosses the UPRR tracks will need to 

be pre-cast to facilitate quick placement and installation, and restoration of the tracks for UPRR 

operations. The box culverts in UPRR ROW are anticipated to require design for railroad loading. 
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3. Arizona Nuclear Power Project (ANPP) 

The ANPP 96" reclaimed waterline is located just north of and parallel to the BWCDD main canal. This 

critical line delivers the coolant water supply to the Palo Verde Nuclear Generating Station. This 

waterline must not only be protected in place, but reinforced prior to construction activities. The 

conceptual design for the Recommended Plan crosses over the top of the ANPP line with 2 feet of 

clearance, and then immediately drops down under the adjacent Buckeye Water Conservation and 

Drainage District (BWCDD) main canal through a box culvert. 

4. Buckeye Water Conservation and Drainage District (BWCDD) 

The BWCDD main canal flows through the project area from east to west south of and generally parallel 

to the UPRR tracks. A single point of crossing of the BWCDD main canal is proposed in the 

Recommended Plan. The crossing of the BWCDD needs to convey more flow than the proposed 

crossings of the RID canal, and thus is planned to consist of a double barrel 8'x4' reinforced concrete box 

culvert. In order to facilitate the construction of this crossing while maintaining functionality of BWCDD 

operations, a permanent relocation of the main canal is proposed at this location. The box culvert may 

be constructed south of the existing canal, after which the relocated canal alignment can be excavated. 

Once the canal flow is diverted to the new alignment, then construction of the system drop and stilling 

basin can occur. 

In addition to the main canal, an intricate system of delivery and tailwater ditches exists to serve the 

area agricultural fields. The functionality of this system must be maintained . The conceptual design of 

the Recommended Plan includes facilities and features to maintain this functionality. 

Similar to the RID, the BWCDD has also expressed concerns regarding using siphons to accomplish utility 

crossings of the new facilities. However, the project partners prefer to utilize siphons at select locations 

and this approach has been used herein . 

5. Town of Buckeye Water and Sewer 

The Town of Buckeye has several water and sewer lines in the project area, most of which are not in 

conflict with the Recommended Plan. There are a couple of notable exceptions. 

There is a 30-foot wide public utility easement immediately adjacent to the UPRR property on the north 

side. This easement is occupied by two separate 18" sewers and a 16" waterline. Because this corridor 

is so crowded, the Recommended Plan channel that parallels the UPRR is planned to be located north of 

the public utility easement, on what is currently private property. 

The Apache Road corridor is also congested with underground utilities, including two Town of Buckeye 

sewer lines and a waterline near Maricopa Road, where the Watson Drainage System is planned to cross 

Apache Road via a 48" pipe. The western most sewer is fairly shallow and presents a challenge for the 

proposed road crossing of the Recommended Plan. 
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6. Arizona Public Service {APS} 

In addition to several overhead and underground distribution power lines and services owned by APS, 

the APS Valencia substation is located just north of the Maricopa Road alignment and just east of Miller 

Road. The Recommended Plan includes the Maricopa Channel, which is proposed to be located on the 

north side of Maricopa Road, and extend westerly to Miller Road. The Valencia substation is in direct 

conflict with the extension of th is proposed channel, and thus, the Maricopa Channel is planned to go 

underground into a box culvert and around the south side of the Valencia substation. 

C. Planned Future Projects 

There are several planned future projects in the project area which will need to be coord inated with the 

final design of the Watson Drainage System. At this concept design level, efforts have been undertaken 

to acquire as much information about these projects as possible, and to make accommodations, if 

necessary and appropriate, in the Recommended Plan conceptual design . 

1. Watson Road 

Watson Road currently does not exist between Southern Avenue and MC-85. Additionally, Watson Road 

does not extend south of Beloat Road. The Town of Buckeye Plans to extend Watson Road from 

Southern Avenue to MC-85, and to improve the roadway section to be 4 lanes plus a center median. In 

order to make the connection from Southern Avenue to MC-85, Watson Road is planned to cross the 

UPRR tracks and the BWCDD canal via an elevated grade separated crossing. The Town provided 

preliminary design line work depicting the future toe of embankment slopes for this future structure. 

2. Industrial Park 

The Town of Buckeye has held preliminary discussions with potential developers of the property 

immediately east of the Walmart Distribution Center, between the UPRR and Southern Avenue, 

extending to a point west of Rainbow Road. This land is proposed to be developed as an industrial park. 

3. Watson Community Facilities District 

In late 2005, the Watson CFD was formed , comprised of several land parcels bounded by Yuma Road on 

the north, Beloat Road on the south, Apache Road on the west and Rainbow Road on the east. These 

properties were planned for mostly res idential developments. Many of these planned developments 

advanced their designs to the platting stage and have development agreements in place with the Town. 

In addition, the CFD invested in underground sewer infrastructure to serve the future developments, 

and are now encumbered by annual assessments for that infrastructure. 

4. El Rio Levee 

TheEl Rio Levee project has been planned for many years, and proposes to construct a levee along the 

north side of the Gila River throughout the Watson Project area and beyond . This levee is proposed to 

contain Gila River flows and prevent the flooding and inundation of adjacent land. 
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V. RECOMMENDED PLAN 

A. Introduction 

The Recommended Plan is shown on FIGURE 14. Each of tile plan elements is shown in plan and profile 

on the Conceptual Design Plans (separately bound) . The following sections are intended to be used with 

the Conceptual Design Plans to describe the proposed impr<JVements and are organized according to the 

project reaches as shown on FIGURE 14. A summary of the reach design flows and along with an exhibit 

showing the reach locations has been included in Appendix D. Each section discusses issues to be 

considered during final design. The project elements are described as well as floodplain impacts, utility 

conflicts, environmental and permit issues, landscape and multi-use concepts, and any special 

considerations associated with the project. 

B. Conceptual Design Costs 

The estimated cost of the Recommended Plan is $69,581~,285 including estimated costs of property 

acquisition. The cost estimate prepared in conjunction with the conceptual plans is included in 

Appendix H. 

C. Floodplain Impacts 

The Recommended Plan will provide a benefit to the area by creating an outfall for the areas that are 

currently delineated with FEMA floodplains. While implementation of the recommended plan will 

provide the outfall system, the full benefit to the area will be dependent on area developers providing 

the necessary conveyance to deliver the floodwater from their respective parcels to the proposed 

Recommended Plan system channels. 

There are currently FEMA delineated floodplains on the north side of the RID Canal, the north side of the 

UPRR tracks, the north side of the BWCDD Canal, and within the Gila River. At full implementation of 

the Recommended Plan and adjacent development, the 100-year floodplain will be mostly contained 

within the limits of the proposed system. Based on the effective floodplain study, the backwater from 

the Gila River 100-year flow encroaches into the 'Buckeye Slough' and unless levees or other mitigating 

features are incorporated into the design, the proposed Watson System will not fully contain the 

backwater from the Gila River during events exceeding the 25-year flooding event in the Gila, according 

to the 1999 Michael Baker, Jr. delineation (see FCDMC memo 2/7/2014 in Appendix A) . 

The elevation of the Gila River floodplain elevation, as shown on the current FEMA floodplain map, is 

represented on the project conceptual plans, and extends from the Gila River to just north of the 

Monroe Avenue Alignment. This means that during times of 100-year flow rates in the Gila River, the 

Watson Recommended Plan system will be filled with backwater from the Gila River to that point in the 

system. This Gila River backwater inundation will vary in depth from approximately 7 feet right at the 

Gila River to zero depth just north of Monroe Avenue. 

There is an ongoing update of the Gila River floodplain in the vicinity of the Watson Outfall location . 

Reach 3 of this study is from SR-85 to Cotton Lane and was not available for review at the time of this 

pre-design report. Discussions with FCDMC staff have revealed that the project is planned for an initial 
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submittal to FEMA in October of 2014. The final designers should reference this project (FCD2012C017) 

for updated floodplain information. 

D. Watson Channel and Lateral 

1. Description 

(See Pre-Design Plans, Sheets 6-21) 

The Watson Channel serves as the outfall for the entire Watson system. It extends from the Gila River to 

the Industrial Channel north of the UPRR and includes the Watson Lateral channel, which extends along 

Monroe and 231' 1 Avenues to the north side of MC 85. Portions of the channel will be co-located with 

the existing BWCDD Watson Drain and will require a ROW corridor ranging between 300 and 350 feet in 

width at its widest sections. Key features of the channel include the Gila River outfall , combined low 

flow and tailwater channel, seven (7) box culvert crossings including a quarter mile long box culvert 

section between MC 85 and the BWCDD canal, and a spillway between the BWCDD Canal and the ANPP 

water pipeline. Grade control structures are included in portions of the reach to stabilize the channel 

invert in the interim period between initial construction and installation of the ultimate turf erosion 

protection by future development. Further design details of the Watson Channel Reach are contained in 

the Pre-Design Plans on sheets 6-21. 

Design flows and proposed channel section types for the Watson Channel are listed in TABLE 8. 

TABLE 8- WATSON CHANNEL FLOWS AND SECTIONS 

Station Limits Design Flow Channel Section 

Sta 00+00 to Sta 41 +50 1,120 CFS Watson (Earth with Concrete Low Flow 

Sta 41 +50 to Sta 69+00 740 CFS Apache (Gunite) 

Sta 69+00 to Sta 94+64 560 CFS 231'1/Residential (Turf) 

Sta 94+64 to Sta 117+57 460 CFS 231'1/Residential (Turf) 

Design flows and proposed channel section types for the Watson Lateral are listed in TABLE 9. 

TABLE 9- WATSON LATERAL FLOWS AND SECTIONS 

Station Limits 

Sta 200+00 to Sta 226+26 

Sta 226+26 to Sta 255+ 18 
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FIGURE 14- RECOMMENDED PLAN 
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2. Utility Conflicts 

Sta 11+00 (Sheet 7): An existing BWCDD irrigation ditch crosses the Watson Drain at this location. 

The Watson Drain crosses under the delivery ditch in pipe culvert. This location also provide vehicular 

access across the Watson Drain. The Pre-Design Plans includes relocating this ditch underground in a 

24" pipe. The final solution to this conflict must be coordinated with BWCDD. The existing pipe culvert 

is proposed to be upsized at this location to handle the design flow for this reach. 

Sta 18+80 (Sheet 7): An 18" irrigation drain is located along the east side of the existing Watson 

Drain. The need for a re-connection to the new Watson Drain will be required as a part of the Final 

Design Plans. 

Sta 41+21 (Sheet 9): A 12" waterline is located along the south side of Beloat Road . The Pre-Design 

Plans include a box culvert crossing of Beloat Road . The waterline is proposed to be realigned vertically, 

if necessary, above the box culvert. 

Sta 42+00 (Sheet 9): A 24" irrigation drain is located on the east side of the existing Watson Drain . 

The need for a re-connection to the new Watson Drain will be required as a part of the Final Design 

Plans. 

Sta 54+60 (Sheet 10): A 24" irrigation drain is located east of the existing Watson Drain . The need for 

a re-connection to the new Watson Drain will be required as a part of the Final Design Plans. 

Sta 66+72 (Sheet 11): A 24" irrigation lateral is located along the east side of the existing Watson 

Drain . This lateral provide the ability to transfer irrigation water from the northern portion of the 

existing Watson Drain to the agricultural fields to the southeast. An assessment of the need to re

establish this functionality will be required as a part of the Final Design Plans. 

Sta 68+00 (Sheet 11): A 24" irrigation lateral is located adjacent to the existing Watson Drain. No re

connection to the new Watson Drain is anticipated. 

Sta 68+65 (Sheet 11): A 24" irrigation drain is located adjacent to the existing Watson Drain . The need 

for a re-connection to the new Watson Drain will be required as a part of the Final Design Plans. 

Sta 69+17 (Sheet 11): A 24" irrigation drain is located adjacent to the existing Watson Drain . The need 

for a re-connection to the new Watson Drain will be required as a part of the Final Design Plans. 

Sta 81+60 (Sheet 12): A dead-end irrigation delivery ditch is located adjacent to the existing Watson 

Drain. No re-connection to the new Watson Dra in is anticipated. 

Sta 95+00 (Sheet 14): An irrigation lateral ditch is located adjacent to the existing Watson Drain. The 

need for are-connection of this ditch will be required as a part ofthe Final Design Plans. 
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Sta 95+27 (Sheet 14): A 4" natural gas line is located along the south side of MC85, which will need to 

be relocated . 

Sta 108+40 (Sheet 15): A RID irrigation ditch is located south of the existing BWCDD Canal. The need 

for a re-connection of this ditch will be required as a part of the Final Design Plans. 

Sta 109+00 (Sheet 15): The BWCDD Canal will need to be relocated to the south for a short reach in 

order to facilitate construction phasing. The final design of the canal relocation must be coordinated 

with BWCDD. 

Sta 109+31 (Sheet 15): The ANPP 96" water line is located approximately 50 feet north of the existing 

BWCDD Canal. This waterline is critical to the operation of the Palo Verde Nuclear Generating Station, 

and must be protected in place and reinforced at the proposed crossing location. 

Sta 109+59 (Sheet 15): A RID irrigation ditch is located north of the existing BWCDD Canal. 24" storm 

drain pipes have been provided to drain this ditch into the new Watson Drain. An assessment of the 

need for a re-connection of this ditch will be required as a part of the Final Design Plans. 

Sta 114+55 (Sheet 15): A dead-end irrigation delivery ditch is located adjacent to the new Watson 

Drain. No re-connection to the new Watson Drain is anticipated . 

Sta 114+73 (Sheet 15): An irrigation delivery ditch is located adjacent to the new Watson Drain. A 30" 

irrigation siphon has been provided to re-connect this ditch. 

Sta 115+00 (Sheet 15): Kinder-Morgan owns a 20" petroleum gas line located along the south side of 

the UPRR property. This gas line will need to be relocated . 

Sta 115+19 (Sheet 15): A fiber optic telecommunication line is located with the UPRR property at this 

location . This fiber optic line will need to be relocated. 

Sta 115+32 (Sheet 15): A fiber optic telecommunication line is located with the UPRR property at this 

location . This fiber optic line will need to be relocated . 

Sta 116+70 (Sheet 15): A fiber optic telecommunication line is located with the UPRR property at this 

location. This fiber optic line will need to be relocated . 

Sta 116+75 (Sheet 15): A fiber optic telecommunication line is located with the UPRR property at this 

location. This fiber optic line will need to be relocated . 

Sta 116+99 (Sheet 15): A 16" waterline is located within a public utility easement at this location . This 

waterline will need to be relocated . 
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Sta 240+54 (Sheet 20): There is an existing BWCDD irrigation delivery ditch crossing the proposed I 
Watson Lateral at this location . The functionality of the irrigation system must remain intact. The 

crossing is proposed to be accomplished via a siphon structure at this location . The final solution to this 

conflict must be coordinated with BWCDD. 

Sta 254+12 (Sheet 21): A BWCDD irrigation delivery ditch is located along the south side of MC85. The 

Watson Lateral will cross MC85 is a box culvert, which will allow the irrigation ditch to be relocated 

underground in a pipe. The final design of this relocation must be coordinated with BWCDD. 

Sta 254+25 (Sheet 21): A 4" natural gas line is located along the south side of MC85 at this location . The 

gas line may need to be relocated . 

3. Environmental and Permit Issues 

Environmental considerations fo r the Watson Drainage System are derived from the previous work done 

on the Buckeye ADMP with additional cultural resource inventory work and evaluation completed by the 

District through an on-call cont ract with an archeology consultant. Specific considerations for the 

Watson Drainage Channel include: 

• Nationwide Permit will likely be necessary for impacts at the Gila River. It is anticipated that the 

channel outfall will fall under Nationwide Permit #7 Outfall Structures and Maintenance or #43 

Stormwater Management Facilities . 

• Threatened and Endangered Species impacts must be taken into consideration as part of the 

outfall design. 

• Phase I Environmental Site Assessments (ESA) for land acquisitions will be required. 

• Archeology inventory of the Watson Drain Channel alignment has been completed by the 

District through an on-call as part of the pre-design. Adjustments to the proposed channel 

alignment at final design may require additional evaluation. 

• A Town of Buckeye Native Plant Inventory should be included for the channel as part of the final 

design, and will be most beneficial if completed at the commencement of the 30% design. 

Native tree salvage and replanting may be feasible within this reach given there is perennial 

flows from the Watson Drain into the Gila River that could irrigate the trees provided salvaged 

trees are replanted as part of the Gila Outlet or with supplemental irrigation for establishment. 

4. Landscape and Multi-Use 

The outlet of the Watson System at the Gila River is intended to serve as a transition element between 

the planned suburban development of the upper reaches and the natural riparian areas of the Gila 

River. AGFD hopes to see the future condition of the site serve as habitat area following restoration of 

the planned sand and gravel extraction operations. Design considerations for the outlet related to 

landscape and aesthetics are intended to assist in achieving AGFD's goals at the outfall and include: 
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• The creation of a low-flow within the FIGURE 15- CONSTRUCTED RIVER EXAMPLE 

buried riprap area to make use of the 

perennial flows from the Watson Drain 

to create the appearance of a natural 

running stream. This includes 

depressing the low-flow area, leaving 

the riprap in the low-flow exposed 

rather than burying it as well as 

including boulders along the low-flow 

embankment to create the impression 

of a stream's characterist ic " riffle-pool 

run" similar to example in FIGURE 15. 

• Hydroseeding the buried riprap areas depicted on the plan and profile sheets with a native 

riparian mix along with the use of pole plantings to create a desirable plant community at the 

confluence of the Watson System with the river. The purpose of establishing a desirable plant 

community at the confluence is to resist the encroachment of salt cedar and other invasive 

species upstream into the system. 

• The cut-off wall and grade-control structure should be integrated into a natural theme for the 

river and include rock-type formliners as well as natural desert varnish staining for those 

portions of the structure not expected to be frequently in contact with water from the Watson 

Drain. 

Segments of the Watson Channel and Lateral that are designated as the Watson Drain Channel type 

should follow the design guidelines outlined in Section III.F.4 . 

Segments of the Watson Channel that are designated as the Apache Road Channel type should be 

designed and constructed following the design guidelines outlined in Section III.F.2 with the 

following modifications for an interim condition: 

• Where irrigation and final landscape FIGURE 16- CONSTRUCTED GUNITE CHANNEL EXAMPLE WITH 

materials will not be installed until INTERIM LANDSCAPE ONLY. 

future development participation is 

feasible, tall pot trees and hydroseed 

should be included in the landscape 

portions of the channel consistent 

with the Interim Channel Landscape 

recommendations in Section /II.D. 

• Shotcrete channel lining should 

include integral co lor and seeded 

aggregate for texture as required for 

the permanent condition . Shotcrete 

color should be selected to match rock mulch to be placed in the channel overbank areas 

and be natural in color. 

fi pibble Engineering 

~March2014 
Watson Drainage System 

Pre-Design Report 

Page 

V-7 



Segments of the Watson Channel that are designated as the 231st Avenue Road Channel type should be 

designed and constructed following the design guidelines outlined in Section 11/.F.l, with special 

consideration for interim conditions as described in Section 111.0, and in the special considerations 

below. 

Town of Buckeye trail alignments require additional coordination with the Town for sections of the 

Watson Channel and Lateral that are intended to be undergrounded in a pipe. Appropriate connections, 

alternative alignments, or the inclusion of the O&M road along the pipe route should be considered. 

Structural aesthetics for the Watson Channel and Lateral should either be natural in texture and color, 

simple in form, and blend into the setting or be based on an agricultural theme. 

AGFD, the Town of Buckeye, a Maricopa County Regional Trail representative, and a representative from 

the planned El Rio project managed by the City of Avondale should be invited to participate in the Final 

Design project PAAC meetings based on the landscape, multi-use, and aesthetic needs of this reach . 

5. Special Considerations 

Portions of the Watson Lateral to be constructed by the District will require interim landscape 

treatments to mitigate the water velocities prior to the installation of the final turf lining. Objectives for 

the interim condition include: 

Objective 1: Accomplish the stormwater mitigation requirements of the Watson System Pre

Design Project. 

Objective 2: Accommodate both an interim earthen channel with hydroseed lining condition and 

a final build-out condition with a turf lining. 

Objective 3: Not preclude the opportunity for open space credits to adjacent developer by 

imposing limiting conditions in the interim design. 

Design guidelines associated with the interim conditions channels are described in Section 11/.D.l .a. 

Mining Activities- Multiple sand and gravel operations are either currently present at the Watson 

Channel outfall or are planned in the case of the Gila River LLC's planned purchase of the AGFD land. 

CEMEX currently owns the land on either side of the Watson Drain which will be bisected by the channel 

construction . They have raised concerns regarding access to their land, impacts to their operations, and 

access to the minerals within the channel alignment that must be considered during final channel 

design . 

Watson Road- The Town of Buckeye plans to extend Watson Road from Southern Avenue to MC 85, 

including a grade separated crossing over the UPRR and the BWCDD Canal. The structure required for 

the elevated crossing of these facilities will create fill embankments extending beyond the normal right

of-way requirements for a typical arterial roadway. The alignment of the Watson Channel has been set 

h pibble Engineering 

~March2014 
Watson Drainage System 

Pre-Design Report 

Page 

V-8 



I 
I 
I 
I 
I 
I 
I 
I 
.I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

to abut the western toe of the planned embankment, based on planning documents provided by the 

Town . 

Watson Drain- The existing Watson Drain collects and conveys irrigation tailwater and pumped 

groundwater from the agricultu ral fields to the Gila River. Portions of the Watson Channel and the 

Watson Lateral are planned to be collocated with the Watson Dra in, and to accommodate the tailwater 

and ground water flows. 

Gila River Backwater- It is recognized that the 100-year water surface elevation in the Gila River will 

project upstream in the Watson Channel and the Watson Lateral to a point just north of the Monroe 

Avenue alignment. Due to the magnitude of the design flow in the Watson Channel, alternatives 

utilizing any type of control to prevent Gila River flows from entering the system (e.g. flap gates) were 

eliminated . Consideration should be given to Watson Channel interface with the planned El Rio Levee, 

and to prevent Gila River flows f rom breaking out and circumventing the Watson Channel, which may 

cause erosion in the overbank areas. Resolving 25- to 100-year flooding from the Gila River is beyond 

the scope of this project . The Watson Channel south of Monroe Avenue alignment will not confine 

concurrent floodwaters during high flood stage in the Gila River exceeding a 25-year event (based on the 

1999 Baker delineationL therefo re bu ilding pad elevations in this area should be set accordingly. If the 

El Rio levee is implemented, detention basins or other drainage systems at the Watson Channel outlet 

to the Gila River should be considered to contain Watson system flows during high flood stage in the 

Gila. 

BWCDD Canal Crossing- The Watson Channel is proposed to cross under the BWCDD canal. 

Consideration has been given to construction phasing of this crossing, and a permanent relocation of the 

BWCDD canal has been proposed to facilitate this work. Design of the canal relocation must be 

coordinated with BWCDD. 

ANPP 96" Waterline Crossing- The Watson Channel system is proposed to cross over the ANPP 

waterline . There is shallow cover over the ANPP line. The proposed configuration of the crossing leaves 

1.8 feet of vertical clearance between the bottom of the Watson Channel and the top of the ANPP line. 

It is proposed that the ANPP line concrete reinforcement occupy the entire space to form the invert of 

the proposed channel. Final design of this crossing must be coordinated with APS. 

UPRR Crossing- The Watson Channel is proposed to cross the full width of the UPRR property 

underground in a box culvert. This will help minimize any required maintenance activities related to the 

Watson system within the UPRR corridor. That portion of the proposed box culvert crossing under the 

actual tracks should be accomplished utilizing a prefabricated box culvert designed for railroad loading 

in order to facilitate as short a disruption in track operation as possible. The box culverts in UPRR ROW 

are anticipated to require design for railroad loading. Construction disruption of the tracks should last 

less than a day. If the tracks are proposed to be disrupted for longer than a day, then UPRR may require 

the design and construction of a temporary shoe-fly. 
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E. Industrial Channel 

1. Description 

(See Pre-Design Plans, Sheets 22-28 and 44-46) 

The Industrial Channel collects and combines flow from both legs of the proposed upstream system 

upstream of the UPRR tracks. The channel will require a ROW corridor ranging between 80 and 100 feet 

in width . Key features of the channel include six (6) irrigation siphon crossings, and the entrance to the 

UPRR crossing box culvert. Further design details of the Watson Channel Reach are contained in the Pre

Design Plans on sheets 22-28 and sheets 44-46. 

Design flows and proposed channel section types for the Industrial Channel are listed in TABLE 10. 

TABLE 10- INDUSTRIAL CHANNEL FLOWS AND SECTIONS 

Station Limits Design Flow Channel Section 

Sta 300+79 to Sta 351+33 110 CFS Industrial (Concrete) 

Sta 351 +33 to Sta 379+07 60 CFS Industrial (Concrete) 

Sta 394+80 to Sta 439+60 540 CFS Industrial (Concrete) 

Sta 439+60 to Sta 472+00 390 CFS Industrial (Concrete) 

2. Utility Conflicts 

Sta 304+74 (Sheet 22): There is an existing RID irrigation tailwater ditch crossing the proposed 

Industrial Channel at this location. The functionality of the irrigation system must remain intact. The 

crossing is proposed to be accomplished via a siphon structure at this location. The f inal solution to this 

conflict must be coordinated with RID. 

Sta 304+76 (Sheet 22): There is an existing 24" sanitary sewer crossing the Industrial Channel at this 

location . While the sewer is sufficiently deep to cross under the proposed Industrial Channel, there is a 

manhole located with the channel footprint . The Recommended Plan includes 2 new manholes beyond 

the limits of the channel with a new pipe connecting the manholes to accomplish the crossing . 

Sta 319+32 (Sheet 23): Tailwater from the adjacent agricultural field has historically drained overland 

near this location to a culvert crossing the UPRR tracks. The RID recaptures and reuses this tailwater in 

their system. The proposed Industrial Channel will cutoff the overland flow route for this tailwater. A 

siphon structure is proposed at this location to allow the tailwater to cross the Industrial Channel and 

continue along its historic path . The final design of this structure must be coordinated with RID. 

Sta 332+09 (Sheet 25): There is an existing RID irrigation delivery and tailwater ditch crossing the 

proposed Industrial Channel at this location. The functionality of the irrigation system must remain 

intact. The crossing is proposed to be accomplished via a siphon structure at this location . The final 

solution to this conflict must be coordinated with RID . 

Sta 337+31 (Sheet 25): Tailwater from the adjacent agricultural field has historically drained overland 

near this location to a culvert crossing the UPRR tracks. The RID recaptures and reuses this tailwater in 
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their system. The proposed Industrial Channel will cutoff the overland flow route for this tailwater. A 

siphon structure is proposed at this location to allow the tailwater to cross the Industrial Channel and 

continue along its historic path. The final design of this structure must be coordinated with RID. 

Sta 356+67 (Sheet 27}: An existing RID irrigation delivery ditch crosses the proposed Industrial Channel 

at this location . The functionality of this irrigation system must remain intact. The crossing is proposed 

to be accomplished via a siphon structure at this location. The final solution to this conflict must be 

coordinated with RID. 

Sta 623+55 (Sheet 46}: An existing 16" waterline crosses the proposed Industrial Channel at this 

location. This waterline will need to be realigned to cross below the proposed channel. 

Sta 624+64 (Sheet 46}: An existing RID irrigation tailwater and delivery ditch runs parallel to and within 

the footprint of the proposed Industrial Channel at this location. The functionality of this irrigation 

system must remain intact. The irrigation ditch is proposed to be relocated underground in a pipe along 

the east side of the proposed channel, and to cross the proposed drainage system above the proposed 

box culvert at this location. The final solution to this conflict must be coordinated with RID. 

3. Environmental and Permit Issues 

Environmental requirements for this reach are limited and expected to be coordinated by the FCDMC 

Environmental Program Manager during final design. 

4. Landscape and Multi-Use 

The Industrial Channel shall be constructed in accordance with the recommendations of Section 1/I.F.S. 

Vertical drop structures within the system should be designed with minimal aesthetics to match the 

aesthetic design of the channel itself. The industrial site developer should be invited to participate in the 

PAAC meetings for the final design . 

As mentioned earlier in the report, trail connectivity between this reach and the Watson Channel reach 

will require additional coordination with the Town of Buckeye to determine the best means of crossing 

the BWCDD channel and the UPRR. 

5. Special Considerations 

Longitudinal slope- The Industrial Channel runs parallel to the topographic contours in this area . As a 

result, minimum longitudinal slope is available for this channel. Most of the Industrial Channel is 

designed at a longitudinal slope of 0.0010 ft/ft. Concrete lining will aid in the effectiveness of the 

channel to convey the flows. Consideration should be given to minimize channel roughness for this 

reach . 

Irrigation Tailwater- Because the topography falls from north to south, this generally east-west channel 

alignment would naturally intercept tailwater from the agricultural fields, if allowed to do so. The RID 

has the water rights to this tailwater, and therefore the tailwater must be returned to the irrigation 

system downstream of the Industrial Channel. A series of irrigation crossing structures is proposed in 
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the Pre-Design Plans to maintain segregation of stormwater flows and irrigation tailwater flows along 

this reach . 

Sediment Deposition- Potential sediment deposition should be considered during final design since the 

slope of this channel is relatively flat and upstream interim channels may be unlined . 

F. 231st Channel 

1. Description 

(See Pre-Design Plans, Sheets 29-38) 

The 2315
T Channel serves as the outfall for the proposed Rainbow Basin and Railroad Basin. The 

proposed channel alignment extends from Southern Avenue near Rainbow Road to the RID Canal along 

the west side of the 23P1 Avenue alignment. As an alternative, the alignment of the 23151 Channel could 

straddle the mid-section line. The Town should be consulted during final design to determine the 

preferred alignment for this reach . The channel will require a ROW corridor ranging between 115 and 

185 feet in width . Key features of the channel include the connection to the proposed Railroad Basin, 

the outfall connection from the proposed Dean Basin, three (3) box culvert crossings including a 1,500-

foot long box culvert section north of Broadway Road in order to fit between the existing cemetery and 

a property containing structures of historic interest, connection to the Rainbow Basin outfall, three (3) 

irrigation siphons, eight (8) vertical drop structures, and the crossing of the RID Canal. Further design 

details of the Watson Channel Reach are contained in the Pre-Design Plans on sheets 29-38. 

Design flows and proposed channel section types for the 23151 Channel are listed in TABLE 11. 

TABLE 11- 2315r CHANNEl FlOWS AND SECTIONS 

Station limits Design Flow Channel Section 

Sta 352+00 to Sta 369+00 430 CFS Industrial (Concrete) 

Sta 369+00 to Sta 378+ 71 430 CFS 23151/Residential (Turf) 

Sta 378+71 to Sta 472+00 390 CFS 23P1/Residential (Turf) 

2. Utility Conflicts 

Sta 379+88 (Sheet 29): An existing RID irrigation delivery ditch crosses the proposed channel at this 

location. The functionality of this irrigation system must remain intact. The crossing is proposed to be 

accomplished via a pipe crossing above the proposed box culvert crossing of Southern Avenue. The final 

design of this crossing must be coordinated with RID. 

Sta 392+61 (Sheet 31): An existing RID irrigation delivery ditch crosses the proposed system at this 

location. The functionality of this irrigation system must remain intact. The crossing is proposed to be 

accomplished via a pipe crossing above the proposed box culvert inlet to the Railroad Basin. The final 

design of this crossing must be coordinated with RID . 
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Sta 401+14 (Sheet 31): An existing RID irrigation delivery ditch crosses the proposed channel at this 

location . The functionality of th is irrigation system must remain intact. The crossing is proposed to be 

accomplished via a siphon structure at this location . The final solution to this conflict must be 

coordinated with RID. 

Sta 413+64 (Sheet 32): An existing RID irrigation delivery ditch crosses the proposed channel at this 

location . The functionality of th is irrigation system must remain intact. The crossing is proposed to be 

accomplished via a siphon structure at this location . The final solution to this conflict must be 

coordinated with RID. 

Sta 426+96 (Sheet 34): An existing RID irrigation delivery ditch crosses the proposed channel at this 

location. The functionality of th is irrigation system must remain intact. The crossing is proposed to be 

accomplished via a siphon structure at this location. The final solution to this conflict must be 

coordinated with RID. 

Sta 440+70 (Sheet 35): An exist ing RID irrigation delivery ditch crosses the proposed system at this 

location. The functionality of th is irrigation system must remain intact. The crossing is proposed to be 

accomplished via a pipe crossing above the proposed box culvert . The final solution to this conflict must 

be coordinated with RID. 

Sta 453+33 (Sheet 36): An existing RID irrigation delivery ditch crosses the proposed system at this 

location. The functionality of th is irrigation system must remain intact. The crossing is proposed to be 

accomplished via a pipe crossing above the proposed box culvert . The final solution to this conflict must 

be coordinated with RID. 

Sta 466+80 (Sheet 37): An existing RID irrigation delivery ditch crosses the proposed system at this 

location. The functionality of this irrigation system must remain intact. The crossing is proposed to be 

accomplished via a pipe crossing above the proposed box culvert . The final solution to this conflict must 

be coord inated with RID. 

3. Environmental and Permit Issues 

Specific environmental and perm it considerations for the 231 51 Channel include: 

• Phase I Environmental Site Assessments (ESA) for land acquisitions will be required. 

• Archeology inventory of the 23P1 Channel alignment indicate that the Buckeye Canal, the 

Roosevelt Canal, and the old US 80 have been recommended for or formally determined to be 

eligible for nomination with the National Register of Historic Places and will be impacted by the 

alignment . The on-call ' s recommendations indicate mitigation of the sites will not be necessary 

provided it can be demonstrated that the National Registry characteristic of the structures 

would not be altered as a result of the project. 

• A Town of Buckeye Native Plant Inventory should be included for the channel as part of the final 

design, and will be most beneficial if completed at the commencement of the 30% design as a 

tool for identifying existing trees that may be left in place. Given the majority of the alignment is 

currently developed as agriculture the number of existing trees within the alignment is limited. 
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Native tree salvage should be included where supplemental irrigation will allow for the 

reestablishment of the trees back into project. Where supplemental irrigation is not feasible, 

tree salvage and replanting is no likely to be successful. 
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4. Landscape and Multi-Use 

The 23151 Channel shall be constructed in accordance with the recommendat ions of Section 11/.F.l . or the 

appropriate channel type if otherwise designated . 

One of the O&M roads along the east side of the channel should be designated as the soft-surface trail 

fo r this reach with dual roads. Opportunities to connect equestrian users to the future Skyline Regional 

Park along the powerline trail north of the RID, along the Maricopa Regional Trail segment identified on 

the north side of the RID, and south along the Watson System to the Gila River have been identified in 

the project PAAC meetings and should be achieved through project implementation. 

5. Special Considerations 

Portions of the 23P1 Channel to be constructed by the District will require interim landscape treatments 

to mitigate the water velocities prior to the installation of the final turf lining. Objectives for the interim 

condition include : 

Objective 1: Accomplish the stormwater mitigation requirements of the Watson System Pre

Design Project. 

Objective 2: Accommodat e both an interim earthen channel with hydroseed lining condition and 

a final build -out condition with a turf lining. 

Objective 3: Not preclude the opportunity for open space credits to adjacent developer by 

imposing limiting conditions in the interim design. 

Design guidelines associated with the interim conditions channels are described in Section 11/.D.l.a. 

Sensitive Land Parcels -Just nort h of Broadway Road, the 23P 1 Channel passes between two sensitive 

land parcels. On the east side of the 23 Pt Avenue alignment lies a cemetery. The parcel on the west 

side of the 23 P 1 Avenue conta ins remnants of sheep herders' quarters which have been deemed 

structures of historic interest. In order to avoid impacts to these parcels, the 231 st Channel system has 

been designed as a box culvert through this reach . 

RID Crossing- The 23151 Channel is designed to cross under the RID Canal and provide an outfall for the 

proposed Rainbow Basin. This crossing is proposed to consist of a 36" pipe. The crossing of the RID 

Canal must be coordinated with the RID, and will require certain improvements to the Canal. 

G. Apache Channel 

1. Description 

(See Pre-Design Plans, Sheets 46-57) 

The Apache Channel serves as the outfall for the proposed Apache Basin and Maricopa Basin . It extends 

from the UPRR just west of the Walmart Distribution Center to the RID Canal at Apache Road. The 

channel will require a ROW corridor ranging between 68 and 200 feet in width at its widest sections. 

Key features of the channel include the connection to the Apache Basin outfall, connection to the 

Maricopa Basin outfall, a box culvert, six (6) underground pipe sections including two (2) locations 
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where pipes are utilized to avoid existing structures, and sixteen (16) vertical drop structures. Further 

design details of the Watson Channel Reach are contained in the Pre-Design Plans on sheets 46-57. 

Design flows and proposed channel section types for the Apache Channel are listed in TABLE 12. 

TABLE 12- APACHE CHANNEL FLOWS AND SECTIONS 

Station Limits Design Flow Channel Section 

Sta 625+23 to Sta 634+00 240 CFS Industrial (Concrete) 

Sta 634+00 to Sta 659+20 240 CFS Maricopa (Rock Mulch) 

Sta 755+ 75 to Sta 740+65 230 CFS Apache (Gunite) 

Sta 740+65 to Sta 710+32 280 CFS Apache (Gunite) 

Sta 710+32 to Sta 666+35 340 CFS Apache (Gunite) 

2. Utility Conflicts 

Sta 659+50 to Sta 764+75 (Sheet 49-57): An existing RID irrigation delivery ditch is located 

parallel to the proposed channel along the east side of Apache Road. This ditch delivers irrigation water 

to the agricultural fields on the east side of the proposed channel. To facilitate the continued delivery 

and functionality of the irrigation system, the ditch is proposed to be relocated underground in a pipe 

along the east side of the proposed Apache Channel. The final solution to this conflict must be 

coordinated with RID. 

Sta 687+30 (Sheet 51): There is an existing 12" waterline located in the Southern Avenue corridor. The 

Apache Channel is proposed to cross Southern Avenue via a pipe culvert. The 12" waterline may need 

to be realigned at this location. 

Sta 714+59 (Sheet 53): There is an existing 12" waterline crossing the proposed system at this location . 

The system is proposed to enter a storm drain pipe and swing out into the Apache Road corridor for 

approximately 300 feet to avoid conflict with an existing structure and well site. The waterline may 

need to be realigned to avoid conflict with the proposed storm drain pipe. 

Sta 727+50 (Sheet 54): The existing RID irrigation delivery ditch along the east side of Apache Road, 

(which is proposed to be relocated in a pipe along the east side of the Apache Channel), receives inflow 

from another RID delivery ditch on the west side of Apache Road. In order to maintain the irrigation 

system connectivity and functionality, a siphon structure is proposed at this location to cross the Apache 

Channel. The final solution to this conflict must be coordinated with RID. 

Sta 740+74 (Sheet 55): There is an existing RID irrigation delivery ditch located along the south side of 

Broadway Road . The Apache Channel is proposed to cross Broadway Road via a pipe culvert . The 

delivery ditch is proposed to be relocated underground in a pipe crossing above the proposed pipe 

culvert. Final design of this crossing must be coordinated with RID. 
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Sta 741+40 (Sheet 55): There is an existing 12" waterline located in the Broadway Road corridor. 

crossing the proposed system at this location . The Apache Channel is proposed to cross Broadway Road 

via a pipe culvert. The waterline may need to be realigned to avoid conflict with the proposed culvert. 

Sta 763+41 (Sheet 57): The proposed irrigation ditch undergrounding and relocation to the east side of 

the Apache Channel crosses the system alignment at this location. The Apache system is planned to be 

underground in a storm drain pipe from the Apache Basin for approximately 1,000 feet . The proposed 

irrigation pipe will cross over t he top of the storm drain . Final design of this crossing must be 

coordinated with RID. 

3. Environmental and Permit Issues 

Environmental considerations for this reach are similar to those described for the 231 st Channel. 

4. Landscape and Multi-Use 

The Apache Road Channel shall be constructed in accordance with the recommendations of Section 

III.F.2. and Section III.F.3 where designated on the plans. Landscape should be installed with a 

permanent drip irrigation system with ornamental shrubs and native or native adapted trees 

complementary to adjacent developments. FIGURE 17- CONSTRUCTED GUNITE CHANNEL EXAMPLE WITH 

IRRIGATED LANDSCAPE 

The confluence of the Apache Channel, Maricopa 

Channel and the Maricopa Basin presents an 

opportunity for developing a multi-use gateway 

connecting the various Town of Buckeye Trail 

segments and inviting pedestrians and cyclists and 

others into the downtown along the multi-use 

pathway. Coordination between the Town, 

adjacent land owners, and other special interests 

should be facilitated as part of the development of this segment of the reaches to accomplish the 

Town's goal of inviting pedestrians and trail users into the downtown along Maricopa Road . 

5. Special Considerations 

RID Crossing- The Apache Channel is designed to cross under the RID Canal and provide an outfall for 

the proposed Rainbow Basin . This crossing is proposed to consist of a 2-24" pipe. The crossing of the 

RID Canal must be coordinated with the RID, and will require certain improvements to the Canal. 

Structure Avoidance- There are two locations between Southern Avenue and Broadway Road where the 

Apache Channel enters a short reach of storm drain and shifts the alignment to the Apache Road 

corridor. This is done to avoid conflict with an existing irrigation well site and an existing residence. 
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H. Maricopa Lateral 

1. Description 

(See Pre-Design Plans, Sheets 59-62) 

The Maricopa Channel collects and conveys flow from west of Apache Road . It extends from the Apache 

Road to just west of the Miller Road along the Maricopa Road alignment . The channel will require a 

ROW corridor ranging between 208 and 222 feet in width at its widest sections. Key features of the 

channel include the connection to the Maricopa Basin, an irrigation siphon structure, a storm drain 

section for the crossing of Apache Road, and a box culvert section for the crossing of Miller Road. 

Further design details of the Watson Channel Reach are contained in the Pre-Design Plans on sheets 59-

62 . 

Design flows and proposed channel section types for the Apache Channel are listed in TABLE 13. 

TABLE 13- MARICOPA CHANNEL FLOWS AND SECTIONS 

Station Limits Design Flow Channel Section 

Sta813+73 toSta851+11 360 CFS Maricopa (Rock Mulch) 

2. Utility Conflicts 

Sta 813+00 to Sta 829+75 (Sheets 59-60): An existing RID irrigation tailwater and delivery ditch is 

located parallel to the proposed channel along the north side of Maricopa Road. This ditch delivers 

irrigation water to the agricultural fields on the north side of the proposed channel. To facilitate the 

continued delivery and functionality of the irrigation system, the ditch is proposed to be relocated 

underground in a pipe along the north side of the proposed Maricopa Channel. The final solution to this 

conflict must be coordinated with RID. 

Sta 661+56 (Sheet 49): There is an existing 15" sanitary sewer located in the east side of the Apache 

Road corridor. The Maricopa Channel is proposed to cross the Apache Road corridor in a storm dra in 

pipe, and will cross this sewer at this location . The 15" sewer is shallow, and the storm drain pipe will 

cross just above the sewer. Final design of this crossing should explore methods of creating as much 

vertical clearance as possible between the storm drain and the sewer. 

Sta 661+72 (Sheet 49): There is an existing 16" waterline located in the Apache Road corridor at this 

location . This waterline may need to be relocated to avoid a conflict with the storm drain crossing. 

Sta 829+75 (Sheet 60): At this location, the proposed undergrounding and relocation of the irrigation 

ditch crosses the Maricopa Channel. This crossing is proposed to be a siphon structure at this location. 

Final design of this crossing must be coordinated with RID. 

Sta 851+94 (Sheet 62): Irrigation tailwater from the agricultural field to the north has historically flowed 

overland to a tailwater ditch near this location. The Maricopa Channel is proposed to enter a box 

culvert in this area to avoid conflict with the APS Valencia Sub Station . A pipe is proposed to cross above 
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the box culvert to capture and convey these tailwater flows to the historic system. The final design of 

this crossing must be coordinated with RID. 

Sta 856+87 (Sheet 62): There is an existing RID irrigation delivery ditch located along the east side of 

Miller Road. This ditch is proposed to be relocated underground in a pipe crossing above the box culvert 

at this location. The final design of this crossing must be coordinated with RID. 

Sta 857+23 (Sheet 62): There is an existing 18" sewer located in Miller Road crossing the proposed box 

culvert at this location . It is anticipated that the sewer is sufficiently deep to avoid a conflict with the 

box culvert. 

Sta 857+67 (Sheet 62): There is an existing 2" natural gas line located in Miller at this location. This gas 

line will need to be relocated to avoid conflict with the box culvert crossing Miller Road . 

3. Environmental and Permit Issues 

Environmental requirements for this reach are limited and expected to be coordinated by the Town and 

developers during final design. 

4. Landscape and Multi-Use 

The Maricopa Road Channel shall be constructed in accordance with the recommendations of Section 

I/I.F.3 where designated on the plans. Landscape should be installed with a permanent drip irrigation 

system with ornamental shrubs and native or native adapted trees complementary to adjacent 

developments. 

As described above, multi-use for this reach should opportunities to encourage pedestrians and other 

multi-use trail users to visit the downtown area from Maricopa Road as well as provide visitors to the 

downtown with multi-modal access to the rest ofthe Town of Buckeye trail system . 

5. Special Considerations 

APS Valencia Substation- The Maricopa Channel is proposed to enter a box culvert storm drain just east 

of the APS Valencia Substation . This will allow the system to be routed around the substation. 

Coordination should be conducted with APS to determine any special requirements they may have for 

horizontal clearance, vehicular loading, etc ... 

I. Apache Basin 

1. Description 

The Apache Basin is proposed to be located just north of the RID Canal and just east of Apache Road. 

Refer to FIGURE 14- RECOMMENDED PLAN for a graphical depiction of the proposed location of the 

Apache Basin . 

2. Environmental and Permit Issues 

Environmental requirements for t his reach are limited and expected to be coordinated by the Town and 

developers during final design . 
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3. Landscape and Multi-Use 

a. Landscape 

Landscape Design Theme : Sonoran Desert Park (if partnering with developer) or Natural Lower Sonoran 

Desert (if Town of Buckeye maintained) 

Plant Palette: To be determined by the developer. If partnering is not possible and the Town must 

maintain the basin, the basin should be designed using tall pot trees and hydroseed mixes with no 

supplemental irrigation. 

Flood Protection Method : Semi-Soft Structural. This basin should include sufficient right-of-way to 

accommodate the engineering need, a 30' buffer and an additional 30% of the engineering need to 

allow for basin shaping and design to accomplish the semi-soft structural forms and context sensitivity 

within the setting that it is placed . 

Side-Slopes: 6:1 average, varied between 4:1 and 8:1 

b. Multi-Use 

Passive open space, but may include other uses if partnering is possible . The Town may offer the 

developer incentives to help facilitate implementation of the basin such as open space cred its, density 

credits, or allow co-location of some of their on-site retention. The basin could provide additional 

neighborhood park-level recreation since Monte Verde has a low recreation level-of-service for 

neighborhood park needs per the Town planning staff. 

4. Special Considerations 

Coordination with planned development- The Apache Basin is located in an area of a planned 

development with a plat. Given the Town' s current open space requirements and development 

standards, it is possible that the Apache Basin can be incorporated into the development plat with minor 

impacts. The Town has indicated a willingness to allow developments that are directly impacted by the 

locations of proposed regional basins to discharge on-site stormwater to the basin, as long as the 

development excavates commensurate additional storage volume. Coordination should be conducted 

with the planned development for this site to determine an acceptable configuration for the basin. 

Capturing water in the basin- The Apache Basin is designed to collect runoff reaching the RID canal from 

the north between 247th Ave, which is the mid-section line between Miller Road and Apache Road, and 

Watson Road . During final design the means for collecting the off-site runoff and safely conveying it into 

the basin will need to be developed and included in the design . This will include conveying runoff from 

the west across Apache Road, likely through a culvert, and collecting sheet flow from north of the basin 

as well as runoff that has accumulated along the upstream side of the RID east of the basin . It is 

recommended that offsite flows be prevented from flowing over the basin sideslope by constructing 

spillways at planned locations where runoff can be safely directed into the basin. Ideally, the means and 
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inlet location for collecting offsite flows would be coordinated with the landowner/developer in 

accordance with current development plans. 

J. Maricopa Basin 

1. Description 

The Maricopa Basin is proposed to be located just north of Maricopa Road and just west of Apache 

Road . Refer to RECOMMENDED PLAN for a graphical depiction of the proposed location of the 

Maricopa Basin. 

2. Environmental and Permit Issues 

Environmental requirements for this reach are limited and expected to be coordinated by the Town and 

developers during final design. 

3. Landscape and M ulti-Use 

a. Landscape 

Landscape Design Theme: Enhanced Desert (if partnering with developer) or Natural Lower Sonoran 

Desert (if Town of Buckeye maintained) 

Plant Palette: To be determined by the developer. If partnering is not possible and the Town must 

maintain the basin, the basin should be designed using tall pot trees and hydroseed mixes with no 

supplemental irrigation. 

Flood Protection Method: Semi-Soft Structural. This basin should include sufficient right-of-way to 

accommodate the engineering need, a 30' buffer and an additional 30% of the engineering need to 

allow for basin shaping and design to accomplish the semi-soft structural forms and context sensitivity 

within the setting that it is placed . Terracing of the basin between 3-feet in depth to 6-feet in depth 

allows for greater flexibility in the design and the option to include a natural low-flow between the basin 

inlet and outlet from the Maricopa Channel. 

Side-slopes: 7:1 average, varied between 4:1 and 10:1 to create natural forms as depicted on plan sheet 

67. 

b. Multi-Use 

Multi-use opportunities for this basin should be determined through discussions with the Town and the 

adjacent developments. This may include partnering with the Odyssey Elementary School. Multi-use 

opportunities discussed in the PAAC meetings include an outdoor classroom/environmental education 

area, sports practice fields, passive open space areas with trails, or active recreation for the school. 

The basin could also function as a gateway feature into the downtown as part of the Maricopa Channel 

alignment. It will provide a buffer between the future residential and industrial areas. 
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In the event no partner is available to implement multi -use within the basin, the multi-use for this site 

will be passive open space. 

4. Special Considerations 

Basin inlet/outlet configuration- The Maricopa Basin inlet is designed to allow flows to enter the basin 

only after flows in the adjacent channel exceed 50 CFS. The invert of the box culvert inlet is set above 

the bottom of the channel, which effectively functions as side weir. The outlet from the basin is a single 

pipe culvert connecting to the storm drain crossing of Apache Road . 

Open space near basin- The confluence of the Apache Channel, Maricopa Channel and the Maricopa 

Basin presents an opportunity for developing a multi-use gateway connecting the various Town of 

Buckeye Trail segments and inviting pedestrians and cyclists into the downtown along the multi -use 

pathway. Coordination between the Town, adjacent land owners, and other special interests should be 

facilitated as part of the development of this segment of the reaches to accomplish the Town's goal of 

inviting pedestrians and trail users into the downtown along Maricopa Road . 

K. Rainbow Basin 

1. Description 

The Rainbow Basin is proposed to be located just north of the RID Canal and just west of the 23Pt 

Avenue Alignment. This basin is proposed to be adjacent to the Town of Buckeye's Ra inbow park, of 

which the p t phase has already been constructed. Refer to RECOMMENDED PLAN for a graphical 

depiction of the proposed location of the Apache Basin . 

2. Environmental and Permit Issues 

Environmental requirements for this reach are limited and expected to be coordinated by the Town and 

developers during final design . 

A Town of Buckeye Native Plant Inventory should be included for the basin as part of the final design, 

and will be most beneficial if completed at the commencement of the 30% design as a tool for 

identifying existing trees that may be left in place. Native tree salvage should be included where 

supplemental irrigation will allow for the reestablishment of the trees back into project. Where 

supplemental irrigation is not feasible, tree salvage and replanting is no likely to be successful. 

3. Landscape and Multi-Use 

The Town of Buckeye has identified the Rainbow Basin as an active recreation area that will be 

integrated into Sundance Park- Phase I and expand the recreation facilities the existing park provides. 

a. Landscape 

Landscape Design Theme : Desert Park 

Plant Palette: Landscape materials for the basin shall match the plant palette , rock mulch color, and site 

furnishings used on the Sundance Park Phase 1. 
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Flood Protection Method: Semi-soft structure. Right-of-way to accomplish the intended method 

includes the engineering need plus 30' buffer and an additional 30% of right-of-way for basin shaping 

desired by the Town and recommended to form the basin in an aesthetic manner. The Town may need 

to acqu ire even more land to provide access to the park/basin site from Lower Buckeye Road and 

accommodate the park program elements. 

Side-slopes: 6:1 average, 5:1 maximum to maintain mowable slopes. Vary side-slope conditions to 

create visual interest and form. Basin form should include long, sweeping curves that create graceful 

lines suggestive of a park setting. 

b. Multi-Use 

The multi-use for this basin is active 

recreation to include unprogrammed, open 

turf. The Town of Buckeye does not want 

sports field lighting in detention basin. The 

Town intends the basin site to most likely 

become part of the larger Sundance Park 

complex and provide for the Town's need 

for additional ball fields on this site as there 

is a higher demand for this use than can be 

met by the existing park. The Town is also 

planning a multi-generational center and 

aquatics center on the parce l currently 

FIGURE 18- SUNDANCE PARK PHASE I 

-
owned by the Town that would be between the Rainbow Basin site and the existing Sundance Park. 

4 . Special Considerations 

Basin Terracing- Terracing of the basin has the benefit of allowing some of the planned active multi-use 

to remain useable during minor storm events. However, this can require extensive basin grading for 

minimal effective storage benefit required to catch grade upstream of the proposed basin site. Final 

design of the basin will require the Town of Buckeye and the designers to determine the best balance 

between basin costs, desired faci lity access during or following storm events, and sizing requ irements. 

Capturing water in basin- The Rainbow Basin is designed to collect runoff reaching the RID canal from 

the north between Watson Road and Dean Road. During final design the means for collecting the off

site runoff and safely conveying it into the basin will need to be developed and included in the design. 

This will include collecting off-site runoff from the west, north, and east . Runoff from the east will 

include runoff accumulated along the upstream side of the RID canal that is making its way west. The 

means for runoff reaching the basin from the east should be reviewed and confirmed during final 

design . Th is includes the stormwater crossing Rainbow Road from east to west. There may also be low 

spots along the RID that result in ponding of runoff before it reaches the basin. These offsite conditions 

will need to be coordinated with the Town of Buckeye and the landowner/developer in accordance with 

current development plans. It is recommended that offsite flows be prevented from flowing over the 
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basin sideslope in an uncontrolled manner by constructing spillways at planned locations where runoff 

can be safely directed into the basin. 

L. Railroad Basin 

1. Descr iption 

The Railroad Basin is proposed to be located just north of Southern Avenue and just east of 23151 

Avenue. In the ADMP, as well as in the Pre-Design Alternatives Analysis, this basin was proposed to be 

located just north of Southern Avenue and just west of 23P1 Avenue. Subsequent to coordination with 

the planned development for that parcel, the Town of Buckeye directed the consultant team to relocate 

the location of the proposed Railroad Basin to the east . Refer to RECOMMENDED PLAN for a graphical 

depiction ofthe proposed location ofthe Railroad Basin. 

2. Environmental and Permit Issues 

Environmental requirements for this reach are limited and expected to be coordinated by the Town and 

developers during final design. 

3. Landscape and Multi-Use 

a. Landscape 

Landscape Design Theme : Natural Lower Sonoran Desert 

Plant Palette: Native tall pot trees and hydroseed mixes with no supplemental irrigation . 

Flood Protection Method: Semi-hard Structural. This basin should include sufficient right-of-way to 

accommodate the engineering need and a 30' buffer only, resulting in a basin form that is engineered in 

appearance. The inclusion of a low-flow feature in the basin bottom will help soften the basin form, but 

would also impede the implementation of potential active recreation in the future if desired by the 

development. 

b. Multi-Use 

Passive open space, but may include other uses if partnering is possible . The Town may offer the 

developer incentives to help facilitate implementation of the basin such as open space credits, density 

credits, or allow co-location of some of their on-site retention. The 231 51 Channel was identified as a 

potential location for an equestrian trail and this basin could include an equestrian trailhead. 

4. Special Considerations 

Accomodating future development stormwater- A pipe connection has been provided from the basin 

to the existing vacant land west of 23151 Avenue. The purpose of this pipe is to allow the adjacent future 

development a point of discharge for stormwater flows from their site. Coordination should be 

performed with the adjacent development to ensure the pipe connection is appropriately sized and 

designed. 
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M. Dean Basin and Outlet 

1. Description 

The Dean Basin is proposed to be located just north of Southern Avenue and just east of 223 'd Avenue. 

The Dean Basin is the only proposed basin that was not included in some form in the ADMP 

recommendations. Recall that the outfall channel for the White Tanks FRS #4 was planned to connect to 

the Watson Drainage System at t he time of the ADMP. This channel was also planned to intercept flow 

from the northeast quadrant of the Watson watershed . When the White Tanks FRS #4 Outfall Channel 

was rerouted, The Watson system was left without a collection and conveyance mechanism for this 

northeast area ofthe watershed . Thus, the Dean Basin and Outlet is proposed . 

2. Environmental and Permit Issues 

Environmental requirements for this reach are limited and expected to be coordinated by the Town and 

developers during final design . 

3. Landscape and Multi-Use 

a. Landscape 

Landscape Design Theme: Sonoran Desert Park (if partnering with developer) or Natural Lower Sonoran 

Desert (ifTown of Buckeye maintained) 

Plant Palette: To be determined by the developer. If partnering is not possible and the Town must 

maintain the basin, the basin should be designed using tall pot trees and hydroseed mixes with no 

supplemental irrigation. 

Flood Protection Method: Semi-Soft Structural. This basin should include sufficient right-of-way to 

accommodate the engineering need, a 30' buffer and an additional 30% of the engineering need to 

allow for basin shaping and design to accomplish the semi-soft structural forms and context sensitivity 

within the setting that is placed . 

Side-Slopes: 6:1 average, varied between 4:1 and 8:1 

b. Multi-Use 

Passive open space, but may include other uses if partnering is possible. The Town may offer the 

developer incentives to help fac ilitate implementation of the basin such as open space credits, density 

credits, or allow co-location of some of their on-site retention . The Henry Park development plat may 

have expired . If so, the Town will be renegotiating the development agreements for the site which will 

provide opportunity for the Town to work with the developer to determine basin requirements. 

4. Special Considerations 

Capturing water in basin- The Dean Basin is designed to collect runoff from the area between Rainbow 

Road and Dean Road extending f rom Southern Avenue north to the RID Canal. During final design the 

means for collecting the off-site runoff and safely conveying it into the basin will need to be developed 

and included in the design. These offsite conditions will need to be coordinated with the Town of 
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Buckeye and the landowner/developer in accordance with current development plans. It is 

recommended that offsite flows be prevented from flowing over the basin side slope in an uncontrolled 

manner by constructing spillways at planned locations where runoff can be safely directed into the 

basin. 

Coordination with existing plat- The Town has indicated that at some point in the past, a preliminary 

plat was developed for the parcel on which the Dean Basin is proposed to be located. This plat has most 

likely expired in the time that has passed . Coordination should be performed with the planned 

development in order to design the Dean Basin in a way that minimizes impact to the development 

while still providing the required storage volume. 

Outlet profile- The outlet from the Dean Basin is planned to be a 48" pipe that will drain to the west in 

Southern Avenue and then to the south in Rainbow Road . The outlet pipe will chase the grade of the 

231'1 Channel south of Southern Avenue. It will enter the 231'1 Channel just upstream of the UPRR. The 

alignment in Southern Avenue will "buck grade" at times, although maximum depth of cover on the 

outfall pipe will be approximately 10 feet. An alternative alignment was considered that went south 

from the basin to the railroad and thence westerly along the UPRR. The extremely flat grade of the area 

adjacent to the UPRR and the location of an industrial enterprise on the east side of Rainbow Road, 

including a railroad spur, make this alignment infeasible. 
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• Data Collection Memorandum {9/11/2012) 

• Downtown Storm Water Outfall Memo {8/14/2012) 

• Watson I Gila River Confluence Hydraulics {2/11/2012) 

• Maximum Storm Recurrence Interval to be contained within the 

Watson Drain Memo {2/7 /2014) 

• Preliminary Geotechnical Evaluation Report Review Comments 

{4/16/2013) 

• Value Analysis Report {4/2/2013) 

• Final Geotechnical Evaluation {12/3/2013) 
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Memorandum 
To: 

Copy: 

From: 

Gary Wesch, P.E., Project Manager 

Kevin Roberts, P.E. 

Justin Beeler, P.E ., CFM 

Date: September 11, 2012 

Client Project: Watson Drainage Pre-Design 

Project#: FCD: 2012C003 / DE: 101206 

Subject: Watson Drainage System Pre-Design: Data Collection Memorandum (Task 2.4) 

Overview: 
The purpose of the Watson Drainage System Pre-Design (PRE-DESIGN) project is to provide the initial 
design steps for the Town of Buckeye regional drainage improvements, as recommended in the Buckeye 
Area Drainage Master Plan (ADMP) . The Watson Drainage System extends from upstream of the Roosevelt 
Irrigation District (RID) canal to the Gila River between Miller Road and Rainbow Road. The ADMP 
identified a Recommended Plan for regional drainage improvements to alleviate existing flooding hazards, 
provide conveyance for runoff accumulation along irrigation canals, and provide drainage outfalls for local 
developments. The Watson Drainage System is one of the drainage systems recommended in the ADMP. 
The study area is located within the Town of Buckeye and unincorporated Maricopa County. It is bounded 
by 1-10 and Buckeye FRS No. 2 and 3 to the north, Miller Road to the west, Dean Road to the east and the 
Gila River to the south. 

The Pre-Design project will refine and firmly establish the project alignment and drainage features, 
determine design constraints, resolve unknowns, and clearly establish the final design criteria for the 
project. The project tasks include collection of field data, identification of potential major utility conflicts, 
refinement of hydrologic and hydraulic models, development of preliminary plans and refinement of 
project costs. 

The Data Collection Phase of the Watson Pre-Design project includes collecting data regarding existing and 
proposed drainage facilities, existing utilities, and existing and planned developments within the study area. 

The purpose of this Data Collection Report is to describe the data collection process and to present the 
findings . Results from this report w ill be used in later phases of the study. 

Scope Requirements: 
The scope of work outlines a number of directs tasks for scope item 2.0 Data Collection . These tasks are 
listed below. 

• (2 .1) The Consultant shall be provided or obtain the existing plans, studies and reports pertinent to 

the project from FCD, Buckeye, irrigation districts, utilities, UPRR, landowners, developers, and other 

sources. Provide a list summarizing the collected data. 

• (2 .2) Make at least 2 site visits to become familiar with the existing conditions. 

• (2.3) Prepare an existing cond itions base map. 

• {2.4) Develop a Data Collection Memo that shall list relevant documents, plans, reports, utilities and 

improvements planned utilities, and drainage facilities inventory of facilities within the project area . 
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In addition to these tasks, three optional tasks were listed in the scope regarding supplemental survey, pot 
holing, and geotechnical investigations. While these optional tasks have not yet been authorized, it is 
anticipated that each of these tasks will be authorized and performed during the Pre-Design project.. 

Electronic Data Provided: 
The following is a list of documents that were listed in the scope to be provided by FCDMC: 

• Buckeye Sun Valley Mapping 2001C020, 2002 

• Gillespie mapping 2007C045, 2008 

• Buckeye Area Drainage Master Plan- Recommended Design Report by Dibble 2009 (includes HEC-1 

hydrology) 

• Buckeye Area Drainage Master Plan- Data Collection Report by Dibble 2008 

• Buckeye Area Drainage Master Plan- Historic Landscape Themes by ACS 2007 

• Buckeye Sun Valley ADMS 2006 

• El Rio Watercourse Master Plan and Area Drainage Master Plan 2006 

• White Tanks FRS #4 Outlet Facility Design Concept Report 2010 

• Loop 303 Corridor/White Tanks Area Drainage Master Plan Update 2010 

• GIS information 

Several of the items related to the Buckeye ADMP were already possessed by Dibble Engineering. The 
other items were provided by the District to Dibble Engineering in electronic format via the Dibble 
Engineering FTP site. 

GIS Data Provided: 
The GIS data provided for this project was sizeable and too large to discuss in detail for this memo. Over 4 
Gigabytes of data and 2,187 files were collected for the project. Shapefile data included data for items such 
as floodplains, jurisdictional boundaries, infrastructure, natural/environmental, survey control, soils, land 
use/ownership, transportation, contours, hydraulic structures, wells, and others. A general list showing 
data types prepared by the District has been attached with the memo. Aerial imagery (2010/2011} for the 
project area was also provided . 

The Town of Buckeye provided a clipped water and sewer shapefile based on the original base alignments 
and a given buffer zone. This data was entered into GIS by a technician and asbuilt data and is meant to be 
used for planning purposes. 

No other planned utility alignments within the study area were provided by the Town of Buckeye or 
FCDMC. 

Site Visits: 
Two site visits have been completed so far to collect information for the Pre-Design project. The theme for 
the first field visit held on June 14, 2012 was to review the project watershed boundary and flow patterns 
and identify anything that might impact the update to the project hydrology model. This site visit was 
attended primarily by the FCDMC hydrology staff and select members of the consultant team. Several 
photos were taken and observations were made by the consultant team and FCDMC staff present. The 
second site visit was held on June 20, 2012 and attended by the larger consultant team and District staff 
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with the goal to visit each of the proposed alignments, identify any issues with the proposed channel 
alignments and basin locations, and to observe alternative alignments to be explored during the 
alternatives analysis portion of the project. Photographs were taken by various attendees and shared with 
the project team via the Dibble FTP site. 

Downtown Buckeye Outfall: 
The majority of Downtown Buckeye does not have adequate storm water infrastructure or 100-year, 2-hour 
retention. This has resulted in flooding during small storm events and the potential for major flooding 
during large storm events. The topography of the land in the downtown area falls to the south, storm 
water runoff is conveyed southerly down the various streets running north to south. A majority of the 
runoff from the downtown area flows towards Beloat Road and converges at the intersection of Beloat 
Road and 7th Street. The Town of Buckeye has a Downtown Storm Water Plan with a goal to mitigate the 
storm water flooding and safely convey the storm water out of the Downtown Area to the Gila River. 

The Town of Buckeye (Town) and W.C. Scoutten, Inc. (WCS) met with Dibble Engineering (Dibble) and the 
Flood Control District of Maricopa County (FCDMC) on July 18th, 2012 to discuss the Watson Drainage 
System. During the meeting the Town brought up the desire to convey the Downtown Storm Water Runoff 
to the Watson Drainage System channel which is proposed to outfall to the Gila River. 

WCS prepared HEC-1 models for t he 100-year, 6-hour and the 100-year, 24-hour storm event for the 
Downtown Storm Water Plan watershed. Two discharge locations have been identified as outfall locations 
with the intent to convey these flows to the Watson Drainage system. One discharge point is at the 
intersection of the Apache Road alignment and the Monroe Avenue alignment ("DET"). The other is at the 
intersection of the Apache Road alignment and Beloat Road ("DRAINA"). The discharge at point DET is 153 
and 188 cfs, respectively, for the 100-year, 24-hour & 6-hour models. The discharge at point DRAINA is 535 
and 703 cfs, respectively, for the 100-year, 24-hour & 6-hour models. 

WCS has prepared DSS files for the unit hydrographs for these two discharge points which will be used to 
evaluate the feasibility of connecting the Downtown discharge into the Watson Drainage System. 

Base Maps and Data Collection logs: 
The Existing Conditions Base Map Exhibits have been prepared at 1"=100' scale, showing detailed utility 
locations (based on owner provided information), existing and ultimate roadway configuration, existing and 
ultimate right of way configuration, and any other features that may impact the proposed drainage system. 

The scope included various requirements for the base maps which specified the inclusion of the aerial 
imagery, 2' contours, wet and dry utilities, the APS APNN 96" cooling supply pipeline, irrigation 
pipes/canals/ROW, railroad facilities and ROW, Town of Buckeye General Plan land Use, future roadway 
sections, and existing property lines with APN numbers. There were 24 base map sheets prepared for this 
deliverable. 

Data collection logs documenting the items provided by the District and reviewed by Dibble are attached 
with this memo. The various log sheets provided include: Electronic files, GIS files, Town of Buckeye 
Drainage Reports, and a list of utility files collected to date. An excerpt from the Town of Buckeye General 

plan documenting the land use data collected for the hydrology update is also included with this memo. 
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As one reviewer noted, the Watson Pre-Design watershed land use is still primarily agricultural. These 
farms could have other wells and septic systems that are not accounted for among the other utilities 
identified for this project . 
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1 Anderson Pare Final Drainage Report - REVISED Approved 2/7/2007 CVL Buckeye 60 LLC 260 ac , Apache rd b/w Yuma and Lower Buckeye Y - north area 
Based on offsite hydrology prepared by Dibble, DCF, Anderson Pare 

Anderson Pare See Drainage map pg 11 7 of 117 of PDF 

2 Apache Farms Apache Farms Final Drainage Report R&R Mar-05 M2 Group Evergreen Communities 277 lot, 68 ac, NEC Broadway/Apache Rd . Y - Apache Rd 

I 
3 Bentridge Bentridge Pre liminary Drainage Report Approved Aug-06 RBF Sunstone Homes 64 Ac, Resid parcel , N of RID, b/w Lower Buckeye & Watson Y , RID crossing Resid area north or RID at Watson Rd alignment 

4 Broadway Estates Broadway Estates Preliminary Drainage Report Approved Nov-05 KHA AGO Investments 230 Ac, SE corner Miller/Broadway N 

5 Buckeye Industrial Rail Park Buckeye Industrial Rail Park Nov-11 Hubbard Globe Corp 260 Ac, Watson Rd - Southern Ave to UPRR Y- UPRR 

I 
6 Copper Falls Copper Falls Final Drainage Report ? Feb-06 Stan tee KB Homes 176 Ac, Miller Rd, b/w Broadway & Southern N 

7 Cotton Meadows Cotton Meadows - Phase 1-6 Final Drainage Report R&R Nov-05 M2 Group Evergreen Communities 252 ac, SE corner Southern/Apache Y - Apache Rd 

8 Cotton Meadows Cotton Meadows - Phase 7-12 Final Drainage Report ? Jan-06 M2 Group Evergreen Communities 252 ac, NE corner Southern/Apache Y - Apache Rd 

9 Crystal Vista Crystal Vista Final Drainage Report Approved Jun-06 Musser Intercontinental Dev & Cons. 80 ac, Apache Rd , b/w Broadway & Southern Y - Apache Rd Development started 

I 10 Desert Moon Estates Desert Moon Estates - Phase 1 Drainage Report Oct-06 Core Group 201 ac, SE of Yuma/Apache Y - north area No Offsite/onsite drainage map included with PDF 

11 Desert Moon Estates Desert Moon Estates - Phase 2 Drainage Report Core Group 201 ac, SE of Yuma/Apache Y - north area Offsite Map included in report 

12 Hayden Valencia Hayden Valencia Preliminary Drainage Report Jun-06 RBF Stratland Homes 239 Ac, SWC Southern/Apache Y - Apache Rd 

I 13 Henry Park Henry Park- Parcel12, 15 & 16 Preliminary Drainage Study ? May-07 Can-Am Eng Omega Mngmt Serves 74 Ac, Dean Rd , B/w, Broadway & Southern N 

14 Miller Manor Miller Manor- Phase 1 Drainage Report ? Sep-03 Manhard Southwestern Invest Grp 66.4 Ac, NEC Miller & Southern N 

15 Miller Manor Miller Manor - Phase 2 Drainage Report ? Sep-03 Manhard Southwestern Invest Grp 66.4 Ac, NEC Miller & Southern N 

I 
16 Miller Manor Miller Manor- Phase 3 Drainage Report ? Sep-03 Man hard Southwestern Invest Grp 66.4 Ac, NEC Miller & Southern N 

17 Miller Park Miller Park Final Drainage Report Approved Dec-05 CVL Scott Comm . 25 Ac, SWC Miller/Southern N 

18 Montana Vista Montana Vista Final Drainage Report Mar-06 Musser Montana Vista Ranch 72 Ac, Apache Rd , BIW Broadway & Southern@ S of Roeser Y -Apache Rd 

I 
19 Montana Vista Montana Vista-Sonoran Vista Jun-04 RBF Sonoran Vista Investors BOAc & 163 Ac, S of Broadway BIW Apache & Watson Y -Apache Rd 

20 Monte Verde Monte Verde Preliminary Drainage Report Approved Aug-06 CVL Shea Homes 853 Ac, Along S of Lower Buckeye, Miller to Watson Y - north area South of Lower Buckeye, so not berm related , but general area 

21 Mystic Vista Mystic Vista Final Drainage Report Signed Jun-07 Carter-Burgess CH I Construction 145 Ac, NWC Apache and Southern Y -Apache Rd 

I 
22 Cipolla Preliminary Drainage Report for Cipolla Nov-05 CMX Magee Holdings S of RID, Rainbow to Dean N East of Rainbow Channel 

23 Rainbow Ranch Rainbow Ranch Final Drainage Report May-06 Stan tee DR Horton 154 ac, NEC Rainbow & Broadway N East of Rainbow Channel 

24 Riata West Riata West Final Drainage Report Dec-05 RBF DR Horton 221 ac, NWC Southern & Watson N Development completed 

25 San Madera San Madera Final Drainage Report Aug-07 M2 Group Evergreen Communities 151 ac, NWC Broadway & Watson y May impact proposed Watson RID crossing 

I 26 Siesta Lago Estates Siesta Lago Estates Drainage Report Approved Aug-06 Sunrise Sunstone Homes 30 ac, AEC Watson and Elwood St (Broadway) y May impact proposed Watson alignment 

27 Sonora Vista Sonora Vista Final Drainage Report Apr-06 RBF DR Horton 163 ac, SWC Broadway & Watson y May impact proposed Watson alignment 

28 Sundance Sundance- Phase 1 Infrastructure Master Drainage Study Archived Sep-01 RBF Hancock Comm . NWC Watson & Yuma N Development completed 

I 29 Sundance Sundance - Phase 2 Infrastructure Master Drainage Study Archived May-02 RBF Hancock Comm . NWC Watson & Yuma N Development completed 

30 Tyler Ranch Tyler Ranch Final Drainage Report Approved Mar-07 UEG Buckeye 50 LLC 72 Ac, NEC of Apache & Broadway Y - Apache Rd 

31 Ventana Ranch Ventana Ranch - Phase 1 Final Drainage Report Approved Mar-07 V3 Concordia Homes 284 Ac, Watson Rd , Broadway to Southern y May impact proposed Watson alignment 

I 
32 Ventana Ranch Ventana Ranch Preliminary Drainage Report Approved Jul-06 RBF Concord ia Homes 284 Ac, Watson Rd , Broadway to Southern y May impact proposed Watson alignment 

33 Vista Del Sol Vista Del Sol Final Drainage Report Oct-06 Sage Eng Capital Paci fic Homes NWC Rooks & Southern N 

34 Watson Estates Watson Estates Final Drainage Report Approved May-06 CVL Buckeye 229 LLC 238 ac, SWC Yuma & Watson Y - north area Development started 

I 
35 Wingate Wingate - Phase 1-6 Final Drainage Report ? Jul-07 M2 Group Evergreen Communities 83 Ac, SEC Watson & MC85 Y-W atson May impact new Watson outfall alignment 

36 Wingate East Wingate East Final Drainage Report Nov-06 M2 Group Evergreen Communities 83 Ac, SEC Watson & MC85 Y-Watson May impact new Watson outfall alignment 
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DATA COLLECTION LOG SHEET - (Electronic) 
Dibble Engineering Flood Control District of Maricopa County 

ITEM# PROJECT TITLE PROJECT NO. ITEM DATE CONSULTANT MEDIA TYPE DATE RECEIVED SOURCE COMMENTS 

1 FCDMC GIS DATA Varies Varies FCD *.shp, dxf, etc 5/22/2012 GW Various GIS content via FTP 

2 White Tanks FRS #4 Outlet OCR (Report) FCD 2008 C013 5/10/2010 OLSSON PDF 6/6/2012 GW WT#4 OCR Report 

3 
White Tanks FRS #4 Outlet OCR (Cons! 

FCD 2008 C013 5/10/2010 OLSSON PDF 6/6/2012 GW Conceptual Plans only (-15%) 
Docs) 

4 El Rio Watercourse Master Plan FCD 2001C024 September-05 Stantec PDF, various 6/6/2012 GW 
Total of 10 folder (discs) of all Master Plan 

docs 

5 APS Palo Verde Pipeline docs (7 items) N/A August-98 N/A PDF 6/14/2012 GW Asbuilt fi les for APNN pipe 

6 
APS Quarter Section Maps (OH & UG Elec) 

N/A 12/19/2011 APS PDF 6/14/2012 GW QS maps for APS elect utilities 
(13 items) 

7 Buckeye Drainage Reports (36 items) Various Various Various PDF 6/14/2012 GW 
Various Buckeye Area drainage reports (see 

report log) 

8 Cox uti lity Quarter Section Maps (24 items) N/A 6/30/1905 Cox PDF 6/14/2012 GW as maps for cox uti lities 

9 
Kinder Morgan Record Drawings & letter 

N/A 12/31/1955 Kinder Morgan PDF 6/14/2012 GW 4 asbuilt drawing sheets with letter from KM 
from KM 

1 overview map of RID Laterals and 2 plan 

Roosevelt Irrigation District (RID) asbuilts (3 82000332 & 
sets (___332 = N-S between Watson & Apache, 

10 7/2005 & 8/2006 Stantec PDF 6/14/2012 GW 112 mile south of Broadway to Southern) & 
files) 82000355 

(___355 = N-S, b/w W&A, Broadway to 1/2 mile 
south) 

11 Southwest Gas QS Uti li ty maps (7 sheets) N/A 1/16/2009 Southwest Gas PDF 6/14/2012 GW QS maps for Southwest Gas utilities 

12 "Updated ADMP HEC1 & DDMSW FILES" N/A N/A FCD *.ZIP 6/14/2012 JH 
DDMSW/HEC-1 models from ADMP FCDMC 

revisions/updates 

13 Loop 303 Outfa ll Drainage System FCD 2011C015 2/1/2012 Wood/Patel PDF 6/22/2012 GW 
99% Construction drawings for L303 outfall 

channel 
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UTILITY COLLECTION LOG SHEET 
Dibble Engineering Flood Control District of Maricopa County 

ITEM# Utility DATE RECEIVED ITEM DATE SOURCE MEDIA TYPE DESCRIPTION SOURCE COMMENTS 
1 APS 6/14/2012 12/19/2011 FCDMC PDF QS MAPS GW 13 SHEETS FROM APS 
2 APS-PALO VERDE 6/14/2012 4/27/1975 FCDMC PDF ASBUILTS GW 6 SHEETS 
3 cox 6/14/2012 2008 FCDMC PDF QS MAPS GW 24 SHEETS 
4 KINDER-MORGAN 6/14/2012 12/31/1955 FCDMC PDF Record Dwgs GW 1 PDF, 4 pqs, P&P 

5 R.I.D. 6/14/2012 
10/21/2011 ' 

FCDMC PDF Plans , Map GW 3 SOURCES, by Stantec 
varies 

6 SOUTHWEST GAS 6/14/2012 1/16/2009 FCDMC PDF QS MAPS GW 1 PDF, 7 pqs 
7 SPRINT/ERICKSON Not yet received 
8 BWCDD Not vet received 
9 CENTURYLINK Not vet received 
10 VERIZON 8/21/2012 11/4/1987 FCDMC PDF ASBUILTS GW 6 pg PDF 
11 LEVEL Ill 8/22/2012 8/8/2002 FCDMC PDF ASBUILTS GW 13 D<l PDF 
12 UPRR Not yet received 
13 
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I GIS FILE/LAYERS 7/19/2012 

I LAYER LAYER 
AERIAL PHOTOGRAPHY DATA HYDROLOGY AND WATERSHED DATA 

Historic Areials- Various years Irrigation Nonexpansion Area (ADWR) 

I' 
Aerial Photography Index- Various years Lake (ASLD) 

ALERT DATA Lateral (SRP) 

Forcast Zone Pending Area Dam 

Rain Gage (ADWR) River (ASLD) 

I Rain Gage (FCDMC) River (FCDMC) 

Repeater Gage River 10ft. Countywide 

CENSUS DATA River With Name (ASLD) 

Population 1970 (Census) Spring (ASLD) 

I Population 1980 (Census) Waters of the U.S. 

Population 1985 (Census) Watershed (ADWR) 

Population 1990 (Census) Watershed (FCDMC) 

I 
Population 1995 (Census) Watershed Dam 

DAM & SPILLWAY DATA WBDHU_12 (USDA) 

Baseline Spillway Well (ADWR) 

Cross Section Spi llway 1-3rd Capacity Well (SRP) 

I Cross Section Spi llway 2-3rd Capacity Wet Crossing (City of Scottsda le) 

Cross Section Spillway Full Capacity LAND USE DATA 

Dam (FCDMC) Development (MAG) 

I 
Dam National Inventory 1999 (USACE) Development Subdivision (MAG) 

Dam National Inventory 2005 (USACE) Land Use 1990 (MAG) 

Inundation Area Spi llway 1-3rd Capacity Land Use 1995 (MAG) 

Inundation Area Spillway 2-3rd Capacity Land Use 2000 (MAG) 

I 
Inundation Area Spillway Full Capacity land Use 2004 Draft (MAG) 

Pending Area Dam Land Use 2009 (MAG) 

ENVIRONMENTAL DATA Land Use Development Subdivis ion (MAG) 

Biotic Community (ASLD) Land Use Future 2007 (MAG) 

I Character Type (AGS) Land Use Future 2009 (MAG) 

Desert Space (MAG) Land Use General Plan 2007 (MAG) 

Environmental Monitoring Site NOAA ATLAS 14 DATA 

I 
Gap Vegetation (ASLD) NOAA ATLAS 2 DATA 

Landfill PLANNING & ANALYSIS DATA 

M ine (ASLD) ADMP 

Preserve Initiative Bounda ry (ASLD) ADMS 

I 
Riparian Vegetation (ASLD) Municipal Planning Area 2008 (MAG) 

FEMA DATA Page Layout for Study 

Baseline Current (FEMA) Regional Analysis Zone 2008 (MAG) 

BFE Current (FEMA) Socioeconomic Analysis Zone 2008 (MAG) 

I Cross Section Current (FEMA) Traffic Analysis Zone 2003 (MAG) 

Flood Zone Current (FEMA) POLITICAL BOUNDARY DATA 

Flood Zone Pending (FCDMC) City (ASLD) 

I, LOMR Boundary (FEMA) City (E lection) 

FLOODPLAIN DATA City by Ordinance (Election) 

Baseline (FCDMC) City Limit Map Index 

BFE (FCDMC) City Point (ASLD) 

I Cross Section Floodplain Study Congressional District (AS LD) 

Elevation Certificate Vounty- Maricopa 

Flood Zone Current (FEMA) County 

Flood Zone Pending (FCDMC) Legislative District 2004 (ASLD) 

I HYDROLOGY AND WATERSHED DATA Milita ry Reservation 

Active Management Area (ADWR) Native American Land 

Canal Place (ASLD) 

I 
Drainage Basin Dam Preserve Initiative Boundary (AS LD ) 

Drainage Basin Floodplain Study School District Elementary (ASLD) 

Drainage Path School District Secondary (ASLD) 

Drainage Point School District Unified (ASLD) 

I Ground Water Site Inventory (ADWR) State Park (ASLD) 

Hydrologic Unit Code (ASLD) Supervisorial District 
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GIS FILE/LAYERS 

LAYER 
POLITICAL BOUNDARY DATA 

Urban Cluster & Area (ASLD) 

Urban Edge Historic (MAG) 

Urban Edge Projected (MAG) 

Wilderness Area (ASLD) 

Zip Code (Election) 

PROPERTY OWNERSHIP DATA 

Employer (MAG) 

Land Management (ASLD) 

Parcel (Assessor) 

Parcel (FCDMC) 

Residential Completion (MAG) 

Sand & Gravel Operation 

Subdivision (Assessor) 

Zip Code (Election) 

RAIN & FLOOD EVENT DATA 

Average Rain Area (USGS) 

Average Rain Area (USGS) 

Flood Event 

Forecast Zone 

Paper 2433 Figure 7 (USGS) 

Precipitation Event 1954-Aug (USACE) 

Precipitation Event 1963-Aug (USACE) 

Precipitation Event 1970-Sep (USACE) 

Precipitation Event 1972_Jun (USACE) 

Precipitation Event 1978-Dec (USACE) 

Precipitation Event 1978-Feb (USACE) 

Precipitation Event 1980-Feb (USACE) 

Precipitation Event 1992-Jul (USACE) 

Precipitation Event 1993-Feb (USACE) 

Precipitation Event 1993_Jan (USACE) 

Precipitation Event 1993-0ct (USACE) 

Report 944002 Figure 1 (USGS) 

SOIL AND GEOLOGY DATA 

Fault (ASLD) 

Geology (ASLD) 

Land Stability 

Land Subsidence 2008 (ADWR) 

Land Sunsidence 2009 (ADWR) 

Land Subsidence 2010 (ADWR) 

landform 

Physiography (AGS) 

Soil Erosion (NRCS) 

Soil Precipitation Runoff (NRCS) 

Soil SSURGO 2003-0ct (NRCS) 

Soil SSURGO 2010-Apr (NRCS) 

Soil STATSGO (NRCS) 

STRUCTURE DATA 

Building 

Civil Engineering As-Built 

DAM (FCDMC) 

Dam National Inventory 1999 (USACE) 

Dam National Inventory 2005 (USACE) 

Health Facility (ADHS) 

Industry Site 

Structure (FEMA) 

Structure O&M maintained (FCDMC) 

SURVEY SYSTEM DATA 

Section 

LAYER 
SURVEY SYSTEM DATA 

Survey Point (NGS) 

Survey Point Corner (ADOT) 

Survey PointCorner (MCDOT) 

Survey Point Corner Recorded (MCDOT) 

Survey Point Mapping (FCDMC) 

Survey Point Mise (MCDOT) 

Township & Range 

Vertcon Vertical Datum Difference 

TERRAIN MODELING DATA 

Contour Index NAVD88 

Contour NAVD88 

Contract Boundary 

Spot Elevation NAVD88 

Terrain NAVD88 

TRANSPORTATION DATA 

Bridge over Salt River 

Railroad 

Street & Highway (MCDOT) 

Street (ASLD) 

Street (MCDOT) 

Street Detail 

USGS QUAD DATA 

Quad Feature 

Quad Index (ASLD) 

USGS Quad lOOK Image 

USGS Quad 24K Image 

USGA Quad 250K Image 

UTILITY DATA 

Gas Company Service Area (SRP) 

Misc. Utility (SRP) 

Power Company Service Area (SRP) 

Transmission Line (SRP) 

Transmission Substation (SRP) 

WRR FACILITY DATA 

Maricopa County Landfill 

Maricopa County Transfer Station 

Non-Maricopa county Facility 

Non-Maricopa County Landfill 

Tire Recycling Facility 

7/19/2012 
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Land Use Plan 
The General Plan Land Use (Figure 3-4) identifies the land use framework for future development 
within the Buckeye Planning Area. It is intended to provide a balance between residential, 

commercial, and employment uses to foster a live, work, educate, and play community. 

f.ani1Jse Concepts The Land Use Plan addresses the following 

key concepts: 

1. All neighborhoods within the Town of Buckeye are 
connected and are an integral part of Buckeye. 

2. A comprehensive mix of housing choices and styles are 
encouraged. 

3. A regionally balanced employment center within the 
Buckeye Planning Area is identified to achieve the targeted 
jobs-to-housing ratio balance (i.e., 1.3 jobs available for 
each household). The Land Use Plan identifies and preserves 
employment corridors and areas where current and future 
employment opportunities can be developed. 

4. Land use planning must encourage the development of self
sustaining, mixed use activity centers throughout the 
Planning Area to create a live, work, educate, and play 
lifestyle within close proximity to home. 

5. Diverse, transit and pedestrian-friendly Mixed Use Areas 
are encouraged, to include higher intensity mixed use 
development at the center, with the intensity of uses 
decreasing as development moves away from the center. 

6. Land use patterns conserve, protect, and connect the 
Planning Area's natural resources and parks to promote 
livability and sense of community. 

7. A multimodal transportation system effectively connects 
activity centers within the Planning Area and extends the 
regional transportation network to Buckeye. 
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8. Transit-oriented development is promoted along corridors integrating land use and 
multimodal transportation. 

9. Attractive gateway and high capacity roadway corridors are included. 

Chapter 3: Land Use Element 3- 6 



Town of 

BUCKEYE 
Adopted January 18, 2008 

Ratified May 20, 2008 
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Notes: 

All Community Master Plans (CMP) and development 
agreements remain as valid entitlements and should be 
referred to in conjunction with the Buckeye General Plan. 
The Land Use Map strives to reflect the CMP land uses as 
accurately as possible . The adopted entitlements by the 
Town of Buckeye are valid and if any changes are made, the 
policies and guidelines outlined in the Buckeye General Plan 
will be followed. 

Floodway Transitional Areas are advisory in nature. 
Though development within these areas is permitted at the 
level of the designated General Plan land use, the Town 
wishes to emphasize the importance of awareness of both 
the hazards and sensitivities in these identified areas. The 
Town strongly encourages these considerations being 
addressed in development plans for properties within these 
areas. 

While every effort has been made to ensure the 
accuracy of this information , the Town of Buckeye makes 
no warranty, expressed or implied, as to its absolute 
accuracy and expressly disclaims liabi lity for the accuracy 
thereof. 

Arterial I River crossings are conceptual . This map 
demonstrates the number of crossings needed to support 
development at build-out. Final locations and the number 
of crossings wi ll be determined through engineering 
and water studies . 

Town of Buckeye Genera l Plan Land Use indicates land 
within the 65 day-night noise level (dnl) contour pertaining 
to Luke Air Force Base and the Buckeye Airport. Land 
within the designated 65 dnl adjacent to a mil itary airport or 
ancillary mi litary facility is restricted by the criteria set forth 
in A .R.S. 28-8481 (J) which outlines appropriate land uses 
for such land. Any General Plan Amendment of land with in 
these areas must also comp ly with all req uirements as we ll 
as the compatible land uses outl ined in A.R.S. 28-8481 (J) . 
The Town of Buckeye is committed to ensuring that land 

Q) 
> 
<l: 
.c 
;:::: 
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uses in the high noise or accident potential zones are compatible 
with the operation of Luke Air Force Base and the Buckeye 
Airport. Residential uses shown on the land use map in the 
65 dnl area for Luke Air Force Base were zoned and had a 
development plan in place for those uses prior to Dec 31 , 2000. 
These properties continue to be subject to A. R.S. 28-8481 , but 
the development plans that have been in place prior to 
December 31 , 2000 for these properties comply with the statute. 

COMMERCIAL 

.c c; 
C') 
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Floodway Transitional Areas 

EZZJ 65 db noise contour - Community Commercial 

~ Downtown Expansion Area 

RESIDENTIAL 

Very Low Density 0-1 dulac 

Low Density 1.01-3 dulac 

- Medium Density 3.01-6 dulac 

- Regional Commercial 

EMPLOYMENT 

Professional Office 

- Business Park 

Industrial 

- Medium High Density 6.01-10 dulac Downtown Buckeye 

- High Density 10.01-15 dulac OTHER 

- Master Planned Community - Mixed Use 

- Government Center 

Military 

Open Space 

FIGURE 3-4 

TOWN OF BUCKEYE 
GENERAL PLAN LAND USE 
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13uifl-tJuf Concept The Land Use Plan also outlines the future land use and transportation 

network at "build-out." Build-out is defined as all land within the Planning Area being designated 
with appropriate land use based on a series of criteria, including land ownership patterns, 
topographic and environmental constraints and opportunities, development opportunities, 
infrastructure support, and private property rights. Build-out does not occur at any certain date, 
since development and growth are dependent upon cyclical market trends and private property 

owner interests. 

The location and amount of development will have significant implications on the ability to 
provide services such as infrastructure, public safety, transportation, and parks. It is critical that 
the Town of Buckeye be able to plan for and serve future growth, and monitor growth rates over 
time in order to adjust plans accordingly. 

Though the Town is experiencing a tremendous amount of growth in a smaller-scale development 
pattern, it is also seeing large-scale master planned development. Historically, the Town of 
Buckeye has used the following planning tools, in addition to the Buckeye General Plan, to 
facilitate the development of large master planned communities: 

a. Land Use Designations Land use 
designations as outlined on Figure 3-5 define 
the various types of development that might 
be allowed within each classification. 
Designations correlate spatially to areas 
indicated on the Land Use Map and are 
intended to describe the intensity of 
development that is desired. It is important to 
note that these designations are not zoning 
classifications. Property owners must go 
through a zoning process if there is a desire to 
make changes to specific zoning on their 
property before development. 

The Proposed Land Use Map is not specific to 
any time period. For areas with adopted area 
plans, it is a build-out plan. In areas that 
require more detailed planning, it provides 
generalized land use. 

Figure 3-5: Land Use Designations 
Very Low Density Residential (Up to I dulac) 
Low Density Residential ( 1.0 I to 3 dulac) 
Medium Density Residential (3 .0 I to 6 dulac) 
Medium High Density Residential (6.0 I to I 0 dulac) 
High Density Residential (I 0.0 I to IS dulac) 
Urban Density Residential (over IS dulac) 
Mixed Use 
Community Commercial 
Regional Commercial 
Professional Office Employment 
Business Park 
Industrial 
Downtown Buckeye 
Government Center 
Open Space 
Military 
Master Planned Community 

dulac = dwelling units per acre 

The Land Use Map does not reflect the intended zoning of individual parcels but rather 
generalized desired future land use. The boundaries between use and density designations notes 
on the map are not fixed precisely. Rather, they indicate general areas wherein the goals of the 
Buckeye General Plan will be pursued through more detailed planning decisions. 

b. Determining Boundaries The land use designation boundaries shown on the Buckeye Land Use 
Map are located along significant natural or man-made features whenever possible, to assist in 
identification. These features, including drainageways, washes, roadways, existing subdivisions, 
and existing development areas, represent general recommendations for future development. 

Chapter 3: Land Use Element 3- 8 



Boundary locations are not precise. Variations within 
500 feet, particularly where significant natural or 
man-made features are present, may be acceptable. It 
will be the responsibility of the Town Council , with 
recommendation from the Buckeye Development 
Board and staff, and guidance provided in the 
Buckeye General Plan , to establish and more 
accurately define the boundaries if questions arise. 

c. Land Use Buffering and Transitioning 
Special considerations should be given to areas 

where the intensity of adjacent land uses differ 
in a manner that may negatively impact one use 
or the other. Buffering or integrating a 

transitional land use between differing land use 

types will increase the compatibility, and 

provide a level of protection for each use. 

Examples of situations where buffering or 

transitioning should be used include where residential uses are located adjacent to commercial, 
office or employment uses, or where various levels of residential densities are adjacent to each 

other. 

Depending on the community's needs, a variety of techniques may be used to ensure land use 

compatibility, such as: 

• Site planning techniques addressing building heights, orientation, setbacks, ingress, and 

egress 

• Screening through the use of block walls, fencing, plant materials, or earth berming 

• Integration of landscaped open space areas and easements 

• Landscaping along rights-of-way and variations in setbacks 

• Any combination of the above 

f.antf 11Je ;tlna&sis ?lssumptions 
In completing the Land Use Plan analysis, a series of assumptions were created. These assumptions 
are made on expected average build out and are not intended to show limits or maximum 

development. Individual projects will vary. 

Residential Assumptions 
• 80 percent of each parcel's acreage can be used 
• 60 percent of Mixed Use Designation is High Density with an overall average density of I 0 dwelling 

units per acre (it is anticipated that there will be a combination of both High Density and Urban 
Density Residential in the Mixed Use Designation.) 

• Average/mid-range densities are assumed for each residential land use designation (e.g., Low Density 
1.0 I to 3 dwelling units per acre has been calculated at 2 dwelling units per acre; the average 

dwelling units for Very Low Density Residential has been calculated at .5) 

Commercial Assumptions 
• 80 percent of each parcel's acreage can be used 
• .20 is used as the floor to area ratio (i .e., amount of building space in relation to the total land 

parcel) 
• 56 square feet of commercial space is allocated per resident 
• 20 percent of the Mixed Use Designation is in commercial uses 

• 25 percent of the Business Park is in commercial uses 

Chapter 3: Land Use Element 3-9 
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Employment Assumptions 
• 80 percent of each parcel's acreage can be used 
• .20 is used as the floor to area ratio (i.e., amount of building space in relation to the total land 

parcel) 
• 350 square feet is allocated for non-industrial employee 
• 500 square feet is allocated for industrial employee 
• Industrial and Business Park land is assumed to be one story in height 
• Professional Office Employment land is assumed to be two stories average 
• 20 percent of the Mixed Use Designation is in employment uses 

• 75 percent of the Business Park is in employment uses 

f.an/1Jse :llna&Jis Figure 3-6 graphically depicts all of the various land use categories that are 

shown on the Land Use Map and the acreage for each category. The majority of the residential 
land uses are in Medium and Low Density Residential categories. 

Figure 3-6: Land Use Designation AcreageAA 
Land Use Designation 
Very Low Density Residential 
Low Density Residential 
Medium Density Residential 
Medium High Density Residential 
High Density Residential 
Urban Density Residential 
Mixed Use: 

Commercial** 
Employment** 
Residential (assumes I 0 dulac.) 

Community Commercial 
Regional Commercial 
Professional Office Employment 
Business Park 
Industrial 
Downtown Buckeye 
Government Center 
Open Space 
Mil itary 
Master Planned Community" 

TOTAL 

Acreage 
33,996 
71,412 
84,504 

9,965 
4,368 

0 

2,897 
2,897 
8,691 
2,583 

15,254 
3, 131 

14,304 
10,963 

1, 150 
55 

102,729 
I ,438 

19, 168 
389,242 

%of Area 
8.82 

18.53 
21 .92 

2.59 
1.13 

0 

0.74 
0.74 
2.25 
0.67 
3.96 
0.81 
3.71 
2.84 
0.30 
0.01 

26.65 
.37 

4.92 
100.00 

* Total augmented by Residential Land Uses Mixed Use Designation assumption 
** Assumed amount of Commercial and Employment Uses in Land Use 
Designat ion 
11 Recognizes Verrado and Festival Ranch unique development agreements and 
land use budgets; commercial and employment within Master Planned Community 
designation have not been included in the analysis; 1.6 dulac assumed residential 
density for Verrado, 2.4 dulac assumed residential density for Festival Ranch. 

~Numbers accu rate as of 2: 2% 
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flopufafion flr!jecfion 1 
The total projected dwelling units at build-out are 639,722. Using 2.7 

persons per household (which is the current Maricopa County average) the tota l projected 
population is 1,727,248 people. 

Commercia{ flr!jecfion2 
The total commercial square footage at build-out (Figure 3-7) is 

anticipated to be approximately 1 69 million square feet of space that can serve a population of 
more than 3 million people. Based on this analysis, the Buckeye Land Use Plan achieves its goal of 
becoming a regional commercial hub for the Hassayampa Valley. 

Figure 3-7: Commercial Projection 
Square 

Community Commercial 

Regional Commercial 

Mixed Use* 
Business Park* 

Footage 
18,002,477 

I 06,3 14,278 
20, 190,931 
24,923,290 

Population 
Served 
321,473 

1,898,469 
360,552 
445,059 

* Assumed amount of Commercial Uses in the Land Use Designation 

r.mpfo.Jmenf flr!jecfior? The total square footage of employment-related land use designations 

at build-out is 1 93,1 90,342 square feet (Figure 3-8). This can accommodate approximately 
486,480 non-retail/ commercial jobs. With a job target of 831,639 (or, 1.3 jobs per household), 
58 percent of jobs required can be accommodated in the employment designated area 
(exceeding the goal of 50 percent non-retail/commercial jobs.) When retail/commercial jobs are 
added to this total, Buckeye will exceed its 1 .3 jobs-per-household target and be positioned to 
be a job importer, not an exporter. 

Figure 3-8: Employment Projection 
Land Use Square Footage 
Industrial 76,407,725 
Professional Office 21 ,821 ,818 
Business Park 74,769,869 
Mixed Use* 20, 190,93 I 

Number of jobs 
152,815 
62,348 

213,628 
57,688 

* Assumed amount of Employment Uses in the Land Use Designation 

1 Total dwelling units were calculated using the average d welling units per usable acre for each residential land use 

designation, including residential Mixed Use. 
2 Total commercial square footage includes Community Commercial, Regional Commercial, 25% of Business Park and 
20% of Mixed Use. 
3 Potential employment wa s calculated by dividing employment square footage by either 500 sq ft (for industrial) or 
350 sq ft (for non-industrial) ; see "employment assumptions." 
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RESIDENTIAL DEVELOPMENT 

The Buckeye Planning Area has a wide range of 
residential neighborhoods at various densities 

and diverse housing products. The Town prides 

itself in quality neighborhoods, and the location of 
future residential areas will be designed to protect 
and strengthen existing resident ial areas. As the 
Town continues to evolve, neighborhood 
revitalization and housing rehabilitation will become 

a priority. When determining the appropriateness of 
residential development, the Town will evaluate the 

availability of utilities and other public 
infrastructure, development impact on the 
transportation system and roads, access to public 

services and facilities, and impact on schools, parks, 

trails, and open space. 

Calculating Residential Density 
The net residential density is calculated using the 
following equation: 

DU D = ---~~~---
A- (C + OS + A*) 

D = Residential Density 
DU =Total number of dwelling units in 
proposed development 
A= Total site area (gross acres) 
C =Total commercial land area (acres) 
A* = Arterial rights of way (acres) 

OS = Designated Open Space 

&Jeffne 1JenJifies Though residential land use designations are expressed as a range of 

densities, it is important to stress that the Town of Buckeye strongly supports residential 
development at the lowest level of the range within each of the designations. For example, the 

NOTE: Although densities are used to quantify 
residential intensities, it does not necessarily 
correlate directly to quality residential development. 
One house per 5 acres can be just as detrimental to 
the environment and the area's quality of life as a 20 
houses per acre residential project if it is not 
designed well. The goal is to have a proper balance of 
densities, design, and transitions of uses. 

Low Density Residential designation ranges 

between 1 .01 and 3 dwelling units per acre, 
but its baseline density is 1 .01 dwelling unit 

per acre. The baseline density may be 
increased up to a maximum of 3 dwelling units 

per acre by providing enhanced public 
facilities or amenities deemed appropriate by 
the Town. The specific listing of appropriate 
enhancements (Figure 3-9) will be determined 

by the Town based on the characteristics of the development proposal, site, surrounding uses, and 
area character. 
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Figure 3-9: Potential Project Enhancements 

Community Identity 
• Significantly enhanced landscaping treatments (size and tree density) and entry signage 
• Public facilities 
• Joint school/park sites (20 acres or more) 
• Diversity in signage options and integration into the overall project design 

Product Design 
• Variation in lot sizes, housing elevations, housing choices, and four sided design criteria 
• Variation in site design 

Open Space 
• Desert, riparian, river, drainageways, and hillside preservation 
• Minimization of open space disturbance area 
• Dedicated preserve areas 
• Joint-use educational facilities and parks 
• Native plant salvage 
• Public trail extensions 
• Dedication of trail heads for equestrian, hiking and mountain biking areas 

Environmental Conservation 
• Alternative fuel facilities or neighborhood electric vehicle charging stations 
• Effluent reuse 
• Solar orientation, roof reflectivity, and other energy efficient design characteristics 

Infrastructure 
• Extension of off-site utilities 
• Exceeding required right-of-way standards for enhanced landscaping with sidewalks/trails or 

additional open space 
• Park-and-ride land dedication 
• Additional transit amenities 
• Joint use regional infrastructure facilities, 

Other as deemed appropriate by the Town Community Development Director and/or Town Manager 

Residential Neighborhood Character 
Neighborhoods are more than just a conglomeration of housing; they are about the interaction of 

people walking to the mailbox to pick up mail, sitting in the neighborhood park watching children 

or grandchildren play, or catching a bus at the neighborhood transit stop. Quality neighborhoods 

are experienced by those who visit, and valued by those who live within them. Residential land 

use classifications as identified in the Buckeye land Use Plan are described below, and are 

grouped into three types of neighborhoods in terms of their character: rural, suburban, and urban, 

as follows: 

Rural Neighborhoods 
Very Low Density Residential 

Chapter 3: Land Use Element 

Suburban Neighborhoods 
Low Density Residential 

Medium Density Residential 

Urban Neighborhoods 
Medium High Density Residential 
High Density Residential 
Urban Density Residential 
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Residential classifications covering large areas are not meant to preclude appropriate 
neighborhood and community commercial services needed to support the population. 

1(praf Ne!Jhhorhool Character 
It is important to recognize that the Buckeye area has a long agricultural history, and farming will 
continue to be a viable land use well into the future. Though the Buckeye Land Use Plan does not 
designate a specific agricultural land use designation, it may occur in several different land use 
designations (e.g., Very Low Density Residential and Industrial). If development does occur in or 
near agriculture I areas, it should minimize the impact on the agricultural use by providing 
adequate buffering. 

Very Low Density Residential (Up to 1 du/ac) 
includes areas that allow up to one house per acre lot. 
The intent is to provide for a rural lifestyle as well as 

to encourage large lot development due to 
environmental constraints, such as hillsides, rivers, 
washes, and other features. 

The basic character of development is rural with most 
natural features of the land retained. Typically, the 
keeping of horses or other livestock is permitted. 

Public services are not required at a level as great as those required in higher density 
development. No commercial or industrial development (other than farming) is permitted in rural 
neighborhoods. 

Suburban Ne!Jhhorhools 
The majority of the residential land use pattern reflected on the Buckeye Land Use Plan is 
suburban development. Much of this land use pattern has received approvals, and is currently 
being developed or already built. This land use pattern is a continuation of the residential 
development pattern occurring throughout the Phoenix metropolitan area. Zoning codes 
encourage the separation of land uses, and market trends have encouraged the continuation of 
the suburban neighborhood development type. This type of development pattern is not just a 
function of density, as it traditionally has also suffered from the absence of diversity and 
character. A new type of neotraditional planning (non-garage dominated facades, front porches, 
and walkable neighborhoods) is emerging and encouraged in Buckeye to promote the creativity 
and character that has historically been missing from this development type. 

In light of these changes, as neighborhoods evolve and change or as new neighborhoods are 
planned, the large-scale, suburban-type residential development pattern should be reconsidered. 
Neighborhood design that promotes diversity in housing products, promotes multi-modal 
transportation options, and allows for neighbor interaction is encouraged. 

The Town of Buckeye's goal is to encourage a new residential neighborhood development pattern 
that encourages a mix of housing types and cluster of densities that preserve meaningful, 
connected open space and the location of residents in walking distance to schools, jobs, and 
support services. The encouragement of social interaction of the people within neighborhoods will 

get as much attention during the planning process as the physical design of each model home. 
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Low Density Residential (1.01 to 3 du/ac) includes 

residential development on lots from 1 /3 acre to just over 
one house per acre with the intent to provide for a larger 
lot development pattern. These larger lot areas ore 
identified where environmental constraints such as hillsides, 
rivers, washes, and other features ore present and in areas 
that are currently zoned for large lot suburban-type 
development. 

Suitability for Low Density Residential development is 
determined on the basis of location, access, existing land use patterns, and natural and man
made constraints. This designation may also include such supporting land uses as neighborhood 
shops and services, parks and recreation, religious institutions, and schools to serve local residents 
where deemed appropriate by the Town. A full range of suburban services and infrastructure is 
required. 

Medium Density Residential (3.01 to 6 du/ac) 
includes suburban-type development that is 
intended to be predominantly single-family 
detached residential development. Residential 
densities of up to six dwelling units per acre are 
typical within this land use designation. In general, 
these areas are residential, single-family 
neighborhoods; however, in appropriate areas, they 

may include a mix of single-family units, duplexes, and townhouses. This designation may also 
include such supporting land uses as neighborhood shops and services, parks and recreation, 
religious institutions, small offices, and schools to serve local residents where deemed appropriate 
by the Town. A full range of urban services and infrastructure is required. These areas must have 
an adequate street network to support the amount of residential density. 

1Jr6an NefJhborhools 
In general, urban neighborhoods are residential, single-family neighborhoods which also include a 
mix of single-family units, duplexes, townhouses, and multi-family developments. Supportive 
commercial and public facilities are also allowed within this classification. 

Medium High Density Residential (6.01 to 10 du/ac) intends to include detached or attached 
single-family residential developments. The category may also include a mix of single-family 
homes, duplexes, apartments, and other housing product types. The gross density range for this 
category is six to ten dwelling units per acre. This designation may also include such supporting 
land uses as neighborhood shops and services, parks and recreation, religious institutions, and 
schools to serve local residents where deemed appropriate by the Town. A full range of urban 
services and infrastructure is required. These areas must hove on adequate street network to 
support the amount of residential density. 
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High Density Residential ( 10.01 to 1 5 du/ac) provides 

areas for apartments and condominium complexes 
ranging from 1 0 to 15 gross dwelling units per acre. 
This designation may also include such supporting land 
uses as neighborhood shops and services, parks and 
recreation, religious institutions, and schools to serve 
local residents where deemed appropriate by the 
Town. A full range of urban services and infrastructure is 

required. These areas must have an adequate street 
network to support the amount of residential density. 

Urban Density Residential (over 15 du/ac) provides areas where intense multi-family residential 
development is desired as either stand alone or part of a mixed-use project of 15 or greater 
gross dwelling units per acre. Approximate locations should be in close proximity to employment 
or activity centers, adjacent to high density residential, and along high capacity or major arterial 
corridors. Transit-oriented development concepts should be incorporated into project design and 

sensitive buffering or transitioning from adjacent land uses should be achieved. 

MIXED USE DEVELOPMENT 

Mixed use development is encouraged in areas designated on the Proposed Land Use Map 

along major multimodal corridors within the Buckeye A b h d 
. . . development may e p ase 

Growth Area, w1thm Downtown Buckeye, and 1n other 1 .f h d d . . . . . on y 1 t e en pro uct contams a 
des1gnated ma1or act1v1ty areas. combination of residential, 

commercial and employment 

'M~e/1Jse is intended to include a mix of office, retail, high, uses. 

and urban density residential uses in a master planned, integrated manner. These uses may be 
located within a development, either horizontally or vertically in form. This may be accomplished 
on multiple parcels of land with multiple owners as long as the site is planned and developed as 
one integrated 
development. 

'Mf;tetf1Jse designations 

are located in areas with 
an excellent multimodal 
transportation network to 
support the intensity of 
development. Commercial 
and employment uses that 
serve the region such as 
community colleges, 
hospita Is, civic facilities, 
and major 

employment/ office 
centers are appropriate 
examples. 
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Compatibility with the surrounding neighborhoods is determined by a transition based on scale of 
development using (but not limited to) articulation in building height, required setbacks, building 

materials, and building massing. 

Alternative modes of transportation (such as light rail, bus, bicycle or pedestrian connections) are 
required with access and integration of transit facilities into mixed use developments. The 
provision of shaded sidewalks within and around the development, shaded transit stops, drinking 
fountains, bicycle lockers, or other accommodations are encouraged. Uses are not segregated; 
instead, cross access between uses and shared parking opportunities is encouraged. 

COMMERCIAL DEVELOPMENT 

The commercial designation, as shown on the Land Use Plan, denotes retail areas larger than 
20 acres. 

Ne!!Jhborhootf Commercia{ This development type is defined as less than 20 acres and is not 

shown on the Land Use Plan, but may be included in appropriate land use designations 
determined by the Town and within the Buckeye Genera/ Plan guidelines. Criteria for locating 
commercial in non-commercial land use designations may include, but is not limited to market 
feasibility, adequate access, buffering, and compatibility to surrounding land uses. 

Communi'J Commercia{ This development type is intended to be small-scale (approximately 20 

to 40 acres) retail, service, and office that typically serve a 3- to 5-mile market area and service 
a population of 25,000 to 1 00,000 people. These commercial uses are intended to have direct 
access to major roadways. 

1<.tjionaf Commercia{ This development type is intended to include retail centers that draw from 

a regional market area such as power centers, big box retail, and auto malls. Other supportive 
uses include, but are not limited to hotels, theaters, and restaurants. These large-scale commercial 
developments serve a market area typically greater than 1 0 miles and more than 100,000 in 
population. Regional commercial developments must be located on major arterials or higher 
capacity transportation corridors to ensure good transportation access to support this large-scale 
development. The area could include supportive professional office employment and business 
parks. 

EMPLOYMENT 

Ensuring adequate employment opportunities within the Planning Area is crit ical for the 
community's long-term sustainability and to mitigate traffic congestion. 

tflro{esJionaf Of{ice 'Emffo:Jmenf Small office-type uses such as attorneys, medical, finance, and 

real estate with good arterial access and appropriately integrated with residential areas are 
considered as part of this employment type. In many cases, offices are a good buffer between 
residential and other higher uses, such as commercial or industrial. lighting, setback, and the 
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location of parking must be 
sensitively designed to 
minimize any possible 
negative impacts from these 
activities or developments. 

t8usiness 'Park Activities such 

as office and/ or light 
manufacturing in a planned 

The definition of quality employment includes the 
following components: 

• 
• 
• 
• 
• 
• 

Jobs paying wages higher than the Maricopa County average 

Jobs providing full benefits for employees 
Jobs offering continuing educational opportunities 
Employment that provides advancement and career-type jobs 
Employment that is environmentally-safe 

Jobs that are regional wealth generators 

park-like setting with clustered buildings and inward focused activity are classified as business 
parks. Uses may include a mix of light industrial, professional offices, office/ showroom, 
office/warehouse, retail support, services, and other related uses. 

9n/usfriaf Activities such as warehousing, distribution centers, mining or extraction, landfill, large 

dairy operations and other factory farming activities, recycling, and other heavy industrial uses 
are classified together as industrial land uses. A compatibility analysis of surrounding land uses 
and an evaluation to ensure adequate infrastructure including the transportation network and 
environmental integrity will be required prior to the approval of specific industrial use. 

1Jownfown t8uckP.!JC The historic townsite of Buckeye is known as downtown and is considered the 

heart of the Buckeye Planning Area. Development of this are will be guided by the Buckeye 
General Plan Policies, Downtown Buckeye Master Plan, and Downtown Buckeye District Zoning. The 
intent is to encourage a mix of land uses and increased intensity while creating a well-planned, 
pedestrian-oriented and multimodal transportation activity center. 

1Jownfown 'E(tpan.sion ;tlrea This area is intended to be set aside for major commercial projects 

that require large parcels footprints not available in existing Downtown Buckeye along Monroe 
Avenue. Expanding from Downtown, this area will serve as a vital pedestrian-oriented area with 
multi-story urban buildings that will accommodate a mix of retail, office, and residential uses. 

OTHER lAND USES 

Several other land use designations exist in Buckeye, including Agriculture, Open Space, 
Military and Government Center. 

;tl_Jricufture This land use designation is currently not shown on the Land Use Map. It is not the 

intent of the Town of Buckeye to eliminate agriculture from the Planning Area prematurely. The 
Town of Buckeye recognizes agriculture as a farming business and that farming will continue as a 
viable land use well into the future. Therefore, the Town will ensure that new developments 
locating near or next to farming operations are aware and steps are taken to protect and buffer 
the existing agricultural use. Agriculture is an intensive use that may be classified as an industrial 
land use but may also occur in the Very Low Density Residential classification. The Town will 
review any new developments f or compatibility and appropriateness in relationship to any 

existing farming operations. 
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Open Space Areas include public recreational facilities or nature preserves are considered open 

space. The Buckeye Planning Area's natural beauty has tremendous value and good planning 
benefits the private property owners as well as the entire area. Open space areas should be left 
in a natural state due to topographic, drainage, vegetative, and landform constraints or the need 
to provide buffers between potentially incompatible land uses. The Land Use Plan strives to 
create a linked open space system through the preservation of washes, public utility easements, 
and major corridors that link to the regional park and trail systems. 

~fooawa.!j rrranJifionaf 11.reas as noted in Figure 3-1 0, 

Floodways and Floodway Transitional Corridors, are areas 
where flooding is a potential hazard, or where native flora 
and fauna habitat may exist due to their proximity to 
existing and known floodways. These Floodway Transitional 
Areas are identified by buffering the Federal Emergency 
Management Administration (FEMA) designated floodway 
corridor generally by an additional one-quarter mile on 
either side. It is important to note that these areas are 
advisory in nature, and that the General Plan land uses 
designated on the Land Use Map are the allowable uses 
for those properties. The Town wishes to reiterate the 
importance of the Floodway Transitional Areas, and 
strongly encourages that landowners and developers 
consider, and address, the protection of this important, 
irreplaceable, resource in their development plans. All 
landowners have the right to continue to request floodway 
revisions per the FEMA Map Revision Process. Such requests 
shall not constitute an amendment to the Town's General 
Plan. 

This will include revisions to the text and to the language in the map. 

1-f!!Jh Noise or 11.ccilent 'Pofenfiaf'Zones Figure 3-4 Town of Buckeye General Plan Land Use 

indicates land within the 65 day-night noise level (dnl) contour pertaining to Luke Air Force 
Base and the Buckeye Airport. Land within the designated 65 dnl adjacent to a military airport or 
ancillary military facility is restricted by the criteria set forth in A.R.S. 28-8481 (J) which outlines 
appropriate land uses for such land. Any General Plan Amendment of land within these areas 
must also comply with all requirements as well as the compatible land uses outlined in A.R.S. 28-
8481 (J). The Town of Buckeye is committed to ensuring that land uses in the high noise or accident 
potential zones are compatible with the operation of Luke Air Force Base and the Buckeye 
Airport. Residential uses shown on the land use map in the 65 dnl area for Luke Air Force Base 
were zoned and had a development plan in place for those uses prior to Dec 31 2000. These 
properties continue to be subject to A.R.S. 28-8481, but the development plans that have been in 
place prior to December 31, 2000 for these properties comply with the statute. 
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MEMORANDUM 

To: Dibble Engineering 

From: W.C. Scoutten, Inc. 

Date: August 14, 2012 

Subject: Downtown Storm Water Outfall 

The majority of Downtown Buckeye does not have adequate storm water infrastructure or 100-
year, 2-hour retention. This has resulted in flooding during small storm events and the potential 
for major flooding during large storm events. The topography of the land in the downtown area 
falls to the south, storm water runoff is conveyed southerly down the various streets running 
north to south. A majority of the runoff from the downtown area flows towards Bel oat Road and 
converges at the intersection of Beloat Road and i 11 Street. The goal of the Downtown Storm 
Water Plan is to mitigate the storm water flooding and safely convey the storm water out of the 
Downtown Area to the Gila River. 

The Town of Buckeye (Town) and W.C. Scoutten, Inc. (WCS) met with Dibble Engineering 
(Dibble) and the Flood Control District of Maricopa County (FCDMC) on July 18th, 2012 to 
discuss the Watson Drainage System. During the meeting the Town brought up the desire to 
convey the Downtown Storm Water Runoff to the Watson Drainage System channel which is 
proposed to outfall to the Gila River. 

Dibble and the FCDMC requested that WCS run HEC-1 models for the 1 00-year, 6-hour and the 
100-year, 24-hour storm event. The basis of the model was established utilizing the proposed 
storm drain design model for Downtown Buckeye produced by Dibble. Two points of interest 
were identified, concentration point DET (Apache Road Alignment and Monroe A venue 
Alignment) and concentration point DRAINA (Apache Road Alignment and Beloat Road) as 
seen on the attached HEC-1 exhibit. The two hydrographs from each storm event were exported 
to HEC-DSSVue and sent to Dibble via email. Below you will find a table with the flow data for 
the two concentration points. 

HEC-1 Concentration 100-Year, 6-Hour 100-Year, 24-Hour 
Point Flow (CFS) Flow (CFS) 

DET 188 153 
DRAIN A 703 535 
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Flood Control District 
of Maricopa County 

D ate: Febmary 11, 2012 

To: Wa tson D rainage System Pre-D esign Pro ject Team 

From : Gary Wescl~~it/1?/..tMcZ 
Subject: \Vatson / Gila River confluence hydraulics 

Purpose 

INTEROFFICE MEMORANDUM 

This memorandum is to document assump tions used in the Preliminary D esign of the Watson 
Drainage System for the starting Water Surface Eleva tions (WSEL) at the confluence of the Watson 
Sys tem with the Gila River. 

Background 

The Buckeye AD l'vfP proposed the Watson Drainage Sys tem component with an outlet to the Gila 
River coincidental witl1 the existing Wa tson Drain (owned by BWCDD) that also serves as an outfall 
for pumped groundwater from waterlogged upstream agricultural properties. This outfall is located 
adjacent to tl1e Wa tson Road alignment south of Beloa t Road . 

The District practice fo r hydraulic design of confluences of channel with receiving wa ters is: 

1. Assume 100-year WSEL in Gila River with 10-year design fl ow in Watson channel 

2. 1-\ssume 10-year WSEL in Gila River with 100-year design flow in Watson channel 

The Salt-Gila Ri11er hloodplain Delineation Restlf{!.y, Micbael Bakel~ }1; Mf!y 1999 (FCD JC library ref # 
,-\126.014.01 1) provides 1 00-year floodplain and floodway WSEL information. The 1 00-year 
discharge is 210,000 cfs. Cross Sections RS=183.96 and RS= 184.05 bracket the existing Watson 
Drain outfa ll. 1l1e Watson Drain outlets into a braided channel on the north side of the Gila River 
floodplain. 

FCDMC Hydrology & Hydraulic branch staff utilized the H EC-RAS model for tl1e Baker Delineation 
Restm!y and ran tl1e model using HEC-RI\S version 4.1.0 (current version of H EC-RAS) using a 10-
yr discharge of 46 ,000 cf per the USACE Section 7 Report for the "Witl1 Project" conditions. T he 
1 0-yr discharge was simply placed in tl1e model developed for tl1e 1 00-yr flow conditions and mn. 
T here was no attemp t to redefine effective / ineffecrjvc flow areas based on tl1e 10-yr discharge. 

The following table provides rhe WSEL info rmation for the two Cross Sections: 
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(; ila Ri,·cr 1 00-H~ar 1 00-,·e:u I 1 0-~· ear 
Cross Floodplain Hoodwa1 Hood plain 
Section \XISEI .'1• \\ lSEL< \XISEL* 

RS=183.96 8-l-8.35 848.44 842.10 

RS=184.05 848.82 848.89 842.47 
'' NG\ 'D 1929 

iotc: Ek,·ation adjus tment = -2.10 from . \ \'D88 to N(;\'D29 (john Stock, FCDJ\JC). 

Enclosures: 
Excerpts o f Ja/t-Cil£1 lv l'l'r Floodplain Ddinealio11 1\f'JIIIrl)', J\lidJtlel Bttker. Jr. i\Jc!J' 1999: 

1. Vo11 pp 145. 1-t(, Sheet~ 13 and 13.\ cross sec tionla,·out 
2. Vol 3 pp 111, 112 cross section pro61e plots with 1 00-yr an d Hoodway \\ 'SEL 
.). \'ol4 pp .115.675,727,2007, & 2008 HEC-~\S output for ]()0-)'r fl oodplain and Method 

1 floodwa\ 
4. Supplemcntall 0-yr I IEC-RJ·\ S run Cross Section pro ftlc plors 
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Date: 2/ 7/ 2014 

Flood Control District 
of Maricopa County 

To: Watson Drainage System Pre-Design Project Team 

From: Jennifer Thorne, P.E ., Hydrologist 

INTEROFFICE MEMORANDUM 

Subject: Maximum Storm Recurrence Interval to be contained within the Watson Drain 

Purpose: 

This memorandum is to document the results of a model created to determine the maximum storm 
contained within the Watson Drain 

Procedure: 

To determine the maximum storm contained within the Watson Drain, a HEC-RAS model was 
created for the lower areas of the projects (to approximately Station 40+00). Once created, the 
starting water surface elevation was increased until the cross section corresponding to station 30+00, 
the shallowest cross section, was overtopped. This resulted in a starting water surface elevation of 
846.43 (NA VD88). 

Once this starting water surface was determined, it was compared with the 1 0-year and 1 00-year 
water surface elevations in the Gila River (from the Salt-Gila River Delineation ReJtur!J, Michael Baker, 
Jr, M qy 1999), in order to determine the recurrence interval. However, it was soon discovered that 
the 10- and 100- year water surface elevations listed in the Watson Drainage System Pre-Design 
plans were based on the NGVD29 datum, not the NA VD88 datum, which the rest of the plans had 
been designed to. The water surfaces were then converted to NA VD88 and plotted on a log-log 
chart. Based on those results, it appears that the system will be able to contain the 100-year storm 
for the system along with the 25 year storm in the Gila River. 

NGVD29 Elevation NA VD88 E levation 
Gila 10-yr WSEL 842.35 844.46 
Gila 100-yr WSE L 848.51 850.85 
WSEL to break out at 30+00 846.43 
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Flood Control District 
of Maricopa County 

INTEROFFICE MEMORANDUM 

Date: April 16, 2013 

To: Gary Wesch, PE, Project Management Branch, Planning and Project 
Management Division 

From: Shimin Li, PhD, PE, Engineering Application Development and River 
Mechanics Branch, Engineering Division 

CC: Bing Zhao, PhD, PE, Engineering Application Development and River 
Mechanics Branch Manager, Engineering Division 

Subject: Preliminary Geotechnical Evaluation I Watson Drainage System Pre-Design I 
Buckeye, Arizona, prepared by Ninyo & Moore Geotechnical and 
Environmental Sciences Consultants and dated March 18, 2013 

The electronic report was received on April 8, 2013. The review is focused on whether a 
conclusion can be made about maximum permissible velocities. Below are our review 
comments. 

1. (FCD 411612013): After analyzing the boring logs and gradation results presented in 
the report, we found that the fine sand soil classification in Table 6.1 of the 
Hydraulics Manual (1/28/1996) is the most suitable one to be chosen to represent the 
soil erosion characteristics of the soils encountered in the six borings. Based on Table 
6.1 , a maximum permissible velocity of2.5 ftls is recommended for fine sand. We 
recommend a permissible velocity of 2.5 ftls for the channel reaches represented by 
the six soil samples that have locations shown in below figure, if these channel 
reaches will be earthen. The detailed reasons are given as follows. 
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Soil sample B-1 was collected at a depth range of 3.5 ft to 5 feet and was classified as 
clay in accordance with Unified Soil Classification System (USCS) based on the 
gradation test results. In the boring log for this location, the soil at the depth range of 
0 ft to 5 ft was classified as Stiff Clay based on field observations. The soil below the 
Stiff Clay (5 to 10 ft) at this location was classified as Silty Sand based on field 
observations. Although the permissible velocity for Stiff Clay is 5 ftls per our 
effective 1996 hydraulics manual Table 6.1 (see page 2 of this memo), it is 
recommended to use 2.5 ft/s as the permissible velocity for the segment of channel 
because the clay layer is not thick and may be removed for channel excavation. 
Underneath the clay layer, it is all sand. In addition, Dr. Yasanayake at MCDOT 
(geotechnical engineer) said that the other parameters suggest that it is on the 
borderline of stiffness, therefore, not real! y stiff. 

Soil sample B-2 was collected at a depth range of 6ft to 7.5 feet and was classified as 
clay in accordance with (USCS) based on the gradation test results. In the boring log 
for this sampling location, the soil at the depth range of 3 ft to 10 ft was classified as 
Clay with sand based on field observations. The soil above the clay (0 to 3 ft) at this 
location was classified as Silty Sand based on field observations. Due to the 
uncertainty in proposed channel depth, we recommend using the least erosion 
resistant soil parameter for the design. The least erosion resistant soil at this location 
is Silty Sand. We will assume the erosion resistance of the Silty Sand can be 
approximated by that of the fme sand listed in Table 6.1 and assign a 2.5 ft/s 
permissible velocity to the Silty Sand. 

Gradation test was not done on samples collected from boring B-3. In the boring log 
for this sampling location, the soil at the depth range of 0 ft to 3 ft was classified as 
Silty Sand based on field observations and 3 ft to 1 0' was classified as clayey sand. 
We assume the Silty Sand is the least erosion resistant soil at this location and can be 
approximated by that of the fine sand in Table 6.1. 

Soil sample B-4 was collected at a depth from 6ft to 7.5 feet and was classified as 
Silty Sand. In the boring log for this sampling location, the soil at the depth range of 0 
ft to 1 ft was classified as Silty Sand fill , I ft to 8 ft as Silty Sand, and 8 ft to I 0 ft as 
Clayey Sand. The least erosion resistant soil at this location is the Silty Sand fill. We 
assume again the Silty Sand fill in the boring log can be approximated by the fine 
sand in Table 6.I (this assumption is, to some extent, supported by the 0.6 mm D75). 

Soil sample B-5 was collected at a depth range of 0 ft to 5 feet and was classified as 
Clayey Sand in accordance with USCS. In the boring log for this location, the soil at 
the depth range of 0 ft to 5 ft was classified as Clayey Sand fill , and 5 ft to 10 ft as 
Clayey Sand. We assume the erosion resistance of Clayey Sand fill is less erosion 
resistant than the Clayey Sand undisturbed, and can be approximated by that of fine 
sand in the Table 6.1 (this assumption is not well supported by the 1.75 mm D75, but 
no other better soil classification can be chosen in Table 6.I ). 

Soil sample B-6 was collected at a depth range of 6ft to 7.9 feet and was classified as 
Clay. In the boring log for this sampling location, the soil at the depth range of 0 ft to 
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1ft was classified as Silty Sand fill , 1ft to 5.5 ft as Silty Sand, 5.5 ft to 10ft as Sandy 
Clay. We assume the Silty Sand fill is the least erosion resistant soil at this location 
and can be approximated by fine sand in Table 6.1 
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Summary of Maximum Permissible 1 Allowable /Recommended Permissible Velocity Results 

Boring Log 
or Boring Sample Soil Type Jymp D75 2y a J yrp 

Sample Location 
Depth Depth (ft) (USCS) (ft/s) (mm) (ft/s) <ft!s) 

ID 
(ft) 

3.5 -5 Sti ffCL 
Not 

0-5.5 (d ri ven) (Clay) 
5 applica 2.5 

Intersection of ble. 

BI Beloat RD and 
Watson RD NST (Not 

5.5 to 10 sampled/tes 
SM (S il ty 

'? 5? 6? 2.5 
ted) 

Sand) 

0-3 NST SM ? ? ? 2.5 
Intersection of 

B2 Monroe Ave 
and Watson RD 6-7.5 

Not 
3- 10 (driven) CL 5 applica 2.5 

ble 

0-3 NST SM ? ? ? 2.5 
Intersection of 

B3 Southern Ave 
and 23 1" Ave SC (Clayey 

3-10 NST Sand) 
? ? ? 2.5 

0-1 NST Fill w/ SM ? ? ? 2.5 

Intersection of 6-7.5 
B4 Broadway RD 1-8 (driven) 

SM ? 0.6 2.3 2.5 
and 23 1" Ave 

8-1 0 NST sc ? ? ? 2.5 

0-5.5 
0-5 (bulk 

Fill w/SC ? 1. 7 3.0 2.5 Intersection of sample) 
B5 Maricopa RD 

and Apache RD 
5.5-10 NST sc ? ? ? 2.5 

0-1 NST Fill w/SM ? ? ? 2.5 

Intersection of 
B6 Broadway RD 1-5.5 NST SM ? ? ? 2.5 

and Apache RD 

5.5-1 0 
6-7.9 

CL ? 0.6 2.3 2.5 
(driven) 

1 Ymp: Maximum permiss ible veloci ty in accordance with Table 6. 1 of Hydraul ics Manual (January 28, 1996). 
2 V.,: Allowable ve locity in accordance with USDA Soil Conservation Services relationship (see page 5) 
3 V rp: Recommended permiss ible /allowable velocity for the boring location after considering the uncertainty in soil 

class ifications and in channel bottom depths, and the need to be conservati ve. 
'?: Ympcannot be determined from Table 6. 1 based on the USCS soil class ification. 
5?: D75 is not known due to no gradation test done. 
6?: v. cannot be determined due to unknown D75. 
7Not applicable: The US DA Soil Conservation Services relationship appears applicable only to soils having a D75 ;:: 0.4mm fo r 

sediment laden fl ow. 
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WATSON DRAINAGE SYSTEM VALUE ANALYSIS 

VALUE ANALYSIS SUMMARY-WATSON DRAINAGE SYSTEM 

The Value Analysis (VA) for Watson Drainage System Pre-Design was conducted June 17-18, 2013. 

Participants included Town of Buckeye (TOB) management and Flood Control District of Maricopa 

County (FCDMC) staff. See Appendix A for attendees list. John Pucetas of SiteTek Financial Arts was 

retained by FCDMC to facilitate the VA. He had prepared for the VA but passed away the weekend prior 

to the VA session . The participants self-conducted the VA using principles learned in previous project 

VA's . This report summarizes the proposals in a format similar to previous VA efforts. 

PROJECT DESCRIPTION 

The Watson Drainage System is a component of the 2009 Buckeye ADMP. The ADM P recommended a 

system of basins and channels extending from the Roosevelt Irrigation District (RID) canal to the Gila 

River between Miller Road and Rainbow Road in the eastern portion of the Town of Buckeye . The 

system will address some existing flood hazards and accommodate future development within the 22 

square mile watershed . 

In 2012 and in partnership with the Town of Buckeye, FCDMC commenced a Pre-Design effort for the 

Watson Drainage System with Dibble Engineering the prime consultant. Alternatives were identified 

and evaluated and in April 2013, Alternative A was selected as the recommended plan. The VA 

developed proposals for refinements of Alternative A to improve effectiveness and/or reduce project 

costs . 

ORIGINAL RECOMMENDED PLAN 

The Alternative A original recommended plan : 

1. Major components : 10+ miles of channels/storm drains and five detention basins 

2. Estimated cost $58 million plus 30% contingencies of $18 million 

3. The TOB CIP 2010 prioritization request proposed the Town implement the upstream 

(North) portion general north ofthe Union Pacific Railroad (UPRR) and FCDMC implement 

the downstream (Outfall) portion based on an approximate 50-50 split of estimated costs . 

AltA estimates resulted in a $30M TOB North portion and a $28M FCDMC Outfall portion . 

The Outfall includes a channel running about 2 miles east-west along the north side of the 

UPRR; crossing the UPRR/BWCDD corridor where the alignment crosses t he UPRR, Kinde r

Morgan (KM) petroleum pipeline, several f iber optic lines, the Arizona Nuclear Power Plant 

(ANPP) 96" reclaimed water pipeline, and the Buckeye Water Conservation and Drainage 

District (NWCDD) canal. The Outfall continues south from the UPRR/BWCDD corridor to the 

Gila River, is co-located with BWCDD' s existing Watson Drain, and crosses properties owned 

by sand and gravel extracting companies . 

4. Cost breakdown (without contingencies) : 
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WATSON DRAINAGE SYSTEM VALUE ANALYSIS 

15,882,243 27% 

9,994,926 17% 

8,432,296 14% 

18,298,954 31% 

TOTAL 

VA PROPOSALS 

The VA team identified the following focus areas for identification and analysis of VA opportunities: 

A-The outlet to the Gila River through future sand & gravel extraction properties 

B-The crossing of the UPRR/BWCDD corridor where significant relocations are anticipated 

(-Miscellaneous items including: 

Cl- PCC channel north of UPRR 

C2- Interim conditions channel linings for turf reaches 

C3- Water quality treatments for adjacent roadway first flush 

The VA team divided into three groups to analyze each set of subject areas: 

Group A: Art Glover, Mark Lewis, Shim in Li 

Group B: Scott Zipprich, Kevin Roberts, Mike Duncan 

Group C: John Griffin, Richard Waskowsky, Gary Wesch, Jeff Riddle 

Each group developed several proposals and analyzed potential costs . These are summarized in Table 1. 
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WATSON DRAINAGE SYSTEM VALUE ANALYSIS 

VA PROPOSALS SUBJECT AREAS 

ALTA Basins 

Channel Section Type 

Sect ·o3· (Watson Drain)- Cone/Earth 

Sect ·o4• (Industrial)- Concrete 

- sect ·os· (231st)- Turf 
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WATSON DRAINAGE SYSTEM VALUE ANALYSIS 

TABLE 1: SUMMARY OF VA PROPOSALS 

PROPOSAL DESCRIPTION ORIGINAL PROPOSAL POTENTIAL 

PLAN COST$ COST$ SAVING$ 

A-A Outlet to Gila 4,573,471 2,254,900 2,318,600 

R Opt A 

A-A W/ Outlet to Gila 4,573,471 3,897,900 675,600 
BASIN R Opt A 

w/basin 

A-B Outlet to Gila 4,573,471 6547,000 (1,973,500) 
R Opt B 

A-C Outlet to Gila 4,573,471 5,316,000 (742,529) 
R Opt C 

B-1 No relocation 1,080,000 0 1,080,000 
K-M & FO 

B-2 Separate NA NA NA 
tai lwate r from 

drainage 

B-3 Temporary 337,500 101,500 236,000 
diversion of 
BWCDD canal 

B-4 Box culvert vs 4,017,800 3,496500 521,300 
channel 
BWCDD-MC85 

C-1 Steeper side 10,039,517 7J41,800 2,297JOO 
slopes and 
thinner 

section on 
concrete 
channel 

C-2 Interi m 1J 04,100 1,134,300 569,800 
condition 

initial channel 
construction 
instead ofturf 

C-2 w/ Interi m with 1J04,100 1,635,700 68,400 
rock rock mulch 

mulch 

C-3 Water Quality NA NA 
treatments 

ADOPT? COMMENT 

Yes, if Needs BWCDD & 
agreemen Cemex 
ts done agreements 

Possibly Basin reduces 
impact to existing 
Watson Drain 

No More costly 

No, but More costly 
good 

fallback 

unlikely Depends on 
pothole 

information 

probably Pend ing deta iled 
design 

maybe 

Needs Savings only if 

fu rther channel results in 
study severance 

Yes Add fencing or 

rail ings 

Yes 

No 

Yes No sign ificant cost 

to adopt 
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WATSON DRAINAGE SYSTEM VALUE ANALYSIS 

CONCLUSIONS AND RECOMMENDATION 

The Value Analysis identified potential savings of over $7 million to the $58 million original project, 

about 12%. The following proposals should be considered for inclusion in the Pre-Design Recommended 

Plan if the conditional considerations can be satisfied : 

A-A: Utilize the existing Watson Drain south of Piedmont Road alignment, upgrade the existing 

culverts and terminate major channelization at Piedmont. This is conditional on working out 

agreements with BWCDD, Cemex, and Town of Buckeye. The impact on the future El Rio levee 

should be considered. 

B-2 : Separate irrigation tailwater collection and delivery from stormwater conveyance where 

necessary to maintain delivery hydraulic grade requirements. This may require additional 

piping, overshoots, or flumes but avoids pumping costs . Meet with BWCDD and RID to discuss 

this . 

C-1: Modify typical section for Industrial channel to minimize concrete lining thickness and 

topwidth. 

C-2: Pre-design to show interim channel lining in Outfall reaches based on non-irrigated 

hydroseeding, collection swales, reinforced downdrains, and grade control structures. Follow 

up with revised typical sections and a detailed reach example for review by design team to verify 

feasibility and effectiveness. 

C-3: The channel designs for reaches adjacent to roadways should accommodate first flush 

basins to be constructed with future road improvements. Coordinate the overflows of first flush 

basins with collection swales and downdrains. 

The following proposals need further design development and review to determine whether potential 

costs savings can be realized: 

B-3: A temporary diversion of the BWCDD canal may be cost effective if ROW can be reduced . 

This requires follow up with BWCDD, constructability analysis, and further review by real estate 

staff. This can be considered in final design when more design development has been 

completed and more information is available . 

B-4: A box culvert versus a channel may result in cost savings if the channel requires 

compensation for severance . Further collaboration by the design team with real estate staff will 

determine if this proposal should be adopted . 
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WATSON DRAINAGE SYSTEM 

APPENDIX A-Participants 

Attendees : 

Name Firm 

Kevin Roberts Dibble Corp 

John Griffin EPG 

Michael Duncan FCDMC (1st Day) 

Art Glover FCDMC 

Jeff Riddle FCDMC (1st Day) 

Mark Lewis FCDMC 

Scott Zipprich Buckeye 

Richard M . Waskowsky FCDMC 

Shimin Li 

Gary Wesch 

FCDMC 

FCDMC 

VALUE ANALYSIS 
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WATSON DRAINAGE SYSTEM VALUE ANALYSIS 

APPENDIX B- DETAILED VA PROPOSALS AND ESTIMATES 
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Value Analysis Study Recommendation 
Project: Watson Drainage System VA No. 
Item: A- Outlet to Gila River, Option A A-A 

Function (verb noun): Control Flooding 

Original Design 
Reach RTWTR2: Channel from Beloat to Gila River onto AZ G&F-owned parcels, co-!OC3ted with existing 
BWCDD Watson Drain; side slopes shallowed to 6H:1V; concrete invert for low flows ; multi-use path both side; 
320ft-wide ROW required ; crosses Cemex-owned property-ROW cost include mineral rights for lost material 
mining; future mining will create a lake that results in channel remaining across lake or thrown away; culvert 
required to maintain irrigation pipe across channel and cannel west Cemex parcel to east parcel ; earth-moving 
equipment would cross between parcels over culvert in conflict with maintenance and trail users. 

Proposed Design 
Utilize existing BWCDD Watson Drain from Cemex north property line south to Gila River as interim channel , 
replace existing pipe culverts to carry 1100 cfs design flow. 

Advantages and Disadvantages 

Advantages: 
• avoids most costs of "throw-away" channel 

• 
• 
• 
• 
Disadvantages: 
• dependent on working deals with BWCDD & Cemex, may not be feasible 
• no trail connection to Gila River along channel, existing side slopes substandard 

• 
• 
Discussion 

Value Indicator: 

I 
I 

y 

c 

Existing Watson Drain has capacity for 11 00 cfs design flow if existing pipes at far road/irrigation crossing are 
upsized. Option A Using existing Watson Drain for interm conveyance until Cemex mines a lake avoids builidng 
a "throw-away" channel. Timing of Cemex mining depends on the market for sand & gravel. FCDMCITOB and 
BWCDD need to have agreement where BWCDD allows increased drainage flows in existing ditch and 
increased maintenance of earthlined ditch is likely. After the VA, this concept was presented to BWCDD and the 
reponse was promising. The cost of potentially acquirin BWCDD rights was esitmated to $350k. 

Life Cycle Cost Summary 

Original Design 
Proposed Design 
Potential Savings 

Initial Cost 
4,573,471 
2,254,900 
2,318,600 

Life Cycle Cost 

0 

#VALUEI 
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Sketch Worksheet 
Project: Watson Drainage System VA No. 

Item: A- Outlet to Gila River, Option A A-A 

Function (verb noun): Control Flooding 

• Original Design 



Cost Worksheet 
Project: Watson Drainage System 
Item: A· Outlet to Gila River, Option A 

Function (verb noun) : Control Flooding 

Original Design reach RTWTR2 

P edD . ropos es•gn 
10 

201 
205 
207 
215 
220 

252 
301 

305 
317 
319 

331 
339 
342 
343 
344 
351 
428 

Dibble AltA estimate w/o contingencies 
Mineral Rights for Cemex 

Quantit~ 

Clear and Grub 1 
Misc. Removals 1 
Replace Pavement 0 
Remove Pipe 464 
Ditch 157 
Relocation (30") 310 
Excavation 20843 
Preparation 14788 
Riprap (050 = 12") 1 
Riprap (050 = 18") 1 
PCC invert (8" thick) 1571 
Weep holes 236 
Concrete Cutoff wall 2600 
Structure 2 
Wall (3x15x200) 2 
AC Maintenance Road 2082 
CMP pipe (not 10 x 6 CBq 

Uni t 

LS 

LS 

LF 
LF 
LF 
CY 
SY 
LS 
LS 

SY 
EA 
CY 
EA 
EA 
SY 

458 CMP End Treatments {not 10 x 4 Concrete Wing Walls) 

602 Hydroseed 30633 SY 
610 Tree (24" Box) 134 EA 
613 gal) 268 EA 
614 gal) 402 EA 

630 (3.5x2.5x2) 67 EA 
631 Boulder4x3x2.5) 40 EA 

Low Density Residential I 557,700 SF 
BWCOO rights 1 LS 

Total Cost 

Unit Cost 

$16,055.00 
$8,030.00 

$21 .00 
$30.00 

$109.00 
$6.00 
$6.30 

$86,000.00 
$230,000.00 

$99.00 
$10.00 
$4.70 

$31 ,000.00 
$30,000.00 

$15.80 
$67,000.00 
$10,400.00 

$0.34 
$184.00 
$22.00 
$10.90 

$119.00 
$153.00 

$1 .50 
$350,000.00 

VA No. 
A·A 

3,606,204 
967,267 

$4,573,471.001 

Total 

16,055 
8,030 

9,744 
4,710 

33,790 
125,058 
93,164 
86,000 

230,000 
155,529 

2,360 
121220 
62,000 
60,000 
32,896 
67,000 
10,400 
10,415 
24,656 

5,896 
4,382 

7,973 
6,120 

836,550 
350,000 

Subtotal 2,254,948 

Markup #REF! 0.0% 0 

0 Total Cost 2,254,900 

Potential Savings 

Potential Savings 2,318,600 
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Value Analysis Study Recommendation 
Project: Watson Drainage System VA No. 

Item: A· Outlet to Gila River, Option A with basin A-Aw basin 

Function (verb noun): Control Flooding 

Original Design 
Reach RTWTR2: Channel from Beloat to Gila River onto AZ. G&F-owned parcels, co-located tith existing 
BWCDD Watson Drain; side slopes shallowed to 6H:1V; concrete invert for low flows; multi-use path both side; 
320 ft-wide ROW required; crosses Cemex-owned property-ROW cost include mineral rights for lost material 
mining; future mining will create a lake that results in channel remaining across lake or thrown away; culvert 
required to maintain irrigation pipe across channel and connect west Cemex parcel to east parcel; earth-moving 
equipment would cross between parcels over culvert in conflict with maintenance and trail users. 

Proposed Design 
Utilize existing BWCDD Watson Drain from Cemex north property line south to Gila River as interim channel, 
replace existing pipe culverts to carry 360 cfs design flow. Acquire 35 AC land and construct an off-line 159 AF 
basin south of Beloat to reduce 1100 cfs design flow to 360 cfs, the existing condition flows intercepted by 
existing Watson Drain per the ADMP. 

Advantages and Disadvantages 

Advantages : 

• avoids most costs of "throw-away" channel 

• compared to Option A, reduced outflows match existing conditions 
• potential water quality treatment 

• 
• 
Disadvantages: 

• dependent on working deals with BWCDD and Cemex 
• no trail connection to Gila River 

• 
• 
Discussion 

Value Indicator: 

p~~ 
I 
I 
I v 
c 

advantages of Option A with reduced impact on existing Watson Drain due to lower outflows; potential to treat 
pollutants if low flows diverted to basin for wetland-type treatment 

I Life Cycle Cost Summary 

I 
I 
I 

Original Design 

Proposed Design 

Potential Savings 

Initial Cost 
4,573,471 
3,897,900 

675,600 

Life Cycle Cost 

0 

#VALUE! 



Sketch Worksheet 
Project: Watson Drainage System VA No. 
Item: A- Outlet to Gila River, Option A with basin A-Aw basin 

Function (verb noun): Control Flooding 

• 



I 
I 
I 

Cost Worksheet 
Project: Watson Drainage System 
Item: A- Outlet to Gila River, Option A with basin 

Function (verb noun): Control Flooding 

I Original Design reach RTWTR2 

I 
I 
I 
I 
I 
I 
I 

Proposed Design 

ID 

201 
205 
207 
215 

220 
252 

301 
305 

317 
319 

331 
339 
342 

343 
344 
351 
428 

Dibble Alt A estimate w/o contingencies 
Mineral Rights for Cemex 

Quanti t~ 

Clear and Grub 1 
Misc. Removals 1 
Replace Pavement 0 
Remove Pipe 464 
Ditch 157 
Relocation (30") 310 
Excavation 77503 
Preparation 14788 
Riprap (050 = 12") 1 
Riprap (050 = 18") 1 

PCC invert (8" th ick) 1571 
Weep holes 236 
Concrete Cutoff wall 2600 

Structure 2 
Wall (3x1 5x200) 2 

AC Maintenance Road 10295 
CMP pipe (not 10 x 6 CBC~ 

Total Cost 

Unit Unit Cost 

LS $16,055.00 
LS $8,030.00 

LF $21.00 

LF $30.00 

LF $109.00 

CY $6.00 

SY $6.30 

LS $106,000.00 

LS $275,000.00 

SY $99 .00 

EA $1 0.00 
CY $4.70 

EA $31 ,000.00 

EA $30,000.00 

SY $1 5.80 
$67,000.00 I 458 CMP End Treatments (not 10 x 4 Concrete Wing Wal ls) $10,400.00 

I 
I 
I 
I 
I 
I 
I 

602 

610 
613 

614 
630 

631 

Subtotal 

Markup #REF! 

Potential Savings 

Hydroseed 
Tree (24" Box) 
I gal) 

gal) 

(3.5x2.5x2) 
Boulder4x3x2.5) 

Low Density Residential 

Mineral Rights 

0 

30633 SY $0.34 

134 EA $1 84.00 
268 EA $22.00 

402 EA $10.90 

67 EA $119.00 

40 EA $1 53.00 

1,529,827 SF $1 .50 

SF $1 .13 

0.0% 

Total Cost 

Potential Savings 

VA No. 

A-Aw basin 

3,606,204 
967,267 

$4,573,471.001 

Total 
16,055 
6,030 

9,744 
4,710 

33,790 

465,018 
93,164 

106,000 
275,000 

155,529 

2,360 
12.220 
62,000 
60,000 

162,661 
67,000 

10,400 
10,415 

24,656 

5,896 
4,382 

7,973 
6,120 

2,294,741 

0 

3,897,864 

0 
3,897,900 

675,600 



Value Analysis Study Recommendation 
Project: 
Item: 

Watson Drainage System 
A- Outlet to Gila River, Option B route channel on Cemex 
property around mining area 

Function (verb noun) : Control Flooding 

Original Design 

VA No. 
A-B 

Reach RTWTR2: Channel from Beloat to Gila River onto AZ G&F-owned parcels, co-located with existing 
BWCDD Watson Drain; side slopes shallowed to 6H:1V; concrete invert for low flows ; multi-use path both side; 
320ft-wide ROW required; crosses Cemex-owned property-ROW cost include mineral rights for lost material 
mining; future mining will create a lake that results in channel remaining across lake or thrown away; culvert 
required to maintain irrigation pipe across channel and connect west Cemex parcel to east parcel; earth-moving 
equipment would cross between parcels over culvert in conflict with maintenance and trail users. 

Proposed Design _ 
Uses same channel design as orlgl al design, routes alignment around north and west sides of Cemex inside 
Cemex property to avoid cost of culvert and leave mining area unencumbered by the channel; longer route 

Advantages and Disadvantages 

Advantages : 
• avoids conflict with future mining and lake 

• avoids outletting onto AZ G&F parcels 
• Avoids culvert cost 
• provides a facility that connects to river permanently 

• 
Disadvantages: 

• longer route 
• more expensive, no savings 

• 
• 
Discussion 

Value Indicator: 

c 
~ 

I 
I 
I 

p ~-

Option B is a feasible but more expensive option since it allows the channel to be out of the future pond, is 
completely in FCD's control and the Town of Buckeyes in the future and it has no construction traffic crossing. 

Life Cycle Cost Summary 

Initial Cost 
4,573,471 

Life Cycle Cost 

Original Design 
Proposed Design 
Potential Savings 

6,547,000 
(1,973,500) 

0 

#VALUE! 



I 
I 
I 

Sketch Worksheet 
Project: Watson Drainage System 
Item: A- Outlet to Gila River, Option B route channel on Cemex property 

around mining area 

Function (verb noun): Control Flooding 

I • Original Design 

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

VA No. 
A-B 



Cost Worksheet 
Project: Watson Drainage System 
Item: A· Outlet to Gila River, Option B route channel on Cemex property 

around mining area 

Function {verb noun): Control Flooding 

Original Design reach RTWTR2 

Propose dO estgn 
ID 

201 

205 

207 
215 

220 

252 

301 

305 

317 

319 

331 

339 

342 

343 

344 

351 

??? 
??? 
602 

610 

613 

614 

630 

631 

Subtotal 

Markup #REF! 
0 

Potential Savings 

Dibble AltA estimate w/o contingencies 

Mineral Rights for Cemex 

Qua ntit~ 

Clear and Grub 1 
Misc. Removals 1 
Replace Pavement 0 
Remove Pipe 464 
Ditch 157 
Relocation (30") 310 
Excavation 62531 
Preparation 44364 

Riprap (D50 = 12") 920.7 
Riprap (D50 = 18") 2761 
PCC invert (8" thick) 4713 
Weep holes 706 
Concrete Cutoff wall 7070 
Structure 114 

Wall (3x1 5x200) 78.62069 

AC Maintenance Road 2082 

Gila River Outfall CO Wall (3x15x200) 

AC Maintenance Road 

Hydroseed 91899 
Tree (24" Box) 402 

gal}_ 804 

I gal) 1206 

(3.5x2.5x2) 201 
Boulder4x3x2 .5) 121 

Low Density Residential 1,698.404 

Mineral Rights $1 ,872,000 

0.0% 

Total Cost 

Unit Unit Cost 

LS $16,055.00 

LS $8,030.00 

LF $21 .00 
LF $30.00 

LF $109.00 
CY $6.00 

SY $6.30 
LS $52.00 

LS $46.00 
SY $99.00 
EA $10.00 

CY $4.70 
EA $270.00 

EA $2,1 00.00 
SY $15.80 

LS $67,000.00 
LS $10,400.00 

SY $0.34 

EA $184.00 

EA $22.00 

EA $10.90 

EA $119.00 

EA $153.00 

SF $1 .50 

SF $1 .13 

Total Cost 

Potential Savings 

VA No. 

A·B 

3,606,204 

967,267 

$4,573,471.001 

Total 

16,055 

8,030 

9,744 

4,710 

33,790 

375,186 

279,493 

47,876 

127,006 

466,587 

7,060 

33,229 

30,780 
165,103 

32,896 

67,000 

10,400 

31 ,246 

73,968 

17,688 

13,145 

23,919 

18,513 

2,547,606 

2,106,000 

6,547,031 

0 
6,547,000 

(1 ,973,500) 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Value Analysis Study Recommendation 
Project: 
Item: 

Watson Drainage System 
A· Outlet to Gila River, Option C route channel around Cemex 
property 

Function (verb noun): Control Flooding 

Original Design 

VA No. 

A-C 

Reach RTWTR2: Channel from Beloat to G1la River onto AZ G&F-owned parcels, co-located with existing 
BWCDD Watson Drain ; side slopes shallowed to 6H:1 V; concrete invert for low flows; multi-use path both side; 
320ft-wide ROW required; crosses Cemex-owned property-ROW cost include mineral rights for lost material 
mining; future mining will create a lake that results in channel remaining across lake or thrown away; culvert 
required to maintain irrigation pipe across channel and connect west Cemex parcel to east parcel ; earth-moving 
equipment would cross between parcels over culvert in conflict with maintenance and trail users. 

Proposed Design 
Uses same channel design as original design, routes alignment around north and west sides of Cemex to avoid 
cost of culvert, mineral rights; longer route 

Advantages and Disadvantages 

Advantages : Value Indicator: 

• avoids Cemex, reduces ROW cost for mineral rights 

• avoids outletting onto AZ G&F parcels 
• avoids conflict with future mining and lake 

• provides a facility that connects to river permanently 

• feasible option if no agreement with Cemex & AZ G&F possible 

Disadvantages: 

• longer route 
• more expensive, no savings 

• 
• 
Discussion 
Option C is a realistic option since it allows the channel to be out of the future pond and is near the same cost as 
the original alignment A but the advantage is completely in FCD's control and the Town of Buckeyes in the future 
and it has no construction traffic crossing which removes it from Cemex property. 

Life Cycle Cost Summary 

Original Design 

Proposed Design 

Potential Savings 

Initial Cost 

4,573,471 
5,316,000 

(742,500) 

Life Cycle Cost 

4,573,471 
5,316,000 

(742,529) 



Sketch Worksheet 
Project: Watson Drainage System 
Item: A- Outlet to Gila River, Option C route channel around Cemex 

property 

Function (verb noun) : Control Flooding 

• Original Design 

VA No. 
A-C 
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Cost Worksheet 
Project: Watson Drainage System 
Item: A- Outlet to Gila River, Option C route channel around Cemex 

property 

Function (verb noun): Control Flooding 

Original Design reach RTWTR2 

p ropos ed 0 I estgn 
ID 

201 
205 

207 

215 
220 

252 
301 
305 

317 
319 

331 
339 

342 
343 
344 
351 

??? 
??? 
602 
610 

613 

614 

630 
631 

Subtotal 
Markup #REF! 

0 

Potential Savings 

Dibble AltA estimate w/o contingencies 
Mineral Rights for Cemex 

Quantity 

Clear and Grub 1 
Misc. Removals 1 

Replace Pavement 0 
Remove Pipe 464 
Ditch 157 
Relocation (30") 310 
Excavation 62531 
Preparation 44364 

Riprap (D50 = 12") 920.7 
Riprap (050 = 18") 2761 
PCC invert (8" thick) 4713 
Weep holes 706 

Concrete Cutoff wall 7070 
Structure 114 
Wall (3x15x200) 78.62069 

AC Maintenance Road 2082 
Gila River Outfall CO Wall (3x15x200) 

AC Maintenance Road 
Hydroseed 91899 
Tree (24" Box) 402 

gal) 804 

gal) 1206 
l(3.5x2.5x2) 201 
Boulder4x3x2.5) 121 

Low Dens ity Residential 2,055,596 

Mineral Rights (Gila Rive $301 ,511 

0.0% 

Total Cost 

Unit Unit Cost 

LS $16,055.00 
LS $8,030.00 

LF $21 .00 

LF $30.00 

LF $109.00 

CY $6.00 

SY $6.30 

LS $52.00 

LS $46.00 

SY $99.00 

EA $10.00 

CY $4.70 

EA $270.00 

EA $2,100.00 

SY $15.80 

LS $67,000.00 

LS $10,400.00 

SY $0.34 

EA $184.00 

EA $22.00 

EA $10.90 

EA $119.00 

EA $153.00 

SF $1 .50 
SF $1 .13 

Total Cost 

Potential Savings 

VA No. 

A-C 

3,606,204 
967,267 

$4,573,471.001 

Total 
16,055 

8,030 

9,744 
4,710 

33,790 

375,186 
279,493 

47,876 
127,006 

466,587 
7,060 

33,229 
30,780 

165,103 
32,896 

67,000 
10,400 

31 ,246 

73,968 
17,688 

13,145 

23,919 

18,513 

3,083,395 
339,200 

5,316,019 

0 
5,316,000 

(742,500) 



Value Analysis Study Recommendation 
Project: 
Item: 

Watson Drainage System 
Install channel/culvert over the top of existing Kinder-Morgan 
petroleum pipe and fiber optics conduit 

Function (verb noun): minimize impact 

Original Design 

VA No. 

B-1 

The current design requires relocating downward the existing Kinder Morgan petroleum pipeline on the south 
side of the UPRR and associated fiber optic conduits to provide clearance for the channel/culvert . 

Proposed Design 
locate the channel vertically so relocations do not have to occur. 

Advantages and Disadvantages 

Advantages: 

• avoid time-consuming and expensive relocation costs 

• 
• 
• 
• 
Disadvantages: 
• must verify exact locations of existing utilities to verify if feasible 

• need concurrence of utility owners 

• 
• 
Discussion 

Value Indicator: 

I 

y 
c 

Existing drainage/tailwater pipes under the UPRR near the proposed Watson Drainage System crossing may 
have already required the vertical location of the K-M pipeline and fiber optics conduits to be lowered locally to 
clear the existing drainage/tailwater pipes . The Watson facility might be able to be installed to clear the K-M and 
FO facilities and avoid relocation costs that were expended for the Loop 303 project. Potholing conducted at this 
location will verify the K-M and FO locations to determine if this proposal if feasible . 

Life Cycle Cost Summary 

Original Design 
Proposed Design 
Potential Savings 

Initial Cost 

1,080,000 
0 

1,080,000 

Life Cycle Cost 

1,080,000 
0 

1,080,000 
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Value Analysis Study Recommendation 
Project: 
Item: 

Watson Drainage System 
keep irrigation tailwater system flows separate from drainage 
flows 

Function (verb noun): minimize impact 

Original Design 

VA No. 

B-2 

The current design allows for tailwaters from agricultural fields to be collected into the drainage system and 
mingled with stormwater. Returning tailwater back into the irrigation delivery system may require pumping if 
drainage system inverts cannot meet elevations at delivery points. The current cost estimate did not specifically 
include costs for pumping. 

Proposed Design 
install separate tailwater collection and piping over channels to main tailwater delivery at required elevations 

Advantages and Disadvantages 

Advantages: Value Indicator: 

• avoid costs of pumping 

• 
• 
• 
• 
Disadvantages: 
• may increase system cost 

• 
• 
• 
Discussion 
Constraints of existing topography (very flat along UPRR), crossing existing utilities (ANPP), and the UPRR 
crossing result in the drainage inverts being lower than adjacent tailwater collection and del ivery systems. 
Tailwater delivery may have to be separated to meet delivery elevation requirements . 

Life Cycle Cost Summary 

Original Design 
Proposed Design 

Potential Savings 

Initial Cost 

0 

Life Cycle Cost 
0 

0 0 

0 0 



Sketch Worksheet 
Project: Watson Drainage System 
Item: keep irrigation tailwater system flows separate from drainage flows 

Function (verb noun): 

• Original Design 

minimize impact 

D Proposed Design 

.. ;: 
'"'? 

f:'~~ · 

-"'>5 ~s..? 

~~~ 
e Dr ~? 

I 
l o.)Q 

VA No. 
B·2 

868 

862 
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Cost Worksheet 
Project: Watson Drainage System 
Item: keep irrigation tailwater system flows separate from drainage flows 

Function (verb noun): minimize impact 

Original Design RTSPT2 relocations 
ID Quantity Unit Cost 

no specific estimate of pumping costs is included in original estimate 

Subtotal 

Markup (general requirements, 

design contingency) Total Cost 

Proposed Design 
Quantity Unit Cost 

no relocations 

Subtotal 
Markup (general requirements, 0.0% 

design contingency) Total Cost 

Potential Savings 

Potential Savings 

VA No. 

B-2 

0 

0 

0 

0 
0 
0 

0 



Value Analysis Study Recommendation 
Project: 
Item: 

Watson Drainage System 
Temporary diversion channel for BWCDD canal crossing in lieu 
of permanent realignment 

Function (verb noun) : control flooding 

Original Design 

VA No. 

B-3 

The current estimate includes constructing a canal shoo fly to redirect canal flows around the culvert 
construction. If left in the initial shoo fly alignment, right-of-way to BWCDD need to be conveyed . 

Proposed Design 
Construct temporary diversion with possibly a visquene liner around culvert construction, when culvert and canal 
lining completed, remove temporary diversion and restore canal to original alignment. 

Advantages and Disadvantages 

Advantages: Value Indicator: 

• may reduce permanent ROW required 

• if ROW needs reduced, paying for severance may not be necessary 

• 
• 
• 
Disadvantages: 

• may increase cost to build diversion and canal crossing 
• will need to acquire ROW for temporary construction easement anyway 

• 
• 
Discussion 
Crossing the canal requires building a culvert under the existing canal and lining the canal over the culvert a 
distance each side. The canal must remain in service (except during dry-up), so a diversion channel shoo fly is 
built around the crossing site. The current design assumes the diversion channel would be the permanent canal 
and ROW would be conveyed to BWCDD over the new location. If the canal can be restored in the existing 
location, some of the ROW for the shoo fly might be acquired as a temporary TCE or may be sold as excess . 

Life Cycle Cost Summary 

Original Design 

Proposed Design 
Potential Savings 

Initial Cost 

337,500 

101 ,500 
236,000 

Life Cycle Cost 

337,500 
101,500 
236,000 
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Sketch Worksheet 
Project: Watson Drainage System 
Item: Temporary diversion channel for BWCDD canal crossing in lieu of 

permanent realignment 

Function (verb noun): control flooding 

VA No. 
B-3 



Cost Worksheet 
Project: Watson Drainage System 
Item: Temporary diversion channel for BWCDD canal crossing in lieu of 

permanent realignment 

Function (verb noun): 

Original Design RTSPT2 relocations 

ID 
705 industrial property 

150ft X 900 ft ROW 

Subtotal 

Markup (general requirements, 

design contingency) 

Proposed Design 

705 industrial property 

150ft x 900ft TCE 
instead of permanent 
2 yrs@ 10% fee 

301 excavate temp ditch 

900*20*6/27 
temp ditch lining 

900"*30/9 

Subtotal 
Markup (general requirements, 

design contingency) 

Potential Savings 

control flooding 

Quantity 

135,000 

Quantity 

135,000 

4,000 

5,000 

Unit 
SF 

Unit 
SF 

CY 

SY 

Unit Cost 

2.50 

Total Cost 

Unit Cost 

0.50 

6.00 

2.00 

Total Cost 

Potential Savings 

VA No. 
B-3 

Total 
337,500 

337,500 

337,500 

Total 
67,500 

24,000 

10,000 

101 ,500 

101,500 

236,000 
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Value Analysis Study Recommendation 
Project: 
Item: 

Watson Drainage System 
Construct box culvert from UPRR south to MCBS crossing 
instead of open channel where culvert dalylights south of 

Function {verb noun): control flooding 

Original Design 

VA No. 

B-4 

Original design for reach RTSPT2 rrom UPRR to MC85 includes a 4 barrel 6' x 4' box culvert 1293 long plus a 
channel BOO feet long from daylight to MC85. The footprint south of the BWCDD canal in combination with the 
future Watson Parkway may incur severance costs such that the remaining half of the parcel must be paid for. 

Proposed Design 
Construct a box culvert the full length of the reach, minimizing the ROW take. 

Advantages and Disadvantages 

Advantages : Value Indicator: 

• reduces permanent ROW required 
• if ROW needs reduced, paying for severance may not be necessary 
• culvert leaves more usable area at "hard" corner for commercial/industrial use 

• 
• p ~ . 

I 

Disadvantages: v 
• increased culvert cost c • 
• 
• 
Discussion 
For original design, if severance is determined, 112 half the remainder of the parcel may need to be acquires at a 
cost of $1.4 million and a potential savings of $500k is possible despite the increased cost of the culvert. If the 
original does not require severance compensation, then the open channel may be more cost effective. 

Life Cycle Cost Summary 

Original Design 
Proposed Design 

Potential Savings 

Initial Cost 
4,017,800 
3,496,500 

521 ,300 

Life Cycle Cost 
4,017,800 
3,496,500 

521 ,300 



Sketch Worksheet 
Project: Watson Drainage System 
Item: Construct box culvert from UPRR south to MC85 crossing instead of 

open channel where culvert dalylights south of BWCDD Canal 

Function (verb noun): control flooding 

VA No. 
B-4 
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Cost Worksheet 
Project: Watson Drainage System 
Item: Construct box culvert from UPRR south to MC85 crossing instead of 

open channel where culvert dalylights south of BWCDD Canal 

Function (verb noun) : control flooding 

Original Design RTSPT2 culvert bewteen UPRR and MC85 

10 Quantity Unit Cost 

6x4 Concrete Box Culver 5,172 - ---'----420 LF 370.00 

4 bbl, 90 cfs/bbl , 1293 ft ----
301 excavation 43,747 CY 6.00 -------------------CHANNEL: 7' to 13' deep, 4:1 ss, 20 BW wide x 800 -------------------------- ----------705 industrial ROW 182,790 SF 2.50 -----------------------------culvert 30 ft w ide x 1293 + channel avg 180 ft wide x 800 ------------------------------- -----------____ _;.7..;;.0,;;...5 _____ ..;;.s.;;...ev.:....:e:._ra;;:.:.n.:....:c--=-e_1,;;.../2___!,_pa:._r.;;...ce.:.......l 553,866 SF 2.50 

Subtotal 

Markup (general requirements, 

design contingency) Total Cost 

Proposed Design 

10 Quantity Unit Unit Cost 

420 6x4 Concrete Box Culver 8,372 LF 370.00 

4 bbl , 90 cfs/bbl , 2093 ft 
301 excavation 40,310 CY 6.00 

40 wide x 13 ft deep x 2093 

705 industrial ROW 62.790 SF 2.50 

30 ft wide x 1300 

Subtotal 

Markup (general requirements, 
design contingency) Total Cost 

Potential Savings 

Potential Savings 

VA No. 

8-4 

1,913,640 

262,480 

456,975 

1,384,664 

4,01 7,759 

4,017,800 

3,097,640 

241 ,858 

156,975 

3,496,473 

3,496,500 

521,300 



Value Analysis Study Recommendation 
Project: 
Item: 

Watson Drainage System 
C·1 UPRR Channel 

Function (verb noun): Control Flooding 

Original Design 

VA No. 
C-1 

Reaches RTURR1, -2, & -3 are a concrete lined channel , 8" thick, 4:1 sideslopes, 5' to 9' deep, 10' bottom width . 
At an average 7' deep, the topwidth of the conveyance is 66' . 

Proposed Design 
part 1 A: per FCDMC Engineering Division, concrete for channel can be 6" thick; part 1 B: revise side slope to 2:1 
to decrease material and channel width, FCDMC requires fencing or railing for slopes steeper than 3:1. 

Advantages and Disadvantages 

Advantages: 
• reduces right-of-way required and ROW costs 

• reduces excavation and concrete costs 

• 
• 
• 
Disadvantages: 
• adds requiring railing or fencing for safety adjacent to sideslopes 

• 
• 
• 
Discussion 

Value Indicator: 

p t~ 
I 
I 

v 
c 

Proposed channel north side of UPRR is approximately 10,000 feet long . The available gradient is very flat, an 
invert gradient of 0.0005 ftlft may be necessary. It is within existing and planned industrial areas and a concrete
lined channel was used in the proposed typical section for this reach . The design flow is 433 cfs which only 
requires about 4 feet of depth, but due to the very flat terrain , the channel depth gets to 9ft deep to get it to drain. 
With 4:1 side slopes, the topwidth gets very wide and would not be needed to carry flows. 

Life Cycle Cost Summary 

Original Design 
Proposed Design 
Potential Savings 

Initial Cost 

10,039,517 

7,741 ,800 
2,297,700 

Life Cycle Cost 

0 

#VALUE! 
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Sketch Worksheet 
Project: Watson Drainage System 
Item: C-1 UPRR Channel 

Function (verb noun) : Control Flooding 

• Original Design 0 Proposed Design 

(_) 

I 

VA No. 

C-1 



Cost Worksheet 
Project: Watson Drainage System 
Item: C-1 UPRR Channel 

Function (verb noun): Control Flooding 

Original Design reach RTWTR2 

Propos edD eslgn 
ID 

201 
205 

207 
215 
220 

252 
301 

305 

331 

339 
342 
351 

428 
458 

705 

Subtotal 

Markup #REF! 

0 

Potential Savings 

RTURR1 AltA w/o contingences 

RTURR2 Alt A w/o contingences 
RTURR3 AltA w/o contingences 

Quantity 

Clear and Grub 1 
Misc. Removals 1 
Remove and Replace Pa 0 
Remove Pipe 56 
Remove Concrete Ditch 30 
Irrigation Pipe Relocation 30 
Excavation 36,297 
Channel Subgrade Prepc: 45894 

PCC invert {6" thick) 45894 
Weep holes 1618 
Concrete Cutoff wall 27106 

AC Maintenance Road 17456 
6' x 4' Concrete Box Culv 1628 
6' x 4' Concrete Box Culv 2 
Chain Link Fencing 20000 
Industrial ROW I 87o,ooo 1 

0.0% 

Total Cost 

Unit Unit Cost 

LS $166,600.00 
LS $83,300.00 

LF $21 .00 
LF $30.00 
LF $109.00 
CY $6.00 
SY $6.30 

SY $75.00 
EA $10.00 
LF $4.70 
SY $15.80 
LF $370.00 

EA $10,400.00 

LF $16.00 
SF $2.50 

Total Cost 

Potential Savings 

VA No. 
C-1 

4,530,959 
4,017,933 

1,490,625 
$10,039,5171 

Total 
166,600 

83,300 

1,176 

900 
3,270 

217,780 
289,135 

3,442,079 

16,180 
127,398 
275,805 
602,360 

20,800 
320,000 

2,175,000 

7,741 ,783 

0 
7,741 ,800 

2,297,700 
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Value Analysis Study Recommendation 
Project: Watson Drainage System VA No. 

Item: Interim condition channel relpacing ultimate turf channel C-2 

Function (verb noun): Control Flooding 

Original Design 
The 231st Avenue Channel Typical Section applies to reaches that are adjacent to future residential 
development. On north-south reaches, the existing gradients range from 0.3% to 0.5% resulting in velocities 
exceeding the allowable 2.5 fps for the soils. The proposed lining is turf that would resist velocities up to 5 fps 
and it is assumed residential development will install turf to get open space credits in the development footprint. 
Turf requires irrigation and there are higher maintenance costs that would be borne by the homeowner 
assocations. Th VA proposal is specific to reaches RTSPT3, RTMRA1 , and RT2314, but may be applied 

Proposed Design 
In the interim until development occurs, the Town would be responsible for maintenance and does not want the 
expense of maintaining turf. An interim condition design provides some level of erosion control for the invert and 
side slopes and has some added maintenance due to anticipated increased erosion. It also needs to be easily 
converted to turf by future developement. The proposed design includes grade control structures (dumped riprap 
in filter-fabric 3ft wide x 6ft deep across channel width at 3 to 4 per 1,00C If of channel}, swales atop the bank 
intercepting side inflows and directing flows to grouted rock down drains, non-irrigated hydroseeding of the sides 
and bottom and wattles along the sideslope. 
Advantages and Disadvantages 

Advantages: 
• allows for conversion to turf without having to remove riprap/rock mulch 

• avoids initial construction of turf and irrigation by FCDMC for the Outfall portion 
• reduced overall maintenance by TOB compared to turf 

• 
• 
Disadvantages: 
• reduced erosion protection, potential increased maintenance 

• 
• 
• 
Discussion 

Value Indicator: 
p 

c 

Grade control structures may include dumped riprap (least costly) , gabions, or CLSM slurry (most cos ly). Rock 
mulch and rip-rap lining were considered but are more expensive and would require costly removal to install turf 
and may discourage future development to install turf. Some erosion of the invert will need to be tolerated until 
turf is installed. The number of grade control structures for a reach is determine by its gradient and the allowable 
maximum scour. Downdrains would be coordinated with the grade control structures. 

Life Cycle Cost Summary 

Original Design 

Proposed Design 
Potential Savings 

Initial Cost 
1,704,100 

1,134,300 
569,800 

Life Cycle Cost 



Sketch Worksheet 
Project: Watson Drainage System VA No. 
Item: Interim condition channel relpacing ultimate turf channel C-2 

Function (verb noun) : Control Flooding 
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I 
I Cost Worksheet 

Project: Watson Drainage System VA No. 

Item: Interim condition channel relpacing ultimate turf channel C-2 

I 
Function (verb noun): Control Flooding 

I Original Design components of Outfall reaches RTSPT3, RTRMA1, & RT2314 
ID Quantit:t Unit Unit Cost Total 

I 301 excavation 78,399 CY 6.00 470,394 
603 Decomposed Granite 72,037 SY 4.00 288,148 

I 606 Turf (Sod) 58,172 SY 5.40 314,129 
610 Tree {24" box) 740 EA 184.00 136,160 
613 Container Shrubs 5 gal 1,480 EA 22.00 32,560 

I 614 Container Shrubs 1 gal 2,220 EA 10.90 24,198 

621 Drip irrigation system 72,037 SY 3.10 223,315 

622 Turf irrigation System 58,172 SY 3.70 215,236 

I Subtotal 1,704,140 

Markup (general requirements, 

design contingency) Total Cost 1,704,100 

I Proposed Design 
10 Quantit:t Unit Unit Cost Total 

I 301 excavation 78,399 CY 6.00 470,394 
603 Decomposed Granite 72,037 SY 4.00 288,148 
606 Turf (Sod} 0 SY 5.40 0 

I 610 Tree (24" box) 0 EA 184.00 0 
613 Container Shrubs 5 gal 0 EA 22.00 0 
614 Container Shrubs 1 gal 0 EA 10.90 0 

I 621 Drip irrigation system 0 SY 3.10 0 
622 Turf irrigation System 0 SY 3.70 0 

top of bank swale excava 5,315 CY 6.00 31,888 

I· riprap 12" grade control 2,133 CY 52.00 110,933 
grouted riprap downdrain 747 CY 125.00 93,333 

602 hydroseed 130,209 SY 0.34 44,271 

I wattles 31 ,888 LF 1.25 39,860 
tall pot tree planting 740 EA 75.00 55,500 

I 
Subtotal 1,134,328 

I 
Markup (general requirements, 0.0% 0 

design conti ngenc~} Total Cost 1;13413o'O 
Potential Savings 

Potential Savings 569,800 

I Notes: 
Wattles 2 rows per side slope, $30/24 ft -9" wattle 
Swale at each side top of bank 1.5 ft deep, 4:1 ss 

I Rip-rap filled trench wlfilter fabric 3ft wide x 6 ft deep x 50 ft long, 4/1000 If channel 
grouted rip rap downdrain 3 ft deep x Sft wide x 42 ft long at 4/1 000 ft , each side 

I 



Value Analysis Study Recommendation 
Project: Watson Drainage System VA No. 

Item: Interim condition channel replacing ultimate turf channel C-2 rock mulch 

Function (verb noun): Control Flooding 

Original Design 
The 231 st Avenue Channel Typical Sec ·on applies to reaches that are adjacent to future residential 
development. On north-south reaches, the existing gradients range from 0.3% to 0.5% resulting in velocities 
exceeding the allowable 2.5 fps for the soils. The proposed lining is turf that would resist velocities up to 5 fps 
and it is assumed residential development will install turf to get open space credits in the development footprint. 
Turf requires irrigation and there are higher maintenance costs that would be borne by the homeowner 
associations. The VA proposal is specific to reaches RTSPT3, RTMRA1, and RT2314, but may be applied 

Proposed Design 
In the interim until development occurs, the Town would be responsible for maintenance and does not want the 
expense of maintaining turf. An interim condition design provides some level of erosion control for the invert and 
side slopes and has some added maintenance due to anticipated increased erosion. It also needs to be easily 
converted to turf by future development. The proposed design includes grade control structures (dumped riprap 
in filter-fabric 3ft wide x 6ft deep across channel width at 3 to 4 per 1,000 If of channel) , swales atop the bank 
intercepting side inflows and directing flows to grouted rock down drains, non-irrigated hydroseeding of the sides 
with 5" Lhick 3" minus roc mulch 
Advantages and Disadvantages 

Advantages : 

• allows for conversion to turf without having to remove riprap/rock mulch 

• avoids initial construction of turf and irrigation by FCDMC for the Outfall portion 
• reduced overall maintenance by TOB compared to turf 

• side slopes better protected with rock mulch 

• 
Disadvantages : 

• reduced erosion protection , potential increased maintenance 
• expense by developer to remove rock mulch for turf 

• 
• 
Discussion 

Value Indicator: 
p 

c 

Grade control structures may include dumped riprap (least costly), gabions, or CLSM slurry (most costly Rock 
mulch and rip-rap lining were considered but are more expensive and would require costly removal to install turf 
and may discourage future development to install turf. Some erosion of the invert will need to be tolerated until 
turf is installed. The number of grade control structures for a reach is determine by its gradient and the allowable 
maximum scour. Downdrains would be coordinated with the grade control structures. 

Life Cycle Cost Summary 

Original Design 

Proposed Design 

Potential Savings 

Initial Cost 

1,704,100 

1,635,700 

68,400 

Life Cycle Cost 
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Sketch Worksheet 
Project: Watson Drainage System 
Item: Interim condition channel relpacing ultimate turf channel 

Function (verb noun): . Control Flooding 

• Original Design D Proposed Design 

• 

VA No. 
C-2 rock mulch 



Cost Worksheet 
Project: Watson Drainage System 
Item: Interim condition channel relpacing ultimate turf channel 

Function (verb noun): Control Flooding 

Original Design components of Outfall reaches RTSPT3, RTRMA1 , & RT2314 

ID Quantity Unit Unit Cost 

301 excavation 78,399 CY 6.00 

603 Decomposed Granite 72,037 SY 4.00 

606 Turf (Sod) 58,172 SY 5.40 

610 Tree (24" box) 740 EA 184.00 

613 Container Shrubs 5 gal 1,480 EA 22.00 

614 Container Shrubs 1 gal 2,220 EA 10.90 

621 Drip irrigation system 72,037 SY 3.1 0 

622 Turf irrigation System 58,172 SY 3.70 

Subtotal 

Markup (general requirements, 

design contingency) Total Cost 

Proposed Design 

ID Quantity Unit Unit Cost 

301 excavation 78,399 CY 6.00 

603 Decom posed Granite 72,037 SY 4.00 

606 Turf (Sod} 0 SY 5.40 

610 Tree (24" box) 0 EA 184.00 

613 Container Shrubs 5 gal 0 EA 22.00 

614 Container Shrubs 1 gal 0 EA 10.90 

621 Drip irrigation system 0 SY 3.10 

622 Turf irrigation System 0 SY 3.70 

top of bank swale excava 5,31 5 CY 6.00 

riprap 12" grade control 2,133 CY 52.00 

grouted riprap downdrain 747 CY 125.00 

602 hydroseed 130,209 SY 0.34 

0 LF 1.00 

tall pot tree planting 740 EA 75.00 

312 rock mulch (3" minus 5"tt 83,263 SY 6.50 

Subtotal 

Markup (general requirements, 0.0% 
design contingency) Total Cost 

Potential Savings 
Potential Savings 

Notes: 
Wattles 2 rows per side slope 
Swale at each side top of bank 1.5 ft deep, 4:1 ss 
Rip-rap filled trench w/filter fabric 3 ft wide x 6ft deep x 50 ft long, 4/1 000 If channel 
grouted rip rap downdrain 3 ft deep x 5ft wide x 42 ft long at 4/1 000 ft , each side 
rock mulch (3" minus 5"thick) on side slopes + 5 ft from top of bank 

VA No. 
C-2 rock mulch 

470,394 

288,148 

314,129 

136,160 

32,560 

24,198 

223,315 

215,236 

1,704,140 

1,704,100 

Total 

470,394 

288,148 

0 
0 
0 

0 
0 

0 
31,888 

110.933 

93,333 

44,271 

0 
55,500 

541,210 

1,635,678 

0 
1,635,700 

68 ,400 
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Value Analysis Study Recommendation 
Project: 
Item: 

Watson Drainage System 
Water Quality treatments 

Function (verb noun): reduce pollution 

Original Design 

VA No. 

C-3 

No specific water quality provisions were include in the original conceptual designs. As ag lands convert to 
residential , commercial, or industrial development, onsite retention requirements for the 100-yr/2hr rainfall will 
also contain first flush pollutants. Channels adjacent to roads did not address first flush . 

Proposed Design 
The original proposed typical sections include a buffer area between the back of curb along adjacent streets to 
the channel top of bank. This area is up to 60 feet wide and contains the PUE, O&M/Multi-use path. It could 
incorporate water harvesting sumps that act as first flush treatment with overflows going into collection swales 
along the channel. Scuppers from the curb would collect road drainage and direct into first flush basins within 
the buffer. 

Advantages and Disadvantages 

Advantages: Value Indicator: 

• addresses Game & Fish questions regarding water quality concerns discharging into the Gila R 

• non-project cost associated with road improvements 

• 
• 
• 
Disadvantages: 

• does not address interim condition for ag runoff 

• 
• 
• 
Discussion 

p 

t)o- c 

A collection swale/basin 2ft wide at the bottom and 6:1 s1de slopes provides 296 CY of volume along a 1 ,000 ft 
length of road. The first flush volume required is 0.5" rainfall x half street pavement (51 ft) x 1,000 ft= 79 CY. A 
first flush basin of these dimensions could be located along 266ft (79/296x1 000) of each 1,000 ft of street with 
little or no added cost. The street improvements would fund these basins, not the channel project. The channel 
design would accommodate these basins at appropriate locations coordinated with the side inflow downdrains 
and O&M road . 

Life Cycle Cost Summary 

Original Design 

Proposed Design 

Potential Savings 

Initial Cost 

0 
0 

0 

Life Cycle Cost 

0 

0 

0 



Sketch Worksheet 
Project: Watson Drainage System 
Item: Water Quality treatments 

Function (verb noun): reduce pollution 

• Original Design 
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I 
I Cost Worksheet 

Project: Watson Drainage System VA No. 

Item: Water Quality treatments C-3 

I Function (verb noun): reduce pollution 

I Original Design 
Quanti~ Unit Unit Cost Total 

I 
I 
I 
I 
I Subtotal 

Markup (general requirements, 35.0% 
design contingency) Total Cost 0 

I Proposed Design 

Quanti~ Unit Unit Cost Total 

I 
I Subtotal 0 

Markup (general requirements, 35.0% 0 

I design contingency) Total Cost 0 

Potential Savings 

I Potential Savings 0 

I First flush volume reqL 2125 CF 79 CY 
0.5 depth, inch 
51 width, ft half street 

I 1 000 street length 
Swale/Basin volume 8000 CF 296 CY 

1 depth, ft 

I 2 bottom width , ft 
6 side slopes H:V 

I 
I 



Watson Drainage System Alternate Outlet 

Summary of Cost models. 

We came up with four alternate concepts for the outflow section of the Watson drainage system. 

Concept A: (alternate from original design concept that was developed in the meeting): was using the 

existing BWCDD channel with modifying the channel at the crossings to accommodate the peak flows 

for the entire system. See detail description below. This model appears to save 3 million dollars. 

Concept A with an online basin: This model uses a basin to limit the CFS flow into the existing BWCDD 

channel to the current flow of 360 CFS. This would not require any upgrades to the existing channel. The 

issue with this option is it increases the cost due to landscaping, excavation roads, inlets and outlets to 

the basin. This basin will also constantly be wet so it will have to be designed as wet basin. One possible 

advantage is that it could be a cleaning system for the storm water pollution from the roadways. This 

would possibly allow the removal of oil separation devices from the upper sections of the Watson 

drainage range . One additional item is that the designer feels there is a depressed area in the 

topography in this region. The current design does not accommodate the water concentrated in this sub 

basin. The evidence ofthis basin is shown by and old wash that can be seen in the aerial view and it can 

be seen in the topos there appears to be a depression of about 10ft in this sub basin . So the idea is that 

a new online basin in the design would mediate the concentrated flows in this region. 

Concept B: This designer's original model was to route around the edge of the Cemex property inside 

the Cemex property lines instead of crossing the future pond it would skirt it. In this concept the channel 

is longer but does not require concrete boxes at the crossing which cost about SOOk. But it does require 

that the mineral rights be purchased which is a cost of about 960k 

Concept C: This is an existing designer's concept that was cost out with the properties but not the 

channel design costs we assumed the channel costs for our cost model. This concept was to route 

around the Cemex property outside of the property lines. This is a longer channel which will cost more 

but FCD does not have to pay for the mineral rights. One advantage is there is no crossing at the Cemex 

properties which saves the cost of the concrete boxes of about SOOk 

Detailed Description of the cost models 

Concept A alternate: (without a inline basin} taking all1100 peak CFS 

This model saves $2,713,072 .98 million dollars from original cost model for Concept A 

The concept was to drain into the future pond created from the excavation of river run from the Cemex 

property (quarry) which will in the final condition be a large pond like the other ones in the area since 

the groundwater table is just a few feet below the surface next to the Gila River. In the alternate final 
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condition the mineral rights and the property would be turned over to from the BWCDD and Town of 

Buckeye Cemex in an agreement if they allow the channel to drain into Cemex's pond and then into the 

river. 

The current design would have a strip of 300 foot wide land crossing the pond to outlet into the river 

where the water would balance back into the pond anyway. 

One key element to making this work is to get the cooperation of Cemex's who benefits from the use of 

the 300ft strip as quarried material and they do not have to try and accommodate a 300ft strip across 

their quarry with a trail roadway and canal conveying water. They will not have to maintain a crossing 

where pedestrians, maintenance vehicles and their heavy excavating equipment have to meet. 

Another key element is to get BWCDD to maintain control of the canal and allow FCD to discharge into 

their existing system and allow us to improve the canal to accommodate the final flows without FCD 

taking ownership. 

The City of Buckeye should have no concerns that we could determine since they will benefit from the 

final condition . A series of ponds near the river could be used for multiple development purposes from 

public recreation to private developments. 

Key concepts: 

1. Using the existing BWCDD canal as an intermediate drainage channel the following needs to 

happen in order for this to work. 

• Channel Capacity: The conveyance of the channel has to work for the final design. Th is was 

verified in our preliminary estimates by the designer. The final flow at peak was shown as 

1100 with the existing configuration with the off line basins. The designer confirmed that 

the existing BWCDD channel configuration can pass the design peak flow with a capacity of 

near 1250 CFS. The existing culverts are an issue and are assumed to be too small to allow 

the peak flows to pass. Therefore in the intermediate stage the culverts will have to be 

removed. 

• Culverts since the culverts do not have adequate capacity we are assuming for this VA. They 

will have to be replaced. We considered using the original design of concrete box culverts 

with headwalls with a cost of almost SOOk. We decided that since the culverts would be in 

place for a few years then tore out and since FCD will not be the owner that the current 

configuration using CMP culverts would be a far cheaper option with no head walls. We also 

decided that at the outlet end into the Gila River that we would use the current head cutting 

prevention of rip rap and grade control channels. We assumed they were concrete however 

there is no reason they could not be done in slurry. Since we did not have accurate prices for 

the new CMP we assumed that half of the original cost would be a realistic estimate. Also 

the current length of concrete box is shown at near 800ft which we could not see the 

necessity for . Since the quarry would only need a 50ft wide crossing like is currently in 



place. With what we assumed would be rip rap protection upstream and down-stream of 

the culverts. 

• In order to keep the channel at the current configuration with the side walls at a 1 ~to 1 

side slope the channel cannot be owned by FCD. BWCCD needs to keep ownership of the 

canal until the time when CEMEX chooses to excavate the basin. This is a significant saving 

since the channel would not have to be widened and treated to FCD standards. 

2. Another key concept that we discovered was that in the final condition the water table would be 

what we estimated from the topos given 4 feet below the invert of the channel that entered 

into the pond. This would have to be verified . But to capture a cost for this scenario we put into 

the design a head cut system at the inlet to the pond. We assumed that the current design will 

work. So we used the cost model from the current design to estimate this section. In effect 

instal ling two head cutting protections. This is an additional cost but is far off set by the savings 

in the other elements of the current design that will not have to be installed. 

3. This model does not have a basin in online so that those costs are saved in exchange for the 

costs of upgrading the culverts with CMP. This we estimated is much less cost than maintaining 

and developing an additionallS acre basin that is always wet. 

Detailed Cost Model A alternate 

See attached sheet cost model A alternate without basin and improvements to the Cemex crossing. 

Concept A: (with an inline basin} reducing the peak flows to 360 CFS 

This model saves dollars from original cost model for Concept A 

This concept was essentially the same as the concept above but to limit the flows into the channel to the 

current condition . In order to do this we had to install a 15 acre basin that is approximately 8ft deep 

into the system. This basin would be a wet system since the tail waters from the farms will still be fed 

through this drainage system. 

Watson Drainage System Basin 6 Volume estimation : 

According the Consultant, the 100-year 24-hour peak flow rate for design condition is 1100 cfs and for 

existing condition it is 360 cfs. The basin volume required to attenuate the flow rate from 1100 cfs to 

360 cfs is calculated as follows based on an assumption that the design hydrograph flow rate exceeds 

360 cfs for a period of 2.55 hours: 

V = (1100 -360) ft3 Is* 2.55 hours* 60 minutes I hour *60 seconds I minute= 6793200 ft3
, or 

= 6793200 ft3 I {43560 ft3 lac-ft) = 156 ac-ft. 
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In fact, this volume was derived by the Consultant using the design hydrograph and targeted basin 

discharge flow rate (360 cfs) . 

Detailed Cost Model A with basin 

See attached sheet cost model A with basin and no improvements to the Cemex crossing. 

Concept 8: Diverting the channel around the Cemex property completely. 

This model was an existing alternate that was cost out at the level of property purchasing costs only. We 

have expanded it to capture the cost of the channe l and the cost savings of not using the boxes in the 

crossing design and also saving the cost of the mineral purchase. 

Detailed Cost Model B 

See attached sheet cost model B 

Concept C: 

This concept was essentially the same as concept B with but moving the channel over to the edge of the 

Cemex property and buying the land from Cemex. The benefit is it removes the channel from crossing an 

open pond and it reduces the length of the channel from the Concept Band it saves the cost of the 

crossing the same as the concept B. The disadvantage is it increases the cost do to the necessity to buy 

the mineral rights from Cemex. 

Detailed Cost Model C 

See attached sheet cost model C 

Conclusions 

By comparison the costs are as follows for the different concepts from the original chosen concept A: 

Concept A original- $3,606,204.00 

Concept A alternate- $893,131.02 Saving $2,713,072.98 from original 

Concept A with inline basin- $3,208,996.92 Saving $397,207.08 from original 

Concept B- $6,656,379 .64 Costing an additional $3,050,175.64 

Concept C- $4,352,900.64 Costing an additional $1,206,542.08 



Alignment A alternate can be seen to be the most cost effective system is to use Concept A alternate. 

However there are many items that have to be coordinated and are outside of FCD's control. This might 

not even be possible. 

Alignment A with an inline basin is the next most cost effective version is to build the inline basin 

however our preliminary calculations with a 15 acre basin show it as being 12 foot deep which is deep. 

Also it would be the first basin that FCD has constructed that is constantly submerged since it will be 

below the water table and it will also have a constant flow of water in it. These were not analyzed in this 

version of the cost model. This may well make this an unreasonable solution. 

Alignment B will be the most costly due to the length and property costs. This puts the alignment on the 

Cemex property. 

Alignment Cis the is a realistic option since it allows the channel to be out of the future pond and is 

near the same cost as the original alignment A but the advantage is it is completely in FCD's control and 

the Town of Buckeyes in the future and it has no construction traffic crossing which removes it from 

Cemex property. 

We would suggest pursuing the alignment A alternate since it is the most cost effective. It is worth the 

effort to see if a deal can be struck between the interested parties. The next most logical alternate 

would be Alignment C since it allows separation and total control by FCD with marginal cost increase. 
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Watson Drainage S)'stem South of Beloat RD Alignment A 

Item Description Unit Quantity Unit Price Cost 
Removals and Relocations 

Clear and Grub LS 1 $16,055.00 $16,055.00 

Misc. Removals LS 1 $8,030 .00 $8,030.00 
Remove and Replace 
Pavement per MAG 200-B 0 

Remove Pipe LF 464 $21.00 $9,744.00 

Remove Concrete Ditch LF 157 $30.00 $4,710.00 

Irrigation Pipe Relocation (30") LF 310 $109.00 $33,790.00 

Subtotal $72,329.00 

Channel and Basin Construction Items 

Excavation CY 20843 $6.00 $125,058.00 

Channel Subgrade Preparation SY 14788 $6.30 $93,164.40 

Dumped Riprap (D50 = 12") LS 86000 $1 .00 $86,000.00 

Dumped Riprap (D50 = 18") LS 230000 $1.00 $230,000.00 

Channel invert (8" thick) SY 1571 $99.00 $155,529.00 

Weep holes EA 236 $10.00 $2,360.00 

Concrete Cutoff wall CY 2600 $4.70 $12,220.00 

Vertical Drop Structure EA 2 $31 ,000.00 $62,000.00 
Gila River Outfall CO Wall 
(3x15x200) EA 2 $30,000.00 $60,000.00 
AC Maintenance Road 
ltconsider chip seal?) SY 2082 $15.80 $32,895.60 

Subtotal $859,227.00 

Storm Drain Construction Items 

CMP pipe (not 10 x 6 CBC) LS 1 $67,000 .00 $67,000.00 

CMP End Treatments (not 10 x 4 
Concrete Wing Walls) LS 1 $10,400.00 $10,400.00 

Subtotal $77,400.00 

Landscaping construction Items 

Hydroseed SY 30633 $0.34 $10,415.22 

Tree (24" Box) EA 134 $184.00 $24,656.00 

Container Shrubs (5 gal) EA 268 $22.00 $5,896.00 

Container Shrubs (1 gal) EA 402 $10.90 $4,381 .80 



Landscape Boulder (3.5x2.5x2) EA 67 $119 .00 $7,973.00 

Landscape Boulder4x3x2.5) EA 40 $153.00 $6,120.00 

Subtotal $59,442.02 

SUBTOTAL CONSTRUCTION $1,068,398.02 

Ri~ ht of Way Acquisition 
Low Density Residential 
Property SF 528000 $1 .50 $792,000.00 
Mineral Rights (Cemex) 
Savings LS 1 $967,267.00 

Subtotal ROW $792,000.00 

TOTAL CONSTRUCTION & 

RIGHT OF WAY COST --A $1 ,860,398.02 

CREDIT FOR MINERAL 
RIGHTS $967,267.00 

TOTAL NET COST $893,131.02 

ORIGINAL COST A (no 
contingency) $3,606,204.00 

SAVINGS $2,713,072.98 

Contmgent upon reach1ng agreements w1th Cemex and BWCDD 

Existing channel has capacity for entire Up-Stream flow 

$967,267.00 
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Watson Drainage System - RTWTR2, Alignment A with Basin 

Item Description Unit Quantity Unit Price Cost 
Removals and Relocations 

Clear and Grub LS 1 $16,055.00 $16,055.00 

Misc. Removals LS 1 $8,030.00 $8,030.00 
Remove and Replace 
Pavement per MAG 200-B 0 

Remove Pipe LF 464 $21.00 $9,744.00 

Remove Concrete Ditch LF 157 $30.00 $4,710.00 

Irrigation Pipe Relocation (30") LF 310 $109.00 $33,790.00 

Subtotal $72,329.00 

Channel and Basin Construction Items 

Excavation CY 77503 $6.00 $465,018.00 

Channel Subgrade Preparation SY 14788 $6.30 $93,164.40 

Dumped Riprap (050 = 12") LS 1 106000 $106,000.00 

Dumped Riprap (050 = 18") LS 1 275000 $275,000.00 

Channel invert (8" thick) SY 1571 $99.00 $155,529.00 

Weep holes EA 236 $10.00 $2,360.00 

Concrete Cutoff wall CY 2600 $4.70 $12,220 .00 

Vertical Drop Structure EA 3 $31,000.00 $93,000.00 
Gila River Outfall CO Wall 
(3x15x200) EA 2 $30,000.00 $60,000.00 
Basin Weir Structure (includes 
inlet and outlet) EA 1 $100,000.00 $100,000.00 
AC Maintenance Road 
(consider chip seal?) SY 10295 $15.80 $162,661.00 

Subtotal $1 ,524,952.40 

Storm Drain Construction Items 

CMP pipe (not 10 x 6 CBC) LS 2 $67,000.00 $134,000.00 

CMP End Treatments (not 10 x 4 
Concrete Wing Walls) LS 2 $10.400.00 $20,800.00 

Subtotal $154,800.00 

Landscaping construction Items 

Hydroseed SY 30633 $0.34 $10,415.22 

Tree (24" Box) EA 134 $184.00 $24,655.CO 



613 

614 

630 

631 

701 

Container Shrubs (5 gal) EA 268 $22.00 $5,896.00 

Container Shrubs (1 gal} EA 402 $10.90 $4,381.80 

Landscape Boulder (3.5x2.5x2) EA 67 $119.00 $7,973.00 

Landscape Boulder4x3x2.5) EA 40 $153.00 $6,120.00 

Basin Landscaping LS 1 $70,000.00 $70,000.00 

Subtotal $129,442.02 

SUBTOTAL CONSTRUCTION $1,881,523.42 

Ri ~ht of Wa~ Acquisition 
Low Density Residential 
Property SF 1529827 $1 .50 $2,294,740.50 
Mineral Rights (Cemex} (minus 
for savings, plus for cost) LS 1 -$967,267.00 

SUBTOTAL ROW $2,294,740.50 

TOTAL CONSTRUCTION & 
RIGHT OF WAY COST $4,176,263.92 

CREDIT FOR MINERAL 
RIGHTS $967,267 .00 

TOTAL NET COST $3,208,996.92 

Original cost for design 
alignment A: 3606204.00 $3,606,204.00 

SAVINGS $397,207.08 
Contmgent upon reachmg agreements w1th Cemex and BWCDD 

Existing channel has capacity for entire Up-Stream flow 
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Watson Drainage System - RTWTR2, Ali ]nment B 

Item Description Unit Quantity Unit Price Cost 
Removals and Relocations 

Clear and Grub LS 1 $16,055.00 $16,055.00 

Misc. Removals LS 1 $8,030.00 $8,030.00 
Remove and Replace 
Pavement per MAG 200-B 0 

Remove Pipe LF 464 $21 .00 $9,744.00 

Remove Concrete Ditch LF 157 $30.00 $4,710.00 

Irrigation Pipe Relocation (30") LF 310 $109.00 $33,790.00 

Subtotal $104,877.05 

Channel and Basin Construction Items 

Excavation CY 62531 $6.00 $375,186.00 

Channel Subgrade Preparation SY 44364 $6.30 $279,493.20 

Dumped Riprap (D50 = 12") LS 920.7 $52.00 $47,876.40 

Dumped Riprap (D50 = 18") LS 2761 $46.00 $127,006.00 

Channel invert (8" thick) SY 4713 $99.00 $466,587.00 

Weep holes EA 706 $10.00 $7,060.00 

Concrete Cutoff wall CY 7070 $4.70 $33,229.00 

Vertical Drop Structure EA 114 $270.00 $30,780.00 
Gila River Outfall CO Wall 
(3x15x200) EA 78.62069 $2,100.00 $165,1 03.45 
AC Maintenance Road 
(consider chip seal?) SY 2082 $15.80 $32,895.60 

Subtotal $1 ,565,216.65 

Storm Drain Construction Items 

CMP pipe (not 10 x 6 CBC) LS 0 $67,000.00 $0.00 

CMP End Treatments (not 10 x 4 
Concrete Wing Walls} LS 0 $10,400.00 $0.00 

Subtotal $0.00 

Landscaping construction Items 

Hydroseed SY 91899 $0 .34 $31 ,245.66 

Tree (24" Box) EA 402 $184.00 $73,968.00 

Container Shrubs (5 gal) EA 804 $22.00 $17,688.00 

Container Shrubs (1 gal) EA 1206 $10.90 $13,145.40 



630 Landscape Boulder (3 .5x2.5x2) EA 201 $119.00 $23,919.00 

631 Landscape Boulder4x3x2.5) EA 121 $153.00 $18,513.00 

701 Subtotal $178,479.06 

SUBTOTAL CONSTRUCTION $2,236,773.04 

Right of Way Ac< uisition 
Low Density Residential 
Property SF 1698404.4 $1.50 $2,54 7,606.60 

Mineral Rights (Cemex) LS 1 $1 ,872,000.00 $1,872,000.00 $0.00 

Subtotal ROW $4,419,606.60 

TOTAL CONSTRUCTION & 
RIGHT OF WAY COST $6,656,379.64 

COST FOR MINERAL 
RIGHTS (See above) $0.00 

TOTAL NET COST $6,656,379.64 

Original cost for design 
alignment A: 3606204.00 $3,606,204.00 

SAVINGS -$3,050,175.64 
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Watson Drainage System - RTWTR2, Option C 

Item Description Unit Quantity Unit Price Cost 
Removals and Relocations 

Clear and Grub LS 1 $16,055.00 $16,055.00 

Misc. Removals LS 1 $8,030.00 $8,030.00 
Remove and Replace 
Pavement per MAG 200-B 0 

Remove Pipe LF 464 $21 .00 $9,744.00 

Remove Concrete Ditch LF 157 $30.00 $4,710 .00 

Irrigation Pipe Relocation (30") LF 310 $109.00 $33,790.00 

Subtotal GW-why 1.45 factor? $104,877.05 

Channel and Basin Construction Items 

Excavation CY 62531 $6.00 $375,186.00 

Channel Subgrade Preparation SY 44364 $6.30 $279,493.20 

Dumped Riprap (D50 = 12") LS 920.7 $52.00 $47,876.40 

Dumped Riprap (D50 = 18") LS 2761 $46.00 $127,006.00 

Channel invert (8" thick) SY 4713 $99.00 $466,587.00 

Weep holes EA 706 $10.00 $7,060.00 

Concrete Cutoff wall CY 7070 $4.70 $33,229.00 

Vertical Drop Structure EA 114 $270.00 $30,780.00 
Gila River Outfall CO Wall 
(3x15x200) EA 78.6206897 $2,100.00 $165,1 03.45 
AC Maintenance Road 
!(consider chip seat?) SY 2082 $15.80 $32,895.60 

Subtotal $1 ,565,216.65 

Storm Drain Construction Items 

CMP pipe (not 10 x 6 CBC) LS 0 $67,000 .00 $0.00 

CMP End Treatments (not 10 x 4 

Concrete Wing Walls) LS 0 $10,400.00 $0.00 

Subtotal $0.00 

Landscaping construction Items 

Hydroseed SY 91899 $0.34 $31,245.66 

Tree (24" Box) EA 402 $184.00 $73,968.00 

Container Shrubs (5 gal) EA 804 $22.00 $17,688.00 

Container Shrubs (1 gal) EA 1206 $10.90 $13,145.40 



630 Landscape Boulder (3.5x2.5x2) EA 201 $119.00 $23,919.00 

631 Landscape Boulder4x3x2.5) EA 121 $153.00 $18,51 3.00 

701 Subtotal $178,479.06 

SUBTOTAL CONSTRUCTION GW -why 1 .4 factor? $2,588,001.86 

Right of Way Acquisition 
Low Density Residential 
Property SF 2055596.4 $1 .50 $3,083,394.60 

Mineral Rights (Gila River Lake} SF $301,511.00 $1 .13 $339,199.88 

Subtotal ROW GW-CY instead of SF? $3,422,594.48 

TOTAL CONSTRUCTION & 

RIGHT OF WAY COST $6,010,596.34 

COST FOR MINERAL 
RIGHTS (See above) 

TOTAL NET COST $6,010,596.34 

Original cost for design 
alignment A: 3606204.00 $3,606,204.00 

SAVINGS ~$2,404,392.34 
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WATSON DRAINAGE SYSTEM 

211.05.30 

A 

AC $ 
ROW 22.59 $ 
MINERAL $ 
TOTAL $ 

1,476,240 

967,267 

2,443,507 

SUMMARY 6/21/2013 

OPTION 

B c 
AC $ AC $ 

38.99 $ 2,547,780 47.19 $ 3,083,460 

$ 1,872,000 $ 339,200 

$ 4,419,780 $ 3,422,660 



WATSON DRAINAGE SYSTEM OUTLET TO GILA RIVER 6/21/2013 
211.05.30 ALIGNMENT OPTION A 

CHANNEL RIGHT-OF-WAY MINERAL RIGHTS 

WIDTH, LENGTH, AREA, UNIT VOLUME, UNIT 

OWNER APN FT FT AREA, SF AC PRICE 2 COST DEPTH CY PRICE 1 COST 

LONGHENRY 400-43-00?P 320 666 213,120 4.89 $ 1.50 $ 319,680 $ 

TERRELL 400-43-007R 220 314 69,080 1.59 $ 1.50 $ 103,620 $ 

VISS 400-43-007T 220 320 70,400 1.62 $ 1.50 $ 105,600 $ 

VISS 400-43-007W . - $ 1.50 $ $ 
VISS 400-43-007U 60 320 19,200 0.44 $ 1.50 $ 28,800 $ 
WJW HINDMAN-2005 400-43-003F - $ 1.50 $ - $ 
UNITED METRO MATE 400-43-0018 60 1319 79,140 1.82 $ 1.50 $ 118,710 40 117,244 $ 1.125 $ 131,900 

UNITED METRO MATE 400-43-001A 160 1319 211,040 4.84 $ 1.50 $ 316,560 40 312,652 $ 1.125 $ 351,733 

UNITED METRO MATE 400-45-0179 60 1319 79,140 1.82 $ 1.50 $ 118,710 40 117,244 $ 1.125 $ 131,900 

UNITED METRO MATE 400-45-017A 160 1319 211,040 4.84 $ 1.50 $ 316,560 40 312,652 $ 1.125 $ 351,733 

MKE FARM 400-43-006 - $ 1.50 $ $ 
MKE FARM 400-45-018 - - s 1.50 $ - $ 
GILA RIVER LAKE, LLC 400-04-004 - - $ 1.50 $ - 40 $ 1.125 $ 
ARIZONA GAME & Fl$~400-45-005 - $ 1.50 $ $ 

ARIZONA GAME & FIS~400-45-007A 320 100 32,000 0.73 $ 1.50 $ 48,000 $ 

22.59 $ 1,476,240 $ 967,267 

TOTAL $ 2,443,507 

NOTES 

1 1 CY= 1.5 TONS, STATE LAND DEPARTMENT ROYALTY RATE =$0.75/TON =$1.125/CY 

2 $2.50/SF INDUSTRIAL LAND WITHOUT IMPROVEMENTS 

$1.50/SF RESIDENTIAL LAND WITHOUT IMPROVEMENTS 



- - - - - - - - - - - - - - - - - - -WATSON DRAINAGE SYSTEM OUTLET TO GILA RIVER 6/21/2013 
211.05.30 ALIGNMENT OPTION B 

CHANNEL RIGHT-OF-WAY MINERAL RIGHTS 
WIDTH, LENGTH, AREA, UNIT VOLUME, UNIT 

OWNER APN FT FT AREA, SF AC PRICE 2 COST DEPTH CY PRICE 1 COST 
LONGHENRY 400-43-007P 320 666 213,120 4.89 $ 1.50 $ 319,680 $ 
TERRELL 400-43-007R 220 314 69,080 1.59 $ 1.50 $ 103,620 $ 
VISS 400-43-007T 220 320 70,400 1.62 $ 1.50 $ 105,600 $ 
VISS 400-43-007W - $ 1.50 $ - $ 
VISS 400-43-007U 60 320 19,200 0.44 $ 1.50 $ 28,800 $ 
WJW HINDMAN-2005 400-43-003F - $ 1.50 $ - $ 
UNITED METRO MATE 400-43-0018 60 320 19,200 0.44 $ 1.50 $ 28,800 40 28,444 $ 1.125 $ 32,000 
UNITED METRO MATE 400-43-001A 320 2131 681,920 15.65 $ 1.50 $ 1,022,880 40 1,010,252 $ 1.125 $ 1,136,533 
UNITED METRO MATE 400-45-0178 0 - - $ 1.50 $ - 40 $ 1.125 $ 
UNITED METRO MATE 400-45-017A 320 1319 422,080 9.69 $ 1.50 $ 633,120 40 625,304 $ 1.125 $ 703,467 
MKE FARM 400-43-006 - - $ 1.50 $ - s 
MKE FARM 400-45-018 $ 1.50 $ - $ 
GILA RIVER LAKE, LLC 400-04-004 - $ 1.50 $ - 40 $ 1.125 $ 
ARIZONA GAME & FIS~400-45-005 320 636 203,520 4.67 $ 1.50 $ 305,280 $ 
ARIZONA GAME & FIS~400-45-007A - - $ 1.50 $ - s 

38.99 $ 2,547,780 $ 1,872,000 

TOTAL $ 4,419,780 

NOTES 

1 1 CY= 1.5 TONS, STATE LAND DEPARTMENT ROYALTY RATE =$0.75/TON =$1.125/CY 

2 $2 .50/SF INDUSTRIAL LAND WITHOUT IMPROVEMENTS 

$1.50/SF RESIDENTIAL LAND WITHOUT IMPROVEMENTS 



WATSON DRAINAGE SYSTEM OUTLET TO GILA RIVER 6/21/2013 
211.05.30 ALIGNMENT OPTION C 

CHANNEL RIGHT-OF-WAY MINERAL RIGHTS 

WIDTH, LENGTH, AREA, UNIT VOLUME, UNIT 

OWNER APN FT Ff AREA, SF AC PRICE 2 COST DEPTH CY PRICE 1 COST 

LONGHENRY 400-43-007P 320 666 213,120 4 .89 $ 1.50 $ 319,680 $ 
TERRELL 400-43-007R 220 314 69,080 1.59 $ 1.50 $ 103,620 $ 
VISS 400-43-007T 320 569 182,080 4 .18 $ 1.50 $ 273,120 $ 
VISS 400-43-007W 320 667 213,440 4.90 $ 1.50 $ 320,160 $ 
VISS 400-43-007U 60 320 19,200 0.44 $ 1.50 $ 28,800 $ 
WJW HINDMAN-2005 400-43-003F 32{) 320 102,400 2.35 $ 1.50 $ 153,600 $ 
UNITED METRO MATE 400-43-0018 - $ 1.50 $ - 40 - $ 1.125 $ 
UNITED METRO MATE 400-43-001A $ 1.50 $ - 40 $ 1.125 $ 
UNITED METRO MATE 400-45-0178 - $ 1.50 $ - 40 $ 1.125 $ 

UNITED METRO MATE 400-45-017A - - $ 1.50 $ - 40 $ 1.125 $ 
MKE FARM 400-43-006 320 1338 428,160 9.83 $ 1.50 $ 642,240 $ 
MKE FARM 400-45-018 320 1316 421,120 9.67 $ 1.50 $ 631,680 $ 
GILA RIVER LAKE, LLC 400-04-004 320 636 203,520 4.67 $ 1.50 $ 305,280 40 301,511 $ 1.125 $ 339,200 

ARIZONA GAME & FIS~ 400-45-005 320 636 203,520 4.67 $ 1.50 $ 305,280 $ 
ARIZONA GAME & FIS~ 400-45-007A - $ 1.50 $ $ 

47 .19 $ 3,083,460 $ 339,200 

TOTAL $ 3,422,660 

NOTES 

1 1 CY= 1.5 TONS, STATE LAND DEPARTMENT ROYALTY RATE =$0.75/TON =$1.125/CY 

2 $2.50/SF INDUSTRIAL LAND WITHOUT IMPROVEMENTS 

$1.50/SF RESIDENTIAL LAND WITHOUT IMPROVEMENTS 
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Watson Drainage System 
Preliminary Cost Estimate- RTWTR2, Alternative)( C 

Milestone: Alternatives Analysis 

ID Construction Item Description Unit Quantity 

REMOVALS AND RELOCATIONS 

Clear and Grub LS 1 

Miscellaneous Removals LS 1 

200 

201 

205 

207 

215 

220 

252 

Sawcut, Remove and Replace Pavement per MAG 20Q-B ·Sf 959 

Remove Pipe 

Remove Concrete Ditch 

Irrigation Pipe Relocation (30") 

300 

301 Excavation 

305 Channel Subgrade Preparation 

317 Dumped Riprap (050 = 12") 

319 Dumped Riprap (050 = 18") 

331 Channel Invert CRCP (8" Thick, 0.8% Steel) 

339 Weep Holes 

342 Concrete Cutoff Wall 

343 Vertical Drop Structure 

344 ' Gi Ia River Outfall Cutoff Wall 

351 AC Maintenance Road (2" AC on 6" AB) 

400 

428 10' x 6' Concrete Box Culvert 

458 10' x 4' Concrete Box Culvert Wing Walls 

600 

602 Hydroseed 

610 Tree (24" Box) 

613 Container Shrubs (S gallon} 

614 Container Shrubs {1 gallon) 

630 Landscape Boulder (3.5' x 2.5' x 2') 

631 landscape Boulder (4' x 3' x 2.5') 

700 

701 low Density Residential Property 

(3?13t ,_;;·o + ( ~z.5) 
- 2g:H f oi:JO 

4-6 46"' 

lF 464 

LF -157 

lF ·310 

CHANNEL & BASIN CONSTRUCTION ITEMS 

CY ·y62,s31 

SY ,144,364 

CY • 'tl37 

CY . 2,510 

SY ~ 4,713 

EA 706 

LF 7,070 

LF '·114 

LF • h4 

SY 6,246 

STORM DRAIN CONSTRUCTION ITEMS 

LF 

EA 

720 

3 

tANDSCAPING CONSTRUCTION ffEMs 

SY 

EA 

EA 

EA 

EA 

EA 

R/Gffr-OF-WAY ACQUISfnON 

SF 

569b 

91,899 

402 

804 

1,206 

201 

121 

788,680 

\\dlbbloawp.cmn\PiultlFS\lobs\2012\101206 W....,., O.Oinlf•S'I'tem\Dfllan Notobook\Quantlllos & Cost>\Aitom.lrvo A 

Date Printed: 4/15/2013 10:46 AM Page 19 of 24 

Unit Price Total Cost 

49,400.00 49,400.00 

24,700.00 24,700.00 

9.40 9,014.60 

21.00 9,744.00 

30.00 4,710.00 

109.00 33,790.00 

Sub-Total 131.,358.60 

6.00 375,184.51 

6.30 279,494.78 

52.00 43,506.67 

46.00 115,460.00 

99.00 466,620.00 

10.00 7,060.00 

4.70 33,229.00 

270.00 30,780.00 

<2,100.00 239,400,00 

15.80 98,679.78 

Sub-Total 1,689,414.73 

670.00 482,400.00 

6,800.00 20,400.00 

Sub-Total 502,800.00 

0,34 31,245.66 

184.00 73,968.00 

22.00 17,688.00 

10.90 13,145.40 

119.00 23,919.00 

153.00 18,513.00 

Sub-Total 178,479.06 

1.40 1,104,152.00 

Sub-Total l/l04,1.52.00 

SUb-Total 3,606,204.39 

ContlngetJcy 1,081,861.32 

Reach Total 4,688,065.70 
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Watson Drainage System 
Preliminary Cost Estimate - RTURRl, Alternative A 

Milestone: Alternatives Analysis 

ID Construction Item Description Unit Quantity Unit Price Tot;~l Cost 

200 REMOVALS AND RELOCATIONS 

201 Clear and Grub LS 1 62,100.00 62,100.00 

205 Miscellaneous Removals L.S 1 31,100.00 31,100.00 

207 Sawcut, Remove and Replace Pavement per MAG 20Q.B SF 894 9.40 8,403.60 

220 Remove Concrete Ditch lf 15 30.00 450.00 

251 Irrigation Pipe Relocation (24") LF 15 102.00 1,530.00 

259 Earth· lined Irrigation Ditch Relocation lF 2,714 16.30 44,238.20 

294 Railroad Spur Replacement Lf 44 175.00 7,700.00 

Sub-Totol 155,521.80 

300 CHANNEL & BASIN CONSTRUUION ITEMS 

301 Excavation CY 31,678 6.00 190,070.83 

305 Channei.Subgrade Preparation SY 15,579 6.30 98,147.81 

331 Channel Invert CRCP (8" Thick, 0.8% Steel) SY 15,579 99.00 1,542,322.65 

335 Granular Drainage Layer (4' Thick) SY 1,731 6.90 11,943.90 

339 Weep Holes £A 880 10.00 8,800.00 

342 Concrete Cutoff Wall lf 11,611 4.70 54,571.89 

351 AC Maintenance Road (2" AC on 6'' AB) SY 9,042 15.80 142,870.62 

Sub-Total 2,048,127.70 

400 STORM DRAIN CONSTRUU/ON ITEMS 

420 6' x 4' Concrete Box Culvert lf 1,408 370.00 520,960.00 

450 6' x 4' Concrete Sox Culvert Wing Walls EA 1 4,900.00 4,900.00 

Sub-Total 525,860.00 

600 lANDSCAPING CONSTRUCODN trEMS 

603 Decomposed Granite SY 43,119 4.00 172,476.00 

610 Tree (24" Box) EA 582 184.00 107,088.00 

613 Container Shrubs (5 gallon) EA 1,164 22.00 25,608.00 

614 Container Shrubs (1 gallon) EA 1,746 10.90 19,o:u.40 

621 Drip Irrigation System SY 43,119 3.10 133,668.90 

630 Landscape Boulder (3.5' x 2.5' x 2') EA 291 119.00 34,629.00 

631 Landscape Boulder (4' x 3' x 2.5') EA 175 153.00 26,775.00 

Sub-Total 519,276.30 

700 RIGHT -OF-WAY A CQU/SIT10N 

705 Industrial Property SF 512,629 2.50 1,281,573.50 

Sub-Total 1,281,573.50 

Sub-Total 4,530,959.30 

Conti !!!len~ 1,359,287.79 

Reflt:hTotal 5,890,247.09 

\\dlbble<orp.com\Ph>DFS\Iobo\2012\lOU06 WobO<\ DniLnoao S';>tom\Do01Jn Notebooi<\Quantl!l<'S & Cmu\Ait•rnotovo A 
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ID 

200 

201 

205 

215 

220 

251 

259 

300 

301 

305 

331 

335 

339 

342 

351 

400 

420 

450 

600 

603 

610 

613 

614 

621 

630 

631 

700 

705 

Watson Drainage System 
Preliminary Cost Estimate- RTURR2, Alternative A 

Milestone: Alternatives Analysis 

Construction Item Description Unit Quantity 

REMOVALS AND RELOCATIONS 

Clear and Grub lS 1 

Miscellaneous Removals LS 1 

Remove Pipe LF 56 

Remove Concrete Ditch LF 15 

Irrigation Pipe Relocation (24") lF 15 

Earth-Uned Irrigation Ditch Relocation LF 2,606 

CHANNEL & BASIN CONSTRUCTION ITEMS 

Excavation CY 34,804 

Channel Subgrade Preparation SY 19,891 

Channel Invert CRCP (8" Thick, 0.8% Steel) SY 19,891 

Granular Drainage Layer (4" Thick) SY 2,210 

Weep Holes EA 738 

Concrete Cutoff Wall lF 10,927 

AC Maintenance Road (2" AC on 6" AB} SY 5,833 

STORM DRAIN CONSTRUCTION ITEMS 

6' x 4' Concrete Box Culvert lF 220 

6' x 4' Concrete Box Culvert Wing Walls EA 1 

LANDSCAPING CONSTRUCTION ITEMS 

Decomposed Granite SY 21,142 

Tree {24" Box) EA 375 

Container Shrubs (5 gallon) EA 750 

Container Shrubs (1 gallon) EA 1,125 

Drip Irrigation System SY 21,142 

Landscape Boulder (3.5' x 2.5' x 2') EA 188 

landscape Boulder (4' x 3' x 2.5') EA 113 

RIGHT-OF-WAY ACQUISinON 

Industrial Property SF 418,529 

\\dlbblecorp • ....,.\f'1uDFS\Iobs~OU\1Dll06 Wot>on Dro111t11 Syst..,.\O .. IJn Notobooi<\Quontitles & Cooti\Altorno- A 

Date Printed: 4/15/2013 10:46 AM Page 16 of 24 

Unit Price Total Cost 

55,100.00 55,100.00 

27,500.00 27,500.00 

21.00 1,176.00 

30.00 450.00 

102.00 1,530.00 

16.30 42,477.80 

Sub-Total 128,233.80 

6.00 208,826.80 

6.30 125,315.93 

99.00 1,969,250.25 

6.90 15,250.10 

10.00 7,380.00 

4.70 51,356.20 

15.80 92,166.67 

SUb-Total 1,469,545.94 

370.00 81,400.00 

4,900.00 4,900.00 

Sub-Total 86,300.00 

4.00 84,568.00 

184.00 69,000.00 

22.00 16,500.00 

10.90 12,262.50 

3.10 65,540.20 

119.00 22,372.00 

153.00 17,289.00 

Sub-Total 187,531..70 

2.50 1,046,321.50 

SUb-Total 1,046,321.50 

Sub-Total 4,017,932.94 

Conti!!f_en~ 1,205,379.88 

Reach Toto/ 5,223,312.82 
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10 

200 

201 

205 

300 

301 

305 

331 

335 

339 

342 

351 

600 

603 

610 

613 

614 

621 

630 

631 

700 

705 

Watson Drainage System 

Preliminary Cost Estimate- RTURR3, Alternative A 

Milestone: Alternatives Analysis 

Construction Item Description Unit Quantity 

REMOVALS AND RELOCATIONS 

Clear and Grub l5 1 

Miscellaneous Removals l5 1 

CHANNEL & BASIN CONSTRUCTION ITEMS 

Excavation CY 12,863 

Cha nne I Subgrade Prep a ration SY 6,984 

Channel Invert CRCP (8" Thick, 0.8% Steel) SY 6,984 

Granular Drainage Layer (4" Thick) SY 776 

Weep Holes EA 330 

Concrete Cutoff Wall LF 4,568 

AC Maintenance Road (2" AC on 6" AB) SY 2,581 

LANDSCAPING CONSTRUCTION ITEMS 

Decomposed Granite SY 10,151 

Tree (24" Box) EA 166 

Container Shrubs (5 gallon) EA 332 

Container Shrubs (1 gallon) EA 498 

Drip Irrigation System SY 10,151 

landscape Boulder (3,5' x 2.5' x Z'] EA 83 

Landscape Boulder (4' x 3' x 2.5') EA so 

RIGHT-oF-WAY ACQU/SinON 

Industrial Property SF 177,447 

\\dlbblt<o<p com\PiuOFS\Job•\:!012\101206 Wauon O<•on .. • Systorn\Ooor1n Not.-\QUllntn,.• & Costo\Momalllnt A 

Date Printed: 4/15/2013 10:46 AM Page 17 of24 

Unit Price Total Cost 

20,400.00 20,400.00 

10,200.00 10,200.00 

Sub-Toto/ 30,600.00 

6.00 77,176.87 

6.30 44,001.66 

99.00 691,454.61 

6.90 5,354.68 

10.00 3,300.00 

4.70 21.471.34 

15.80 40,774.53 

Sub-Total 883,533.68 

4.00 40,604.00 

184.00 30,544.00 

22.00 7,304.00 

10.90 5,428.20 

3.10 31,468.10 

119.00 9,877.00 

153.00 7,650.00 

SUb-Total 132,875.30 

2.50 443,616.60 

Sub.Totaf 443,616.60 

Sub-Total 1,490,625.58 

Continfl<en~ 447,187.68 

Rrmch Total 1,937,813.26 



I 

I 
I 
I 

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

Pro]ect Descrip on 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF lnpui Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Ol.itpu Data 

Upstream Depth 

Profile Descriplion 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

6/1812013 8:57:35 AM 

Worksheet for Trapezoidal Channel - 1 

Manning Formula 

Normal Depth 

Subcritical 

0.013 

0.00050 ftlft 

2.00 ftlft (H:V) 

2.00 ft/ft (H·V) 

10.00 ft 

433.00 ft'/s 

447 ft 

84.77 ft' 

30.01 It 

2.83 ft 

27.90 ft 

3.13 ft 

0.00204 ftlft 

5 11 ftls 

0.41 ft 

4 .66 rt 

0.52 

0 .00 ft 

000 ft 

0 

0.00 ft 

0.00 ft 

Infinity ftls 

Infinity ft/s 

4.47 ft 

3.13 ft 

0.00050 ft/fl 

Bentley Systems, Inc. Haeatad Methods Solution Center Bentley FlowMaster [08.11.00.03] 

27 Slemons Company Drtve Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2 



Project Descrip ·on 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top W idth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

ProFile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Cntical Depth 

Channel Slope 

6/18/2013 8:57:08 AM 

Worksheet for Trapezoidal Channel - 1 

Manning Formula 

Normal Depth 

Subcritica l 

----

0.013 

0.00050 fllft 

4 .00 ftlft (H:V) 

4.00 fllft (H:V) 

10.00 ft 

433 .00 ft'ls 

3.82 ft 

95.50 ft2 

41 .49 ft 

2.33 ft 

40 .55 ft 

2.73 ft 

0.00208 fllft 

4.49 fils 

0.31 ft 

4 .13 ft 

0 .51 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0 .00 ft 

Infinity fils 

Infinity fils 

3.82 ft 

2 .73 ft 

0.00050 fllft 

BenUey Systems, Inc. HaesiBd Methods Solution Center Bentley FlowMaeter [08.11.00.03] 

27 Slemona Company Drtve Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 ol 2 
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Friction Method 

Solve For 

lnpctO~ 

Roughness Coefficient 

Channel Slope 

Height 

Bottom Width 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

TopWidlh 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Discharge Full 

Slope Full 

Flow Type 

GVF lnput Data· 

Downstream Depth 

Length 

Number Of Steps 

GVf: Output Data . . - . . . . 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for Box Pipe a 1 

Manning Formula 

Normal Depth 

Subcritical 

0.013 

0.00050 tuft 

8.00 ft 

10.00 rt 
430.00 tt•Js 

7.96 ft 

79.63 ft:l 

25.93 ft 

3.07 ft 

10.00 ft 

3.86 ft 

99.5 % 

0.00337 ftlft 

5.40 ftls 

0.45 ft 

8.42 ft 

0.34 

348.19 tt•ts 

0.00033 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

99.53 % 

Infinity ft/s 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.11.00.03] 

6/18/2013 11:14:32 AM 27 Slemons Company Drl\'e Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2 



Friction Method 

Solve For 

Input Qa~ 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Diameter 

Discharge 

R~_ults 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

GVF input Data 

Downstream Depth 

Length 

Number Of Steps 

.GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Average End Depth Over Rise 

Worksheet for Circular Pipe· 1 

Manning Formula 

Full Flow Capacity 

SubCritical 

0.013 

0.00050 ftfft 

400 ft 

4.00 ft 

32.12 ft'/s 

32.12 tt•ts 
4.00 ft 

12.57 ft' 

12.57 ft 

1.00 ft 

0.00 ft 

1 68 ft 

100.0 % 

0.00366 ftfft 

2.56 ftfs 

0.10 ft 

4.10 ft 

0.00 

3455 ft'/s 

3212 tt•ts 
0.00050 ftfft 

0.00 ft 

0 00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster (08.11.00.03] 

6/18/201311:14:45 AM 27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2 
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ID 

200 

201 

205 

207 

220 

250 

290 

291 

293 

295 

296 

300 

301 

305 

351 

400 

420 

450 

600 

603 

606 

610 

613 

614 

621 

622 

630 

631 

Watson Drainage System 

Preliminary Cost Estimate - RTSPT2, Alternative A 

Milestone: Alternatives Analysis 

constr11ctfon Item Description Unit Quantity 

REMOVALS AND RELOCATIONS 

Clear and Grub LS 1 

Miscellaneous Removals LS 

Sawcut, Remove and Replace Pavement per MAG 200-B SF 1,724 

Remove Concrete Ditch 

Irrigation Pipe Relocation (l8") 

Kinder-Morgan 20" Gas Pipellne Crossing 

ANPP 96" Redaimed Water Pipeline Crossing 

BWCDD Canal Crossing 

Railroad Crossing 

Fiber Optic Une Relocation 

Excavation 

Channel Subgrade Prepa ra lion 

AC Maintenance Road (2" AC on 6" AB) 

6' x 4' Concrete Box Culvert . 

6' x 4' Concrete Box Culvert Wing Walls 

Decomposed Granite 

Turf(Sod) 

Tree (24" Box) 

Container Shrubs (5 gallon) 

Container Shrubs (lgallon) 

Drip Irrigation System 

Turf Irrigation System 

Landse<~pe Boufder (35' x 2.5' x 2') 

landscape Boolder (4' x 3' x 2.5') 

LF 30 

LF 30 

LS 1 

LS 1 

LS 1 

LS 1 

LS 4 

CHANNEL & BASIN CONSTRUCTION ITfMS 

CY 

SY 

SY 

6,945 

4,728 

3,069 

STORM DRAIN CONSTRUCTION ITEMS 

LF 

EA 

/5,171 

/ 1 

lANDSCAPING CONSTRUCTION fTEMS 

SY 29,041 

SY 4,728 

EA 198 

EA/ 396 

EP/ 594 

s~ 29,041 

,h 4,728 
I ;: 99 

60 

Unit Price Total Cost 

68,200.00 68,200.00 

34,100.00 34,100.00 

9.40 16,205.60 

30.00 900.00 

96.00 2,880.00 

960,000.00 960,000.00 

380,000.00 380,000.00 

450,000.00 450,000.00 

240,000.00 240,000.00 

30,000.00 120,000.00 

Sub-Toto/ 2,272,285.60 

6.00 41,670.15 

6.30 29,783.32 

15.80 48,491.96 

SUb-Toto/ 119,945.42 

370.00 1,913,640.00 

4,900.00 4,900.00 

Sub-Total 1,918,540.00 

4.00 116,164.00 

5.40 25,528.56 

184.00 36,432.00 

22.00 8,712.00 

10.90 6,474.60 

3.10 90,027.10 

3.70 17,491.79 

119.00 11,781.00 

153.00 9,180.00 

Sub-Total 321,791.05 

RfGifr..(JF-WAY ACQUISfT10N 
700 ----------------------------------~~~~~~~~~----------------------------------
705 Industrial Property I SF 184,01.9 2.50 460,048.00 

Sub-Total 460,0411.00 

Sub-Total 5,092,610.07 

Contlngen cy 1,527, 783.02 

Reach Total 6,620,393.10 

\\dlbblooa>rp.crom\PiutOFS\Iob&\2012\101206 Wot>on Onolnoio 5\'lt...,\Dt!Jiin Notobooi<\Qtw~tltiel r. CC>$t>W\omotl\lo A 

Date Printed: 4/15/2013 10:46 AM Page 13 of24 
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--·· 

Project Features 
• 22 sq . mi les drainage area, eastern part of ADIVlP 

• 10+ miles of open channel and culverts 

• 5 detention basins 

• Design Flows range from 50 cfs to 1,100 cfs 

• Crosstngs of UPRR, RID & BWCDD canals, 
APS Palo Verde pipeline, Kinder fv1organ pipeline 

• $76 Mil lion Estimated Project Cost 

(incl. 30°/o contingencies) 

- $52 Mill ion estimated Construction/Uti lity 
relocation for 10+ miles 

- S24 Mill1on estimated ROW for 221 ac 

612712013 

3 
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6/27/2013 
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Implementation Steps 
• 2010 Buckeye prioritization request included in 

2012 CIP endorsed by FCAB 

• 2012-2013 Pre-Design 
- Alternative Selected 

- Determine specifics of FCD/ Buckeye respons!bilitles 

• FCD : final design & construction from UPRR 
south to Gila River 
- 2014 Des1gn 

- 2015 ROW & ut1lity relocat1ons 

- 20 16 begm constr·uct1on 

• Buckeye : implement upstream of UPRR with 
future development & capital projects 

6/27/2013 

5 
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6/27/2013 

5,886,863 10% 

15,882,243 27% 

9,994,926 17% 

8,432,296 14% 

31% 

7 
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UPRR/BWCDD Crossing 
Potential Cost-Savin Value-Addin Measures 

1. Design UPPR crossing to go OVER the existing 
utility facilities in the corridor 

- Kinder-tvlorgan Petroleum 

- (5) Fiber Optic Lrnes 
- Preliminary system layout md1cates potentia l 

- Contingent upon results of potholing 

- Recommend potholing at 2 !ocat1ons 
Near CXISti!lg UPRR culvert 

!00'-200' east of ex1sMg UPRR culvo:::rt 

POTENTIAL COST SAVINGS = $2M 

0 

UPRR/BWCDD Crossing 
Potential Cost-Savin Value-Addin Measures 

2. Keep irrigation system separate from 
drainage system (tailwater recapture) 

- Avoid the need for a pump stat1on/system to 
return the Lailwater to "elevated" downstream 
facilities 

POTENTIAL COST SAVINGS=$?? 

• 

6/27/2013 

8 



BRIDGE I OVERPASS GRADE SEPARATED ROADWAY 
' ··~ ll MATCHUNE SEE BELOW lEFT 

I 
I 

I 

~ 
[j\:!)@~uG=D 
SCALE: 1" = 200' 

WATSON ROAD EXHIBIT TOWN OF BUCKEYE 



I 
I 
I 

I 
I 

I 

I 
I 
I 
I 
I 
I 

I • 

I 

t l ' • T 

r I 

r f 

..... . 1 + 

I
I ! l 

l ! . 

l-4 
~ • 
I 

I 
• 

I I 

' I 
I 

' 



. . 

• 
' + 

. I 
I I 

1 I • 

i • 

I 1 

I • 

- . 
I 

I ' • 

~ I I 1 
I l 

• I I 

I I I j ' t I 

' 
I i 

1 I 
I 

' 1 l 

I 
1 I 

j 

' • f 
I 

• 

I I 

I 

~ ' 
' . 

t I I 
I 1 ' I 1 

! l 
I . 

I 
1 , 

I I 

l 
t 

• I 

I 
I 

f 

• I 

I t 
1 I 1 1 
I t 

I I 

I ' ~ :.r 
I I ' 

! I -~ 

I I 

• • 

r I ' t I • 

I l I t • ' 
I I • 

l t • I 

1 
1 1 

1 
I ! t 

I ' I 

t ' I 

! . . . 

' 

t l 
. : • J I 

I 

I • ' 

l 
J j i I -

• 1 • .1. i• ' ~ 
1 , · t / - . 1 1 I • J t t • , . ' • • ---
. i 
J I ' _; ~ r 

I • • . • . • . . I ' 

• • 
i 
I 

., "' ' ··-·, r'' .' I' ' ,_ • I & 

1 • t 

t t t ; I 
I 

l ' 
I 
f I • ! 

-· - . 
I . . . 

I ' 

• 
' I I 

" 

t I 

• • 

. . . 

I 
I I • j I I 1 t 

- ' 

I • 
! 

: -l ~ 
I I 

I . 

I I 
• l 

I _. t 
I I 

• I 
• "" I 

1 i 
I 

' I T • ' 
I 

I ~ _, t j ' 

I . ~ ~ 
I I I 

I ' 

I I ' • 

I • 
; t . 

I l 

• j ~ • 

I • t 
+ • "' .. 

• • • 
I f I o 

l . ,._ 
' 
I .. I 

t I • 

t ' 

. ' 
' - . ~ 

I I I I 

t ' 
I 

. I 

I • 

' T 

. t 
I I I ' 

I t 

• • 

( t 

. ' 

. .. 



I 

I 
I 

I 
' I 

i 

I 

. . 

.. 
I 

t I • 

• I I 

I I I 
I 

.. t 

• 
~ 

I 

1 
f I 
• . 

I 

. I 
.l • t 

I ' 

f 
- I 

t 
1 

~"" I ~ t 

' ll I ; . I ~ ; 
I . ~-=- ' *" i I I . I I \ I I I 

•· J fj~ · ' ~ 

- I I ' l~ 
I I t \----'---' __L._,;,...____,:_.;..............:.--- -



-

!-
l 
t 
~ 
t 
1 

l 
l 
·i -
-i -

I 

i 

I . ~ ~ . 
' l~6~·. : " ' • ...;, t • l 

$)~@.~ :, f~ I 
I I I . I I 

~w~/~ , I ~ ·r~ . . . 
I . , ~.;~~ t f.'&. :r i;l>, I I I ' ' 

j 

• ' • t • I ' I 

1 
' • l.J ' I . 

'N~ f-l'LMYM , , ~ .,W.'l-
1 1 · - I I lO .. ~ .... 

~~~ - t·. I ~~~~~ . I~ 
I I I t. I l l 

f ! - 1 

t i . :: : I · r 1 : 

I I 

I 
• I 

I 

I t 

: I I 

I : 



I I 
~ 

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

-

I~
 

ll ~1 
. 

.. 
. . 

. 
. 

l.. 
~
 \ 

~ 
. 

\ 

. 1':--
: 

. 
gg 

. 
j 

~
 

I 
. . l 
: 

I 
. 

l I I 
. 

I l . 
: 

. 
. 

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

., 
~
 

. 
Q

 
q 

.~ 
~ 

u 
. 

k'' 

~ 
-z· . ~> 
·-

C
L 

a_ 

. 
ll.:. 
0 (l_g 
0 

'• 
..... 
~
 

. 
f">. 

. 
n_

OCI 
. 

: 
a z

>
 

<
( ~
 
.
.
 

.._..____;iJ_ · ... -
:::;:. 

-:----
·-

-

-
('~ 

,, -

.. 
.,. -. \· -.:(. 
·~\" 
~
'
1
-

-
1\j 

c ' 



UPRR/BWCDD Crossing 
Potential Cost-Savin Value-Addin · Measures 

4. Conveyance system from BWCDO to MC85: 
Box Culvert vs. Open Channel? 

- Box culvert 
r•1ay only require 30' of ROVoJ 

Cost or bm: =- $2Ar•1 

Cost or 30' stnp or ROW =- $90K 

Total co~l = .$2.49('.1 

.... .. " 

.., ',· 
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UPRR/BWCDD Crossing 
Potential Cost-Savin Value-Addin Measures 

4. Conveyance system from BWCDD to MCSS: 
Box Culvert vs. Open Channel? 

- Open Channel (FULL PARCEL TAKE) 
• Cost of channel = $600K 

• Cost of full parcel = $2 .. 7 1 r~·1 

• Total cost = SJ.37f'o1 

POTENTIA.L COST SAVINGS (Channel) == $1.14M 
POTENTIAL COST SAVINGS (Box vs Parcel) == $880K 

-------~··;:r:-_"'- • 

6/27/2013 
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Mr. Kevin Roberts, PE 
Dibble Engineering 
7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Subject: Geotechnical Evaluation 
Watson Drainage System Pre-Design 
Watson Road, Miller Road to Rainbow Road 
Buckeye, Arizona 

Dear Mr. Roberts: 

December 3, 2013 
Project No. 603770001 

In accordance with our proposal dated July 25, 2012, and your authorization, Ninyo & Moore 
has performed a geotechnical evaluation for the above-referenced site. The attached report 
describes our evaluation methodology and presents our findings, conclusions, and 
recommendations regarding the geotechnical conditions at the project site. 

We appreciate the oppm1unity to be of service to you during this phase of the project. 

Sincerely, 
NINYO & MOORE 

( 
JeffS. Rodgers, PG 
Project Geologist 

JSR/KLP/SDN/clj 

Distribution: (I) Addressee (Electronic Copy) 

Principal Engineer 
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Geotechnical Evaluation 
Watson Drainage System Pre-Design 
Buckeye, Arizona 

1. INTRODUCTION 

December 3, 2013 
Project No. 603770001 

In accordance with our proposal dated July 25, 2012, and your authorization, we have performed 

a geotechnical evaluation for the Watson Drainage System Pre-Design project in Buckeye, 

Arizona. The purpose of our evaluation was to assess the subsurface conditions at the project site 

in order to formulate geotechnical recommendations for design. This report presents the results 

of our evaluation along with our geotechnical conclusions and recommendations regarding the 

proposed construction. 

2. SCOPE OF SERVICES 

The scope of our services for the project generally included: 

• Conducting a visual geologic reconnaissance of the area and rev1ewmg background 
information including geologic maps and aerial photographs. 

• Conducting a site visit to select and mark out the boring locations and notifying Arizona 
Blue Stake of the locations prior to drilling. 

• Drilling, logging, and sampling six small-diameter exploratory borings to approximately 10 
feet below ground surface (bgs). The boring logs are presented in Appendix A. 

• Performing laboratory tests on selected samples obtained from our borings to evaluate the 
in-situ moisture content and dry density, gradation analysis, Atterberg limits, consolidation 
(response-to-wetting), and corrosivity characteristics (including pH, minimum electrical 
resistivity, and soluble sulfate and chloride contents). The results of the laboratory testing 
arc presented on the boring logs and/or in Appendix B. 

• Preparing this report presenting our findings , conclusions, and recommendations regarding 
the design and construction of the project. 

Environmental sampling and testing is a part of our scope of services for this project; however, 

Ninyo & Moore was requested not to perform these services at this time. 

3. SITE DESCRIPTION 

The project site is located in Sections 21 , 22, 27, 28, 32, 33 , and 34 in Township 1 North, Range 

3 West, and in Sections 3 and 4 in Township 1 South, Range 3 West in Buckeye, Arizona. The 

603770001 R 
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December 3, 2013 
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approximate location of the site is depicted on Figure 1. At the time of our evaluation, the project 

site was generally surrounded by agricultural land with scattered structures and roads. The White 

Tank Mountains were situated approximately 3 miles to the north, and the Estrella Mountains 

were situated approximately 5 miles to the south. The Gila River traversed in a northeast

southwest direction at the southern limits of the site. The Roosevelt Irrigation District (RID) 

Canal was situated near the northern limits of the site. The Buckeye Canal and the Union Pacific 

Railroad dissects the alignment near the middle of the site. An unlined irrigation ditch traversed 

along Apache Road from the RID Canal south to Maricopa Road. Another irrigation ditch 

traversed along Watson Road from Monroe Avenue to the Gila River. 

According to the Valencia and Buckeye, Arizona, 7.5-Minute United States Geological Survey 

(USGS) Topographic Quadrangle Maps (2011) , the elevation at the project site is approximately 

1,000 feet relative to mean sea level (MSL) near the northern limits and at approximately 860 

feet MSL at the southern limits. Based on information from these quadrangle maps, the regional 

topography at the site slopes from the north down to the south towards the Gila River. 

Several aerial photographs from the Flood Control District of Maricopa County were reviewed 

for this project. Aerial photographs from 1949 depict the site as being used for agricultural land. 

Scattered small structures were observed along the project alignment. The RID and Buckeye 

Canals and the Union Pacific Railroad were observed in this photograph. Aerial photographs 

from 1997, 2003, and 2009 depicted the site as being similar to its current condition, with 

residential structures constructed to the south of Maricopa Road and west of Apache Road. A 

commercial structure was depicted in this photograph near the northeast comer of 2391
h Avenue 

and Maricopa Road. 

4. PROPOSED CONSTRUCTION 

The project consists of the design and construction of a new drainage system to be constructed 

along Apache Road from just north of the RID Canal to Maricopa Road, and along Maricopa 

Road from approximately 600 feet east of Miller Road to 2391
h Avenue. The system extends 

o0377000I R 2 l(lngo&!ftoore 
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along 2391
h Avenue from Maricopa Road to Monroe Road, and west along Monroe Road to 231 st 

Avenue. Another project alignment may start north of the RID Canal to Monroe Avenue along 

231 st Avenue. The alignment may also extend along Watson Road from Monroe Avenue to the 

Gila River. New basins may be constructed to the north of the RID Canal and near the northeast 

corner of Apache Road and Maricopa Road, and one situated to the north of the Buckeye Canal. 

At the time of our evaluation, the design of the new drainage system was not yet completed; 

however, we assume that the design will consist of unlined open cut channels and concrete box 

culverts. 

5. FIELD EXPLORATION AND LABORATORY TESTING 

On February 13, 2013 , Ninyo & Moore conducted a subsurface evaluation at the project site in 

order to evaluate the existing subsurface conditions and to collect soil samples for laboratory 

testing. Our evaluation consisted of drilling, logging, and sampling six small-diameter borings 

denoted as B-1 through B-6. The borings were advanced using aCME-55 truck-mounted drill rig 

equipped with hollow-stem augers and extended to approximately I 0 feet bgs . Bulk and 

relatively undisturbed soil samples were collected at selected intervals. Detailed descriptions of 

the soils encountered are presented on the boring logs in Appendix A. The general locations of 

the borings are depicted on Figure 2. 

Ninyo & Moore personnel logged the borings in general accordance with the Unified Soil 

Classification System (USCS) and American Society for Testing and Materials (ASTM) D 2488 

by observing cuttings and drive samples. Collected ring samples were trimmed in the field, 

wrapped in plastic bags, and placed in cylindrical plastic containers to retain in-place moisture 

conditions. Similarly, the Standard Penetration Test (SPT) and bulk samples were sealed in 

plastic bags to retain their approximate in-place moisture . 

The soil samples collected from our drilling activities were transported to the Ninyo & Moore 

laboratory in Phoenix, Arizona, for geotechnical laboratory testing. The testing included in-situ 

moisture content and dry density, gradation analyses, Atterberg limits, consolidation (response-

603770001 R 3 
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to-wetting) and corrosivity characteristics (including pH, minimum electrical resistivity, and 

soluble sulfate and chloride contents). The results of the in-situ moisture content and dry density 

tests are presented on the boring logs in Appendix A. A description of each laboratory test 

method and the remainder of the test results are presented in Appendix B. 

6. GEOLOGY AND SUBSURFACE CONDITIONS 

The following sections describe the geologic and subsurface conditions at the site. 

6.1. Geologic Setting 

The project site is situated along the boundary of the Sonoran Desert Section of the Basin 

and Range Physiographic Province and the Transition Zone (also referred to as the Central 

Highlands), which is typified by broad alluvial valleys separated by steep, discontinuous, 

subparallel mountain ranges. The mountain ranges generally trend north-south and 

northwest-southeast. The basin floors consist of alluvium with thickness extending to several 

thousands of feet. 

The basins and surrounding mountains were formed approximately 10 to 18 million years 

ago during the mid- to late-Tertiary age. Extensional tectonics resulted in the formation of 

horsts (mountains) and grabens (basins) with vertical displacement along high-angle normal 

faults. Intermittent volcanic activity also occurred during this time. The surrounding basins 

filled with alluvium from the erosion of the surrounding mountains, as well as from river 

deposition. Coarser-grained alluvial material was deposited at the margins of the basins near 

the mountains. 

The surficial geology of the site is described as Holocene-age (less than 10,000 years) and 

Middle to Late Pleistocene-age (1 0,000 to 790,000 years) alluvial fan and river deposits . The 

site soils are generally described as deposits of silt, sand, and gravel with varying amounts 

of clay layers. Stage I to II (scattered specks to partial grain coating) calcic horizons were 

603770001 R 4 
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described in the Holocene-age soils, while Stage II to IV (cemented layer) calcic horizons 

were described in the Pleistocene-age material. 

6.2. Subsurface Conditions 

Our knowledge of the subsurface conditions at the project site is based on the results of our 

field exploration, laboratory testing, and our understanding of the general geology of the 

area. The following sections provide a generalized description of the materials encountered 

in our borings. More detailed descriptions are presented on the boring logs in Appendix A. 

While not encountered at our boring locations during our field exploration, tilled alluvium 

could be encountered at the surface along the project alignment during construction. This 

material is generally loose and can extend to several feet thick. 

6.2.1. Fill 

Man-placed fill was encountered at the surface of borings B-4 through B-6 and ranged 

in thickness from approximately 1 to 5 feet. The fill generally consisted of silty sand 

and clayey sand in our borings. 

6.2.2. Alluvium 

Alluvium was encountered at the surface of borings B-1 through 8-3, and underlying 

the fill in the remaining borings. The alluvium extended to the total explored depths. 

The alluvium generally consisted of clay, clayey sand, and silty sand in our borings. 

Varying amounts of gravel and scattered caliche nodules were observed in our borings. 

6.3. Groundwater 

Groundwater was not encountered m our borings. Based on well data provided by the 

Arizona Department of Water Resources (ADWR, 2013), the depth to the regional 

groundwater table, as measured in wells situated near the site, has been estimated to be on 

the order of 100 feet bgs near the northern project limits and on the order of 10 feet bgs near 

bfJJ770001 R 5 
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the southern project limits near the Gila River. Groundwater levels may fluctuate due to the 

close proximity to the Gila River, adjacent ditches and canals, seasonal variations, irrigation, 

groundwater withdrawal or injection, and other factors. 

7. GEOLOGIC HAZARDS 

The following sections describe potential geologic hazards at the site such as land subsidence 

and earth fissures, faulting, and liquefaction. 

7.1. Land Subsidence and Earth Fissures 

Groundwater depletion, due to groundwater pumping, has caused land subsidence and earth 

fissures in numerous alluvial basins in Arizona. It has been estimated that subsidence has 

affected more than 3,000 square miles and has caused damage to a variety of engineered 

structures and agricultural land (Schumann and Genualdi, 1986). From 1948 to 1983, 

excessive groundwater withdrawal has been documented in several alluvial valleys where 

groundwater levels have been reportedly lowered by up to 500 feet. With such large 

depletions of groundwater, the alluvium has undergone consolidation resulting in large areas 

of land subsidence. 

In Arizona, earth fissures are associated with land subsidence and pose an on-going geologic 

hazard. Earth fissures generally form near the margins of geomorphic basins where 

significant amounts of groundwater depletion have occurred. Reportedly, earth fissures have 

also formed due to tensional stress caused by differential subsidence of the unconsolidated 

alluvial materials over buried bedrock ridges and irregular bedrock surfaces (Schumann and 

Genualdi, 1986). 

Based on our field reconnaissance and review of the referenced material, there are no known 

earth-fissures underlying the project site. Based on our research, the closest documented earth 

fissure is located approximately 10 miles to the north of the site. Continued groundwater 

withdrawal in the area may result in subsidence and the formation of new fissures or the 
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extension of existing fissures . While the future occurrence of land subsidence and earth fissures 

cannot accurately be predicted, these phenomena are not expected to be a constraint to the 

construction of this project. 

7.2. Faulting 

The site lies within the Sonoran zone, which is a relatively stable tectonic region located in 

southwestern Arizona, southeastern California, southern Nevada, and northern Mexico 

(Euge et al. , 1992). This zone is characterized by sparse seismicity and few Quaternary 

faults. Based on our field observations, review of pertinent geologic data, and analysis of 

aerial photographs, faults are not located on or adjacent to the property. The closest fault to 

the site is the Sand Tank Fault, situated approximately 35 miles to the south of the site 

(Pearthree, 1998). The Sand Tank Fault is situated along the western piedmont of the Sand 

Tank Mountains, to the southeast of Gila Bend. The fault is a northeast striking normal fault 

that dips to the northwest. The most recent movement along this fault was as recent as 

approximately 70,000 years ago during the Late Pleistocene epoch. The slip-rate category of 

this fault is less than 0.2 millimeters per year (Pearthree, 1998).Seismic design 

considerations are presented in Section 9.2. 

7.3. Liquefaction Potential 

Based on the relatively low se1sm1c ground motion hazard (relatively low ground 

accelerations), the likelihood or potential for liquefaction is considered to be negligible and 

is therefore not a design consideration. 

8. CONCLUSIONS 

Based on the results of our subsurface evaluation, laboratory testing, and data analysis, it is our 

opinion that the proposed construction is feasible from a geotechnical standpoint, provided that 

the recommendations ofthis report are incorporated into design and construction of the proposed 

project, as appropriate. Geotechnical considerations include the following: 
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• The on-site surface soils should generally be excavatable to the anticipated earthwork depths 
with heavy-duty earth moving construction equipment in good working condition. 

• We estimate an earthwork (shrinkage) factor of 10 to 20 percent if the on-site soils are re
used as engineered fill. 

• New box culverts and wing walls should be founded on a zone of engineered fill as 
described in Section 9.1.6. 

• Imported soils and soils generated from on-site excavation activities that exhibit a relatively 
low plasticity and very low to low expansion potential can generally be used as engineered 
fill. 

• Groundwater was not observed in our borings. The regional groundwater table has been 
encountered on the order of 1 00 feet near the northern limits of the site to 1 0 feet bgs near 
the southern limits of the site, based on the nearby well data. 

• No known geologic hazards are situated immediately adjacent to or below the surface at the 
site. 

• Corrosivity test results indicate that subgrade soils at the site are generally considered to be 
corrosive to ferrous materials, and the sulfate content of the soils present a moderate sulfate 
exposure to concrete. 

9. RECOMMENDATIONS 

The following sections present our geotechnical recommendations for the proposed construction. 

An additional geotechnical evaluation including additional explorations and laboratory testing 

should be conducted to support the final design when the details for the proposed construction 

are available . 

9.1 Earthwork 

]n general, the specifications contained in the latest revisions to Maricopa Association of 

Governments (MAG) and any Town of Buckeye amendments are expected to apply, except 

as noted in the following sections. 
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9.1. 1. Excavations 

Our evaluation of the excavation characteristics of the on-site materials is based on the 

results of our exploratory borings, site observations, and our experience with similar 

materials. In our opinion, the excavation of near-surface on-site materials can generally 

be accomplished with heavy-duty earthmoving or excavation equipment in good 

operating condition. It should be noted that due to the wide spacing of our soil borings, 

excavation conditions different from what was encountered in our borings may be 

encountered during construction. 

Excavations that are 20 feet deep or less could be constructed using a sloped excavation 

in accordance with Occupational Safety and Health Administration (OSHA) Standards, 

based on the soil types encountered. We recommend that the OSHA soil "Type C " be 

used for the soils along the alignment. Based on OSHA standards, this corresponds to a 

temporary side slope of 1.5:1 Horizontal:Vertical (H:V), or flatter, in sloped excavations 

that are less than 20 feet. Slope stability for trenches deeper than 20 feet, though not 

anticipated, should be designed by the contractor 's engineer based on alignment

specific soil properties and settlement-sensitive features. 

9.1.2. Temporary Shoring 

Due to the adjacent structures, roadways and underground utilities, temporary earth 

retention systems may be needed for this project. Temporary earth retention systems 

may include braced systems, such as trench boxes or shields with internal supports or 

cantilever systems (e.g., soldier piles and lagging); however, the ri sk of excessive lateral 

deflection may render the cantilever shoring system inappropriate for the project. 

The contractor should retain a qualified and experienced engineer to design the shoring 

system. We recommend that the contractor take appropriate measures to protect the 

workers. OSHA requirements pertaining to workers' safety should be observed. Ninyo 

& Moore should evaluate the soil parameters used by the shoring engineer for 

appropriateness. 
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9.1.3. Permanent Cut Slopes 

Permanent cut slopes that are protected from erosion (by soil cement, riprap, shotcrete, 

gabions, etc.) for this project can be sloped at an inclination of 3:1 (H:V) for 

excavations less than 10 feet below adjacent grade. Sloughing of the side slopes should 

be anticipated if the slopes are not protected from erosion. Regular maintenance should 

be anticipated for the slopes. 

9.1.4. Bottom Stability 

Trench bottom stability problems during construction should be anticipated where the 

alignment is near the Gila River or shallow groundwater is encountered. In addition, if 

excavations are located near drainage ditches, or near washes, arroyos, or drainage areas 

that are open during a heavy rain event, or near any leaking utilities, the trench 

material(s) might become saturated and unstable and a dewatering system may be 

needed for these conditions. Should this occur, remedial measures will be needed. 

9.1.5. Construction Dewatering 

Stream flow, surface run-off, and perched groundwater will vary seasonally depending 

on rainfall in the site vicinity. Excavations that do encounter surface run-off (if any) 

could be dewatered by pumping the water out from the bottom and away from the 

excavation. However, heavily saturated units or perched groundwater zones, if 

encountered, may call for more aggressive means of dewatering and consultation with a 

qualified expert. Discharge of water from the excavations to natural drainage channels 

may entail securing a special permit. 

9.1.6. Grading, Fill Placement, and Compaction 

Vegetation and debris from the clearing operation and demolition debris should be 

removed from the site and disposed of at a legal dumpsite. Obstructions that extend 

below finish grade, if present, should be removed and the resulting holes filled with 

compacted soil. 
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The geotechnical consultant should carefully evaluate any areas of soft or wet soils 

prior to placement of grade-raise fill or other construction. Drying or overexcavation of 

some materials may be appropriate. 

On-site soils and imported soils that are suitable for re-use as engineered fill should not 

consist of potentially expansive material as evaluated by the ASTM D 4318 of having a 

Plasticity Index (PI) more than 20, and/or Expansion Index (El) more than 50, as 

evaluated by ASTM D 4829. Our Atterberg Limits tests on selected samples indicated 

that the plasticity indices ranged from 0 (non-plastic) to 29. As such, it is our opinion 

that some of the on-site soils are not suitable for re-use as engineered fill during 

construction unless suitably processed. Additional evaluation should be conducted prior 

to and/or during construction to better delineate these areas of unacceptable soils. Due 

to the clayey nature of some of the site soils, compaction of clay soils may be difficult 

to accomplish during construction. 

In addition, suitable fill material should not include organic material (more than 4 

percent organic content), construction debris, or other non-soil fill materials. Clay 

lumps or rock particles should not be larger than 4 inches in dimension. 

We recommend that new box culverts and wing wall foundations be supported on 6 to 

12 inches, or more, of moisture-conditioned and compacted engineered fill. This zone 

can either be improved by overexcavation or scarification. The fill thickness should be 

measured from the bottom of the box culvert or wing wall base and should be 

compacted by appropriate mechanical methods to 95 percent or more relative 

compaction, in accordance with ASTM D 698 at a moisture content slightly above its 

optimum. The improved zone should extend laterally 1 or more feet horizontally beyond 

the cui vert or wing wall footprint. 

Following the overexcavation as described above, and prior to the placement of new 

fill, the resulting exposed surface should be carefully evaluated by Ninyo & Moore. 

Based on this evaluation, additional remediation may be needed. This could include 
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scarification of the exposed surface. This additional remediation, if needed, should be 

addressed by Ninyo & Moore during the earthwork operations. An earthwork 

(shrinkage) factor ranging from 1 0 to 20 percent for the on-site soils is estimated for 

this project. 

9.1.7. Imported Fill Material 

Imported fill , if utilized, should consist of granular material with a very low or low 

expansion potential. Import material in contact with ferrous materials should preferably 

have low corrosion potential (minimum resistivity more than 2,000 ohm-em, chloride 

content less than 25 parts per million [ppm]). Import material in contact with concrete 

should have a soluble sulfate content preferably less than 0.1 percent. Ninyo & Moore 

should evaluate such materials and details of their placement prior to importation. 

9.2. Seismic Design Considerations 

Based on a Probabilistic Seismic Hazard Assessment for the conterminous United States, 

issued by the USGS (2002 data), the site is located in a zone where the peak ground 

accelerations having 10, 5, and 2 percent probability of being exceeded in 50 years are 

0.04g, 0.05g, and 0.07g, respectively. These ground motion values are calculated for "firm 

rock" sites, which correspond to a shear-wave velocity of approximately 2,500 feet per 

second in approximately the top 100 feet bgs. Different soil or rock types may amplify or 

de-amplify these values. The proposed improvements should be designed in accordance with 

the requirements of governing jurisdictions and applicable building codes. Table 1 presents 

the seismic design parameters for the site in accordance with International Building Code 

(ICC, 2009) guidelines and mapped spectral acceleration parameters (USGS, 2011 ). 

Table 1 - 2009 International Building Code Seismic Design Criteria 

Seismic Design Factors Value 

Site Class D 
Site Coefficient, Fa 1.6 
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Table I - 2009 International Building Code Seismic Design Criteria 

Seismic Design Factors Value 

Site Coefficient, Fv 2.4 
Mapped Spectral Acceleration at 0.2-second Period, Ss 0.165 g 

Mapped Spectral Acceleration at 1.0-second Period, S1 0.059 g 

Spectral Acceleration at 0.2-second Period Adjusted for Site Class, SMs 0.265 g 

Spectral Acceleration at 1.0-second Period Adjusted for Site Class, SM 1 0.141 g 

Design Spectral Response Acceleration at 0.2-second Period, Sos 0.176 g 

Design Spectral Response Acceleration at 1.0-second Period, S01 0.094 g 

9.3. Box Culverts/ Wing Wall Foundations 

Box culverts and wing wall foundations should be supported on 6 to 12 inches of engineered 

fill , as described in Section 9.1.6. Foundations may be designed using an allowable bearing 

pressure of 2,000 to 3,000 pounds per square foot (pst) for static conditions. Total and 

differential settlements are estimated to be on the order of 1-inch and 1/2-inch, respectively. 

The "at-rest" earth pressure against box culvert and wing walls that are restrained at the top 

or braced so that they cannot yield, and with level backfill with no water present, may be 

taken as equivalent to the pressure exerted by a fluid weighing 55 pounds per cubic foot 

(pcf). For undrained conditions, an equivalent fluid pressure of 91 pcf may be used . 

Restrained retaining walls should also be designed to resist a horizontal earth pressure of 

0.5q. The value for "q" represents the vertical surcharge pressure induced by adjacent light 

loads, slab, or traffic loads. 

Box culvert and wing walls that arc not restrained from movement at the top (such as a " U"

shaped box with no roof) and have a level backfill behind the wall may be designed using an 

"active" equivalent fluid unit weight of 35 pcf for drained conditions, and 80 pcf for 

undrained conditions. This value assumes compaction within about 5 feet of the wall will be 

accomplished with relatively light compaction equipment, and that very low to low 

expansive backfill will be placed behind the wall. For any wing walls with sloping backfill 

behind them, Ninyo & Moore should be contacted for the recommended "active" equivalent 
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fluid pressure based on the actual slope configuration. Retaining walls should also be 

designed to resist a horizontal earth pressure of 0.3q. The value for "q" represents the 

vertical surcharge pressure induced by adjacent light loads, slab, or traffic loads. 

9.4. Corrosion 

The corrosion potential of the on-site materials was analyzed to evaluate its potential effect 

on the concrete. Corrosion potential was evaluated using the results of laboratory testing of 

one sample obtained during our subsurface evaluation that was considered representative of 

soils at the subject site. 

Laboratory testing consisted of pH, minimum electrical resistivity, and chloride and soluble 

sulfate contents. The pH and minimum electrical resistivity tests were performed in general 

accordance with Arizona Test 236b, while sulfate and chloride tests were performed in 

accordance with Arizona Test 733 and 736, respectively. The results of the corrosivity tests 

are presented in Appendix B. 

The soil pH value of the samples tested ranged from 7.8 to 8.1, which is considered to be 

alkaline. The minimum electrical resistivity measured in the laboratory ranged from 1,204 

ohm-em to 1,642 ohm-em, which is considered to be corrosive to ferrous materials. The 

chloride content of the samples tested ranged from 145 ppm to 2,286 ppm, which is also 

considered to be corrosive to ferrous materials. The soluble sulfate content of the soil 

samples ranged from 0.012 to 0.116 percent by weight, representing a moderate sulfate 

exposure for concrete. 

The results of the laboratory testing indicate that the on-site materials are considered to be 

corrosive to ferrous materials. Therefore, special consideration may be given to the use of 

heavy-gauge, corrosion-protected, underground steel pipe or culverts. As an alternative, 

wrapped/plastic pipe or reinforced concrete pipe may be considered. A corrosion specialist 

should be consulted for further recommendations. 
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Laboratory chemical tests performed on an on-site soil sample indicated a sulfate content up 

to 0.116 percent by weight. Based on the following American Concrete Institute (ACI) table, 

the on-site soils are generally considered to have a moderate sulfate exposure to concrete. 

Table 2 - ACI Requirements for Concrete Exposed to Sulfate-Containing Soil 

Water-
f'c , 

Water- Normal-Weight 
Soluble 

Cementitious and 
Sulfate 

Sulfate 
Materials Lightweight 

Exposure 
(S04) in Soil, Cement Type 

Ratio, by Weight, Aggregate 
Percentage 

Normal-Weight Concrete, 
by 

Aggregate Concrete1 psi 
Weight 

x 0.00689 for MPa 

Negligible 0.00-0.10 -- -- --

Moderate2 0.10-0.20 
II, lP(MS), fS 

0.50 or less 4,000 or more 
(MS) 

Severe 0.20- 2.00 v 0.45 or less 4,500 or more 

Very 
Over 2.00 

V plus 
0.45 or less 4,500 or more 

severe pozzolan3 

Notes: 
1 /\ lower water-cementitious materials ratio or higher strength may be call for low permeability or 

for protection against corrosion of embedded items or freezing and thawing (ACI Table 4.2.2)_ 
2 Seawater. 
1 Pozzolan that ha' been evaluated by test or service record to improve sulfate resistance when used in 

concrete containing Type V cement. 

Notwithstanding, the sulfate test results and due to the limited number of chemical tests 

performed, as well as our experience with similar soil conditions and local practice, we 

recommend the use of "Type II" cement for construction of concrete structures at this site. 

The concrete should have a water-cementitious materials ratio of no more than 0.50 by 

weight for normal weight aggregate concrete. The structural engineer should ultimately 

select the concrete design strength based on the project specific loading conditions. 

However, higher strength concrete may be selected for increased durability, resistance to 

slab curling and shrinkage cracking. 
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Surface drainage should be provided to divert water away from the paved surfaces and 

structures. Surface water should not be permitted to pond on or adjacent to pavement areas. 

To deter accumulation of water below the new pavement sections, the subgrade soils below 

the new pavement sections should be sloped away from the center toward the edges of the 

roadway. 

9.7. Pre-Construction Conference 

We recommend that a pre-construction conference be held. Representatives of the owner, the 

civil engineer, Ninyo & Moore, and the contractor should be in attendance to discuss the 

project plans and schedule. Our office should be notified if the project description included 

herein is incorrect, or ifthe project characteristics are significantly changed. 

10. LIMITATIONS 

The field evaluation, laboratory testing, and geotechnical analyses presented in this geotechnical 

report have been conducted in general accordance with current practice and the standard of care 

exercised by geotechnical consultants performing similar tasks in the project area. No warranty, 

expressed or implied, is made regarding the conclusions, recommendations, and opinions 

presented in this report. There is no evaluation detailed enough to reveal every subsurface 

condition. Variations may exist and conditions not observed or described in this report may be 

encountered during construction. Uncertainties relative to subsurface conditions can be reduced 

through additional subsurface exploration. Additional subsurface evaluation will be performed 

upon request. Please also note that our evaluation was limited to assessment of the geotechnical 

aspects of the project, and did not include evaluation of structural issues, environmental 

concerns, or the presence of hazardous materials. 

This document is intended to be used only in its entirety. No portion ofthe document, by itself, is 

designed to completely represent any aspect of the project described herein. Ninyo & Moore 
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should be contacted if the reader requires additional information or has questions regarding the 

content, interpretations presented, or completeness of this document. 

This report is intended for design purposes only. It does not provide sufficient data to prepare an 

accurate bid by contractors. It is suggested that the bidders and their geotechnical consultant 

perform an independent evaluation of the subsurface conditions in the project areas. The 

independent evaluations may include, but not be limited to, review of other geotechnical reports 

prepared for the adjacent areas, site reconnaissance, and additional exploration and laboratory 

testing. 

Our conclusions, recommendations, and opinions are based on an analysis of the observed site 

conditions. If geotechnical conditions different from those described in this report are 

encountered, our office should be notified and additional recommendations, if warranted, will be 

provided upon request. It should be understood that the conditions of a site could change with 

time as a result of natural processes or the activities of man at the subject site or nearby sites. In 

addition, changes to the applicable laws, regulations, codes, and standards of practice may occur 

due to government action or the broadening of knowledge. The findings of this report may, 

therefore, be invalidated over time, in part or in whole, by changes over which Ninyo & Moore 

has no control. 

This report is intended exclusively for use by the client. Any use or reuse of the findings , 

conclusions, and/or recommendations of this report by parties other than the client is undertaken 

at said parties' sole risk. 
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BORING LOGS 

Field Procedure for the Collection of Disturbed Samples 
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Disturbed soil samples were obtained in the field using the following methods. 

Bulk Samples 
Bulk samples of representative earth materials were obtained from the exploratory borings. 
The samples were bagged and transported to the laboratory for testing. 

The Standard Penetration Test Spoon 
r;>isturbed drive samples of earth materials were obtained by means of a Standard 
Penetration Test sampler. The sampler is composed of a split barrel with an external 
diameter of 2 inches and an unlined internal diameter of 1-3/8 inches. The sampler was 
driven into the ground 12 to 18 inches with a 140-pound hammer free-falling from a height 
of 30 inches in general accordance with ASTM D 1586. The blow counts were recorded for 
every 6 inches of penetration; the blow counts reported on the logs are those for the last 12 
inches of penetration. Soil samples were observed and removed from the sampler, bagged, 
sealed and transported to the laboratory for testing. 

Field Procedure for the Collection of Relatively Undisturbed Samples 
Relatively undisturbed soil samples were obtained in the field using the following methods. 

The Modified Split-Barrel Drive Sampler 
The sampler, with an external diameter of 3.0 inches, was lined with 1-inch long, thin brass 
rings with inside diameters of approximately 2.4 inches. The sample barrel was driven into 
the ground with the weight of a hammer or the kelly bar of the drill rig in general 
accordance with ASTM D 3550. The driving weight was permitted to fall freely. The 
approximate length of the fall, the weight of the hammer or bar, and the number of blows per 
foot of driving are presented on the boring logs as an index to the relative resistance of the 
materials sampled. The samples were removed from the sample barrel in the brass rings, 
sealed, and transported to the laboratory for testing. 
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U.S.C.S. METHOD OF SOIL CLASSIFICATION 
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MAJOR DIVISIONS 

GRAVELS 
(More than I /2 of coarse 

fraction > No. 4 sieve size 

SANDS 
(More than I /2 of coarse 

fraction < No. 4 sieve size 

SILTS & CLAYS 
Liquid Limit <50 

SILTS & CLAYS 
Liquid Limit >50 

HIGHLY ORGANIC SOILS 

GRAIN SIZE CHART 

RANGE or: GRAIN 
CLASSll'lCATlON U.S. Standard Grain Size in 

Sieve Size Millimeters 

BOULDI:RS Above 12" Above 305 

COBBLES 12" to 3" 306to 76.2 

GRAVf'I. 3"toNo.4 76.2 to 4.76 

Coarse 3" to 3/4" 76 2 to 19.1 

fine 3/4" to No.4 19. ! to 4.76 

SAND No 4 to No. 200 4 76 to 0075 

Coarse No. 4 to No. 10 4.76 to 2.00 
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l(lngo&~oore 
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·~--

I~ 

I I 

GP 
Poorly graded gravels or gravel-sand mixtures, little 
or no fines 

GM Silty gravels, gravel-sand-silt mixtures 

GC Clayey gravels, gravel-sand-clay mixtures 

SW Well graded sands or gravelly sands, little or no fmes 

SP 
Poorly graded sands or gravelly sands, little or no 
fines 

SM Silty sands, sand-silt mixtures 

SC Clayey sands, sand-clay mixtures 

ML Inorganic silts and very fme sands, rock flour, silty or 
clayey fme sands or clayey silts with slight plasticity 

CL Inorganic clays of low to medium plasticity, gravelly 
clays, sandy clays, silty clays, lean clays 

OL Organic silts and organic silty clays of low plasticity 

Inorganic silts, micaceous or diatomaceous fine sandy 
MH 

or silty soils, elastic silts 

CH Inorganic clays of high plasticity, fat clays 

OH Organic clays of medium to high plasticity, organic 
si lty clays, organic silts 

Pt Peat and other highly organic soils 

PLASTICITY CHART 

70 

GO v 
/ / 

~50 

/ / ~ r 
/ "" - <O 

t;l v v 9 
'" 30 

~ v Cl / MH& OH 
u 
~ 20 

/ / :s / 
"" 10 

/ Cl · ~ l / M&Ol 

0 !L' I 
10 20 30 <O 50 60 70 80 80 100 

LIQUID LIMIT(LL),% 

U.S.C.S. METHOD OF SOIL CLASSIFICATION 

I lnrbtP.rl Nn" 20 II 



(f) i:L 
w (.) 
_J f- ~ 9-_ a;a.. 0 e.....-

~ ~ f2 w ~ 
j:: f-(f)_ U5 ~ ~ 
BJ ~ ~ j ~ ~ eno_ ~ 
0 1=:; _J 

lro'""' co :2 ~ 

_J 

0 
co 
~ 
>en 

z 
0 
i= . 
<((f) u . 
-0 u.. . 
-(f) en . 
en=> 
::i 
u 

BORING LOG EXPLANATION SHEET 
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Moditied split-barrel drive sampler. 

No recovery with modified split-barrel drive sampler. 

Sample retained by others. 

Standard Penetration Test (SPT). 

No recovery with a SPT. 

Shelby tube sample. Distance pushed in inches/length of sample recovered in inches. 

No recovery with Shelby tube sampler. 

Continuous Push Sample. 

Seepage. 

Groundwater encountered during drilling. 

Groundwater measured after drilling. 

MAJOR MATERIAL TYPE (SOIL): 
Solid line denotes unit change. 

Dashedline denotes maleilalcll<u"lgc. 

Attitudes: Strike/Dip 
b: Bedding 
c: Contact 
j: Joint 
f: Fracture 
F: Fault 
cs: Clay Seam 
s: Shear 
bss: Basal Slide Surface 
sf: Shear Fracture 
sz: Shear Zone 
sbs: Shear Bedding Surface 
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DATE DRILLED 2/13/ 13 BORING NO. 8-1 

GROUND ELEVATION SHEET I OF 

METHOD OF DRILLING CME-55, 8" Diameter Hollow-Stem Auger (D&S Drilling) 

DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 

SAMPLED BY DM LOGGED BY OM REVIEWED BY JSR 

DESCRIPTION/INTERPRETATION 

ALLUVIUM: 
Brown, damp to moist, stiff, CLAY; few sand. 

Very stiff. 

Brown, moist, medium dense, SiltY SAND. - - - -- - - - - - - - - - - - -

Loose. 

Depth = I 0 teet. 
Groundwater not encountered during drilling. 
Backfilled on 2/13/13 promptly after completion of drilling. 

Note: 
Groundwater, though not encountered at the time of drilling, may rise to a higher level 
due to seasonal variations in precipitation and several other factors as discussed in the 
report. 
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DATE DRILLED 2/13/13 BORING NO. B-2 

GROUND ELEVATION SHEET OF 11 

METHOD OF DRILLING CME-55, 8" Diameter Hollow-Stem Auger (D&S Drilling) 

DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" j 
SAMPLED BY DM LOGGED BY DM REVIEWED BY JSR 

DESC 
ALLUVTIJM: 
Brown, moist, loose, silty SAND 

Brown, moisT, soft tofirm, CLAY with sand. 
________________ J 

II 

] 

Stiff. 

tal Depth = I 0 feet. 
Groundwater not encountered during drilling. 
Backfi lled on 2/13/1 3 promptly after completion of drilling. ll 
Note: 
Groundwater, though not encountered at the time of drilling, may rise to a higher level 
due to seasonal variations in precipitation and several other factors as discussed in the j 
report. 
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DATE DRILLED 2113/ 13 BORING NO. B-3 

GROUND ELEVATION SHEET OF 

METHOD OF DRILLING CME-55, 8" Diameter Hollow-Stem Auger (D&S Drilling) 

DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 

SAMPLED BY DM LOGGED BY DM REVIEWED BY JSR 

TION 

ALLUVIUM: 
Brown, moist, loose to medium dense, silty SAND. 

damp, medium dense, clayey SAND; all r d all h n d u c . 

Dense. 

= I 0 fe t. 

Groundwater not encountered during drilling. 
Backfilled on 2/1 3/13 promptly after completion of drilling. 

Note: 
Groundwater, though not encountered at the time of drilling, may rise to a higher level 
due to seasonal variations in precipitation and several other factors as discussed in the 
report. 
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DATE DRILLED 2113113 BORING NO. B-4 
z 

~ 0 GROUND ELEVATION SHEET OF f= 
<.ui 
(.) . 
_(.) METHOD OF DRILLING CME-55, 8" Diameter Hollow-Stem Auger (D&S Drilling) lL . 
-Cil (/) . 

Jl (/)::> 

:5 DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 
(.) 

SAMPLED BY DM JSR 

DESCRI TION 

SM FILL: 
Brown, damp, medium dense, silty SAND; trace gravel. 

SM ALLUVlUM: ]I Brown, damp, medium dense, silty SAND; trace gravel. 

Loose. J 

SC Brown, damp, medium dense, Clayey SAND; scatTered ca liche nodules. 

__ _JI 
Groundwater not encountered during drilling. 
Backfilled on 2/ 13/ 13 promptly after completion of drilling. 

Note: 
Groundwater, though not encountered at the time of drilling, may rise to a higher level 
due to seasonal variations in precipitation and several other factors as discussed in the 
report. 

BORING LOG 
WATSON DRAINAGE SYSTEM PRE-DESIGN 
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I en ::l U5 CD _() METHOD OF DRILLING CME-55, 8" Diameter Hollow-Stem Auger (D&S Drilling) 

~ LL . 
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1~11 
(/) w >- (/) . 

w 0 0 Cl (/) (/)::> 
Cl ...J ::5 DRIVE WEIGHT 140 1bs. (Automatic) DROP 30" 

CD ~ >-
0:: () 
Cl SAMPLED BY DM LOGGED BY DM REVIEWED BY JSR 

I 
I 

OESCR~~TIONIIN 1 t:l'(t' l'(t rATION 

M= sc FILL: 
Brown, damp, medium dense, clayey SAND; few to little gravel; scattered caliche 

~ 
nodules. 

10 I 1-

1- m~ 
1- m~ 

I 
I 
I 

I~ 30 I 5 -

----
~ 

sc ALLUVIUM: 
~ , Brown, damp, medium dense, clayey SAND. 

16 ~ 

I 
I 

1- il 
1-

1- t-I 
1-

15 10.3 110.5 I 
10 -~ 1- 1- fohl Depth--;;--10 feet. 

Groundwater nof encountered during drilling. 

1-1- Backfilled on 2/13/13 promptly after completion of drilling. 
I 

1-~ 
Note: 
Groundwater, though not encountered at the time of drilling, may rise to a higher level I 
due to seasonal variations in precipitation and several other factors as discussed in the 

I 1- report. 
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DATE DRILLED 2/13/13 BORING NO. B-6 

GROUND ELEVATION SHEET OF II 
METHOD OF DRILLING CME-55, 8" Diameter Hollow-Stem Auger (D&S Drilling) 

DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 

SAMPLED BY DM LOGGED BY DM REVIEWED BY JSR 
DESCRIPTION/INTERPRETATION 

FILL: 
Brown, damp, loose, silty SAND. 

ALLUVIUM: ~ Brown, damp, loose, silty SAND. 

II 

Loose to medium dense. 11 

ALLUVIUM: ll 
Brown, damp, hard, sandy CLAY; trace gravel; scattered caliche nodules . 

_II 

Jl 
Groundwater not encountered during drilling. 
Backfilled on 2/13/13 promptly after completion of drilling. ll 
Note: 
Groundwater, though not encountered at the time of drilling, may rise to a higher level ll 
due to seasonal variations in precipitation and several other factors as discussed in the 
report. 
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Geotechnical Evaluation 
Watson Drainage System Pre-Design 
Buckeye, Arizona 

APPENDIX B 

LABORATORY TESTING 

Classification 

December 3, 2013 
Project No. 603770001 

Soils were visually and texturally classified in accordance with the USCS in general accordance 
with ASTM 0 2488. Soil classifications are indicated on the logs of the exploratory borings in 
Appendix A. 

In-situ Moisture and Density Tests 
The moisture content and dry density of relatively undisturbed samples obtained from the 
exploratory borings were evaluated in general accordance with ASTM 0 2937. The test results 
are presented on the logs of the exploratory borings in Appendix A. 

Gradation Analysis 
Gradation analysis tests were performed on selected representative soil samples in general 
accordance with ASTM D 422. The grain-size distribution curves are shown on Figures B-1 
through B-5. These test results were utilized in evaluating the soil classifications in accordance 
with the uses. 

Atterberg Limits 
Tests were performed on selected representative fine-grained soil samples to evaluate the liquid 
limit, plastic limit, and plasticity index in general accordance with ASTM 0 4318. These test 
results were utilized to evaluate the soil classification in accordance with the Unified Soil 
Classification System. The test results and classifications are shown on Figure B-6. 

Consolidation Tests 
Consolidation tests were performed on selected relatively undisturbed soil samples in general 
accordance with ASTM D 2435. The samples were inundated during testing to represent adverse 
field conditions. The percent of consolidation for each load cycle was recorded as a ratio of the 
amount of vertical compression to the original height of the sample. The results of the tests are 
summarized on Figures B-7 through B-9. 

Soil Corrosivity Tests 
Soil pH and resistivity tests were performed on representative samples in general accordance 
with Arizona Test ARlZ 236b. The chloride content of these selected samples was evaluated in 
general accordance with ARIZ 736. The sulfate content of these selected samples was evaluated 
in general accordance with ARlZ 733. The test results are presented on Figure B-1 0. 

603770001 R 
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SAMPLE SAMPLE DEPTH RESISTIVITY 1 SULFATE CONTENT 2 

LOCATION (FT) 
pH1 

(Ohm-em) (ppm) (%) 

B-1 0-5 7 .8 1,532 1159 0.116 

B-2 0-5 80 1 ,211 434 0.043 

B-3 0-5 8.1 759 186 0.019 

8 -4 0-5 8.0 1,204 119 0.012 

B-5 0-5 8.0 1,286 160 0 016 

B-6 0-5 78 1,642 218 0.022 

1 PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 236b 
2 PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 733 
J PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 736 

l(lngo&~oore CORROSIVITY TEST RESULTS 

PROJECT NO. DATE 
WATSON DRAINAGE SYSTEM PRE-DESIGN 

BUCKEYE, ARIZONA 

603770001 12/13 

CHLORIDE 

CONTENT 3 

(ppm) 

2286 

571 

234 

232 

145 

385 

FIGURE 
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.bbl 
Engineering 

MEETING MINUTES 

Project: 
Date: 

Re: 

Watson Drainage System Pre-Design 
July 16, 2012-9:00 AM 
Coordination Meeting #2 

Contract: FCD 2012C003 
Dibble Project: 101206 

1) MEETING ATTENDEES 
Gary Wesch FCDMC 

Scott Zipprich TOB 

Kevin Roberts DIBBLE 

Justin Beeler DIBBLE 

Amir Motamedi FCDMC 

Shimin Li FCDMC 

Rob Sachs FCDMC 

2) INTRODUCTIONS 

3) REVIEW OF MEETING MINUTES I ACTION ITEMS 

John Holmes 

Bob Stevens 

Harry Cooper 

Gary Shapiro 

Gary Maiers 

Brian Fry 

John Griffin 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 

FCDMC 

FCDMC 

FCDMC 

FCDMC 

FCDMC 

JE FULLER 

EPG 

• Kevin comments on policy fo r meeting minutes and the Action item list to be reviewed at the following 
meeting. 

4) PROJECT SCHEDULE REVIEW AND STATUS 
a. Data Collection 

i. Utility Information 
• Gary M comments that no new utility information has come in. 
• Scott Z- A new waterline will be in the same al ignment as one of the 2 sewer lines along the railroad . 
• Gary W- Suggested getting the details (horiz/vert details) for the culvert crossings between Apache and 

Rainbow from Olsson. 
ii. Development Reports 
iii. Hydrology Model (FCDMC Revisions) 

• John- The only purpose of the memo is to summarize the updates from the ADMP model. 
b. Existing Conditions Base Maps 

• Some utilities are missing . May need note to identify missing utilities on map. 
• A legend to identify the uti lity lines will need to be included with the maps. 

c. Geotechnical Optional Task 
• Kevin- Will complete the letter requesting the authorization soon . 
• A map identifying the proposed locations should be included 
• Bob S- Requests a CAD file to show boring locations, boring pit type and access routes. 

Annexation/jurisdictional boundaries should also be shown along with impacted APN 's. 



d. 
i. 
ii . 
iii . 

iv. 
v. 
vi . 

Potential Alternatives Elements 
Relocate Railroad Basin due to Industrial Park Development 
Utilize planned Industrial Park north/south conveyance corridor 
Consolidate BWCDD/UPRR crossing at Walmart property 

Planned sewer and waterline ? 
Continue consolidated system Y. mile west of Watson down to Beloat 
Relocate Apache Basin to accommodate planned flow directions by north area developers 
Relocate Rainbow Basin to the east to be adjacent to Town park under construction 

5) HYDROLOGY DISCUSSION 
• Brian F- Recommends rounding design flows to nearest rounded (10, 20 , 50, etc) value for alternatives 

analysis to reduce iterations. 
• Gary W- A discussion on the interim condition (prior to development) should be done. (**A discussion 

after this meeting led to the determination that an interim analysis and discussion would not be included in 
the initial hydrology tech memo). 

6) LANDSCAPE ARCHITECTURE DISCUSSION 
• John- Would like to get the updated Trails master plan information. John to speak with Bob Wisener at 

TOB Parks/Recto seek updated trails information . 
• Gary W- We need to get some questions clarified such as the maintenance road surface, O&M 

responsibility 
• John - May be valuable to have a meeting with TOB P&R 

7) RIVER MECHANICS DISCUSSION 
• Would like to receive a copy of the Geotech sampling pit location map. 
• Bob to provide a map showing the limits of the cultural evaluation study. 

8) UTILITIES DISCUSSION 
• Gary to check with L303 utility contacts - possibly mention future geotech borings to occur in the area. 

9) TOWN OF BUCKEYE ITEMS 
• Scott- Plans to have Rob attend planned meeting on 7/18 to discuss downtown hydrology area. 
• Would like to have 7/18 meeting at 1 30 instead of 2pm. 

10) ANTICIPATED TASKS PRIOR TO NEXT MEETING 
a. Data Collection Memo 
b. Existing Conditions Base Maps 
c. Hydrology Tech Memo (Draft) 
d. FCDMC I TOB Review of these items 
e. Preparation for Alternatives Brainstorming Meeting (8/24) 

i. Attendees ? 
• Adam from TOB Planning, Sheryl from TOB P&R 
• Change date to August 23rd 
• Dibble to request Kristin at W.C.S. to set up meeting for Town staff to attend 

11) NEXT MEETING: Subsequent to the meeting , the date of the next meeting has been changed to: 
Thursday, August 23rd @ 9am, at the Town of Buckeye 

12) OTHER 

13) ACTION ITEMS 

No. Action Item Responsible Person Date Due Status/Comments 

1 
Set up meeting with Manual at TOB 

Kevin 
to discuss TOB Waterlines 

2 Get UPRR culvert details thru OA Kevin 

3 
Dibble submittal - Base maps, Kevin 7/19/12 

Discussed later submittal 
Hydrology Memo, Data Collection date with Gary W. 
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8 

Memo 
Prepare Geotech authorize request 

Kevin 
Need meeting with Brian to 

letter discuss boring locations 
Provide boring locations and access 

Justin B. 
paths in CAD file to Bob S. 
Get updated Trails MP info - see 

John G. 
Bob Wisner at TOB, possible meeting_ 
Provide sampling location map to Justin B. 
Shim in 
Provide Limits of cultural evaluation 

BobS. to Dibble 



Watson Drainage System Pre-Design 
FCD 2012C003 

M EETING SIGN-IN SHEET 
Project Coordination Meeting 7/16/2012 

CHECK IN NAME SECTION/FIRM PHONE EMAIL 

k;;a;l{/ Gary Wesch FCDMC 602.506.4592 ga[Ywesch@mail .maricoQa.gov 

5 -6- Scott Zipprich Town of Buckeye 623 .349.6217 sziQQrich@buckel£eaz.gov 

Adam Zaklikowski Town of Buckeye 623.349.6207 azaklikowski@buckel£eaz.gov 

Jr Amir Motamedi FCDMC 602.506.4871 amm@mail.maricoQa.gov 

Ll Bing Zhao FCDMC 602.506.3293 biz@mail.maricoQa.gov 

~ Rob Sachs FCDMC 602.506.4744 res@mail.maricoQa .gov 

'ffl}-- John Holmes FCDMC 602.506.3320 jwh@mail .maricoQa.gov 

\_/' 
Julie Cox FCDMC 602.506.8401 jrc@mail.maricoQa.gov 

Gant Wegner FCDMC 602 .506.7841 gantwegner@mail.mariCOQa.gov 

I' /"\111 Bob Stevens FCDMC 602.506.4073 rbs@ma il.maricoQa .gov 

v ~ ~~ Harry Cooper FCDMC 602.506.2956 har[YC00(1er@mail.maricoQa .gov 

~ ~~ Gary Shapiro FCDMC 602.506.3076 ghs@mail.maricoQa.gov 

·- ~f!' t Gary Maiers FCDMC 602.506.0562 gsm@mail.maricoQa .gov 

~· Shimin Li FCDMC 602.506.4609 shiminli@mai l.maricoQa .gov 

~~ Kevin Roberts Dibble 602.957.1155 kevin.roberts@dibblecorQ.com 

A 
Josh Papworth Dibble 602.957.1155 josh.QaQworth@dibblecorQ.com 

/Jff Justin Beeler Dibb le 602.957.1155 justin .beeler@dibblecorQ.com 

;f Jeremy Laipple Dibble 602.957.1155 jereml£.la iQQie@dibblecorQ.com 

~ Brian Fry JE Fuller 623.889.0696 X307 brian.f[Y@jefuller.com 

IV 
Jeff Ford Olsson 602.748.1000 jford@oaconsulting.com 

~ John Griffin EPG 602.956.4370 jgriffin@eQgaz.com ,,-
Steve Nowaczyk Ninyo & Moore 602.243.1600 snowaczl£k@ninl£oandmoore.com 

Jeff Hamilton Hunter Contracting 480.892.0521 jeffh@huntercontracting.com 
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Parks, Trails, O&M and Planning 
- Meeting Minutes -

FCD 2012C003 
Data Collection Phase 

B ... A U R 
C I 
K r z 
~ 0'-J ~ 

I E A 

Date Held: Wednesday August 8, 2012 
Time: 4:00 PM - 5:30 PM 
Attendees: 

Gary Wesch 
Harry Cooper 

Robert Wisener 
Cheryl Sedig 

Fred Sanchez 
Kevin Roberts 

Justin Beeler 

Brian Fry 

John Griffin 

Meeting Purpose 

FCDMC (Project Manager) 

FCDMC 

Town of Buckeye 
Town of Buckeye 

Town of Buckeye 
Dibble Engineering (Consultant PM) 

Dibble Engineering 

JE Fuller 

EPG, Inc. 

The Watson Drainage System Pre-Design Project will further refine the design of the Watson 
System identified in the Buckeye ADMP. This meeting between the Town's Parks and 
Recreation group and the Watson Pre-Design team served as an opportunity to revisit the 
findings of the ADMP related to recreation and open space resources and facilitate the 
integration of the Watson System elements into the Town of Buckeye's trails and recreation 
planning. It will also serve to begin bridging the pre-design effort through final design to the 
long-term implementation and maintenance needs ofthe Town . 

Meeting Format 

A brief overview of the project was provided by Kevin Roberts, the consultant team project 
manager. This included a discussion of potential alternative alignments for the various channels 
and basin locations identified in the ADMP. 

The remainder of the meeting was organized around the "Key Questions" document previously 
provided to the Town. (See attached). These key questions included the following: 

• Does the Town intend to update the Town of Buckeye Trails Master Plan to co-locate 
trails along the planned drainage facilities identified in the final ADMP? 

• What must be included in the O&M road design to make is acceptable to the Town as a 
multi-use trail? 

• Should the "Active Recreation" designation for the Rainbow Basin remain? Has anything 
changed related to the Town's parks planning that might impact this designation? 

-------1( 1 )t------ Dibble 
Engineering 



• Is "Passive Recreation/Open Space" still the most appropriate designation fo r the 

remaining three basins identified in the ADMP? 

• Which department(s) will be responsible to maintain the facilities identified in the 
Watson Drainage System? 

• Are there any operations and maintenance pract ices or limitations we should be awa re 
of that could be addressed during design? i.e. -limitations on types of vegetation, 

frequency of maintenance? 

• What tools are available to ensure the Pre-Design planning components are 
implemented if final design and construction must rely on developers to implement? 
(i.e.- is a zoning overlay district appropriate and feasible? Other planning tools?) This 

includes potential landscape, channel lining treatments, O&M roads, trails, drop 
structures, aesthetic themes, and other design elements. 

• The 50-50 cost share for the system may include the construction of channels or basins 
by the Flood Control District but deferring the installation of some landscape and 
erosion control features to a future phase to be completed by the Town . How might the 
Town expect to implement these features? 

The discussion around each question is summarized below. 

Q: Does the Town intend to update the Town of Buckeye Trails Master Plan to co-locate trails 
along the planned drainage facilities identified in the final ADMP? 

Robert Wisener confirmed that the Town would prefer the drainage alignments be integrated 
into the Town's Trails Master Plan . 

The team recommended the Town use the final Buckeye ADMP in order to gain approval of an 
amendment to the Trails Master Plan rather than waiting fo r final alignments from the Watson 
System. This would also allow all of the system alignments from the ADMP to be adopted at one 

time. 

Q: What must be included in the O&M road design to make is acceptable to the Town as a 
multi-use trail? 

The Town's " Flood Control Channel" design guidelines from the master plan was confirmed as 
the minimum standard for use of an O&M road as a Town of Buckeye Trail. (See attached) This 
included the minimum of 20' landscape buffer from adjacent uses and a 10-foot wide tread for 

the road . Gary Wesch described other traii/O&M road su rfaces that had been accepted by the 
Town of Buckeye such as asphalt and concrete . Other road surfaces may be acceptable . 

A subsequent discussion regarding the potential for equestrian trail needs resulted in the 
following: 

The Rainbow Road channel alignment is a good candidate for providing an equestrian trail route . 
This is due to it' s proximity to the Town's Skyline Regional Park which is located on the Watson 
Road alignment north of the 1-10. This regional park will include an equestrian trailhead . Having 

a north-south equestrian trail that connects the White Tank Mountains to the Gila River is 

------t( 2 )t------ Dibble 
Engineering 
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desirable to the Town . Using t he channel bottom when possible would be the preferred 
alignment per the trails master plan design guidelines. A soft surface trail could be used where 

road crossings or other access issues make this unrealistic. 

Q: Should the "Active Recreation" designation for the Rainbow Basin remain? Has anything 
changed related to the Town's parks planning that might impact this designation? 

Yes- this is still planned to be an active use park site . The Town Parks and Recreation also 
prefers the location shown in the original ADMP rather than the potential location shown next 

to the Sundance Park site . The Town is planning for a future library and recreation center on the 
parcel between the Sundance Park site and the Rainbow Basin location . 

Q: Is "Passive Recreation/Open Space" still the most appropriate designation for the 
remaining three basins identified in the ADMP? 

Yes . The Town also suggested that basin locations near the canals would be preferred as they 
could help serve as trailhead locations. The group discussed pros and cons associated with 
locating a basin in the space between the railroad and the BWCDD canal. 

Q: Which department(s) will be responsible to maintain the facilities identified in the Watson 
Drainage System? 

Fred Sanchez was recently hired by the Town to head the Operations and Maintenance group. 
Currently, the Town is understaffed to maintain a large system such as the Watson Drainage 
System. However, as development increases which will lead to the construction of much of the 
system, it is reasonable to expect the Town budget and ability to hire staff for this purpose will 
increase with the demand . 

Q: Are there any operations and maintenance practices or limitations we should be aware of 
that could be addressed during design? i.e. -limitations on types of vegetation, frequency of 
maintenance? 

At this time, there were no specific practices or limitations indentified beyond staffing. 

Q: What tools are available to ensure the Pre-Design planning components are implemented if 
final design and construction must rely on developers to implement? (i.e. -is a zoning overlay 
district appropriate and feasible? Other planning tools?) This includes potentia/landscape, 
channel lining treatments, O&M roads, trails, drop structures, aesthetic themes, and other 
design elements. The 50-50 cost share for the system may include the construction of channels 
or basins by the Flood Control District but deferring the installation of some landscape and 
erosion control features to a future phase to be completed by the Town. How might the Town 
expect to implement these features? 

The group agreed that much of the Town's responsibility for facility construction will need to be 

implemented by the development community as they increase the demand . The Town is 
currently working on its first planning overlay district for the Buckeye Downtown . This was the 
only planning tool discussed . A future meeting with the Town's planning branch will be useful. 

Robert and Cheryl asked to be invited to this meeting when it gets scheduled . 

---------~( 3 )~---- Dibble 
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KEY QUESTIONS 
Parks, Trails, O&M and Planning 

Watson Drainage Pre-Design 
FCD 2012C003 

Data Collection Phase 

Project Overview 

The Watson Drainage System is a planned network of storm water conveyance and storage 
features between Miller Road and Rainbow Road that will extend from upstream of the 
Roosevelt Irrigation District (RID) canal south to the Gila River as identified in the Buckeye Area 
Drainage Master Plan (ADMP). The ADMP Recommended Plan for the Watson Drainage is 
intended to alleviate existing flooding hazards, provide conveyance for runoff accumulation 
along irrigation canals, and provide drainage outfalls for local developments. 

The purpose of the current Watson Drainage System Pre-Design Project is to refine and firmly 
establish the project alignment and features, determine design constraints, resolve unknowns, 
and clearly establish the final design criteria for the system . The ultimate product of the Pre
Design will be preliminary plans that define the project in sufficient detail such that the size, 
alignment, and profile of major project features are developed to the level to transition 
smoothly into completion of the final design. This includes definition of project rights-of-way 
requirements, and refinement of project costs. 

Parks, Recreation, Maintenance and Planning Goals 

The ADMP identified opportunities for adding return value to the community through the 

integration of multi-use funct ions into the components of the system . This included the co
location of multi-use paths with the channel Operations and Maintenance (O&M) roads, a 
future active recreation park site within one proposed basin site near Rainbow Road and the 
RID, and designating the remaining three basins as passive open space. 

The project team has identified the following questions seeking answers during the data 
collection phase ofthe project. Timely answers to these questions will assist us in identifying 
project right-of-way requirements as well as plan the system to function long-term within the 
operations practices common to the Town of Buckeye: 

Trails 

• The Buckeye ADMP recommendations were modified subsequent to the approval ofthe 
Town of Buckeye's 2008 Trails Master Plan. The Trails Master Plan (pg. 28) indicates 
that: 

"Should the ADMP conclude differently (meaning the channel 
alignments were to change), these trails (designated as "flood control 
channel paths") should be re-evaluated, but in the alternate, the canal 
trails serve as the east-west regional connection. " 

We would like to work with you to re-evaluate potential trail locations and 

opportunities based on the current status of the Watson Drainage System. 



• What must be included in the O&M road design to make is acceptable to the Town as a 
multi-use trail? 

o ADA compliance (2% max cross-slope, 20% max. longitudinal slope) 

o AASHTO multi-use trail compliance (min. 100-foot curve radii, 3' clearance, 10-
foot min . width with 2' graded shoulders per side) 

o Trail surface material 

Operations and Maintenance 

The Town of Buckeye will assume operations and ma intenance responsibilities for the facilities 
proposed by the Watson Drainage Pre-Design project. We would like to coordinate the pre
design with the typical maintenance practices of the Town to ensure project success through it' s 
lifecycle. Can you provide feedback on the following potential issues and likely design elements : 

• Which department(s) will be responsible to maintain channels, trails, passive open space 

basins, and active recreation basin? 

• Feedback on Channel vegetation : 

o Appropriate types, methods of installation and establishment (hydroseed, 
nursery, tall pots, irrigation, etc.), likely frequency of maintenance, vegetation 
control practices? 

• Feedback on Basin vegetation : 

Planning 

o Appropriate types, methods of installation and establishment (hydroseed, 
nursery, tall pots, irrigation, etc.), likely frequency of maintenance, vegetation 
control practices? 

The project will include a determination on which components of the system will be constructed 
by the District, and which will be the Town's construction responsibility . Implementation of the 
Town's cost share responsibilities will likely require partnering with incoming development and 
other property owners. We would like to discuss the following items related to th is topic: 

• What tools are available to ensure the Pre-Design planning components are 
implemented if final design and construction must rely on developers to implement? 
(i.e . - is a zoning overlay district appropriate and feasible? Other planning tools?) This 
includes potential landscape, channel lining treatments, O&M roads, trails, drop 

structures, aesthetic themes, and other design elements. 

• The 50-50 cost share for the system may include the construction of channels or basins 
by the Flood Control District but deferring the installation of some landscape and 
erosion control features to a future phase to be completed by the Town . How might the 
Town expect to implement these features? 
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WATSON DRAINAGE 
SYSTEM PRE-DESIGN 

WATSON 

2801 West Durango Street, Phoenix, Arizona 85009, (602) 506-1501 

Dibble 
Engineering 

www .fcd.maricopa.gov 



Buckeye Trail Standards Matrix 

Trail Trail Min. Trail Vertical Turning 
Calssification Character Width (ft.) Surface (Tread) Material Clearance (ft .) Radius (ft.) 

Ar1erial Path N/A 8 Concrete 12 12 

Landmark NIA 8- 10 Oupund:. on Chuructcr 1? 12 

Powerline Uoban 5 Nc:1hYu 11 6-8 I 

5<>bvoi>an 5 Native 12 6-8 

Kvrol 4 Nohve N/A 68 

w,tdefn.u 4 Nonve N/A 6-8 

Equestrian Ught Use 2-4 Nohve 12 8 -10 

tt.oc .• ryu~. ~-6 Nohve 12 8-10 

Wash Uoban 12 Concrete 12 11 

Suhur hcm 0 C:umrtrhr/k.pi1C11t 12 12 

~U111f 5 Nuhvn N/A 6 8 

w.tJ,.,, ~·!o.··· N/A N/A N/A N/A 

Flood Control 
Utl>erll 10 Corltllrli•/A:ophnh I? 

Channel 
12 

Sub"' bun n Conaete/Aspholt 12 12 

kurol ~ Nahve/Compoded N/A 6-8 

W,kJerne" N/A Nahve N/A N/A 

Conal N/A 17 12 

Riverine N/A N/A NuhvH N/A N/A 
--- - --- ---- - ---- ---- --

• Pleose refer to the Town of Buckeye Transportation Design Manual for recommended easement widths along Arterial Roods . 
All other easement widths will vary based on site topography, wash or channel design and other variables as determined by Town Stoff and will be identified on a case by case basis. Page 57 
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SETBACK SETBACK 

VARIES VARIES 
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VARIES 4'·5 ' light use VARIES 
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3.8 -Trails Theme "Rustic Sophistication" 

An important feature to any Trails Master 
Pl an is the overa ll trail theme. Based largely 
on input received from the Project Stakeholder 
meetings and comments received from the 
citizens of Buckeye during the Community 
Open Houses, the suggested theme will capture 
the proud western heritage of Buckeye's past, while 
celebrating the growth and d irection of present day 
Buckeye. Suggested materials and concepts are 
as follows : 

• Utilize natural or compacted tread surfaces 
where possible. 

• Natural materia ls such as stone, wood and 
native p lant materia l should be considered 
as the primary building and signage material. 

• Tasteful ly accented wayfinding and educationa l 
signage can be created with wrought iron, 
stacked stone, carved wood or steel. 

• Suggested materials shou ld be recycled, 
or environmental ly conscious in nature 
(solar powered lighting, compost bins , etc .) 

Page 73 



VI. Operation & Maintenance 

For the long-term operations and maintenance of the 
Buckeye trail system to succeed, the Town must first 
identify what is to be maintained, and who is respon
sib le for the trail maintenance. There are different 
entiti es that become responsible for trail ma inte
nance. Homeowners associations (HOA's), a private 
landowner, an utility/ canal operator, the FCDMC or 
the Town of Buckeye each may maintain a given 
stretch of trail throughout Buckeye . Because many 
different entities may mai ntain any given section of 
trail , a minimum set of operation and maintenance 
guidelines shou ld be established. Once the param 
eters of the system are defined, stra tegies, proce
dures and budgets can be implemented. 

Strategy 6 .1 - Building from the GIS plan base pro
vided in this Tra ils Master Plan , develop and inven
tory an operation and maintenance schedule and 
map that assigns responsible party, timing and allo
cated budget for each type of trail being developed . 

Strategy 6.2 - The Town of Buckeye wil l require a 
public dedication and be responsib le for the mainte
nance of all Landmark Trail s. 

Strategy 6.3 - Work wi th the Town Engineer and the 
Parks Division Departments to develop specific trail 
maintenance sta ndards for each trail classification type 
in Buckeye. Considerations for vegetation clearance, 
tread maintenance, erosion, berm removal and signage 
upkeep, man hours needed and a regular maintenance 
schedu le shall be incorporated . 

Strategy 6.4 -A preliminary maintenance schedule that 
guides the routine maintenance of all developed trails 
(regardless of the entity maintaining the trail) should 
include a regular maintenance cycle of approximately six 
months for shared use (or built environment) trai ls and 
one year for natural trails . The Town and privately main 
tained trails should share the same maintenance stan
dards to clarify expectations. 

Strategy 6.5 - The Town wi ll be responsib le for maintain 
ing all of the public trails not within an organized 
homeowner's association, thereby ensuring a consistent 
leve l of maintenance and care. 

Strategy 6 .6 -As add itiona l trail s are added to the Buck
eye trail system, the Town shall program additional op
eration and maintenance monies commensurate with 
the addition of said trails to the system. The amount of 
money needed for maintenance directly correlates to the 
Trai l Classification . 

Annual budgets can be determined using an average 
cost per mile (annual maintenance) mu ltipli ed by the 
miles of trails that are the Town's responsibility. 

Strategy 6. 7 - A regular cycle of maintenance or 
"maintenance reg ime" shou ld be established for every 
trail under the Town of Buckeye 's responsibility. Thi s 
same regime should be shared wi th private HOA's so 
they have an understanding of the Town's expecta
tions. 

Strategy 6.8 -An Eva luatio n Checklist shou ld be cre
ated to aid in the eva luation phase of the program . 
Thi s checklist should identify the trail standard, loca
tion , trail name, and notations of deficiencies. 

VII . Trail Development Guidelines 

This Trails Master Plan has introduced a series of new 
trail classifications for the Town of Buckeye as identi 
fied in Section 3.5. Included in thi s section are a series 
of trail development guidelines critical for trail devel
opment in the Town, either by projects initiated by the 
Town itself or on-going private deve lopment. This 
however, is not an exhaustive list of guidelines si nce 
the ultimate application of these standards will vary 
depending upon location, physica l impediments and 
cost . 

Page 56 
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NOTES 

1 ) Easement width wi ll vary based on flow characteristics 
and channel des•gn 

2) If the distance between top of slope to top of slope ts 
150' or less, on ly one tra il will be required 

3) If o nly o ne trail is provided, trai l access must be provided 
for the "non- trail " side at a minimum of 1/ 4 mile increments 

i 
10' 
min. 

t;; 
"' el u 

z ~ 0 
u 

------ +-12' 18" 
m in. 

"' ~ u 

i ~ 
u z 
0 
u 

ISO'' - -18" 12' 10' 
min . min. 

Va riable Easement Width ' 
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NOTES 

1 ) Easement width w ill vary based on flow characteristics 
and channel design 

2) If the distance between top of slope to top of slope is 
1 5' o r less, only o ne trail will be required 

-

... "' ': 

3) If only one tra il is provided, trail access must be provided 
for the "non. frail" side at a minimum of 1/ 4 mile increments 
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Minor Trailhead (typical) 

Af/NP;A-
~1;~ 

Trailhead Guidelines 

Qty I Parking 

30-100 

10-30 

1- All Major Trail heads provide for equestrian users 

' - All Community Parks to hove minor Trai l heads 

• -Equestrian Perking Requirements: 12' min. width, 15' preferred x 60' min. length. 70' length preferred 

Page 70 
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Dibbe 
Engineering 

Meeting Minutes 

Project: 
Date: 

Re: 

Watson Drainage System Pre-Design 
September 17, 2012-2:00 PM 
Project Coordination Meeting #3 

Contract: FCD 2012C003 
Dibble Project: 101206 

1) INTRODUCTIONS/ATTENDEES 

Gary Wesch FCDMC 

Scott Zipprich TOB 

Kevin Roberts DIBBLE 

Justin Beeler DIBBLE 

Josh Papworth DIBBLE 

Shimin Li FCDMC 

Bing Zhao FCDMC 

John Holmes 

Bob Stevens 

Gary Shapiro 

Gary Maiers 

Brian Fry 

John Griffin 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 

FCDMC 

FCDMC 

FCDMC 

FCDMC 

JE FULLER 

EPG 

·1 2) REVIEW OF MEETING MINUTES I ACTION ITEMS 

I 
I 
I 
I 
I 
I 
I 
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No. 

1 

2 

3 

4 

5 

6 

7 

8 

Action Item Responsible Person Status/Comments 
Set up meeting with Manual at TOB 

Kevin 
Received Manuel 's input 

to discuss TOB Waterlines after brainstorming mtg. 
Get UPRR culvert details thru OA Kevin OA gathering details. 
Dibble submittal - Base maps, Submitted and reviewed . 
Hydrology Memo, Data Collection Kevin Final submittal of Hydrology 
Memo Tech Memo by 9/21112. 
Prepare Geotech authorize request Letter provided to Gary W. 
letter 

Kevin 
Need additional information 
(access routes, alternative 
locations, pits vs trenches) 

Provide boring locations and access Need additional information 
paths in CAD file to Bob S. Justin B. (access routes , alternative 

locations, pits vs trenches) 
Get updated Trails MP info - see 

John G. 
Met with Town 

Bob Wisner at TOB, possible meeting Parks/Planners 8/8/12 
Provide sampling location map to Need additional information 
Shimin Justin B. (access routes, alternative 

locations, pits vs trenches) 
Provide Limits of cultural evaluation 

BobS. Complete 
to Dibble 

• Manuel provided markups for water/sewer lines on exhibit 
o Gary would like to have these proposed utilities added to the Existing Base Maps. 

• Rob Sachs needs to know soil sample type (bore vs trench) for each location 



Page 4 
10/2/2012 

• The Town of Buckeye is in the process of modifying the Town Trails Master Plan to adopt the ADMP 
channel alignments 

3) PROJECT SCHEDULE REVIEW AND STATUS 
a. Data Collection 

i. Complete 

b. Hydrology Tech Memo 

c. 

• 

• 

d. 

i. Final by 9/21/12 

i. 
ii . 

Geotechnical Optional Task Authorization 
Scott to look for Development geotech reports along alignments and near potential boring locations and 
provide to Dibble. 
Dibble to provide geotech boring location map to Scott, Bob, Rob . 

Alternatives Development 
Brainstorming meeting held 8/23/12 (see distributed exhibits) 
Comments received from 5 participants. 

2 participants commented that they "had no comments" 
1 participant reiterated the need for coordination with developers and Town planners as alternatives 
move forward. 
1 participant questioned why a one channel system with surge basin was not depicted in the 
alternatives. This option may have been discussed in a smaller group at the brainstorming meeting , 
but was not shown on the marked up exhibits produced by the groups at the brainstorming meeting . A 
single channel system would require several east-west laterals to drain the entire watershed to the 
single channel. The Watson alignment would be challenging for this channel , considering the planned 
Watson Parkway. This option is not being advanced due to apparent lack of support. 
1 participant provided additional information regarding planned utility lines in the project area. 
1 participant expressed a preference for Alt A or Alt B, but also expressed that the evaluation criteria 
would determine the preferred alternative. This participant also expressed the desire to provide a 
single crossing of the UPRR and the ANPP 96" reclaimed waterline. 

e. Alternatives Analysis 
• Scott mentioned that the TOB Town Manager has requested an internal discussion of the proposed 

alternatives (Steve C , Sheryl , Woody , Scott) . 
• Scott to invite Dibble representative to meeting to help with any questions that may arise. 
• Gary S mentioned high water table near Beloat where TOB inflow channels will be located . 

o May also want to check with Ron Whitler (TOB) on existing water table information 
o Scott mentioned that water level data may be available from Downtown SD project. 

i. Site Visit#2 (10/2/12 ?) 
• Gary requests site visit moved to October 151 (Monday) . 3-4 hrs in morning . Focus on alignment options and 

flaws with proposed alternatives. 
• Invite Manual (TOB) to site visit to identify utilities, etc. 

ii. Preliminary Alternatives Memo ( 1 0/19/12) 
iii. PAAC Meeting (10/23/12 ?) 

• PAAC mtg to come before public meeting. Date TBD. See handout attached to minutes. 
• Gary W. to identify potential data for invitees and schedule meeting invite. 
• Need to share photos of projects with John Griffin for potential use in PAAC exhibits. 
• Scott Zipprich encourages team to hold P AAC Mtg as close to 10/1 as possible . 

iv . Public Meeting (1 0/24/12)- possible to move to 1 0/25? 
• Will coordinate with Gant to select final date 

v. Alternatives Selection Meeting (10/30/12) 
• Date TBD 

vi. Final Alternatives Memo ( 11 /23/12) 
• Add a revised submittal of the Existing Conditions Base Maps (based on revisions with planned utility 

information from Manual. 
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Dibbe 
Engineering 
4) HYDROLOGY DISCUSSION 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 

a. Technical Memorandum Complete. Comments addressed . JE Fuller peer review complete. Final version to be 
submitted 9/21/12 

b. Other? 
• Justin to provide Land Use Code descriptions to Rob (Scoutten) for TOB review. Set up meeting for review if 

necessary. 
• Kn value should be reviewed for land use codes. Default value is 0.02 and will not be accurate. 

5) LANDSCAPE ARCHITECTURE DISCUSSION 
• Discussion of various lining options and typical sections based on velocities, drop structures, etc. 

6) RIVER MECHANICS DISCUSSION 
• No items for discussion 

7) UTILITIES DISCUSSION 
• Gary M. -Should has received information from all utility companies contacted thus far. 

8) TOWN OF BUCKEYE ITEMS 
• Scott is on the El Rio levee committee, may be resource for updates on that project 

9) ENVIRONMENTAL DISCUSSION 
• No items for discussion 

10) ANTICIPATED TASKS PRIOR TO NEXT MEETING 
a. Hydrology Tech Memo Finalized 
b. Site Vis it #2 (looking for fatal flaws of proposed alternatives) 
c. Prel iminary Alternatives Memo 

i. Alternatives specific hydrology models 
ii . Sizing of proposed facilities 
iii. Cost estimating 

• Unit prices will be based on median price values from recent project bid tabs 
iv. Development of evaluation criteria spreadsheet 

d. Invitations for Public Meeting #1 
e. Final Arrangements for PAAC Meeting #1 

11) ACTION ITEMS 

No. Action Item Responsible Person Date Due Status/Comments 

1 
Add utility info from Manual to base 
maps Justin 

Provide information to Rob Sachs 
2 regarding soil sample types (bore vs Kevin 

trench) 
Check for Development geotech 

3 
reports along alignments and near 

Scott potential boring locations and provide 
to Dibble. 

4 Invite Manual to Field visit #2 Kevin 

5 
Provide LU Code comparison review 

Justin 
data to Rob for TOB review 

6 
7 
8 

12) NEXT MEETING: Monday, October 15@ 9:00AM 



Watson Drainage System Pre-Design 
FCD 2012(003 

MEETING SIGN-IN SHEET 
Project Coordination Meeting 9/17/2012 

CHECK IN NAME SECTION/ FIRM PHONE EMAIL 

- "»~) Gary Wesch FCDMC 602.506.4592 ga(Ywesch@mail.marico[;!a.gov 

:375 Scott Zipprich Town of Buckeye 623.349.6217 sziQQrich@buckelleaz.gov 

Sean Banda Town of Buckeye 623.349.6215 sbanda@bucke11eaz.gov 

Amir Motamedi FCDMC 602.506.4871 amm@mail .marico[;!a.gov 

PI/ Bing Zhao FCDMC 602.506.3293 biz@mail.marico[;!a.gov 

I Rob Sachs FCDMC 602.506.4744 res@ mail.marico[;!a.gov 

CJJ+ John Holmes FCDMC 602.506.3320 jwh@mail.marico1:1a.gov 

/' 
Gant Wegner FCDMC 602.506.7841 gantwegner@mail.marico 1:1a.gov 

k?A5' Bob Stevens FCDMC 602.506.4073 rbs@ma il.marico1:1a .gov 

Harry Cooper FCDMC 602.506.2956 har[YCOOI:ler@mail.maricol:la.gov 

!lid/ Gary Shapiro FCDMC 602 .506.3076 ghs@mail .mariCOI:la.gov 

~l Gary M aiers FCDMC 602.506.0562 gsm@mail.marico1:1a .gov , 

~ Shimin Li FCDMC 602.506.4609 shiminli@mail.marico1:1a.gov 

~ Kevin Roberts Dibble 602.957.1155 kevin .roberts@dibblecorl:l.COm 

~ Josh Papworth Dibble 602.957.1155 josh .l:lal:lworth@dibblecorl:l.com 

//-~ Justin Beeler Dibble 602.957.1155 just in.beeler@dibblecorl:l .COm 

I/ 
\._ ~- ~~ ~ ruStlri:' ~ -~ 

~ Brian Fry JE Fuller 623.889.0166 X307 brian .fr:Y@ jefuller.com 
v 

Jeff Ford Olsson 602.748.1000 jford@oaconsulting.com 

~~ John Griffin EPG 602.956.4370 jgriffin@e1:1gaz.com 
' I -

Steve Nowaczyk Ninyo & Moore 602.243 .1600 snowacz~k@ nin~oa ndmoore.com 

Jeff Hamilton Hunter Contracting 480.892 .0521 jeffh@ h untercontracting.com 
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Meeting Minutes 

Project: 
Date: 

Watson Drainage System Pre-Design 
December 11, 2012 

Re: 
Contract: 

Dibble Project: 

ATTENDEES: 

Watson Pre-Design I Watson CFD 
FCD 2012C003 
101206 

Scott Zipprich (Town of Buckeye) 
Bob Wisener (Town of Buckeye) 
Eric Orsborn (Town of Buckeye) 
Woody Scoutten (WC Scoutten/Town of Buckeye) 
Scott Lowe (Town of Buckeye) 
Gary Wesch (FCDMC) 
Harry Cooper (FCDMC) 
Gant Wegner (FCDMC) 
David Schlief (APS) 
Randy Butler (APS) 
Mike Bouche (APS) 
Lara Serbin (Serbin Studio Architecture) 
Melody Zyburt (Stantec/BWCDD/RID) 
Donovan Neese (RID) 
John Griffin (EPG) 
Kevin Roberts (Dibble) 

PURPOSE OF MEEETING: 
The purpose of this Project Aesthetics Advisory Committee meeting was to discuss the preferences for the aesthetic 
character of the proposed Watson drainage system, from which project guidelines could be established. 

DISCUSSION: 

• "Form Follows Function" 

• Some of the UPRR culvert crossings are joint-use with RID for ta ilwater conveyance. Need to understand 
what the base flows and the maximum anticipated flows are in order to understand available excess capacity 
for flood control purposes. 

• The Town 's responsibility for maintenance will affect their input and preferences regarding the "form" 
(aesthetics) of the proposed facilities. 

• Is there a possibility of utilizing irrigation tailwater for proposed facility landscaping irrigation? Per Melody, only 
if existing tailwater flow path does NOT enter the delivery system. 

o If the current delivery system accepts tailwater, then this functionality must be maintained . THIS 
tailwater would not be available for irrigation of landscape improvements 

o But, much of the water in the Watson Drain is pumped de-watering flows. This system (pumps, etc ... ) 
is owned and operated by the Town of Buckeye and the resulting water MAY be available for irrigation 
of proposed landscape improvements. 

• Per Scott Lowe: Earthen channels lead to undesired vegetation year round and significant maintenance 
impacts to the Town of Buckeye. 

Watson Pre-Design Dibble Engineering 



• Per Melody: Need to restrict pedestrians from accessing RID and BWCDD canals. 

• Per Bob Wisener: The Town's Trails Masterplan shows trails along the RID and BWCDD, but would likely be in 
an easement adjacent to the canals 

• If irrigation laterals are relocated to be near main canals, then there will need to be landscape restrictions . 

• There is a possibility of utilizing the proposed trail along the Watson system channels in lieu of requiring 
sidewalks for adjacent parallel roadways. 

• The Town of Buckeye will look at the development code to evaluate flexibility regarding "trade offs" ... open 
space requirements, active recreation requirements, etc ... 

• Typically , will need to have an easement for dry utilities adjacent to any roadway facilty. 

• RID feeder ditch along the east side of Apache will probably need to be replaced with a 30" to 36" pipe. 

• The RID-preferred location for pipe laterals is under the sidewalk/trail system. 

• The proposed channels should not be turf-lined , UNLESS the developers are going to install and maintain it. 
o Active recreation requires turf. Developer have motivation to propose turf.3 
o Town wants to encourage developers to use open space credits on the interior of their developments, 

not just concentrated along the proposed channels. 

• Drop structures could utilize form liners to present appearance of irrigation canal turn-out structure, or some 
other like feature. 

• Need to develop an appropriate channel section for industrial areas (less aesthetic import) . 

• An earthen section for the channel represents "worst case" from a property requirement perspective. As such , 
earthen sections could be used for the alternatives evaluation, but need to make accommodation for the 
proposed Industrial Park. 

• If Alternative C moves forward (retention areas upstream of UPRR to utilize existing UPRR culvert crossings) , 
then the collection/retention areas will be used for passive recreation uses. 

• Southern-most reach of the system (Watson Drain) needs to be pedestrian friendly . The Town envisions 
heavy pedestrian/recreation use along the north side of the Gila River. 

• The Town of Buckeye does not want a bunch of Mesquite trees and Palo Verde trees. 

• The proposed system basins, with the exception of the Rainbow Basin should be passive open space areas. 

Watson Pre-Design 2 Dibble Engineering 
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Dibb 
Engineering 

Meeting Minutes 

Project: 
Date: 

Watson Drainage System Pre-Design 
October 15, 2012-9:00 AM 

Re: Project Coordination Meeting #4 
Contract: FCD 2012C003 

Dibble Project: 101206 

1) INTRODUCTIONS/ATTENDEES 

Ga ry Wesch FCDMC 

Scot t Zipprich TOB 

Kevin Roberts DIBBLE 

Justin Beeler DIBBLE 

Gant Wegner FCDMC 

Shimin Li FCDMC 

John Holmes 

Bob Stevens 

Gary Shapiro 

Ga ry Maiers 

Brian Fry 

John Griffin 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 

FCDMC 

FCDMC 

FCDMC 

FCDMC 

JE FULLER 

EPG 

I 2) REVIEW OF MEETING MINUTES I ACTION ITEMS 

I 
I 
I 

I 
I 
I 
I 
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No. 

1 

2 

3 

4 

5 

Action Item Responsible Person Status/Comments 
Set up meeting with Manuel at TOB 

Kevin 
Site meeting scheduled for 

to discuss TOB Waterlines Wed 10/17 
Provide additional details regard ing 
soil sampling (revised locations, Kevin 
borings vs. trenches) 
Schedule meeting with RID/BWCDD 

Kevin 
- Melody Zyburt 
Schedule meeting with APS 

Kevin 
(PVWRF) - Randy Butler 
Provide geotech reports for 
developments within study area to Scott Z 
Dibble 

• Scott mentioned that the new 16" water line will be placed on an alignment very close to the existing sewer 
(-7' deep) which has already been abandoned and will be removed when the new water line goes in . 

• The available ROW between the Walmart property and the railroad is limited . 
• Kevin has a meeting planned with Manuel in Buckeye on Wednesday (1 0/17) to review the planned 

sewer/waterlines here. Manual will have plans with him in the field . The Dibble base files will be updated 
based on the proposed waterline design . 

• Scott recommended contacting Rob at Waterworks to obtain the electronic base files for the waterline . 
• Soil samples for new proposed locations will be emailed to Gary. 
• Scott to check with Scoutten office about existing soils reports for developments 
• Kevin to schedule meeting with irrigation canal companies. Melody Zyburt- was at PAAC mtg . Melody 

supplied an exhibit showing canal location/functions. 
• Gary suggests obtaining digital files from Melody for the canals and hopefully show the function . 
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• We need to have a good understandtng of the existmg irngation faciltttes and their capacities. A profile 
showing HGL's for tailwater and delivery levels would be helpful. 

• We won 't antictpate mixing tailwater or delivery flows in our flood control channels in the northern half of 
the study area since the tailwater will need to be reused in the downstream fields. For the southern half in 
the "Watson drain", the low flow channel will need to adequately convey any irrigation flows currently 1n the 
channel or a separate system will need to be designed to convey it 

• A meeting will be planned with Randy Butler from APS. Randy mentioned that there doesn't appear to be 
any existing dipped sections in the APNN line which would allow for a crossing over the line. Currently it ts 
5-6' of cover 

• Gary mentioned that we need to assemble the limitations and cntena from APS & UPRR, etc for channels 
within their ROW 

• Gary mentioned that Evergreen Properties is a stakeholder withtn the study area They own 7 properttes 
in the area and should be included in future stakeholder meetings. 

• Gary would like to see an action item added to schedule a Stakeholder meeting at the Town in January 

3) PROJECT SCHEDULE REVIEW AND STATUS 
• Hydrology Tech Memo 

i. Final by 10/19/12 
Received feedback form WC Scoutten regarding landuse parameters 

• PAAC Meeting #1 
i. Held Thursday 10/11 

Town expressed concerned regarding maintenance costs of system 
Open to turf lined channels in northern areas, but do not want developers to rely on this facili ty for 
open space/active recreation credit 
Suggested we move forward with the "worst case" channel section with respect to ROW 

ii. Discussion : 
• Not a lot of concern with the aesthetics of the project Laura Serbtn , an architect at the PAAC meettng , 

expressed interested in maintaining only historic plant life in the proposed channels Laura also wants to 
retain the extsting salt cedars in the area 

• Kevin said that Scott Lowe from the Town menttoned that maintenance costs wtll drive the town 
preferences on channel lining. 

• Gary said that for the Alternatives Analysis, the Southern portions (FCDMC constructed portion) , a 6H 1V 
slope with rock mulch should be considered for use on the side slopes. The channel will be hydroseeded 
along the bottom. Some planting to be considered in the n-value used. Sides to be protected with rock 
mulch. We need to establish what the ultimate condition plant density will be to establish the high n-value 
The "Composite" section should be considered for the southern section 

• Gary said that a concrete channel should only be looked at for low flow channels only . 
• For the Northern section , we should evaluate the alternatives for the maximum section option , which is the 

earth lining . Developers may want to see Turf be used for a visual appeal adjacent to the roadways 
• Scott recommended that channel drop locations be aligned to occur at existing irrigation crossing 

locations 

• Alternatives Analysis 
i. Preliminary Alternatives Memo (11/9/12) 

ii . Alternatives Selection Meeting (11/28/12) 
iii. Final Alternatives Memo (12/21 /12 ) 

4) HYDROLOGY DISCUSSION 
• Technical Memorandum Complete. Comments addressed. JE Fuller peer review complete. Final version to be 

submitted 10/19/12. 
• Request from Hubbard Engineering (industrial park) for current model 

• We have Existing conditions model from the ADMP, an ADMP Recommended plan model , and our base 
conditions Watson Pre-Design model. 

• Scott told them in the last meeting that they need to use the Existing conditions ADMP model or the 
Developed condition recommended plan model- whichever flow was higher Or prepare an updated 
model based on developed conditions using NOAA 14 flows which the town and FCDMC would need to 
review. 
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Dibble 7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel (602) 957-1157 
Fax {602} 957-2838 Engineering 

• Kevin would like to see them hold off until we have an updated optimized model for the Watson Pre
Design . 

• Gary has provided Hubbard with the Existing Condition model which is the current governing model for the 
Town of Buckeye. This model should satisfy their request for a model at this point 

• Will need a Stakeholders meeting eventually and Hubbard would be invited . No models will be released to 
the public from this project until the Pre-Design hydrology is set- -6 months from now. 

5) LANDSCAPE ARCHITECTURE DISCUSSION 
• No items for discussion 

6) RIVER MECHANICS DISCUSSION 
• No items for discussion 

7) UTILITIES DISCUSSION 
• No items for discussion 

8) ENVIRONMENTAL DISCUSSION 
• No items for discussion 

9) PUBLIC INVOLVEMENT DISCUSSION 
a. Public meeting #1 

i. Date: Wednesday 10/24 
ii. Location: Town Hall (Executive Conference Room) 
iii . Time: 6:00-7:30PM (staff there at 5:00PM) 
iv. Exhibits for FCD review (1 0/15) 
v. Exhibits finalized for printing and mounting (1 0/17) (By end of the week at the latest for FCDMC mounting) 

• John to update PAAC presentation for public meeting. Boards will be needed to show the typical sections 
along with photos of channels showing these channel types. 

• Gary said that a PDF of the Alternative options is adequate for them to print the exhibits and mount them. 
• One additional board showing the Base ADMP option along with contours needs to be prepared and sent 

to Gary to be mounted. 

10) TOWN OF BUCKEYE ITEMS 
• Gary mentioned that AZ Game & Fish are stakeholders because they own the land near the outlet into the 

river (Robin Buttes preserve) . 
• Scott mentioned a potential design flaw. United Metro Materials owns the property on both sides of the 

Watson Drain and it may be cost prohibitive to purchase the land from them for the channel through this 
area. 

11) ANTICIPATED TASKS PRIOR TO NEXT MEETING 
• 
• 
• 
• 
• 

i. 
ii. 
iii. 
iv. 

• 

Final Hydrology Tech Memo 
Meeting with Town regarding planned utilities 
Meeting with RID & BWCDD regarding requirements 
Meeting with APS regarding 96" ANPP line requirements 
Preliminary Alternatives Memo 

Alternatives specific hydrology models 
Sizing of proposed facilities 
Cost estimating 
Development of evaluation criteria spreadsheet 

Public Meeting #1 



12) ACTION ITEMS 

No. Action Item Responsible Person 

1 
Set up meeting with Manual at TOB 

Kevin 
to discuss TOB Waterlines 
Provide additional details regarding 

2 soil sampling (revised locations, Kevin 
borings vs. trenches) 

3 
Schedule meeting with RID/BWCDD 

Kevin 
- Melody Zyburt 

4 
Schedule meeting with APS 

Kevin 
(PVWRF)- Randy Butler 
Provide geotech reports for 

5 developments within study area to Scott Z 
Dibble 
Schedule Stakeholder meeting at 

6 TOB for January Gary 

7 
EPG and Dibble to prepare exhibits John , Kevin 
and presentation for Public Meeting. 

8 

13) NEXT MEETING: Monday, November 5@ 9:00AM 

Date Due 

10/17/12 

Status/Comments 

Page 4 
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Site meeting scheduled for 
Wed 10/17 

Request digital files , HGL 
profiles 
Assemble limitations, 
channel criteria within ROW. 

Assemble stakeholder list 
(APS, Evergreen, Hubbard, 
AZ G&F, UMM, etc) 
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ADMP Channel 

Existing Railroad Culvert Locations 

Watson Road Future Bridge 

Concentration Point 

ADMP Basin Location 



ADMP Channel 

Existing Railroad Culvert Locations 

Watson Road Future Bridge 

Concentration Point 

Watson Subbasins 

Alternative A Basin 

ADMP Basin Location 

~ ~ Alternative A Conveyance 

....._ -+-- Downtown Buckeye Outfall Channel 
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ADMP Channel 

Existing Rail road Culvert Locat ions 

Watson Road Future Bridge 

Concentration Point 

Watson Subbasins 

ADMP Basin Location 

....__ --...- Alternative B Conveyance 
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ADMP Channel 

Existing Railroad Culvert Locations 

Watson Road Future Bridge 

Basin Connection Culvert 

Concentration Point 

Watson Subbasins 

ADMP Basin Location 

Shallow Storage Basin/Channel 

~ ~ Alternative C Conveyance 

Downtown Buckeye Outfall Channel 
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Watson Drainage System Pre-Design 

Channel Examples 

CONCRETE RIPRAP 

e 

EARTHE N WITH HYDROSEED EARTHEN WIT H ROCK MULCH 

280 1 West Durango Street, Phoen ix, Arizona 85009, (602 ) 50 6- 1501 

Dibble 
Engineering 
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RIPRAP DROP EXAMPLES 
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AT SYSTEM ORI41N (S/<.YLINE ~410NAL PARK) 
AND OUTFALL (41LA RIVER) 

7 - ACCOMMODATE ~QU~STRIAN USE 
(POT~NTIALLY ONE ROUTE ONLY) 

BUFFER FUNGTIONS 
8 - PASSNE OP~N SPACE/WILDLIFE HABITAT 
q - SOFT~N CHANN~L APP~RANCE 
:l-0 - ~XT~ND 41LA RIVER CHARACTER INTO 

THE WATSON DRAINA4E SY~M 

• O&M ROAD AND TRAIL ZONE DIM~NSIONS FROM 
TOWN OF BUCK~YE TRAILS 1-fASTERPLAN 

www.fcd.ma ricopa.gov 
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D bl 
ngineering 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 

Project: 
Date: 

Re: 
Contract: 

Meeting Minutes 

Watson Drainage System Pre-Design 
November 5, 2012-9:00 AM 
Project Coordination Meeting #5 
FCD 2012C003 

Dibble Project: 101206 

1) INTRODUCTIONS/ATTENDEES To be updated 

Gary Wesch FCDMC John Holmes FCDMC 

Scott Zipprich TOB Bob Stevens FCDMC 

Kevin Roberts DIBBLE Gary Shapiro FCDMC 

Justin Beeler DIBBLE Gary Maiers FCDMC 

Gant Wegner FCDMC Brian Fry JE FULLER 

Shimin Li FCDMC John Griffin EPG 

2) REVIEW OF MEETING MINUTES I ACTION ITEMS 

No. 

1 

2 

3 

4 

Action Item Responsible Person Status/Comments 
Provide additional details regarding Data provided. Approved? 
soil sampling (revised locations, 

Kevin Need to provide 
borings vs. trenches) authorization letter for 

optional task. 
Schedule meeting with RID/BWCDD 

Kevin Complete - Melody Zyburt 
Schedule meeting with APS 

Kevin Mtg scheduled for 11/6 (PVWRF) - Randy Butler 
Provide geotech reports for 
developments within study area to Scott Z 
Dibble 

• Kevin to prepare soil boring authorization letter 
• Soil boring location south of Beloat is not in public ROW Move it to Beloat ROW in the shoulder 
• Discussed meetings with RID & BWCDD. Melody to provide digital data for exhibits. Other requirements 

for both irrigations companies for channels were received . 
• Meeting with APS scheduled for 11/6. One possible location with 7-8' of cover. However, if we can go 

over ANPP, we would still need to go under BWCDD. 
• Irrigation companies prefer that we avoid siphons of delivery lines due to sedimentation . Possibilities to 

pipe over their channels or reduce conflicts based on spacing drop structures appropriately. 
• Scott to request geotech reports for developments within study area. 
• Public meeting was well attended (25-30) . Lots of concern about system and property impacts. Some 

owner claiming that they had final plats ready. 
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• Met with Jeff Garrett of Evergreen to learn more about Watson Road Communities Facilities District 
(CFD). CFD started in 2005 and has invested -$30 million in water/sewer infrastructure. An additional 
$49 million is planned. Assessment of fee 's has not yet been handed off to parcels. To acquire a site for 
a basin or channel will require more than just condemning the property , but wil l also need to assume debt 
from CFD and complicates the land acquisition process Planning to have additional meetings to discuss 
impact to project caused by CFD. 

• CFD may result in need to go with a pipe option instead of open channel. 
• Schedule adjustments based on CFD findings are expected to be necessary. 
• Kevin to reissue PDF of schedule via email after we have a better understanding of the CFD issues. 
• Greg mentioned that we will need to get direction from the Town on how whether the CFD or the ADMP 

will take precedence. 
• Discussion of Town staff involved in the ADMP process- Mike Manola and Dave Showen are no longer 

with the Town . 
• Scott mentioned that CFD debt will day with the land and get redistributed at the platting stage to final lots. 

Based on lots that will utilize the sewer/water services. Developers concerned that if property spaces are 
lost to channel that this would increase the debt assessed to the remaining lots At this point CFD 
assessments are done on an acreage basis - $25K per acre Brian noted that it would be beneficial to 
acquire the property prior to recording of final plat 

• Scott is trying to change the development code to force developers to record their final plats when they are 
approved by the town council. In Buckeye, preliminary plats do not expire. Construction drawings expire 
after 1 year. 

• Developments were required to address 1 00yr6hr offsite discharges. May be a way to account for this 
conveyance handled by development 

• Discussion of possible relocation of Maricopa Basin . 

• 

3) PROJECT SCHEDULE REVIEW AND STATUS 
• Discussion of geotech work and request to see this added to schedule. Environmental approval expected 

to take 4-6 weeks . Shouldn 't show completion of approval for 4-6 weeks out 

• Hydrology Tech Memo 
i. Final to be provided this week 

• Public Meeting #1 
i. Held Thursday 10/24 

Well attended 
Land owners expressed concerns over final plats 
Community Facilities District exists within Watson watershed that has encumbered properties with 
debt. .. may be more complicated to acquire properties for flood control. .. discovery process ongoing . 

• Meetings held with BWCDD and RID 
i. Both agencies provided description of how system works, and requirements for crossings/joint use, etc ... 

• Alternatives Analysis 
i. Discussion to be held this afternoon regarding how to proceed with alternatives analysis, and potential 

impacts to the schedule. 

4) HYDROLOGY DISCUSSION 
• Hydrology Technical memo to be reviewed , stamped and submitted this week. 

5) LANDSCAPE ARCHITECTURE DISCUSSION 
• Some discussion by John Griffin regarding the channel buffer zones and discussions with Bob- inaud ible. 

6) RIVER MECHANICS DISCUSSION 
• No items for discussion 

7) UTILITIES DISCUSSION 
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D1bbl 
Engineeri g 

• No items for discussion 

8) ENVIRONMENTAL DISCUSSION 
• No items for discussion 

9) PUBLIC INVOLVEMENT DISCUSSION 
• No items for discussion 

10) TOWN OF BUCKEYE ITEMS 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 

• Discussion of Industrial site and channel through this site . Possible land upstream of site set aside for 
purchase to construct detention basin to reduce offsite flow. 

• Kevin suggests a meeting facilitated by the town with the industrial site engineer (Hubbard ). 
• Industrial engineer claims reduction in flow from 1,200 cfs to 400 cfs based on NOAA 14 rainfall change. 

Could be related to difference in time interval from 5 minutes to 15 minutes. 

11) ANTICIPATED TASKS PRIOR TO NEXT MEETING 
• Meeting with APS regarding 96" ANPP line requirements 
• Progress on Alternatives Evaluation 

i. Understanding of impacts of existing CFD in watershed 
ii. Alternatives specific hydrology models 
iii . Sizing of proposed facilities 
iv. Cost estimating 
v. Development of evaluation criteria spreadsheet 

12) ACTION ITEMS 

No. Action Item Responsible Person Date Due Status/Comments 

1 
Prepare soil boring authorization Kevin 
letter 
Scott to request geotech reports for 

2 developments within study area. Scott Z. 

3 
Add geotech work and env review to 

Kevin schedule 
4 
5 
6 
7 
8 

13) NEXT MEETING: Monday, January 7@ 9:00AM(?) 
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Dibble 
Engineering 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. {602) 957-1157 
Fax {602} 957-2838 

Meeting Minutes 

Project: 
Date: 

Re: 
Contract: 

Watson Drainage System Pre-Design 
January 7, 2013- 9:00AM 
Project Coordination Meeting #6 
FCD 2012C003 

Dibble Project: 101206 

1) INTRODUCTIONS/ATTENDEES 

Gary Wesch FCDMC Harry Cooper FCDMC 

Scott Zipprich TOB Bob Stevens FCDMC 

Kevin Roberts DIBBLE Gary Shapiro FCDMC 

Justin Beeler DIBBLE Gary Maiers FCDMC 

Rob Sachs FCDMC Brian Fry JE FULLER 

Shimin Li FCDMC John Griffin EPG 

John Holmes FCDMC 

2) REVIEW OF MEETING MINUTES I ACTION ITEMS 

No. Action Item Responsible Person Status/Comments 
Provide geotech reports for 

1 developments within study area to Scott Z Complete 
Dibble 

2 
Prepare soil boring authorization 

Kevin Complete 
letter 

3 
Add geotech work and environmental 

Kevin Complete (estimated) 
work to schedule 

4 
Address comments/finalize 

Dibble In process 
Hydrology Technical Memorandum 

• Review of meeting minutes and action items completed . 
• Geotech reports were provided by Town 

3) PROJECT SCHEDULE REVIEW AND STATUS 
• CFD Impacts 

i. Alternatives analysis to proceed 
Minor revisions to alternatives are probable to minimize impact to CFD properties 

• Per Gary W, the ADMP shows facilities that conflict with already platted developments (ie, Windgate East) 
and will be in conflict with the base condttion alignment. 

• Hydrology Tech Memo 
i. FCDMC Comments issued 12/18/2012 

Typos 



• 
i. 
ii. 
iii. 
iv. 
v. 

Modeled retention volumes for existing developed areas 
Truncated unit hydrographs- use FCDMC model results 

• In process of addressing the comments and preparing an approved model for the base condition. 

Page 4 
1/15/2013 

• Most existing basins were designed for 1 OOYr, 2Hr (NOAA2) + 1ft of Freeboard . Sundance used 1 OOYr, 
6Hr. Need to determine how to handle existing retention . 

• Need to determine which reports we're missing and need. 
• A meeting needs to be held with John Holmes (and others?) to determine best approach and to finalize 

base hydrology model. 

Meetings held with : 
BWCDD 
RID 
APS 
Evergreen 
Walton 

• Geotechnical Testing 
i. Optional task authorized 
ii. Map has been sent to sub-consultant with request for work to be scheduled 

• Schedule will be updated once Geotech sub-consultant (Ninyo and Moore) has a chance to schedule the 
work. 

• Alternatives Analysis 
i. Channel Section Design Charette scheduled for 1/23/13 at TOB (8 AM -12 PM) 

Channel configuration discussion 
Components for conveyance/maintenance/multi-use 
Relationship/interface with arterial roads and existing irrigation facilities 

ii . Development of "Typical Approach" for probable conditions: 
Road crossings 
Drop structures 
Irrigation laterals 
Canal crossing 
ANPP crossing 
UPRR crossing 
Waterline relocation 
Gila River discharge location 
Other? 

• Per Gary, the purpose of the Charette is to get Town staff input prior to reaching the Recommended Plan 
level. 

• Initial understanding was that the Town would lead the discussion . However, Scott mentioned that the Town 
assumes that the meeting will be similar to the PAAC meeting and run by others. 

• Based on a post-meeting discussion , it was decided that EPG would prepare a "preview packet" to list the 
goals of the meeting and responsibilities expected by various parties. The packet is to be prepared by this 
Friday. (TASK COMPLETE- distributed via emai/1114113) 

• There will need to be a discussion of the various uses allowed within the channel ROW, such as: conveyance, 
trails, open space, retention , etc. (Discussion scheduled for 1115113) 

iii . Cost Estimating Spreadsheet to be assembled by Dibble 
iv. Evaluation Criteria Spreadsheet to be assembled by JEF 

4) HYDROLOGY DISCUSSION 
• An offline meeting is necessary to document the preferred approach to addressing the onsite retention 

calculation for the Watson Pre-Design project. 

5) LANDSCAPE ARCHITECTURE DISCUSSION 
• No items for discussion 

6) RIVER MECHANICS DISCUSSION 
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Dibbe 7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 Engineering 

• District to review geotech reports from Town for relevant information useful for this project 
• Some discussion of recommended outfall design concept at the Gila River and project termination 

location . 
• Need to determine if data for Gila river is available to establish outfall conditions hydraulic control (1 0 yr in 

Gila & 100 yr in Channel , vs. 100 yr in Gila & 10 yr in channel) 
• Impacted ADWR well sites will need to be identified and accounted for in the cost for each alternative. 

Additional data for each "permitted" well is available on an ADWR interactive website. 
• Some discussion on required effort to cap a well or relocate and the associated estimated costs. One 

estimate from Scott to relocate a large commercial well is approximately $1 million. 
• The preferable solution is to keep the runoff within an extended culvert to avoid a wide channel 

conflict with an existing well. 
• Melody provided information on various private wells (Global waterNalencia) in the area. 

7) UTILITIES DISCUSSION 
• No further action until a preferred alignment is selected 
• Gary to obtain cost information for crossing various utilities and canals from the recent L303 channel 

project. 

8) ENVIRONMENTAL DISCUSSION 
• Some discussion of where the 404 jurisdictional boundary line for the river will be. 
• Bob Stevens disagrees with the most recent delineation of the wash for the El Rio project and believes 

that the JD boundary will be right at the northern bank. Further discussion with the Corps is necessary 
Bob to follow up. 

9) PUBLIC INVOLVEMENT DISCUSSION 
• No items for discussion 

10) TOWN OF BUCKEYE ITEMS 
• No items for discussion 

11) ANTICIPATED TASKS PRIOR TO NEXT MEETING 
i. Soil Borings 
ii. Channel Section Design Charrette 
iii. Development of Typical Design Approaches 
iv. Development of Cost Estimating Spreadsheet 
v. Development of Evaluation Criteria 
vi. Develop Gila River outfall design concept 

12) ACTION ITEMS 

No. Action Item Responsible Person Date Due Status/Comments 
Determine additional drainage 

1 reports needed. Set up meeting to Kevin 
discuss retention approach. 

2 
Discussion of 404 limits with the Bob Stevens To be completed this month 
Corps. 

3 
Obtain cost information from recent 

Gary Maiers 
L303 channel project 

4 
Get soil boring sub to provide 

Kevin 
schedule and commence work. 

5 Prepare for Design Charette All 

6 
Prepare typical design approach 

Kevin 
concepts for anticipated conditions to 



be presented at design charette 
7 Develop Cost Estimate Spreadsheet Kevin 

8 
Develop Evaluation Criteria Brian Fry 
spreadsheet 

13) NEXT MEETING: Monday, February 4@ 9:00AM 
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FLOOD CONTROL DISTRICT OF MARICOPA 
COUNTY 
2801 W. Durango Street 
Phoenix, AZ 85009 

TOWN OF 
BUCKEYE 
530 E. Monroe Avenue 
Buckeye, AZ 85326 

8 - A 
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C I 
K r z 
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MEETING MINUTES- DESIGN CHARRETTE January 23. 2013 

PROJECT NAME: Watson Drainage Project - Predesign 

PURPOSE: Town of Buckeye Design Charrette Meeting: 8:00AM -12:00PM 

LOCATION: Town of Buckeye- Buckeye Conference Room 

MEETING DESCRIPTION 
A participatory interactive meeting intended to: 

Gather input from Town of Buckeye staff and representatives 

Foster creative, actionable multi-functional design and implementation solutions for the channels and 

basins being considered for the Watson Drainage Project. 

MEETING ATTENDEES 
Buckeye: Adam Copeland, Andrea Marquez, Ed Boik, Fred Sanchez, Larry Harmer, Robert Weisner, 

Scott Lowe, Scott Zipprich, Woody Scoutten, 

FCDMC: Gary Wesch, Harry Cooper 

Dibble: Kevin Roberts 

EPG: John Griffin 

JE Fuller: Brian Fry 

Meeting Objectives: 
I. Reach consensus regarding channel configurations 

II. Reach consensus regarding appropriate buffer widths 

III. Identify the Town 's vision for th is area 

a. As identified in the PAAC, the Town would li ke to see solutions that are responsive to 

the specific land uses and settings rather than a "one-size-fits-a ll" approach. 

b. Future Town Lake @ Gila River connected to the Downtown via multi-modal 

transportation (i.e.- multi-use paths or trails). 

c. Maricopa Channel alignment to provide a direct connection to Downtown Buckeye 

d. Apache Channel - coordination with development along this route is critica l. Existing 

Watson CFD is an example constraint. 

e. 231st Channel - Most conducive for extended trail connections to recreational areas. 

Town noted that the planning for the future is focused on becoming a great City. 

Amen it ies such as an equestrian t rail along this route may be difficu lt to implement 

today but should not be precluded by current planning. 

f. Watson Drain channel alignment- No current development plans for this area. Town 

envisions Watson Drainage facilities in this area as temporary as future unidentified 

development will likely modify what gets built. Should not preclude a range of 

development options (i .e. - suburban or commercial) . 
N . Other Town of Buckeye objectives identified in the meeting include: 

a. Consider options for how to acquire needed right-of-way 
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b. Consider incentives for developers to participate 

c Consider multi-use opportunities that can be incorporated into the plan 

General Discussion and Results 
L Duri ng the meeting, the charrette team identified 4 distinct "characters" that exist in this area 

a. Suburban residential 

b. Downtown 

c Industrial 

d. Riparian - (This area is not anticipated to experience development for many years) 

IL These characters lead to the identification of the following five reaches, each to have their own 

distinctive channel configuration and character 

a. Watson-Gila 

b Maricopa Rd 

c Apache Rd 

d. 231st residentia l 

e. Industrial area (includes Walmart distribution center, railroad, future industrial) 

Discussion of each reach is summarized in the narrative below as wel l as the Channel Configuration 

Summary Table at the end of these minutes. 

IlL Watson at Gila outlet 

a. Utilitarian - (This area is not anticipated to experience development for many 

years)Not a near-term res idential development area 

b. Concrete lined was considered an option Minimizing maintenance is the primary 

factor. Allowing for future flexibility is second. 

c Don 't want to create an unintended wetland at the downstream end (becomes 404 

issue for future development creates problems that do not currently exist) 

d. Limitations on clearing & maintenance if wetland 

e. Town does not see it as a turf channel 

f. High ground water will encourage vegetation to grow rapidly 

g. Hardened channel helps dewatering 

h. Must be able to maintain with large equipment 

i. Riprap was removed as an option. Vegetation can still grow through it makes it 

difficult to maintain. 

J Earthen, mowable. maintainable is most desirable to the Town 

k. Need 6:1 side slopes for mowing 

I. 14ft wide O&M road both sides 

m. 40 ft buffer both sides 
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IV. Maricopa Road 

a. 40ft buffer 

b. Collector road usually includes a 10-20 ft buffer 

c. Reduce buffer for adjacent lower classification road 

d. If trail on opposite side of road, less cross traffic across channel 

e. Problem getting users over to intersection at road crossings, they tend to jaywalk 

across road 
f. If trail on road side, buffer to include ROW /PUE/Irrig(Trail & 5-10 ft space on 

residential side 
g Composite section of pipe under channel -Town likes this option unless Town owns 

pipe 
h. Turf surface-depends on developer, might prefer decomposed7_granite. 

1. Private development may convert turf to rock if not active and to conserve water 

j . Farmers responsible for ta ilwater connection to relocated irrigation, might use siphon 

under channel 
k. Developer on NE quadrant of Maricopa/Apache might be al lowed to use potential 

regiona l basin site at that location for onsite retention 
I. Development or commercial signage can be allowed near channel road side on 8-12 

ft footing 

V. Apache Rd/231st Ave . 
a. Interim development, put channel in place, spreader at downstream side 

b. Dove Cove-owner coord inated point discharge with downstream owner/developer 

c. Channel lining-
d. gunite with boulders, aggregate seeding-discourages skateboard ing 

e. reinforced with welded wire fabric 6x6 

f. no credit for open space 
g. if gunite assumed, less attenuation of flows, alternatives proposed by developers 

would increase attenuation (drops, earthen) 

h. turf-could allow cred it for open space 

i. consider using a low flow plus a terrace area for onsite retention within channel ROW 

J. 231st may have equestrian trai l (in bottom of channel? Or next to multi-use?) 

VI. Industrial Area 
a. W. Scoutten-Watson road is major arteri al, not parkway section 

b. Do trail crossing of UPRR & cana l at Watson? 

c. Channel in industrial area shou ld require min imal land 

d. Want to get people through, not encourage them to linger. Minimal right-of-way is 

desired by Town. 

e. Concrete lining ok, must be safe. Max. 4:1 side-slope so safety railing is not required. 
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VII General Discussion Items 

a. Scott Lowe- Town is very concerned about maintenance costs associated with proposed 

faci lities. It is d ifficu lt to separate this concern from other "factors ", even at this stage of 

the project 

b. ROW acqu isition costs 

1. "How to acquire?" is a concern for the Town. Channel configurations need to 

account for developer-driven implementation. 

ii . What incentives to developer to donate to Town? 

a Open space credi ts (passive vs. active). Act ive requi rement is driven by City 

ord inance Level-of-Service (LOS) requ irements. Passive is determined on a 

case-by-case basis. 

b. Combination of channels and buffers with required street setbacks could be 

an incentive and encourage irrigated, maintained landscape in the channel 

corridor. 

c. Consider the need for monument signage. Developers need to advertise their 

developments At road intersections, consider signage easements in 

con figuring channels. Cou ld be an incentive for developers as well. 

d Can onsi te retention be incorporated into the channel? 

e. Landscape buffer zone location/requirements will either encourage 

participation or be a constra int Identified channel configurations were 

developed based on the charrette participant's understanding of the 

development need as well as the integration of mu lt iple functions within the 

corridor. 

c. Town guidelines could be used to establish unified theme - Adam mentioned special 

channel corridor design guidel ines similar to streetscape guidelines could be developed 

d. For industrial users, reduction of a floodplain can be incentive to allow for use of the site 

e. Woody-Town Lake on Gila River, use channel system to faci litate a trail connected to 

Town Lake 

f Easement over underground conveyances was considered desirable. The Town liked the 

idea of a turfed swa le over top of a conveyance stormdrain where practicable 
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Channel Configuration Summary Table 

Side 
Buffer O&M Side Slope 

Reach I Lining (L) Road (L) Slope (L) Bottom Width (R) 

Earthen 
10' (Concrete low-Watson Drain 

I 
with 

(Near Gila) mowable 
40' 14' 6:1 flow) + 10' min each 6:1 

hydro seed side for equipment 

Earthen 
10' (+ 24' if 

with rock As needed Maricopa Road I mulch or 
irrigation nla 6:1 

hydraulically 
6:1 

turf 
relocation) 

Gunite with 

Apache Road 
aesthetic 

(included As needed I treatment 60' 6:1 I 4:1 4:1 I 6:1 (North) in 60') hydraulically (i.e. - Fiesta 
Ranch) 

(included 
As needed 23tst Ave I Turf 40' in40' 6:1 

hydraulically 
6:1 

buffer) 

Industrial Area I Concrete 20' 
14' + 5' 

4:1 As needed 
4:1 

Buffer hydraulically 

O&M Buffer 
Road (R) (R) 

14' 40' 

nla 40' 

nla 10'-15' 

(included 
in 40' 40' 

buffer) 

nla 10' 



I. 20' 14' 

BUFFER . I. O&M . I 
ROAD 

40 ' 

INDUSTRIAL REACH 
MINIMUM SECTION REQUIREMENTS 

5' I . TW 

~ ·:• . . r -· , C=oro~ • . . '1. 
BW 

INDUSTRIAL REACH 
MINIMUM SECTION REQUIREMENTS 
UNDERGROUND PIPE ALTERNATE 

30' 
R/W ~------------------~ 
ROAD 

0 

231ST REACH 
MINIMUM SECTION REQUIREMENTS 

TW 

10' .I . 

.1~; 

40 ' 

TRAIL, LANDSCAPE, O&M, TRAIL, LANDSCAPE, O&M, 
EQUESTRIAN, OTHER EQUESTRIAN, OTHER 

-~ ~· 
'"" L~ '""'"T""'"'":=""'] -"/•• . 

N.T.S. 

.I 
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APACHE REACH 
MINIMUM SECTION REQUIREMENTS 

18' -
60' TW 10'- 15 ' 

IRRIGATION, O&M, TRAIL, I I I DEVELOPMENT 
LANDSCAPE, PUE, 40' 

BUFFER, OTHER 

~nr-----------------~ ~--------

GunJteLining ~¥~ ~. ~~;:;=BW~~~~~~ ~ 

MARICOPA REACH 
MINIMUM SECTION REQUIREMENTS 

10' TW 40 ' 
DEVELOPMENT I . . I • "I . TRAIL, LANDSCAPE, PUE, • I MARICOPA 

IRRIGATION, OTHER ROAD 
-
-------::; ~"-'~'I"Y--r:;f.6~'/i.:.;;· l~V~3t:Jl;20'>2Cl"2C~~~~q?(ii'~6H: 1 V ii':-<' ... ~/ 

" ~ - - ~~ - ,,....,, Roch Mulch 

10' 24' 
LS IRR 

or Turf Linino 
BW 

1------------~-1 

DEVELOPMENT I • . I" "I CHANNEL 

40 ' 

BUFFER 

I 

-----.::::::__ 

14' 

O&M 
ROAD 

(24' if Irrigation J 

WATSON DRAIN REACH 
MINIMUM SECTION REQUIREM ENTS 

TW 

10' 
10' CONC. 10' I 

~~ · . I" .I. - ~~ 

Concrete Lining~ 

14' 40' 

I 
O&M 

I 
BUFFER 

I ROAD 

N.T.S. 
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Dibb 
Engineering 

Meeting Minutes 

Project: 
Date: 

Watson Drainage System Pre-Design 
February 4, 2013 - 9:00 AM 

Re: Project Coordination Meeting 
Contract: FCD 2012C003 

Dibble Project: 101206 

1) INTRODUCTIONS/ATTENDEES 

Gary Wesch FCDMC Harry Cooper 

Kevin Roberts DIBBLE Gary Shapiro 

Justin Beeler DIBBLE Brian Fry 

Rob Sachs FCDMC John Griffin 

Shimin Li FCDMC 

2) REVIEW OF MEETING MINUTES I ACTION ITEMS 

No. Action Item Responsible Person 

1 Address comments/finalize 
Dibble Hydrology Technical Memorandum 

Determine additional drainage 
2 reports needed . Set up meeting to Dibble 

discuss retention approach. 

3 
Discussion of 404 limits with the 

Bob Stevens Corps. 

4 Obtain cost information from recent 
Gary Maiers L303 channel project. 

Get soil boring sub to provide 

5 
schedule and commence work. 

Kevin 

6 Prepare for DesiQn Charette All 
Prepare typical design approach 

7 concepts for anticipated design Team 
conditions. 

8 Develop Cost Estimate Spreadsheet Dibble 

9 
Develop Evaluation Criteria 

JE Fuller spreadsheet 

• Bob has not yet confirmed JD limits with Corp 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 

FCDMC 

FCDMC 

JE FULLER 

EPG 

Status/Comments 

In process 

Complete (received 8 
additional reports) . 

? 

Complete 

Drilling scheduled for 
2/5. Results will be 
provided within a 
week. 
Complete 

In process 

In process 

In process 

• We need an outfall concept- Gary to provide Bullard Wash plans as example 
o Bullard has a graded channel to river low flow 
o BobS may have concept for what may work for environmental approach . 

• Gary to provide cost info from L303 project, estimate from Kinder Morgan L303 crossing 
• Soil borings scheduled for 2/5. 

o Watson Drain reach will be earthen w/ hydroseed - need geotech info 



• Bnan Fry suggested having a map with color coded channel section to distinguish the various 
reach/section types in the project. 

• Discussion on Apache Reach - how h1gh to extend Gunite section 
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• Discussion on Watson Reach- concrete bottom, very flat, 12-14' deep 10' BW & concrete with are 
minimum values only and may be larger (denote dimensions are variable) . 

• Discussion of Bullard Wash outfall concept 

3) PROJECT SCHEDULE REVIEW AND STATUS 
• Alternatives Analysis 

o Channel Section Design Charette held 1/23/13 
Channel configuration discussion 
Components for conveyance/maintenance/multi-use 
Relationship/interface with arterial roads and existing irrigation facilities 

o Development of "Typical Approach" for probable conditions: 
Road crossings 
Drop structures 
Irrigation laterals 
Canal crossing 
ANPP crossing 
UPRR crossing 
Waterline relocation 
Gila River discharge location 
Other? 

o Cost Estimating Spreadsheet to be assembled by Dibble 
o Evaluation Criteria Spreadsheet to be assembled by JEF 

• Discussion of project schedule 
• Approximately 6 weeks to preliminary alts memo 
• Kevin to prepare authorization letter for survey/potholes 
• Preliminary Alts section meeting - tentative date 4/3/13 
• Value Analysis Meeting to be used for Recommended plan (-midway through 15% plan production) 
• John mentioned that the PAAC and Public meeting are typically 7-10 days apart. 
• PAAC meeting tentatively planned for early May during FCDMC review. 
• Brian suggests adding back original scheduled time to complete 15% design plans 
• Gary requests schedule to be revised for what is needed and resubmit it to him. 
• Brian plans to use ADMP evaluation criteria along with ideas from project kickoff. 

T.O.B. is very concerned with project maintenance cost 
• Discussion of meeting to establish typical design concepts for project- date set for Tuesday , February 12, 

2013 

4) HYDROLOGY DISCUSSION 
a. Finalize base hydrology model 

• Amir suggests that Dibble use Town of Buckeye Land use C-value instead of default 0.65 value. 
• Inflow hydrographs to be provided to John/Richard for combine point '06'. 

5) LANDSCAPE ARCHITECTURE DISCUSSION 
• No items for discussion 

6) RIVER MECHANICS DISCUSSION 
• Report will need to include test for our assumptions for the future El Rio levee 
• Will need to obtain Gila River 10 yr & 100 yr flows and profile 

7) UTILITIES DISCUSSION 
• No items for discussion 

8) ENVIRONMENTAL DISCUSSION 
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• No items for discussion 

9) PUBLIC INVOLVEMENT DISCUSSION 
• No items for discussion 

10) TOWN OF BUCKEYE ITEMS 
• No items for discussion 

11) ANTICIPATED TASKS PRIOR TO NEXT MEETING 
o Soil Borings & Results 
o Typical Design Approaches 
o Cost Estimating Spreadsheet 
o Evaluation Criteria 
o Gila River outfall design concept 
o Commencement of Supplemental Survey (if needed) 
o Identification of needed pothole locations 

12) ACTION ITEMS 

No. Action Item Responsible Person 
1 Bullard Wash outfall plans GaryW 
2 Cost Estimate for Kinder-Morgan Gary M 
3 Revise Hydrology per Amir comment Justin 
4 Meeting for Typical Approach Kevin 

5 
Prepare Authorization letter for 

Kevin 
Survey & Potholes 

6 Revise schedule & redistribute Kevin 
7 Provide Gila River 1 0/1 00 prof/flows Gary 

13) NEXT MEETING: Monday, March 4@ 9:00AM 

Date Due Status/Comments 
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Watson Drainage System Pre-Design 
FCD 2012C003 

MEETING SIGN-IN SHEET 
Project Coordination Meeting 02/04/2013 

CHECK IN NAME SECTION/FIRM PHONE EMAIL 

/.,..~,J 
Gary Wesch FCDMC 602.506.4592 gar'iwesch @mail.m arico[1a .gov /"' ~ 

Scott Zipprich Town of Buckeye 623.349.6217 szi!l!lrich@bucke'l'eaz.gov 
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Gary Maiers FCDMC 602.506.0562 gsm@mail.marico[1a .gov 
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rlb.Jo.~ 
Brian Fry JE Fuller 623.889 .0166 X307 brian. fr'i@iefuller.com ~~~ 
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Jeff Ford Olsson 602.748.1000 iford@oaconsulting.com 
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Engineering 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 

Meeting Minutes 

Project: 
Date: 

Watson Drainage System Pre-Design 
March 4, 2013 - 9:00 AM 

Re: Project Coordination Meeting 
Contract: FCD 2012C003 

Dibble Project: 101206 

1) INTRODUCTIONS/ATTENDEES 

Gary Wesch FCDMC 

Scott Zipprich BUCKEYE 

Kevin Roberts DIBBLE 

Justin Beeler DIBBLE 

Gary Maiers FCDMC 

Gary Shapiro FCDMC 

John Holmes FCDMC 

Amir Montamedi FCDMC 

Bob Stevens FCDMC 

Aisha Alexander FCDMC PIO 

Jennea Bono FCDMC PIO 

Brian Fry JE FULLER 

John Griffin EPG 

I 2) REVIEW OF MEETING MINUTES I ACTION ITEMS 
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No. Action Item Responsible Person Status/Comments 

1 
Address comments/finalize 

Dibble 
Complete. (Submittal 

Hydrology Technical Memorandum 3/4/13) 

2 
Discussion of 404 limits with the 

Bob Stevens In process Corps. 

3 
Discussion of Gila River Area with AZ 

Bob Stevens In process 
Game and Fish 

Drilling complete. 

4 Soil Investigations Kevin 
Lab analysis complete. 
Preliminary resu Its 3/4/13. 
Final report 3/18/13. 

5 Provide Bullard Wash outfall plans GaryW Complete 

6 
Provide updated utility costs for Loop 

Gary M Complete 
303 project 

7 Provide Gila River 10/100 year flows GaryW Complete 

8 
Obtain well facility date from 

Dibble Complete 
GlobaiNalencia Water 

9 
Determine Attendees for Alternatives 

TOB In process 
Selection Meeting 

• Bob Stevens provides update on 404 JD. Trying to determine G&F has a restricted property usage in 
place. Trying to set up meeting with G&F and he needs to get approval from them to process JD. Rod 
Lucas is G&F contact. Planning to set up meeting sometime in March . 

• Geotech analysis has been completed and report to be complete by March 181
h. Purpose for geotech 

analysis was to determine existing soil properties and maximum channel velocities for earth lined 
channels. Data to be sent to FCDMC/JEF when available. 

• Map showing existing well facilities owned by GlobaiNalencia was obtained . 
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• Need to determine attendees for Alternatives Selection Committee from Town of Buckeye. Proposed date 
is April 24th Need to check with schedules for possible attendees. Scott to get with Becky for other TOB 
attendees. Planning to have meeting at TOB. Current available time slot is 8-10 AM . Important for 
attendees to have preliminary ranking on alternatives since meeting time is limited . 

3) PROJECT SCHEDULE REVIEW AND STATUS 
• Alternatives Analysis 

o Basin Modeling Approach 
lnline vs Offline 

• Modeling approach discussion on basins 
') Discussion of charts, inline vs offline, and sensitivity test results & findings. 
n As observed, offline basins perform better than inline in terms of basin size and downstream 

conveyance required and this was agreed upon by Amir M. 
Developers will still be required to retain 1 00-year, 2-hour volume on site, but additional runoff beyond 
this amount will be collected and routed past a proposed offline basin which will allow a certain amount 
to bypass until a threshold amount is reached These peak flows will be captured and detained in a 
proposed basin. 
If developer will put their retention in the proposed basin site, their basin additional volume cost needs to 
be accounted for in our total basin cost. If the proposed basin is on a developer site , the benefit for the 
developer having the basin on their site is to be able to put their development storage volume within the 
regional basin. The Apache (MB03) , Maricopa (MB04) , and Railroad (MB02) basins should account for 
the development storage costs within those basins sites. Only portion of development will be stored in 
MB03 basin . 

Regional vs Local 
• Participant review and evaluation (3 weeks prior to Alternatives Selection Meeting) 

) 1 week review and comments of alternatives memo 
~ 1 week to address FCDMC comments and prepare meeting materials 

1 week to meeting attendees to review materials prior to meeting 
• Gary W would like to have electronic submittal to FCD & TOB of Alternatives memo on March 28th, 
Thursday EOD. Five hard copies sent to FCDITOB on Friday. 

• Two week review period after alternatives selection meeting- keep schedule showing 2 weeks per Gary. 
• Industrial Park may purchase MB02 basin site to obtain fill material from basin for their site . 
• Railroad crossing discussion -will require precast box or steel pipes. 
• Scott would like to see pipe through Industrial section to continue through a UPRR crossing and put into 
an open channel or possibly stay in a pipe (based on the depth of the pipe), to the BWCDD crossing . 

• Canal crossings require 4' of clearance from the canal invert. Proposed concept will go over ANPP pipe 
and under canal. 

• Discussion of using a pipe to convey flows around Industrial area in Watson corridor. 

4) HYDROLOGY DISCUSSION 
a. Finalize base hydrology model 

• John Holmes to retire in 2 weeks. Hydrology to be reviewed by Amir in the interim. 

5) LANDSCAPE ARCHITECTURE DISCUSSION 
• No items for discussion 

6) RIVER MECHANICS DISCUSSION 
• No items for discussion 

7) UTILITIES DISCUSSION 
• No items for discussion 

8) ENVIRONMENTAL DISCUSSION 
• USACOE discussion 
• AZ Game and Fish discussion 
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• Discussion of need to minimize impacts to river at channel outlet 
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• Should there be a decision criteria for each alternative based on the size of the outlet into the river? 
• We need to meet with G&F to determine if there are any restrictions on the land use where we want to 
have our outlet. 

9) PUBLIC INVOLVEMENT DISCUSSION 
• New FCDMC Public Involvement Contact 
• PAAC Meeting No. 2- 4/30/2013 
• Public Meeting No. 2 - 5/8/13 

10) TOWN OF BUCKEYE ITEMS 
• No items for discussion 

11) CRITICAL TASKS 
o Alternatives Analysis & Memo 

Modeling Iterations 
Facility Sizing 
Cost Estimating 

o Alternatives Selection Meeting 
o Preparation for PAAC Meeting No. 2 
o Preparation for Public Meeting No. 2 

12) ACTION ITEMS 

No. Action Item Responsible Person 
Bob Stevens to meet with AZGFD in 

1 March to get land use info and Bob Stevens 
project approval to finalize 404 PJD. 

2 
Provide Geotech results to FCDMC & 

Kevin JEF. 

3 
Gary Maiers to provide electronic well 

Gary M. location data from Global water 

4 
Scott Z to determine attendees for 

Scott Z. Alternatives Selection Meeting 
5 
6 
7 

Date Due Status/Comments 

March 

3/18/13 

March 

ASAP Provide list to Becky to get 
on their calendars. 

I 13) NEXT MEETING: Tuesday, April 9@ 9:00AM 
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Meeting Minutes 

Project: 
Date: 

Watson Drainage System Pre-Design 
April 9, 2013-9:00 AM 

Re: Project Coordination Meeting 
Contract: FCD 2012C003 

Dibble Project: 101206 

1) INTRODUCTIONS/ATTENDEES 

Gary Wesch FCDMC 

Kevin Roberts DIBBLE 

Rob Sachs FCDMC 

Gary Maiers FCDMC 

Gary Shapiro FCDMC 

Richard Harris FCDMC 

Amir Montamedi FCDMC 

Bob Stevens 

Harry Cooper 

Shimin Li 

Justin Beeler 

Brian Fry 

John Griffin 

FCDMC 

FCDMC 

FCDMC 

DIBBLE 

JE FULLER 

EPG 
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I 2) REVIEW OF MEETING MINUTES I ACTION ITEMS 
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No. Action Item Responsible Person Status/Comments 
Address comments/finalize In process(Submittal 3/4/13) 

1 Hydrology Technical Memorandum Dibble Minor revisions by Gary W 
Comments by WC Scoutten 

2 
Discussion of 404 limits with the 

FCDMC In process 
Corps. 

3 
Discussion of Gila River Area with AZ 

FCDMC In process 
Game and Fish 

Drilling complete. 
4 Soil lnvestigations/Geotech Report Ninyo & Moore Lab analysis complete. 

Draft Report in Review 

5 
Determine Attendees for Alternatives 

TOB Complete 
Selection MeetinQ 

6 Draft Alternatives Memo Submittal Dibble/Consultants Complete (3/29/13) 
7 Draft Alternatives Memo Review FCDMC/TOB Complete (4/5/13) 

8 
Revisions to Alternatives Memo 

Dibble/Consultants 
In process- 4/15/13 
Submittal 

9 Gila River Outfall Exhi ibt Dibble/Consultants In process -4/11/13 

• Richard Harris will take over the hydrology review for John Holmes. 
• Gary W : remaining comments pertaining to hydrology memo can be addressed after an alternative is 
selected and a Recommended plan report is prepared. 

• Gary and Bing are reviewing the soils report- trying to understand if there is information regarding 
erodible velocities for the study area. 

3) PROJECT SCHEDULE REVIEW AND STATUS 
• Draft Memo Comments and Responses 

• Discussion of memo comments, responses 
Scoring results to be collected & graphed at meeting, then added to final submittal. 
Rewrite section to avoid repetitiveness. 
Rewrite section on CFD impacts , send to TOB for review. 
ANPP/canal crossing process to match L303 prices, or explain difference. 
Gary, add notes to unit cost sheet to qualify costs- add footnotes 



Excavation = $6/cy - no place to haul materials 
Need to discuss reason for increased flow at outlet from existing condition in text. 
Add outfall for Dean basin -graphic/cost 
Discussion on synergy definition & "landscaping" scoring . Decided to use scoring criteria used in 
ADMP per Gary W. 

• Alternatives Selection Meeting - Wed 4/24/13 
• Kevin to verify that Becky is aware of the total number of meeting attendees 
• Reminder for attendees to review memo/scoring prior to meeting . Meeting is only 2 hours 
o Meeting Agenda/Logistics 
• Discussion of draft agenda and time allotted for each topic. 
• Approximately 20 attendees are expected (include Richard Harris on invite) 
• Discussion on having a specific p erson resent each scoring category for further clarification -3 m1ns. 

Constructabll1ty = Gary W . Implementation = Woody, Public/Political Acceptance = Rob Sachs o~ 

Larry Harmer, Natural/Cult. Res = Bob Stevens, Flood Haz. Reduc. = Gar /D1bble. S ner 1Mult1-us 
- Adam ? (TOB) 

• Brian to send updated agenda to Gary W. for review. 
o Scoring Alternatives 
o Weighting Criteria 

4) HYDROLOGY DISCUSSION 
• Minor revisions requested by Gary W 
• Comments issued by TOB (4/1/13) 

• Richard Harris will take over the hydrology review for John Holmes. 
• Gary W: remaining comments pertaining to hydrology memo can be addressed after an alternative is 
selected and a recommended plan report is prepared . 

5) LANDSCAPE ARCHITECTURE DISCUSSION 
• No items for discussion 

6) RIVER MECHANICS DISCUSSION 
• No items for discussion 

7) UTILITIES DISCUSSION 
• No items for discussion 

8) ENVIRONMENTAL DISCUSSION 
• USACOE discussion 

• A formal PJD is needed and requires a property owner approval signature. 
• Approval signature should be easier for AZGFD, but Sand/Gravel company may require a detailed concept 
and feedback on approach prior to getting PJD approved. 
• According to Cindy Lester at ACOE, the habitaUwetland area dictates the basis for delineation (instead of 
hydraulic conveyance area) . This habitat area correlates with the Arlington canal limits. 
• There may be threatened and endangered species within the Arlington canal. 
• We need to show that this project will enhance and sustain the habitat (versus providing enhancement for 
other areas) 
• We need to avoid disturbing the Arlington "drain"/canal with this project and define those limits. 
• Graphics need to show that the potential future lake (by others) near outfall is not part of this project. 

• AZ Game and Fish discussion 
• Gila River Lake, LLC discussion 
• United Metro Materials discussion 

9) PUBLIC INVOLVEMENT DISCUSSION 
• PAAC Meeting No.2- 4/30/2013 
• Public Meeting No. 2 - 5/8/13 

10) TOWN OF BUCKEYE ITEMS 
• No items for discussion 

11) CRITICAL TASKS 
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• Alternatives Selection Meeting 
• Preparation for PAAC Meeting No. 2 
• Preparation for Public Meetign No. 2 

12) ACTION ITEMS 

No. Action Item 

1 
Verify total number of meeting 
attendees, update Becky 
Kevin to have Scott/Woody at T.O.B. 

2 review rewritten section regarding 
CFD impacts to concur on wording. 

3 
Send updated Selection meeting 
agenda to Gary W. for review 

4 
5 
6 
7 

13) NEXT MEETING: TBD 

Responsible Person 

Kevin 

Kevin 

Brian F. 

Date Due Status/Comments 
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FLOOD CONTROL DISTRICT OF MARICOPA 

COUNTY 

2801 W. Durango Street 
Phoenix, AZ 85009 

MEETING MINUTES 

PROJECT NAME: Watson Drainage Project - Predesign 

TOWN OF BUCKEYE 
530 E. Monroe Avenue 

Buckeye, AZ 85326 

B .... A 
U R 
C I 
K r z 
~ ~....__ J ~ 
E A 

April 30. 2013 

PURPOSE: Project Aesthetics Advisory Committee (PAAC) Meeting #2: 8:00AM -lO:OOAM 

LOCATION: Town of Buckeye- Executive Conference Room 

Welcome/Introductions ..................................................................... John Griffin, Consultant LA, EPG 

Recommended Plan Description .............................................. Kevin Roberts, Consultant PM, Dibble 

Kevin Roberts described the recommended plan that was selected by a committee from four 
alternatives. The recommended plan was the low-cost alternative and one of two alternatives that 
performed the highest as evaluated by the selection committee. 

Elements of the recommended plan include: 
• Five basins, designated as the Apache, Rainbow, Maricopa, Railroad, and Dean basins. A sixth 

basin was suggested during the selection meeting between the UPRR and BWCDD corridors. 
This basin would potentially reduce the size of the crossing of the ANPP line and BWCDD as well 
as provide open space opportunity 

• A regional channel system with five distinct channel types developed during a previous meeting 
with the Town of Buckeye 

• A single, consolidated crossing of the Union Pacific Railroad and the ANPP/BWCDD corridors 
• Optional channel alignments to be evaluated by the team that may result in adjustments near 

the industrial park along Southern Ave., as well as south of the BWCDD 

Project Aesthetics and Landscape ........................................................... PAAC, Facilitated Discussion 

Basins - John Griffin provided an overview of the District's Aesthetic & Multi-Use Design Guidelines for 

Flood Control Basins and Channels. The basin site should include sufficient space to allow for basin 
shaping such as varied gentle side slopes, islands and peninsulas, meandered basin edges that do not 
follow the property lines, and buffers to provide a transition between the basin and adjacent properties. 
As a guideline, a 30'-50' buffer and 30% additional area should be included with the engineering 
requirement to achieve these results. The schematic (next page) illustrates comparative land 
requirements between a basin with 30' buffer only, a basin with 30' buffer and side-slope meander, and 
a basin site that included 30% add itional right-of-way to achieve the design guidelines. 

Dibble prepared graphics showing the updated basin footprints based on two channel depths (3' and 
6') plus a 30' buffer for discussion purposes. 



Page 2 of 7 

The PAAC discussed each of the basin sites and identified key Comparative Sizing 
considerations related to the right-of-way requirement, 

opportunities, and landscape design intent as summarized below. 

multi-use 

• Rainbow Basin: Located north of the RID along the 23151 Avenue 
alignment 
o Multi-Use: Active recreation to include unprogrammed, open 

turf. Town does not want sports field lighting in retention basin. 
Basin site will likely become part of the larger Sundance Park 
complex. Town needs additional space for ball fields on this site 
as there is a higher demand for this use than can be met by the 
existing park. The Town is also planning a multi-gen center and 
aquatics center on the parcel currently owned by the Town that 
would be between the Rainbow Basin site and the existing 
Sundance Park. 

o Right-of-Way: Engineering need plus 30 ' buffer and an 
additional 30%. The engineering need is greatly reduced from 
that shown in the ADMP (ADMP: 102 ac-ft, Current: 48 ac-ft) which reduces the opportunity 
to co-locate recreation with storage. An additional 30% of right-of-way for basin shaping is 
desired by the Town and recommended to form the basin in an aesthetic manner. The 
Town may need to acquire even more land to provide access to the park/basin site from 
Lower Buckeye Road . 

o Landscape: To match the Sundance Park landscape design. Includes irrigated turf, desert 
and desert-adapted shrubs and tree species. Examples described in the meeting include 
palo verde, mesquites, and sissoo trees. 

o Other considerations: Roosevelt Irrigation District asked if the park site would encroach on 
RID right-of-way? The design of the basin does not require this. However, both the Town of 
Buckeye's Trails Master Plan and the Maricopa Regional Trail Master Plan indicate a trail 
along the RID. This could be an opportunity for an agreement between the various agencies 
to include a trailhead at the basin site. 

• Apache Basin: Located north of the RID along the Apache Road alignment on an existing 

platted site 
o Multi-Use: Passive recreation per ADMP, but to be determined by developer. The Town may 

offer the developer incentives to help facilitate implementation of the basin such as open 
space credits, density credits, or allow co-location of some of their on-site retention. 

o Right-of-Way: Engineering need plus 30' buffer and an additional 30%, to be negotiated 
with developer. The property owner is going to expect compensation for having to replat 
and for the loss of lots due to the basin. 

o Landscape: To be determined by the developer. If Town-maintained, no irrigation and easy 

to maintain 
o Other considerations: The basin could provide additional neighborhood park-level 

recreation since Monte Verde has a low recreation level-of-service for neighborhood park 

needs. 
Action Item: Larry Harmer/Town of Buckeye to find filed plat and provide to team 
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Maricopa Basin: Located on the NW corner of Apache and Maricopa Road, adjacent to 
Odyssey Elementary School 
o Multi-Use: Determined by developer th rough discussions with the Town, may include 

partnering with the Odyssey Elementary School. Multi-use opportunities discussed in the 
meeting include a sports practice field, an outdoor classroom/environmental educat ion 
area, passive open space areas with trails, or active recreation for the school. 

o Right-of-Way: Engineering need plus 30' buffer and an additional 30%, to be negotiated 
with developer. 

o Landscape: To be determined by the developer. If Town-maintained, no irrigation will be 
included and landscape should be very easy to maintain. 

o Other considerations: The basin could also function as a gateway feature into the 
downtown. It will provide a buffer between the future residential and industrial areas. 

Railroad Basin: Located at the intersection of 23151 and Southern Ave. Current site of the 

Ventura Ranch development 
o Multi -Use: Passive open space, to be determined by developer and Town. The Town may 

offer the developer incentives to help facilitate implementation of the basin such as open 
space credits, density credits, or allow co-location of some of their on-site retention. The 
23151 Channel was identified as a potential location for an equestrian trail and this basin 
could include an equestrian trailhead. 

o Right-of-Way: Engineering need plus 30' buffer only. Town recommended the basin be 6' 
deep rather than 3' in order to reduce the footprint required. 

o Landscape: To be determined by the developer. If 
Town-maintained, no irrigation will be included and 
landscape should be very easy to maintain. 

o Other considerations: The basin is located on a corner 
that may have commercial value to the developer. The 
Town suggested that the basin could be reconfigured 
into an "L"-shape to preserve the value of the corner 
lot. This basin could also provide visual buffering 
between the future residential and industrial areas if 
designed correctly. 
Action Item: Larry Harmer to check on the status of the Ventana Ranch Plat which is on the 
site of the proposed basin 

Dean Basin: Located on Southern Ave. west of Dean Road. May be the site of the Henry Park 
development, to be confirmed by the Town (Larry Harmer) 
o Multi-Use: Passive open space. The Town may offer the developer incentives to help 

facilitate implementation of the basin such as open space credits, density credits, or allow 
co-location of some of their on-site retention. 

o Right-of-Way: Engineering need plus 30' buffer and an additional 30% for shaping. 
Developer could co-locate on-site retention in same footprint by going deeper. 

o Landscape: Desert-themed, to compliment passive open space use. If Town-maintained, no 

irrigation will be included and will consist of native desert hydroseed and tall pot trees. 
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o Other considerations: The Henry Park development plat may have expired. If so, the Town 
will be renegotiating the development agreements for the site which will provide 
opportunity for the Town to determine basin requirements for the CMP. 

Action Item: Larry Harmer to check into status of the Henry Park development and provide 

team with update 

• Additional BWCDD/ANPP Crossing Basin: Located between UPRR and the BWCDD. Based on 
discussions in the PAAC between Town of Buckeye staff and the team, there was limited 
support for having a basin in this location. The Town sees the site as having access challenges 
that would negate the open space value of any basin in this location. The PAAC recommended 
that this basin be eliminated from the recommended plan. Harry Cooper would also like to see 
the cost comparison for including the basin vs eliminating it. If the basin reduces the cost of the 
crossing at the ANPP line and BWCDD, and this is not fully offset by the cost for the basin, that 
may be grounds for including it in the recommended plan. 

Multi-use options discussed with this basin site included a future Railroad park, maintaining 
agriculture uses in the basin post-construction, or having a trailhead/passive open space area. 
Besides access issues, the Town also was concerned about having a park next to the railroad for 
public safety 

Gila River Outlet Design -Gary Wesch, FCDMC PM, provided an overview of the ownership issues and 
design considerations the team is examining for the outlet of the Watson Drainage System into the Gila 
River. This includes owner/agency coordination between Cemex, Arizona Game and Fish Department, 
the Army Corp of Engineers (404 evaluation), and the Gila River LLC sand and gravel company. 

Design considerations for the concept include: 
• Relocation of the existing Watson Drain into the channel alignment 
• Grade-control and cut-off walls plus buried rip-rap to protect the channel 
• An O&M road with access into the bottom of the channel as well as to the existing agriculture 

roads along the river bank 
• Culvert crossings of the channel along alignments 

indicated in the Town 's transportation master plan 
• The creation of a natural-appearing "riffle, pool, run " low

flow in the buried rip rap area to make use of the 
perennial flows in the Watson Drain to create the 
appearance of a natural stream 

• Seeding of the buried riprap with a native riparian seed 
mix and tree pole plantings to create a desired plant 
community at the confluence with the Gila River 

Discussion items related to this feature included: 

Riffle, Pool, Run Example 

• Concern was raised about salt cedar invasion into the system and what thought the team had 
given to controlling this. The team acknowledged this is an issue that will be part of the 
maintenance concerns for the project. The planting of a desirable plant community at the outlet 
will help create competition for invasive species such as salt cedar but there is no substitute for 
active management given the aggressive invasive nature of the species. The Town provided 
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input regarding the El Rio Levee project and that this was coming back to life with the potential 
to be a vehicle for this level of management in the near future. 

• Maintenance IGA's for the area need to be worked out. Town currently has BWCDD do 
maintenance in canals because they have the appropriate equipment. Maintenance access to 
area south of grade control structure needs to be included in the design. 

• Bob Stevens raised concern that design needs to consider T&E species impacts. 
• The Arlington Canal in this area does not function as part of the Arlington Canal, but is a 

remnant of the previous system. 

Channels- The PAAC reviewed the previously developed channel cross-sections and discussed refined 
landscape and aesthetic requirements for the channels. 

The Town of Buckeye does not have landscape standards and does not wish to develop anyth ing that 
may be construed as such. This is due to an agreement the Town has with Verrado. As soon as the 
Town develops landscape standards, the Town 's agreement with Verrado is affected and the Town will 

be required to start O&M operations in Verrado. Design recommendations are ok to develop as part of 
the Watson System. The Town felt that it is better to allow the developers latitude in selecting 
landscape and structural aesthetics for their portions of the channel to create interest and blend the 
channel into the development rather than have a consistent theme for the entire channel. 

Due to the above, the Town 's landscape requirements for the channels are per the Town 's Development 
Code Section 7-5-6 (species to be on the ADWR Low-Water Plant List for the Phoenix AMA, one tree 
and three shrubs per every 30 linear foot along streets, per the table below for landscape areas). 

TABLE 5-B LANDSCAPING REQUIRED FOR NEW 
DEVELOPMENT (BY LAND USE TYPE) 

Residential Commercial 

Percentage of parcel 15% 10% 
to be landscaped 

Plantings required for Ten gallons Ten gallons 
landscaped area (ga llons) for each 25 for each 50 

square feet square feet 

Acceptable groundcover Turf, Granite Turf, Granite, 
Undisturbed 
desert 

*Groundcover plantings and layout must be approved by the Conununity Development Director. 
*Plantings sha ll be measured by the size of container containing the root stmcntre. 
*Plant variety shall be on the Arizona Depat1ment of Water Resomces approved plant list. 

Industrial 

5% 

ten gallons 
for each 75 
square feet 

Granite, 
Undisturbed 
desert 

*Residential requirements include only common areas within ubdivisions and multiple family developments . 
*24" box equals 50 gallons and 36" box equals 75 gallons. 

Water harvesting swales should be included on the top-of-bank of all channels to both make use of 
rainwater as well as control run-off into the channels to minimize bank erosion. The PAAC discussed 
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possibility of using water harvesting as a 1 st flush off of roads prior to run-off entering the channel 

system. 

Discussion items specific to the channel cross-sections are included below. Not all of the channel cross
sections included specific design recommendations by the PAAC beyond the general items discussed 
above. 

• Apache Channel: Gunite should include integral color and texturing. Color should be 
compatible with adjacent rock mulch or decomposed granite. 

• Maricopa Channel: Channel rock mulch needs to be engineered to stand up to flows in 
channel without decomposing. Rock should be selected that also is aesthetic and approved by 
the Town. Selection of rock should complement other landscape and aesthetic design of the 
development. 

• 231st Channel: The Town would like to minimize turf irrigation when the Town is responsible 
for maintenance. Where this occurs, turf should be replaced with native plant materials that can 
subsist on natural precipitation. 

Structural Aesthetics- John Griffin presented a 
board that was shown at the last public meeting 
that included typical drop structure types. Based 
on input from the public, most preferred either a 
simple concrete drop that blended into the 
channel or one that retained the rural character of 
the area. 

The PAAC reviewed the examples shown and 
determined that a drop that appeared 
"naturalized" was preferred over a drop that is 
intended to be an aesthetic feature such as a rural
themed drop structure. While the PAAC described 
the preferred drop as natural, the drop example 
may also be described as a concrete drop that includes 
texture and color to blend into the channel. 

PAAC-Preferred Drop Structure Example 

The pre-design team will provide engineering requirements for the drop structures including height and 
configuration requirements but the Town prefers that the aesthetic design of the structures be up to 

the developer. 

Culvert and other headwall structures will be developed by the pre-design team and finalized during 
final design for the District-implemented portion of the system. 

UPRR Comments on the Recommended Plan- The representative from the Union Pacific Railroad 
had the following comments regarding the recommended plan: 
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• UPRR is concerned about underground sections of the al ignments 
• UPRR asked if there would be any other type of structure in their right-of-way than concrete? 

The team expects that the entire segment in the UPRR system will be pipe or culvert. 
• UPRR want all infrastructure to be outside of the UPRR right-of-way except the crossing (i.e. - no 

channels) 
• Woody Scoutten, Town of Buckeye, expressed concern about the entire channel shown north of 

the UPRR and how congested this area is with uti lities. Questioned if this section may need to be 
undergrounded as well . 
Action Item: Team to follow-up with UPRR on questions asked regarding the recommended plan 
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Recommended Alternative Channels 

Channel Section Type 

Sect "04" (Industrial ) - Concrete 
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Meeting Minutes 

Project: 
Date: 

Watson Drainage System Pre-Design 
July 9, 2013- 2:00 PM 

Re: 
Contract: 

Dibble Project: 

ATTENDEES: 

Watson Pre-Design /Irrigation Systems Coordination 
FCD 2012C003 
101206 

Ed Gerak (BWCDD) 
Melody Zyburt (Stantec) 
Jared Grandy (Stantec) 
Jeremy Laipple (Dibble) 
Kevin Roberts (Dibble) 

PURPOSE OF MEEETING: 
The Watson project is moving into the plan preparation phase. Alternatives were developed and evaluated . From this 
process, a recommended system plan has emerged. Plans will be developed for the recommended alternative to a 
15% level design. The purpose of this discussion was to fully understand the functionality and requirements of both 
the RID and BWCDD systems within the Watson project area. 

DISCUSSION: 
• No siphons will be allowed in either the RID or the BWCDD systems. Too many maintenance issues result 

from sediment deposition in siphons. (The only exception to this rule is when the irrigation system is siphoning 
itself with clear water- i.e. delivery water, not tail water). 

• Relocated laterals will need to be 30" to 36" RGRCP. Delivery boxes will be required with 24" RGRCP 
turnouts for deliveries. A 24' wide maintenance road will be required over pipe sections of irrigation systems. 

• For the BWCDD system, a manhole will be required for pipe sections every 200'. 

• For the RID system, a manhole will be required for pipe sections every % mile. 

• After a review of the Watson recommended alternative, there appear to be no impacted sections of the 
irrigation systems that would not be suitable for pipes in lieu of open ditches. 

• Where the Watson drainage system will cross the RID main canal and the BWCDD main canal , 6" reinforced 
concrete lining will be required with a slurry backfill. 

• Standard irrigation ditches are constructed of 4" concrete with fibermesh. Any affected ditches that are 
proposed to be replaced in kind will be required to utilize this section. 

• Regarding potential relocation of the BWCDD main canal to allow the drainage crossing to be constructed , 
Bureau of Reclamation design standards are used for alignments, allowable curve radii , etc ... 

• The preferred process for planning and design is for BWCDD to engage Stantec to perform a concept design 
( 10% design level) for modifications to the BWCDD system. This would allow the 15% Watson System plans 
to accurately depict allowable modifications to the BWCDD system. Then, during final design of the Watson 
System, BWCDD would again engage Stantec to perform the final design for the BWCDD required 

Watson Pre-Design Dibble Engineering 



modifications. The Stantec plans could be incorporated into the Watson system construction documents. In 
order for BWCDD to engage Stantec, FCDMC needs to make a formal request for design to commence. Ed 
would then need to approach the BWCDD Board for authorization. 

• BWCDD owns the easement through the CEMEX property north of the Gila River. BWCDD would be open to 
selling the easement to FCDMC, and then allowing FCDMC and CEMEX work through the details of whatever 
agreement needs to be in place. 

• The Watson System design needs to maintain the functionality of the existing diversion structure 
approximately % mile north of Beloat in the Watson Drain(@ salt flats ). 

• The main canal relocation and other significant changes to the BWCDD system will have to be presented to 
the Board . Ed Gerak will likely do the presentation , but may want FCDMC/Dibble staff present in a support 
role. 

• There is an annual dry up period in the BWCDD main canal in November (11 /9/2013 - 11/23/2013). The RID 
system conducts a dry up period at approximately the same time (11/11/2013- 11/22/2013). FCDMC should 
plan to perform some survey during the 2013 dry up to assist in final design of the improvements. 

• The BWCDD main canal requires capacity for 400 cfs. 

• Once Dibble has advanced the Watson System design , digital CAD linework will be provided to Stantec. 

• The Watson System should avoid the footprint of the existing and future well site along the east side of 
Apache Road between Southern and Broadway. This location is a good candidate to underground the Watson 
system and take it into the Apache Road corridor to ensure impacts to the well site are avoided. 

• The RID system has "2 partnership ditches" at 14-~ and Southern and ~ north of Southern. These 
partnership ditches are not owned by RID, but are part of the system by agreement. These ditches are able to 
convey flow in both directions, depending on head/tail water elevations. Functionality of these partnership 
ditches must remain . 

• The RID system at Rainbow and Southern (near the proposed Dean Basin) has the ability to deliver water to 
the south and to the east. This ability may be able to be retired , based on current land uses in the area. This 
will need to be verified by Stantec if the Watson System intends to impact these delivery ditches. 

• Regarding crossing the RID and BWCDD main canals with drainage infrastructure: 
If the drainage crossings are constructed using conventional open trench methods, then only be required 2' of 
vertical clearance may be required between the bottom of the canal and the top of the drainage facility . If the 
crossing is constructed using jack and bore, then the Rl D requires 4' of vertical clearance and the BWCDD 
requires 6' of vertical clearance (because the BWCDD canal is unlined). 

• Drainage crossings of underground irrigation laterals: 
Irrigation pipe generally requires 2' of ground cover. Vertical separation of 1' between bottom of irrigation 
lateral and top of drainage pipe is required . 

• Any trail/pathway crossings of the RID or the BWCDD system needs to go before the board for approval. The 
RID board is generally open to bridge crossings of the main canal every ~ mile. The RID will likely push for 
their delivery system to be underground if adjacent to a trail system for public use. The BWCDD may be a 
little more open to joint use facilities. 

• Board meetings generally occur every month. Need to request to be on agenda 2 weeks in advance. 

Watson Pre-Design 2 Dibble Engineering 
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Project: 
Date: 

Re: 
Contract: 

Dibble Project: 

Meeti n Minutes 
Watson Drainage System Pre-Design 
December 11 , 2013-2:30 PM 
APS ANPP Water Line Coordination 
FCD 2012C003 
101206 

1) INTRODUCTIONS/ATTENDEES 

7500 North Dreamy Draw Drive, Suite 200 
Phoenix, Arizona 85020 

Tel. (602) 957-1157 
Fax (602) 957-2838 

Gary Wesch FCDMC Mohammad Afzai APS 

Robert Eroh BUCKEYE Rafael Balderrama APS 

Kevin Roberts DIBBLE Mike Bouche APS 

Jeremy Laipple DIBBLE Dave Schlief APS 

2) PURPOSE OF MEETING 
A pothole of the 96" ANPP Water Line conducted for the Watson Drainage System Pre-design revealed that the 
water line was constructed at an elevation 1.49 feet higher than indicated on as-built plans. This change has a 
potentially significant impact on the drainage system as a result, and the Flood Control District would like to ensure 
that the proposed approach to crossing this line is acceptable to APS. 

3) PROJECT SUMMARY AND PALO VERDE NGS OVERVIEW 
• Palo Verde NGS Overview 

o NGS has 3 units, with 2 shut-downs per year 
o Shut-downs are 14 days long , with 1 day shutdown , 12 day outage, and 1 day startup 

• Watson Drainage System Project Summary 
o Buckeye Area Drainage Master Plan - regional plan for the City of Buckeye 
o ADMP identified 4 major drainage facilities, one of which is the Watson Drainage System 
o Refer to Overview map of the system for general location and location of the ANPP immediately north of 

the BWCDD Canal 

4) ANPP LINE CROSSING 
• Proposed crossing approach 

o Crossing detail shown on Sheet 15 and Sheet 72 
o Detail mimics the design utilized for the Bullard Wash crossing , located approximately 10 miles east of the 

Watson crossing 
• FCDMC experience in crossing the ANPP Water Line 

o In the past, FCDMC has paid APS for reinforcement of the line 
o APS has standard designs for the reinforcement of the line 

APS has contracted with SG&H , an independent consultant, to coordinate maintenance and 
modifications to the ANPP line 
SG&H conducts an inspection of the segment of the line where the crossing is to take place, and will 
then determine reinforcement requirements and crossing limitations 
Previous crossings with as little as 6" of encasement have been used in the past, but requirement is 
dependent on pipe condition, pressure zone, etc. 

• APS Reinforcement Design Process 
o APS will send design request to SG&H 
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Depending on the scope of the investigative work and engineering analysis required , SG&H may 
complete the work under their existing contract with APS, and the cost of this task may be rolled into 
the cost of the required pipe reinforcement. If the required work is substantial , then SG&H may 
provide a proposal to APS for the work, which APS will forward to FCDMC for approval and payment. 

o A detail was presented to APS showing a reinforcement plan for the ANPP line showing 12" of concrete 
encasement above the pipe, the top of which will be integrated into the upstream drainage channel. This 
approach is proposed so that the upstream channel will function at this alignment. 

The pre-design plans will be used to develop final construction documents 
Any change to an approved crossing plan will have a major detrimental effect on the project 
FCDMC prefers waiting to get a reliable answer to getting a quick approval that may not be conclusive 

• Schedule 
o APS will forward request to SG&H as soon as it is received 
o APS anticipates receiving a proposal for the work from SG&H mid-January 
o If inspection and reinforcement design is straightforward , a two-week turnaround is possible; four week 

turnaround is more likely 

5) POTHOLING 
• FCDMC and Dibble apologized for potholing contractor's lack of communication prior to potholing line 
• FCDMC requests 2-3 additional potholes of the line, in the general vicinity of the first hole 

o APS will allow FCDMC to conduct additional potholes 
Dibble to provide exhibit to APS, indicating proposed locations of additional holes 
Potholing contractor shall contact Moe with APS to coordinate permit 
APS may require a representative to be on site during all potholing operations 

• APS mentioned that the water line was built on a project specific datum; discrepancy between NAVD88 and 
as-builts were about 1.5-feet on another recent crossing project 

6) RIGHT-OF-WAY AND MAINTENANCE ACCESS 
• APS has agreement to BWCDD canal maintenance road 
• Pipeline inspections are conducted using standard pickup trucks; as long as a pickup can access the channel 

bottom, and can travel the BWCDD right-of-way unobstructed, APS will have no maintenance issues with the 
design 

7) ACTION ITEMS 

No. Action Item Responsible Person Date Due Status/Comments 
Dibble to revise plan sheet and detail 

1 to show concrete channel lining and Kevin 12/18/13 
minimal crossing width . 

2 
Dibble to provide exhibit to APS 

Kevin 12/18/13 
showing proposed pothole locations 

3 
4 
5 
6 
7 
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Watson Drainage System Pre-Design 
FCD 2012C003 

MEETING SIGN-IN SHEET 
ANPP 96-inch WL Crossing Coordination Discussion 12/11/2013 

NAME SECTION/FIRM PHONE EMAIL 

Gary Wesch FCDMC 602 .506.4592 garywesch@mail.maricoQa.gov 

Gary Maiers FCDMC 602.506.0562 gsm@ mail .marico12a .gov 

Mohammad Afzai AP5 623.393.3003 moha mmad.afza i @aQs.com 

Mike Bouche APS 602 .371.7033 michael.bouche@aJ:ls.com 

Gary Gene APS gaey.gene@aJ:ls.com 

Rafael Balderrama APS ~,0..2. <r2Y-?b9r rafael.balderrama@aps. com 

Scott Zipprich Town of Buckeye 623 .349.6217 sziQQrich@ bucke~eaz . gov 

Kevin Roberts Dibble 602.957.1155 kevin.roberts@dibblecorQ.com 

Jerem Laipple Dibble 602 .957.1155 jereml(.laiJ:lJ:l le@dibblecorJ:l.COin 
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Meeting Minutes 

Project: 
Date: 

Watson Drainage System Pre-Design 
October 30, 2012 

Re: 
Contract: 

Dibble Project: 

ATTENDEES: 

Watson Pre-Design I Evergreen 
FCD 2012C003 
101206 

Jeff Garrett (Garrett Development Corp) 
Heather Personne (Evergreen Devco) 
Gary Wesch (FCDMC) 
Rob Sachs (FCDMC) 
Kevin Roberts (Dibble) 

PURPOSE OF MEEETING: 
The purpose of this discussion was to discuss the potential impacts of the proposed Watson drainage system on the 
Evergreen development properties in the area, as well as the Watson Community Facilities District (CFD). 

DISCUSSION: 

• 18 Developers came together to form the Watson Road CFD and installed $30M in water infrastructure and 
sewer infrastructure. Each property within the CFD is encumbered by $24K in bond obligations. Every property 
within the CFD has a "final plat" with the Town. $49M in bonds were issued relying on these final plats. Seven 
of the properties in the CFD are Evergreen properties. 

• An intergovernmental agreement (IGA) between FCDMC and the Town of Buckeye will follow the pre-design 
project. If FCDMC is the "lead" on the final design portions of the Watson project, then they will also take the 
lead on ROW acquisition. 

• Evergreen Devco will meet with the Town to discuss implementation of the system. Woody Scoutten is the 
Engineer of Record for the CFD. Scott Ruby was the attorney. 

• Plats for properties in the CFD are "approved", but not recorded . The clock is not yet ticking on the 
infrastructure implementation. 

• Assessment obligations for the CFD properties may affect the alternatives for the Watson project. 
o Assessments are not broken out on a per lot basis, because plats are not yet recorded. Therefore, 

any take of property with an assessment obligation may come with the entire assessment for that 
property. 

• Evergreen will provide G&D plans for the platted developments. Garrett will provide CFD information and 
water agreements. 

Watson Pre-Design Dibble Engineering 
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Meeting Minutes 

Project: 
Date: 

Watson Drainage System Pre-Design 
October 31 , 2012 

Re: 
Contract: 

Dibble Project: 

ATTENDEES: 

Watson Pre-Design I BWCDD 
FCD 2012C003 
101206 

Ed Gerak (BWCDD) 
Melody Zyburt (Stantec) 
Gary Wesch (FCDMC) 
Gary Maiers (FCDMC) 
Kevin Roberts (Dibble) 

PURPOSE OF MEEETING: 
The purpose of this discussion was to fully understand the functionality of the BWCDD irrigation system and the 
BWCDD requirements relocations or crossings required by the proposed Watson Drainage System. 

DISCUSSION: 

• The BWCDD main canal is designed to convey 400 cfs The maximum delivery rate now is approximately 300 
cfs. The canal operates normally with approximate 1-1 .5-feet of freeboard . 

• There is no existing record or documentation of the profile of the canal. The last survey was performed in 
1911 . But, generally , the canal is typically 6'-8 ' deep from the normal operating water surface. 

• Required improvement to the canal will include: 
o 4-inches of fiber mesh-reinforced concrete lining 
o Sides lopes could be vertical , if necessary, for 2:1 (H:V) is preferred . 1:1 could also be used . 
o 6" of reinforced concrete lining will be required at FCDMC crossing locations. 

• Multi-use amenities along the canal is a concern. Liability is an issue. Who will be responsible for 
maintenance? The Town of Buckeye is currently developing a pilot project for a multi-use trail along the canal 
between Miller Road and Apache Road. The Town is assuming all liability for this reach . 

• The canal cannot be siphoned. This is a big maintenance issue, particularly with respect to sediment 
deposition in the siphon . 

• Proposed drainage facilities crossing the BWCDD canal will need to go UNDER the canal. Reconstruction of 
the canal (with 6" reinforced concrete lining) will be required for some distance upstream and downstream of 
the crossing location. 

• The recent Loop 303 project required additional ROW for a canal shoofly , which was then conveyed to 
BWCDD. 

• BWCDD prefers the location of the Watson system crossing to be approximately% mile east of Apache Road. 

• Delivery laterals for the BWCDD system can be put into a pipe as long as the pipe is located on the "field side" 

Watson Pre-Design Dibble Engineering 
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• 
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• 

of the drainage channel to avoid siphon delivery to the fields. 

If a lateral needs to be relocated horizontally, then need to acqu ire easement. Current laterals may or may not 
be located within existing easements, but at minimum they have prescriptive rights to be where they are. 

Laterals proposed to be relocated into a pipe will require 30-inch diameter pipes, and will require a 24-foot 
wide easement. 

Existing Watson Drain: 
o BWCDD has existing easement 
o It is acceptable to BWCDD to have a joint-use facility 
o The Watson Drain wi ll require a concrete lined low flow channel 
o Maintenance is currently performed from the maintenance road 
o If the Watson Drain is modified and incorporated into the Watson Drainage System, BWCDD wou ld be 

looking to the town to take over maintenance of this reach . 
o The existing pipe culvert outlet to the Gila River restricts the flow to approximately 30 cfs. Combined 

flows from tail water and pumped dewatering is approximately 10-12 cfs. 

BWCDD has an agreement with the Town allowing BWCDD to capture tail water and pumped dewatering flow, 
and then pump it north for reuse in their system. These current "base flows" in the Watson Drain cannot be 
counted on to always be there in the future. 

BWCDD will require reimbursement for Ed's time. An agreement needs to be formalized with FCDMC for this 
reimbursement. 

Watson Pre-Design 2 Dibble Engineering 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I I I I I I I I I I I I 
-en 

I I I I ,I I I 



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

Meeting Minutes 
Project: 

Date: 
Watson Drainage System Pre-Design 
October 31 , 2012 

Re: Watson Pre-Design I RID 
Contract: FCD 2012C003 

Dibble Project: 101206 

ATTENDEES: 
Melody Zyburt (Stantec) 
Gary Wesch (FCDMC) 
Kevin Roberts (Dibble) 

PURPOSE OF MEEETING: 
The purpose of this discussion was to fully understand the functionality of the RID irrigation system and the RID 
requirements relocations or crossings required by the proposed Watson Drainage System. 

DISCUSSION: 

• The RID main canal has approximately a 6-foot bottom width with 2:1 (H :V) side slopes. The existing canal is 
concrete lined. It is located within a ROW corridor 80-feet to 1 00-feet wide, which is centered on the canal. 
There is an existing well facility located on Apache Road, approximately Y:. mile north of Southern Avenue. 
The system includes a series of "partnership ditches", which are ditch facilities shared between the RID and 
the farmers. 

• The canal cannot be siphoned. Proposed crossings of the canal will be required to go UNDER the canal. 

• The location of the proposed "Apache Basin" conflicts with the Youngker pump facility. This basin design 
needs to be coordinated with the developers of the Monte Verde development. 

• RID may be open to a multi-use trail system along the canal , but liability would need to be 
mitigated/transferred . This idea would need to be presented to the RID board. 

• RID system laterals: laterals must be located on the "field side" of the drainage channel. 

• RID currently holds "blanket easements" covering the entire parcels where delivery laterals are located . 
Laterals will require a minimum 24-foot wide easement. The remainder of the "blanket easements" may 
possibly be retired . 

• May be able to replace existing well facilities, if necessary. If the Watson system proposed improvements 
impacts the "Napolitano Well", then the well site perimeter must be brought up to the standard dimension of 
100-ft x1 00-ft. 

• Flume crossings of the RID canal is possible if deliveries are required to both sides of the Watson drainage 
channel. 

• RID is open to the drainage ditch west and south of the Wai-Mart facility being used as a shared , joint-use 
facility. 

Watson Pre-Design Dibble Engineering 



• The RID main canal carries approximately 360 cfs, and has approximately 12-inches of freeboard . 18-inches 
of freeboard is required at bridges and crossings. 

• Box culverts crossing under the RID canal may require a "spreader basin" on the downstream side. 

• Portions of the canal requiring reconstruction due to the Watson system will need to be lined with 4-inches of 
fiber mesh-reinforced concrete. 6-inch of fiber mesh-reinforced concrete may be required where the Watson 
drainage system crosses the main canal. 

• RID has a restricted landscape plan . 

• The proposed Globe Industria l Park will probably be looking for a railroad spur to their property . The globe 
property must maintain a delivery ditch corridor through the property. 

• The RID system is manually operated. Zanjeros must have access to the canal and its appurtenances (gates, 
etc ... ) 

• Bollards/fences/gates will be required at the Watson system crossing locations to restrict access to the RID 
cana l. 

• Well sites: minor electrical improvements to bring a site up to standard can cost $250K. If a well site needs to 
be reconfigured in any way, then the well site must be brought up to standards, including the perimeter ditch. 

• If RID delivery laterals must be relocated as an open ditch , then a 24-foot maintenance road will be required 
on each side of the delivery ditch . If the delivery laterals are relocated into a pipe, then a single maintenance 
road above the pipe will suffice. 

• The system experiences a 2-week dry up period each November. 

• The RID system is supplied by the 23rd Avenue treatment plant and the Granite Reef Dam. The water flowing 
in the system is Class 'A' water. 

Watson Pre-Design 2 Dibble Engineering 
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Meeting Minutes 

Project: 
Date: 

Watson Drainage System Pre-Design 
November 11 , 2012 

Re: 
Contract: 

Watson Pre-Design I APS Coordination 
FCD 2012C003 

Dibble Project: 

ATTENDEES: 
Randy Butler (APS) 
Mike Bouche (APS) 
Dave Schlief (APS) 
Gary Wesch (FCDMC) 
Gary Maiers (FCDMC) 
Kevin Roberts (Dibble) 

101206 

PURPOSE OF MEEETING: 
The purpose of this discussion was to fully understand the ANPP 96" waterline and the APS requirements to cross it 
with the proposed Watson Dainage System. 

DISCUSSION: 
• The internal diameter of the ANPP line is 96". It is made of PCCP, bell and spigot pipe, comprised of several 

"layers". They are: 
o A steel "can" lined with 2" of concrete mortar. The can is surrounded by: 
o 8"-12" of concrete, surrounded by: 
o High tension spiral reinforcing wires, surrounded by: 
o 1" of concrete mortar 

• The ANPP line is designed for HS-20 loading. 

• To cross UNDER the line, will need to jack and bore. This will require a steel casing first, and then the pipe to 
go through the casing . To date, the maximum size pip that has gone under the ANPP line is 36". Four feet of 
vertical separation will be required between the bottom of the ANPP line and the top of the steel casing. Jack 
and bore pits must be located outside of the ANPP ROW, which occupies 25-feet on either side of the pipe. 

• The ANPP line is taken out of service twice annually for a duration of 2 weeks- once in April and once in 
October. 

• The ANPP line will most likely be full of water during construction of the crossing. It is only dewatered once 
every 3 years for inspection. 

• The ANPP pipeline is comprised of approximately 8,500 "spools" 24-feet in length . 

• To go OVER the line, 12" of vertical clearance is required between the bottom of the drainage facility and the 
top of the ANPP line. 

• The failure mechanism for the ANPP line seems to be as outlined below: 
o Mortar develops cracks 
o Moisture infiltrates 

Watson Pre-Design Dibble Engineering 



o High tension steel wire wrapping corrodes 
o Cracks develop on the interior of the pipe at the spring line 
o Moisture infiltrates to the inside of the pipe 
o Interior steel can corrodes 

• The ANPP line has experience 3 ruptures in history. APS has performed inspections on the pipe, and when a 
spool appears to be deteriorating , then reinforcement has been installed. The reinforcement used is post
tension cable encased in shotcrete. This reinforcement adds approximately 3" to the outer diameter of the 
ANPP line. 

• All spools impacted by the proposed crossing will require this reinforcement. APS will do the work, to be 
reimbursed by the project. 

• As an example, for the recent Cotton Lane project, 4 or 5 spools were impacted , requiring reinforcement. The 
cost of this reinforcement was approximately $750K. 

• There is no anticipated easement fee . 

• 

• 

• 

• 

• 

Reinforcement of the ANPP line will not be required if the Watson system crosses UNDER the line . 

Directional boring may be allowed as a method to construct the crossing , but we would need to convince APS 
that there is a compelling reason to use this method, AND that it is safe for the ANPP line. 

The proposed design needs to be presented to APS's consultant (SG&H) for review . 

A Temporary Construction Easement will need to be acquired in order to construct the crossing . 

The proposed crossing MUST avoid the sacrificial anode beds, which are fairly obvious in the field , as they are 
fence-enclosed manhole access points. 

Watson Pre-Design 2 Dibble Engineering 
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Project: 
Date: 

Re: 
Contract: 

Dibble Project: 

ATTENDEES: 
Barbara Rust (CVL) 
Heidi Tilson (CVL) 

Meeting Minutes 
Watson Drainage System Pre-Design 
November 15, 2012 
Watson Pre-Design I Walton 
FCD 2012C003 
101206 

Andrew Gasparro (Walton) 
Gary Wesch (FCDMC) 
Kevin Roberts (Dibble) 

PURPOSE OF MEEETING: 
The purpose of this discussion was to discuss the potential impacts of the proposed Watson drainage system on the 
Walton development properties in the area, as well as the Watson Community Facilities District (CFD). 

DISCUSSION: 

• Walton owns/controls several properties along the Apache Road corridor. Most are in the "final plat" stage 
(not yet recorded) . 

• The plats for these properties may have expired, but according to Walton , the Town has committed to 
"honoring" the plats, as long as they are "updated". 

• The Monte Verde development is the exception: 
o This development was a Shea Homes development 
o Now, ownership is spl it into 2 ownership groups 
o Was rezoned in 2010, and it is about to be rezoned again 

• A possibility for the Monte Verde development would be for storage and compensatory storage to be used to 
modify the size/volume of the proposed Apache Basin. 

• Walton also owns the parcel east of Apache, north of Lower Buckeye Road. This parcel is zoned for mixed
use, possibly multi-family housing. 

• CVL to provide PDFs and shapefiles for the Walton properties. 

Watson Pre-Design Dibble Engineering 
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Meeting Minutes 
Project: 

Date: 
Watson Drainage System Pre-Design 
December 11 , 2012 

Re: 
Contract: 

Dibble Project: 

ATTENDEES: 

Watson Pre-Design I Watson CFD 
FCD 2012C003 
101206 

Scott Zipprich (Town of Buckeye) 
Woody Scoutten (WC Scoutten) 
Scott Ruby (Gust Rosenfeld) 
Jeff Garrett (Garrett Development Corp) 
Heather Personne (Evergreen Devco) 
Gary Wesch (FCDMC) 
Kevin Roberts (Dibble) 

PURPOSE OF MEEETING: 
The purpose of this discussion was to discuss the potential impacts of the proposed Watson drainage system on the 
member properties of the Watson Community Facilities District (CFD). 

DISCUSSION: 

• CFD was formed in 2005. 

• All assessments thus far for the CFD have been by acreage. 

• As soon as plats are recorded , then the assessment maps and the assessments will be modified to reflect as 
much. 

• The Buckeye ADMP, which the Town participated in , commenced in 2006 and was completed in 2009. 

• The ADMP recommended projects were submitted by the Town for prioritization in the FCDMC system in 
December of 2010. 

• Discussion was held regarding the possibility of replacing the open channels with a pipe. Th is is likely 
possible for certain reaches of the system, but generally, the flows are too large to make an complete 
underground system financially feasible. 

• Discussion was held regarding the potential for CFD properties to contribute their on-site runoff flows directly 
to the Watson system. This will be up to the Town to decide what to allow, but the Watson system could 
accommodate some of these flows. 

• Assessments for the CFD are based on benefit derived (from the water and sewer infrastructure). 

• There is a 25-year bond, which was issued on December 29, 2005. This bond is not "callable" for 10 years 
(2015) . The total bond issue was $49M. 

• Scott Ruby will provide assessment/bond terms/CFD financial data to FCDMC 

Watson Pre-Design Dibble Engineering 



• Wingate East: Already accommodates the proposed Watson drainage system. May be able to avoid impacts 
on this parcel all together. 

• There is some question regarding whether submitted plats for these CFD properties are still valid . The Town 
will investigate whether there is an expiration date for the plats. 

• Scott Ruby reported that the assessments were done based on acreage because the Town did NOT want to 
guarantee density of developments. 

• Wingate East is only assessed for sewer capacity, NOT sewer infrastructure. 

• Wingate East plans were submitted for initial reviews, but Woody Scoutten does not believe redline comments 
were addressed or that the 2"d submittal was made. 

• Existing plats accommodate "pass through" of the 1 00-yr, 6/24-hr flows. 

• Per Woody Scoutten , the Town does not want, for example, an 80-acre development with ALL of their required 
open space located along the perimeter of the development. Thus, the Town needs to develop some 
governing criteria for giving open space credits to developments for the Watson Drainage System channels, 
that may run adjacent to said developments, and require land dedications. 

• As long as the integrity of the drainage system is maintained , and there are no adverse impacts to the 
downstream properties, then the Town can "horse trade" with the proposed developments regarding open 
space, on-site runoff direct contributions, etc ... 

• The proposed Maricopa Basin has significant impacts on the Watson CFD assessments, because it is 
proposed to occupy a significant portion of a CFD member property . This basin may need to be split between 
the east and west sides of Apache Road, or relocated entirely to the west side of the road . 

Watson Pre-Design 2 Dibble Engineering 
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Appendix C 
Recommended Plan Hydrology 

Design Report I f!l Dibble Engineering 
March 2014 
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Channel Design Flow Summary 

HEC-1 Route 10 HEC-110 Design Flow 

RT2311 OS 390 
RT2312 06A 540 
RT2313 MB02 60 
RT2314 09 460 
RTAPR1 CEBV 230 
RTAPR2 CCV 280 
RTAPR3 CMV 340 
RTAPR4 CMV 340 
RTMCR1 M2B 240 
RTMCR2 M2C 240 
RTMRA1 P8B 720 
RTSPT1 M2C 240 
RTSPT2 NSB 230 
RTSPT3 010A 540 
RTURR1 MBOS so 
RTURR2 07 110 
RTURR3 M2C 240 
RTWTR1 TOBINF 730 
RTWTR2 P9 1170 

1 
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FCDMC 
Drainage Design Management System 

RAINFALL DATA 
Project Reference: WATSON PO 24H RECPLN 

Page 1/17/2014 

10 Method Duration 2Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr 

DEFAULT NOAA14 5 MIN 0.261 0.356 0.428 0.523 0.595 0.668 
NOAA14 10 MIN 0.397 0.542 0.651 0.795 0.905 1.016 
NOAA14 15 MIN 0.492 0.672 0.807 0.986 1.122 1.260 
NOAA14 30 MIN 0.663 0.905 1.087 1.328 1.511 1.696 
NOAA14 1 HOUR 0.820 1.120 1.345 1.643 1.870 2.099 
NOAA14 2 HOUR 0.914 1.232 1.475 1.807 2.061 2.327 
NOAA14 3 HOUR 0.957 1.272 1.519 1.869 2.148 2.442 
NOAA14 6 HOUR 1.098 1.425 1.687 2.048 2.335 2.636 
NOAA14 12 HOUR 1.200 1.543 1.813 2.181 2.466 2.764 
NOAA14 24 HOUR 1.506 1.957 2.312 2.807 3.195 3.605 

Dibble Engineering (stRanMulti rpt; 
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Area ID 

- -
Area 

(sq mi) 

Major Basin ID: 01 

10E 0.592 

36 0.684 

22E 0.286 

93 0.377 

37 1.421 

94 0.719 

38 0.542 

95 0.522 

11A 0.571 

39 0.725 

96 0.914 

11B 0.581 

40 0.976 

97 0.500 

11C 0.343 

12 0.736 

13 0.501 

48 0.500 

100 0.582 

14A 0.692 

49 1.009 

Dibble Engineering 

- -
Length 

(mi) 
Slope S-Graph 
(ft/mi) 

1.41 56.9 VALLEY 

1.85 36.6 VALLEY 

0.70 39.8 VALLEY 

1.21 17.4 VALLEY 

2.36 30.1 VALLEY 

1.30 22.4 VALLEY 

1.40 20.7 VALLEY 

1.66 7.8 VALLEY 

0.57 84.0 VALLEY 

1.63 25 .2 VALLEY 

1.32 4.5 VALLEY 

1.39 41 .8 VALLEY 

1.83 31 .3 VALLEY 

1.32 6.1 VALLEY 

0.99 54.3 VALLEY 

0.96 83.0 VALLEY 

0.52 71 .2 VALLEY 

1.10 16.5 VALLEY 

1.70 18.8 VALLEY 

1.33 67.9 VALLEY 

1.96 23.5 VALLEY 

- - -
Sub Basin Parameters 

• Non default value 

Lea 
(mi) 

0.72 

0.93 

0.42 

0.60 

1.18 

0.65 

0.70 

0.83 

0.33 

0.82 

0.66 

0.62 

0.91 

0.66 

0.31 

0.41 

0.26 

0.55 

0.85 

0.71 

0.98 

Lag 
(min) 

31 .60 

42.90 

22.50 

25.20 

52.30 

35.20 

40.20 

47.30 

13.80 

43.50 

51 .30 

33.50 

45.40 

48.50 

21 .50 

18.30 

13.50 

34.20 

47.40 

31 .60 

50.60 

- - - -
FCDMC 

Drainage Design Management System 
SUB BASINS 

Project Reference: WATSON PD 24H RECPLN 

Velocity 
(f/s) 

3.92 

3.80 

2.75 

4.23 

3.97 

3.25 

3.07 

3.09 

3.63 

3.29 

2.26 

3.65 

3.54 

2.40 

4.05 

4.61 

3.40 

2.83 

3.15 

3.70 

3.41 

Kn 

0.047 

0.048 

0.050 

0.034 

0.047 

0.047 

0.050 

0.043 

0.042 

0.050 

0.050 

0.050 

0.050 

0.050 

0.050 

0.042 

0.045 

0.049 

0.050 

0.050 

0.050 

- -
lA 

(in) 

0.24 

0.25 

0.25 

0.17 

0.24 

0.24 

0.25 

0.21 

0.22 

0.25 

0.29 

0.25 

0.25 

0.28 

0.25 

0.21 

0.24 

0.24 

0.29 

0.26 

0.25 

- - - - -
1/17/2014 

Rainfall Losses 

DTHETA PSIF XKSAT RTIMP 
(in) (in/hr) (%) 

0.25 4.10 0.556 35 

0.25 3.95 0.576 28 

0.25 3.95 0.572 30 

0.25 4.90 0.379 57 

0.25 4.10 0.554 34 

0.15 7.30 0.134 35 

0.25 3.95 0.573 30 

0.15 8.00 0.104 42 

0.25 5.60 0.267 41 

0.25 4.30 0.487 30 

0.15 7.30 0.135 18 

0.25 4.30 0.487 30 

0.25 4.20 0.514 30 

0.17 6.80 0.158 22 

0.25 3.95 0.569 30 

0.25 4.65 0.407 41 

0.25 5.10 0.323 34 

0.25 4.35 0.480 32 

0.23 6.20 0.196 18 

0.25 4.35 0.467 27 

0.25 3.95 0.576 30 

(stSubBasSG.rpt) 
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Area ID Area 
(sq mi) 

Major Basin ID: 01 

148 0.502 

50 1.002 

51 1.004 

56A 0.4 11 

47N 0.233 

568 0.334 

57 0.489 

23 0.524 

58 0.190 

24 0.489 

25 0.274 

26 0.524 

92N 0.327 

83 0.675 

92S 0.687 

70 0.141 

71 0.155 

72 0.086 

Dibble Engineering 

Length 
(mi) 

0.59 

1.98 

1.96 

1.19 

0.93 

0.73 

0.68 

1.32 

0.50 

0.53 

1.05 

0.76 

0.86 

1.72 

1.31 

0.68 

0.34 

0.13 

Slope S-Graph 
(ft/m i) 

54 .1 VALLEY 

26.7 VALLEY 

23.0 VALLEY 

30.3 VALLEY 

21.6 VALLEY 

43.7 VALLEY 

19.1 VALLEY 

15.9 VALLEY 

16.0 VALLEY 

56.2 VALLEY 

10.5 VALLEY 

39.3 VALLEY 

32.6 VALLEY 

64.7 VALLEY 

26.0 VALLEY 

1.5 VALLEY 

14.4 VALLEY 

7.7 VALLEY 

Sub Basin Parameters 

• Non default value 

Lea 
(mi) 

0.30 

0.99 

0.98 

0.59 

0.69 

0.37 

0.34 

0.66 

0.25 

0.27 

0.52 

0.38 

0.54 

0.93 

0.70 

0.34 

0.17 

0.06 

Lag 
(min) 

17.50 

49.80 

50.90 

13.20 

33.90 

8.50 

9.40 

40.40 

7.70 

16.00 

36.60 

22.40 

17.20 

39.00 

27.70 

15.30 

5.90 

3.10 

FCDMC 
Drainage Design Management System 

SUB BASINS 

Project Reference: WATSON PO 24H RECPLN 

Velocity 
(f/s) 

2.97 

3.50 

3.39 

7.95 

2.41 

7.52 

6.35 

2.88 

5.70 

2.92 

2.52 

2.99 

4.40 

3.88 

4.15 

3.92 

5.09 

3.70 

Kn 

0.050 

0.050 

0.050 

0.020 

0.050 

0.020 

0.020 

0.050 

0.020 

0.050 

0.050 

0.050 

0.031 

0.050 

0.037 

0.020 

0.020 

0.020 

lA 
(in) 

0.26 

0.25 

0.25 

0.15 

0.25 

0.15 

0.15 

0.25 

0.15 

0.29 

0.29 

0.29 

0.16 

0.25 

0.19 

0.15 

0.15 

0.15 

DTHETA 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.15 

0.25 

0.15 

0.25 

0.25 

0.25 

Rainfall Losses 

PSIF XKSAT 
(in) (in/hr) 

4.15 0.527 

4.20 0.521 

4.40 0.458 

3.95 0.619 

3.95 0.576 

4.00 0.610 

4.25 0.551 

3.95 0.572 

4.30 0.526 

4.60 0.405 

4.15 0.531 

4.00 0.557 

8.40 0.100 

5.40 0.263 

8.80 0.082 

4.45 0.487 

4.80 0.390 

4.45 0.476 

RTIMP 
(%) 

27 

30 

30 

55 

30 

55 

55 

30 

55 

18 

18 

18 

68 

28 

56 

55 

55 

55 

1/17/2014 

(stSubBasSG.rpt; 



I FCDMC 

Drainage Design Management System 

I HEC-1 SCHEMATI C 

Project Reference: WATSON PD 24H RECPLN 

Major Basin : 01 

Page 1/17/2014 

I Basin 12 

Divert -----> 12RET 

Hydrograph 12-0 

I Route 01-02 

Basin 13 

Divert ---- -> 13RET 

.I 
Hydrograph 13-0 

Combine 02 

Route 02-03A 

Basin 24 

.I 
Divert -----> 24RET 

Hydrograph 24-0 

Combine 03A . 

Route 03A03B 

i Basin 25 

Divert -----> 25RET 

Hydrograph 25-0 

Combine 03B .. 

I 
Basin 14A 

Divert ------> 14ARET 

Hydrograph 14A-O 

Route P1AP1B 

I Basin 83 

Divert ------> 83RET 

Hydrograph 83-0 

Basin 14B 

I Divert ------> 14BRET 

Hydrograph 14B-O 

Combine P1B .. 

Route P1B-P2 

I Basin 26 

Divert - ---> 26RET 

Hydrograph 26-0 

Combine P2 .. 

I· Route P2-04 

Basin 11A 

Divert ----> 11ARET 

I 
Hydrograph 11A-0 

Route N1A-1B 

Basin 11B 

Divert -----> 11BRET 

I 
Hydrograph 11B-O 

Combine N1B .. 

Route N1 B04 

Combine 04 .. 

I 
Divert ------> DIMB01 

Hydrograph MB01 

Route RT2311 

Basin 39 

I Divert ------> 39RET 

Hydrograph 39-0 

Combine 05 .. 

Route RT2312 

I Basin 50 

Divert ------> 50 RET 

Hydrograph 50-0 

Combine 06A 

I Basin 38 

Divert ------> 38RET 

Hydrograph 38-0 

Divert ------> DTAF38 

I Dibble Engineering (stHec1Tr.rpt) 
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Hydrograph 

Route 

Basin 

Divert 

Hydrograph 

Divert 

Hydrograph 

Divert 

Hydrograph 

Combine 

Route 

Combine 

Divert 

Hydrograph 

Route 

Basin 

Divert 

Hydrograph 

Route 

Basin 

Divert 

Hydrograph 

Combine 

Divert 

Hydrograph 

Route 

Combine 

Route 

Basin 

Divert 

Hydrograph 

Combine 

Basin 

Divert 

Hydrograph 

Route 

Basin 

Divert 

Hydrograph 

Combine 

Basin 

Divert 

Hydrograph 

Route 

Basin 

Divert 

Hydrograph 

Combine 

Divert 

Hydrograph 

Route 

Basin 

Divert 

Hydrograph 

Divert 

Hydrograph 

Divert 

Hydrograph 

Divert 

Hydrograph 

Divert 

Hydrograph 

Dibble Engineering 

FCDMC 
Drainage Design Management System 

HEC-1 SCHEMATIC 

Project Reference: WATSON PD 24H RECPLN 

Major Basin : 01 

06B 

DVAF38 

N3-N4 

N4 

N4-06 

49 

------> 49RET 

49-0 

------> DTCM49 

DVCM49 

------> DTMV49 

DVMV49 

-------> DIMB02 

MB02 

RT2313 

40 

------> 40RET 

40-0 

P3-P4 

P4 . 

51 

------> 51RET 

51 -0 

------> DIMB05 

MB05 

RTURR1 

P5B 

RTURR2 

07 

57 

------> 57RET 

57-0 

10E 

------> 10ERET 

10E-O 

L 1AL2A 

L2A. 

22E 

------> 22ERET 

22E-O 

11C 

-----> 11 CRET 

11C-O 

N1C-N2 

23 

------> 23RET 

23-0 

N2. 

-----> DIMB03 

MB03 

RTAPR1 

37 

------> 
37-0 

-----> 

DVEVB 

------> 
DVCV 

-----> 
DVMV 

-------> 
DVW37 

37RET 

DTEVB 

DTCV 

DTMV 

DTW37 

1/17/2014 

(stHec1Tr.rpt) 



I 
I 

Page 3 

I Retrieve 

Hydrograph 

Retrieve 

I. Hydrograph 

Route 

Basin 

Retrieve 

I Hydrograph 

Retrieve 

Hydrograph 

Route 

I Basin 

Retrieve 

Hydrograph 

I 
Retrieve 

Hydrograph 

Route 

Basin 

·t. 
Basin 

Divert 

Hydrograph 

Route 

I 
Basin 

Divert 

Hydrograph 

Combine 

I 
Route 

Retrieve 

Hydrograph 

Route 

I Basin 

Divert 

Hydrograph 

Combine 

I; Combine 

Divert 

Hydrograph 

I 
Basin 

Divert 

Hydrograph 

Divert 

I~ 
Hydrograph 

Combine 

Route 
'- Route 

I 
Basin 

Divert 

Hydrograph 

Combine 

I 
Route 

Combine 

Route 

Basin 

I Divert 

Hydrograph 

Retrieve 

Hydrograph 

I Combine 

Route 

Basin 

Divert 

I Hydrograph 

Dibble Engineering 

NSB .. 

FCDMC 

Drainage Design Management System 

HEC-1 SCHEMATIC 

v 
RTAPR2 

v 
RTAPR3 

v 
RTAPR4 

Project Reference: WATSON PD 24H RECPLN 

Major Basin : 01 

. <------ DTEVB 

DVEVB 

<------ DTAF38 

DVAF38 

<------ DTCV 

DVCV 

<------ DTMV49 

DVMV49 

<------ DTMV 

DVMV 

36 

<------ DTCM49 

DVCM49 

------> 36RET 

36-0 

L3-M2A 

M2A . 

47N 

------> 47NRET 

47N-O 

RTMCR1 

M2B .. 

M3C .. 

. <------ DTW37 

DWI/37 

37-M2B 

48 

.-----> 48RET 

48-0 

.- -----> DIMB04 

MB04 

56 A 

-----> 56ARET 

56A-O 

------> DT56A 

DV56A 

M2C ... 

RTMCR2 

RTSPT1 

56B 

----> 56BRET 

56B-O 

CP56B .. 

RTURR3 

RTSPT2 

N6 .. 

70 

.-----> 70RET 

70-0 

<------ DT56A 

DV56A 

RTSPT3 

92N 

-----> 92NRET 

92N-O 

1/17/2014 

(stHec1Tr.rpt) 
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Comb1ne 

Basin 

Divert 

Hydrograph 

Basin 

Divert 

Hydrograph 

Combine 

Route 

Basin 

Divert 

Hydrograph 

Combine 

Route 

Combine 

Basin 

Combme 

Route 

Basin 

Basin 

Divert 

Hydrograph 

Combine 

Basin 

Divert 

Hydrograph 

Basin 

Divert 

Hydrograph 

Combine 

Basin 

Divert 

Hydrograph 

Combine 

Route 

Basin 

Divert 

Hydrograph 

Combine 

Route 

Basin 

Divert 

Hydrograph 

Combine 

Route 

Basin 

Divert 

Hydrograph 

Combine 

Dibble Engineering 

010A 

71 

------> 71RET 

71-0 

93 

---> 

93-0 

09 

RT2314 

95 

-----> 
95-0 

P8B 

RTMRA1 

010B 

DET24 

FCDMC 

Drainage Design Management System 

HEC-1 SCHEMATIC 

Project Reference: WATSON PO 24H RECPLN 

Major Basin : 01 

93RET 

95RET 

TOBINF 

RTWTR1 

DRAN24 

92S 

-----> 92SRET 

92S-O 

TOB92S 

58 

-----> 58 RET 

58-0 

P6. 

P7 

94-P8A 

P8A 

P8A-P9 

72 

------> 72RET 

72-0 

94 

------> 94RET 

94-0 

96 

------> 96RET 

96-0 

97 

------> 97RET 

97-0 

P9 

RTWTR2 

P10 

100 

------> 1 OORET 

100-0 

1/17/2014 

(stHec1Tr.rpt) 



I FCDMC 
Drainage Design Management System 

I 
HEC-1 FLOW AND VOLUME SUMMARY 

Page 1 Project Reference: WATSON PD 24H RECPLN 1/17/2014 

Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50Yr 100Yr 

I 
ID 
Major Bas in 01 

12 Hydrograph 0.7400 Flow (cfs) 1,151 

Volume (Inches) 2.003 

I 
Volume (Ac-Ft) 78.62 

Ac-Ft/Sq Mi 106.24 

Time to Peak (Hrs) 12.25 

I 12RET Diversion 0.7400 Flow (cfs) 1,151 

Volume (Inches) 2.003 

Volume (Ac-Ft) 78.62 

I 
Ac-Ft/Sq Mi 106.24 

Time to Peak (Hrs) 12.25 

12-0 Hydrograph 0.7400 Flow (cfs) 

- Volume (Inches) 

Volume (Ac-Ft) 

Ac-Ft/Sq Mi 

Time to Peak (Hrs) 

I 01-02 Routed 0.7400 Flow (cfs) 

Volume (Inches) 

Volume (Ac-Ft) 

I Ac-Ft/Sq Mi 

Time to Peak (Hrs) 

I 
13 Hydrograph 0.5000 Flow (cfs) 923 

Volume (Inches) 1.872 

Volume (Ac-Ft) 50.03 

Ac-Ft!Sq Mi 100.06 

I 
Time to Peak (Hrs) 12.17 

13RET Diversion 0.5000 Flow (cfs) 923 

Volume (Inches) 1.872 

I Volume (Ac-Ft) 50.03 

Ac-Ft/Sq Mi 100.06 

Time to Peak (Hrs) 12.17 

j 13-0 Hydrograph 0.5000 Flow (cfs) 

Volume (Inches) 

Volume (Ac-Ft) 

II Ac-Ft/Sq Mi 

Time to Peak (Hrs) 

02 Combined 1.2400 Flow (cfs) 

I 
Volume (Inches) 

Volume (Ac-Ft) 

Ac-Ft/Sq Mi 

Time to Peak (Hrs) 

I 02-03A Routed 1.2400 Flow (cfs) 

Volume (Inches) 

I 
Volume (Ac-Ft) 

Ac-Ft/Sq Mi 

Time to Peak (Hrs) 

I 
24 Hydrograph 0.4900 Flow (cfs) 742 

Volume (Inches) 1.385 

Volume (Ac-Ft) 36.12 

I Dibble Engineering (stHec1 Vo.rpt} 



FCDMC 
Drainage Design Management System 

HEC-1 FLOW AND VOLUME SUMMARY 
Page 2 Project Reference: WATSON PD 24H RECPLN 1/1 7/2014 

Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50 Yr 100 Yr 

ID 
Ac-FVSq Mi 73.71 

Time to Peak (Hrs) 12.17 

24RET Diversion 0.4900 Flow (cfs} 2 

Volume (Inches) 0.012 

Volume (Ac-Ft) 0.30 

Ac-FVSq Mi 0.61 

Time to Peak (Hrs) 1.08 

24-0 Hydrograph 0.4900 Flow (cfs) 742 

Volume (Inches) 1.374 

Volume (Ac-Ft) 35.82 

Ac-FVSq Mi 73.10 

Time to Peak (Hrs) 12.17 

0 3A Combined 1.7300 Flow (cfs) 734 

Volume (Inches) 0.385 

Volume (Ac-Ft) 35.46 

Ac-FVSq Mi 20.50 

Time to Peak (Hrs) 12.17 

03A03 Routed 1.7300 Flow (cfs) 667 

Volume (Inches) 0.385 

Volume (Ac-Ft) 35.46 

Ac-FVSq Mi 20.50 

Time to Peak (Hrs) 12.33 

25 Hydrograph 0.2700 Flow (cfs) 235 

Volume (Inches) 1.315 

Volume (Ac-Ft) 19.22 

Ac-FVSq Mi 71.19 

Time to Peak (Hrs) 12.58 

25RET Diversion 0.2700 Flow (cfs) 235 

Volume (Inches) 1.136 

Volume (Ac-Ft) 16.60 

Ac-FVSq Mi 61.48 

Time to Peak (Hrs) 12.58 

25-0 Hydrograph 0.2700 Flow (cfs) 18 

Volume (Inches) 0.179 

Volume (Ac-Ft) 2.62 

Ac-FVSq Mi 9.70 

Time to Peak (Hrs) 13.42 

03B Combined 2.0000 Flow (cfs} 667 

Volume (Inches) 0.355 

Volume (Ac-Ft) 37.86 

Ac-FVSq Mi 18.93 

Time to Peak (Hrs) 12.33 

14A Hydrograph 0.6900 Flow (cfs) 712 

Volume (Inches) 1.599 

Volume (Ac-Ft) 59.00 

Ac-FVSq Mi 85.51 

Time to Peak (Hrs) 12.50 

Dibble Engineering (stHec1Vo.rpt) 



I FCDMC 
Drainage Design Management System 

.I 
HEC-1 FLOW AND VOLUME SUMMARY 

Page 3 Project Reference: WATSON PO 24H RECPLN 1/17/2014 

Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50 Yr 100Yr 

I 
ID 
14ARET Diversion 0.6900 Flow (cfs} 712 

Volume (Inches) 1.374 

Volume (Ac-Ft) 50.70 

I Ac-Ft/Sq Mi 73.48 

Time to Peak (Hrs) 12.50 

14A-0 Hydrograph 0.6900 Flow (cfs} 31 

I Volume (Inches) 0.225 

Volume (Ac-Ft) 8.30 

Ac-Ft/Sq Mi 12.03 

I 
Time to Peak (Hrs) 13.58 

P1AP18 Routed 0.6900 Flow (cfs) 24 

Volume (Inches) 0.225 

I 
Volume (Ac-Ft) 8 .30 

Ac-Ft/Sq Mi 12.03 

Time to Peak (Hrs) 14.00 

I 83 Hydrograph 0.6800 Flow (cfs) 678 

Volume (Inches) 1.767 

Volume (Ac-Ft) 63.60 

Ac-Ft/Sq Mi 93.53 

I Time to Peak (Hrs) 12.58 

83RET Diversion 0.6800 Flow (cfs} 678 

I, 
Volume (Inches) 1.339 

Volume (Ac-Ft) 48.20 

Ac-Ft/Sq Mi 70.88 

Time to Peak (Hrs) 12.58 

I 83-0 Hydrograph 0.6800 Flow (cfs} 206 

Volume (Inches) 0.428 

Volume (Ac-Ft) 15.40 

I Ac-Ft/Sq Mi 22.65 

Time to Peak (Hrs) 13.08 

148 Hydrograph 0.5000 Flow (cfs) 729 

I I Volume (Inches) 1.567 

Volume (Ac-Ft) 41 .97 

Ac-Ft/Sq Mi 83.94 

I 
Time to Peak (Hrs) 12.25 

148RET Diversion 0.5000 Flow (cfs) 729 

Volume (Inches) 1.567 

I 
Volume (Ac-Ft) 41 .97 

Ac-Ft/Sq Mi 83.94 

Time to Peak (Hrs) 12.25 

·t 148-0 Hydrograph 0.5000 Flow (cfs) 

Volume (Inches) 

Volume (Ac-Ft) 

I 
Ac-Ft/Sq Mi 

Time to Peak (Hrs) 

P18 Combined 1.8700 Flow (cfs} 206 

I 
Volume (Inches) 0.237 

Volume (Ac-Ft) 23.67 

Ac-Ft/Sq Mi 12.66 

I Dibble Engineering (stHec1Vo rpt) 



FCDMC 
Drainage Design Management System 

HEC-1 FLOW AND VOLUME SUMMARY 
Page 4 Project Reference: WATSON PO 24H RECPLN 1/17/2014 

Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50 Yr 100 Yr 

ID 
Time to Peak (Hrs) 13.08 

P1B-P2 Routed 1.8700 Flow (cfs) 110 

Volume (Inches) 0.225 

Volume (Ac-Ft) 22.41 

Ac-Ft/Sq Mi 11 .98 

Time to Peak (Hrs) 13.33 

26 Hydrograph 0.5200 Flow (cfs) 621 

Volume (Inches) 1.300 

Volume (Ac-Ft) 36.33 

Ac-Ft/Sq Mi 69.87 

Time to Peak (Hrs) 12.33 

26RET Diversion 0.5200 Flow (cfs) 9 

Volume (Inches) 0.125 

Volume (Ac-Ft) 3.50 

Ac-Ft/Sq Mi 6.73 
Time to Peak (Hrs) 10.67 

26-0 Hydrograph 0.5200 Flow (cfs) 621 

Volume (Inches) 1.175 

Volume (Ac-Ft) 32.83 

Ac-Ft/Sq Mi 63.13 

Time to Peak (Hrs) 12.33 

P2 Combined 2.3900 Flow (cfs) 610 

Volume (Inches) 0.424 

Volume (Ac-Ft) 54.13 

Ac-Ft/Sq Mi 22.65 

Time to Peak (Hrs) 12.33 

P2-04 Routed 2.3900 Flow (cfs) 479 

Volume (Inches) 0.424 

Volume (Ac-Ft) 54.13 

Ac-Ft/Sq Mi 22.65 

Time to Peak (Hrs) 12.67 

11A Hydrograph 0.5700 Flow (cfs) 1,075 

Volume (Inches) 2.081 

Volume (Ac-Ft) 63.37 

Ac-Ft/Sq Mi 111 .18 

Time to Peak (Hrs) 12.17 

11ARET Diversion 0.5700 Flow (cfs) 1,075 

Volume (Inches) 2.039 

Volume (Ac-Ft) 62.10 

Ac-Ft/Sq Mi 108.95 

Time to Peak (Hrs) 12.17 

11A-0 Hydrograph 0.5700 Flow (cfs) 6 

Volume (Inches) 0.042 

Volume (Ac-Ft) 1.27 

Ac-Ft/Sq Mi 2.23 

Time to Peak (Hrs) 22.00 

N1A-1B Routed 0.5700 Flow (cfs) 6 

Volume (Inches) 0.042 

Dibble Engineering (stHec1Vo.rpt) 



I FCDMC 
Drainage Design Management System 

I 
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Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50 Yr 100Yr 

I 
ID 

Volume (Ac-Ft) 1.27 

Ac-Ft/Sq Mi 2.23 

Time to Peak (Hrs) 23.92 

I 11 B Hydrograph 0.5800 Flow (cfs) 586 

Volume (Inches) 1.677 

Volume (Ac-Ft) 51 .96 

I Ac-Ft/Sq Mi 89.59 

Time to Peak (Hrs) 12.50 

11 BRET Diversion 0.5800 Flow (cfs) 586 

I Volume (Inches) 1.507 

Volume (Ac-Ft) 46.70 

Ac-Ft/Sq Mi 80.52 

I 
Time to Peak (Hrs) 12.50 

118-0 Hydrograph 0.5800 Flow (cfs) 12 

Volume (Inches) 0.170 

a· Volume (Ac-Ft) 5.26 

Ac-Ft/Sq Mi 9.07 

Time to Peak (Hrs) 15.33 

I N1B Combined 1.1500 Flow (cfs) 11 

Volume (Inches) 0.102 

Volume (Ac-Ft) 6.25 

I 
Ac-Ft/Sq Mi 5.43 

Time to Peak (Hrs) 15.33 

N1B04 Routed 1.1500 Flow (cfs) 11 

I 
Volume (Inches) 0.102 

Volume (Ac-Ft) 6.25 

Ac-Ft/Sq Mi 5.43 

Time to Peak (Hrs) 24.25 

I 04 Combined 5.5500 Flow (cfs) 766 

Volume (Inches) 0.309 

I 
Volume (Ac-Ft) 91.45 

Ac-Ft/Sq Mi 16.48 

Time to Peak (Hrs) 12.50 

I 
DIMB01 Diversion 5.5500 Flow (cfs) 716 

Volume (Inches) 0.161 

Volume (Ac-Ft) 47.68 

Ac-Ft/Sq Mi 8.59 

I 
Time to Peak (Hrs) 12.50 

MB01 Hydrograph 5.5500 Flow (cfs) 50 

Volume (Inches) 0.148 

I Volume (Ac-Ft) 43.77 

Ac-Ft/Sq Mi 7.89 

Time to Peak (Hrs) 12.00 

i RT2311 Routed 5.5500 Flow (cfs) 50 

Volume (Inches) 0.148 

Volume (Ac-Ft) 43.77 

I 
Ac-Ft/Sq Mi 7.89 

Time to Peak (Hrs) 13.33 

I Dibble Engineering (stHec1 Vo.rpt) 
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Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50 Yr 100Yr 

ID 
39 Hydrograph 0.7300 Flow (cfs) 610 

Volume (Inches) 1.670 

Volume (Ac-Ft) 64.S8 

Ac-Ft/Sq Mi 88.47 

Time to Peak (Hrs) 12.67 

39RET Diversion 0.7300 Flow (cfs) 610 

Volume (Inches) 1.130 

Volume (Ac-Ft) 43.70 

Ac-Ft/Sq Mi S9.86 

Time to Peak (Hrs) 12.67 

39-0 Hydrograph 0.7300 Flow (cfs) 339 

Volume (Inches) O.S40 

Volume (Ac-Ft) 20.88 

Ac-Ft/Sq Mi 28.60 

Time to Peak (Hrs) 13.00 

OS Combined 0.7300 Flow (cfs) 389 

Volume (Inches) 1.769 

Volume (Ac-Ft) 68.41 

Ac-Ft/Sq Mi 93.71 

Time to Peak (Hrs) 13.00 

RT2312 Routed 0.7300 Flow (cfs) 2SS 

Volume (Inches) 1.769 

Volume (Ac-Ft) 68.41 

Ac-Ft/Sq Mi 93.71 

Time to Peak (Hrs) 13.33 

so Hydrograph 1.0000 Flow (cfs) 7S8 

Volume {Inches) 1.6S8 

Volume (Ac-Ft) 88.S9 

Ac-Ft/Sq Mi 88.S9 

Time to Peak (Hrs) 12.7S 

SO RET Diversion 1.0000 Flow (cfs) 7S8 

Volume (Inches) 1.14S 

Volume (Ac-Ft) 61 .20 

Ac-Ft/Sq Mi 61 .20 

Time to Peak (Hrs) 12.7S 

S0-0 Hydrograph 1.0000 Flow (cfs) 402 

Volume (Inches) O.S13 

Volume (Ac-Ft) 27.39 

Ac-Ft/Sq Mi 27.39 

Time to Peak (Hrs) 13.17 

06A Combined 1.7300 Flow (cfs) S34 

Volume (Inches) 1.013 

Volume (Ac-Ft) 93.3S 

Ac-Ft/Sq Mi S3.96 

Time to Peak (Hrs) 13.2S 

38 Hydrograph O.S400 Flow (cfs) 468 

Volume (Inches) 1.640 

Volume (Ac-Ft) 47.42 

Ac-Ft/Sq Mi 87.81 

Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50 Yr 100Yr 

I 
ID 

Time to Peak (Hrs) 12.58 

38RET Diversion 0.5400 Flow (cfs) 468 

I 
Volume (Inches) 1.152 

Volume (Ac-Ft) 33.30 

Ac-FI/Sq Mi 61 .67 

Time to Peak (Hrs) 12.58 

I 38-0 Hydrograph 0.5400 Flow (cfs) 215 

Volume (Inches) 0.488 

I 
Volume (Ac-Ft) 14.12 

Ac-FI/Sq Mi 26.15 

Time to Peak (Hrs) 13.00 

,I DTAF38 Diversion 0.5400 Flow (cis) 95 

Volume (Inches) 0.435 

Volume (Ac-Ft) 12.58 

Ac-FI/Sq Mi 23.30 

I Time to Peak (Hrs) 1300 

DVAF38 Hydrograph 0.5400 Flow (cis) 120 

Volume (Inches) 0.053 

I Volume (Ac-Ft) 1.53 

Ac-FI/Sq Mi 2.83 

Time to Peak (Hrs) 13.00 

I N3-N4 Routed 0.5400 Flow (cfs) 28 

Volume (Inches) 0.053 

Volume (Ac-Ft) 1.53 

I 
Ac-FI/Sq Mi 2.83 

Time to Peak (Hrs) 13.25 

49 Hydrograph 1.0100 Flow (cis) 737 

I, Volume (Inches) 1.633 

Volume (Ac-Ft) 87.88 

Ac-FI/Sq Mi 87.01 

Time to Peak (Hrs) 12.75 

I 49RET Diversion 1.0100 Flow (cis) 737 

Volume (Inches) 1.464 

I 
Volume (Ac-Ft) 78.80 

Ac-FI/Sq Mi 78.02 

Time to Peak (Hrs) 12.75 

I 
49-0 Hydrograph 1.0100 Flow (cfs) 21 

Volume (Inches) 0.169 

Volume (Ac-Ft) 9.08 

Ac-FI/Sq Mi 8.99 

,I Time to Peak (Hrs) 15.58 

DTCM4 Diversion 1.0100 Flow (cis) 3 

I 
Volume (Inches) 0.045 

Volume (Ac-Ft) 2.43 

Ac-FI/Sq Mi 2.41 

Time to Peak (Hrs) 17.00 

II DVCM4 Hydrograph 1.0100 Flow (cfs) 18 

Volume (Inches) 0.124 

I Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50 Yr 100 Yr 

ID 
Volume (Ac-Ft) 6.65 

Ac-Ft/Sq Mi 6.58 

Time to Peak (Hrs) 15.58 

DTMV49 Diversion 1.0100 Flow (cfs) 5 

Volume (Inches) 0.070 

Volume (Ac-Ft) 3.77 

Ac-Ft/Sq Mi 3.73 

Time to Peak (Hrs) 17.08 

DVMV4 Hydrograph 1.01 00 Flow (cfs) 13 

Volume (Inches) 0.053 

Volume (Ac-Ft) 2.87 

Ac-Ft/Sq Mi 2.84 

Time to Peak (Hrs) 15.58 

N4 Combined 0.9100 Flow (cfs) 28 

Volume (Inches) 0.092 

Volume (Ac-Ft) 4.44 

Ac-Ft/Sq Mi 4.88 

Time to Peak (Hrs) 13.25 

N4-06 Routed 0.9100 Flow (cfs) 12 

Volume (Inches) 0.091 

Volume (Ac-Ft) 4.41 

Ac-Ft/Sq Mi 4.85 

Time to Peak (Hrs) 14.00 

06B Combined 2.6400 Flow (cfs) 534 

Volume (Inches) 0.690 

Volume (Ac-Ft) 97.05 

Ac-Ft/Sq Mi 36.76 

Time to Peak (Hrs) 13.25 

DIMB02 Diversion 2.6400 Flow (cfs) 458 

Volume (Inches) 0.239 

Volume (Ac-Ft) 33.58 

Ac-Ft/Sq Mi 12.72 

Time to Peak (Hrs) 13.25 

MB02 Hydrograph 2.6400 Flow (cfs) 60 

Volume (Inches) 0.435 

Volume (Ac-Ft) 61 .09 

Ac-Ft/Sq Mi 23.14 

Time to Peak (Hrs) 19.25 

RT2313 Routed 2.6400 Flow (cfs) 60 

Volume (Inches) 0.435 

Volume (Ac-Ft) 61 .09 

Ac-Ft/Sq Mi 23.14 

Time to Peak (Hrs) 19.33 

40 Hydrograph 0.9800 Flow (cfs) 791 

Volume (Inches) 1.666 

Volume (Ac-Ft) 86.72 

Ac-Ft/Sq Mi 88.49 

Time to Peak (Hrs) 12.67 

Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50 Yr 100Yr 

I 
ID 
40RET Diversion 0.9800 Flow (cfs) 791 

Volume (Inches) 1.183 

Volume (Ac-Ft) 61 .60 

I Ac-Ft/Sq Mi 62.86 

Time to Peak (Hrs) 12.67 

40-0 Hydrograph 0.9800 Flow (cfs) 327 

I Volume (Inches) 0.483 

Volume (Ac-Ft) 25.12 

Ac-Ft/Sq Mi 25.63 

I 
Time to Peak (Hrs) 13.17 

P3-P4 Routed 0.9800 Flow (cfs) 324 

Volume (Inches) 0.483 

I 
Volume (Ac-Ft) 25.12 

Ac-Ft/Sq Mi 25.63 

Time to Peak (Hrs) 13.42 

I 51 Hydrograph 1.0000 Flow (cfs) 765 

Volume (Inches) 1.689 

Volume (Ac-Ft) 90.42 

I 
Ac-Ft/Sq Mi 90.42 

Time to Peak (Hrs) 12.75 

51 RET Diversion 1.0000 Flow (cfs) 765 

I 
Volume (Inches) 1.163 

Volume (Ac-Ft) 62.30 

Ac-Ft/Sq Mi 62.30 

Time to Peak (Hrs) 12.75 

I 51-0 Hydrograph 1.0000 Flow (cfs) 394 

Volume (Inches) 0.525 

Volume (Ac-Ft) 28.12 

I Ac-Ft/Sq Mi 28.12 

Time to Peak (Hrs) 13.17 

P4 Combined 1.9800 Flow (cfs) 538 

I Volume (Inches) 0.485 

Volume (Ac-Ft) 51 .27 

Ac-Ft/Sq Mi 25.89 

.I Time to Peak (Hrs) 13.42 

DIMB05 Diversion 1.9800 Flow (cfs) 488 

Volume (Inches) 0.218 

I 
Volume (Ac-Ft) 23.06 

Ac-Ft/Sq Mi 11 .65 

Time to Peak (Hrs) 13.42 

I MB05 Hydrograph 1.9800 Flow (cfs) 50 

Volume (Inches) 0.267 

Volume (Ac-Ft) 28.21 

I 
Ac-Ft/Sq Mi 14.25 

Time to Peak (Hrs) 13.17 

RTURR Routed 1.9800 Flow (cfs) 50 

I. 
Volume (Inches) 0.267 

Volume (Ac-Ft) 28.21 

Ac-Ft/Sq Mi 14.25 

I Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50 Yr 100 Yr 

10 
Time to Peak (Hrs) 13.92 

P5B Combined 0.1900 Flow (cfs) 110 

Volume (Inches) 8.960 

Volume (Ac-Ft) 90.79 

Ac-Ft/Sq Mi 477.84 

Time to Peak (Hrs) 15.17 

RTURR Routed 0.1900 Flow (cfs) 110 

Volume (Inches) 8.960 

Volume (Ac-Ft) 90.79 

Ac-Ft/Sq Mi 477.84 

Time to Peak (Hrs) 15.25 

57 Hydrograph 0.4900 Flow (cfs) 1,008 

Volume (Inches) 2.325 

Volume (Ac-Ft) 60.65 

Ac-Ft/Sq Mi 123.78 

Time to Peak (Hrs) 12 08 

57 RET Diversion 0.4900 Flow (cfs) 1,008 

Volume (Inches) 2.325 

Volume (Ac-Ft) 60.65 

Ac-Ft/Sq Mi 123.78 

Time to Peak (Hrs) 12.08 

57-0 Hydrograph 0.4900 Flow (cfs) 

Volume (Inches) 

Volume (Ac-Ft) 

Ac-Ft/Sq Mi 

Time to Peak (Hrs) 

07 Combined 0.6800 Flow (cfs} 110 

Volume (Inches) 2.511 

Volume (Ac-Ft) 90.79 

Ac-Ft/Sq Mi 133.51 

Time to Peak (Hrs) 15.25 

10E Hydrograph 0.5900 Flow (cfs} 615 

Volume (Inches) 1.774 

Volume (Ac-Ft) 56 02 

Ac-Ft/Sq Mi 94 .95 

Time to Peak (Hrs) 12.50 

10ERET Diversion 0.5900 Flow (cfs) 615 

Volume (Inches) 1.229 

Volume (Ac-Ft) 38.80 

Ac-Ft/Sq Mi 65.76 

Time to Peak (Hrs) 12.50 

10E-O Hydrograph 0.5900 Flow (cfs} 241 

Volume (Inches) 0.546 

Volume (Ac-Ft) 17.23 

Ac-Ft/Sq Mi 29.20 

Time to Peak (Hrs) 12.83 

L1AL2A Routed 0.5900 Flow (cfs} 149 

Volume (Inches) 0.546 

Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2Yr 5 Yr 10 Yr 25 Yr 50 Yr 100Yr 

I 
ID 

Volume (Ac-Ft) 17.22 

Ac-FUSq Mi 29.19 

Time to Peak (Hrs) 13.00 

I 22E Hydrograph 0.2900 Flow (cfs) 360 

Volume (Inches) 1.637 

Volume (Ac-Ft) 24.97 

I Ac-FUSq Mi 86.10 

Time to Peak (Hrs) 12.33 

22ERET Diversion 0.2900 Flow (cfs) 360 

I Volume (Inches) 1.174 

Volume (Ac-Ft) 17.90 

Ac-FUSq Mi 61 .72 

I 
Time to Peak (Hrs) 12.33 

22E-O Hydrograph 0.2900 Flow (cfs) 142 

Volume (Inches) 0.463 

I Volume (Ac-Ft) 7.07 

Ac-FUSq Mi 24.38 

Time to Peak (Hrs) 12.58 

I L2A Combined 0.8800 Flow (cfs) 179 

Volume (Inches) 0.518 

Volume (Ac-Ft) 24.26 

I 
Ac-FUSq Mi 27.57 

Time to Peak (Hrs) 12.92 

11C Hydrograph 0.3400 Flow (cfs) 439 

I 
Volume (Inches) 1.631 

Volume (Ac-Ft) 29.84 

Ac-FUSq Mi 87.76 

Time to Peak (Hrs) 12.33 

J, 11CRET Diversion 0.3400 Flow (cfs) 439 

Volume (Inches) 1.339 

Volume (Ac-Ft) 24.50 

I Ac-FUSq Mi 72.06 

Time to Peak (Hrs) 12.33 

I 
11C-O Hydrograph 0.3400 Flow (cfs) 28 

Volume (Inches) 0.292 

Volume (Ac-Ft) 5.34 

Ac-FUSq Mi 15.71 

I 
Time to Peak (Hrs) 13.00 

N1C-N2 Routed 0.3400 Flow (cfs) 16 

Volume (Inches) 0.292 

I Volume (Ac-Ft) 5.34 

Ac-FUSq Mi 15.71 

Time to Peak (Hrs) 13.42 

I 23 Hydrograph 0.5200 Flow (cfs) 450 

Volume (Inches) 1.639 

Volume (Ac-Ft) 45.81 

I 
Ac-FUSq Mi 88.10 

Time to Peak (Hrs) 12.58 

I Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50 Yr 100 Yr 

ID 
23RET Diversion 0.5200 Flow (cfs) 450 

Volume (Inches) 1.192 

Volume (Ac-Ft) 33.30 

Ac-Ft/Sq Mi 64.04 

Time to Peak (Hrs) 12.58 

23-0 Hydrograph 0.5200 Flow (cfs) 162 

Volume (Inches) 0.448 

Volume (Ac-Ft) 12.51 

Ac-Ft/Sq Mi 24 06 

Time to Peak (Hrs) 13.08 

N2 Combined 1.7500 Flow (cfs) 303 

Volume (Inches) 0.436 

Volume (Ac-Ft) 40.62 

Ac-Ft/Sq Mi 23.21 

Time to Peak (Hrs) 1308 

DIMB03 Diversion 1.7500 Flow (cfs) 253 

Volume (Inches) 0 135 

Volume (Ac-Ft) 12.61 

Ac-Ft/Sq Mi 7.21 

Time to Peak (Hrs) 1308 

MB03 Hydrograph 1.7500 Flow (cfs) 50 

Volume (Inches) 0.301 

Volume (Ac-Ft) 28.01 

Ac-Ft/Sq Mi 16 01 

Time to Peak (Hrs) 12.58 

RTAPR1 Routed 1.7500 Flow (cfs) 50 

Volume (Inches) 0.301 

Volume (Ac-Ft) 28.01 

Ac-Ft/Sq Mi 16.01 

Time to Peak (Hrs) 14.17 

37 Hydrograph 1.4200 Flow (cfs) 1,036 

Volume (Inches) 1.747 

Volume (Ac-Ft) 132.39 

Ac-Ft/Sq Mi 93.23 

Time to Peak (Hrs) 12.75 

37RET Diversion 1.4200 Flow (cfs) 1,036 

Volume (Inches) 1.226 

Volume (Ac-Ft) 92.90 

Ac-Ft/Sq Mi 65.42 

Time to Peak (Hrs) 12.75 

37-0 Hydrograph 1.4200 Flow (cfs) 455 

Volume (Inches) 0.521 

Volume (Ac-Ft) 39.49 

Ac-Ft/Sq Mi 27.81 

Time to Peak (Hrs) 13.33 

DTEVB Diversion 1.4200 Flow (cfs) 76 

Volume (Inches) 0.350 

Volume (Ac-Ft) 26.52 

Ac-Ft/Sq Mi 18.68 

Dibble Engineering (stHec1Vo.rpt) 
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I 
ID 

Time to Peak (Hrs) 13.25 

DVEVB Hydrograph 1.4200 Flow (cfs) 379 

I 
Volume (Inches) 0.171 

Volume (Ac-Ft) 12.97 

Ac-Ft/Sq Mi 9.13 

Time to Peak (Hrs) 13.33 

I DTCV Diversion 1.4200 Flow (cfs) 76 

Volume (Inches) 0.070 

Volume (Ac-Ft) 5.29 

I Ac-Ft/Sq Mi 3.73 

Time to Peak (Hrs) 13.33 

I 
DVCV Hydrograph 1.4200 Flow (cfs) 303 

Volume (Inches) 0.101 

Volume (Ac-Ft) 7.69 

Ac-Ft/Sq Mi 5.42 

I 
Time to Peak (Hrs) 13.33 

DTMV Diversion 1.4200 Flow (cfs) 76 

Volume (Inches) 0.042 

'I Volume (Ac-Ft) 3.18 

Ac-Ft/Sq Mi 2.24 

Time to Peak (Hrs) 13.33 

I DVMV Hydrograph 1.4200 Flow (cfs) 227 

Volume (Inches) 0.060 

Volume (Ac-Ft) 4.51 

I 
Ac-Ft/Sq Mi 3.18 

Time to Peak (Hrs) 13.33 

DTW37 Diversion 1.4200 Flow (cfs) 227 

I 
Volume (Inches) 0.060 

Volume (Ac-Ft) 4.51 

Ac-Ft/Sq Mi 3.18 

Time to Peak (Hrs) 13.33 

I DVW37 Hydrograph 1.4200 Flow (cfs) 

Volume (Inches) 

I 
Volume (Ac-Ft) 

Ac-Ft/Sq Mi 

Time to Peak (Hrs) 

I 
DVEVB Hydrograph 1.4200 Flow (cfs) 76 

Volume (Inches) 0.350 

Volume (Ac-Ft) 26.52 

Ac-Ft/Sq Mi 18.68 

I Time to Peak (Hrs) 13.25 

DVAF38 Hydrograph Flow (cfs) 0.5400 95 

Volume (Inches) 0.435 

I Volume (Ac-Ft) 12.58 

Ac-Ft/Sq Mi 23.30 

Time to Peak (Hrs) 13.00 

I CEBV Combined 0.4700 Flow (cfs) 221 

Volume (Inches) 2.660 

I Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50 Yr 100Yr 

ID 
Volume (Ac-Ft) 67.37 

Ac-FUSq Mi 143.34 

Time to Peak (Hrs) 13.25 

RTAPR2 Routed 0.4700 Flow (cfs) 199 

Volume (Inches) 2.660 

Volume (Ac-Ft) 67.37 

Ac-FUSq Mi 143.34 

Time to Peak (Hrs) 13.42 

DVCV Hydrograph 1.4200 Flow (cfs) 76 

Volume (Inches) 0.070 

Volume (Ac-Ft) 5.29 

Ac-FUSq Mi 3.73 

Time to Peak (Hrs) 13.33 

DVMV4 Hydrograph 1.0100 Flow (cfs) 5 

Volume (Inches) 0.070 

Volume (Ac-Ft) 3.77 

Ac-FUSq Mi 3.73 

Time to Peak (Hrs) 17.08 

CCV Combined 0.9600 Flow (cfs) 275 

Volume (Inches) 1.486 

Volume (Ac-Ft) 76.47 

Ac-FUSq Mi 79.66 

Time to Peak (Hrs) 13.42 

RTAPR3 Routed 0.9600 Flow (cfs) 263 

Volume (Inches) 1.486 

Volume (Ac-Ft) 76.47 

Ac-FUSq Mi 79.66 

Time to Peak (Hrs) 13.50 

DVMV Hydrograph 1.4200 Flow (cfs) 76 

Volume (Inches) 0.042 

Volume (Ac-Ft) 3.18 

Ac-FUSq Mi 2.24 

Time to Peak (Hrs) 13.33 

DVCM4 Hydrograph 1.0100 Flow (cfs) 3 

Volume (Inches) 0.045 

Volume (Ac-Ft) 2.43 

Ac-FUSq Mi 2.41 

Time to Peak (Hrs) 17.00 

CMV Combined 1.3500 Flow (cfs) 338 

Volume (Inches) 1.130 

Volume (Ac-Ft) 81 .56 

Ac-FUSq Mi 60.41 

Time to Peak (Hrs) 13.50 

RTAPR4 Routed 1.3500 Flow (cfs) 329 

Volume (Inches) 1.130 

Volume (Ac-Ft) 81 .56 

Ac-FUSq Mi 60.41 

Time to Peak (Hrs) 13.58 

Dibble Engineering (stHec1Vo.rpt) 
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I 
ID 
36 Hydrograph 0.6800 Flow (cfs) 553 

Volume (Inches) 1.575 

Volume (Ac-Ft) 57.46 

I 
Ac-Ft/Sq Mi 84.50 

Time to Peak (Hrs) 12.67 

36RET Diversion 0.6800 Flow (cfs) 553 

I Volume (Inches) 1.190 

Volume (Ac-Ft) 43.40 

Ac-Ft/Sq Mi 63.82 

I 
Time to Peak (Hrs) 12.67 

36-0 Hydrograph 0.6800 Flow (cfs) 184 

Volume (Inches) 0.385 

I 
Volume (Ac-Ft) 14.06 

Ac-Ft!Sq Mi 20.68 

Time to Peak (Hrs) 13.17 

I L3-M2A Routed 0.6800 Flow (cfs) 105 

Volume (Inches) 0.385 

Volume (Ac-Ft) 14.06 

I 
Ac-Ft/Sq Mi 20.68 

Time to Peak (Hrs) 13.42 

47N Hydrograph 0.2300 Flow (cis) 225 

I 
Volume (Inches) 1.633 

Volume (Ac-Ft) 20.30 

Ac-Ft/Sq Mi 88.26 

Time to Peak (Hrs) 12.50 

I 47NRET Diversion 0.2300 Flow (cfs) 225 

Volume (Inches) 1.143 

Volume (Ac-Ft) 14.20 

I Ac-Ft/Sq Mi 61 .74 

Time to Peak (Hrs) 12.50 

47N-0 Hydrograph 0.2300 Flow (cfs) 107 

I Volume (Inches) 0.491 

Volume (Ac-Ft) 6.10 

Ac-Ft/Sq Mi 26.52 

I 
Time to Peak (Hrs) 12.83 

M2A Combined 0.9200 Flow (cfs) 125 

Volume (Inches) 0.412 

I 
Volume (Ac-Ft) 20.12 

Ac-Ft!Sq Mi 21 .87 

Time to Peak (Hrs) 13.33 

I RTMCR Routed 0.9200 Flow (cfs) 93 

Volume (Inches) 0.412 

Volume (Ac-Ft) 20.12 

I 
Ac-Ft/Sq Mi 21 .87 

Time to Peak (Hrs) 14.17 

DVW37 Hydrograph 1.4200 Flow (cfs) 227 

I 
Volume (Inches) 0.060 

Volume (Ac-Ft) 4.51 

Ac-Ft/Sq Mi 3.18 

I Dibble Engineering (stHec1 Vo.rpt) 
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Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50 Yr 100 Yr 

10 
Time to Peak (Hrs) 13.33 

37-M2B Routed 1.4200 Flow (cfs) 148 

Volume (Inches) 0.060 

Volume (Ac-Ft) 4.51 

Ac-FUSq Mi 3.18 

Time to Peak (Hrs) 13.42 

48 Hydrograph 0.5000 Flow (cfs) 505 

Volume (Inches) 1.734 

Volume (Ac-Ft) 46.25 

Ac-FUSq Mi 92.50 

Time to Peak (Hrs) 12.50 

48RET Diversion 0.5000 Flow (cfs) 505 

Volume (Inches) 1.185 

Volume (Ac-Ft) 31 .60 

Ac-FUSq Mi 63.20 

Time to Peak (Hrs) 12.50 

48-0 Hydrograph 0.5000 Flow (cfs) 245 

Volume (Inches) 0.549 

Volume (Ac-Ft) 14.65 

Ac-FUSq Mi 29.30 

Time to Peak (Hrs) 12.83 

M2B Combined 2.1300 Flow (cfs) 239 

Volume (Inches) 0.328 

Volume (Ac-Ft) 37.17 

Ac-FUSq Mi 17.45 

Time to Peak (Hrs) 12.83 

M3C Combined 3.4800 Flow (cfs) 437 

Volume (Inches) 0.620 

Volume (Ac-Ft) 115.07 

Ac-FUSq Mi 33.07 

Time to Peak (Hrs) 13.50 

DIMB04 Diversion 3.4800 Flow (cis) 339 

Volume (Inches) 0.181 

Volume (Ac-Ft) 33.52 

Ac-FUSq Mi 9.63 

Time to Peak (Hrs) 13.50 

MB04 Hydrograph 3.4800 Flow (cfs) 100 

Volume (Inches) 0.439 

Volume (Ac-Ft) 81 .55 

Ac-FUSq Mi 23.43 

Time to Peak (Hrs) 16.42 

56 A Hydrograph 0.4100 Flow (cfs) 761 

Volume (Inches) 2.307 

Volume (Ac-Ft) 50.57 

Ac-FUSq Mi 123.34 

Time to Peak (Hrs) 12.17 

56ARET Diversion 0.4100 Flow (cfs) 761 

Volume (Inches) 1.378 

Dibble Engineering (stHec1Vo.rpt) 
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Page 17 Project Reference: WATSON PO 24H RECPLN 1/17/2014 

Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50Yr 100Yr 

I 
10 

Volume (Ac-Ft) 30.20 

Ac-FUSq Mi 73.66 

Time to Peak (Hrs) 12.17 

I 56A-0 Hydrograph 0.4100 Flow (cfs) 392 

Volume (Inches) 0.929 

Volume (Ac-Ft) 20.37 

I Ac-FUSq Mi 49.68 

Time to Peak (Hrs) 12.33 

II 
DT56A Diversion 0.4100 Flow (cfs) 157 

Volume (Inches) 0.372 

Volume (Ac-Ft) 8.15 

Ac-FUSq Mi 19.88 

I 
Time to Peak (Hrs) 12.33 

DV56A Hydrograph 0.4100 Flow (cfs) 235 

Volume (Inches) 0.558 

·a Volume (Ac-Ft) 12.22 

Ac-FUSq Mi 29.80 

Time to Peak (Hrs) 12.33 

I M2C Combined 0.2500 Flow (cfs) 235 

Volume (Inches) 7.252 

Volume (Ac-Ft) 95.15 

I 
Ac-FUSq Mi 380.60 

Time to Peak (Hrs) 12.33 

RTMCR Routed 0.2500 Flow (cfs) 129 

I 
Volume (Inches) 7.252 

Volume (Ac-Ft) 95.15 

Ac-FUSq Mi 380.60 

Time to Peak (Hrs) 12.58 

I RTSPT1 Routed 0.2500 Flow (cfs) 124 

Volume (Inches) 7.252 

Volume (Ac-Ft) 95.15 

I Ac-FUSq Mi 380.60 

Time to Peak (Hrs) 13.33 

I 
566 Hydrograph 0.3300 Flow (cfs) 708 

Volume (Inches) 2.328 

Volume (Ac-Ft) 41.47 

Ac-FUSq Mi 125.67 

I 
Time to Peak (Hrs) 12.08 

56BRET Diversion 0.3300 Flow (cfs} 708 

Volume (Inches) 2.328 

I· Volume (Ac-Ft) 41.47 

Ac-FUSq Mi 125.67 

Time to Peak (Hrs) 12.08 

I 566-0 Hydrograph 0.3300 Flow (cfs) 

Volume (Inches) 

Volume (Ac-Ft) 

I 
Ac-FUSq Mi 

Time to Peak (Hrs) 

I Dibble Engineering (stHec1Vo.rpt) 
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Page 18 Project Reference: WATSON PO 24H RECPLN 1/17/2014 

Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50 Yr 100Yr 

ID 
CP56B Combined 0.5800 Flow (cfs) 124 

Volume (Inches) 3.076 

Volume (Ac-Ft) 95.15 

Ac-Ft/Sq Mi 164.05 

Time to Peak (Hrs) 13.33 

RTURR Routed 0.5800 Flow (cfs) 122 

Volume (Inches) 3.075 

Volume (Ac-Ft) 95.12 

Ac-Ft/Sq Mi 164.00 

Time to Peak (Hrs) 13.50 

N5B Combined 1.2600 Flow (cfs) 225 

Volume (Inches) 2.758 

Volume (Ac-Ft) 185.05 

Ac-Ft/Sq Mi 146.87 

Time to Peak (Hrs) 14.00 

RTSPT2 Routed 1.2600 Flow (cfs) 225 

Volume (Inches) 2.758 

Volume (Ac-Ft) 185.05 

Ac-Ft/Sq Mi 146.87 

Time to Peak (Hrs) 14.08 

70 Hydrograph 0.1400 Flow (cfs) 248 

Volume (Inches) 2.366 

Volume (Ac-Ft) 17.79 

Ac-Ft/Sq Mi 127.07 

Time to Peak (Hrs) 12.17 

70RET Diversion 0.1400 Flow (cfs) 248 

Volume (Inches) 1.636 

Volume (Ac-Ft) 12.30 

Ac-Ft/Sq Mi 87.86 

Time to Peak (Hrs) 12.17 

70-0 Hydrograph 0.1400 Flow (cfs) 61 

Volume (Inches) 0.730 

Volume (Ac-Ft) 5.49 

Ac-Ft/Sq Mi 39.21 

Time to Peak (Hrs) 12.42 

DV56A Hydrograph 0.4100 Flow (cfs) 157 

Volume (Inches) 0.372 

Volume (Ac-Ft) 8.15 

Ac-Ft/Sq Mi 19.88 

Time to Peak (Hrs) 12.33 

N6 Combined 1.5600 Flow (cfs) 241 

Volume (Inches) 2.372 

Volume (Ac-Ft) 197.77 

Ac-Ft/Sq Mi 126.78 

Time to Peak (Hrs) 14.00 

RTSPT3 Routed 1.5600 Flow (cfs) 240 

Volume (Inches) 2.372 

Volume (Ac-Ft) 197.77 

Ac-Ft/Sq Mi 126.78 

Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr 

I 
ID 

Time to Peak (Hrs) 14.33 

92N Hydrograph 0.3300 Flow (cfs) 609 

I 
Volume (Inches) 2.905 

Volume (Ac-Ft) 50.66 

Ac-Ft/Sq Mi 153.52 

Time to Peak (Hrs) 12.25 

~t 92NRET Diversion 0.3300 Flow (cfs} 598 

Volume (Inches) 1.485 

Volume (Ac-Ft) 25.90 

I Ac-Ft/Sq Mi 78.48 

Time to Peak (Hrs) 12.17 

I 
92N-O Hydrograph 0.3300 Flow (cfs) 524 

Volume (Inches) 1.420 

Volume (Ac-Ft) 24.76 

Ac-Ft/Sq Mi 75.03 

I Time to Peak (Hrs) 12.33 

010A Combined 1.8900 Flow (cfs} 531 

Volume (Inches) 2.196 

I Volume (Ac-Ft) 221 .39 

Ac-Ft/Sq Mi 117.14 

Time to Peak (Hrs) 12.33 

I 71 Hydrograph 0.1600 Flow (cfs} 357 

Volume (Inches) 2.374 

Volume (Ac-Ft) 19.62 

I 
Ac-Ft/Sq Mi 122.63 

Time to Peak (Hrs) 12 08 

71RET Diversion 0.1600 Flow (cfs) 357 

I Volume (Inches) 1.645 

Volume (Ac-Ft) 13.60 

Ac-Ft/Sq Mi 85.00 

Time to Peak (Hrs) 12 08 

I 71-0 Hydrograph 0.1600 Flow (cfs} 69 

Volume (Inches) 0.729 

I 
Volume (Ac-Ft) 6.02 

Ac-Ft/Sq Mi 37.63 

Time to Peak (Hrs) 12.17 

I 
93 Hydrograph 0.3800 Flow (cfs) 527 

Volume (Inches) 2.453 

Volume (Ac-Ft) 49.33 

Ac-Ft/Sq Mi 129.82 

~I Time to Peak (Hrs) 12.33 

93RET Diversion 0.3800 Flow (cfs} 527 

Volume (Inches) 1.293 

\1 Volume (Ac-Ft) 26.00 

Ac-Ft/Sq Mi 68.42 

Time to Peak (Hrs) 12.33 

I 93-0 Hydrograph 0.3800 Flow (cfs} 422 

Volume (Inches) 1.160 

I Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50 Yr 100Yr 

ID 
Volume (Ac-Ft) 23.33 

Ac-FUSq Mi 61 .39 

Time to Peak (Hrs) 12.42 

09 Combined 0.5300 Flow (cfs) 451 

Volume (Inches) 1.032 

Volume (Ac-Ft) 29.33 

Ac-FUSq Mi 55.34 

Time to Peak (Hrs) 12.42 

RT2314 Routed 0.5300 Flow (cfs) 328 

Volume (Inches) 1.032 

Volume (Ac-Ft) 29.33 

Ac-FUSq Mi 55.34 

Time to Peak (Hrs) 12.67 

95 Hydrograph 0.5200 Flow (cfs) 536 

Volume (Inches) 2.351 

Volume (Ac-Ft) 65.46 

Ac-FUSq Mi 125.88 

Time to Peak (Hrs) 12.67 

95RET Diversion 0.5200 Flow (cfs) 536 

Volume (Inches) 1.160 

Volume (Ac-Ft) 32.30 

Ac-FUSq Mi 62.12 

Time to Peak (Hrs) 12.67 

95-0 Hydrograph 0.5200 Flow (cfs) 487 

Volume (Inches) 1.191 

Volume (Ac-Ft) 33.16 

Ac-FUSq Mi 63.77 

Time to Peak (Hrs) 12.83 

P8B Combined 1.0500 Flow (cfs) 718 

Volume (Inches) 1.108 

Volume (Ac-Ft) 62.33 

Ac-FUSq Mi 59.36 

Time to Peak (Hrs) 12.83 

RTMRA Routed 1.0500 Flow (cfs) 573 

Volume (Inches) 1.108 

Volume (Ac-Ft) 62.33 

Ac-FUSq Mi 59.36 

Time to Peak (Hrs) 13 08 

0 106 Combined 2.9400 Flow (cfs) 706 

Volume (Inches) 1.782 

Volume (Ac-Ft) 279.89 

Ac-FUSq Mi 95.20 

Time to Peak (Hrs) 13.08 

DET24 Hydrograph 0 1600 Flow (cfs) 153 

Volume (Inches) 6.043 

Volume (Ac-Ft) 51 .57 

Ac-FUSq Mi 322.31 

Time to Peak (Hrs) 36.50 

Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50Yr 100Yr 

I 
ID 
TOBINF Combined 3.1100 Flow (cfs) 706 

Volume (Inches) 2.000 

Volume (Ac-Ft) 331 .14 

I 
Ac-Ft/Sq Mi 106.48 

Time to Peak (Hrs) 13.08 

RTWTR Routed 3.1100 Flow (cfs) 681 

·t Volume (Inches) 2.000 

Volume (Ac-Ft) 331 .14 

Ac-Ft/Sq Mi 106.48 

I 
Time to Peak (Hrs) 13.25 

DRAN24 Hydrograph 0.7500 Flow (cfs) 535 

Volume (Inches) 3.236 

I 
Volume (Ac-Ft) 129.44 

Ac-Ft/Sq Mi 172.59 

Time to Peak (Hrs) 37.50 

I 92S Hydrograph 0.6900 Flow (cfs) 1,004 

Volume (Inches) 2.684 

Volume (Ac-Ft) 98.33 

Ac-Ft/Sq Mi 142.51 

I Time to Peak (Hrs) 12.42 

92SRET Diversion 0.6900 Flow (cfs) 990 

I 
Volume (Inches) 1.411 

Volume (Ac-Ft) 51 .70 

Ac-Ft/Sq Mi 74.93 

Time to Peak (Hrs) 12.33 

I 92S-O Hydrograph 0.6900 Flow (cfs) 907 

Volume (Inches) 1.273 

Volume (Ac-Ft) 46.63 

I Ac-Ft/Sq Mi 67.58 

Time to Peak (Hrs) 12.50 

TOB92S Combined 1.4400 Flow (cfs) 907 

I Volume (Inches) 2.290 

Volume (Ac-Ft) 175.54 

Ac-Ft/Sq Mi 121 .90 

I 
Time to Peak (Hrs) 12.50 

58 Hydrograph 0.1900 Flow (cfs) 416 

Volume (Inches) 2.330 

.I Volume (Ac-Ft) 23.61 

Ac-Ft/Sq Mi 124.26 

Time to Peak (Hrs) 12.08 

I 58 RET Diversion 0.1900 Flow (cfs) 416 

Volume (Inches) 1.638 

Volume (Ac-Ft) 16.60 

I 
Ac-Ft/Sq Mi 87.37 

Time to Peak (Hrs) 12.08 

58-0 Hydrograph 0.1900 Flow (cfs) 72 

I 
Volume (Inches) 0.692 

Volume (Ac-Ft) 7.01 

Ac-Ft/Sq Mi 36.89 

I Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50 Yr 100 Yr 

ID 
Time to Peak (Hrs) 12.25 

72 Hydrograph 0.0900 Flow (cfs) 175 

Volume (Inches) 2.102 

Volume (Ac-Ft) 9.64 

Ac-Ft/Sq Mi 107.11 

Time to Peak (Hrs) 12.08 

72RET Diversion 0.0900 Flow (cfs) 175 

Volume (Inches) 1.635 

Volume (Ac-Ft) 7.50 

Ac-Ft/Sq Mi 83.33 

Time to Peak (Hrs) 12.08 

72-0 Hydrograph 0.0900 Flow (cfs) 9 

Volume (Inches) 0.467 

Volume (Ac-Ft) 2.14 

Ac-Ft/Sq Mi 23.78 

Time to Peak (Hrs) 12.67 

P6 Combined 0.2800 Flow (cfs) 72 

Volume (Inches) 0.621 

Volume (Ac-Ft) 9.14 

Ac-Ft/Sq Mi 32.64 

Time to Peak (Hrs) 12.25 

94 Hydrograph 0.7200 Flow (cfs) 875 

Volume (Inches) 2.142 

Volume (Ac-Ft) 82.13 

Ac-Ft!Sq Mi 114.07 

Time to Peak (Hrs) 12.50 

94RET Diversion 0.7200 Flow (cfs) 875 

Volume (Inches) 1.11 9 

Volume (Ac-Ft) 42.90 

Ac-Ft/Sq Mi 59.58 

Time to Peak (Hrs) 12.50 

94-0 Hydrograph 0.7200 Flow (cfs) 712 

Volume (Inches) 1.023 

Volume (Ac-Ft) 39.23 

Ac-Ft/Sq Mi 54.49 

Time to Peak (Hrs) 12.67 

P7 Combined 0.8100 Flow (cfs) 746 

Volume (Inches) 1.126 

Volume (Ac-Ft) 48.34 

Ac-Ft/Sq Mi 59.68 

Time to Peak (Hrs) 12.67 

94-P8A Routed 0.8100 Flow (cfs) 57 1 

Volume (Inches) 1.126 

Volume (Ac-Ft) 48.34 

Ac-Ft/Sq Mi 59.68 

Time to Peak (Hrs) 12.92 

96 Hydrograph 0.9100 Flow (cfs) 824 

Volume (Inches) 1.725 

Dibble Engineering (stHec1 Vo.rpt) 
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Major Basin Type Area 2Yr 5 Yr 10Yr 25 Yr 50Yr 100Yr 

I_ ID 
Volume (Ac-Ft) 84.08 

Ac-Ft/Sq Mi 92.40 

Time to Peak (Hrs) 12.75 

I 96RET Diversion 0.9100 Flow (cfs) 824 

Volume (Inches) 1.118 

Volume (Ac-Ft) 54.50 

I Ac-Ft/Sq Mi 59.89 

Time to Peak (Hrs) 12.75 

96-0 Hydrograph 0.9100 Flow (cfs) 551 

I Volume (Inches) 0.607 

Volume (Ac-Ft) 29.58 

Ac-Ft/Sq Mi 32.51 

I 
Time to Peak (Hrs) 13.08 

P8A Com bined 1.7200 Flow (cfs) 978 

Volume (Inches) 0.831 

I Volume (Ac-Ft) 76.23 

Ac-Ft/Sq Mi 44.32 

Time to Peak (Hrs) 13.08 

I P8A-P9 Routed 1.7200 Flow (cfs) 617 

Volume (Inches) 0.831 

Volume (Ac-Ft) 76.23 

I 
Ac-Ft/Sq Mi 44.32 

Time to Peak (Hrs) 13.67 

97 Hydrograph 0.5000 Flow (cfs) 463 

I 
Volume (Inches) 1.769 

Volume (Ac-Ft) 47.18 

Ac-Ft/Sq Mi 94.36 

Time to Peak (Hrs) 12.75 

I 97RET Diversion 0.5000 Flow (cfs) 463 

Volume (Inches) 1.054 

Volume (Ac-Ft) 28.10 

I Ac-Ft/Sq Mi 56.20 

Time to Peak (Hrs) 12.75 

I 
97-0 Hydrograph 0.5000 Flow (cfs) 369 

Volume (Inches) 0.716 

Volume (Ac-Ft) 19.08 

Ac-Ft/Sq Mi 38.16 

I 
Time to Peak (Hrs) 12.92 

P9 Combined 6.7600 Flow (cfs) 1,166 

Volume (Inches) 1.613 

I Volume (Ac-Ft) 581 .63 

Ac-Ft/Sq Mi 86.04 

Time to Peak (Hrs) 12.50 

I RTWTR Routed 6.7600 Flow (cfs) 1,076 

Volume (Inches) 1.613 

Volume (Ac-Ft) 581 .63 

I 
Ac-Ft/Sq Mi 86.04 

Time to Peak (Hrs) 13.83 

I Dibble Engineering (stHec1Vo.rpt) 
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Major Basin Type Area 2 Yr 5 Yr 10Yr 25 Yr 50 Yr 100 Yr 

10 
100 Hydrograph 0.5800 Flow (cfs) 506 

Volume (Inches) 1.577 

Volume (Ac-Ft) 48.96 

Ac-FUSq Mi 84.41 

Time to Peak (Hrs) 12.67 

100RET Diversion 0.5800 Flow (cfs) 506 

Volume (Inches) 1.121 

Volume (Ac-Ft) 34.80 

Ac-FUSq Mi 60.00 

Time to Peak (Hrs) 12.67 

100-0 Hydrograph 0.5800 Flow (cis) 279 

Volume (Inches) 0.456 

Volume (Ac-Ft) 14.16 

Ac-FUSq Mi 24.41 

Time to Peak (Hrs) 13.08 

P10 Combined 7.3400 Flow (cfs) 1,093 

Volume (Inches) 1.508 

Volume (Ac-Ft) 590.51 

Ac-FUSq Mi 80.45 

Time to Peak (Hrs) 13.83 

Dibble Engineering (stHec1 Vo.rpt) 



- -
Page 1 

Diversion ID/ 
DT Card ID 

100-0 

100RET 

- -
Maximum 

Volume (ac-ft ) 

35 

Planned/Existing Development Retention 

10E-O 39 

10ERET 

Planned/Existing Development Retention 

11A-O 62 

11ARET 

Planned/Existing Development Retention 

116-0 47 

11BRET 

Planned/Existing Development Retention 

11C-O 25 

11CRET 

Planned/Existing Development Retention 

12-0 80 

12RET 

Planned/Existing Development Retention 

13-0 78 

13RET 

Planned/Existing Development Retention 

14A-O 51 

14ARET 

Planned/Existi ng Development Retention 

146-0 62 

14BRET 

Planned/Existing Development Retention 

22E-O 18 

22ERET 

Planned/Existing Development Retention 

Dibble Engineeri ng 

-
Maximum 

Diversion ( cfs) 

- -

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs ) 

Inflow (cfs) 

Divers ion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Divers ion (cfs) 

Inflow (cfs) 

Divers ion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

- - - -
FCDMC 

Drainage Design Management System 
HEC-1 DIVERSIONS 

Project Reference: WATSON PO 24H RECPLN 

1. 2. 3. 4. 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

.. - - - - - - -
1/17/2014 

5. 6. 7. 8. 9. 10. 

(stHec1Di.rpt) 



Page 2 

Diversion ID/ 
DT Card ID 

23-0 

23RET 

Maxim um 
Volume (ac-ft) 

33 

Planned/Existing Development Retention 

24-0 

24RET 

Planned/Existing Development Retention 

25-0 17 

25RET 

Planned/Existing Development Retention 

26-0 4 

26RET 

Planned/Existing Development Retention 

36-0 43 

36RET 

Planned/Existing Development Retention 

37-0 93 

37RET 

Planned/Existing Development Retention 

38-0 33 

38RET 

Planned/Existing Development Retention 

39-0 44 

39RET 

Planned/Existing Development Retention 

40-0 62 

40RET 

Planned/Existing Development Retention 

47N-O 14 

47NRET 

Planned/Existing Development Retention 

Dibble Engineeri ng 

Maximum 
Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

In flow (cfs ) 

Diversion (cfs ) 

Inf low (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Divers ion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

FCDMC 
Drainage Design Management System 

HEC-1 DIVERSIONS 

Project Reference : WATSON PD 24H RECPLN 

1. 2. 3. 4. 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 
10,000 

10,000 

10,000 

10,000 
10,000 

1/17/201 4 

5. 6. 7. 8. 9. 10. 

(stHec1 Di.rpt) 
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FCDMC 

Drainage Design Management System 
HEC-1 DIVERSIONS 

Project Reference: WATSON PD 24H RECPLN 
Page 3 

Diversion ID/ 
DT Card ID 

48-0 

48RET 

Maximum 
Volume (ac-ft) 

32 

Planned/Existing Development Retention 

49-0 

49RET 

79 

Planned/Existing Development Retention 

50-0 

SO RET 

61 

Planned/Existing Development Retention 

51 -0 

51 RET 

62 

Planned/Existing Development Retention 

56A-0 30 
56ARET 

Planned/Existing Development Retention 

56B-O 

56BRET 

69 

Planned/Existi ng Development Retention 

Maximum 
Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

1. 

changed from original 29.1 value used in Base Model. Uses existing volume from WaiMart site. 

2. 

10,000 
10,000 

10,000 
10,000 

10,000 
10,000 

10,000 
10,000 

10,000 
10,000 

10,000 
10,000 

57-0 69 Inflow (cfs) 10,000 

57RET 

Planned/Existi ng Development Retention 
changed from original 27.4 value used in Base Model. 
58-0 17 

58RET 

Planned/Existi ng Development Retention 

70-0 

70RET 

12 

Planned/Existi ng Development Retention 

71-0 14 

71RET 

Planned/Existi ng Development Retention 

Dibble Engineering 

Diversion (cfs) 10,000 

Inflow (cfs) 10,000 

Diversion (cfs) 10,000 

Inflow (cfs) 10,000 

Diversion (cfs) 10,000 

Inflow (cfs) 10,000 

Diversion (cfs) 10,000 

3. 4. 

.. - - .. - - - -
1/17/2014 

5. 6. 7. 8. 9. 10. 

(stHec1 Di .rpt) 



Page 4 

Diversion ID/ 
DT Card ID 

72-0 

72RET 

Maxim um 
Volume (ac-ft) 

8 

Planned/Existing Development Retention 

83-0 48 

83RET 

Planned/Existing Development Retention 

93-0 26 

93RET 

Planned/Exi sting Development Retention 

94-0 43 

94RET 

Planned/Existing Development Retention 

95-0 32 

95RET 

Planned/Existing Development Retention 

96-0 55 

96RET 

Planned/Existing Development Retention 

97-0 28 

97RET 

Plan ned/Existing Development Retention 

92N-O 26 

92NRET 

Planned/Existing Development Retention 

92S-O 52 

92SRET 

Planned/Existing Development Retention 

MB01 

OIMB01 

RAINBOW BASIN 

Dibble Engineering 

Maximum 
Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Divers ion (cfs) 

FCDMC 
Drainage Design Management System 

HEC-1 DIVERSIONS 

Project Reference: WATSON PO 24H RECPLN 

1. 2. 3. 4 . 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 
10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

50 51 10,000 

1 9,950 

1/17/2014 

5. 6 . 7 . 8. 9. 10. 

(stHec1 Di.rpt) 



- - - -
Page 5 

Diversion I D/ 

DT Card ID 

MB02 

DIMB02 

RAILROAD BASIN 

MB03 

DIMB03 

APACHE BASIN 

MB04 

DIMB04 

MARICOPA BASIN 

MB05 

DIMB05 

DEAN BASIN 

DV56A 

DT56A 

DVEVB 

DTEVB 

Maximum 

Volume (ac-ft) 

-
Maximum 

Diversion ( cfs) 

76 

- -

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (c fs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

ESTRELLA V ISTA @ BUCKEYE DIVERSION FROM SUBBASIN 37 

DVCV 76 Inflow (cf s) 

DTCV Diversion (cfs) 

BROADWAY ESTATES/C RYSTAL V ISTA DIVERSION FROM SUBBASIN 37 

DVMV 76 Inflow (cfs) 

DTMV Diversion (cfs) 

MYSTIC V ISTA DIVERSION FROM SUBBASIN 37 

DVW37 1,000 Inflow (cfs) 

DTW37 Diversion (cfs) 

WEST HALF OF SUBBASIN 37 

DVAF38 95 Inflow (cfs) 

DTAF38 Diversion (cfs ) 

APACHE FARMS DIVERSION FROM SUBBASIN 38 

Dibble Engineering 

- - - '-
FCDMC 

Drainage Design Management System 
HEC-1 DIVERSIONS 

Project Reference: WATSON PD 24H RECPLN 

1. 2. 3. 4. 

60 61 10,000 

1 9 ,950 

50 51 10,000 

1 9,950 

100 10 1 10,000 

1 9,950 

50 51 10,000 

1 9,950 

100 200 500 

40 80 200 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

- - - - - - - -
1/17/2014 

5. 6 . 7. 8. 9. 10. 

1,000 2,000 4,000 10,000 20,000 50,000 

400 800 1,600 4 ,000 8 ,000 20,000 

(stHec10i. rpt) 



Page 6 

Diversion I D/ 
DT Card ID 

DVMV49 

DTMV49 

Maximum 
Volume (ac-ft) 

Maximum 
Diversion (cfs) 

5 

MONTANA VISTA DIVERSION FROM SUBBASIN 49 

DVC M49 3 

DTCM49 

COTION MEADOWS DIVERSION FROM SUBBASIN 49 

Dibble Engineering 

Inflow (cfs) 

Diversion (cfs) 

Inflow (cfs) 

Diversion (cfs) 

FCDMC 
Drainage Design Management System 

HEC-1 DIVERSIONS 

Project Reference: WATSON PD 24H RECPLN 

1. 2. 3. 4. 

10,000 

10,000 

10,000 

10,000 

1/17/2014 

5. 6 . 7. 8. 9. 10. 

(stHec1 Di.rpt) 



- - - - - - - - - - - - - - - - - - -
FCDMC 

Drainage Design Management System 
HEC-1 ROUTING DATA 

Project Reference: WATSON PD 24H RECPLN 
Page 1 1/17/2014 

Route ID LOB N Chan N ROB N Length Slope Max 1. 2. 3. 4. 5. 6. 7. 8. 
(ft) (ft/ft) Elev (ft ) 

NORMAL DEPTH 

Major Basin 01 

37-M2B 0.030 0.030 0.030 2,443.00 0.0074 X: 2.00 10 00 18.00 47.00 55.00 63.00 65.00 
Y: 4.50 4.00 2.00 2.00 4.00 4.50 

94-P8A 0.030 0.030 0.030 6,356.60 0.0080 X: 2.00 10.00 18.00 54.50 62.50 70.50 72.50 
Y: 4.50 4.00 2.00 2.00 4.00 4.50 

L 1AL2A 0.030 0.030 0.030 3,239.80 0.0080 X: 2.00 10.00 18.00 44.70 52.70 60.70 62.70 
Y: 4.50 4.00 2.00 2.00 4.00 4.50 

L3-M2A 0.030 0.030 0.030 2,443.00 0.0074 X: 2.00 10.00 18.00 47.00 55.00 63.00 65.00 
Y: 4.50 4.00 2.00 2.00 4.00 4.50 

N1A-1B 0.030 0.030 0.030 6,236.10 0.0090 X: 2.00 10.00 18.00 27.90 35.90 43.90 45.90 
Y: 4.50 4.00 2.00 2.00 4.00 4.50 

N1B04 0.030 0.030 0.030 3,958.80 0.0030 X: 2.00 10.00 18.00 24.40 32.40 40.40 42.40 
Y: 4.50 4.00 2.00 2.00 4.00 4.50 

N1C-N2 0.030 0.030 0.030 3,029.50 0.0100 X: 2.00 10.00 18.00 32.30 40.30 48.30 50.30 
Y: 4.50 4.00 2.00 2.00 4.00 4.50 

N3-N4 0.030 0.030 0.030 5,206.40 0.0087 X: 2.00 10 00 18.00 34.00 42.00 50.00 52.00 
Y: 4.50 4.00 2.00 2.00 4.00 4.50 

N4-06 0.030 0.030 0.030 2,653.50 0.0010 X: 2.00 10.00 18.00 66.90 74.90 82.90 84.90 
Y: 4.50 4.00 2.00 2.00 4.00 4.50 

01-02 0.030 0.030 0.030 2,743.80 0.0130 X: 2.00 10.20 18.40 39.70 47.90 56.10 58.10 
Y: 4.60 4.10 2.05 2.05 4.10 4.60 

02-03A 0.030 0.030 0.030 2,815.00 0.0110 X: 2.00 10.10 18.10 35.50 43.50 51.60 53.60 
Y: 4.53 4.03 2.02 2.02 4.03 4.53 

Dibble Engineering (stHec1 Rt.rpl) 



Page 2 

Route ID LOB N 

03A03B 0.030 

P1AP1B 0.030 

P1B-P2 0.030 

P2-04 0.030 

P3-P4 0.030 

P4-P5 0.030 

P8A-P9 0.030 

RT2311 0.035 

RT2312 0.035 

RT2313 0.035 

RT2314 0.035 

RTAPR1 0.032 

Dibble Engineering 

Chan N 

0.030 

0.030 

0.030 

0.030 

0.030 

0.030 

0.030 

0.035 

0.035 

0.016 

0.035 

0.022 

ROB N Length 
(It) 

0.030 2,510.20 

0.030 3,128.60 

0.030 4,031 .60 

0.030 4,430.20 

0.030 5,240.90 

0.030 2,651 .50 

0.030 5,738.60 

0.035 3,818.70 

0.035 5,991 .00 

0.035 2,899.00 

0.035 2,879.90 

0.032 2,354.30 

Slope 
(ft/ft) 

0.0020 

0.0100 

0.0070 

0.0010 

0.0080 

0.0080 

0.0010 

0.0070 

0.0070 

0.0040 

0.0040 

0.0055 

FCDMC 
Drainage Design Management System 

HEC-1 ROUTING DATA 

Project Reference: WATSON PD 24H RECPLN 

Max 
Elev (It) 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

1. 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

100.00 

100.00 

100.00 

100.00 

100 00 

2. 

2.00 
4.00 

2.00 
4.00 

2.00 
4.00 

2.00 
4.00 

2.00 
4.00 

2.00 
4.00 

2.00 
4.00 

40.00 
100.00 

40.00 
100.00 

20.00 
100.00 

40.00 
100.00 

60.00 
100.00 

3. 

10.00 
2.00 

10.00 
2.00 

10.00 
2.00 

10.00 
2.00 

10.00 
2.00 

10.00 
2.00 

10.00 
2.00 

62.00 
96.40 

63.00 
96.10 

39.00 
100.00 

64 .00 
95.90 

66.00 
98.40 

4. 

18.00 

18.00 

18.00 

18.00 

18.00 

18.00 

18.00 

69.00 
96.40 

72.00 
96.10 

47.00 
98.00 

73.00 
95.90 

72.00 
96.90 

5. 

74.30 

22.00 

45.90 

85.30 

22.00 

37.10 

175.30 

76.00 
96.40 

80.00 
96.10 

51 .00 
98.00 

81 .00 
95.90 

81 .00 
96.90 

6. 

82.30 
2.00 

30.00 
2.00 

53.90 
2.00 

93.30 
2.00 

30.00 
2.00 

45.10 
2.00 

183.30 
2.00 

97.00 
100.00 

104.00 
100.00 

55.00 
98.00 

106.00 
100.00 

87.00 
95.40 

7. 

90.30 
4.00 

38.00 
4.00 

61 .90 
4.00 

101.30 
4.00 

38.00 
4.00 

53.10 
4.00 

191 .30 
4.00 

117.00 
100.00 

124.00 
100.00 

63.00 
100.00 

126.00 
100.00 

94 .00 
100.00 

8. 

92 .30 
4 .50 

40.00 
4.50 

63 .90 
4 .50 

103.30 
4 .50 

40.00 
4.50 

55.10 
4 .50 

193.30 
4 .50 

137.00 
100.00 

144 .00 
100.00 

73.00 
100.00 

146.00 
100.00 

109.00 
100.00 

1/17/2014 

(stHec1Rt. rpt) 



- - - - - -
Page 3 

Route ID LOB N Chan N ROB N Length 
(ft) 

RTAPR2 0.032 0.022 0.032 2,613.50 

RTAPR3 0.032 0.022 0.032 2, 798.70 

RTAPR4 0.032 0.022 0.032 2,748.40 

RTMCR1 0.033 0.033 0.033 5,521.20 

RTMCR2 0.033 0.033 0.033 2,512. 70 

RTMRA1 0.035 0.035 0. 035 2,669.60 

RTSPT1 0.035 0.035 0.035 986.90 

RTSPT2 0.035 0.035 0.035 879.40 

RTSPT3 0.035 0.035 0.035 4,340.90 

RTURR1 0.035 0.016 0.035 926.10 

RTURR2 0.035 0.016 0.035 5,087. 70 

RTURR3 0.035 0.016 0.035 2,363.40 

Dibble Engineering 

-
Slope 

(ft/ft) 

0.0055 

0.0055 

0.0055 

0.0008 

0.0015 

0.0008 

0.0045 

0.0010 

0.0056 

0.0010 

0.0010 

0.0010 

- - - -
FCDMC 

Drainage Design Management System 
HEC-1 ROUTING DATA 

Project Reference: WATSON PO 24H RECPLN 

Max 
Elev (ft) 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y : 

X: 
Y: 

X: 
Y: 

X : 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

X: 
Y: 

1. 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100 00 

2. 

60.00 
100.00 

60.00 
100.00 

60.00 
100.00 

10 00 
100.00 

10.00 
100.00 

40.00 
100.00 

40.00 
100.00 

40.00 
100.00 

40.00 
100.00 

20.00 
100.00 

20.00 
100.00 

20.00 
100.00 

-
3. 

66.00 
98.40 

67.00 
98.30 

67.00 
98.30 

36.00 
96.70 

34.00 
95.60 

76.00 
94.00 

61.00 
96.50 

65.00 
95.80 

64.00 
96.00 

39.00 
100 .00 

39.00 
100.00 

39.00 
10000 

-
4. 

73 .00 
96 .80 

73.00 
96.70 

73.00 
96.70 

43.00 
96.70 

41 00 
95.60 

91.00 
94.00 

67.00 
96.50 

72.00 
95.80 

73.00 
96.00 

48.00 
97.70 

51 .00 
97 .00 

54.00 
96.10 

-
5. 

83.00 
96.80 

85.00 
96.70 

85.00 
96.70 

50.00 
96.70 

47.00 
95.60 

106.00 
94.00 

72.00 
96.50 

79.00 
95.80 

82.00 
96.00 

52.00 
97.70 

55.00 
97.00 

58.00 
96.10 

- - -
6. 7. 8. 

90.00 96.00 111 .00 
95.20 100.00 100.00 

91 .00 99.00 114.00 
95.10 100.00 100.00 

91 .00 99.00 114.00 
95.10 100.00 100.00 

76.00 96.00 116.00 
100.00 100 00 100.00 

71 .00 91 .00 111 .00 
10000 100.00 100.00 

142.00 162.00 182.00 
100.00 100.00 100.00 

92.00 112.00 132.00 
100.00 100.00 100.00 

105.00 
100.00 

106.00 
100.00 

56.00 
97.70 

59.00 
97.00 

62.00 
96.10 

125.00 
100.00 

126.00 
100.00 

66.00 
100.00 

71 .00 
100.00 

78.00 
100.00 

145.00 
10000 

146.00 
100.00 

76.00 
100.00 

81 .00 
100.00 

88.00 
100.00 

- -
1/17/2014 

(stHec1 Rt.rpt) 



FCDMC 
Drainage Design Management System 

HEC-1 ROUTING DATA 

Project Reference: WATSON PD 24H RECPLN 
Page 4 1/17/2014 

Route ID LOB N Chan N ROB N Length Slope Max 1. 2. 3. 4 . 5. 6. 7. 8. 
(ft) (ft/ft) Elev (ft) 

RTWTR1 0.032 0.022 0.032 2,380.20 0.0011 X: 60.00 70.00 80.00 105.00 115.00 125.00 140.00 
Y: 100.00 100.00 97.50 95.00 95.00 92.50 100.00 100.00 

RTWTR2 0.032 0.020 0.032 4,011.40 0.0010 X: 54.00 92.00 107.00 112.00 117.00 131 .00 169.00 
Y: 100.00 100.00 93.70 93.70 92.70 93.70 93.70 100.00 

Dibble Engineering (stHec1 Rt.rpt) 



- - - - - - - - - - - - - - - - - - -
FCDMC 

Drainage Design Management System 
LAND USE 

Page 1 Project Reference: WATSON PD 24H RECPLN 1/17/2014 

Sub Land Use Code Area Area Initial Loss Percent Vegetation DTHETA Kn Description 
Basin (sq mi) (%) (lA) Impervious Cover 

(RTIMP) (%) 

Major Basin ID: 01 

100 134 0.5731 98.5 0.29 18 50.0 NORMAL 0.050 LDR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.0085 1.5 0.25 30 50 .0 NORMAL 0.050 Small Lot Residential- Single Family (4-6 du per acre) 

--
0.5816 100.0 

tOE 134 0.0368 6.2 0.29 18 50.0 NORMAL 0.050 LDR CUSTOM 80% LLR (130) & 20% MDR (1 40) 

150 0.4918 83.1 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Fam ily (4-6 du per acre) 

234 0.0005 0.1 0.10 80 72.0 NORMAL 0.020 RC CUSTOM 33% (220), 33% (230) , & 33% (240) 

810 0.0628 10.6 0.10 80 75.0 NORMAL 0.020 Business Park (enclosed industrial , office or retail) 

--
0.5919 100.0 

11A 134 0.1367 23.9 0.29 18 50 .0 NORMAL 0.050 LDR CUSTOM 80% LLR (130) & 20% MDR (1 40) 

150 0.2768 48.5 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 duper acre) 

234 0. 1449 25.4 0.10 80 72.0 NORMAL 0.020 RC CUSTOM 33% (220), 33% (230) , & 33% (240) 

810 0.0128 2.2 0.10 80 75.0 NORMAL 0.020 Business Park (enclosed industrial , office or retail) 

0.5712 100.0 

11B 150 0.5791 99.7 0.25 30 50.0 NORMA L 0.050 Small Lot Residential - Single Family (4-6 duper acre) 

234 0.0016 0.3 0.10 80 72.0 NORMAL 0.020 RC CUSTOM 33% (220) , 33% (230) , & 33% (240) 

--
0.5807 100.0 

11C 150 0.3432 100.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential- Single Family (4-6 duper acre) 

--
0.3432 100.0 

12 120 0.0594 8.1 0.30 5 30.0 NORMAL 0.050 Estate Residential (1/5 duper acre to 1 duper acre) 

134 0.0025 0.3 0.29 18 50.0 NORMAL 0.050 LDR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.4790 65.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential- Single Family (4-6 du per acre) 

Dibble Engineering • Non default value (stluDataSG.rpt) 



FCDMC 
Drainage Design Management System 

LAND USE 
Page 2 Project Reference: WATSON PO 24H RECPLN 1/1 7/201 4 

Sub Land Use Code Area Area Initial Loss Percent Vegetation DTHETA Kn Description 
Basin (sq mi) (%) (lA) Impervious Cover 

(RTIMP) (%) 

Major Basin ID: 01 
12 234 0.1957 26.6 0.10 80 72.0 NORMAL 0.020 RC CUSTOM 33% (220), 33% (230), & 33% (240) 

--
0.7366 100.0 

13 134 0.1366 27.2 0.29 18 50.0 NORMAL 0.050 LOR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.2895 57 .7 0.25 30 50.0 NORMAL 0.050 Small Lot Residentia l - Single Family (4-6 du per acre) 

234 0.0752 15.0 0.10 80 72.0 NORMAL 0.020 RC CUSTOM 33% (220), 33% (230), & 33% (240) 

--
0.501 3 99.9 

14A 120 0.0805 11 .6 0.30 5 30.0 NORMAL 0.050 Estate Residential (1/5 duper acre to 1 duper acre) 

150 0.6118 88.4 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

--
0.6923 100.0 

14B 134 0.1349 26.9 0.29 18 50.0 NORMAL 0.050 LOR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.3666 73.1 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

0.5015 100.0 

22E 150 0.2862 100.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

--
0.2862 100.0 

23 150 0.5238 100.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

0.5238 100.0 

24 134 0.4890 100.0 0.29 18 50.0 NORMAL 0.050 LOR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.0001 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

--
0.4891 100.0 

25 134 0.2731 99.6 0.29 18 50.0 NORMAL 0.050 LOR CUSTOM 80% LLR (130) & 20% MDR (1 40) 

150 0.0011 0.4 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

Dibble Engineering • Non default value (stluDataSG.rpt; 



- - - - - - - - - - - - - - - - - - -
FCDMC 

Drainage Design Management System 
LAND USE 

Page 3 Project Reference: WATSON PD 24H RECPLN 1/17/2014 

Sub Land Use Code Area Area Initial Loss Percent Vegetation DTHETA Kn Description 
Basin (sq mi) (%) (lA) Impervious Cover 

(RTI MP) (%) 

Major Basin ID: 01 

0.2742 100.0 

26 134 0.5192 99.0 0.29 18 50.0 NORMAL 0.050 LDR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.0053 1.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

--
0.5245 100.0 

36 134 0.2012 29.4 0.29 18 50.0 NORMAL 0.050 LDR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.4356 63.7 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

320 0.0470 6.9 0.15 55 60.0 NORMAL 0.020 Industrial 

--
0.6838 100.0 

37 150 1.2995 91 .4 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

210 0.1216 8.6 0.10 80 75.0 NORMAL 0.020 Special ty Commercial (<=50,000 sq. ft.) 

--
1.4211 100.0 

38 150 0.5420 100.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential- Single Fami ly (4-6 du per acre) 

--
0.5420 100.0 

39 150 0.7254 100.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre ) 

0.7254 100.0 

40 150 0.9761 100.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

--
0.9761 100.0 

47N 150 0.2326 100.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

--
0.2326 100.0 

48 150 0.4755 95.1 0.25 30 50.0 NORMAL 0.050 Small Lot Residential- Single Family (4-6 du per acre) 

550 0.0243 4.9 0.10 80 75.0 NORMAL 0.020 Public Facilities (comm centers, libraries, sub-stations) 

Dibble Engtneering • Non default value (stluOataSG.rpt: 



FCDMC 
Drainage Design Management System 

LAND USE 

Page 4 Project Reference: WATSON PD 24H RECPLN 1/17/2014 

Sub Land Use Code Area Area Initial Loss Percent Vegetation DTHETA Kn Description 
Basin (sq mi) (%) (lA) Impervious Cover 

(RTIMP) (%) 

Major Basin ID: 01 

0.4998 100.0 

49 150 1.0089 100.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Fami ly (4-6 du per acre) 

320 0.0005 0.15 55 60.0 NORMAL 0.020 Industrial 

1.0094 100.0 

50 150 1.0012 99.9 0.25 30 50.0 NORMAL 0.050 Smal l Lot Residential- Single Family (4-6 du per acre) 

320 0.0007 0.1 0.15 55 60.0 NORMAL 0.020 Industrial 

--
1.0019 100.0 

51 150 1.0035 100.0 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

320 0.0005 0.15 55 60.0 NORMAL 0.020 Industrial 

--
1.0040 100.0 

56 A 150 0.0001 0.25 30 50.0 NORMAL 0.050 Small Lot Residential- Single Family (4-6 du per acre) 

320 0.4103 100.0 0.15 55 60.0 NORMAL 0.020 Industria l 

550 0.0001 0.10 80 75.0 NORMAL 0.020 Public Faci lities (comm centers , libraries. sub-stations) 

--
0.4105 100.0 

56B 320 0.3335 1000 0.15 55 60.0 NORMAL 0.020 Industrial 

--
0.3335 100.0 

57 320 0.4886 100.0 0.15 55 60.0 NORMAL 0.020 Industrial 

--
0.4886 100.0 

58 320 0.1898 100.0 0.15 55 60.0 NORMAL 0.020 Industrial 

--
0.1898 100.0 

70 320 0.1406 100.0 0.15 55 60.0 NORMAL 0.020 Industrial 

Dibble Eng1neering • Non default value (stLuDataSG.rpt; 



- - - - - - - - - - - - - - - - - - -
FCDMC 

Drainage Design Management System 
LAND USE 

Page 5 Project Reference: WATSON PD 24H RECPLN 1/1 7/2014 

Sub Land Use Code Area Area Initial Loss Percent Vegetation DTHETA Kn Description 
Basin (sq mi) (%) (lA) Impervious Cover 

(RTIMP) (%) 

Major Basin ID: 01 

0.1406 100.0 

71 320 0.1553 100.0 0.15 55 60.0 NORMAL 0.020 Industrial 

--
0.1553 100.0 

72 320 0.0856 100.0 0.15 55 60.0 NORMAL 0.020 Industrial 

--
0.0856 100.0 

83 120 0.0656 9.7 0.30 5 30.0 NORMAL 0.050 Estate Residential (1/5 duper acre to 1 duper acre) 

150 0.6096 90.3 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

--
0.6752 100.0 

92N 218 0.2347 71 .8 0.18 63 63.0 NORMAL 0.035 Mixed Use CUSTOM 50% (210) & 50% HDR (180) 

234 0.0866 26.5 0.10 80 72.0 NORMAL 0.020 RC CUSTOM 33% (220), 33% (230), & 33% (240) 

320 0.0002 0.1 0.15 55 60.0 NORMAL 0.020 Industrial 

550 0.0053 1.6 0.10 80 75.0 NORMAL 0.020 Public Facilities (comm centers, libraries, sub-stations) 

--
0.3268 100.0 

92S 150 0.1889 27.5 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

218 0.3952 57.5 0.18 63 63.0 NORMAL 0.035 Mixed Use CUSTOM 50% (210) & 50% HDR (180) 

234 0.0096 1.4 0.10 80 72.0 NORMAL 0.020 RC CUSTOM 33% (220), 33% (230), & 33% (240) 

320 0.0050 0.7 0.15 55 60.0 NORMAL 0.020 Industrial 

550 0.0885 12.9 0.10 80 75.0 NORMAL 0.020 Public Facili ties (comm centers, libraries, sub-stations) 

--
0.6872 100.0 

93 150 0.1721 45.6 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

210 0.0562 14.9 0.10 80 75.0 NORMAL 0.020 Specialty Commercial (<=50,000 sq. ft .) 

Dibble Engineeri ng • Non default value (stluDataSG.rpt) 



FCDMC 
Drainage Design Management System 

LAND USE 
Page 6 Project Reference: WATSON PD 24H RECPLN 1/17/2014 

Sub Land Use Code Area Area Initial Loss Percent Vegetation DTHETA Kn Description 
Basin (sq mi) (%) (lA) Impervious Cover 

(RTIMP) (%) 

Major Basin ID: 01 

93 234 0.1480 39.2 0.10 80 720 NORMAL 0.020 RC CUSTOM 33% (220) , 33% (230) , & 33% (240) 

810 0.0012 0.3 0.10 80 75.0 NORMAL 0.020 Business Park (enclosed industrial , office or retail ) 

--
0.3775 100.0 

94 134 0.0010 0.1 0.29 18 50.0 NORMAL 0.050 LOR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.6501 90.3 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Family (4-6 du per acre) 

210 0.0685 9.5 0.10 80 75.0 NORMAL 0.020 Specialty Commercial (<=50,000 sq . ft .) 

--
0.7196 99.9 

95 134 0.0290 5.6 0.29 18 50.0 NORMAL 0.050 LOR CUSTOM 80% LLR (130) & 20% MDR (1 40) 

150 0.3628 69.5 0.25 30 50.0 NORMAL 0.050 Small Lot Residential - Single Fami ly (4-6 du per acre) 

210 0.0332 6.4 0.10 80 75.0 NORMAL 0.020 Specialty Commercial (<=50,000 sq. ft .) 

218 0.0001 0.18 63 63.0 NORMAL 0.035 Mixed Use CUSTOM 50% (210) & 50% HDR (180) 

810 0.0971 18.6 0.10 80 75.0 NORMAL 0.020 Business Park (enclosed industrial , office or retail } 

0.5222 100.1 

96 134 0.9110 99.6 0.29 18 50.0 NORMAL 0.050 LOR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.0033 0.4 0.25 30 50.0 NORMAL 0.050 Small Lot Residentia l - Single Family (4-6 du per acre) 

--
0.9143 100.0 

97 134 0.3458 69.1 0.29 18 50.0 NORMAL 0.050 LOR CUSTOM 80% LLR (130) & 20% MDR (140) 

150 0.1545 30.9 0.25 30 50.0 NORMAL 0.050 Small Lot Residential- Single Fami ly (4-6 du per acre) 

0.5003 100.0 

Dibble Engineering * Non default value (stl uDataSG.rpt; 
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Page 1 

Area ID Book Map SoiiiD 
Number Unit 

Major Basin 10: 01 

100 

10E 

11A 

118 

11C 

12 

13 

14A 

651 
651 

651 
651 
651 
651 
651 

651 
651 
651 
651 
651 
651 
651 

651 

651 
651 
651 
651 

651 
651 
651 
651 
651 
651 
651 
651 

651 
651 
651 
651 
651 
651 
651 

651 
651 
651 
651 

651 
651 
651 
651 
651 
651 

651 
651 
651 
651 
651 
651 
651 
651 
651 

651 
651 
651 

651 

651 
651 
651 
651 

148 651 
651 

Dibble Engineering 

Ao 6512049 
Ap 6512051 
Br 6512255 
Cn 6512447 

Gh 651 3235 
Gt 6513259 
GgA 651323320 

AL 6512042 
Cp 6512451 
cv 6512462 
Ma 6514421 
LE~228622828 

AbA 651202320 
AGB 651203222 
GYD 651326826 

LE~228622828 

AGB 651203222 
GYD 651326826 
TSC 651585624 

Cp 
Ma 
Pa 
AGB 
GYD 

6512451 
6514421 
6515021 

651203222 
651326826 

HLC 651344224 
RaA 651542120 
TSC 651585624 

AL 6512042 
Cp 6512451 
Ma 6514421 
AbA 651202320 
AGB 651203222 
GYD 651326826 
RaA 651542120 

AL 6512042 
cv 6512462 
TB 6515822 
Vh 6516235 
LE~228622828 

AGB 651203222 
GYD 651326826 
HLC 651344224 
PYD 651506826 
TSC 651585624 

Cp 6512451 
cv 6512462 
Vh 6516235 
AbA 651202320 
AGB 651203222 
GYD 651326826 
HLC 651344224 
PRB 651505422 
TSC 651585624 

AL 
Cb 
Cp 

Vh 

6512042 
6512423 
6512451 

6516235 

LE~228622828 

AGB 651203222 
GYD 651326826 
HLC 651344224 

Cb 
Cp 

6512423 
6512451 

Area 
(sq mi) 

0.114 
0.042 

0.003 
0.012 
0.210 
0.014 
0.186 

0.347 
0.019 
0.035 
0.004 

0.007 
0.010 
0.150 
0.020 

0.031 
0.135 
0.115 
0.290 

0.001 
0.001 
0.022 
0.351 
0.141 
0.019 
0.027 
0.021 

0.160 
0.017 
0.006 
0.015 
0.129 
0.009 
0.008 

0.033 
0.043 

0.005 
0.001 
0.018 
0.243 
0.288 
0.020 
0.064 
0.022 

0.009 
0.057 
0.002 
0.012 
0.064 
0.060 
0.239 
0.050 
0.009 

0.168 
0.014 

0.016 

0.018 

0.010 

0.321 
0.101 
0.045 

0.009 
0.312 

FCDMC 
Drainage Design Management System 

SOILS 
Project Reference: WATSON PO 24H RECPLN 

Area 
(%) 

19.60 
7.30 
0.50 
2.00 

36.10 
2.50 

32.00 

58.70 
3.30 
5.90 
0.60 
1.10 
1.70 

25.30 
3.40 

5.40 
23.60 
20.20 
50.80 

0.10 
0.10 
3.70 

60.40 
24.30 

3.20 
4.60 
3.60 

46.50 
4.90 
1.80 
4.50 

37.50 
2.50 
2.20 

4.50 
5.80 
0.60 
0.10 
2.50 

33.00 
39.10 
2.70 
8.70 
3.00 

1.80 
11 .30 
0.40 
2.50 

12.70 
11 .90 
47.70 
10.00 

1.70 

24.20 
2.10 
2.30 

2.50 

1.50 
46.40 
14.50 
6.50 

XKSAT 

0.040 
0.040 
1.050 
0.010 

0.240 
0.040 
0.250 

0.400 
0.400 
0.390 
0.400 
0.010 
0.380 
0.400 
0.260 

0.010 
0.400 
0.260 
0.140 

0.400 
0.400 
0.400 
0.400 
0.260 
0.140 
0.390 
0.140 

0.400 
0.400 
0.400 
0.380 
0.400 
0.260 
0.390 

0.400 
0.390 
0.400 
0.270 
0.010 
0.400 
0.260 
0.140 
0.200 
0.140 

0.400 
0.390 
0.270 
0.380 
0.400 
0.260 
0.140 

0.280 
0.140 

0.400 
0.400 
0.400 

0.270 

0.010 

0.400 
0.260 
0.140 

1.70 0.400 
62.30 0.400 

• Non default value 

Rock 
Percent 

(%) 

Effective 
Rock (%) 

100 
100 
100 
100 

100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 

100 
100 
100 

100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 

100 

100 
100 

100 

100 
100 
100 
100 

100 
100 

1/17/2014 

Comments 

(stSIDataGA.rpt) 
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Area ID Book 

Number 

Major Basin ID: 01 

14B 

22E 

23 

24 

25 

26 

36 

37 

38 

39 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

651 

Dibble Engineering 

Map 
Unit 

SoiiiD 

Pa 6515021 

Vh 6516235 

AbA 651202320 

AdA 651202720 

Cp 6512451 

Lb 6514223 

Ma 6514421 

Mo 6514449 

AbA 651202320 

RaA 651542120 

AL 

Cp 

Ma 

6512042 

6512451 

6514421 

Pa 6515021 

AbA 651202320 

RaA 651542120 

AL 

Cp 

cv 

6512042 

6512451 

6512462 

Ma 6514421 

Pa 6515021 

AbA 651202320 

AGB 651203222 

HLC 651344224 

LeA 651422520 

PRB 651505422 

Cp 6512451 

cv 6512462 

Ma 6514421 

Pa 6515021 

AbA 651202320 

LeA 651422520 

PeA 651502920 

Cp 6512451 

Ma 6514421 

Pa 6515021 

Vh 6516235 

AbA 651202320 

LeA 651422520 

PeA 651502920 

Ae 6512029 

Cp 6512451 

Lb 6514223 

AbA 651202320 

Cp 6512451 

Lb 6514223 

Ma 6514421 

Pa 6515021 

AbA 651202320 

LeA 651422520 

RaA 651542120 

Cp 

Lb 

6512451 

6514223 

Ma 6514421 

Pa 6515021 

AbA 651202320 

RaA 651542120 

Bs 

Lb 

6512257 

6514223 

Ma 6514421 

Pa 6515021 

AbA 651202320 

Area 
(sq mi) 

0.043 

0.113 

0.023 

0.002 

0.166 

0.003 

0.044 

0.022 

0.030 

0.022 

0.006 

0.285 

0.110 

0.002 

0.035 

0.086 

0.010 

0.010 

0.082 

0.053 

0.044 

0.037 

0.019 

0.123 

0.013 

0.098 

0.002 

0.001 

0.060 

0.124 

0.025 

0.042 

0.020 

0.401 

0.001 

0.076 

0.010 

0.002 

0.030 

0.004 

0.120 

0.469 

0.039 

0.057 

0.773 

0.210 

0.050 

0.007 

0.113 

0.167 

0.105 

0.195 

0.078 

0.090 

0.063 

0.021 

0.096 

0.008 

0.076 

0.200 

0.098 

0.062 

FCDMC 
Drainage Design Management System 

SOILS 
Project Reference : WATSON PO 24H RECPLN 

Area 
(%) 

8.50 

22.60 

4.50 

0.30 

58.10 

1.00 

15.50 

7.50 

10.30 

7.60 

1.10 

54.30 

21 .00 

0.40 

6.70 

16.50 

2.10 

2.00 

16.70 

10.90 

9.10 

7.60 

3.80 

25.20 

2.60 

19.90 

0.50 

0.50 

21 .80 

45.10 

9.20 

15.40 

7.40 

76.40 

0.20 

14.50 

2.00 

0.40 

5.60 

0.80 

17.50 

68.50 

5.70 

8.30 

54.20 

14.70 

3.50 

0.50 

7.90 

11 .70 

7.40 

35.90 

14.30 

16.60 

11 .70 

3.90 

17.60 

1.10 

10.50 

27 .50 

13.50 

8.50 

XKSAT 

0.400 

0.270 

0.380 

0.400 

0.400 

0.400 

0.400 

0.390 

0.380 

0.390 

0.400 

0.400 

0.400 

0.400 

0.380 

0.390 

0.400 

0.400 

0 .390 

0.400 

0.400 

0.380 

0.400 

0.140 

0.250 

0.280 

0.400 

0.390 

0.400 

0.400 

0.380 

0.250 

0.370 

0.400 

0.400 

0.400 

0.270 

0.380 

0.250 

0.370 

0.390 

0.400 

0.400 

0.380 

0.400 

0.400 

0.400 

0.400 

0.380 

0.250 

0.390 

0.400 

0.400 

0.400 

0.400 

0.380 

0.390 

0.390 

0.400 

0.400 

0.400 

0.380 

* Non default value 

Rock 
Percent 

(%) 

Effective 

Rock (%) 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1/1 7/2014 

Comments 

(stSIOataGA.rpt) 
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Area ID Book Map SoiiiD 

Number Unit 

Major Basin ID: 01 

39 

40 

47N 

48 

49 

50 

51 

56 A 

56B 

57 

58 

70 

651 
651 

651 
651 
651 
651 
651 
651 
651 
651 

651 
651 

651 
651 

651 

651 
651 
651 
651 
651 
651 

651 
651 
651 
651 
651 
651 

651 
651 
651 
651 
651 
651 
651 

651 
651 
651 
651 

651 
651 
651 
651 

651 
651 
651 
651 
651 
651 

651 
651 
651 
651 
651 

651 
651 

651 
651 
651 

71 651 
651 
651 

Dibble Engineering 

LeA 651422520 
PeA 651502920 

Cp 6512451 
Lb 6514223 
Ma 6514421 
Pa 6515021 
Va 6516221 
AbA 651202320 
LeA 651422520 
PeA 651502920 

Cp 6512451 
Lb 6514223 

Cp 6512451 
Lb 6514223 

LeA 651422520 

Bs 6512257 
Lb 6514223 
Ma 6514421 
Pa 6515021 
AbA 651202320 
RaA 651542120 

Bs 6512257 
Lb 6514223 
Ma 6514421 
Pa 6515021 
GgA 651323320 
LeA 651422520 

Lb 6514223 
Ma 6514421 
AbA 651202320 
GgA 651323320 
LeA 651422520 
PeA 651502920 
PeB 651502922 

Lb 6514223 
Ma 6514421 
Pa 6515021 
AbA 651202320 

Lb 6514223 
Ma 6514421 
Pa 6515021 
AbA 651202320 

Bs 6512257 
Lb 6514223 
Ma 6514421 
Pa 6515021 
AbA 651202320 
GgA 651323320 

Ma 6514421 
AbA 651202320 
GgA 651323320 
LeA 651422520 
PeB 651502922 

Ao 6512049 
Lb 6514223 

Ma 6514421 
AbA 651202320 
GgA 651323320 

Ao 

Lb 
Ma 

6512049 
6514223 
6514421 

Area 
(sq mi) 

0.249 
0.034 

0.202 
0.076 
0.127 
0.007 
0.040 
0.045 
0.179 
0.301 

O.D77 
0.156 

0.062 
0.227 

0.211 

0.026 
0.444 
0.101 
0.400 
0.027 
0.016 

0.222 
0.093 
0.271 
0.211 
0.014 
0.191 

0.001 
0.062 
0.244 
0.111 
0.321 
0.089 
0.175 

0.295 
0.016 
0.023 
0.077 

0.102 
0.022 
0.061 
0.149 

0.095 
0.118 
0.073 
0.012 
0.070 
0.120 

0.041 
0.062 
0.055 
0.004 
0.027 

0.012 
0.015 

0.024 
0.083 
0.007 

0.015 
0.006 
0.014 

FCDMC 
Drainage Design Management System 

SOILS 
Project Reference: WATSON PD 24H RECPLN 

Area 
(%) 

34.30 
4.70 

20.70 
7.80 

13.00 
0.70 
4.10 
4.60 

18.40 
30.80 

33.10 
66.90 

12.40 
45.50 
42.10 

2.50 
43.80 

9.90 
39.50 

2.60 
1.60 

22.20 
9.30 

27.10 
21 .00 

1.40 
19.00 

0.10 
6.20 

24.30 
11 .10 
32.00 

8 .80 
17.40 

71 .80 
3.90 
5.60 

18.70 

30.70 
6.70 

18.10 
44.50 

19.40 
24.20 
14.90 

2.50 
14.40 
24.50 

21 .60 
32.50 
29.20 

2.30 
14.40 

8.60 
10.50 

17.20 
59.10 
4.70 

XKSAT 

0.250 
0.370 

0.400 
0.400 
0.400 
0.400 
0.390 
0.380 
0.250 
0.370 

0.400 
0.400 

0.400 
0.400 

0.250 

0.390 
0.400 
0.400 
0.400 
0.380 
0.390 

0.390 
0.400 
0.400 
0.400 
0.250 
0.250 

0.400 
0.400 
0.380 
0.250 
0.250 
0.370 
0.380 

0.400 
0.400 
0.400 
0.380 

0.400 
0.400 
0.400 
0.380 

0.390 
0.400 
0.400 
0.400 
0.380 
0.250 

0.400 
0.380 
0.250 
0.250 
0.380 

0.040 
0.400 

0.400 
0.380 
0.250 

9.90 0.040 
3.80 0.400 
9.00 0.400 

Rock 
Percent 

(%) 

Effective 
Rock (%) 

100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

100 
100 

100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

100 
100 

100 
100 
100 

100 
100 
100 

* Non default value 

1/17/2014 

Comments 

(stSIDataGA.rpt) 
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Area 10 Book 
Number 

Major Basin ID: 01 

71 

72 

83 

92N 

92S 

93 

94 

95 

96 

97 

651 
651 

651 

651 
651 

651 
651 
651 
651 
651 
651 
651 

651 
651 
651 
651 
651 

651 
651 
651 
651 
651 
651 
651 
651 

651 

651 
651 
651 

651 
651 
651 
651 

651 
651 
651 
651 
651 
651 

651 
651 
651 
651 
651 

651 

651 
651 
651 

651 

Dibble Engineering 

Map 
Unit 

SoiiiD 

AbA 651202320 

GgA 651323320 

Ao 6512049 
Ma 6514421 
GgA 651323320 

AL 6512042 

Cp 6512451 
LE&!ail228622828 
AdA 651202720 
AGB 651203222 
GYD 651326826 
HLC 651344224 

A a 
An 

6512021 
6512047 

Ao 6512049 
Ma 6514421 
GgA 651323320 

An 6512047 
Ao 6512049 
Ap 6512051 
Cn 6512447 
Gh 6513235 
Ma 6514421 
AbA 651202320 
GgA 651323320 

Ao 6512049 
Ma 6514421 
AbA 651202320 
GgA 651323320 

Ao 6512049 
Gt 6513259 
Ma 6514421 
GgA 651323320 

An 6512047 
Ao 6512049 
Cn 6512447 
Gh 6513235 
Ma 6514421 
GgA 651323320 

Ao 6512049 
Cn 6512447 
Gf 6513231 
Gt 6513259 
GgA 651323320 

Ao 6512049 
Ap 6512051 
Cn 6512447 
Gh 6513235 
GgA 651323320 

Area 
(sq mi) 

0.045 

0.075 

0.001 
0.039 
0.046 

0.091 

0.055 
0.006 
0.008 
0.035 
0.005 
0.475 

0.011 
0.109 
0.157 
0.007 
0.044 

0.215 
0.240 
0.061 
0.060 
0.052 
0 000 
0.002 
0.059 

0.028 
0.031 
0.046 
0.273 

0.374 
0.040 
0.061 
0.245 

0.002 
0.288 
0.047 
0.001 
0.007 
0 178 

0.268 
0.126 
0.084 
0.001 
0.435 

0.151 
0.017 
0.031 
0.109 
0.192 

FCDMC 
Drainage Design Management System 

SOILS 
Project Reference : WATSON PO 24H RECPLN 

Area 
(%) 

28.90 

48.40 

0.90 

45.30 
53.70 

13.50 
8.20 
0.90 
1.20 
5.10 
0.70 

70.40 

3.20 
33.40 
47.90 

2.10 
13.40 

31 .30 
34.90 

8.80 
8.70 
7.50 
0.10 
0.20 
8.50 

7.30 
8.10 

12.30 
72.30 

52.00 
5.50 
8.50 

34.10 

0.30 
55.10 

9.00 
0.10 
1.40 

34.10 

29.40 
13.80 
9.10 

0.10 
47.50 

30.20 

3.30 
6.20 

21 .80 
38.50 

XKSAT 

0.380 
0.250 

0.040 
0.400 
0.250 

0.400 
0.400 
0.010 
0.400 
0.400 
0.260 
0.140 

0.260 
0.050 
0.040 
0.400 
0.250 

0.050 
0.040 
0.040 
0.010 
0.240 
0.400 
0.380 
0.250 

0.040 
0.400 
0.380 
0.250 

0.040 
0.040 
0.400 
0.250 

0.050 
0.040 
0.010 
0.240 
0.400 
0.250 

0.040 
0.010 
0.240 
0.040 
0.250 

0.040 
0.040 
0.010 
0.240 
0.250 

Rock 
Percent 

(%) 

Effective 
Rock (%) 

100 

100 

100 
100 
100 

100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 

100 

100 
100 
100 

100 
100 

100 
100 
100 
100 
100 

* Non default va lue 

1/17/2014 

Comments 

(stSIDataGA.rpt) 
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I INPUT 
LINE 

NO . 

I 27 

37 
35 

I 40 

I 
46 

56 
54 

I 59 

62 

I 68 

78 

I 
76 

81 

I 84 

90 

I 100 
98 

I 
103 

106 

I 116 
114 

119 

I 125 

135 

I 133 

138 

I 148 
146 

I 
151 

154 

I 
160 

170 
168 

I 173 

176 

I 182 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING (--->) DIVERSION OR Pu~P FLOW 

( . I CONNECTOR 

12 

(< --- ) RETURN OF DIVERTED OR PUMPED FLOW 

. -------> 12RET 
12 - 0 

v 
v 

01 - 02 

13 

. -------> 13RET 
13- 0 

02 ......... . . . 
v 
v 

02 - 03A 

24 

. -------> 24RET 
24 - 0 

03A . ... . ... . .. . 
v 
v 

03A038 

25 

. -------> 25RET 
25- 0 

038 . . ..... ... . . 

14A 

. - ------> 14ARET 
14A- 0 

v 
v 

P1AP18 

83 

. -------> 83RET 
83 - 0 

148 

. --- - ---> 148RET 
148- 0 

Pl8 ... . . . . . . .. .. . .. ..... . . . 
v 
v 

Pl8- P2 

26 

. --- - ---> 26RET 
26- 0 

P2 .......... . . 
v 
v 

P2 - 04 

llA 
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192 
190 

. - - --- - - > 11ARET 
llA- 0 

195 

201 

2ll 
209 

v 
v 

N1A<8 

118 

.-------> 118RET 
118- 0 

214 Nl8 . . . . . . . . .. . . 

217 

v 
v 

N1804 

223 04 . ......... . . ... . . ...... . 

229 . -------> DIM801 
226 M801 

v 
v 

232 RT2311 

239 39 

249 
247 

. -------> 39RET 
39 - 0 

252 05 ........ .. . . 
v 
v 

255 RT2312 

262 50 

272 
270 

. -------> 50RET 
50 - 0 

275 06A ... . ...... . . 

278 38 

288 
286 

. -------> 38RET 
38 - 0 

292 
291 

. -------> DTAF38 
DVAF38 

295 

301 

311 
309 

315 
314 

319 
318 

v 
v 

N3 - N4 

49 

. ------ -> 49RET 
49- 0 

. ------ -> DTCM49 
DVCM49 

. -------> DTMV49 
DVMV49 

322 N4 . . .. . ...... . 
v 
v 

325 N4 - 06 

331 068 .. . . . . ..... . 

337 . -------> DIM802 
334 M802 

v 
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I 
v 

340 RT2313 

347 40 

I 357 . -------> 40RET 
355 40- 0 

v 
v 

I 
360 P3 - P4 

366 51 

I 376 . ---- - - -> 51RET 
374 51 - 0 

379 P4 . . . . .. ... . .. 

I 385 . ----- - - > DIMB05 
382 MB05 

v 

I 
v 

388 RTURRl 

395 P5B . .. ... . . .. . . 
v 

I 
v 

397 RTURR2 

404 57 

I 414 . -------> 57 RET 
412 57 - 0 

I 417 07 .... . . . .. .. . 

420 lOE 

I 430 . -------> lOERET 
428 lOE- 0 

v 
v 

433 LlAL2A 

I 439 22E 

I 
449 . - ------> 22ERET 
447 22E - 0 

452 L2A .. . . . .. . . . • . 

I 455 llC 

4 65 . - --- - -- > llCRET 

I 
4 63 llC- 0 

v 
v 

4 68 NlC- N2 

I 474 23 

484 . - - -- - - - > 23RET 
482 23 - 0 

I 487 N2 . . . . . .. . . . . . . . . . . . . . . . . . 

I 
493 . - - -- - --> DIMB03 
490 MB03 

v 
v 

496 RTAPRl 

I 503 37 
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513 
511 

517 
516 

521 
520 

525 
524 

529 
528 

534 
532 

537 
535 

538 

541 

550 
548 

553 
551 

554 

557 

566 
564 

569 
567 

570 

573 

580 

590 
588 

593 

599 

609 
607 

612 

615 

623 
622 

624 

630 

. -------> 37RET 
37 - 0 

. ------- > DTEVB 
DVEVB 

. -------> DTCV 
DVCV 

. -------> DTMV 
DVMV 

. -------> DTW37 
DVW37 

. <------- DTEVB 
DVEVB 

. <------- DTAF38 
DVAF38 

CEBV ... . .... . ........ . .. . ....... ... .. . . . 
v 
v 

RTAPR2 

. <------- DTCV 
DVCV 

. <------- DTMV49 
DVMV49 

CCV .... . . ... . ........ . .... . 
v 
v 

RTAPR3 

. <------- DTMV 
DVMV 

. <------- DTCM49 
DVCM49 

CMV ..... . ....... . ....... . . . 
v 
v 

RTAPR4 

36 

. -------> 36RET 
36 - 0 

v 
v 

L3 - M2A 

47N 

. -------> 47NRET 
47N- O 

M2A .. . ........ . 
v 
v 

RTMCR1 

. <------- DTW37 
DVW37 

v 
v 

37 - M2B 

48 
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I 
640 . - ------> 48RET 

638 48 - 0 

643 M2B . . . . .. . .. . .. . . ..... . . . .. 

I 646 M3C . . .. . . . .. . . . 

652 . -------> DIMB04 

I 
64 9 MB04 

655 56A 

I 665 . -------> 56ARET 
663 56A- O 

670 . - - ---- -> DT56A 

I 
668 DV56A 

673 M2C . . . . . ... . . . . 
v 

I 
v 

676 RTMCR2 
v 
v 

683 RTSPT1 

I 690 568 

700 . ---- - --> 56BRET 

I 
698 568- 0 

703 CP56B . . . . . .. ... .. 
v 
v 

I 706 RTURR3 

713 N5B . . . .. . . . . .. • 
v 

I 
v 

716 RTSPT2 

723 70 

I 733 . --- - ---> 70RET 
731 70 - 0 

I 
738 . <---- - - - DT56A 
736 DV56A 

739 N6 ... . •.. • . ... . . .. ...... . . 
v 

I v 
742 RTSPT3 

749 92N 

I 759 . -------> 92NRET 
757 92N- O 

I 762 010A . . . . . . .... . . 

765 71 

I 775 . -------> 71RET 
773 71 - 0 

I 
778 93 

788 . -------> 93RET 
786 93 - 0 

I 791 09 . ... .. .. . . . . 
v 
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794 

801 

811 
809 

v 
RT23 1 4 

95 

.-------> 95RET 
95 - 0 

814 PBB . . ... .. . . .. . 
v 
v 

817 RTMRA1 

824 0108 .......... . . 

827 DET24 

866 TOBINF ... . .. . .. .. . 
v 
v 

869 RTWTR1 

876 DRA.N24 

932 92S 

942 
940 

94 5 

948 

958 
956 

961 

971 
969 

974 

977 

987 
985 

990 

993 

999 

1009 
1007 

1012 

1015 

1021 

1031 
1029 

. --- - ---> 92SRET 
92S- O 

TOB92S ... . .. .. ... . 

58 

. -------> 58RET 
58 - 0 

72 

. -------> 72RET 
72 - 0 

P6 . . ........ . . 

94 

. ------- > 94RET 
94 - 0 

P7 ........•..• 
v 
v 

94 - P8A 

96 

. -------> 96RET 
96 - 0 

P8A ........ . . . . 
v 
v 

P8A- P9 

97 

. -------> 97RET 
97 - 0 

1034 P9 . .. . .... .. ..... . . . ................. . 
v 
v 

1037 RTWTR2 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1044 

1054 
1052 

1057 

100 

. -------> 100RET 
100 - 0 

. . 
P10 . . . . .. . . .. . . 
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2+43- 40+71 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Manning Formula 

Normal Depth 

0+35 

0+82 

0+92 

0+96 

1+04 

1+08 

1+18 

1+60 

0.00110 ft/ft 

1170.00 ft'/s 

Elevation (ft) 

9.83 

2.00 

2.00 

0.00 

0.00 

2.00 

2 .00 

9.00 

Start Station Ending Station 

Options 

current Kougnness vve1gmea 
Method 

(0+35, 9.83) 

(0+92, 2.00) 

(1+08, 2.00) 

Open Channel Weighting Method 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii's Method Closed Channel Weighting Method 

Results 

Normal Depth 

Elevat ion Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Too Width 

0.00 to 9.83 ft 

(0+92 , 2.00) 

(1+08, 2.00) 

(1 +60, 9.00) 

6.56 ft 

312 .92 ft2 

92.43 ft 

3.39 ft 

90.73 ft 

Roughness Coefficient 

0.032 

0.016 

0.032 

Bentley Systems, Inc. Haestad Methods Sdlllndlt~lmrtv'laste r V8i (SELECTseries 1) [08.11.01 .03) 

1/20/2014 7:00 :23 AM 27 Siemons Company Drive Suite 200 W Watertown , CT 06795 USA +1-203-755-1666 Page 1 of 2 



2+43- 40+71 

Results 

Normal Depth 6.56 ft 

Critical Depth 4.31 ft 

Critical Slope 0.01019 ft/ft 

Velocity 3.74 ft/s 

Velocity Head 0.22 ft 

Specific Energy 6.78 ft 

Froude Number 0.35 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 0.00 ft 

Length 000 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 000 ft 

Profile Description 

Profile Headless 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 6.56 ft 

Critical Depth 4.31 ft 

Channel Slope 0.00110 ft/ft 

Critical Slope 0.01019 ft/ft 

Bentley Systems, Inc. Haestad Methods SdllaitiltPIUwMaster V8i (SELECTseries 1) [08.11 .01 .03] 

1/20/2014 7:00 :23 AM 27 Siemens Company Drive Suite 200 W Watertown , CT 06795 USA +1-203-755-1666 Page 2 of 2 



I 
I I 

Project Description 

I Friction Method 

Solve For 

I 
Input Data 

Roughness Coefficient 

I 
Channel Slope 

Left Side Slope 

Right Side Slope 

I 
Bottom Width 

Discharge 

Results 

I Normal Depth 

Flow Area 

I Wetted Perimeter 

Hydraulic Radius 

Top Width 

I Critical Depth 

Critical Slope 

Velocity 

I Velocity Head 

Specific Energy 

Froude Number 

I Flow Type 

GVF Input Data 

II Downstream Depth 

Length 

I Number Of Steps 

GVF Output Data 

'I Upstream Depth 

Profile Description 

Profile Head loss 

I Downstream Velocity 

Upstream Velocity 

Normal Depth 

I Critical Depth 

Channel Slope 

Critica l Slope 

I 
I 

3/20/2014 9:35:17 AM 

I 

42+23 - 54+62 

Manning Formula 

Normal Depth 

Subcritica l 

0.022 

0.00110 ft/ft 

4.00 ft/ft (HV) 

4.00 ft/ft (H:V) 

24 .00 ft 

710 .00 ft3/s 

3.99 ft 

159.46 ft2 

56 .91 ft 

2.80 ft 

55 .92 ft 

2.59 ft 

0.00572 ft/ft 

4.45 ft/s 

0.31 ft 

4.30 ft 

0.46 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

3.99 ft 

2.59 ft 

0.00110 ft/ft 

0.00572 ft/ft 

Bentley Systems, Inc. Haestad Methods Solution CenteiBentley FlowMaster V8i (SELECTseries 1) [08.11 .01.03] 

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1 666 Page 1 of 1 



54+62 - 66+62 

Project Description 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Roughness Coefficient 0.022 

Channel Slope 0.00250 ft/ft 

Left Side Slope 4.00 ft/ft (H V) 

Right Side Slope 4.00 ft/ft (HV) 

Bottom Width 24.00 ft 

Discharge 710.00 ft 3/s 

Results 

Normal Depth 3.22 ft 

Flow Area 118.91 ft2 

Wetted Perimeter 50 .58 ft 

Hydraulic Radius 2.35 ft 

Top Width 49.78 ft 

Critical Depth 2.59 ft 

Critical Slope 0.00572 ftl ft 

Velocity 5.97 ft/s 

Velocity Head 0.55 ft 

Specific Energy 3.78 ft 

Froude Number 0.68 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 0.00 ft 

Length 0.00 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headloss 000 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 3.22 ft 

Critical Depth 2.59 ft 

Channel Slope 0.00250 ft/ft 

Critical Slope 0.00572 ftlft 

Bentley Systems, Inc. Haestad Methods Solution CenteiBentley FlowMaster VBi (SELECTseries 1) [08.11 .01 .03] 

3/20/2014 9:35:55 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 
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Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydrau lic Radius 

Top Width 

Critica l Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profi le Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critica l Slope 

1/20/2014 6:44:42 AM 

69+67- 94+64 (Earth) 

Manning Formu la 

Normal Depth 

Subcritical 

0.032 

0.00560 fllft 

6.00 fllft (H:V) 

6.00 fllft (H:V) 

20.00 ft 

540.00 ft3/s 

2.77 ft 

101 .62 ft2 

53.74 ft 

1.89 ft 

53.28 ft 

2.25 ft 

0.01289 ft/fl 

5.31 ft/s 

0.44 ft 

3.21 ft 

0.68 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infin ity fils 

Infin ity fils 

2.77 ft 

2.25 ft 

0.00560 fllft 

0.01 289 fllft 

Bentley Systems, Inc. Haestad Methods Sdlldiea)Cielctefilaster VBi (SELECTseries 1) [08.11.01.03] 

27 Siemons Company Drive Suite 200 W Watertown , CT 06795 USA +1 -203-755-1666 Page 1 of 1 



69+67 - 94+64 (Turf) 

Project Description 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Roughness Coefficient 0.035 

Channel Slope 0.00560 ftlft 

Left Side Slope 6.00 ftlft (H V) 

Right Side Slope 6.00 ftlft (H V) 

Bottom Width 20.00 ft 

Discharge 540.00 ft3/s 

Results 

Normal Depth 2.90 ft 

Flow Area 108.45 ft2 

Wetted Perimeter 55 .28 ft 

Hydraulic Radius 1.96 ft 

Top Width 54 .80 ft 

Critical Depth 2.25 ft 

Critical Slope 0.01542 ftl ft 

Velocity 4.98 ft/s 

Velocity Head 0.39 ft 

Specific Energy 3. 29 ft 

Froude Number 0.62 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 0.00 ft 

Length 0.00 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headloss 0.00 ft 

Downstream Velocity Infinity ftls 

Upstream Velocity Infinity ft/s 

Normal Depth 2.90 ft 

Critical Depth 2.25 ft 

Channel Slope 0.00560 ftlft 

Critical Slope 0.01542 ftlft 

Bentley Systems, Inc . Haestad Methods ScBaitilt~RteMasterV8i (SELECTseries 1) [08.11.01.03] 

1/20/2014 6:48 :16 AM 27 Siemons Company Drive Suite 200 W Watertown , CT 06795 USA +1-203-755-1666 Page 1 of 1 
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Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydrau lic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profi le Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 6:48 :47 AM 

109+10- 114+60 

Manning Formula 

Normal Depth 

Subcritical 

0.016 

0.00100 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

30.00 ft 

230.00 ft'/s 

1.75 ft 

58.54 ft2 

37.82 ft 

1.55 ft 

36.99 ft 

1.19 ft 

0.00368 ft/ft 

3.93 ft/s 

0.24 ft 

1.99 ft 

0.55 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infin ity ft/s 

1.75 ft 

1.19 ft 

0.00100 ft/ft 

0.00368 ftl ft 

Bentley Systems, Inc. Haestad Methods SdBditilt1)eMtefilaster V8 i (SELECTseries 1) [08.11 .01.03] 

27 Siemons Company Drive Su ite 200 W Watertown , CT 06795 USA +1-203-755-1 666 Page 1 of 1 



200+00 - 203+27 

Project Description 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Roughness Coefficient 0.022 

Channel Slope 0.00080 ft/ft 

Left Side Slope 4.00 ft/ft (HV) 

Right Side Slope 4.00 ft/ft (HV) 

Bottom Width 34.00 ft 

Discharge 720.00 ft'is 

Results 

Normal Depth 3.80 ft 

Flow Area 186.98 ft2 

Wetted Perimeter 65.34 ft 

Hydraulic Radius 2.86 ft 

Top Width 64.40 ft 

Critical Depth 2.20 ft 

Critical Slope 0.00585 ftl ft 

Velocity 3.85 ft/s 

Velocity Head 0.23 ft 

Specific Energy 4 03 ft 

Froude Number 0.40 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 0.00 ft 

Length 000 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headless 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 3.80 ft 

Critical Depth 2.20 ft 

Channel Slope 0.00080 ft/ft 

Critical Slope 0.00585 ft/ft 
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Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Start Station 

203+27 - 226+26 

Manning Formula 

Normal Depth 

0+35 

0+82 

0+92 

0+96 

1+04 

1+08 

1+18 

1+60 

0.00080 ft/ft 

720 .00 ft3/s 

Elevation (ft) 

9.83 

2 .00 

2 .00 

0.00 

000 

2.00 

2.00 

9.00 

Ending Station 

(0+35, 9.83) 

(0+92 , 2 00) 

(1+08, 2.00) 

(0+92, 2 .00) 

(1+08, 2 .00) 

(1+60, 9 00) 

Options 

~.;urrent Kougnness vve1gmea 
Method 
Open Channel Weighting Method 

Closed Channel Weighting Method 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Too Width 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii's Method 

0.00 to 9.83 ft 

5.77 ft 

244 .82 ft2 

82 .79 ft 

2.96 ft 

81.22 ft 

Roughness Coefficient 

0.032 

0.016 

0.032 
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203+27 - 226+26 

Results 

Normal Depth 5.77 ft 

Critical Depth 3.58 ft 

Critical Slope 0.01080 ftlft 

Velocity 2.94 ft/s 

Velocity Head 0.13 ft 

Specific Energy 5.90 ft 

Froude Number 0.30 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 0.00 ft 

Length 000 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 000 ft 

Profile Description 

Profile Headloss 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity fVs 

Normal Depth 5.77 ft 

Critical Depth 3.58 ft 

Channel Slope 0.00080 ftlft 

Critical Slope 0.01080 ftlft 
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Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 6:49:38 AM 

Manning Formula 

Normal Depth 

Subcritical 

0.032 

0.00400 ftlft 

6.00 ftlft (H:V) 

6.00 ftlft (H:V) 

20.00 ft 

460.00 ft3/s 

2.78 ft 

102.21 ft2 

53.87 ft 

1.90 ft 

53.41 ft 

2.06 ft 

0.01320 ft lft 

4.50 ft/s 

0.31 ft 

3.10 ft 

0.57 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

2.78 ft 

2.06 ft 

0.00400 ftlft 

0.01320 ft!ft 
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Project Description 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Roughness Coefficient 0.035 

Channel Slope 0.00400 ft/ft 

Left Side Slope 6.00 ft/ft (HV) 

Right Side Slope 6.00 ft/ft (HV) 

Bottom Width 20 .00 ft 

Discharge 460.00 ft'/s 

Results 

Normal Depth 2.91 ft 

Flow Area 109 08 ft2 

Wetted Perimeter 55.42 ft 

Hydraulic Radius 1.97 ft 

Top Width 54.94 ft 

Critical Depth 2.06 ft 

Critical Slope 0.01579 ft/ft 

Velocity 4.22 ft/s 

Velocity Head 0.28 ft 

Specific Energy 3.19 ft 

Froude Number 0.53 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 0.00 ft 

Length 0.00 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headloss 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 2.91 ft 

Critical Depth 206 ft 

Channel Slope 0.00400 ft/ft 

Critical Slope 0.01579 ft/ft 
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Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 6:50:34 AM 

300+80 . 352+62 

Manning Formula 

Normal Depth 

Subcritical 

0.016 

0.00100 ftlft 

2.00 ftlft (H:V) 

2.00 ftlft (HV) 

16.00 ft 

110.00 ft'/s 

1.61 ft 

30.93 ft' 

23.20 ft 

1.33 ft 

22.44 ft 

1 08 ft 

0.00390 ftlft 

3.56 ft/s 

0.20 ft 

1.81 ft 

0.53 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infin ity fils 

Infinity fils 

1.61 ft 

1.08 ft 

0.00100 ftlft 

0.00390 ftlft 
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352+82 - 353+23 

Project Description 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Roughness Coefficient 0.016 

Channel Slope 0.01460 ft/ft 

Left Side Slope 2.00 ft/ft (H V) 

Right Side Slope 2.00 ft/ft (H:V) 

Bottom Width 16.00 ft 

Discharge 60.00 ft'/s 

Results 

Normal Depth 0.51 ft 

Flow Area 8.75 ft2 

Wetted Perimeter 18.30 ft 

Hydraulic Radius 0.48 ft 

Top Width 18 06 ft 

Critical Depth 0.74 ft 

Critical Slope 0.00435 ftlft 

Velocity 6.86 ft/s 

Velocity Head 0.73 ft 

Specific Energy 1.24 ft 

Froude Number 1.74 

Flow Type Supercritical 

GVF Input Data 

Downstream Depth 000 ft 

Length 0.00 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headloss 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 0.51 ft 

Critical Depth 0.74 ft 

Channel Slope 0.01460 ft/ft 

Critical Slope 0.00435 ft/ft 
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Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profi le Head loss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critica l Slope 

1120/2014 6:52:36 AM 

353+23 - 370+00 

Manning Form ula 

Normal Depth 

Subcritical 

0.016 

0.00280 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

8.00 ft 

60 .00 ft'/s 

1.22 ft 

12.69 ft2 

13.44 ft 

0.94 ft 

12.86 ft 

1 09 ft 

0.00408 ft/ft 

4.73 ft/s 

0.35 ft 

1.56 ft 

0.84 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infin ity ft/s 

1.22 ft 

1 09 ft 

0.00280 ft/ft 

0.00408 ft/ft 
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370+00- 379+07 

Project Description 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Roughness Coefficient 0.016 

Channel Slope 0.00080 ftlft 

Left Side Slope 2.00 ftlft (HV) 

Right Side Slope 2.00 ftlft (H V) 

Bottom Width 8.00 ft 

Discharge 60.00 ft3 /s 

Results 

Normal Depth 1.72 ft 

Flow Area 19.65 ft2 

Wetted Perimeter 15.68 ft 

Hydraulic Radius 1.25 ft 

Top Width 14.87 ft 

Critical Depth 1 09 ft 

Critical Slope 0.00408 !tift 

Velocity 305 ft/s 

Velocity Head 0.14 ft 

Specific Energy 1.86 ft 

Froude Number 0.47 

Flow Type S u bcritica I 

GVF Input Data 

Downstream Depth 000 ft 

Length 0.00 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headless 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 1.72 ft 

Critical Depth 1 09 ft 

Channel Slope 0.00080 ftlft 

Critical Slope 0.00408 ftlft 
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Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critica l Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Descript ion 

Profi le Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Crit ica l Slope 

1120/2014 6:54:42 AM 

394+80 - 439+60 

Manning Formula 

Normal Depth 

Subcritica l 

0.035 

0.00550 ftlft 

6.00 ftlft (H:V) 

6.00 ftlft (H:V) 

16.00 ft 

540.00 ft3/s 

3.11 ft 

107.92 ft2 

53.86 ft 

2.00 ft 

53 .35 ft 

2.43 ft 

0.01530 ftlft 

5.00 ft/s 

0.39 ft 

3.50 ft 

0.62 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infin ity ft/s 

Infinity ft/s 

3.11 ft 

2.43 ft 

0.00550 ftlft 

0.01530 ftlft 
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454+60- 472+00 

Project Description 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Roughness Coefficient 0.035 

Channel Slope 0.00700 ftj ft 

Left Side Slope 6.00 ft/ft (H V) 

Right Side Slope 6.00 ft/ft (H V) 

Bottom Width 16.00 ft 

Discharge 390.00 ft'/s 

Results 

Normal Depth 2.51 ft 

Flow Area 77.86 ft2 

Wetted Perimeter 46 .51 ft 

Hydraulic Radius 1.67 ft 

Top Width 46.09 ft 

Critical Depth 2 04 ft 

Critical Slope 0.01605 ft l ft 

Velocity 5 01 ft/s 

Velocity Head 0.39 ft 

Specific Energy 2.90 ft 

Froude Number 0.68 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 0.00 ft 

Length 0.00 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headless 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 2.51 ft 

Critical Depth 204 ft 

Channel Slope 0.00700 ftjft 

Critical Slope 0.01605 ftjft 
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Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 6:55 :45 AM 

498+88- 507+30 

Manning Formula 

Normal Depth 

Subcritical 

0.016 

0.00100 ftlft 

6.00 ft!ft (HV) 

6.00 ft!ft (HV) 

16.00 ft 

50.00 ft3/s 

0.95 ft 

20.65 ft2 

27.57 ft 

0.75 ft 

27.41 ft 

0.62 ft 

0.00466 ft lft 

2.42 ft/s 

0.09 ft 

1.04 ft 

0.49 

0.00 ft 

000 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.95 ft 

0.62 ft 

0.00100 ftlft 

0.00466 ftlft 
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601+14- 624+49 

Project Description 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Roughness Coefficient 0.016 

Channel Slope 0.00100 ftlft 

Left Side Slope 2.00 ft/ft (HV) 

Right Side Slope 2.00 ft/ft (HV) 

Bottom Width 16.00 ft 

Discharge 240.00 ft 3/s 

Results 

Normal Depth 2.50 ft 

Flow Area 52 .63 ft2 

Wetted Perimeter 27.20 ft 

Hydraulic Radius 1.93 ft 

Top Width 26 .02 ft 

Critical Depth 1.77 ft 

Critical Slope 0.00342 ft/ft 

Velocity 4.56 ft/s 

Velocity Head 0.32 ft 

Specific Energy 2.83 ft 

Froude Number 0.57 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 000 ft 

Length 0.00 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headless 0.00 ft 

Downstream Ve locity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 2.50 ft 

Critical Depth 1.77 ft 

Channel Slope 0.00100 ft/ft 

Critical Slope 0.00342 ft/ft 
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Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 6:57:05 AM 

625+27 - 635+00 

Manning Formula 

Normal Depth 

Subcritical 

0.016 

0.00100 Wft 

2.00 fVft (HV) 

2.00 fVft (HV) 

8.00 ft 

240.00 ft'/s 

3.35 ft 

49.19 ft2 

22.97 ft 

2.14 ft 

21 .39 ft 

2.46 ft 

0.00335 Wft 

4.88 fVs 

0.37 ft 

3.72 ft 

0.57 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity fVs 

Infinity fVs 

3.35 ft 

2.46 ft 

0.00100 Wft 

0.00335 Wft 

Bent ley Systems, Inc. Haestad Methods S~pi!lmltJiaster VBi (SELECTseries 1) [08.11 .01.03] 

27 Siemens Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 



635+66 - 659+03 

Project Description 

Friction Method Manning Formula 

Solve For Normal Depth 

Input Data 

Roughness Coefficient 0.033 

Channel Slope 0.00100 ft/ft 

Left Side Slope 6.00 ft!ft (H:V) 

Right Side Slope 6.00 ft/ft (H:V) 

Bottom Width 8.00 ft 

Discharge 240.00 tt•fs 

Results 

Normal Depth 3.57 ft 

Flow Area 104.79 ft2 

Wetted Perimeter 51 .37 ft 

Hydraulic Radius 2.04 ft 

Top Width 50.78 ft 

Critical Depth 1.95 ft 

Critical Slope 0.01505 ft/ft 

Velocity 2.29 ft/s 

Velocity Head 0.08 ft 

Specific Energy 3.65 ft 

Froude Number 0.28 

Flow Type Subcritical 

GVF Input Data 

Downstream Depth 0.00 ft 

Length 000 ft 

Number Of Steps 0 

GVF Output Data 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headloss 0.00 ft 

Downstream Velocity Infinity ft/s 

Upstream Velocity Infinity ft/s 

Normal Depth 3.57 ft 

Critical Depth 1.95 ft 

Channel Slope 0.00100 ft/ft 

Critical Slope 0.01505 ft/ft 
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Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Start Station 

669+66 . 673+69 

Manning Formula 

Normal Depth 

0+45 

0+92 

0+96 

1+04 

1+08 

1+50 

0.00150 ft/ft 

340 .00 ft3/s 

Elevation (ft) 

Ending Station 

9.83 

2.00 

0.00 

0.00 

2.00 

9.00 

(0+45 , 9 83) 

(0+92, 2 .00) 

(1 +08 , 2 .00) 

(0+92, 2.00) 

(1 +08, 2.00) 

(1+50, 9.00) 

Options 

Gurrent Koug nness vve1g mea 
Method 
Open Channel Weighting Method 

Closed Channel Weighting Method 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Normal Depth 

Critical Deoth 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii's Method 

0.00 to 9.83 ft 

4.42 ft 

97.92 ft2 

46.41 ft 

2.11 ft 

45 06 ft 

4.42 ft 

302 ft 

Roughness Coefficient 

0.032 

0.016 

0.032 
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Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 7:01:17 AM 

Subcritical 

669+66 - 673+69 

0. 00965 fllft 

3.47 fils 

0.19 ft 

4.61 ft 

0.42 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity fils 

Infinity fils 

4.42 ft 

3.02 ft 

0.00150 ft/ft 

0.00965 fllft 
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673+89 - 684+09 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Manning Formu la 

Normal Depth 

0+45 

0+92 

0+96 

1+04 

1+08 

1+50 

0.00550 ft/ft 

340.00 ft3/s 

Elevation (ft) 

9.83 

2.00 

0.00 

0.00 

2 .00 

9.00 

Start Station End ing Station 

Options 

current Kougnness vve1gntea 
Method 

(0+45, 9.83) 

(0+92, 2.00) 

(1+08, 2.00) 

Open Channel Weighting Method 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii's Method Closed Channel Weighting Method 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Normal Depth 

Critical Deoth 

0.00 to 9.83 ft 

(0+92, 2 .00) 

(1+08, 2.00) 

(1+50, 9.00) 

3.29 ft 

54.73 ft2 

32.68 ft 

1.67 ft 

31 .52 ft 

3.29 ft 

3.02 ft 

Roughness Coefficient 

0.032 

0.016 

0.032 

Bentley Systems, Inc. Haestad Methods Sdlllhlilt:Pelltetv'laster V8i (SELECT series 1) [08.11 .01.03] 

1/20/2014 7:01:42 AM 27 Siemens Company Drive Suite 200 W Watertow n, CT 06795 USA +1-203-755-1666 Page 1 of 2 



Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 7:01:42 AM 

Subcritical 

673+89 - 684+09 

0.0081 3 ft/ft 

6.21 fils 

0.60 ft 

3.89 ft 

0.83 

000 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

3.29 ft 

3 02 ft 

0.00550 ft/ft 

0.00813 ft/ft 

Bentley Systems, Inc. Haestad Methods S~:ll!IO:ei'JiasterVSi (SELECTseries 1) [08.11.01.03] 
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Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Start Station 

684+29 . 686+28 

Manning Formula 

Normal Depth 

0+45 

0+92 

0+96 

1+04 

1+08 

1+50 

0. 00200 ftlft 

340.00 ft3/s 

Elevation (ft) 

Ending Station 

9.83 

2.00 

0.00 

0.00 

2.00 

9.00 

(0+45 , 9.83) 

(0+92 , 2.00) 

(1+08 , 2.00) 

(0+92, 2.00) 

(1 +08, 2.00) 

(1 +50, 9 00) 

Options 

(.;urrem Kougnness vve1gmea 
Method 
Open Channel Weighting Method 

Closed Channel Weighting Method 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Normal Depth 

Critical Deoth 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii's Method 

0.00 to 9.83 ft 

4.16 

86.59 

43.24 

2.00 

41 .93 

4.16 

3.02 

ft 

ft2 

ft 

ft 

ft 

ft 

ft 

Roughness Coefficient 

0.032 

0.016 

0.032 

Bentley Systems, Inc . Haestad Methods SdllltiCiapllteMaster V8i (SELECTseries 1) [08.11 .01 .03] 
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Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 7:02:07 AM 

Subcritical 

684+29 - 686+28 

0. 00939 fllft 

3.93 fl/s 

0.24 ft 

4.40 ft 

0.48 

0.00 ft 

0.00 ft 

0 

0.00 fl 

0.00 ft 

Infinity fils 

Infinity fils 

4.16 ft 

302 ft 

0.00200 fllft 

0.00939 fllft 

Bentley Systems, Inc. Haestad Methods S~~lmrMasterV8i (SELECTseries 1) [08.11.01.03] 
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688+44 - 695+63 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Mann ing Formula 

Normal Depth 

0+45 

0+92 

0+96 

1+04 

1+08 

1+50 

0.00410 ft/ft 

340.00 ft'/s 

Elevation (ft) 

9.83 

2.00 

0.00 

0.00 

2.00 

9.00 

Start Station Ending Station 

Options 

Gurrent Koug nness vve1gntea 
Method 

(0+45, 9.83) 

(0+92, 2.00) 

(1+08, 2.00) 

Open Channel Weighting Method 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii's Method Closed Channel Weighting Method 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Normal Depth 

Critical Deoth 

0.00 to 9.83 ft 

(0+92, 2.00) 

(1+08, 2.00) 

(1+50, 9.00) 

3.54 ft 

62 .90 w 
35.69 ft 

1.76 ft 

34 .49 ft 

3.54 ft 

3.02 ft 

Roughness Coefficient 

0.032 

0.016 

0.032 

Bentley Systems, Inc. Haestad Methods S~pellttrtv'lasterV8i (SELECTseries 1) [08 .1 1.01 .03] 
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Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 7:02:32 AM 

Subcritical 

688+44 - 695+63 

0.00856 ft/ft 

5.41 ft/s 

0.45 ft 

3.99 ft 

0.71 

0.00 ft 

0.00 ft 

0 

0.00 ft 

000 ft 

Infinity ft/s 

Infinity fUs 

3.54 ft 

302 ft 

0.00410 ftlft 

0.00856 ftlft 

Bentley Systems, Inc. Haestad Methods SdllltidltpeRlwfllaster VBi (SELECTseries 1) [08.11.01 .03] 
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Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Start Station 

698+78 . 71 0+32 

Manning Formula 

Normal Depth 

0+45 

0+92 

0+96 

1+04 

1+08 

1+50 

0. 00460 ft/ft 

340.00 ft'/s 

Elevation (ft) 

Ending Station 

9.83 

2.00 

0.00 

0.00 

2.00 

9.00 

(0+45, 9.83) 

(0+92, 2.00) 

(1+08, 2.00) 

(0+92, 2.00) 

(1+08, 2.00) 

(1+50, 9.00) 

Options 

Gurrem Kougnness vve1gntea 
Method 
Open Channel Weighting Method 

Closed Channel Weighting Method 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Normal Depth 

Critical Deoth 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii's Method 

0.00 to 9.83 ft 

3.44 ft 

59 .60 ft2 

34.51 ft 

1.73 ft 

33 .33 ft 

3.44 ft 

302 ft 

Roughness Coefficient 

0.032 

0.016 

0.032 

Bentley Systems, Inc. Haestad Methods SdlaidltPitttrfv'laster V8i (SELECT series 1) [08.11 .01.03) 
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Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 7:02:58 AM 

Subcritical 

698+78- 710+32 

0. 00840 ft/ft 

5.70 ft/s 

0.51 ft 

3.95 ft 

0.75 

0.00 ft 

000 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

3.44 ft 

3.02 ft 

0.00460 ftlft 

0.00840 ftlft 

Bentley Systems, Inc. Haestad Methods Sdllaidltpelmrtv'lasterV8i (SELECTseries 1) [08.11 .01.03) 
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Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Start Station 

715+96 - 728+60 

Manning Formula 

Normal Depth 

0+45 

0+92 

0+96 

1+04 

1+08 

1+50 

0.00540 ft/ft 

280.00 ft3/s 

Elevation (ft) 

Ending Station 

9.83 

2.00 

0.00 

0.00 

2.00 

9.00 

(0+45, 9.83) 

(0+92, 2.00) 

(1 +08, 2.00) 

(0+92, 2.00) 

(1+08, 2.00) 

(1 +50, 9.00) 

Options 

~._;urrent Kougnness vve1gnteo 
Method 
Open Channel Weighting Method 

Closed Channel Weighting Method 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Normal Depth 

Critical Deoth 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii 's Method 

0.00 to 9.83 ft 

2.98 

45 .37 

28.83 

1.57 

27.73 

2.98 

2.75 

ft 

ft2 

ft 

ft 

ft 

ft 

ft 

Roughness Coefficient 

0.032 

0.016 

0.032 

Bentley Systems, Inc. Haestad Methods SdBaidtpelltetv'laster V8i (SELECTseries 1) [08.11 .01.03] 
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Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 7:03:27 AM 

Subcritical 

715+96 . 728+60 

0.00758 ft/ft 

6.17 ft/s 

0.59 ft 

3.57 ft 

0.85 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

2.98 ft 

2.75 ft 

0.00540 ft/ft 

0.00758 ft/ft 

Bentley Systems, Inc. Haestad Methods S~plltwfilasterVSi (SELECTseries 1) [08.11 .01 .03] 
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Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Start Station 

728+80 - 7 40+65 

Manning Formula 

Normal Depth 

0+45 

0+92 

0+96 

1+04 

1+08 

1+50 

0. 00400 ft/ft 

280 .00 ft 3/s 

Elevation (ft) 

Ending Station 

9.83 

2 .00 

0.00 

0.00 

2 .00 

9.00 

(0+45 , 9.83) 

(0+92 , 2 .00) 

(1+08 , 2 .00) 

(0+92, 2.00) 

(1 +08, 2.00) 

(1 +50, 9.00) 

Options 

Lurrent Kougnness vve1gntea 
Method 
Open Channel Weighting Method 

Closed Channel Weighting Method 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Normal Depth 

Critical Deoth 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii's Method 

0.00 to 9.83 ft 

3.23 ft 

52 .89 ft2 

31 .96 ft 

1.65 ft 

30 .82 ft 

3.23 ft 

2.75 ft 

Roughness Coefficient 

0.032 

0.016 

0 .032 

Bentley Systems, Inc. Haestad Methods SclllaMilt~ld:efilaster V8i (SELECTseries 1) [08.11 .01 .03] 
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Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critica l Depth 

Channel Slope 

Critical Slope 

1/20/2014 7:03:54 AM 

Subcritical 

728+80 - 7 40+65 

0. 00817 ft/ft 

5.29 ft/s 

0.44 ft 

3.67 ft 

0.71 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

3.23 ft 

2.75 ft 

0.00400 ft/ft 

0.00817 ft/ft 

Bentley Systems, Inc. Haestad Methods SdllltiCilplltefv'laster V8i (SELECTseries 1) [08.11 .01 .03] 
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Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Roughness Segment Definitions 

Start Station 

742+45 . 755+75 

Manning Formula 

Normal Depth 

0+45 

0+92 

0+96 

1+04 

1+08 

1+50 

0.00500 fVft 

230.00 ft'/s 

Elevation (ft) 

Ending Station 

9.83 

2.00 

0.00 

0.00 

2.00 

9.00 

(0+45 , 9.83) 

(0+92 , 2.00) 

(1+08 , 2.00) 

(0+92, 2.00) 

(1+08, 2.00) 

(1 +50, 9.00) 

Options 

~.;urrent Kougnness vve1gnreo 
Method 
Open Channel Weighting Method 

Closed Channel Weighting Method 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Normal Depth 

Critical Death 

Pavlovskii's Method 

Pavlovskii's Method 

Pavlovskii's Method 

0 00 to 9.83 ft 

2.69 ft 

37 .80 ft2 

25.29 ft 

1.49 ft 

24.23 ft 

2 .69 ft 

2.47 ft 

Roughness Coefficient 

0.032 

0.016 

0.032 

Bentley Systems, Inc . Haestad Methods S~pelmrMaster V8i (SELECTseries 1) [08.11 .01 .03] 
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Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 7:04:17 AM 

Subcritical 

742+45- 755+75 

0.00687 ft/ft 

6.09 ft/s 

0.58 ft 

3.26 ft 

0.86 

0.00 ft 

0.00 ft 

0 

0.00 ft 

000 ft 

Infinity ft/s 

Infinity fUs 

2.69 ft 

2.47 ft 

0.00500 ft/ft 

0.00687 fUft 

Bentley Systems, Inc. Haestad Methods Sdlldide~lttefilaster VSi (SELECT series 1) [08.11 .01.03] 
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Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Resu lts 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profi le Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1/20/2014 6:58 :03 AM 

81 3+73 . 851 +11 

Manning Formula 

Normal Depth 

Subcritica l 

0.033 

0.00080 ft/ft 

6.00 ftlft (H:V) 

6.00 ftlft (H:V) 

16.00 ft 

360.00 ft'/s 

3.94 ft 

155.93 ft2 

63 .88 ft 

2.44 ft 

63.23 ft 

1.95 ft 

0.01443 ft/ft 

2.31 ft/s 

0.08 ft 

4.02 ft 

0.26 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

3.94 ft 

1.95 ft 

0.00080 ft/ft 

0.01443 ft/ft 

Bentley Systems, Inc. Haestad Methods S~p!lmltJiasterV8i (SELECTseries 1) [08.11 .01.03] 
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Label 

2+43- 40+71 
42+23 - 54+62 
54+62 - 66+62 
69+67- 94+64 (Earth) 
69+67 - 94+64 (Turf) 
109+10- 114+60 
200+00- 203+27 

203+27- 226+26 
228+32- 253+78 (Earth) 
228+32 - 253+ 78 (Turf) 
300+80- 352+62 
352+82 - 353+23 
353+23 - 370+00 
370+00 - 379+07 
394+80 - 439+60 
454+60 - 472+00 
498+88- 507+30 
601 + 14 - 624+49 
625+27 - 635+00 
635+66 - 659+03 

669+66 - 673+69 

673+89 - 684+09 

684+29 - 686+28 

688+44 - 695+63 

698+78 - 710+32 

715+96 - 728+60 

728+80 - 7 40+65 

742+45- 755+75 
813+73 - 851+11 

Roughness 

Coefficient 

0.030 
0.022 
0.022 
0.032 
0.035 
0.016 
0.022 

0.029 
0.032 
0.035 
0.016 
0.016 
0.016 
0.016 
0.035 
0.035 
0.016 
0.016 
0.016 
0.033 

0.027 

0.025 

0.027 

0.026 

0.025 

0.024 

0.025 

0.023 
0.033 

Channel Slope 

(ft/ft) 

0.0011 
0.0011 
0.0025 
0.0056 
0.0056 
0 .0010 
0 .0008 

0.0008 
0.0040 
0.0040 
0.0010 
0 .0146 
0 .0028 
0.0008 
0.0055 
0.0070 
0.0010 
0.0010 
0.0010 
0.0010 

0.0015 

0 .0055 

0 .0020 

0 .0041 

0.0046 

0.0054 

0.0040 

0.0050 
0.0008 

CHANNEL FREEBOARD - CALCULATION SHEET 

WATSON DRAINAGE SYSTEM PRE-DESIGN 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - FCD NO. 2012-C003 

Left Side Slope 
(ft/ft (H :V)) 

-

4.00 
4.0 
6.0 
6.0 
2.0 
4.0 

-

6.0 
6.0 
2.0 
2.0 
2.0 
2.0 
6.0 
6.0 
2.0 
2.0 
2.0 
6.0 

-
-
-
-
-
-
-

6.0 

Right Side Slope 
(ft/ft (H:V)) 

-

4.00 
4.0 
6.0 
6.0 
2.0 
4.0 

-
6.0 
6.0 
2.0 
2.0 
2.0 
2.0 
6.0 
6.0 
2.0 
2.0 
2.0 
6.0 

-
-
-
-
-
-
-
-

6.0 

Bottom W idth 
(ft) 

-
24.00 
24.00 
20.00 
20.00 
30.00 
34.00 

-
20.00 
20.00 
16.00 
16.00 

8.00 
8.00 

16.00 
16.00 
16.00 
16.00 
8.00 
8.00 

-
-

-
-
-

-

-
-

16.00 

Discharge 

(ft' /s) 

1,170 
710 
710 
540 
540 
230 
720 

720 
460 
460 
110 

60 
60 
60 

540 
390 
so 

240 
240 
240 

340 

340 

340 

340 

340 

280 

280 

230 
360 

Normal Depth 
(ft) 

6.56 
. 3.99 

3.22 
2.77 
2.90 
1.75 
3.80 

5.77 
2.78 
2.91 
1.61 
0.51 
1.22 
1.72 
3.11 
2.51 
0.95 
2.50 
3.35 
3.57 

4.42 

3.29 

4.16 

3.54 

3.44 

2.98 

3.23 

2.69 
3.94 

Velocity 

(ft / s) 

3.74 
4.45 
5.97 
5.31 
4.98 
3.93 
3.85 

2.94 
4.50 
4.22 
3.56 
6.86 
4.73 
3.05 
5.00 
5.01 
2.42 
4.56 
4.88 
2.29 

3.47 

6.21 

3.93 

5.41 

5.70 

6.17 

5.29 

6.09 
2.31 

Froude 

Number 

0.35 
0.46 
0 .68 
0.68 
0.62 
0.55 
0.40 

0 .30 
0.57 
0.53 
0.53 
1.74 
0.84 
0.47 
0.62 
0.68 
0.49 
0.57 
0.57 
0.28 

0.42 

0.83 

0.48 

0.71 

0 .75 

0.85 

0.71 

0 .86 
0.26 

Freeboa rd 

(ft) 

1.69 
1.07 
1.00 
1.00 
1.00 
1.00 
1.01 

1.48 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.15 

1.00 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 
1.01 

Channel Depth 

(ft) 

8.25 
5.06 
4.22 
3.77 
3.90 
2.75 
4.81 

7.25 
3.78 
3.91 
2.61 
1.51 
2.22 
2.72 
4.11 
3.51 
1.95 
3.50 
4.35 
4.57 

5.57 

4.29 

5.26 

4.54 

4.44 

3.98 

4.23 

3.69 
4.95 
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Appendix E 
Hydraulic Structure Calculations 

Watson Drainage System Pre-Design 

Design Report 
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Drop 

ID 

D= 

D,/d50 = 

Dr·mln = 

D/d50 = 

H/D = 

d2/D = 

djD= 

d,= 

0 .& 

2.50 

2.25 

3.38 

2.00 

1.67 

0.83 

2.90 

3.35 

3.0 

1.35 

1.34 

0.27 

0.68 

2.05 

14.13 

1.67 

9.04 

0.45 

228+32 
241+31 

2.50 

2.06 

3.09 

2.00 

1.67 

0.83 

2.91 

3.30 

3.0 

1.24 

1.32 

0.23 

0.58 

2.11 

12.99 

1.67 

8.76 

0.39 

:J!::J:>+LU 

395+80 
400+64 
401+56 
408+60 
413+37 
414+20 
415+20 
426+60 
428+40 
A=l C:..~o.()ll 

2.50 

2.43 

3.65 

2.00 

1.67 

0.83 

3.11 

3.50 

3.0 

1.46 

1.40 

0.23 

0.58 

2.11 

15.21 

1.67 

9.31 

0.39 

2.50 

3.02 

4.53 

2.00 

1.67 

0.83 

4.42 

4.50 

3.0 

1.81 

1.80 

0.05 

0.13 

2.42 

18.75 

1.67 

10.20 

0.08 

VERTICAL DROP WITH RIPRAP STILLING BASIN - CALCULATION SHEET 

WATSON DRAINAGE SYSTEM PRE-DESIGN 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - FCD NO. 2012-C003 

684+09 

2.50 

3.02 

4.53 

2.00 

1.67 

0.83 

3.29 

4.08 

3.0 

1.81 

1.63 

0.47 

1.18 

1.71 

18.75 

1.76 

10.20 

0.79 

688+24 
698+38 
698+58 

2l 
"' ~ 
-"' u 
"' .D 
QJ 
u 
c: 
~ 
c 
Q/ 

t: 
Q/ 

> a 
E 
'0 
QJ 

704+55 

2.50 

3.02 

4.53 

2.00 

1.67 

0.83 

3.44 

4.11 

3.0 

1.81 

1.64 

0.40 

1.00 

1.83 

18.75 

1.67 

10.20 

0.67 

715+54 
715+76 

e 
0 

727+40 
728+00 
728+60 

2.50 

2.75 

4.13 

2.00 

1.67 

0.83 

2.93 

3.73 

3.0 

1.65 

1.49 

0.48 

1.20 

1.70 

17.13 

1.80 

9.79 

0.80 

727+40 
728+00 
728+60 
742+06 

2.50 

2.75 

4.13 

2.00 

1.67 

0.83 

3.23 

3.85 

3.0 

1.65 

1.54 

0.37 

0.93 

1.88 

17.13 

1.67 

9.79 

0.62 

742+25 
744+62 
746+60 
750+40 
754+00 

2.50 

2.47 

3.71 

2.00 

1.67 

0.83 

2.59 

3.34 

3.0 

1.48 

1.34 

0.45 

1.13 

1.75 

15.45 

1.69 

9.37 

0.75 

(h) 

(h) 

(h) 

(ft) 

(h) 

(h) 

(h) 

(h) 

(h) 

(h) 

(h) 

(h) 

(h) 

VaLes of h/0 

STEP 1: Enter H/D 

Drop Height 

Upstream Critical Depth 

Upstream Energy Grade 

Thickness to Stone Size Ratio 

Minimum Thickness of Riprap Apron 

Median Stone Size 

Downstream Normal Depth 

Depth of Flow in Basin 

Drop Height to Stone Size Ratio 

Energy Grade to Drop Height Ratio 

Flow Depth in Basin to Drop Height Ratio 

Scour Depth to Drop Height Ratio 

Scour Depth 

Effective Drop Height 

Length of Bas in 

Thickness of Riprap Apron 

Upstream Wall Height 

End Sill Height 

STEP 2: Iterate d,/D until values for d2/D and d5/D match 

H/D 
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I 

I 
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Table 1 -Summary of Culvert Flows at Crossing: STA 10+25 

Headwater Total Discharge 2-8X7 Discharge 2-8X5 Discharge 
Elevation (ft ) (cfs) (cfs) 

843.90 1000.00 588.61 

843.93 1020.00 599.48 

843.95 1040.00 611 .22 

843.98 1060.00 622.57 

844.00 1080.00 634.12 

844 03 1100.00 646.07 

844 05 1120.00 657.83 

844.08 1140.00 669.14 

844.11 1160.00 681 .19 

844.13 1170.00 689.33 

844.17 1200.00 709.11 

852.00 3368.75 1981 05 

Site Data - 2-8X7 

Site Data Option: Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 836 .50 ft 

Outlet Station : 150.00 ft 

Outlet Elevation : 836.34 ft 

Number of Barrels: 2 

Culvert Data Summary - 2-8X7 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 7.00 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Site Data- 2-8X5 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 838.50 ft 

Outlet Station : 150.00 ft 

Outlet Elevation : 838.34 ft 

Number of Barrels: 2 

(cfs) 

412.68 

421 .37 

429.50 

437.73 

445.89 

453.24 

462.39 

470.66 

479.22 

481 .19 

490.89 

1387 .70 

Roadway 
Discharge (cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

10 

3 

3 

3 

3 

3 

3 

4 

3 

2 

4 

Overtopping 
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Culvert Data Summary - 2-8X5 

Barrel Shape: Concrete Box 

Barrel Span: 8.00 ft 

Barrel Rise: 5.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition: 1:1 Bevel Headwall 

Inlet Depression : NONE 



Table 2- Downstream Channel Rating Curve (Crossing: STA 10+25) 

Flow (cfs) Water Surface Elev (ft) 

1000.00 843.30 

1020.00 843.30 

1040.00 843.30 

1060.00 843.30 

1080.00 843.30 

1100 00 843.30 

1120.00 843.30 

1140.00 843.30 

1160.00 843.30 

1170.00 843.30 

1200.00 843.30 

Tailwater Channel Data- STA 10+25 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 843.30 ft 

Roadway Data for Crossing: STA 10+25 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation : 852.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 90.00 ft 

Depth (ft) 

6.96 

6.96 

6 .96 

6.96 

6.96 

6.96 

6.96 

6 .96 

6.96 

6.96 

6.96 
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Table 3 - Summary of Culvert Flows at Crossing: STA 27+30 

Headwater Total Discharge 2-8X7 Discharge 2-8X5 Discharge 
Elevation (ft) (cfs) (cfs) 

845.16 1000.00 592.60 

845.17 1020.00 604.77 

845.18 1040.00 617.74 

845.18 1060.00 627.26 

845.19 1080.00 639.38 

845.20 11 00.00 644.10 

845.20 1120.00 650.62 

845.21 1140.00 673.25 

845.22 1160.00 686.26 

845.22 117000 690.40 

845.23 1200.00 709 08 

852.00 6046.63 3562.90 

Site Data- 2-8X7 

Site Data Option: Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation: 838.38 ft 

Outlet Station : 150.00 ft 

Outlet Elevation : 838.21 ft 

Number of Barrels: 4 

Culvert Data Summary - 2-8X7 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 7.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Site Data- 2-8X5 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 840.38 ft 

Outlet Station: 150.00 ft 

Outlet Elevation: 840.21 ft 

Number of Barrels: 4 

(cfs) 

411.22 

418.57 

419.49 

436.01 

443.55 

456.17 

459.63 

468.11 

475.70 

479.43 

491 .88 

2483.74 

Roadway 
Discharge (cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

10 

4 

3 

3 

4 

4 

4 

3 

3 

3 

3 

Overtopping 



Culvert Data Summary - 2-8X5 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 5.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 
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Table 4- Downstream Channel Rating Curve (Crossing: STA 27+30) 

Flow (cfs) Water Surface Elev (ft) 

1000.00 845.00 

1020.00 845.00 

1040.00 845.00 

1060.00 845.00 

1080.00 845.00 

1100.00 845.00 

1120.00 845.00 

1140.00 845.00 

1160.00 845.00 

1170.00 845.00 

1200.00 845.00 

Tailwater Channel Data- STA 27+30 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 845.00 ft 

Roadway Data for Crossing: STA 27+30 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation : 852.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 90.00 ft 

Depth (ft) 

6.79 

6 .79 

6.79 

6.79 

6.79 

6.79 

6.79 

6.79 

6.79 

6 .79 

6.79 



Table 5- Summary of Culvert Flows at Crossing: STA 40+71 

Headwater Elevation 
Total Discharge (cfs) 4-8X5 Discharge (cfs) 

(ft) 

847 06 700.00 700.00 

847 08 710.00 710.00 

847 09 720.00 720.00 

847.10 730.00 730.00 

847 .12 740.00 740.00 

847 .13 750.00 750.00 

847.15 760.00 760.00 

847.16 770.00 770.00 

847.17 780.00 780.00 

847.19 790.00 790.00 

847.20 800.00 800.00 

850.00 1896.97 1896.97 

Site Data - 4-8X5 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 839.85 ft 

Outlet Station : 152.00 ft 

Outlet Elevation : 839.69 ft 

Number of Barrels: 4 

Culvert Data Summary - 4-8X5 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 5.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition: 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0 00 

0.00 

0.00 

0.00 

0 00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 6 - Downstream Channel Rating Curve (Crossing: STA 40+71) 

Flow (cfs) Water Surface Elev (ft) 

700 .00 846.60 

71 0.00 846.60 

720 .00 846.60 

730.00 846 .60 

740.00 846.60 

750.00 846.60 

760.00 846.60 

770.00 846.60 

780 .00 846 .60 

790 .00 846 .60 

800.00 846.60 

Tailwater Channel Data - STA 40+ 71 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 846.60 ft 

Roadway Data for Crossing: STA 40+71 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation : 850.00 ft 

Roadway Surface: Paved 

Roadway Top Width: 90.00 ft 

Depth (ft) 

6.91 

6 .91 

6 .91 

6.91 

6.91 

6.91 

6.91 

6.91 

6.91 

6.91 

6.91 



Table 7- Summary of Culvert Flows at Crossing: STA 66+62 

Headwater Elevation 
Total Discharge (cfs) 3-6x6 Discharge (cfs) 

(ft) 

852.59 500.00 500.00 

852.60 510.00 510.00 

852 .61 520.00 520.00 

852 .62 530.00 530.00 

852 .63 540.00 540.00 

852 .64 550.00 550.00 

852 .65 560.00 560.00 

852 .66 570.00 570.00 

852 .67 580.00 580.00 

852 .68 590.00 590.00 

852.69 600.00 600.00 

857.50 1678.15 1678.15 

Site Data - 3-6x6 

Site Data Option : Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation : 851 .28 ft 

Outlet Station : 305.00 ft 

Outlet Elevation : 844.22 ft 

Number of Barrels: 3 

Culvert Data Summary - 3-6x6 

Barrel Shape: Concrete Box 

Barrel Span : 6.00 ft 

Barrel Rise: 6.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition: 1:1 Bevel Headwall 

Inlet Depression : Yes 

Roadway Discharge 
(cfs) 

0 00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 8 - Downstream Channel Rating Curve (Crossing: STA 66+62) 

Flow (cfs) Water Surface Elev (ft) 

500.00 847.50 

510.00 847.50 

520.00 847 .50 

530.00 847.50 

540 .00 847.50 

550.00 847 .50 

560.00 847.50 

570.00 847.50 

580.00 847.50 

590.00 847.50 

600.00 847.50 

Tailwater Channel Data- STA 66+62 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 847.50 ft 

Roadway Data for Crossing: STA 66+62 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation : 857.50 ft 

Roadway Surface: Paved 

Roadway Top Width : 300.00 ft 

Depth (ft) 

3.28 

3.28 

3.28 ' 

3.28 

3.28 

3 .28 

3.28 

3.28 

3.28 

3.28 

3.28 



Table 9- Summary of Culvert Flows at Crossing: STA 94+64 

Headwater Elevation Total Discharge (cfs) 1-6x6 Discharge (cfs) 
(ft) 

880.18 200.00 

880.19 205.00 

880.21 210.00 

880.22 215.00 

880.24 220.00 

880.25 225.00 

880.26 230.00 

880.28 235.00 

880.29 240.00 

880.30 245.00 

880.32 250.00 

888.00 524.72 

Site Data - 1-6x6 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 879.06 ft 

Outlet Station : 1421 .00 ft 

Outlet Elevation : 866.64 ft 

Number of Barrels: 1 

Culvert Data Summary - 1-6x6 

Barrel Shape: Concrete Box 

Barrel Span : 6.00 ft 

Barrel Rise: 6.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

200.00 

205.00 

210.00 

215.00 

220.00 

225.00 

230.00 

235.00 

240.00 

245.00 

250.00 

524.72 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression: Yes 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0 .00 

0 .00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 10- Downstream Channel Rating Curve (Crossing: STA 94+64) 

Flow (cfs) Water Surface Elev (ft) 

200.00 870.00 

205.00 870.00 

210.00 870.00 

215 .00 870.00 

220.00 870.00 

225.00 870.00 

230.00 870.00 

235.00 870.00 

240.00 870.00 

245 .00 870.00 

250.00 870 .00 

Tailwater Channel Data- STA 94+64 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 870.00 ft 

Roadway Data for Crossing: STA 94+64 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 100.00 ft 

Crest Elevation : 888.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 1420.00 ft 

Depth (ft) 

3.36 

3.36 

3.36 

3.36 

3.36 

3.36 

3.36 

3.36 

3.36 

3.36 

3.36 



Table 11 -Summary of Culvert Flows at Crossing: STA 114+60 

Headwater Elevation 
Total Discharge (cfs ) 1-8x4 Discharge ( cfs) 

(ft ) 

889.24 200.00 

889.31 205.00 

889.38 210.00 

889.45 215.00 

889.52 220.00 

889.59 225.00 

889.66 230.00 

889.73 235.00 

889 .80 240.00 

889 .87 245.00 

889.94 250.00 

893.00 384.19 

Site Data - 1-8x4 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 884.81 ft 

Outlet Station : 280.00 ft 

Outlet Elevation : 884.53 ft 

Number of Barrels : 1 

Culvert Data Summary- 1-8x4 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 4.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

200.00 

205.00 

21 0.00 

215.00 

220.00 

225.00 

230.00 

235.00 

240.00 

245.00 

250.00 

384.19 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0 00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 12- Downstream Channel Rating Curve (Crossing: STA 114+60) 

Flow (cfs) Water Surface Elev (ft) 

200.00 886.50 

205.00 886.50 

210.00 886.50 

215.00 886.50 

220.00 886.50 

225.00 886.50 

230.00 886.50 

235.00 886.50 

240.00 886.50 

245.00 886.50 

250.00 886.50 

Tailwater Channel Data- STA 114+60 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 886.50 ft 

Roadway Data for Crossing: STA 114+60 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation: 893.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 90.00 ft 

Depth (ft) 

1.97 

1.97 

1.97 

1.97 

1.97 

1.97 

1.97 

1.97 

1.97 

1.97 

1.97 



Table 13- Summary of Culvert Flows at Crossing: STA 226+26 

Headwater Elevation 
Total Discharge (cfs) 3-8x4 Discharge (cfs) 

(ft) 

851 .12 200.00 

851 .13 205.00 

851 .13 210.00 

851 .14 215.00 

851 .15 220.00 

851 .15 225.00 

851 .16 230.00 

851 .17 235.00 

851 .17 240.00 

851 .18 245.00 

851 .19 250.00 

853.00 815.16 

Site Data - 3-8x4 

Site Data Option: Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation: 846 .06 ft 

Outlet Station : 206.00 ft 

Outlet Elevation: 845.96 ft 

Number of Barrels: 3 

Culvert Data Summary - 3-8x4 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 4.00 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

200.00 

205.00 

210.00 

215.00 

220.00 

225.00 

230.00 

235.00 

240.00 

245.00 

250.00 

815.16 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression: NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

000 

0 00 

0 00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 14- Downstream Channel Rating Curve (Crossing: STA 226+26) 

Flow (cfs) Water Surface Elev (ft) 

200.00 851 .00 

205.00 851 .00 

210.00 851 .00 

215.00 851 .00 

220.00 851 .00 

225.00 851 .00 

230.00 851 .00 

235.00 851 .00 

240.00 851.00 

245.00 851 .00 

250.00 851 .00 

Tailwater Channel Data- STA 226+26 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 851 .00 ft 

Roadway Data for Crossing: STA 226+26 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation : 853.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 200.00 ft 

Depth (ft) 

5.04 

5.04 

5.04 

5.04 

5.04 

5.04 

5.04 

5.04 

5.04 

5.04 

5.04 



Table 15- Summary of Culvert Flows at Crossing: STA 253+78 

Headwater Elevation 
Total Discharge (cfs) 2-6x4 Discharge (cfs) 

(ft) 

866.48 400.00 

866.59 410.00 

866.72 420.00 

866.84 430.00 

866.96 440.00 

867 09 450.00 

867.22 460.00 

867 .35 470.00 

867.48 480.00 

867.62 490.00 

867 .75 500.00 

868.00 517.38 

Site Data - 2-6x4 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 861 .14 ft 

Outlet Station : 140.00 ft 

Outlet Elevation : 859.08 ft 

Number of Barrels: 2 

Culvert Data Summary - 2-6x4 

Barrel Shape: Concrete Box 

Barrel Span : 6.00 ft 

Barrel Rise: 4.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

400.00 

410.00 

420.00 

430.00 

440.00 

450.00 

460.00 

470.00 

480.00 

490.00 

500.00 

51 7.38 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

000 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 16- Downstream Channel Rating Curve (Crossing: STA 253+78) 

Flow (cfs) Water Surface Elev (ft) 

400.00 862 .00 

410.00 862 .00 

420.00 862 .00 

430.00 862.00 

440.00 862.00 

450.00 862 .00 

460.00 862 .00 

470.00 862 .00 

480.00 862 .00 

490 .00 862 .00 

500.00 862.00 

Tailwater Channel Data- STA 253+78 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 862.00 ft 

Roadway Data for Crossing: STA 253+78 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation : 868.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 135.00 ft 

Depth (ft) 

2 .92 

2.92 

2 .92 

2 .92 

2 .92 

2 .92 

2 .92 

2 .92 

2 .92 

2 .92 

2 .92 



Table 17- Summary of Culvert Flows at Crossing: STA 379+07 

Headwater Elevation 
Tota l Discharge (cfs) 

1-48" SD Discharge 
(ft) 

908.69 50.00 

908.76 52.00 

908.83 54.00 

908.90 56.00 

908.97 58.00 

909 04 60.00 

909.11 62.00 

909.18 64.00 

909.25 66.00 

909 .32 68.00 

909.38 7000 

912.00 126.91 

Site Data - 1-48" SD 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 905.56 ft 

Outlet Station : 241 .00 ft 

Outlet Elevation : 904.78 ft 

Number of Barrels: 1 

Culvert Data Summary - 1-48" SD 

Barrel Shape: Circular 

Barrel Diameter: 4.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

(cfs) 

50.00 

52.00 

54.00 

56.00 

58.00 

60.00 

62.00 

64.00 

66.00 

68.00 

70.00 

126.91 

Inlet Edge Condition : Beveled Edge (1 :1) 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 18- Downstream Channel Rating Curve (Crossing: STA 379+07) 

Flow (cfs) Water Surface Elev (ft) 

50.00 906.50 

52.00 906 .50 
54.00 906.50 
56.00 906.50 

58.00 906.50 
60.00 906 .50 
62 .00 906 .50 
64.00 906 .50 
66.00 906.50 
68.00 906.50 
70.00 906.50 

Tailwater Channel Data- STA 379+07 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 906.50 ft 

Roadway Data for Crossing: STA 379+07 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 90.00 ft 

Crest Elevation : 912 .00 ft 

Roadway Surface: Paved 

Roadway Top Width: 240.00 ft 

Depth (ft) 

1.90 
1.90 
1.90 
1.90 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 



Table 19- Summary of Culvert Flows at Crossing: STA 392+48 

Headwater Elevation Total Discharge (cfs) 2-6X6 Discharge (cfs) 
(ft) 

917 .71 500.00 500.00 

917 .79 510.00 510.00 

917 .88 520.00 520.00 

917 .96 530.00 530.00 

918.05 540.00 540.00 

918.14 550.00 550.00 

918.22 560.00 560.00 

918.31 570.00 570.00 

918.40 580.00 580.00 

918.49 590.00 590.00 

918.57 600.00 600.00 

920.00 753.56 753.56 

Site Data - 2-6X6 

Site Data Option : Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation : 911 .84 ft 

Outlet Station: 232 .00 ft 

Outlet Elevation: 906.44 ft 

Number of Barrels: 2 

Culvert Data Summary - 2-6X6 

Barrel Shape: Concrete Box 

Barrel Span : 6.00 ft 

Barrel Rise: 6.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

000 

0.00 

0.00 

0.00 

0.00 

0.00 

0 00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 20- Downstream Channel Rating Curve (Crossing: STA 392+48) 

Flow (cfs) Water Surface Elev (ft) 

500.00 910.50 

510.00 910.50 

520.00 910.50 

530.00 910.50 

540.00 910.50 

550.00 910.50 

560.00 910.50 

570.00 910.50 

580.00 910.50 

590.00 910.50 

600.00 910.50 

Tailwater Channel Data- STA 392+48 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 910.50 ft 

Roadway Data for Crossing: STA 392+48 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation : 920.00 ft 

Roadway Surface: Paved 

Roadway Top Width: 230.00 ft 

Depth (ft) 

4.06 

4.06 

4.06 

4.06 
4.06 . 

4.06 

4.06 

4.06 

4.06 

4.06 

4.06 



Table 21 -Summary of Culvert Flows at Crossing: STA 439+60 

Headwater Elevation 
Total Discharge (cfs) 2-8X6 Discharge (cfs) 

(ft) 

972.43 350.00 350.00 

972.50 360.00 360.00 

972 .57 370.00 370.00 

972.64 380.00 380.00 

972 .71 390.00 390.00 

972 .78 400.00 400.00 

972 .84 410.00 410.00 

972 .91 420.00 420.00 

972 .98 430.00 430.00 

973 04 440.00 440.00 

973.11 450.00 450.00 

975.00 742.18 742.18 

Site Data - 2-8X6 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 968.61 ft 

Outlet Station: 1500.00 ft 

Outlet Elevation : 951 .77 ft 

Number of Barrels: 2 

Culvert Data Summary - 2-8X6 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 6.00 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 22- Downstream Channel Rating Curve (Crossing: STA 439+60) 

Flow (cfs) Water Surface Elev (ft) 

350 .00 955.00 

360 .00 955 .00 

370.00 955.00 

380.00 955.00 

390.00 955.00 

400 .00 955.00 

410.00 955.00 

420.00 955.00 

430.00 955 .00 

440.00 955.00 

450.00 955.00 

Tailwater Channel Data- STA 439+60 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 955.00 ft 

Roadway Data for Crossing: STA 439+60 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation : 975.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 1500.00 ft 

Depth (ft) 

3.23 

3.23 

3.23 

3.23 

3.23 

3.23 

3.23 

3.23 

3.23 

3.23 

3.23 



Table 23- Summary of Culvert Flows at Crossing: STA 466+51 

Headwater Elevation 
Total Discharge (cfs) 2-8X4 Discharge (cfs) 

(ft) 

986.39 350.00 350.00 

986.47 360.00 360.00 

986.55 370.00 370.00 

986.63 380.00 380.00 

986.71 390.00 390.00 

986.79 400.00 400.00 

986.87 410.00 410.00 

986.95 420.00 420.00 

987 03 430.00 430.00 

987 .11 440.00 440.00 

987 .19 450.00 450.00 

990.00 741 .76 741 .76 

Site Data- 2-8X4 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 982.59 ft 

Outlet Station : 110.00 ft 

Outlet Elevation: 979.66 ft 

Number of Barrels: 2 

Culvert Data Summary - 2-8X4 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 4.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression: NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0 00 

0.00 

0.00 

0.00 

0.00 

000 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 24- Downstream Channel Rating Curve (Crossing: STA 466+51) 

Flow (cfs) Water Surface Elev (ft) 

350.00 982.50 

360.00 982.50 

370.00 982 .50 

380.00 982.50 

390.00 982.50 

400.00 982 .50 

410 .00 982 .50 

420.00 982 .50 

430.00 982.50 

440.00 982 .50 

450.00 982 .50 

Tailwater Channel Data- STA 466+51 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 982.50 ft 

Roadway Data for Crossing: STA 466+51 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation: 990.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 100.00 ft 

Depth (ft) 

2.84 

2.84 

2.84 

2.84 

2.84 

2.84 

2.84 

2.84 

2.84 

2.84 

2 .84 



Table 25- Summary of Culvert Flows at Crossing: STA 466+75 

Headwater Elevation 
Total Discharge (cfs) 

1-36" SO Discharge 
(ft) 

995 .54 50.00 

995.68 52.00 

995 .83 54.00 

995.98 56.00 

996.15 58.00 

996.31 60.00 

996.49 62.00 

996.67 64.00 

996.85 66.00 

997 04 68.00 

997 .24 70.00 

998.00 75.80 

Site Data - 1-36" SO 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 991 .76 ft 

Outlet Station : 1251 .00 ft 

Outlet Elevation : 979.69 ft 

Number of Barrels: 1 

Culvert Data Summary - 1-36" SD 

Barrel Shape: Circular 

Barrel Diameter: 3.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

(cfs) 

50.00 

52.00 

54.00 

56.00 

58.00 

60.00 

62.00 

64.00 

66.00 

68.00 

70.00 

75.80 

Inlet Edge Condition : Beveled Edge (1 : 1) 

Inlet Depression: NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 26- Downstream Channel Rating Curve (Crossing: STA 466+75) 

Flow (cfs) Water Surface Elev (ft) 

50. 00 982 .50 

52 .00 982.50 

54.00 982 .50 

56.00 982 .50 

58.00 982.50 

60.00 982.50 

62.00 982 .50 

64.00 982 .50 

66.00 982.50 

68.00 982 .50 

70.00 982 .50 

Tailwater Channel Data - STA 466+75 

Tai lwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tai lwater Elevation : 982.50 ft 

Roadway Data for Crossing: STA 466+75 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 90.00 ft 

Crest Elevation : 998.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 1250.00 ft 

Depth (ft) 

2 .81 

2 .81 

2.81 

2 .81 

2 .81 

2 .81 

2 .81 

2 .81 

2 .81 

2.81 

2.81 



Table 27- Summary of Culvert Flows at Crossing: STA 507+30 

Headwater Elevation 
Total Discharge (cfs) 

1-48" SD Discharge 
(ft) 

898.23 40.00 

898.39 43.00 

898.57 46.00 

898.75 49.00 

898.83 50.00 

899.35 55.00 

900.16 58.00 

900.91 61 .00 

901 .68 64.00 

90249 67.00 

902 .55 70.00 

902 .50 67.05 

Site Data - 1-48" SD 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation : 895.13 ft 

Outlet Station : 4425.00 ft 

Outlet Elevation : 890.70 ft 

Number of Barrels: 1 

Culvert Data Summary - 1-48" SD 

Barrel Shape: Circular 

Barrel Diameter: 4.00 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

(cfs) 

40.00 

43.00 

46.00 

49.00 

50.00 

55.00 

58.00 

61 .00 

64.00 

67.00 

67.22 

67.05 

Inlet Edge Condition : Beveled Edge ( 1 :1) 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2.66 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

8 

Overtopping 
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Table 28- Downstream Channel Rating Curve (Crossing: STA 507+30) 

Flow (cfs) Water Surface Elev (ft) 

40.00 892 .70 

43.00 892 .70 

46.00 892.70 

49.00 892 .70 

50.00 892 .70 

55.00 892.70 

58.00 892 .70 

61 .00 892 .70 

64.00 892.70 

67.00 892 .70 

70.00 892 .70 

Tailwater Channel Data - STA 507+30 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 892.70 ft 

Roadway Data for Crossing: STA 507+30 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 90.00 ft 

Crest Elevation: 902.50 ft 

Roadway Surface: Paved 

Roadway Top Width : 4425.00 ft 

Depth (ft) 

0.98 

0 .98 

0.98 

0.98 

0.98 

0.98 

0.98 

0.98 

0.98 

0.98 

0.98 



Table 29- Summary of Culvert Flows at Crossing: STA 624+49 

Headwater Elevation 
Total Discharge (cfs) 1-8X4 Discharge (cfs) 

(ft) 

891 .54 200.00 

891 .68 210.00 

891 .82 220.00 

891 .96 230.00 

892 .12 240.00 

892.29 250.00 

892.47 260.00 

892.64 270.00 

892.82 280.00 

893 01 290.00 

893.20 300.00 

895.00 384.59 

Site Data- 1-8X4 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 887.22 ft 

Outlet Station : 78.00 ft 

Outlet Elevation : 887.14 ft 

Number of Barrels: 1 

Culvert Data Summary - 1-8X4 

Barrel Shape: Concrete Box 

Barrel Span: 8.00 ft 

Barrel Rise: 4.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

200.00 

210.00 

220.00 

230.00 

240.00 

250.00 

260.00 

270.00 

280.00 

290.00 

300.00 

384.59 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression: NONE 

Roadway Discharge 
(cfs) 

0 00 

0.00 

0.00 

0.00 

0 00 

0.00 

0.00 

0.00 

0.00 

000 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 30- Downstream Channel Rating Curve (Crossing: STA 624+49) 

Flow (cfs) Water Surface Elev (ft) 

200.00 889.50 

210.00 889 .50 

220.00 889.50 

230 .00 889.50 

240 .00 889.50 

250.00 889 .50 

260.00 889.50 

270.00 889.50 

280.00 889 .50 

290.00 889 .50 

300.00 889.50 

Tailwater Channel Data- STA 624+49 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 889.50 ft 

Roadway Data for Crossing: STA 624+49 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation: 895.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 75.00 ft 

Depth (ft) 

2 .87 

2 .87 

2 .87 

2 .87 

2 .87 

2 .87 

2 .87 

2 .87 

2 .87 

2 .87 

2 .87 



Table 31 -Summary of Culvert Flows at Crossing: STA 634+76 

Headwater Elevation 
Total Discharge (cfs) 

1-48" SD Discharge 
(ft) 

90247 90.00 

902 .94 92.00 

90343 94.00 

903.92 96.00 

904.42 98.00 

904.94 100.00 

905.03 102.00 

905 06 104.00 

90507 106.00 

905.09 108.00 

905.11 110.00 

905.00 100.25 

Site Data- 1-48" SO 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 895.50 ft 

Outlet Station : 2854.00 ft 

Outlet Elevation : 888.17 ft 

Number of Barrels: 1 

Culvert Data Summary - 1-48" SO 

Barrel Shape: Circular 

Barrel Diameter: 4.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

(cfs) 

90.00 

92.00 

94.00 

96.00 

98.00 

100.00 

100.37 

10046 

100.53 

100.60 

100.66 

100.25 

Inlet Edge Condition : Beveled Edge (1: 1) 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

148 

3.38 

5.30 

7.28 

9.16 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

15 

6 

5 

5 

4 

Overtopping 
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Table 32- Downstream Channel Rating Curve (Crossing: STA 634+76) 

Flow (cfs) Water Surface Elev (ft) 

90.00 892.00 
92.00 892.00 
94.00 892.00 
96.00 892.00 

98.00 892.00 

100.00 892.00 
102.00 892.00 
104.00 892.00 
106.00 892.00 
108.00 892.00 
110.00 892.00 

Tailwater Channel Data- STA 634+76 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 892.00 ft 

Roadway Data for Crossing: STA 634+76 

Roadway Profi le Shape: Constant Roadway Elevation 

Crest Length : 90.00 ft 

Crest Elevation : 905.00 ft 

Roadway Surface : Paved 

Roadway Top Width : 2850.00 ft 

Depth (ft) 

3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 

3.83 
3.83 
3.83 
3.83 



Table 33- Summary of Culvert Flows at Crossing: STA 666+35 

Headwater Elevation 
Total Discharge (cfs) 2-8X4 Discharge (cfs) 

(ft) 

909.05 300.00 

909.11 310.00 

909.17 320.00 

909.24 330.00 

909 .30 340.00 

909 .37 350.00 

90943 360.00 

909.50 370.00 

909.57 380.00 

909.64 390.00 

909.70 400.00 

910.00 443.15 

Site Data - 2-8X4 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation : 905.21 ft 

Outlet Station: 331 .00 ft 

Outlet Elevation : 904.93 ft 

Number of Barrels: 2 

Culvert Data Summary - 2-8X4 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 4.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

300.00 

310.00 

320.00 

330.00 

340.00 

350.00 

360.00 

370.00 

380.00 

390.00 

400.00 

443.15 

Inlet Edge Condition: 1:1 Bevel Headwall 

Inlet Depression: NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 34- Downstream Channel Rating Curve (Crossing: STA 666+35) 

Flow (cfs) Water Surface Elev (ft) 

300.00 908.00 

310.00 908 .00 

320.00 908 .00 

330.00 908.00 

340 .00 908. 00 

350.00 908.00 

360.00 908 .00 

370.00 908 .00 

380.00 908.00 

390.00 908.00 

400.00 908.00 

Tailwater Channel Data- STA 666+35 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 908.00 ft 

Roadway Data for Crossing: STA 666+35 

Roadway Profi le Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation: 910.00 ft 

Roadway Surface: Paved 

Roadway Top Width: 330.00 ft 

Depth (ft) 

3.07 

3.07 

3.07 

3.07 

3.07 

3.07 

3.07 

3.07 

3.07 

3.07 

3.07 



Table 35- Summary of Culvert Flows at Crossing: STA 686+28 

Headwater Elevation 
Total Discharge (cfs) 1-8X6 Discharge (cfs) 

(ft) 

923.31 300.00 

92344 310.00 

923.57 320.00 

923.70 330.00 

923.83 340.00 

923.95 350.00 

924 08 360.00 

924.21 370.00 

924.34 380.00 

92448 390.00 

924.61 400.00 

926.00 499.95 

Site Data - 1-8X6 

Site Data Option : Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 917.83 ft 

Outlet Station : 196.00 ft 

Outlet Elevation : 916.20 ft 

Number of Barrels: 1 

Culvert Data Summary - 1-8X6 

Barrel Shape: Concrete Box 

Barrel Span: 8.00 ft 

Barrel Rise: 6.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

300.00 

310.00 

320.00 

330.00 

340.00 

350.00 

360.00 

370.00 

380.00 

390.00 

400.00 

499.95 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

000 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

000 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 36- Downstream Channel Rating Curve (Crossing: STA 686+28) 

Flow (cfs) Water Surface Elev (ft) 

300 .00 920.00 

310.00 920.00 

320.00 920.00 

330.00 920.00 

340.00 920.00 

350 .00 920.00 

360.00 920.00 

370.00 920.00 

380.00 920.00 

390.00 920.00 

400 .00 920 .00 

Tailwater Channel Data- STA 686+28 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 920.00 ft 

Roadway Data for Crossing: STA 686+28 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation : 926.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 190.00 ft 

Depth (ft) 

3.80 

3 .80 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 



Table 37 -Summary of Culvert Flows at Crossing: STA 695+63 

Headwater Elevation 
Total Discharge (cfs) 1-8X6 Discharge (cfs) 

(ft) 

931 .80 300.00 

931 .93 310.00 

932 .06 320.00 

932 .19 330.00 

932.32 340.00 

932.45 350.00 

932.57 360.00 

932.70 370.00 

932.84 380.00 

932.97 390.00 

933.10 400.00 

935.00 534.00 

Site Data - 1-8X6 

Site Data Option : Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation : 926.34 ft 

Outlet Station : 274.00 ft 

Outlet Elevation: 922.31 ft 

Number of Barrels: 1 

Culvert Data Summary - 1-8X6 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 6.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

300.00 

310.00 

320.00 

330.00 

340.00 

350.00 

360.00 

370.00 

380.00 

390.00 

400.00 

534.00 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 38- Downstream Channel Rating Curve (Crossing: STA 695+63) 

Flow (cfs) Water Surface Elev (ft ) 

300.00 925.00 

310.00 925.00 

320.00 925.00 

330.00 925.00 

340.00 925.00 

350.00 925.00 

360.00 925.00 

370.00 925.00 

380.00 925.00 

390.00 925.00 

400.00 925.00 

Tailwater Channel Data- STA 695+63 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 925.00 ft 

Roadway Data for Crossing: STA 695+63 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation: 935.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 270.00 ft 

Depth (ft) 

2.69 

2.69 

2.69 

2.69 

2.69 

2.69 

2.69 

2.69 

2.69 

2.69 

2.69 



Table 39- Summary of Culvert Flows at Crossing: STA 710+32 

Headwater Elevation 
Total Discharge (cfs) 1-8X6 Discharge (cfs) 

(ft) 

948.28 250.00 250.00 

948.35 255.00 255.00 

948.41 260.00 260.00 

948.48 265.00 265.00 

948.54 270.00 270.00 

948.60 275.00 275.00 

948.67 280.00 280.00 

948.73 285.00 285.00 

948.80 290.00 290.00 

948.86 295.00 295.00 

948.93 300.00 300.00 

950.50 420.78 420.78 

Site Data - 1-8X6 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation: 943.46 ft 

Outlet Station : 522 .00 ft 

Outlet Elevation : 936.12 ft 

Number of Barrels: 1 

Culvert Data Summary- 1-8X6 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 6.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression: NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 40- Downstream Channel Rating Curve (Crossing: STA 710+32) 

Flow (cfs) Water Surface Elev (ft) 

250.00 939.00 

255.00 939.00 

260.00 939.00 

265.00 939.00 

270.00 939 .00 

275.00 939.00 

280.00 939.00 

285.00 939 .00 

290.00 939.00 

295.00 939.00 

300.00 939 .00 

Tailwater Channel Data- STA 710+32 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 939.00 ft 

Roadway Data for Crossing: STA 710+32 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation : 950.50 ft 

Roadway Surface: Paved 

Roadway Top Width : 520.00 ft 

Depth (ft) 

2 .88 

2.88 

2 .88 

2.88 

2 .88 

2 .88 

2 .88 

2 .88 

2 .88 

2 .88 

2 .88 



Table 41 -Summary of Culvert Flows at Crossing: STA 740+65 

Headwater Elevation 
Total Discharge (cfs) 1-8X6 Discharge (cfs) 

(ft) 

970.67 200.00 200.00 

970.74 205.00 205.00 

970.80 210.00 210.00 

970.87 215.00 215.00 

970.94 220.00 220.00 

971 .00 225.00 225.00 

971 .07 230.00 230.00 

971 .14 235.00 235.00 

971 .20 240.00 240.00 

971 .27 245.00 245.00 

971 .33 250.00 250.00 

974.00 453.46 453.46 

Site Data - 1-8X6 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 966.56 ft 

Outlet Station : 141 .00 ft 

Outlet Elevation : 962 .32 ft 

Number of Barrels: 1 

Culvert Data Summary - 1-8X6 

Barrel Shape: Concrete Box 

Barrel Span: 8.00 ft 

Barrel Rise: 6:oo ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 42- Downstream Channel Rating Curve (Crossing: STA 740+65) 

Flow (cfs) Water Surface Elev (ft ) 

200.00 965.00 

205.00 965.00 

210.00 965.00 

215.00 965.00 

220.00 965.00 

225.00 965.00 

230.00 965.00 

235.00 965.00 

240.00 965.00 

245.00 965.00 

250.00 965.00 

Tailwater Channel Data- STA 740+65 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 965.00 ft 

Roadway Data for Crossing: STA 740+65 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation : 974.00 ft 

Roadway Surface: Paved 

Roadway Top Width: 140.00 ft 

Depth (ft) 

2.68 

2.68 

2.68 

2.68 

2.68 

2.68 

2.68 

2.68 

2.68 

2.68 

2.68 



Table 43- Summary of Culvert Flows at Crossing: STA 755+75 

Headwater Elevation 
Total Discharge (cfs) 

2-24" SD Discharge 
(ft) 

994.77 40.00 

994.92 42.00 

995 07 44.00 

995.23 46.00 

995.40 48.00 

995.69 50.00 

996 03 52.00 

996 05 54.00 

996 07 56.00 

996 09 58.00 

996.11 60.00 

996.00 50.65 

Site Data - 2-24" SO 

Site Data Option : Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 992.00 ft 

Outlet Station : 1016.00 ft 

Outlet Elevation : 981 .81 ft 

Number of Barrels: 2 

Culvert Data Summary - 2-24" SD 

Barrel Shape: Circular 

Barrel Diameter: 2.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

(cfs) 

40.00 

42 .00 

44.00 

46.00 

48.00 

50.00 

50.71 

50.76 

50.80 

50.84 

50.87 

50.65 

Inlet Edge Condition : Beveled Edge (1 : 1) 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.17 

3 06 

5.10 

7.03 

9.03 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

30 

5 

5 

4 

4 

Overtopping 



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

Table 44- Downstream Channel Rating Curve (Crossing: STA 755+75) 

Flow (cfs) Water Surface Elev (ft) 

40.00 984.00 

42 .00 984.00 

44.00 984.00 

46.00 984.00 

48.00 984.00 

50.00 984.00 

52.00 984.00 

54.00 984.00 

56.00 984.00 

58.00 984.00 

60.00 984.00 

Tailwater Channel Data- STA 755+75 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 984.00 ft 

Roadway Data for Crossing: STA 755+75 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 90.00 ft 

Crest Elevation : 996.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 1010.00 ft 

Depth (ft) 

2.19 

2.19 

2.19 

2.19 

2.19 

2.19 

2.19 

2.19 

2.19 

2.19 

2.19 



Table 45- Summary of Culvert Flows at Crossing: STA 812+79 

Headwater Elevation 
Total Discharge (cfs) 4-8X4 Discharge (cfs) 

(ft) 

904.13 300.00 300.00 

904.13 310.00 310.00 

904.14 320.00 320.00 

904.15 330.00 330.00 

904.16 340.00 340.00 

904.17 350.00 350.00 

904.18 360.00 360.00 

904.19 370.00 370.00 

904.20 380.00 380.00 

904.21 390.00 390.00 

904.22 400.00 400.00 

907.50 1586.31 1586.31 

Site Data - 4-8X4 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation : 898 .51 ft 

Outlet Station : 94.00 ft 

Outlet Elevation: 898.44 ft 

Number of Barrels: 4 

Culvert Data Summary - 4-8X4 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 4.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

000 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 46- Downstream Channel Rating Curve (Crossing: STA 812+79) 

Flow (cfs) Water Surface Elev (ft) 

300.00 904 .00 

310.00 904.00 

320.00 904.00 

330 .00 904.00 

340.00 904.00 

350.00 904 .00 

360.00 904.00 

370.00 904.00 

380.00 904.00 

390. 00 904.00 

400.00 904.00 

Tailwater Channel Data - STA 812+ 79 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 904.00 ft 

Roadway Data for Crossing: STA 812+79 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50 .00 ft 

Crest Elevation : 907.50 ft 

Roadway Surface: Paved 

Roadway Top Width : 90.00 ft 

Depth (ft) 

5.56 

5.56 

5.56 

5.56 

5.56 

5.56 

5.56 

5. 56 

5.56 

5.56 

5.56 



Table 47- Summary of Culvert Flows at Crossing: STA 851+11 

Headwater Elevation 
Total Discharge (cfs) 2-8X4 Discharge (cfs) 

(ft) 

906.11 300.00 300.00 

906.17 310.00 310.00 

906.23 320.00 320.00 

906.30 330.00 330.00 

906.36 340.00 340.00 

906.42 350.00 350.00 

906.49 360.00 360.00 

906.50 370.00 370.00 

906.62 380.00 380.00 

906.69 390.00 390.00 

906.75 400.00 400.00 

909.00 553.44 553.44 

Site Data - 2-8X4 

Site Data Option : Culvert Invert Data 

Inlet Station : 0.00 ft 

Inlet Elevation: 902.07 ft 

Outlet Station : 704.00 ft 

Outlet Elevation : 901 .50 ft 

Number of Barrels: 2 

Culvert Data Summary - 2-8X4 

Barrel Shape: Concrete Box 

Barrel Span : 8.00 ft 

Barrel Rise: 4.00 ft 

Barrel Material : Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition : 1:1 Bevel Headwall 

Inlet Depression : NONE 

Roadway Discharge 
(cfs) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 00 

0.00 

0.00 

0.00 

0.00 

0.00 

Iterations 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Overtopping 
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Table 48- Downstream Channel Rating Curve (Crossing: STA 851+11) 

Flow (cfs) Water Surface Elev (ft) 

300.00 905.00 

310.00 905.00 
320.00 905.00 
330.00 905.00 
340.00 905.00 

350.00 905.00 
360.00 905.00 
370.00 905 .00 
380.00 905.00 
390.00 905.00 
400.00 905.00 

Tailwater Channel Data - STA 851 +11 

Tailwater Channel Option : Enter Constant Tailwater Elevation 

Constant Tailwater Elevation : 905.00 ft 

Roadway Data for Crossing: STA 851+11 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length : 50.00 ft 

Crest Elevation: 909.00 ft 

Roadway Surface: Paved 

Roadway Top Width : 700.00 ft 

Depth (ft) 

3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 



• 

• 

• 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 
I 
I 
I 

f1J Dibble Engineering 
March 2014 

Appendix F 
Detention Basin Volume Report 

Watson Drainage System Pre-Design 

Design Report 



- .... - - - - - .. - - - - - - - - - - -
DETENTION BASIN VOLUMES - CALCULATION SHEET 

WATSON DRAINAGE SYSTEM PRE-DESIGN 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY- FCD NO. 2012-C003 

Railroad Basin Rainbow Basin Dean Basin Apache Basin Maricopa Basin 

Al= 258,737.68 301,027.60 174,054.95 80,501.81 164,857.55 (sf) Bottom Contour Area 

A2= 273,236.36 322,548.65 185,120.14 91,266.98 324,011.01 (sf) Second Contour Area 

A3= 287,361.11 343,421.83 195,855.31 103,281.46 367,745.88 (sf) Third Contour Area 

A4 = 300,687 .97 364,810.98 207,172.15 115,366.56 403,276 .75 (sf) Fourth Contour Area 

As = 314,093 .24 684,278 .65 218,756 .29 127,758.41 440,981.06 (sf) Fifth Contour Area 

A6= 329,251.97 728,628.76 230,542.98 140,515 .10 462,805 .28 (sf) Sixth Contour Area 

A7= 344,381.57 743,072.57 242,536.02 153,619.78 481,623 .22 (sf) Top Contour Area 

V= 1,469,373.51 2,229,888.29 1,009,202.86 548,181 .87 1,849,846.12 (cf) Design Basin Volume with 1' Freeboard 

V= 33.73 51.19 23.17 12.58 42.47 (ac-ft) Design Basin Volume with 1' Freeboard 

V= 1,806,190.28 2,965,738 .96 1,245,742.36 695,249 .31 2,322,060.37 (cf) Design Basin Volume with no Freeboard 
V= 41.46 68 .08 28.60 15 .96 53 .31 (ac-ft) Design Basin Vo lume with no Freeboard 

vh = 33.58 47.68 23.06 12.61 33.52 (ac-ft) Basin Volume from Hydrology Model 



• 

• 

• 



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

II 
I 
I 
I 

e; Dibble Engineering 

March 2014 

PROVIDED UNDER 
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Appendix G 
Conceptual Design Plans 

Watson Drainage System Pre-Design 

Design Report 



• 

• 

• 



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

fll Dibble Engineering 

March2014 

Appendix H 
Conceptual Plan Cost Estimate 

Watson Drainage System Pre-Design 

Design Report 



I 
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

I 
I 

~~ 
. . 

~ . . Dibble Opinion of Probable Construction Cost - 15% . 

• Contract FCD 2012C003 
. EngineeringN . 

Watson Drainage System Pre-Design .. . 
~ 

3/25/2014 

I ITEM NO DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT 

I 
Construction Items 

201-1 CLEAR & GRUB LS 1 1.42% $541,782 

215-1 CHANNEL EXCAVATION CY 980,473 $6.00 $5,882,838 

215-2 CHANNEL SUBGRADE PREPARATION SY 177,679 $6 .30 $1,119,378 

I 350-2 SAWCUT, REMOVE & REPLACE PAVEMENT PER MAG STD DTL 200-B SF 6,505 $9.40 $61,147 

220-1 ROCK MULCH (3" M INUS, S" THICK) SY 74,511 $3 .90 $290,593 

350-3 REMOVE RIPRAP CY 16,511 $20.00 $330,220 

I 
220-2 DUMPED RIPRAP (D50 = 12" ) CY 7,847 $52.00 $408,044 

220-3 DUMPED RIPRAP (D50 = 18") CY 160 $46.00 $7,360 

350-5 REMOVE CONCRETE DITCH LF 1,868 $30.00 $56,040 

I 
220-4 GRADE CONTROL STRUCTURE PER DTL 9, DWG D1.02 CY 677 $62.40 $42,245 

505-1 REINFORCED CONCRETE CHANNEL LINING PER STR SEC 3, DWG G1.04 SY 80,790 $74.25 $5,998,658 

525-1 SHOTCRETE CHANNEL LINING PER STR SEC 4, DWG G1.04 SY 35,485 $44.00 $1,561,340 

350-20 RELOCATE NATURAL GAS PIPE LF 155 $26.00 $4,030 

I 350-21 FIBER OPTIC LINE RELOCATION BY OTHERS L5 4 $30,000.00 $120,000 

505-3 48" STEEL CASING, JACK & BORE LF 70 $750.00 $52,500 

505-2 36" STEEL CASING, JACK & BORE LF 70 $650.00 $45,500 

I 505-27 VERTICAL DROP STRUCTU RE PER DTL 11, DWG D1.03 LF 3,029 $300.00 $908,700 

505-5 GILA RIVER OUTFALL CUTOFF WALL PER DTL 6, DWG D1.01 LF 204 $2,100.00 $428,400 

350-22 WATER MAIN RELOCATION (12") EA 4 $1,760.00 $7,040 

I 
350-6 WATER MAIN RELOCATION (16") EA 3 $2,900.00 $8,700 

505-4 GILA RIVER OUTFALL GRADE CONTRO L STRUCTURE PER DTL 5, DWG D1.01 LF 253 $300.00 $75,900 

321-1 AC MULTI-USE PATH STR SEC 1, DWG G1.04 SY 72,672 $15.80 $1,148,218 

310-1 ABC MAINTENANCE ROAD PER STR SEC 2, DWG G1.04 SY 101,128 $5.00 $505,640 

I 321-2 MAINTENANCE ROAD TURNAROUND PER DTL 4, DWG D1.01 EA 44 $790.00 $34,760 

505-7 CONCRETE MAINTENANCE ROAD FORD PER MAG STD DTL 552 LF 204 $14.00 $2,856 

350-8 SANITARY SEWER MAN HOLE RELOCATION EA 1 $7, 100.00 $7, 100 

I 
505-23 CONCRETE MAINTENANCE ROAD RAMP PER STR SEC3, DWG G1.04 SY 2,665 $33 .00 $87,945 

505-24 ABC MAINTENANCE ROAD RAMP PER STR SEC 2, DWG G1.04 SY 10,868 $5.00 $54,340 

505-30 CHAIN LINK FENCE PER MAG STD DTL 160 LF 29,809 $15.90 $473,963 

I 
505-7 (2) 6'x4' CONCRETE BOX CULVERT LF 138 $740.00 $102,120 

350-10 REMOVE IRRIGATI ON PIPE LF 1,505 $102.00 $153,510 

505-8 (1) 6'x6' CONCRETE BOX CULVERT LF 1,421 $430.00 $611,030 

505-9 (2) 6'x6' CONCRETE BOX CULVERT LF 231 $860.00 $198,660 

I 505-10 (3) 6'x6' CONCRETE BOX CULVERT LF 325 $1,290.00 $419,250 

505-11 (1) 8'x4' CONCRETE BOX CULVERT LF 360 $345.60 $124,416 

505-12 (2) 8'x4' CONCR ETE BOX CULVERT LF 1,145 $691.20 $791,424 

I 
505-13 (3) 8'x4' CONCRETE BOX CULVERT LF 212 $1,036.80 $219,802 

505-31 (4) 8'x4' CONCRETE BOX CULVERT LF 92 $1,382.40 $127,181 

350-12 REMOVE CONCRETE-LINED IRRIGATION DITCH LF 4,494 $59.00 $265,146 

I 
505-14 (1) 8'x6' CONCRETE BOX CU LVERT LF 1,153 $570.00 $657,2 10 

350-13 RE MOVE EARTH-LI NED IRRIGATION DITCH LF 5,048 $16.30 $82,282 

505-23 (2) 8'x6' CONCRETE BOX CULVERT LF 1,485 $1,026.00 $1,523,610 

505-15 (4) 8'x5' CONCRETE BOX CULVERT EA 140 $1,938.00 $271,320 

I 350-15 REMOVE IRRIGATION TURNOUT STRUCTURE EA 6 $17,500.00 $105,000 

505-16 (2) 8'x7' & (2) 8'x5 ' CONCRETE BOX CULVERTS PER DTL 7, DWG D1.02 EA 300 $2,360.00 $708,000 

505-17 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.08 EA 10 $6,800.00 $68,000 

I 
505-18 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.10, TYPE B EA 28 $15,000.00 $420,000 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

~ 
. ":) Dibble . . 

Opinion of Probable Construction Cost - 15% . 

. Engineering·· Contract FCD 2012C003 
~ Watson Drainage System Pre-Design ... 

3/25/2014 

ITEM NO DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT 

350·16 RELOCATE CHAIN LINK FENCE LF 342 $26.00 $8,892 

618· 1 18" STORM DRAIN PIPE LF 20 $92.00 $1,840 

618·2 24" STORM DRAIN PIPE LF 2,122 $104.00 $220,688 

618·4 36" STORM DRAIN PIPE LF 1,237 $106.00 $131,122 

618·5 48" STORM DRAIN PIPE LF 8,513 $168.00 $1,430,184 

505-19 STORM DRAIN HEADWALL PER MAG STD DTL 501·1 EA 7 $3,100.00 $2 1,700 

505·20 STORM DRAIN HEADWALL PER MAG STD DTL 501·3 EA 11 $8,200.00 $90,200 

505· 21 STORM DRAIN MANHOLE PER MAG STD DTL 522 EA 33 $3,600.00 $118,800 

505·22 BOX CULVERT STORM DRAIN MANHOLE EA 16 $2,800.00 $44,800 

350·9 24" IRRIGATION PIPE LF 865 $104.00 $89,960 

350·10 30" IRRIGATION PIPE LF 15,633 $122.00 $1,907,226 

505·24 IRRIGATION MANHOLE PER MAG STD DTL 520 EA 45 $3,600.00 $162,000 

505-25 IRRIGATION HEADWALL PER MAG STD DTL 501-1 EA 28 $4,000.00 $112,000 

505-26 IRRIGATION TURNOUT STRUCTURE PER MAG STD DTL 504 EA 9 $4,500.00 $40,500 

618-6 48" IRRIGATION PIPE LF 144 $168.00 $24,192 

618-7 24" IRRIGATION SIPHON DTL 8, DWG Dl.02 EA 13 $49,200.00 $639,600 

350-18 KINDER-MORGAN 20" PETROLEUM PIPELINE CROSSING LS 1 $960,000.00 $960,000 

430-1 HYDROSEED SY 803,252 $0.80 $642,602 

900-1 RID CANAL CROSSING LS 2 $19,200.00 $38,400 

430-3 TURF CHANNEL LINING SY 116,916 $2.00 $233,832 

900-2 BWCDD CANAL CROSSING LS 1 $450,000.00 $450,000 

430-4 TREES {24" BOX) EA 4,156 $200.00 $831,200 

430-5 TALL POT TREES EA 1,996 $100.00 $199,600 

900-4 RAILROAD CROSSING TEMPORARY REMOVAL & RELOCATION BY OTHERS LS 1 $240,000.00 $240,000 

430-6 SHRUBS EA 23,890 $15.00 $358,350 

350-20 FIBER OPTIC LINE RELOCATION LS 4 $30,000.00 $120,000 

440-1 DRIP IRRIGATION AC 110 $15,000.00 $1,650,000 

430-7 BOULDERS EA 2,233 $130.00 $290,290 

350-23 RE LOCATE UPRR COMMUNICATION LINE BY OTHERS EA 1 $30,000.00 $30,000 

350-19 ANPP WATER LINE PROTECTION BY OTHERS LS 1 $380,000.00 $380,000 

618-8 30" IRRIGATION SIPHON DTL 8, DWG Dl.02 EA 1 $61,500.00 $61,500 

Sub-Total $38,652,514 

Right-of-Way Acquisition 
LOW DENSITY RESIDENTIAL PROPERTY SF 2,751,364 $1.40 $3,851,909 

MEDIUM DENSITY RESIDENTIAL PROPERTY SF 7,422,753 $1.60 $11,876,405 

MIXED USE PROPERTY SF 388,800 $2.00 $777,600 

COMMERICAL PROPERTY SF 36,000 $3.00 $108,000 

INDUSTRIAL PROPERTY SF 2,634,942 $2.50 $6,587,355 

Sub-Total $23,201,269 

Construction Sub-Total $38,652,514 

Right-of-Way Sub-Total $23,201,269 

Contingency {20%} $7,730,503 

PROJECT CONSTRUCTION TOTAL $69,584,285 

Dibble Project No. 101206 Dibble Engineering Page 2 of2 



I 
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

I 
I 

Apache Reach Dibble 
Opinion of Probable Construction Cost- 15% - EngineeringN 
Contract FCD 2012C003 ~ 
Watson Drainage System Pre-Design 

I 
3/25/2014 

ITEM NO DESCRIPTION UNIT QUANTITY U NIT PRICE AMOUNT 

I Construction Items 

201-1 CLEAR & GRUB LS 1 1.42% $114,866 

215-1 CHANNEL EXCAVATION CY 152,770 $6.00 $916,620.00 

I 215-2 CHANNEL SUBGRADE PREPARATION SY 28,737 $6.30 $181,043 

350-2 SAWCUT, REMOVE & REPLACE PAVEMENT PER MAG STD DTL 200-B SF 1,415 $9.40 $13,301 

220-2 DUMPED RIP RAP (DSO = 12") CY 2,413 $52.00 $125,476 

I 
350-5 REMOVE CONCRETE DITCH LF 981 $30.00 $29,430 

525-1 SHOTCRETE CHANN EL LINING PER STR SEC 4, DWG Gl.04 SY 31,826 $44.00 $1,400,344 

505-2 36" STEEL CASING, JACK & BORE LF 70 $650.00 $45,500 

505-27 VERTICAL DROP STRUCTURE PER DTL 11, DWG Dl.03 LF 1,731 $300.00 $519,300 

I 350-2 2 WATER MAIN RELOCATION (12") EA 3 $1,760.00 $5,280 

321-1 AC MULTI-USE PATH STR SEC 1, DWG G1.04 SY 21,007 $15.80 $331,911 

310-1 ABC MAINTENANCE ROAD PER STR SEC 2, DWG Gl.04 SY 22,792 $5.00 $113,960 

I 32 1-2 MAINTENANCE ROAD TURNAROUND PER DTL 4, DWG Dl.01 EA 12 $790.00 $9,480 

505-24 ABC MAINTENANCE ROAD RAMP PER STR SEC 2, DWG G1.04 SY 3,557 $5.00 $17,785 

350-10 REMOVE IRRIGATION PIPE LF 570 $102.00 $58,140 

I 
505-10 (3) 6'x6' CONCRETE BOX CULVERT LF 325 $1,290.00 $419,250 

505-12 (2) 8'x4' CONCRETE BOX CULVERT LF 331 $691.20 $228,787 

505-14 (1) 8'x6' CONCRETE BOX CULVERT LF 1,153 $570.00 $657,210 

505-17 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.08 EA 1 $6,800.00 $6,800 

I 505-18 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.10, TYPE B EA 11 $15,000.00 $165,000 

350-16 RELOCATE CHAIN LI NK FENCE LF 42 $26.00 $1,092 

618-2 24" STORM DRAIN PIPE LF 2,057 $104.00 $213,928 

I 618-5 48" STORM DRAIN PIPE LF 576 $168.00 $96,768 

505-19 STORM DRAIN HEADWALL PER MAG STD DTL 501-1 EA 1 $3, 100.00 $3,100 

505-20 STORM DRAIN HEADWALL PER MAG STD DTL 501-3 EA 2 $8,200.00 $16,400 

I 
505-21 STORM DRAIN MAN HOLE PER MAG STD DTL 522 EA 12 $3,600.00 $43,200 

350-9 24" IRRIGATION PIPE LF 275 $104.00 $28,600 

350-10 30" IRRIGATION PIPE LF 10,037 $122.00 $1,224,514 

505-24 IRRIGATION MANHOLE PER MAG STD DTL 520 EA 35 $3,600.00 $126,000 

I 505-25 IRRIGATION HEADWALL PER MAG STD DTL 501-1 EA 6 $4,000.00 $24,000 

505-26 IRRIGATION TURNOUT STRUCTURE PER MAG STD DTL 504 EA 6 $4,500.00 $27,000 

618-7 24" IRRIGATION SIPHON DTL 8, DWG Dl.02 EA 1 $49,200.00 $49,200 

I 430-1 HYDROSEED SY 125,480 $0.80 $100,384 

900-1 RID CANAL CROSSING LS 1 $19,200.00 $19,200 

430-3 TURF CHANNEL LI NING SY 67,526 $2.00 $135,052 

I 
430-4 TREES (24 " BOX) EA 962 $200.00 $192,400 

430-6 SHRUBS EA 4,810 $15.00 $72,150 

440-1 DRIP IRRIGATION AC 22 $15,000.00 $330,000 

430-7 BOULDERS EA 769 $130.00 $99,970 

I Sub-Total $8,181,888 

Right-of-Way Acquisition 

LOW DENSITY RESIDENTIAL PROPERTY SF 0 $1.40 $0 

I 
MEDIUM DENSITY RESIDENTIAL PROPERTY SF 2,207,419 $1.60 $3,531,871 

MIXED USE PROPERTY SF 0 $2.00 $0 

COMMERICAL PROPERTY SF 0 $3.00 $0 

I 
INDUSTRIAL PROPERTY SF 270,240 $2.50 $675,600 

Dibble Project No. 101206 Dibble Engineering Page 1 of2 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

Apache Reach 

Opinion of Probable Construction Cost- 15% 

Contract FCD 2012C003 

Watson Drainage System Pre-Design 

3/25/2014 

ITEM NO 

Dibble Project No. 101206 

DESCRIPTION 

Dibble Engineering 

Dibble 
EngineeringN 

QUANTITY UNIT PRICE AMOUNT 

Sub-To tal $4,207,471 

Construction Sub-Total $8,181,888 

Right-of-Way Sub-Total $4,207,471 

Contingency {20%} $1,636,377.69 

PROJECT CONSTRUCTION TOTAL $14,025,737 

Page 2 of 2 



I 
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

I 
I 

Maricopa Reach let Dibble 
Opinion of Probable Construction Cost - 15% EngineeringN Contract FCD 2012C003 

Watson Drainage System Pre-Design 

3/ 25/ 2014 

I 
ITEM NO DESCRIPTION UNIT QUANTITY UNIT PRICE AMOU NT 

I Construction Items 

201-1 CLEAR & GRUB LS 1 1.42% $59,650 

215-1 CHANNEL EXCAVATION CY 194,156 $6 .00 $1,164,936.00 

I 
215-2 CHANNEL SUBGRADE PREPARATION SY 70,126 $6.30 $441,794 

220-1 ROCK MULCH (3 " MINUS, 5" THICK) SY 74,511 $3 .90 $290,593 

220-2 DUMPED RIP RAP (D50 = 12") CY 120 $52.00 $6,240 

I 
505-1 REINFORCED CONCRETE CHANNEL LINING PER STR SEC 3, DWG G1.04 SY 863 $74.25 $64,078 

350-20 RELOCATE NATURAL GAS PIPE LF 75 $26.00 $1,950 

321-1 AC MULTI-USE PATH STR SEC 1, DWG G1.04 SY 9,516 $15.80 $150,353 

310-1 ABC MAINTENANCE ROAD PER STR SEC 2, DWG G1.04 SY 10,505 $5.00 $52,525 

I 321-2 MAINTENANCE ROAD TURNAROUND PER DTL 4, DWG D1.01 EA 8 $790.00 $6,320 

505-24 ABC MAINTENANCE ROAD RAMP PER STR SEC 2, DWG G1.04 SY 1,327 $5 .00 $6,635 

505-30 CHAIN LINK FENCE PER MAG STD DTL 160 LF 4,895 $15.90 $77,831 

I 
350-10 REMOVE IRRIGATION PIPE LF 36 $102.00 $3,672 

505-12 (2) 8'x4' CONCRETE BOX CULVERT LF 704 $691.20 $486,605 

505-31 (4) 8'x4' CONCRETE BOX CULVERT LF 92 $1,382.40 $127,181 

350-12 REMOVE CONCRETE-LI NED IRRIGATI ON DITCH LF 226 $59.00 $13,334 

I 505-17 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.08 EA 2 $6,800.00 $13,600 

505-18 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.10, TYPE B EA 2 $15,000.00 $30,000 

618-5 48" STORM DRAIN PIPE LF 2,300 $168.00 $386,400 

I 505-20 STORM DRAI N HEADWALL PER MAG STD DTL 501-3 EA 1 $8,200.00 $8,200 

505-21 STORM DRAIN MANHOLE PER MAG STD DTL 522 EA 5 $3,600.00 $18,000 

505-22 BOX CULVERT STORM DRAIN MANHOLE EA 4 $2,800.00 $11,200 

I 
350-9 24" IRRIGATION PIPE LF 21 $104.00 $2,184 

350-10 30" IRRIGATION PIPE LF 2,773 $122.00 $338,306 

505-24 IRRIGATION MAN HOLE PER MAG STD DTL 520 EA 4 $3,600.00 $14,400 

505-25 IRRIGATION HEADWALL PER MAG STD DTL 501-1 EA 5 $4,000.00 $20,000 

I 505-26 IRRIGATION TURNOUT STRUCTURE PER MAG STD DTL 504 EA 2 $4,500.00 $9,000 

618-7 24" IRRIGATION SI PH ON DTL 8, DWG D1.02 EA 1 $49,200.00 $49,200 

430-1 HYDROSEED SY 80,575 $0.80 $64,460 

I 430-4 TREES (24" BOX) EA 599 $200.00 $119,800 

430-6 SHRUBS EA 2,995 $15.00 $44,925 

440-1 DRIP IRRIGATION AC 5 $15,000.00 $75,000 

I 
430-7 BOU LDERS EA 479 $130.00 $62,270 

Sub-Total $4,248,840 

Right-of-Way Acquisition 
LOW DENSITY RESIDENTIAL PROPERTY SF 0 $1.40 $0 

I M EDIUM DENSITY RESI DENTIAL PROPERTY SF 1,516,399 $1.60 $2,426,238 

MIXED USE PROPERTY SF 0 $2.00 $0 

COMMERICAL PRO PE RTY SF 0 $3.00 $0 

I 
INDUSTRIAL PROPERTY SF 319,200 $2.50 $798,000 

Sub-Total $3,224,238 

I 
Construct ion Sub-Total $4,248,840 

Right-of -Way Sub-Total $3,224,238 

Contingency {20%} $849,768.02 

PROJECT CONSTRUCTION TOTAL $8,322,846 

I 
Dibble Project No. 101206 Dibble Engineer ing Page 1 of 1 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

Watson Drain Reach Dibble 
Opinion of Probable Construction Cost - 15% - EngineeringN Contract FCD 2012C003 l 
Watson Drainage System Pre-Design 

3/25/2014 

ITEM NO DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT 

Construction Items 

201-1 CLEAR & GRUB LS 1 1.42% $61,686 

215-1 CHANNEL EXCAVATION CY 176,860 $6.00 $1,061,160.00 

215-2 CHANNEL SUBGRADE PREPARATION SY 8,578 $6.30 $54,041 

350-2 SAWCUT, REMOVE & REPLACE PAVEMENT PER MAG STD DTL 200-B SF 2,718 $9.40 $25,549 

350-3 REMOVE RIPRAP CY 16,511 $20.00 $330,220 

220-2 DUMPED RIPRAP (D50 = 12") CY 2,483 $52.00 $129,116 

220-3 DUMPED RIP RAP (D50 = 18") CY 160 $46.00 $7,360 

505-1 REINFORCED CONCRETE CHANNEL LINING PER STR SEC 3, DWG G1.04 SY 6,969 $74.25 $517,448 

525-1 SHOTCRETE CHANNEL LINING PER STR SEC 4, DWG G1.04 SY 2,963 $44.00 $130,372 

505-5 GILA RIVER OUTFALL CUTOFF WALL PER DTL 6, DWG D1.01 LF 204 $2,100.00 $428,400 

350-22 WATER MAIN RELOCATION (12") EA 1 $1,760.00 $1,760 

505-4 GILA RIVER OUTFALL GRADE CONTROL STRUCTURE PER DTL 5, DWG D1.01 LF 217 $300.00 $65,100 

321-1 AC MULTI-USE PATH STR SEC 1, DWG G1.04 SY 9,484 $15.80 $149,847 

310-1 ABC MAINTENANCE ROAD PER STR SEC 2, DWG G1.04 SY 7,395 $5.00 $36,975 

321-2 MAINTENANCE ROAD TURNAROUND PER DTL 4, DWG D1.01 EA 4 $790.00 $3,160 

505-7 CONCRETE MAINTENANCE ROAD FORD PER MAG STD DTL 552 LF 204 $14.00 $2,856 

505-23 CONCRETE MAINTENANCE ROAD RAMP PER STR SEC3, DWG G1.04 SY 190 $33.00 $6,270 

505-24 ABC MAINTE NANCE ROAD RAMP PER STR SEC 2, DWG G1.04 SY 2,850 $5.00 $14,250 

350-10 REMOVE IRRIGATION PIPE LF 170 $102.00 $17,340 

505-15 (4) 8'x5' CONCRETE BOX CULVERT EA 140 $1,938.00 $271,320 

350-15 REMOVE IRRIGATION TURNOUT STRUCTURE EA 4 $17,500.00 $70,000 

505-16 (2) 8'x7 ' & (2) 8'x5' CONCRETE BOX CULVERTS PER DTL 7, DWG D1.02 EA 300 $2,360.00 $708,000 

505-17 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.08 EA 4 $6,800.00 $27,200 

505-18 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.10, TYPE B EA 2 $15,000.00 $30,000 

618-1 18" STORM DRAIN PIPE LF 20 $92.00 $1,840 

505-19 STORM DRAIN HEADWALL PER MAG STD DTL 501-1 EA 2 $3,100.00 $6,200 

350-9 24" IRRIGATION PIPE LF 283 $104.00 $29,432 

505-25 IRRIGATION HEADWALL PER MAG STD DTL 501-1 EA 2 $4,000.00 $8,000 

430-1 HYDROSEED SY 92,505 $0 .80 $74,004 

430-4 TREES (24" BOX) EA 38 $200.00 $7,600 

430-5 TALL POT TREES EA 655 $100.00 $65,500 

430-6 SHRUBS EA 190 $15.00 $2,850 

430-7 BOULDERS EA 31 $130.00 $4,030 

Sub-Total $4,393,887 

Right-of-Way Acquisition 
LOW DENSITY RESIDENTIAL PROPERTY SF 839,694 $1.40 $1,175,572 

MEDIUM DENSITY RESIDENTIAL PROPERTY SF 251,400 $1.60 $402,240 

M IXED USE PROPERTY SF 0 $2 .00 $0 

COMMERICAL PROPERTY SF 0 $3 .00 $0 

INDUSTRIAL PROPERTY SF 0 $2.50 $0 

Sub-Total $1,577,812 

Construction Sub-Total $4,393,887 

Right-of-Way Sub-Total $1,577,812 

Contingency (20%} $878,777.42 

PROJECT CONSTRUCTION TOTAL $6,850,476 

Dibble Project No. 101206 Dibble Engineering Page 1 of 1 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY -

-
.. . 

:·· ) (i Industrial Reach 

Opinion of Probable Construction Cost- 15% 

Contract FCD 2012C003 

Watson Drainage System Pre-Design 

3/25/2014 

ITEM NO DESCRIPTION 

Construction Items 

201-1 CLEAR & GRUB 

215-1 CHANNEL EXCAVATION 

215-2 CHANNEL SUBGRADE PREPARATION 

350-2 SAWCUT, REMOVE & REPLACE PAVEMENT PER MAG STD DTL 200-B 

220-2 DUMPED RIPRAP (D50 = 12") 

350-5 REMOVE CONCRETE DITCH 

505-1 REINFORCED CONCRETE CHANNEL LINING PER STR SEC 3, DWG Gl.04 

350-21 FIBER OPTIC LINE RELOCATION BY OTHERS 

505-2 7 VERTICAL DROP STRUCTURE PER DTL 11, DWG Dl.03 

350-6 WATER MAIN RELOCATION (16") 

505-4 GILA RIVER OUTFALL GRADE CONTROL STRUCTURE PER DTL 5, DWG Dl.01 

310-1 ABC MAINTENANCE ROAD PER STR SEC 2, DWG G1.04 

321-2 MAINTENANCE ROAD TURNAROUND PER DTL 4, DWG Dl.01 

350-8 SANITARY SEWER MANHOLE RELOCATION 

505-23 CONCRETE MAINTENANCE ROAD RAMP PER STR SEC3, DWG G1.04 

505-24 ABC MAINTENANCE ROAD RAMP PER STR SEC 2, DWG G1.04 

505-30 CHAIN LINK FENCE PER MAG STD DTL 160 

350-10 REMOVE IRRIGATION PIPE 

505-8 (1) 6'x6' CONCRETE BOX CULVERT 

505-11 (1) 8'x4' CONCRETE BOX CULVERT 

350-12 REMOVE CONCRETE-LINED IRRIGATI ON DITCH 

350-15 REMOVE IRRIGATION TURNOUT STRUCTURE 

505-17 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.08 

505-18 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.10, TYPE B 

618-2 24" STORM DRAIN PIPE 

618-5 48" STORM DRAIN PIPE 

505-19 STORM DRAIN HEADWALL PER MAG STD DTL 501-1 

505-20 STORM DRAIN HEADWALL PER MAG STD DTL 501-3 

505-21 STORM DRAIN MANHOLE PER MAG STD DTL 522 

505-2 2 BOX CULVERT STORM DRAIN MANHOLE 

350-9 24" IRRIGATION PIPE 

350-10 30" IRRIGATION PIPE 

505-25 IRRIGATION HEADWALL PER MAG STD DTL 501-1 

618-7 24" IRRIGATION SIPHON DTL 8, DWG D1.02 

350-18 KINDER-MORGAN 20" PETROLEUM PI PELINE CROSSING 

430-1 HYDROSEED 

900-2 BWCDD CANAL CROSSING 

430-4 TREES (24" BOX) 

900-4 RAILROAD CROSSING TEMPORARY REMOVAL & RELOCATION BY OTHERS 

430-6 SHRUBS 

350-20 FIBER OPTIC LINE RE LOCATION 

440-1 DRIP IRRIGATION 

350-23 RELOCATE UPRR COMMUNICATION LI NE BY OTHERS 

350-19 ANPP WATER LINE PROTECTION BY OTHERS 

Right-of-Way Acquisition 
LOW DENSITY RESIDENTIAL PROPERTY 

Dibble Project No. 101206 Dibble Engineering 

UNIT QUANTITY 

LS 1 

CY 200,801 

SY 51,402 

SF 1,108 

CY 34 

LF 233 

SY 57,583 

LS 4 

LF 96 

EA 2 

LF 36 

SY 29,179 

EA 8 

EA 

SY 2,118 

SY 492 

LF 20,009 

LF 20 

LF 285 

LF 280 

LF 220 

EA 

EA 2 

EA 

LF 65 

LF 5,238 

EA 3 

EA 4 

EA 12 

EA 

LF 25 

LF 112 

EA 4 

EA 6 

LS 1 

SY 124,018 

LS 

EA 522 

LS 

EA 5,220 

LS 4 

AC 8 

EA 1 

LS 

SF 0 

Dibble 
EngineeringN 

UNIT PRICE AMOUNT 

1.42% $153,159 

$6.00 $1,204,806.00 

$6.30 $323,833 

$9.40 $10,415 

$52.00 $1,768 

$30.00 $6,990 

$74.25 $4,275,538 

$30,000.00 $120,000 

$300.00 $28,800 

$2,900.00 $5,800 

$300.00 $10,800 

$5 .00 $145,895 

$790.00 $6,320 

$7, 100.00 $7,100 

$33.00 $69,894 

$5.00 $2,460 

$15.90 $318,143 

$102.00 $2,040 

$430.00 $122,550 

$345.60 $96,768 

$59.00 $12,980 

$17,500.00 $17,500 

$6,800.00 $13,600 

$15,000.00 $15,000 

$104.00 $6,760 

$168.00 $879,984 

$3, 100.00 $9,300 

$8,200.00 $32,800 

$3,600.00 $43,200 

$2,800.00 $2,800 

$104.00 $2,600 

$122.00 $13,664 

$4,000.00 $16,000 

$49,200.00 $295,200 

$960,000.00 $960,000 

$0.80 $99,214 

$450,000.00 $450,000 

$200.00 $104,400 

$240,000.00 $240,000 

$15.00 $78,300 

$30,000.00 $120,000 

$15,000.00 $120,000 

$30,000.00 $30,000 

$380,000.00 $380,000 

Sub-Total $10,909,522 

$1.40 $0 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

Industrial Reach 

Opinion of Probable Construction Cost - 15% 

Contract FCD 2012C003 

Watson Drainage System Pre-Design 

3/25/2014 

ITEM NO DESCRIPTION 

MEDI UM DENSITY RESIDENTIAL PROPERTY 

MIXED USE PROPERTY 

COMMERICAL PROPERTY 

INDUSTRIAL PROPERTY 

Dibble Project No. 101206 Dibble Engineer ing 

UNIT 

SF 

SF 

SF 

SF 

Dibble 
Engineering~ 

QUANTITY UNIT PRICE AMOUNT 

821,615 $1.60 $1,314,583 

0 $2.00 $0 

0 $3.00 $0 

1,939,902 $2.50 $4,849,755 

Sub-Total $6,164,338 

Construction Sub-Total $10,909,522 

Right-of-Way Sub-Total $6,164,338 

Contingency {20%} $2,181,904.31 

PROJECT CONSTRUCTION TOTAL $19,255, 764 
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I 
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

I 
I 

k-J 
. # 

Dibble . . 
231st Reach 

IIJE I 
Opinion of Probable Construction Cost - 15% . Engineering~ Contract FCD 2012C003 . . .. 
Watson Drainage System Pre-Design 

3/25/2014 

I ITEM NO DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT 

I Construction Items 

201-1 CLEAR & GRUB LS 1 1.42% $152,208 

215-1 CHANNEL EXCAVATION CY 255,886 $6.00 $1,535,3 16.00 

I 
215-2 CHANNEL SUBGRADE PREPARATION SY 18,837 $6.30 $118,673 

3S0-2 SAWCUT, REMOVE & REPLACE PAVEMENT PER MAG STD DTL 200-B SF 1,264 $9.40 $11,882 

220-2 DUMPED RIP RAP (D50 = 12" ) CY 2,797 $52 .00 $145,444 

350-5 REMOVE CONCRETE DITCH LF 654 $30.00 $19,620 

I 220-4 GRADE CONTROL STRUCTURE PER DTL 9, DWG Dl.02 CY 677 $62.40 $42,245 

50S-1 REINFORCED CONCRETE CHANNEL LINING PER STR SEC 3, DWG G1.04 SY 15,375 $74.25 $1,141,594 

S2S-1 SHOTCRETE CHANNEL LIN ING PER STR SEC 4, DWG Gl.04 SY 697 $44.00 $30,668 

I 350-20 RELOCATE NATURAL GAS PIPE LF 80 $26.00 $2,080 

505-3 48" STEEL CASING, JACK & BORE LF 70 $750.00 $52,500 

505-27 VERTICAL DROP STRUCTURE PER DTL 11, DWG Dl.03 LF 1,202 $300.00 $360,600 

I 
350-6 WATER MAIN RELOCATION (16") EA 1 $2,900.00 $2,900 

321-1 AC MULTI-USE PATH STR SEC 1, DWG Gl.04 SY 32,665 $15.80 $516,107 

310-1 ABC MAINTENANCE ROAD PER STR SEC 2, DWG Gl.04 SY 31,257 $5.00 $156,285 

321-2 MAINTENANCE ROAD TURNAROUND PER DTL 4, DWG Dl.01 EA 12 $790.00 $9,480 

I 505-23 CONCRETE MAINTENANCE ROAD RAMP PER STR SEC3, DWG Gl.04 SY 357 $33.00 $11,781 

505-24 ABC MAINTENANCE ROAD RAMP PER STR SEC 2, DWG Gl.04 SY 2,642 $5 .00 $13,210 

505-30 CHAIN LINK FENCE PER MAG STD DTL 160 LF 4,380 $15.90 $69,642 

I 505-7 (2) 6'x4' CONCRETE BOX CULVERT LF 138 $740.00 $102,120 

350-10 REMOVE IRRIGATION PIPE LF 709 $102.00 $72,318 

505-8 (1) 6'x6' CONCRETE BOX CULVERT LF 1,136 $430.00 $488,480 

I 
505-9 (2) 6'x6' CONCRETE BOX CULVERT LF 231 $860.00 $198,660 

505-11 (1) 8'x4' CONCRETE BOX CULVERT LF 80 $345.60 $27,648 

505-12 (2) 8'x4' CONCRETE BOX CULVERT LF 110 $691.20 $76,032 

505-13 (3) 8'x4' CONCR ETE BOX CULVERT LF 212 $1,036.80 $2 19,802 

I 350-12 REMOVE CONCRETE-LINED IRRIGATI ON DITCH LF 4,048 $59.00 $238,832 

350-13 REMOVE EARTH-LINED IRRIGATION DITCH LF 5,048 $16.30 $82,282 

505-23 (2) 8'x6' CONCRETE BOX CULVERT LF 1,485 $1,026.00 $1,523,610 

I 
350-15 REMOVE IRRIGATION TURNOUT STRUCTURE EA 1 $17,500.00 $17,500 

505-17 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.08 EA 1 $6,800.00 $6,800 

505-18 CONCRETE BOX CULVERT WING WALLS PER ADOT STD DTL SD6.10, TYPE B EA 12 $15,000.00 $180,000 

I 
350-16 RELOCATE CHAIN LINK FENCE LF 300 $26.00 $7,800 

618-4 36" STORM DRAIN PIPE LF 1,237 $106.00 $131,122 

618-5 48" STORM DRAIN PIPE LF 399 $168.00 $67,032 

505-19 STORM DRAIN HEADWALL PER MAG STD DTL 501-1 EA 1 $3, 100.00 $3,100 

I 505-20 STORM DRAIN HEADWALL PER MAG STD DTL 501-3 EA 4 $8,200.00 $32,800 

505-21 STORM DRAIN MANHOLE PER MAG STD DTL 522 EA 4 $3,600.00 $14,400 

505-22 BOX CULVERT STORM DRAIN MANHOLE EA 11 $2,800.00 $30,800 

I 
350-9 24" IRRIGATION PIPE LF 261 $104.00 $27,144 

350-10 30" IRRIGATION PIPE LF 2,711 $122.00 $330,742 

505-24 IRRIGATION MANHOLE PER MAG STD DTL 520 EA 6 $3,600.00 $21,600 

I 
505-25 IRRIGATION HEADWALL PER MAG STD DTL 501-1 EA 11 $4,000.00 $44,000 

505-26 IRRIGATION TURNOUT STRUCTURE PER MAG STD DTL 504 EA 1 $4,500.00 $4,500 

618-6 48" IRRIGATION PIPE LF 144 $168.00 $24,192 

618-7 24" IRRIGATION SIPHON DTL 8, DWG D1.02 EA 5 $49,200.00 $246,000 

I 430-1 HYDROSEED SY 380,674 $0 .80 $304,539 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY -

-
. ., Dibble 231st Reach ( Opinion of Probable Construction Cost- 15% EngineeringN Contract FCD 2012C003 .. . 

Watson Drainage System Pre-Design -
3/25/2014 

ITEM NO DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT 

900-1 RID CANAL CROSSING LS 1 $19,200.00 $19,200 

430-3 TURF CHANNEL LI NING SY 49,391 $2.00 $98,782 

430-4 TREES (24" BOX) EA 2,035 $200.00 $407,000 

430-6 SHRUBS EA 10,675 $15.00 $160,125 

440-1 DRIP IRRIGATI ON AC 71 $15,000.00 $1,065,000 

430-7 BOULDERS EA 954 $130.00 $124,020 

Sub-Total $10,841,716 

Right-of-Way Acquisition 

LOW DENSITY RESIDENTIAL PROPERTY SF 1,911,670 $1.40 $2,676,337 

MEDIUM DENSITY RESIDENTIAL PROPERTY SF 2,625,920 $1.60 $4,201.472 

M IXED USE PROPERTY SF 388,800 $2.00 $777,600 

COMMERICAL PROPERTY SF 36,000 $3.00 $108,000 

INDUSTRIAL PRO PERTY SF 105,600 $2.50 $264,000 

Sub-Total $8,027,409 

Construction Sub-Toto/ $10,841,716 

Right-of-Way Sub-Total $8,027,409 

Contingency {20%} $2,168,343.20 

PROJECT CONSTRUCTION TOTAL $21,037,469 
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