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EXECTUTIVE SUMMARY 

At the request of the City of Peoria, the Flood Control District of Maricopa County 

(District), under the authority of Arizona Revised Statutes Title 48, Chapter 21, 

initiated the North Peoria Area Drainage Master Plan (North Peoria ADMP). The 

North Peoria ADMP is a regional approach to watershed management. The District 

prefers a regional approach to watershed and floodplain management because it 

enables the District to develop flood control strategies that are both sustainable and 

sensitive to the environment. This approach works to minimize the public cost of 

protecting citizens from flooding that may result from private and public 

development's cumulative effect on drainage characteristics. The North Peoria 

ADMP provides a uniform and coordinated approach to watershed management. A 

multi-faceted approach will ensure that present and future residents are protected 

from the damaging effects of flooding. 

The North Peoria ADMP study area encompasses approximately 73 square miles 

within unincorporated Maricopa County and the City of Peoria. Numerous 

watersheds drain the area to the Agua Fria River. Major watercourses draining to the 

Agua Fria River are Morgan City Wash, nine unnamed washes, Caterpillar Tank 

Wash, and Twin Buttes Wash. Approximately 66 linear miles of watercourses are 

considered in the development of the North Peoria ADMP. 

Within non-urbanized/rural watersheds natural environmental hazards associated with 

runoff from storm events exist. Without sufficient planning and management, natural 

hazards are compounded as development occurs within a watershed. In order to 

protect private and public property, natural environmental hazards and hazards 

created by urbanization are identified. Environmental hazards associated with storm 

runoff are categorized into flood hazards and erosion hazards. As part of the North 

Peoria ADMP, approximately 36 linear miles of new floodplain delineation and 54 

miles of erosion hazard zone delineation was conducted. 



The North Peoria ADMP provides a regional approach to flood control management. 

Development of flood control management alternatives and policies that forms the 

foundation of the plan takes into account engineering, environmental, landscape, 

social, and economic considerations. Watershed management alternatives are 

developed to mitigatelminimize the effect of urbanization on storm water runoff and 

conveyance while recognizing the values of the community and the opportunity to 

protect the unique characteristics of the region. The primary purpose for flood control 

management alternative development and evaluation is to develop a range of plans 

that provides public safety from flood and erosion hazards, determine the cost and 

benefits of each alternative, qualitatively determine impacts of the alternative on 

identified environmental resources, and select a preferred management plan. 

Flood control management alternatives developed and evaluated for the North Peoria 

ADMP are categorized into two groups, watercourse based alternatives and storm 

water storage alternatives. Watercourse management alternatives evaluated included 

a non-structural, a partial structural, a low impact structural, a full structural and a no 

action. Storm water storage alternatives evaluated include the standard practice of 

retaining the volume of flow from the 100-year, 2-hour event, in stream, in-line 

detention alternative and an in-stream, off-line retention alternative Descriptions of 

the five watercourse management alternatives evaluated are: 

The full structural alternative is based on current federal, state and local 

floodplain management regulations that allow encroachment into the 

floodway fiinge. The full structural alternative typically requires at a 

minimum, structural stabilization of wash side slopes for the entire reach. 

The partial structural alternative also is based on current floodplain 

management regulations, however the partial structural solution is applied 

at only specific locations along the watercourse. 

The low impact structural alternative allows for development activity to 

occur within the erosion hazard zone as long as the activity does not 

significantly alter the natural form and function of the watercourse. 



The non-structural alternative defines a corridor that allows the 

watercourse to function naturally. 

The no action (do nothing) alternative provides flood control management 

based on current federal, state, and local floodplain management 

regulations that allows encroachment into the floodway fringe. Typically, 

under current regulations encroachments into the floodway fnnge are 

allowed on a piece meal fashion without taking into consideration the 

effect of the encroachment or collective encroachments on the entire 

watercourse. 

Flood control management alternatives are evaluated on how well each altemative 

meets the goals of the North Peoria ADMP. The evaluations of the alternatives are 

based on weighted elements of four criteria. The criteria are Public Safety, Social 

Impacts, Environmental Impacts and Economic Impacts. Preferred alternatives 

selected for the plan are based on the overall score that an alternative receives in the 

evaluation process relative to the other alternatives evaluated. 

The preferred watercourse based flood control management alternative recommended 

by the plan is the non-structural alternative. The non-structural altemative defines a 

corridor that allows the watercourse to function naturally and is defined by the 100- 

year floodplain, erosion hazard zone, and a buffer, if applicable, between human 

activity and a wash corridor. The plan recognizes that there may be situations in 

which development activities may be required or desired within the erosion hazard 

zone, for this situation the plan presents a low impact structural alternative. 

Channelization is not a preferred flood control management alternative, however the 

plan also recognizes that there may be situations in which channelization may be 

required. The preferred storm water storage alternative is the standard practice of 

retaining the volume from the 2-hour, 100-year rainfall event, however this practice 

may not be practical for certain portions of the study area. The standard retention 

practices if implemented within in an entire watershed would have negative impacts 

in regards to sustaining native vegetation along watercourses. The plan offers two 

\\phxservO6\ulproj\82OOOI46\Reports\Level 111 Docs\Final TDN.dac iii 



alternatives to the standard practice, they are, the in-stream, off-line retention and in- 

stream, in-line detention. The in-stream, off-line retention is the preferred alternative 

of the two. 

Implementation of and guidance provide by the plan is based on a set of management 

goals, objectives, and policies for each of the four elements of the plan. The elements 

are Environmental Hazard Identification, Development and Planning Considerations, 

Environmental, and Multiple-Use Opportunities. 

The North Peoria ADMP is one of the many tools that have been developed to guide 

growth and development in the study area so that impacts of urbanization on the 

environment are minimized. The focus of the North Peoria ADMP is on flood and 

erosion control management, however the plan takes into consideration the impacts of 

different flood control management alternatives on environmental, cultural, and 

visual resources and looks at multi-use opportunities. The intent of this plan is to 

work in conjunction with other planning documents and ordinances developed by the 

City of Peoria and Maricopa County. The plan is to be used by policy makers in the 

City of Peoria and Maricopa County, fbture residents, and developers when making 

decisions concerning development in the area. 
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1.0 INTRODUCTION 

I .  1 PROJECT DESCRIPTION 

At the request of the City of Peoria the Flood Control District of Maricopa County 

(District) under the authority of Arizona Revised Statutes Title 48, Chapter 21 

initiated the North Peoria Area Drainage Master Plan (North Peoria ADMP). The 

study area considers approximately 73 square miles north of the alignment for 

Beardsley Road and west of the alignment of Lake Pleasant Road. 

The North Peoria ADMP is a regional approach to watershed management. The 

District prefers a regional approach to watershed and floodplain management because 

it enables the District to develop flood control strategies that are both sustainable and 

sensitive to the environment. This approach works to minimize the public cost of 

protecting citizens from flooding that may result from private and public 

development's cumulative effect on drainage characteristics. The North Peoria 

ADMP provides a uniform and coordinated approach to watershed management. A 

multi-faceted approach will ensure that present and future residents are protected 

from the damaging effects of flooding. 

Development of the North Peoria ADMP includes public coordination, survey and 

mapping, hydraulics, hydrology, sedimentation and geomorphic evaluations, 

environmental and visual resources overviews, identification of flood hazard, 

identification of erosion hazards, policies to help guide development and formulation 

of alternative drainage solutions. 

1.2 PURPOSE OF REPORT 

This report, the North Peoria Area Drainage Master Plan-Technical Data Notebook, 

documents hydrology and hydraulic data, assumptions, procedures and criteria used 

in conducting analyses, evaluations and overviews of the various tasks defined in the 

scope of work. 



As part of the scope of work for the North Peoria ADMP, topographic field surveys, 

topographic mapping, floodplaidwatershed hydrology and hydraulics, sedimentation 

and geomorphic evaluations, landscape character and visual assessment, recreational 

opportunities evaluations, plant communities and biological resources identification, 

cultural resources identification, historical character evaluation, environmental 

regulatory review, water quality assessment and investigation of existing policies 

were conducted. Brief summaries of the results of the various analyses, assessments 

and evaluations are present in following sections of this report. Reports generated for 

the various analyses, assessments and evaluations are provided as attachments to this 

report. The following is a list of Attachments: 

Attachment I-Filed Survey Report 

Attachment 2-Hydrology and Hydraulics 

Attachment 3-Sedimentation Engineering and Ceomorphic Evaluation 

Technical Memorandums 

Attachment 4-Landscape Character and Visual Assessment Report 

Attachment 5-Multi-Use Opportunities Assessment Report 

Attachment 6-Plant Communities and Biological Resources 

Attachment 7-Historic Character Assessment Report 

Attachment 8-Cultural Resources Assessment Report 

Attachment 9- Environmental Regulatory Records Review 

Attachment 10-Investigation of Existing Ordinances, Policies, Regulations 

and Standards Affecting Storm Water Drainage 

Attachment 1 1 - FloodplaidErosion Hazard Maps 



1.3 DESCRIPTION OF STUDY AREA 

The North Peoria ADMP study area encompasses approximately 73 square miles 

within unincorporated Maricopa County and the City of Peoria. Numerous 

watersheds drain the area to the Agua Fria River. Major watercourses draining to the 

Agua Fria River are Morgan City Wash, three unnamed washes, Caterpillar Tank 

Wash and Twin Buttes Wash. Figure 1-1 displays the location of the study area in 

relationship to Maricopa County and City of Peoria corporate boundaries. Figure 1-2 

displays major watercourses that drain the study area to the Agua Fria River, specific 

planning areas delineated by unique physical characteristics, and photographs of 

some of the physical characteristic of the area. 

Physical characteristics of watersheds vary throughout the study area. The 

Hieroglyphic Mountains underlie the central and northern portion of the study area 

and are characterized by a variety of peak, ridge, wash and valley landforms. Terrain 

slopes within the Hieroglyphic Mountains range from less than 10 percent to greater 

than 25 percent. Rock outcrop and rock fragments typify soil constituents within the 

Hieroglyphic Mountains. Within in the northern and central areas washes are 

typically incised within rock or well-cemented alluvial material. The eastern and 

southern areas are characterized with terrain slopes of  less than 10 percent and are 

underlain typically by alluvial material. Sinuous natural channels that cut into 

alluvial material typify washes draining watersheds in the eastern and southern 

portions of the area. With the exception of the lower reach of Morgan City Wash, 

washes draining the study area watersheds are ephemeral. Springs deliver water to 

the lower reach of Morgan City Wash providing flow year around. 

1.4 PROJECT GOALS 

The major objective of this study is to identify sustainable non-structural flood 

control solutions for the study area. It is the object of the District to develop a 

comprehensive drainage plan, that when properly implemented will minimize or 

eliminate the need for structural flood control solutions following urbanization. 



The North Peoria ADMP provides a regional approach to watershed management. It 

presents a holistic management approach in that watershed management solutions 

take into account environmental, landscape, social and economic considerations. 

Watershed management alternatives are developed to mitigatelminimize the effect of 

urbanization on storm water runoff and conveyance while recognizing the values of 

the community and the opportunity to protect the unique characteristics of the region. 

A holistic approach insures that public's safety and quality of life is maintained. 

Goals of the North Peoria ADMP are: 

Identify flood and erosion hazards along major 

watercourses. 

Develop policies and strategies to protect residents from 

flood and erosion hazards. 

Preserve the natural flood control function of the existing 

washes and channels. 

Incorporate public and private interests, issues and 

concerns. 

Minimize future expenditures of public funds for flood 

control and emergency management. 

Consider environmental and landscape characteristics of 

the watershed in the development of watershed 

management alternatives. 

Minimize disturbance of existing floodplain and floodway 

ecosystem and habitats. 

Consider multiple-use activities for floodplain areas. 
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2.0 DATA COLLECTION 

Data relevant to the project such as previous hydraulics and hydrologic reports for 

floodplain delineation, existing topographic mapping, historical flooding information, 

as-built plans for existing structures, FEMA Flood Hazard Boundary Maps, 

floodplain delineation work maps, drainage reports and site plans for proposed 

development, drainage improvement plans; park, recreation, land-use, transportation, 

trails, and utility plans; general and area specific planning documents and drainage 

manuals were collected from various sources and reviewed. 

In addition to historical or existing data, field surveys were conduct for topographic 

mapping, hydraulic analyses and planning tasks. Data collected for the North Peoria 

ADMP are categorized into one of the following categories: Survey, Mapping 

Reference Material, Existing Facilities and Existing Regulatory Criteria and 

Development Guidelines. 

2.1 SURVEY 

As part of the North Peoria ADMP field surveys were conducted to establish aerial 

mapping control points, to establish elevation reference markers and to provide 

ground cross-sections for approximate method floodplain delineation for areas that 

existing mapping was not available. Valco Surveying Corporation provided the 

horizontal and vertical control used for the detailed mapping. That data is 

documented in a separate report entitled North Peoria Area Drainage Master Plan, 

Attachment 1 Filed Survey Report. Also included in that report are descriptions of 

the elevation reference marks (ERM's) established for this study. 

2.2 MAPPING 

Topographic mapping utilized for the North Peoria ADMP was either obtained from a 

number of sources or developed as part of this study. The following summary lists 

topographic data utilized for this study: 

United States Geological Survey (USGS) 7.5 Minute Quadrangle Maps: 



Baldy Mountain: Revised in 1978, Published in 1983, 20-foot 

contour interval (CI), National Geodetic 

Vertical Datum (NGVD) of 1929. 

Biscuit Flat: 1965 mapping from 1962 photography, photo 

revised 1981,20-foot CI, NGVD of 1929. 

Caldenvood Butte: Published 1972, 10-foot CI, NGVD of 1929. 

Garfias Mountain: 1965 mapping from 1962 photography, photo 

revised 1978,40-foot CI, NGVD of 1929. 

Governors Peak: 1965 mapping from 1962 photography, photo 

revised 1978,40-foot CI, NGVD of 1929. 

Hedgepeth Hills: Published 1972, 10-foot CI, NGVD of 1929 

Hieroglyphic Mnts. S W: Revised 1978, published 1982, 20-foot CI, 

NGVD of 1929. 

Detailed mapping prepared for the Agua Fria River Floodplain 

Delineation Study Re-Study, FCD 95-5, aerial photography flight date 

September 1987. Mapping scale is 1 inch = 400 feet with a contour 

interval of 4 feet. 

Detailed mapping prepared for the Flood Insurance Study for Caterpillar 

Tank and Twin Buttes Washes From Agua Fria to CAP Canal, Maricopa 

County, FCD 90-09, aerial photography flight date September 13, 1990. 

Mapping scale is 1 inch = 400 feet with a contour interval of 4 feet. 

Detailed mapping prepared for the Morgan City Wash Floodplain 

Delineation Study FCD 89-15, aerial mapping conducted in 1989. 

Mapping scale is 1 inch = 200 feet with a contour interval of 4 feet. 



Detailed mapping prepared for CMX from aerial photography ranging 

from 1993 to 1998 at a contour interval of 2 feet. 

Detail mapping prepared as part of this study for detailed hydraulic study 

reaches were prepared by Cooper Aerial Surveys Company (Cooper). The 

aerial photography flight date was 18 February 2000. The mapping was 

prepared at a scale of 1 inch = 400 feet with a contour interval of 2 feet. 

The horizontal and vertical datum's are NAD83 and NGVD29 

respectively. The horizontal projection is Arizona State Plane, central 

zone. 

2.3 REFERENCE DOCUMENTS 

Reference material used in the study was obtained from the Flood Control District of 

Maricopa County, City of Peoria or Stantec's and subconsltant's reference libraries. 

Reference material is subcategorized into Reports, Manuals, Planning Documents, 

Improvement/Concept Plans and Construction Plans. The following reference 

material was utilized in the study: 

2.3.1 Reports 

AGK Engineers, Inc. (AGK), (1991). Flood Insurance Study for Caterpillar Tank and 

Twin Buttes Washes From Agua Fria River to C.A.P. Canal Maricopa County, 

Arizona, prepared for Flood Control District of Maricopa County (FCDMC). 

AGK Engineers, Inc. (AGK), (1991). Hydrologic Report for CAP Overchutes Agua 

Fria Floodplain Delineation Study, Maricopa County, Arizona, prepared for Flood 

Control District of Maricopa County (FCDMC). 

Arizona Geological Survey, August 1986, Open-File Report 86-10 Geologic Map of 

the Northeastern Hieroglyphic Mountains, Central Arizona. 

Arizona Geological Survey, August 1988, Open-File Report 88-01 Geologic Map of 

the Southern Hieroglyphic Mountains, Central Arizona. 



Baker Engineers (1989). Hydrology Report, Morgan City Wash Floodplain 

Delineation Study, prepared for Flood Control District of Maricopa County 

(FCDMC). 

Baker Engineers (1990). Morgan City Wash Flood Delineation Study, prepared for 

Flood Control District of Maricopa County (FCDMC). 

Cella Barr Associates, January 31, 1996, Tortolita Area Basin Management Study, 

Phase IIIA, Design Feasibility of Recommended Plan: Canada Agua Basin, prepared 

for Pima County, Arizona Flood Control District. 

Governor's Riparian Habitat Task Force, October 1990, Final Report and 

Recommendations of the Governor's Riparian Habitat Task Force, Executive Order 

91-6, submitted to the Honorable Rose Mofford, Governor of the State of Arizona. 

Tetra Tech, Inc., March 2001, Upper Cave Creek & Apache Wash Watercourse 

Master Plan-Attachment 8-Alternatives Analysis Report. 

Water Resources Research Center, University of Arizona, October 1999, Issue Paper 

#21, Riparian Ecosystem Restoration in the Gila River Basin: Opportunities and 

Constraints, Workshop Proceedings, April 8-9, 1999, Tucson, AZ. 

Anzona Department of Transportation, 1994, Drainage Design Manual. 

Arizona Department of Water Resources, Engineering Division, Flood Management 

Section, September 1991, Instructions for Organizing and Submitting Technical 

Documentation for Flood Study (SS AI-97). 

Arizona Department of Water Resources, Engineering Division, Flood Management 

Section, November 1994, State Standardfor Supercritical Flow (SS 3-94). 



Arizona Department of Water Resources, Engineering Division, Flood Management 

Section, September 1996, State Standard for Watercourse System Sediment Balance 

(SS 5-96). 

Arizona Department of Water Resources, Engineering Division, Flood Management 

Section, July 1996, Requirements for Floodplain and Floodway Delineation in 

Riverine Environments (SS 2-96). 

Chow, 1959, Open Channel Hydraulics. 

City of Mesa, December 1988 and 1989, Desert Uplands,Guidelines. 

City of Mesa, December 1990, Engineering and Design Standards. 

City of Mesa, December 1989, Desert Uplands Guidelines. 

City of Peoria, Arizona, August 1, 1998, Infrastructure Development Guidelines, 

Interim. 

City of Peoria, Arizona, Grading and Drainage Regulations, Ordinance 98-95. 

City of Peoria, Arizona, Zoning Ordinance 

City of Scottsdale, Arizona, February 19, 1991, Environmentally Sensitive Lands 

Ordinance. 

City of Scottsdale, Arizona, April 1992, Design Standards and Policies Manual. 

City of Tucson, Arizona,July 3, 1990, Ordinance 7450, Division 34, Environmental 

Resource Zone. 

City of Tucson, Arizona, July 3, 1990, Ordinance 7579, Article VIII, Watercourse 

Amenities, Safety, and Habitat. 

City of Tucson, Arizona, December 1989, Standards Manual for Drainage Design and 

Floodplain Management. 
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Cmff R.W., April 23, 1999, Maricopa County Flood Control District, Channel 

Subdivision and Bank Selection in Open Channels. Unpublished. 

Dodson & Associates Inc., April 1991, ProHEC2, Users Manual. 

Federal Emergency Management Agency, March 1993, Flood Insurance Study, 

Guidelines and Speczfications for Study Contractors. 

Federal Emergency Management Agency 1995, Flood Insurance Study, Guidelines 

and Specificationsfor Study Contractors 

Maricopa County, Arizona, August 4, 1986, Flood Regulations for Maricopa County. 

Maricopa County, Arizona, February 25, 1987, Uniform Drainage Policies and 

Standards for Maricopa County. 

Maricopa County, Arizona, September 26, 1988, Drainage Regulations for Maricopa 

County. 

Maricopa County, Arizona, 1995 Drainage Design Manual for Maricopa County, 

Volume 1. 

Maricopa County, Anzona, 1996 Drainage Design Manual for Maricopa County, 

Volume 2. 

Pima County, Arizona, Floodplain and Erosion Hazard Management Ordinance, 

Title 16 of the Pima County Code, Arizona. 

Pima County, Arizona, August 19, 1994, Floodplain and Erosion Hazard 

Management Ordinance No. 1994-FC2 for Pima County, Arizona. 

Pima County, Arizona, Floodplain Management, Drainage and Channel Design 

Standards for Local Drainage. 

Pima County, Arizona, Pima County Department of Transportation and Flood Control 

District, Mitigation Standards and Implementation Guidelines. 



Pima County, Arizona, County Zoning Code, Title 18 of the Pima County Code, 

Arizona. 

Pima County, Arizona, Pima County Code-Chapter 16.54, Watercourse and Riparian 

Habitat Protection and Mitigation Requirements. 

Pima County, Arizona, Pima County Code-Chapter 16.48 Runoff Detention and 

Retention Systems. 

Pima County, Arizona, Pima County Code-Chapter 16.40, Erosion Hazard Areas and 

Building Setbacks. 

Planners Ink, (1 996), City of Peoria Parks, Recreation and Open Space Master Plan. 

Thomas, B.W. and Hjalmarson, H.W., and Waltemeyer, S.D., 1994, U.S. Geological 

Survey, Methods for Estimating Magnitude and Frequency of Floods in the 

Southwestern United States: Open-File Report 93-419. 

Thomsen, B.E., Hjalmarson, H.W., 1991, U.S. Department of the Interior, U.S. 

Geological Survey, Estimating Manning's Roughness Coefficients for Stream 

Channels and Flood Plains in Maricopa County, Arizona. 

U.S. Army, Corps of Engineers, 1990, HEC-I Flood Hydrograph Package Users 

Manual. 

U.S. Army, Corps of Engineers, 2001, HEC-RAS Hydraulic Reference Manual. 

U.S. Department of Agriculture, Soil Conservation Service, 1986, Soil Survey of 

Aguila-Carefree Area, Parts of Maricopa County and Pinal Counties, Arizona. 

U.S. Department of Agriculture, Soil Conservation Service, 1977, Soil Survey of 

Maricopa County, Arizona, Central Part. 

U.S. Department of Agriculture, Soil Conservation Service, 1976, Soil Survey of 

Yavapai County, Arizona, Western Part. 



U.S. Department of Commerce, National Oceanic and Atmospheric Administration, 

1973, Precipitation-Frequency Atlas of the Western United States, Volume 

VIII-Arizona. 

U.S. Department of Commerce, National Weather Service, 1984, Depth-Area Ratios 

in the Semi-Arid Southwest United States: NOAA Technical Memorandum NWS 

Hydro-40. 

2.3.3 Planning Documents 

BRW, Inc., August 1999, Peoria Desert Lands Conservation Master Plan, prepared 

for City of Peoria. 

BRW, Inc. Feb. 2000, Northwest Valley Transportation Study. 

Cella Barr Associates, Inc., 1999, River Master Plan, preparedfor the City of Peoria. 

Cella Barr Associates, Inc., 1999, Trails Master Plan, prepared for the City of 

Peoria. 

City of Peoria, November 1999, Lake Pleasant/North Peoria Area Plan. 

City of Peoria, April 1997, Comprehensive Master Plan Public Facilities Map. 

City of Peoria, June 15,2001, General Plan. 

City of Peoria, April 1997, Transportation Plan 

City of Peoria, undated, Peoria Zoning Map, Map Numbers i d  through If 

Erie & Associates, Inc., October 29, 1999, Saddleback Heights- Drainage Master 

Plan. 

Maricopa County, Arizona, 1997, Comprehensive Plan- Maricopa County 2020, Eye 

to the Future. 



Maricopa County, Anzona, December 6,2000, White TanWGrand Avenue Area Plan. 

Maricopa Association of Governments, 1995, Desert Spaces 

Maricopa Association of Governments, June 2000, Environmentally Sensitive 

Development Areas. 

LVA Urban Design Studio, October 29, 1999, Saddleback Heights North - Planned 

Community District. 

Task Engineering Company, Inc., October 29, 1999, Saddleback Heights Traflc 

Impact Study. 

2.3.4 Improvement/ Concept Plans 

DMJM Arizona Inc., 5/4/98, Lake Pleasant Christian Conference Center. 

Gilbertson Associates Inc., November 24, 1999, Overall Site Plan, Quintero Golfand 

Country Club. 

Gilmore Graves Inc., October 20, 2000, Preliminary Development Plan, State Lands 

720. 

Hook Engineering, Inc., Undated, preliminary Site Plan, Tierra del Rio. 

Lake Pleasant Group, September 8, 2000, Preliminary Concept Plan, Lake Pleasant 

244 Acres. 

LVA Urban Design Studio, 9/25/2000, Development Master Plan, Saddleback 

Heights. 

LVA Urban Design Studio, 10/04/2000, Development Master Plan, Lakelund Village. 

LVA Urban Design Studio, 10/05/2000, General Development Plan, White Peak 

Ranch. 



2.3.5 Construction Drawings 

United States Department of the Interior, Bureau of Reclamation, August 1978, 

Granite ReefAqueduct, Reach 9, Plan and ProJile. 

United States Department of the Interior, Bureau of Reclamation, May 1984, Waddell 

Canal, Plan and Profile. 

United States Department of the Interior, Bureau of Reclamation, May 1985, Castle 

Hot Springs Road, Plan and Profile. 

2.4 EXISTING FACILITIES 

As part of the North Peoria ADMP existing drainage facilities are identified. 

Drainage facilities consist of man-made facilities and natural washes. Man-made 

drainage facilities identified in the study area consist of culvert structures at wash 

crossings of roadways and irrigation canals and earthen dams. Earthen dams, 

typically located in watercourses, impound water for livestock. The locations of man- 

made facilities identified in the study area are presented in Figure 2-1. In addition to 

the location of man-made facilities, existing Effective Federal Emergency 

Management Agency (FEMA) floodplain delineation, and floodplain delineation 

developed as part of this study and irrigation canals are also presented on Plate 1. 

2.5 EXISTING DRAINAGE REGULATIONS AND POLICIES 

An investigation of potential drainage problems for the North Peoria Area ADMP 

study area that might occur if existing ordinances, policies, regulations, and criteria 

are not sufficient to mitigate potential flooding due to development was conducted as 

part of the North Peoria Area Drainage Master Plan. Ordinances, policies, 

regulations, and criteria from communities that have areas physically similar to the 

North Peoria ADMP study area, along with interviewing individuals from these 

communities, forms the basis of this investigation. Documents from Pima County, 

the City of Tucson, the City of Mesa, the City of Scottsdale, the City of Peoria, the 

City of Mesa and Maricopa County are used. Results of the investigation are 

presented in the report entitled North Peoria Area Drainage Master Plan Technical 



Data Notebook, Attachment 9 Investigation of Existing Ordinances, Policies, 

Regulations and Standards Affecting Storm Water Drainaze. 



3.0 ENVIRONMENTAL OVERVIEW 

3.1 INTRODUCTION 

An environmental overview was conducted as part of the North Peoria ADMP. As 

part of the overview significant biological, archaeological and historic resources in 

the area are identified. In addition to the identification of significant resources, an 

environmental regulatory record review is conducted to identify location of known 

hazardous material sites. The overview also includes a listing of environmental 

permits and approvals required for the implementation of proposed stnictural 

improvements. The overview also includes a water quality element in which best 

management practices are presented as development guidelines. 

The results of the environmental overview are used in the alternative analysis process 

to determine the effects of each alternative on environmental resources. The 

objective is to avoid and minimize impacts to environmental resources when feasible. 

a 3.2 ECOLOGICAL ASSESSMENT 

An ecological assessment was conducted as part of the North Peoria ADMP. 

Ecological resources including vegetation comn~unity, wildlife, sensitive species and 

critical habitat, and wetlands were identified and located. Results of the assessment 

are provided in the report entitled North Peoria Area Drainage Master Plan Technical 

Data Notebook, Attachment 6-Plant Communities and Biological Resources. The 

report address four topics related to biological resources within the project area: 1) 

describing and mapping vegetation communities to the association level, 2) overview 

the potential occurrence of sensitive, threatened, and endangered species, 3) assessing 

sensitive or special status habitats, and 4) discussing how changing the water flow 

regime within the washes could alter vegetation along the washes. 

3.3 CULTURAL RESOURCES ANALYSIS 

As part of the North Peoria ADMP, a cultural resource assessment (a Class I literature 

review) was conducted for the project area. This report presents the results of that 



assessment. In summary, approximately 7,703 acres of the project area have been 

previously surveyed, out of an approximately 46,720 acres total. This computes to 

approximately 17 percent coverage of the project area, with 83 percent of the project 

area not surveyed. A total of 239 surveys were accomplished within the project area. 

A total of 325 archaeological sites were observed, with 278 of those prehistoric, 35 of 

those historic, and 12 of those multi-component sites. 

The immediate goals of the cultural resource assessment were: to identify all known 

prehistoric and historic cultural resources within the project area; to identify historic 

land use within the project area; to assess the extent and adequacy of the project 

area's cultural resource survey coverage, and to develop prehistoric and historic 

character interpretive themes based on the research results. 

The results of the assessment are formulated into a report entitled North Peoria Area 

Drainage Master Plan Technical Data Notebook, Attachment 8-Cultural Resources 

Assessment Report. This report includes a description of the specific findings of all 

the identified cultural resources within the project area, including there: location; site 

size; site type; site characteristics; and bibliographic reference 

3.4 HISTORIC CHARACTER 

At the request of the District, a comprehensive historic character evaluation was 

conducted as part of the North Peoria ADMP. The evaluation develops general 

descriptions of the prehistoric and historic time periods and the types of evidence 

found at sites within the project area associated with each of them. This is followed 

with specific examples or "type sites" for each period, which includes photos, 

drawings and maps to better illustrate what life was like during each particular time 

period, with emphasis on the historic landscape and humans adaptation to it. Results 

of the evaluation are presented in the report entitled North Peoria Area Drainage 

Master Plan Technical Data Notebook, Attachment 7-Historic Character Assessment 

Report. 



3.5 ENVIRONMENTAL REGULARTORY RECORDS REVIEW 

The Environmental Regulatory Records Review has been conducted in compliance 

with standards suggested by the American Society for Testing and Materials (ASTM) 

procedure E-1527-97. The purpose of the review is to identify and document the 

locations of any regulatory sites within or adjacent to the project area. Sites are 

briefly described with location, type of regulated substance or waste at the site, the 

extent of the contamination, the status of the site (closed or open), remediation plans 

for the site and the named potentially responsible party(s) if available. 

A report has been prepared that includes a description of the project area, a review of 

regulatory agency records and databases, summary and recommendations, and is 

presented as North Peoria Area Drainage Master Plan Technical Data Notebook, 

Attachment 10-Environmental Regulatory Records Review. 

3.6 ENVIRONMENTAL PERMITS AND APPROVALS 

At a minimum, any construction occurring as a result of the ADMP will require the 

following: 

Federal 

NPDES Storm Water Permit. The Clean Water Act Amendments of 1987 require that 

certain types of storm water discharges be permitted under the National Pollutant 

Discharge Elimination System (NPDES). Construction activities that disturb more 

than five acres are included in this program. Submittal of a Notice of Intent (NOI) as 

well as development of a Storm Water Pollution Prevention Plan (SWPPP) is 

necessary. 

Section 404 Permit. This section of the Clean Water Act requires the issuance of a 

permit for the discharge of dredged or fill material into waters of the United States. 

Specific categories of activity may qualify for Nationwide permits, however, the 



maximum impact allowable under Nationwide permits is usually one-tenth of an acre. 

Projects causing more than this level of impact will require an Individual Permit. 

Maricopa County 

Floodplain Use Permit. Prior to constructing any addition or alteration to a building, 

structure, land or other use within a delineated flood plain, a Floodplain permit is 

required. 

Earth Moving Permit. Any earth moving operation affecting more than .10 acre 

requires a permit from the County Control Officer. The permit applies to industrial, 

commercial and institutional uses and includes governmental agencies. 

3.7 TITLE VI ENVIRONMENTAL JUSTICE ASSESSMENT 

The general definition of Environmental Justice is the fair treatment of all people 

regardless of race, color, national origin, or income with respect to the development, 

implementation, and enforcement of environmental laws, regulations, and policies. 

Fair treatment means that no specific group of people should bear a disproportionate 

share of the negative environmental impacts of municipal, industrial or commercial 

operations or the execution of federal, state, local, and tribal programs and policies. 

Executive Order 12898 requires that federal actions assess impacts to low-income, 

Native American and minority populations. Specifically, the Order outlines the 

following responsibilities of federal agencies for federal actions: 

Considerations of environmental justice are included to the greatest 

extent practicable and permitted by law, and consistent with the 

principles set forth in the report on the National Performance Review, 

each federal agency shall make achieving environmental justice part of 

its mission by identzfiing and addressing, as appropriate, 

disproportionately high and adverse human health or environmental 

effects of its programs, policies, and activities on minority populations 

and low-income populations in the United Stutes and its territories and 

possessions. 



The potential proposed construction within the project area is minimal, even if a full 

structural alternative were chosen. The project area is largely uninhabited. Although 

large scale residential development is expected to occur in the future, there is no 

evidence that minorities would be unfairly impacted by the project. On the contrary, 

every individual that will be residing in the project area will benefit From the 

implementation of the proposed alternative 

There is no indication that the location and operation of the proposed structures 

conflicts with the principals and goals of the concept of environmental justice. 

3.8 STORM WATER QUALITY 

3.8.1 Introduction 

The purpose of this section is to present water quality issues and best management 

practices (BMP's) for maintaining water quality as related to the Environmental 

Protection Agency's (EPA) Phase 11' National Pollutant Discharge Elimination 

System (NPDES) Storm Water Program that may be appropriate to the North Peoria 

ADMP study area. The Storm Water Phase I1 rule was published on December 8, 

1999, and generally requires operators of small MS4s in urbanized areas to develop 

and implement a storm water management program, which addresses six minimum 

control measures. The Phase I1 Rule covers on a nationwide basis all small MS4s 

located in "urbanized areas" as defined by the Bureau of Census. The Bureau of 

Census defines an urbanized area as "An Urbanized area is a land area comprising 

one of more places- central place(s)- and the adjacent densely settled surrounding 

area- urban fringe- that together has a residential population of at least 50,000 and an 

overall population density of at least 1,000 people per square milen(USA EPA 

December 1999). 

Discussion concerning both non-structural and structural BMP's are presented, 

however the focus of this report is to present discussions concerning structural BMP's 

for post construction runoff control for residential and commercial developments and 

transportation facilities consistent with EPA Phase I1 storm water regulation. 

Potential BMP's derived from the EPA's, BMP's menu that may be applicable to the 



North Peorja ADMP study area are compared to proposed flood control management 

altematives to determine compatibility between BMF"s and flood control 

management altematives. 

3.8.2 Issues 

Storm water quality is becoming an integral element of storm water management. 

Urban runoff pollutants include metals and other contaminants from automobiles and 

household chemicals, pathogens from pet waste, nitrogen and phosphorus from 

fertilizers and chemicals, oxygen-demanding substances from sediment, petroleum 

hydrocarbons from solvents and automobiles, and synthetic organic from household 

cleaners and pesticides. Roads and parking lots provide a direct path for conveying 

pollutants into storm sewers and surface waters such as fertilizers and pesticides that 

are washed from landscapes and sediment that leaves construction sites. In addition, 

a high percentage of impervious material and low rate of infiltration in urban settings 

causes habitat modification and loss, increased flooding, decreased biological 

diversity and increased sedimentation and erosion. In order to in sure water quality 

and to minimize and manage pollutants form interning a storm drain or watercourse 

EPA's Phase I1 Rule defines six minimum control measures for MS4s, that when 

implemented will minimize discharge of pollutants to receiving waterbodies. 

Minimum control measures as presented in Storm Water Phase I1 Final Rule, Small 

MS4 Storm Water Program Overview (USA EPA, January 2000) are: 

Public Education and Outreach 

Distributing educational materials and performing outreach to inform 

citizens about the impacts polluted storm water runoff discharges can have 

on water quality. 

Public ParticipationlZnvolvement 

Providing opportunities for citizens to participate in program development 

and implementation, including effectively publicizing public hearings 



and/or encouraging citizen representatives on a storm water management 

panel. 

Illicit Discharge Detection and Elimination 

Developing and implementing a plan to detect and eliminate illicit 

discharges to the storm sewer system (includes developing a system map 

and informing the community about hazards associated with illegal 

discharges and improper disposal of waste). 

Construction Site Runoff Control 

Developing, implementing, and enforcing an erosion and sediment 

control program for construction activities that disturb 1 or more acres of 

land (controls could include silt fences and temporary storm water 

detention ponds), 

Post-Construction Runoff Control 

Developing, implementing, and enforcing a program to address discharges 

of post-construction storm water runoff from new development and 

redevelopment areas. Applicable controls could include preventative 

actions such as protecting sensitive areas (e.g., wetlands) or the use of 

structural BMPs such as grassed swales or porous pavement. 

Pollution Prevention/Good Housekeeping 

Developing and implementing a program with the goal of preventing or 

reducing pollutant runoff from municipal operations. The program must 

include municipal staff training on pollution prevention measures and 

techniques (e.g., regular street sweeping, reduction in the use of pesticides 

or street salt, or frequent catch-basin cleaning). 

EPA recommends that the minimum measures be implemented through the 

development of BMP's. BMP's are grouped into two categories, structural BMP's 



and non-structural BMP's. Structural BMP's are facilities that function to remove 

pollutants from storm water either at the pollutant source or at the outfall to receiving 

waterbodies. Non-Structural BMP's includes a range of pollution prevention, 

education, institutional management and development practices. 

As a requirement of Phase I1 Storm Water NPDES Regulations, the City of Peoria 

and Maricopa County must develop, implement, and enforce a program to address 

storm water runoff from new development and redevelopment projects that disturb 

greater than or equal to one acre. The program must ensure that controls are in place 

that prevent or minimize water quality impacts and the community must: (1) develop 

and implement strategies that include a combination of structural and/or non- 

structural BMPs, (2) use regulatory mechanism to address post-construction runoff 

from new development and redevelopment projects and (3) ensure long-term 

operation and maintenance of BMPs. 

In addition, the community must define BMPs and set measurable goals for each 

BMP. EPA recommends that the BMPs chosen be appropriate for the local 

community; minimize water quality impacts; and attempt to maintain pre- 

development runoff conditions. In addition EPA recommends an approach that 

integrates the control of storm water peak flows and the protection of natural channels 

to sustain the physical and chemical properties of aquatic habitat. 

3.8.3 Best management Practices 

Storm water BMP's can be developed to meet the specific needs and environment of 

a community. An underlying BMP goal for new development is to develop BMP's so 

that the discharge rate, volume and pollutant loading of storm water runoff are the 

same as pre-development values. The EPA recommends that BMP's selection be 

based upon, flow control, pollutant removal and pollutant source reductions factors. 

3.8.3.1 Flow control 

Typically urbanization increases the amount of storm water runoff from watersheds. 

Increased flow rates can cause stream channel instability and associated degradation. 



High velocities detach significant amounts of suspended solids and associated 

pollutants such as nutrients and metals from urban landscapes and erode stream banks 

and channels, which also increases suspended solid concentrations. For new 

development areas an effective method of controlling storm water quality is to limit 

the amount rainfall converted to runoff. 

3.8.3.2 Pollutant Removal 

Pollutants in storm water can be removed by a variety of mechanisms. Mechanisms 

include, sedimentation (particulate removal by gravitation settling), flotation 

(separation of particulate that float), filtration (removal of particulate through a 

porous medium), infiltration (removal of particulate through ground filtration), 

adsorption (removal of dissolved metals by bonding to clay particles), biological 

uptake (removal of nutrients by biological uptake), biological conversion (conversion 

of complex and/or toxic organic compounds into less harmhl compounds by the 

action of aquatic microorganisms) and degradation (volatilization, hydrolysis and 

proteolysis of a variety of organic compounds.. 

3.8.3.3 Pollutant Source Reductions 

Reduction of pollutants at the sources is an effective non-structural BMP. Pollutant 

source reductions is a management approach that prevents or removes pollutants fiom 

the urban landscape prior to rainfall. 

3.8.4 Example of Best Management Practices 

The most effective method of controlling impacts from storm water discharges is to 

limit the amount of rainfall that is converted to runoff. Site design techniques that 

incorporate onsite storage and infiltration and reduce the amount of impervious or 

directly connected impervious surfaces accomplish this. BMP's should be designed 

in consideration of the storm water quality storm. Runoff from the storm water 

quality storm (or first flush) is the initial storm water runoff from an area that 

contains the majority of pollutants. Potential BMP's that a community may use as 

part of their plan include: 



Detention Basin. Detention basins temporarily detain a portion of storm 

water runoff a short period of time. A controlled orifice typically 

regulates outflow. The function of a detention basin to remove pollutants 

of potential water quality concern can be limited. Providing an element 

that would retain the volume of flow from the water quality storm event 

(first flush) could enhance removal of pollutants in a detention basin. 

Retention Basin. Retention basins stores storm water until it percolates 

into the ground or evaporates. Retention basins provide both water 

quantity and quality control. Water quality is provided primarily through 

sedimentation and infiltration mechanisms. 

Constructed Wetlands. Constructed wetlands are permanent pools, which 

support plant species. Pollutants are removed through biological uptake, 

infiltration and sedimentation. Biological uptake requires that the 

vegetation is periodically harvested to remove nutrients taken up by the 

vegetation. 

Infiltration Trench. An infiltration trench is a shallow excavated trench, 

which is backfilled with stone, allowing for infiltration and percolation. 

Porous Pavement. Porous Pavement is an alternative to conventional 

pavement. Finer asphalt materials, pavers, or alternative materials allow 

infiltration into the subsoil. The application of porous pavement as a BMP 

is limited to areas that are not exposed to high volumes of traffic and 

heavy equipment or areas exposed to high sediment yield rates. Porous 

pavement requires periodic maintenance to remove sediment from pores. 

0 '  Sand Filter. Runoff from the water quality storm event may be diverted 

and contained within a sand filter. The runoff is filtered through the sand 

and return to the runoff conveyance system. Other media, such as peat or 

compost can also be utilized. 
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Bioretention. Bioretention is retention in landscape areas (water 

harvesting). Bioretention is a variation of a sand filter where the sand is 

replaced with plant bedding material. Storm water flow infiltrates through 

the bedding material and pollutants are removed by a number of 

mechanisms including sedimentation, infiltration, biological uptake and 

adsorption (depending of the presence of clay material). Designed for the 

water quality storm, this BMP is well suited to parking lots 

Grass Swales. Grass swales are linear features with flat slopes. Slow 

velocities allow filtering of pollutants. This BMP is good for highways 

because of its linear nature. Grass swales are designed for peak flows 

rather than volume like detentionhetention basins. 

Grass Filter Strips. Grass filter strips are densely vegetated sections of 

land designed to accept sheet flow runoff from parking lots, highways and 

rooftops. Pollutants are primarily removed by infiltration and biological 

uptake. 

Vegetated Buffers. Vegetated buffers are natural areas retained along 

washes. Research has shown that increasing buffer width and condition 

tends to keep streams healthier. A minimum width of 50 -100 fi is 

recommended. 

Manufactured Products. A variety of manufactured productslcatch basin 

treatments are available. These items are designed to treat an array of 

pollutants. 

3.8.5 Conclusions 

BMP's integrated into landscaping areas such as bioretention and vegetated swales 

and dual use detentionfretention basins and naturally vegetated buffer systems along 

streams, utilized in conjunction with development policies which minimize 



impervious cover, are effective methods to address storm water quality in the North 

Peoria ADMP study area. 

Flood control management alternatives developed for the North Peoria ADMP 

included non-structural, low impact structural, partial structural and full structural 

alternatives for watercourses and retention and detention alternatives for storm water 

storage. The compatibility of a flood control management alternative and BMP's is 

related to the function of the alternative to remove pollutants from storm water. 

Structural alternatives for watercourses tend to reduce floodplain widths, remove 

natural vegetation and increases flow velocity, ultimately reducing opportunities for 

sedimentation and infiltration mechanisms to reduce pollutant loading. The greater 

the amount of structural improvements constructed along a watercourse relates to 

fewer opportunities for natural pollutant reduction mechanisms to function. Storm 

water storage facilities offer the best opportunities for managing water quality with a 

retention facility offering the greatest opportunities. Detention facilitates typically do 

not detain the first flush from a storm event sufficiently for pollutant reduction 

mechanisms to be effective, however pollutant reduction opportunities could be 

incorporated into a design of a detention basin by providing an element that captures 

and treats the first flush. Inline detention basin scenarios (detention basin within a 

watercourse) or retention basins located adjacent to a watercourses that hnctions to 

reduce peak flow rates would have minimal impact on managing water quality in 

watersheds in which there is a high density land use, such as commercial, industrial, 

high density residential or residential. 
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4.0 LANDSCAPE CHARACTER AND VISUAL MSOURCES 

4.1 GENERAL 

The goals of the Landscape Character and Visual Assessment evaluations conducted 

as part of the North Peoria ADMP are to 1) assess the Scenic Qualities of the existing 

natural and cultural features; 2) assess the existing visual conditions or scenic 

integrity and secondly, consider what areas might be appropriate for restoration; 3) 

identify existing major viewing points and landmarks with the intent that they be 

focal points for possible flood control projects; 4) identify areas to be considered for 

preservation and opportunities for scenic enhancement; 5) develop landscape 

character themes (including existing, future and historic) that could be incorporated 

into the design of watershed management alternatives, and 6) develop landscape 

design guidelines that will achieve the desired character theme(s) as they apply to 

desired flood control measures. Results of the assessments are presented in a report 

entitled North Peoria Area Drainage Master Plan Technical Data Notebook, 

Attachment 4-Landscape Character and Visual Assessment Report. 



5.0 MULTI-USE OPPORTUNITIES 

- 
5.1 GENERAL 

As part of the North Peoria ADMP, an assessment of the opportunities and limitations 

for integrating multiple-use functions into the project was conducted. The purpose of 

this assessment is to serve as a basis for the formulation of alternatives that will fully 

provide flood control functions while maximizing opportunities to meet local 

community needs for recreation, open space, protection and enhancement of natural 

landscape and local community character and alternative forms of transportation. The 

results of the assessment are presented in the report entitled North Peoria Area 

Drainage Master Plan Technical Data Notebook, Attachment 5-Multiple-Use 

Opportunities Assessment Report. 



6.0 LAND OWNERSHIP 

6.1 GENERAL 

Land ownership for the project area was determined from a land ownership database 

provided by the District. The database, 1999 vintage, is developed from assessor 

parcel ownership maps. Land ownership categories and locations of Private, State of 

Anzona, Federal (USA), Maricopa County and the City of Peoria identified in the 

study area are displayed on Figure 6-1 along with existing FEMA floodplains and 

floodplains delineated as part of this study. The land ownership database was utilized 

to identify landowners to request their input to the project, to invite landowners to 

public workshops and to notify landowners of the results of the floodplain delineation 

conducted as part of the project. 
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7.0 HYDROLOGY 

7.1 GENERAL 

Watershed hydrologic modeling is conducted in accordance with the methodologies 

set forth in the Drainage Design Manual for Maricopa County, Volume I, Hydrology, 

(Flood Control District of Maricopa County, 1995). Modeling is performed for both 

existing and future watershed conditions for multiple storm frequencies. The 

analytical methods employed for these studies are the Rational Method and rainfall- 

runoff modeling. Rainfall-runoff modeling is accomplished using the US Army 

Corps of Engineers (COE) HEC-1 Computer Program, version 4.1, dated June 1998. 

Both the 6- and 24-hour duration storms are modeled for each frequency (2-, 5-, lo-, 

25-, 50- and 100-year) for both existing and future watershed conditions. Two storm 

durations are used in order to determine which storm results in the higher magnitude 

of peak discharge and runoff volumes at the various locations in the watershed. The 

rainfall depth-duration-frequency statistics for both the 6- and 24-hour storm 

durations are obtained from the NOAA Atlas 11, Arizona. The rainfall distributions 

used are the SCS Type I1 for the 24-hour storm and the 6-hour storm patterns 

suggested in the Design Manual. Rainfall losses are estimated using the Green and 

Ampt infiltration equation with additional consideration for surface retention losses 

and impervious areas. The Clark Unit Hydrograph is used for runoff hydrograph 

development for all subbasins in the watershed. Runoff hydrographs are routed 

through the watershed using Modified Puls channel storage routing. Storage routing 

at crossings of existing structures is accomplished using the Modified Puls reservoir 

routing option of HEC-1. Retention of the increased runoff due to future watershed 

conditions is based on the 100-year, 2-hour rainfall depth. 

The Rational Method relates the rainfall intensity, a runoff coefficient and drainage 

area to generate a peak discharge. The rainfall intensity is estimated using the rainfall 

intensity-duration-frequency relation in the Design Manual. Selection of the runoff 

coefficient is based on the existing condition land use for the 100-year storm. 



The purpose of the hydrologic analysis is to estimate peak discharges for each storm 

event for both existing and future watershed conditions at key flow concentration 

locations in the watershed. In general, those locations are: 

Major wash confluence's and major culvert crossings of existing 

facilities. 

Beginning and ending points in addition to intermediate points of 

washes designated for floodplain delineation, and 

Sufficient locations along the washes for the determination of 

flooding hazard. 

The computed peak discharges, volumes, andlor hydrographs are used in hydraulic 

and hydrologic analyses conducted for this study. Analyses utilizing the hydrologic 

models and results of the hydrologic models conducted as part of the North Peoria 

Area Drainage Master Plan are: 

Delineation of 100-year floodplain at selected locations 

Sedimentation engineering and geomorphic analyses. 

Hydraulic evaluation of alternatives that propose encroachment 

into the 100-year floodplain. 

Hydraulic evaluation of detention and retention alternatives. 

Estimation of ponding limits upstream of wash crossings of canals. 

Methodologies and assumptions used to develop the base existing and future 

condition hydrologic models developed for the study area and the results of the 

models are presented in the report entitled North Peoria Area Drainage Master Plan 

Technical Data Notebook, Attachment 2-Hydrology and Hydraulics. 



8.0 FLOODPLAIN HYDRAULICS 

8.1 GENERAL 

Floodplain hydraulic analyses are performed in accordance with the guidelines and 

specifications set forth in FEMA 37, Flood Insurance Study Guidelines and 

Specifications for Study Contractors and State Standard SS 2-91, Requirement for 

Floodplain Delineation in Riverine Environments. Detailed floodplain and floodway 

limits are determined for three separate unnamed watercourses totaling approximately 

18 miles. The flooding limits for these watercourses are determined using the COE 

HEC-RAS Computer Program, version 3.0, dated January 2001. Approximate 

method floodplains are determined for several unnamed watercourses totaling 

approximately 18 miles. The flooding limits for these watercourses are based on a 

normal depth analysis using the Manning's equation. 

Methodologies and assumptions used to develop the hydraulic models for the 

delineation of floodplains developed for the study area and the results of the models 

are presented in the report entitled North Peoria Area Drainage Master Plan Technical 

Data Notebook, Attachment 2-Hydrology and Hydraulics. Hydraulic analyses 

conducted to model proposed alternatives are presented and discussed in the 

Alternatives Formulation Section of this report. 



9.0 SEDIMETATION ENGINEERING AND GEOMORPHIC 

EVALUATIONS 

9.1 GENERAL 

The primary objective of the sedimentation engineering and geomorphic evaluation is 

to provide a qualitative assessment of potential erosion and scour within the drainage 

network of the North Peoria ADMP project area. The evaluations conducted focused 

on the following: 

Identification of stream reaches that have experienced historical 

andor recent long term degradation or aggradation. 

Identification of stream reaches that have experienced historical 

andor recent lateral instability or stability. 

Identification of stream reaches with existing sedimentation 

problems, such as at bridges, dip crossings, or existing structures. 

Identification of historical and recent stream responses to 

development in the watershed and along watercourses. 

Identification of points of natural grade control. 

Identification existing sediment sources in the watershed. 

Delineation erosion hazard zones for selected watercourses. 

Estimation of existing and future sediment yields for the study 

area. 

Assessment of sedimentation and geomorphic impacts on channel 

stability from, sand and gravel mining in the Agua Fria River on its 

tributaries within the project area; floodplain encroachment; 



channelization with engineering bank protection; roadway 

crossings; retentioddetention alternatives and utility crossings. 

Development of best management practice recommendations for 

management of sediment and scour at drainage crossings and other 

structural features. 

Development of low-impact structural alternatives based on 

managing a watercourse by allowing development to occur within 

the erosion hazard zone but out of the 100-year floodplain. 

Methodologies and assumptions used in the sedimentation engineering and 

geomorphic evaluations and the results of the evaluations are presented in the report 

entitled North Peoria Area Drainage Master Plan Technical Data Notebook, 

Attachment 3-Sedimentation Engineering and Geomorphic Evaluation Technical 

Memorandums. 



10.0 ENVIROMETAL HAZARDS DELINEATION 

10.1 GENERAL 

Floodplain delineation and erosion hazard zones form the basis for the identification 

of natural environmental hazards within the study area. Floodplain delineations used 

in this study are from a number of sources, whereas erosion hazard zones are 

developed as part of this study. Table 10-1 lists a summary of floodplain delineation 

studies and erosion hazard zones utilized for each planning area in this study. Table 

10-1 also lists the figure number where the item may be viewed. 



Table 10-1 

Floodplain Erosion Hazard Map Summary 

Planning Area Floodplain Erosion Hazard Figure Number Remarks 

Erosion hazard zones are mapped on copies of 
Morgan City Wash detail floodplain 

Conducted under FCD 
Figure 10-1, original Mylar's. Maps are scanned and 

Morgan City Area delineation conducted under FCD Contract 
Contract 99-45 

Sheets 1 reduced to fit an 11" X 17" size paper. Full 
89-15 through 12 size maps (24"X 36") are provide as 

Attachment 11 

Erosion hazard zones and floodplain 
delitieation u e  displayed on a photo base 

Detail Hydraulic Analysis for Unnamed Conducted under FCD Figure 10-2, 
Big Springs Area (date) obtained from the District. Full size 

Washes 1, under FCD Contract 99-45 Contract 99-45 Sheets 
maps (24"X 3 6 )  are provide as Attachment 

through 11. Full size maps reduced to fit 11" X 17" 
paper are provided as figures. 

Erosion hazard zones and floodplain 
delineation are displayed on a photo base 

Detail Hydraulic Analysis for Unnamed Conducted under FCD Figure 10-3, 
Big Springs Area Sheets 1 (date) obtained from the District. Full size 

Wash 2, under FCD Contract 99-45 Contract 99-45 . .  maps (24"X 36") are provide as Attachment 
Ul,UUg,', u 

11. Full size maps reduced to fit 11" X 17" 
paper are provided as figures. 



Table 10-1 Cont. 

Floodplain Erosion Hazard Map Summary 

Planning Area Floodplain Erosion Hazard Figure Number Remarks 

Erosion hazard zones and floodplain 
delineation are displayed on a photo base 

Detail Hydraulic Analysis for Unnamed Conducted under FCD Figure (date) obtained from the District. Full size 
Big Springs Area Wash 3. under FCD Contract 99-45 Contract 99-45 

Sheets maps (24"X 36 ' I )  are provide as Attachment 
through 11. Full size maps reduced to fit 11" X 17" 

paper are provided as figures. 

Erosion hazard zones and floodplain 
Approximate method delineation of delineation are displayed on a photo base 

tributaries to Unnamed Wash 1 and 2 and Conducted under FCD Figure (date) obtained from the District. Full size 
Big Springs Area 

the upper reach of Unnamed Wash 2 Contract 99-45 
Sheets maps (24"X 36") are provide as Attachment 

conducted under FCD Contract 99-45 
through 1 1 .  Full size maps reduced to fit 11" X 17" 

paper are provided as figures. 

Twin Buttes Area 

Detail Delineation of Twin Buttes Wash, 
Caterpillar Tank Wash, West For Whites 

Peak Wash, Whites Peak Wash, East 
Garambullo Wash and West Garambulow 

Wash conducted under FCD Contract 90-09 
and approximate method study for the 
upper reaches of Twin Buttes Wash, 

Caterpillar Tank Wash and Unnamed wash 
4 conducted under FCD Contract 99-45 

Conducted under FCD 
Contract 99-45 

Figure 10-6, 
Sheets 1 

through 16 

Digital files of floodplain boundaries obtained 
from the District and Erosion Hazard Zones 

are displayed on aerial photo base (date) 
obtained from the District. Floodplain 

delineation has been adjusted to be consistent 
with work maps and is considered 

approximate. Full size maps (24"X 36") are 
provide as Attachment 11. Full size maps 

reduced to fit 11" X 17" paper are provided as 
figures. 
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11.0 ALTERNATIVESIPOLICY FORMULATION AND 

EVALUATION 

11.1 INTRODUCTION 

The North Peoria ADMP provides a regional approach to watershed management. 

Development of watershed management alternatives and policies that forms the 

foundation of the plan takes into account engineering, environmental, landscape, 

social and economic considerations. Watershed management alternatives are 

developed to mitigatelminimize the effect of urbanization on storm water runoff and 

conveyance while recognizing the values of the community and the opportunity to 

protect the unique characteristics of the region. Watershed management alternatives 

and policies are evaluated on how well each alternative meets the goals of the North 

Peoria Area (ADMP). 

The Alternatives/Policy Formulation and Evaluation section of the report describes 

physical characteristics of the area, the process and results of alternatives 

development, evaluation, and selection. 

The project area is subdivided into four planning areas based on unique physical 

characteristics of the specific planning area. The four specific planning areas are the 

Morgan City Area, the Big Spring Area, East Terrace Area and the Twin Buttes Area. 

The location and boundary of the specific planning areas are displayed on Figure 1-2. 

11.2 STUDY AREA EXISTING PHYSICAL CHARACTERISTICS 

11.2.1 Introduction 

Existing physical characteristics; cultural, ecological and visual resources and 

environmental hazards are identified and then compared to anticipated future land 

uses for development of watershed management alternatives and policies. Physical 

characteristics include slope of terrain, channel morphology, and the distribution and 



type of vegetation. Terrain slopes within the project area are displayed on Figure 11- 

1. The type and distribution of vegetation series identified in the project area are 

presented on Figure 11-2. Environmental hazards include flood hazard zones and 

erosion hazard areas. Future Land-Use in the project area was determined from the 

City of Peoria's General Plan. Future land-use utilized in the evaluation and 

formulation of watershed management alternatives is displayed on Figure 11-3. 

11.2.2 Morgan City Area 

The Morgan City Area landform is characterized by steep topography, and incised 

washes that dissect the terrain. Terrain slopes range from 0 too greater than 25 

percent, with the majority of the slopes ranging from 15 to 25 percent. The landform 

is classified as a Mountain Lands Character Unit, characterized by views of small- 

scale enclosed valleys and large-scale panoramic views. Views are constantly 

changing depending on the viewers location (DFD Architecture, 2001). 

The major wash draining the area is Morgan City Wash. Morgan City Wash extends 

approximately 12 miles from its confluence with the Agua Fria River to the 

northwest. A sinuous natural channel with varying bottom width characterizes the 

wash. Channel bed materials in the lower riparian reach consists of sand, silts clays 

and at some locations, bedrock. Channel bed materials upstream of the riparian area 

consist predominately of sand and gravel's and at locations, bedrock. Channel banks 

are typically steep. 

A unique riparian community exists in the lower reach of Morgan City Wash near the 

confluence with the Agua Fria River. The lower reach of Morgan City Wash is 

typified by a perennial flow. 

The upper reaches of Morgan City Wash and all other watercourses in the Morgan 

City Area are classified as ephemeral watercourses. 



,-i 

NURTH Pf URlA AREA DRAlNACiE MASTER PLAN 

CLOUD 

HIGHWAY 
(WGNMENT) 

-FEE 1 

Legend 
Pmjsct Umnp 

Sedilrn Numbsr 17 

Cmd 

ExlMng Road - - 
Carparsle Umik 

I New ZoneA Rocsdplaln 

New hlleBed DelinssUon Flocdplaln 

W r n  1 
(ALIGNMENT) 

WWVALLMrn 
(ALIONMENT) 

PINNACLE PE4KRO 
(ALIGNMENT) !-I- 
DEER VALLEY RO 
(ALIONMEPKj 

9 JA' Y I 

i E w "  $ 3  
5 2 & Z  ' T E R R A I N  S L O P E  



NORTH PEORIA AREA DriAlNACiE W T E R  PLAN 



NORTH Pf URlA AREA DRAINAGE W T f  R PLAN 

HIGHWAY 
[ALIGNMENT) 

Legend 
Sacbn Numb4 

Canal 

Meting RDad 

Cornorale Umlb 

I7 LONE MOUNTNN RO - I (ALIGNMENT) P 

zona AFbcdpldn ( N w  FEhMSubmkl) 

Oablllad Oauneatbn M p l m  
(Naw FEMA Submkl) 

mwad Road - I o m m m  BLVD 
[ALIGNMENT) 

x s 

JOMAXRD 
(ALIGNMENT) 

I W P Y  VALLEY RO 
[ALIGNMENT) 

COMM- Dmmwlly Cmmardal 

IN0 - Bvslnssa PsrWlnduW 

OPEN - ParWOpe" spca 

PF- P~MldQwI-Fab!k 

HZ0 - wale, 

DESERT- Nalud 0-wl 

PINNACLE PEAK RO 
(ALIGNMENT) 

figure 1 1-3 
DEER VALLEY RD 
(ALIGNMENT) ~ F M T M R E  C O N D I T I O N  

! C D N S T R A I N T S  
%? ~:\82Wo~4nw~,=b=.w\82Wmm4R.p 

~ l r r m , m  mnr 



Plant communities identified within the Morgan City Area are Triangle-Leaf 

Bursage-Foothill, Brittlebush-Mix Scrub, Flattop Eriogonum-Mixed Scrub, 

Creosotebush-Mixed Scrub, White Bursage, Jojoba-Mixed Scrub, Saltbush Seeded 

and the Blue Paloverde-Desert Ironwood. The most extensive plant community is the 

Triangle-Leaf Bursage-Foothill. The Blue Paloverde-Desert Ironwood, Velvet 

Mesquite, and Godding Willow communities occurs along Morgan City Wash 

(Johnson & Associates, EEI, Inc. 2001). 

The Morgan City Wash floodplain is typified by the floodplain boundary being 

coincident with the floodway boundary for most of the river reach. At locations 

where the floodplain boundary is not coincident with the floodway boundary the 

difference between the two is measured between 20 and 100 feet wide. Where there 

is a floodway fringe the length of the floodway fnnge is between 100 and 400 feet. 

Average reach characteristics of the Morgan City Wash Floodplain and Erosion 

Hazard Zone are listed in Table 11-1. 

Table 11-1 

Average Reach Characteristics for Morgan City Wash 

Floodplain-Erosion Hazard Zone 

Reach Average Average Floodway Average Erosion 

Floodplain Width Width Hazard Width 

10.266 to 12.018 120 119 
1.Reach is defined by river mile (RM). 



11.2.3 Big Spring Area 

The Big Spring Area landform is characterized as with the Morgan City Area, by 

steep topography, and incised washes that dissect the terrain. Terrain slopes range 

from 10 too greater than 25 percent with the majority of the slopes ranging from 10 to 

15 percent. As with the Morgan City Area, the landform in the Big Spring Area is 

classified as a Mountain Lands Character Unit, characterized by views of small-scale 

enclosed valleys and large-scale panoramic views. Views are constantly changing 

depending on the viewers location (DFD Architecture, 2001). 

Watercourses in the Big Spring Area classified as ephemeral watercourses. Three 

major watercourses drain the area; they are Unnamed Wash 1, Unnamed Wash 2 and 

Unnamed Wash 3. Unnamed Wash 1 extends approximately 7 miles from its 

confluence with the Unnamed Wash 2 to the north and then to the northwest. 

Unnamed Wash 2 extends approximately 8 miles from its confluence with the Agua 

Fria River to the northwest. Unnamed Wash 3 extends approximately 5 miles from 

its confluence with the Agua Fria River to the northwest. The three washes have 

similar physical characteristics; sinuous natural channels with varying bottom width, 

reaches that are incised in rock, typify the three washes. Channel bed materials 

within the washes consists of sand, gravel, boulders and bedrock. Channel banks are 

typically steep. Channel banks in reaches are incised in rock are vertical or near 

vertical 

Plant communities identified within the Big Springs Area are the Triangle-Leaf 

Bursage-Foothill, Brittlebush-Mix Scrub, Flattop Eriogonum-Mixed Scrub, 

Creosotebush-Mixed Scrub, White Bursage and Blue Paloverde-Desert Ironwood. 

The most extensive plant community is the Triangle-Leaf Bursage-Foothill. The Blue 

Paloverde-Desert Ironwood communities occurs along watercourse's (Johnson & 

Associates, EEI, Inc. 2001). 

Detailed floodplain delineation defining floodplain and floodway boundaries were 

conducted as part of the North Peoria ADMP for Unnamed Wash 1, 2 and 3. 

Approximate method floodplains for select tributaries to the three unnamed washes 



are also delineated as part of the study. Erosion Hazard Zones are identified for the 

same detail and approximate method study floodplains as part of this study. 

The three unnamed wash floodplains are typified by the floodplain boundaries being 

coincident with the floodway boundaries for most of the river reaches. At locations 

where the floodplain boundary is not coincident with the floodway boundary the 

maximum difference between the two is measured between approximately 20 and 100 

feet. Average reach characteristics for Unnamed Wash 1, 2 and 3 floodplains and 

erosion hazard zones are listed in Table 11-2, Table 11-3, and Table 11-4 

respectively. 

Table 11-2 

Average Reach Characteristics for Unnamed Wash 1 

Floodplain-Erosion Hazard Zone 

Average 
Average Average Erosion 

Floodplain Floodway Hazard 
Reach Width Width Width 

(RM to RM) (ft) (ft) 
2 3 

(ft) 
1 4 

0.046 to 0.484 138 95 194 
0.484 to 2.923 7 1 69 98 
2.93 to 6.31 1 118 92 142 

Table 11-3 

Average Reach Characteristics for Unnamed Wash 2 

Floodplain-Erosion Hazard Zone 

Reach Average 
Floodplain 

Width 

(ft) 
2 

98 
54 
118 
84 
114 

Average 
Floodway 

Width 

Average 
Erosion 
Hazard 
Width 

(ft) 
4 

147 
109 
159 
152 
204 



Table 11-4 

Average Reach Characteristics for Unnamed Wash 3 

Floodplain-Erosion Hazard Zone 

Reach Average Average Average 
Floodplain Floodway Erosion 

Width Width Hazard 
Width 

11.2.4 East Terrace Area 

Flat topography and washes dissect the terrain that characterizes the East Terrace 

Area landform. Terrain slopes range from 10 to greater than 25 percent with the 

majority of the terrain slopes being less than 10 percent. The landform is classified as 

a Plains Character Unit, characterized by sparse vegetation and topography that is flat 

and unvaried. Panoramic views of Hieroglyphic Mountains are obtained in the East 

Terrace Area (DFD Architecture, 2001). 

The area drains to the Agua Fria River by numerous washes classified as ephemeral 

watercourses. Sinuous natural channels with varying bottom width cut into alluvial 

material typify the washes draining the East Terrace Area. Channel bed materials 

within the washes consists of sand, gravel and cobbles. Channel banks are typically 

poorly defined. 

Plant communities identified within the East Terrace Area are the Triangle-Leaf 

Bursage-Foothill, Brittlebush-Mix Scrub, Flattop Eriogonum-Mixed Scrub, 

Creosotebush-Mixed Scrub, and Blue Paloverde-Desert Ironwood. The most 

extensive plant community is the Triangle-Leaf Bursage-Foothill. The Blue 

Paloverde-Desert Ironwood communities occurs along watercourse's (Johnson & 

Associates, EEI, Inc. 2001). 



Environmental hazards related to storm water runoff, defined in the East Terrace Area 

are floodplains. Approximate method floodplains for 5 unnamed washes are 

delineated as part of the North Peoria ADMP. 

Floodplains delineated in the East Terrace Area are delineated by approximate 

methods. At locations washes are incised, but generally their channel banks are 

poorly defined. Results of approximate method floodplain delineation conducted for 

five of the washes draining the area demonstrate that the floodplains are typically 

broad and shallow. 

Numerous livestock tanks are located through out the area. Typically, non- 

engineered earthen dams constructed across a watercourse characterize stock tanks. 

Location of earthen dams is  presented on Plate 1. 

11.2.5 Twin Buttes Area 

The Twin Buttes landform is characterized by steep to flat topography, and incised 

washes that dissect the terrain. Terrain slopes range kom 10 too greater than 25 

percent in the northern portion of the area and 0 to 10 percent in the southern portion 

of the area. Landforms in the Twin Buttes Area can be grouped into the Mountain 

Lands, Plains and Slopes Character Units. There is an absence of ridge, peak and 

valley landforms in the Slope Character Unit, however, views of the Mountain Lands 

landforms are offered within the Slope Character Unit (DFD Architecture, 2001). 

Two major washes drain the area, they are Caterpillar Tank Wash and Twin Buttes 

Wash. Caterpillar Tank Wash extends approximately 5 miles from its confluence 

with the Agua Fria River to the north, northwest. Twin Buttes Wash extends 

approximately 8 miles from its confluence with the Agua Fria River to the north, 

northwest. The two washes have similar physical characteristics. Sinuous natural 

channels with varying bottom width, predominately incised in alluvial material typify 

the washes. Channel bed materials within the washes consists of sand, gravel and 

boulders and at very few locations bedrock. Channel banks are typically well defined 



and steep upstream of the Beardsley Canal. Downstream of the Beardsley Canal 

channel banks are typically low in height or poorly defined. 

Plant communities identified within the Big Springs Area are Triangle-Leaf Bursage- 

Foothill, Brittlebush-Mix Scrub, Creosotebush-Mixed Scrub and Blue Paloverde- 

Desert Ironwood. The most extensive plant community is the Creosotebush-Mixed 

Scrub. The Blue Paloverde-Desert Ironwood communities occurs along 

watercourse's (Johnson & Associates, EEI, Inc. 2001). 

Environmental hazards related to storm water runoff defined in the Twin Buttes Area 

are floodplains and erosion hazard zones. The District under contract FCD 90-09 

conducted the CAP Overchutes, Floodplain Delineation Study. The study defined 

floodplain and floodway boundaries along Caterpillar Tank Wash, Twin Buttes Wash, 

East and West Garambullo Wash, West White Peak Wash and White Peaks Wash, 

utilizing detail methodologies. Approximate method floodplains for reaches of Twin 

Buttes Wash and Caterpillar Tank Wash (upstream of the Beardsley Canal) and 

Unnamed Wash 4 were delineated as part of the North Peoria ADMP. Erosion 

Hazard Zones are identified for floodplains as part of this study. 

Floodplains determined by detail methods for the Twin Buttes area are typified by the 

floodplain boundaries being coincident with the floodway boundaries for most of the 

river reaches. At locations where the floodplain boundary is not coincident with the 

floodway boundary, the maximum difference between the two is measured between 

50 and 300 feet wide. Average reach characteristics for Caterpillar Tank Wash, Twin 

Buttes Wash, East and West Garambullo Wash, West White Peak Wash and White 

Peaks Wash, floodplains and erosion hazard zones are listed in Table 11-5. 
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Table 11-5 

Average Reach Characteristics for Watercourses in the Twin Buttes Area 

Floodplain-Erosion Hazard Zone 

Wash Reach Average Average Average 
Floodplain Floodway Erosion 

Width Width Hazard 
Width 

(RM to RM) (ft) (ft) (ft) 
1 2 3 4 5 

Twin Buttes 0.19 to 1.91 321 169 793 
Twin Buttes 1.91 to 6.38 218 158 392 

Caterpillar Tank 0.019 to 0.82 96 88 504 
Caterpillar Tank 0.82 to 5.04 124 88 367 

Whites Peaks Entire Watercourse 87 58 210 
West Fork Whites Peak Entire Watercourse 35 31 124 

W. Garambullo Entire Watercourse 89 51 169 
E. Garambullo Entlre Watercourse 8 1 56 157 

11.3 ALTERNATIVES DEVELOPMENT 

Alternatives to be evaluated by the North Peoria ADMP were developed during the 

development of the scope of work for the project and through consultation with 

District staff and steering committee members throughout the term of the project. 

Flood control management alternatives are developed and evaluated as to function of 

the alternative to meet the goals of the North Peoria ADMP. Flood control 

management alternatives included structural, non-structural and the do nothing 

approaches. Alternatives were also developed and evaluated to aid the committee in 

the selection of a management application such as how a vegetation buffer should be 

applied or should a structure at a roadwaylwash crossing consist of a culvert structure 

or bridge. As part of the alternative development, policies are developed as guidelines 

to address issues identified in the identification of cultural, ecological and visual 
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resources. Policies, guidelines and rules for development, are also developed that 

would implement a given alternative. 

Alternative development and evaluation is conducted at three levels of analyses. 

Level 1 Analysis defines potential management alternatives that could be applied to 

the study area. Based on qualitative evaluation during the Level 1 Analysis 

alternatives are disregarded or recommended for fiuther evaluation during the Level 2 

Analysis. Level 2 Analysis consist of conducting low resolution engineering analysis 

based upon generalized hydraulics and cost estimates to determine their engineering 

feasibility and approximate cost for evaluated alternatives. Policies that would help 

implement the alternative are also developed during the Level 2 Analysis. Based on 

alternative evaluation during Level 2 Analysis the steering committee selects 

preferred alternatives for further evaluation. Level 3 Analysis consists of refinement 

of the preferred alternatives selected in the Level 2 Analysis. Implementation and 

funding plans and rules for development are developed during the Level 3 Analysis 

for the preferred alternatives. 

11.3.1 Level 1 Analysis-Alternatives Development 

Flood control management alternatives developed during the Level 1 Analysis are a 

full structural alternative, a partial structural alternative, a low impact structural 

alternative, a non-structural alternative no-action alternative and a detentionhetention 

alternative. The full structural alternative is based on current federal, state and local 

floodplain management regulations that allow encroachment into the floodway fringe. 

The full structural alternative typically requires at a minimum, structural stabilization 

of wash side slopes for the entire reach. The partial structural alternative also is based 

on current floodplain management regulations, however, the partial structural solution 

is applied at only specific locations along the watercourse. The low impact structural 

alternative allows for development to occur outside of the floodplain limits but within 

the erosion hazard set back limits while minimizing the effect to the natural function 

of the watercourse. The non-structural alternative defines a corridor that allows the 



watercourse to function naturally. Characteristics and application of each alternative 

are described in the following sections. 

11.3.1.1 Watercourse Based Alternatives 

Full Structural Alternative 

The full structural alternative allows for encroachment into the floodplain to the 

floodway limit and consists of a channel with a natural bottom and side slope 

stabilization. The type of side slope stabilization considered is gabion mattresses and 

soil cement. The alternative is applied to the total watercourse reach and the 

assumption is made that it is constructed at one time. A cross-section of the Full 

Structural Alternative depicting elements of the alternative is presented as Figure 11- 

4. 

A full structural alternative that allows for encroachments into the Twin Buttes Wash 

floodway downstream of the crossing of Twin Buttes Wash with 115 '~  Avenue was 

developed to eliminate potential flood hazards to a residence and to the future 115" 

Avenue roadway. The alternative consists of a channel with a natural bottom and side 

slope stabilization. 

Partial Structural Alternative 

The partial structural alternative allows for encroachment into the floodplain to the 

floodway limit at specific locations such as at roadway crossings of watercourses, 

along roadways adjacent to watercourses and in potentially developable areas 

adjacent to the watercourse. The partial structural alternative is considered for 

watercourses that are characterized by one or more of the following: 

Incised channels within bedrock. 

In areas where the terrain within or adjacent to the floodplain is not 

too steep for development. 



A cross-section of the Partial Structural Alternative depicting elements of the 

alternative is presented as Figure 11-5. 

Low Impact Structural Alternative 

The low impact structural alternative allows for development to occur outside of the 

floodplain limits but within the erosion hazard zone while minimizing the effect to 

the natural function of the watercourse. The low impact structural alternative also 

allows for active recreational use of the floodway fnnge. 

Characteristic's of the low impact structural alternative are presented in the report 

entitled North Peoria Area Drainage Master Plan Technical Data Notebook, 

Attachment 3-Sedimentation Engineering and Geomorphic Evaluation Technical 

Memorandums. 

Non-Structural Alternative 

The non-structural alternative defines a comdor that allows the watercourse to 

function naturally, preserves natural scenic views, and preserves sensitive biological 

habitat. The nonstructural alternative is managed and or implemented by policies, 

ordinances, property acquisition and multi-agency planning efforts. The non- 

structural alternative is defined by the limits of the 100-year floodplain, erosion 

hazard zone, or vegetation buffer which ever provides the greatest setback from the 

center of the channel. A cross-section of the Non-Structural Alternative depicting 

elements of the alternative is presented as Figure 11-6. 

No-Action Alternative 

The no action (do nothing) alternative provides flood control managemerlt based on 

current federal, state and local floodplain management regulations that allows 

encroachment into the floodway fringe. Typically, under current regulations 

encroachments into the floodway fringe are allowed on a piece meal fashion without 

taking into consideration the effect of the encroachment or collective encroachments 

on the entire watercourse. 
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DetentionIRetention Based Alternatives 

Three detentionlretention alternatives are developed to provide means of reducing 

post development peak discharges to pre-development values. The three alternatives 

are the standard practice of retaining the 100-year, 2-hour hydrograph volume for 

developed conditions, providing inline detention within watercourse, and providing 

off line side weir detention adjacent to a watercourse. 

11.3.2 Level I Evaluation 

A brainstorming meeting was conducted to evaluate the feasibility of alternatives 

being applied to each of the planning areas and to define potential development issues 

that would be addressed at a policy level in the planning effort. Results of the 

brainstorming meeting are grouped into three categories, watercourse based 

alternatives, detentionlretention based alternatives, and development issues. 

11.3.2.1 Watercourse Based Alternatives 

Morgan City Area 

The Morgan City Area is characterized by a future land use that is predominately 

classified as open space, land ownership that is predominately federal government, 

terrain with steep slopes that minimize development potential and well defined 

incised washes. Morgan City Wash is the major wash draining the area. Reaches of 

some washes are incised within bedrock. Many natural grade controls exist within 

the washes, thus minimizing degradation potential. 

The potential development area within the floodway fringe of Morgan City Wash is 

minimal given that the floodway is coincidental with the floodplain boundary for the 

greatest part of the wash. Given the characteristic of the Morgan City Area the non- 

structural alternative and the no-action alternative are alternatives that were selected 

to be evaluated further during the Level I1 Analysis. 

The full structural alternative was not selected for Morgan City Wash because the 

wash, in places, is incised within bed rock thus precluding the need for full structural 



improvements. Opportunities for development in the floodway fringe are minimal or 

non-existent because there is not a floodway fringe or the floodway fringe is narrow. 

Big Spring Area 

A mix of future land-use, Federal, State and private land ownership, terrain with steep 

slopes that locally minimize development potential and well-defined incised washes, 

characterizes the Big Spring Area. The major washes draining the area are Unnamed 

Wash 1, 2 and 3. Future land use in the area includes open space, very low-density 

residential, low-density residential, mixed use and community commercial. Density 

of land use typically increases from north to south across the planing area with the 

highest density located in the watershed that Unnamed Wash 3 drains. Reaches of 

Unnamed Wash 1, 2 and 3, which drain the area, are incised within bedrock. Many 

natural grade controls exist within the washes, thus minimizing degradation potential. 

Given that the floodway is coincidental with the floodplain for most reaches of the 

unnamed washes the development potential within the floodway fringe is minimum, 

however, at locations there is a potential. Given the characteristic of the Big Spring 

Area, the non-structural alternative, the partial structural and the no-action alternative 

are watercourse-based alternatives that were selected to be evaluated further during 

the Level I1 Analysis. The full structural alternative was not selected for Unnamed 

Wash 1, 2, and 3 because these washes, in places, are incised within bed rock thus 

precluding the need for full structural improvements. 

East Terrace Area 

The East Terrace Area is characterized by a mix of future land-use, Federal, State and 

private land ownership and terrain with predominately flat slopes that are dissected by 

numerous washes. Future land use in the area includes open space, very low-density 

residential, low-density residential, medium density residential, multifamily 

residential, industrial, mixed use and community commercial. Density of land use 

typically increases from north to south across the planing area with the highest 
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density located in the southern portion of the area. The State of Arizona owns the 

majority of the land in the area. 

Numerous washes drain the East Terrace Area to the Agua Fria River. At some 

locations, washes are incised but are typically poorly defined. Results of approximate 

method floodplain delineation conducted for five of the washes draining the area 

demonstrate that the floodplains where the wash is not incised are typically broad and 

shallow. Given the level of hydraulic analysis conducted or available to use for the 

area no specific watercourse alternatives where selected for area. Policies and rules 

for development will be utilized to manage the East Terrace Area. 

Twin Buttes Area 

The Twin Buttes Area is characterized by a mix of future land-use, Federal, State and 

private land ownership and terrain with predominately flat slopes that are dissected by 

numerous washes. Future land use in the area includes open space, very low-density 

residential, low-density residential, medium density residential, multifamily 

residential, industrial, mixed use and community commercial. Density of land use 

typically increases from north to south across the planing area with the highest 

density located in the southern portion of the area. The majority of the land in the 

area is privately owned. 

The major washes draining the area are Twin Buttes Wash, Caterpillar Tank Wash, 

East and West Garambullo Wash, West White Peak Wash and White Peaks Wash. 

Washes are typically incised within alluvial material. In the upper reaches of the 

major washes in the area the floodway is typically coincidental with the floodplain. 

Average erosion hazard zone widths ranges from 150 feet to 800 feet were as 

developable floodway fringe widths ranges between 50 and 300 feet. 

Given the characteristics of the area the non-structural alternative, the full structural 

alternative, the low impact structural alternative and the no-action alternative are 

watercourse alternatives that were selected to be evaluated further during the Level I1 

Analysis. 



11.3.2.2 Detentionmetention Based Alternatives 

Per the scope of work, the standard practice of retaining the 100-year, 2-hour 

hydrograph volume for developed conditions, providing in-line detention within 

watercourse, providing off-line side-weir detention adjacent to a watercourse and a do 

nothing alternative (detentiodretention not required) are to be evaluated for the Big 

Spring Area. Results and conclusion of the evaluation are to be applied to rest of the 

study area. 

11.3.2.3 Development Issues 

Concerns that were identified my members of the steering committee during the data 

collection and initial evaluation that were discussed at the brainstorm meeting were 

formulated into planning issues. The issues are to be refined to a format of goals, 

objectives and policies during the Level I1 Analysis and will apply to the entire study 

area. A summary of the issues is provided in Appendix A. 

11.3.3 Level I1 Evaluation 

Alternatives designated for further study during the Level 1 Analysis are evaluated to 

determine their feasibility and approximate cost if applicable during the Level I1 

Analysis. Alternatives designated for further studies are the full structural alternative, 

the partial structural alternative, the low impact structural alternative, non-structural 

alternative, the do nothing alternative and detentiodretention based alternatives. 

Alternatives are grouped into three categories for the purpose of evaluation and 

discussion. The categories are, watercourse alternatives, detentiodretention based 

alternative and development issues. 

11.3.3.1 Watercourse Based Alternatives Hydraulic Evaluation 

Purpose 

Hydraulic evaluations are conducted to determine the feasibility, design parameters 

and design constraints for the full structural and partial structural alternatives. HEC 

RAS hydraulic models developed for floodplain delineation conducted as part of this 



study are utilized to evaluated a partial structural alternative in the Big Springs Area. 

Watercourses evaluated in the Big Springs Area are Unnamed Wash 1,2 and 3. 

HEC- 2 hydraulic models developed for "Flood Insurance Study for Caterpillar Tank 

and Twin Buttes Washes From Agua Fria River to the CAP Canal (FCD 90-09, by 

AGK Engineers) are. converted to a HEC-RAS format to evaluate full structural 

alternatives in the Twin Buttes Area. Watercourse evaluated in the Twin Buttes area 

below the CAP canal are Twin Buttes Wash, Caterpillar Tank Wash, Whites Peak 

Wash and West and East Garambullo Washes In the Twin Buttes Area besides 

hydraulic evaluation of the full structural alternative, models are developed for the 

following proposes: 

To compare HEC-2 model results by AGK Engineers to the 

converted HEC-RAS model developed for this study. 

To compare converted HEC-RAS model results to the updated 

HEC-RAS model (peak discharges updated) results developed for 

this study. 

To evaluate a full structural alternative that allows for 

encroachment into the floodway for the reach of Twin Buttes Wash 

between 115'h Avenue and the confluence with the Agua Fria 

River. The purpose of the alternative is to provide a channel that 

removes a residence from the floodway and to provide protection 

for a future roadway along 115'~ Avenue alignment. This 

alternative is evaluated as a stand-alone alternative, and as part of 

the full structural alternative for the entire study reach of Twin 

Buttes Wash. 

To evaluate and quantify flow breakout near RM 0.66 along Twin 

Buttes Wash. 



Methodology 

Big Spring Area 

Base HEC-RAS models developed for the floodplain delineation of Unnamed Wash 

1, 2, and 3 (non-structural model) are revised to reflect encroachment into the 

floodway fringe proposed by the partial structural alternative. Methodology, input 

parameters and modeling considerations for the base HEC-RAS models are discussed 

in the North Peoria Area Drainage Master Plan Technical Data Notebook Attachment 

3 Hydrology and Hydraulics. HEC-RAS models developed for the non-structural and 

partial structural alternatives are provided in Appendix B. The following assumptions 

and procedures are utilized in revising the base HEC-RAS model to reflect the partial 

structural alternative: 

The partial structural alternative is applied in potentially developable 

areas. Potentially developable areas within and adjacent to the floodway 

fnnge are defined by two criteria. The first criterion being that the terrain 

of the developable area is characterized with slopes of less than 10 

percent. The second criterion is that the terrain adjacent to the developable 

area is such that roadway access is possible. (slopes of less than 25 

percent). For evaluation purposes, it is assumed that areas that were 

identified for the partial structural alternative, that the alternative would be 

constructed as one project. Plate 2 (Sheets 1 through 6), Plate 3 (Sheets 1 

through 6) and Plate 4 (Sheets 1 through 4) display floodplain/floodway 

boundaries and terrain slope for Unnamed Wash 1,2 and 3 respectively 

Encroachment stations are set for profile two to reflect the encroachment 

into the floodplain to the floodway fringe at location where the partial 

structural alternatives is being applied. 

Existing Condition 100-year peak discharges developed as part of this 

study are utilized in the evaluations. 



Twin Buttes Area 

HEC- 2 hydraulic models developed for "Flood Insurance Study (FIS) for Caterpillar 

Tank and Twin Buttes Washes From Agua Fria River to the CAP Canal (FCD 90-09, 

by AGK Engineers) are utilized as the base hydraulic models for analyses conducted 

for watercourses evaluated in the Twin Buttes Area. HEC-2 models are converted to 

a HEC-RAS format. Modifications to the converted HEC-RAS models are made to 

create a base HEC-RAS model (Non-Structural Alternative) and a model to evaluate 

the full structural alternative. The following assumptions, procedures, and 

methodologies were employed in developing the base and the structural alternative 

HEC-RAS models: 

The U.S. Army Corps of Engineers HEC-RAS computer program 

(version 3.0) is utilized to develop HEC-RAS hydraulic models. 

Manning's roughness values, expansion and contraction 

coefficients, starting water surface elevation and cross-section 

geometry listed in the HEC-2 model are utilized in the 

development of the HEC-RAS models. 

The HEC-2 models contained blocked flow areas defined by a X3 

card, which limits flow only to a portion of cross-section for areas 

that are inferred as the only conveyance area for that cross-section. 

The levee station option of the HEC-RAS computer program was 

utilized to simulate the HEC-2 model blocked flow areas. 

The digital HEC-2 model for Caterpillar Tank Wash provided by 

the District did not match the hard copy in the "Flood Insurance 

Study for Caterpillar Tank and Twin Buttes Washes From Agua 

Fria River to the CAP Canal (FCD 90-09, by AGK Engineers). 

The differences included additional cross-sections, ineffective flow 

areas, bank stations, geometry data reach lengths and 



encroachment stations. The following revisions were made to the 

model to be consistent with the hard copy version. 



List of Modifications to Caterpillar Tanks Wash Input Files 

River 
Mite Modification 

Changed bank station and added levee 
Changed bank station and added levee 
~ d j u 2  reach length 
Delete cross-section 
Delete cross-section 
Changed bank station and levee 
Changed right bank station and levee 
Changed bank station and levee 
Changed right bank station and levee 
Changed bank station and levee 
Changed geometry data from 3 1 data points to 10, 
and changed right bank station and levee 
Changed left bank station and levee 
Change geometry data from 45 to 30 data points 
and changed right bank station and levee 
Changed geometry data from 47 to 33 data points 
and changed right bank station and levee 
Changed right bank station and levee 
Changed right bank station and levee 
Changed left bank station and added levee 
Changed right bank station and levee 
Changed right bank station and levee 
Changed right bank station and levee 
Changed right bank station and levee 
Changed left bank station and levee 
Changed left bank station 
Changed bank station and added levee 
Changed right bank station 
Changed right bank station 
Changed right bank station and levee 
Changed left bank station 

Converted HEC-RAS models are updated with flow discharges 

developed for the North Peoria ADMP to create a base HEC-RAS 

model to evaluate proposed alternatives. 

At locations where there is greater than 1 foot rise in water surface 

elevations between encroached and non-encroached conditions, 
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encroachment stations are relaxed to minimize that change in water 

surface elevations to a foot or less. 

The HEC-RAS channel improvement routine is utilized to evaluate 

the full structural alternative that allows encroachment to the 

floodway fringe. The full structural alternative is characterized by 

a trapezoidal channel with a uniform bottom width consistent with 

the limits of the floodway and 2 to 1 (horizontal to vertical) side 

slopes. Channel slope is consistent with existing wash slope. 

Banks stations are adjusted to the top edges of the proposed 

channel. Fill areas in the floodway fringe are set to the calculated 

freeboard elevation. 

The HEC-RAS channel routine is also utilized to evaluate channel 

improvements proposed for Twin Buttes Wash south of 1 15Ih 

Avenue. The alternative provides a channel that mitigates 100- 

year flood impacts to the alignment of 115Ih Avenue and to a 

residential structure located in the existing floodway. Channel top 

width and slope are optimized to provide a channel that mitigates 

100-year flood impacts. Banks stations are adjusted to the top 

edges of the proposed channel. Proposed 115'~ Avenue channel 

improvements are displayed on Figure 11-7. Improvements are 

modeled in the full structural alternative hydraulic model. 

The HEC-RAS computer program lateral weir subroutine is 

utilized to evaluate potential flow splits. 

For reference purposes floodplain delineation work maps from the 

original FIS study are presented in Appendix C. 

Output files for the different hydraulic models are located in Appendices D and E. 

Appendix D contains HEC-2 models whereas Appendix E contains HEC-RAS models for 

each of the washes evaluated 
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Hydraulic Modeling Results 

This section of the report presents the results of the hydraulic models developed to 

determine the feasibility, design parameters and design constraints for the full 

structural and partial structural alternatives. Hydraulic models developed for each of 

the proposed alternatives are compared with the base hydraulic models to determine 

the impact of the alternative on the watercourse. Results of the hydraulic models for 

each alternative are also used to estimate design parameters such as free board and 

size of bank protection material. Results for watercourses evaluated in the Big Spring 

Area and the Twin Buttes Area are presented in the following sections. 

Big Spring Area 

Hydraulic evaluations are conducted for the non-structural alternative and the partial 

structural alternative for the Unnamed Wash 1, 2 and 3 within the Big Spring Area. 

The base HEC-RAS model for Unnamed Wash 1, 2 and 3 characterizes the elements 

of the non-structural alternative. Encroachment stations for the floodway profile, 

developed for the base models are revised to model elements (partial encroachment) 

of the partial structural alternative. Table 11-6, Table 11-9, and Table 11-12 lists a 

summary of results for selected hydraulic parameters for the non-structural alternative 

for Unnamed Wash 1, 2 and 3, respectively. Table 11-7, Table 11-10, and Table 11- 

13, lists a summary of results for selected hydraulic parameters for the partial 

structural alternative for Unnamed Wash 1, 2 and 3, respectively. Results are only 

presented for the areas where the partial structural alternative as been applied. 

Models execute successfully without error messages for Unnamed Wash 1,2 and 3. 

The models do report several warning messages. The following are frequent warning 

messages reported: 

The conveyance ratio (upstream conveyance divided by 

downstream conveyance) is less than 0.7 or greater than 1.4. This 

is a common message received when modeling a river system that 

is characterized by changes in the conveyance capacity of the 



channel relative to the over-bank area and varies from cross- 

section to cross-section 

The energy loss was greater than 1.0-ft (0.3 m) between the current 

and previous cross-section. The message pertaining to energy loss 

of greater than 1 foot is to be expected, given that cross-section 

spacing is 300 to 500 feet and the friction slopes are greater than 

0.004 ftlft. 

The velocity head has changed by more than 0.5-ft (0.15 m). 

Channel velocities generally range between 5 and 14 fps within the 

channel for Unnamed Wash 1, 2 and 3. A velocity difference 

between cross-sections of 2 fps would result in a velocity head 

difference of more than 0.5 feet. A change of 2 fps between cross- 

sections is not unreasonable. 

Warning messages from the HEC-RAS model at many locations 

reported that the assumed water surface elevation was set to critical 

depth, however the calculated water surface elevation was 

calculated below critical depth. This indicates a potential for 

supercritical flow. In the event that detail design is being pursued 

the designer should evaluated and design for supercritical flow 

conditions. 

Results of the hydraulic models for the partial structural alternative are compared to 

results of the hydraulic model for the non-structural alternative to determine the 

impact of the altemative on the hydraulic properties of the watercourse. Tables 11-8, 

11-1 1 and 11-14 list the results of the comparison of the non-structural model with 

the partial structure alternative for Unnamed Wash 1, 2 and 3, respectively. Negative 

values listed in the tables indicate a reduction in the value of the hydraulic parameters 

relative to the non-structural model. Positive values listed in the table indicate an 



increase in the value of the hydraulic parameters relative to the non-structural model. 

Results are only presented for the areas where the partial structural alternative as been 

applied. Results of the comparison between no encroachment to partial encroachment 

indicate that generally there is a reduction in floodplain width at locations of 

encroachment into the floodway fringe along with an increase in flow velocity and 

depth. The greater the encroachment the greater the change in channel velocity and 

depth. 



Table 11-6 

Summary of Hydraulic Parameters 

Base HEC-RAS Model Unnamed Wash 1 

Discharge Velocity 
Channel Left Over Right Channel Left Over Right 

Bank over 
Bank 

Bank ~ v e r ~ a n k  
Channel Top 
Depth of Width 

Flow 

( ft (ft) 
8 9 

10.3 96.0 
6.6 70.0 
6.7 67.0 
6.5 141.7 
5.6 131.1 
7.0 168.4 
5.9 116.1 
7.0 75.0 
7.4 54.3 
8.2 75.4 
8.0 59.7 
6.8 84.2 
7.5 71.2 
7.0 88.6 
7.2 69.9 
8.1 66.2 
7.0 82.4 
5.8 152.4 
5.6 143.6 
5.7 152.8 
6.8 54.5 
5.4 66.3 
6.4 111.7 
13.1 368.0 
11.5 269.9 
7.9 122.3 
5.6 186.5 
5.0 131.5 
5.6 152.9 
5.4 100.3 
5.3 152.2 
5.5 99.9 
6.1 119.4 
4.0 149.7 
5.9 62.6 
5.8 114.9 
5.7 88.5 
3.6 101.4 
4.6 102.0 
4.5 166.3 



Table 11-6 Cont. 

Summary of Hydraulic Parameters 

Base HEC-RAS Model Unnamed Wash 1 

Discharge Velocity 
Channel Left Over Right Channel Left Over Right Channel 

Bank over 
Bank 

Bank ~ v e r ~ a n k  Depth of 
Flow 

Top 
Width 



Table 11-7 

Summary of Hydraulic Parameters 

x-sec 

1 
1.992 
2.047 
2.134 
2.23 
2.312 
2.347 
2.39 
2.467 
2.557 
2.611 
2.674 
2.77 
2.813 
2.848 
2.88 
2.923 
3.015 
3.073 
3.121 
3.186 
3.274 
3.366 
3.453 
3.671 
3.706 
3.803 
3.895 
3.987 
4.077 
4.17 
4.256 
4.361 
4.412 
4.436 
4.536 
4.613 
4.628 
4.725 
4.839 
4.879 
4.92 

Partial Structural Encroachment HEC-RAS Model Unnamed Wash 1 

Channel 

(cfs) 
2 

2139.9 
2784.4 
2882.3 
2568.2 
2677.7 
1945.5 
2603.4 
2882.0 
2757.6 
2625.0 
2879.0 
2264.7 
204 1 .O 
2856.9 
2557.8 
2882.8 
2884.2 
1606.9 
2037.8 
2201.7 
2321.0 
2327.9 
2175.3 
1907.5 
1729.2 
2303.0 
1872.5 
2020.7 
1421.4 
1706.2 
1887.4 
2330.0 
2328.7 
1624.3 
2233.9 
1977.6 
1181.6 
1068.6 
967.5 
1047.3 
1175.4 

Discharge 
Left Over Rieht 

Bank over 
Bank 

Channel 

(fps) 
5 

7.5 
11.7 
10.5 
7.9 
10.1 
5.6 
8.4 
7.8 
11.0 
10.5 
9.7 
8.4 
10.5 
9.5 
10.6 
8.7 
9.4 
6.4 
8.2 
9.0 
9.3 
10.6 
7.9 
0.9 
1.5 
4.4 
8.0 
9.2 
7.9 
11.0 
8.5 
10.1 
8.7 
9.8 
11.1 
8.3 
3.9 
9.7 
7.4 
8.5 
8.2 

Velocity 
Left Over Right 

Bank Over 
Bank 

Channel 
Depth of 

Flow 

(ft) 
8 

10.3 
6.6 
6.7 
7.1 
6.3 
7.4 
5.8 
7.1 
7.3 
8.3 
7.9 
6.8 
7.5 
7.0 
7.2 
8.1 
7.0 
5.8 
5.8 
6.3 
7.3 
5.4 
6.4 
13.1 
11.5 
7.9 
5.6 
6.0 
5.7 
5.4 
5.4 
6.0 
6.5 
4.3 
6.0 
5.8 
5.6 
3.8 
4.9 
4.5 
5.3 

TOP 
Width 

(ft) 
9 

96.0 
70.0 
67.0 
98.4 
123.6 
171.6 
113.9 
75.4 
54.1 
75.8 
59.6 
84.3 
71.2 
88.8 
69.9 
66.2 
82.4 
152.5 
79.9 
80.9 
57.0 
66.3 
111.7 
368.0 
269.9 
91.7 
88.7 
72.6 
154.3 
100.3 
109.9 
54.5 
59.0 
113.9 
63.4 
112.1 
88.1 
53.2 
122.5 
95.2 
38.0 



Table 11-7 Cont. 

Summary of Hydraulic Parameters 

Partial Structural Encroachment HEC-RAS Model Unnamed Wash 1 

Discharge Velocity 
x-sec Channel Left Over Right Channel Left Over Right Channel 

Bank Over Bank Over Depth of 
Bank Bank Flow 

TOP 
Width 



Table 11-8 

Comparison of Base HEC-RAS to Partial Structural Encroachment HEC-RAS 

Unnamed Wash 1 

x-sec 
Difference in Discharge 

Channel Left Over Right 
Bank Over 

Bank 

Difference in Velocity 
Channel Left Over Right 

Bank Over 
Bank 

- 
Difference Top 
in Channel Width 
Depth of Difference 

Flow 
(ft) (ft) 



Table 11-8 Cont. 

Comparison of Base HEC-RAS to Partial Structural Encroachment HEC-RAS 

Unnamed Wash 1 

Difference in Discharge 
Channel Left Over Right 

Bank over  
Bank 

Difference in Velocity 
Channel Left Over Right Difference Top 

Bank Over in Channel Width 
Bank Depth of Difference 

Flow 



Table 11-9 

Summary of Hydraulic Parameters 

Base HEC-RAS Model Unnamed Wash 2 

Discharge Velocity 
x-sec Channel Left Over Right Channel Left Over Right Channel Top 

Bank Over Bank Over Bank Depth of Width 
Bank Flow 



Table 11-10 

Summary of Hydraulic Parameters 

Partial Structural Encroachment HEC-RAS Model Unnamed Wash 2 

Discharge Velocity 
x-see Channel Left Over Right Channel Left Over Right Channel Top 

Bank Over Bank Over Bank Depth of Width 
Bank Flow 



Table 11-11 

Comparison of Base HEC-RAS to Partial Structural Encroachment HEC-RAS 

Unnamed Wash 2 

Difference in Discharge Difference in Velocity 
x-see Channel Left Over Right Channel Left Over Right Difference Top 

Bank Over Bank Over Bank in Channel Width 
Bank Depth of Difference 

Flow 



Channel 

( 4  
2 

2569.4 
2450.8 
1528.9 
2453.5 
2238.2 
2198.1 
1994.1 
2039.8 
1679.3 
1901.1 
2112.4 
1828.7 
1897.2 
1972.3 
2115.1 
1919.3 
2038.9 
2003.2 
1391.3 
1970.1 
1668.3 
1500.1 
1802.4 
1718.7 
1984.3 
1989.9 
1846.2 
1514.1 
1500.6 
1283.5 
1443.0 
1602.2 
1660.0 
1637.8 
1983.4 
1977.2 
1983.2 
1988.4 
1655.9 

Table 11-12 

Summary of Hydraulic Parameters 

Base HEC-RAS Model Unnamed Wash 3 

Discharge 
Left Over 

Bank 

(cfs) 
3 

0.5 
0.2 

1034.8 
116.5 
331.4 
0.8 
0.1 

158.2 
366.0 
0.5 
87.5 
0.3 

276.1 
226.2 

1.8 
275.8 
108.4 
123.1 
645.9 
0.2 
0.4 

434.3 
183.9 
227.1 
4.2 
0.1 
66.5 
14.1 
0.0 

177.7 
172.0 
114.0 
74.0 
0.1 
1.5 
2.8 
1.5 
0.9 
7.4 

Right 
Over 
Bank 

(cfs) 
4 

0.1 
119.0 
6.3 
0.0 
0.5 
1.1 

205.8 
2.0 

154.7 
298.4 
0.1 

371.0 
26.6 
1.5 

83.1 
4.9 
52.7 
73.7 
162.9 
19.8 

321.4 
55.6 
3.7 
44.2 
1.6 
0.0 

77.3 
461.8 
489.5 
528.8 
375.0 
273.8 
256.0 
352.1 
5.2 
10.0 
5.4 
0.7 

326.7 

Velocity 
Channel Left Over Right 

Bank Over Bank 
Channel 
Depth of 

Flow 

(ft) 
8 

7.8 
7.5 
4.6 
4.2 
5.3 
6.5 
6.9 
6.3 
4.7 
6.7 
5.8 
6.2 
5.1 
5.4 
5.5 
5.8 
6.1 
6.4 
5.5 
5.3 
7.4 
5.9 
5.2 
4.9 
5.6 
5.9 
7.3 
6.4 
7.1 
6.5 
5.3 
5.3 
5.3 
5.8 
6.0 
4.5 
5.7 
6.1 
6.5 

TOP 
Width 



Table 11-13 

Summary of Hydraulic Parameters 

Partial Structural Encroachment HEC-RAS Model Unnamed Wash 3 

Discharge Velocity 
x-see Channel Left Over Right Channel Left Over Right Channel 

Bank Over Bank Over Bank Deoth of 
Bank Flow 

TOP 
Width 



Table 11-14 

Comparison of Base HEC-RAS to Partial Structural Encroachment HEC-RAS 

Unnamed Wash 3 

Difference in Discharge Difference in Velocity 
Channel Left Over Rieht Channel Left Over Rieht Difference Toa 

Bank 0;er Bank ~ v e r ~ ~ a n k  in Channel width 
Bank Depth of Difference 

Flow 

(cfs) (cfs) (cfs) (fps) (fps) (fps) (ft) (ft) 

Twin Buttes Area 

Models execute successfully without error messages for washes studied in the Twin 

Buttes Area. The models do report several waming messages. The following are 

frequent waming messages reported: 



The conveyance ratio (upstream conveyance divided by 

downstream conveyance) is less than 0.7 or greater than 1.4. This 

is a common message received when modeling a river system that 

is characterized by changes in the conveyance capacity of the 

channel relative to the over-bank area and varies from cross- 

section to cross-section 

The energy loss was greater than 1.0-ft (0.3 m) between the current 

and previous cross-section. The message pertaining to energy loss 

of greater than 1 foot is to be expected, given that cross-section 

spacing is 300 to 500 feet and the friction slopes are greater than 

0.004 ftlft. 

The velocity head has changed by more than 0.5-ft (0.15 m). 

Channel velocities generally range between 4 and 11 fps within the 

channel for washes in the Twin Butte Area. A velocity difference 

between cross-sections of 2 fps would result in a velocity head 

difference of more than 0.5 feet. A change of 2 fps between cross- 

sections is not unreasonable. 

Warning messages from the HEC-RAS model at many locations 

reported that the assumed water surface elevation was set to critical 

depth, however the calculated water surface elevation was 

calculated below critical depth. This indicates a potential for 

supercritical flow. In the event that detail design is being pursued 

the designer should evaluated and design for supercritical flow 

conditions. 

Conversion of HEC-2 Model to HEC-RAS Model Twin Buttes Wash 

For Comparison purposes, water surface elevations determined for the HEC-RAS and 

the HEC-2 models are listed in Table 11-15. In general, the average water surface 



elevation differential (difference between the original model and the HEC-RAS 

model) is less than 0.01 feet. The maximum difference of 1.08 feet occurred at cross- 

section 1.14. Both models assumed critical depth. The difference in water surface 

elevation is due to the different techniques HEC-2 and HEC-RAS use to compute 

critical depth. This is also true for cross-sections 3.69 through 3.88. The hydraulic 

performance of HEC-RAS model as compared to the HEC-2 model is considered 

acceptable for the purpose of modeling alternatives. 



River 

Mile 

Comparison of Converted HEC-RAS and Original HEC-2 Model Results 

Twin Buttes Wash 

Water Surface Elevation, feet River Water Surface Elevation, feet 
HEC3  HEC-RAS Difference Mile HEC-2 HEC-RAS Difference 

1370.96 
1372.61 
1376.57 
1381.03 
1383.27 
1386.80 
1391.22 
1393.97 
1396.97 
1401.33 
1403.97 
1409.46 
1412.51 
1416.27 
1419.90 
1425.56 
1430.64 
1433.39 
1435.83 
1440.88 
1444.55 
1448.09 
1453.74 
1459.84 
1465.55 
1469.34 
1472.34 
1477.18 
1483.17 
1486.87 
1492.97 
1500.64 
1505.92 

Maximum 
Minimum 

Average 
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Conversion ofHEC-2 Model to HEC-RAS Model Caterpillar Tank Wash 

For Comparison purposes water surface elevations determined by the HEC-RAS and 

the HEC-2 models are listed in Table 11-16. The water surface elevations in column 

(2) are from the FEMA Flood Insurance Study report. In general, the average water 

surface elevation differential (difference between the original model and the HEC- 

RAS model) is zero feet. The maximum difference of 1.01 feet occurred at cross- 

section 2.75. The HEC-2 model assumed critical depth, while HEC-RAS did not. 

The difference in water surface elevation is due to the different techniques HEC-2 

and HEC-RAS use to compute the water surface elevation at this cross-section. This 

is also true for cross-section 4.26. The hydraulic performance of HEC-RAS model as 

compared to the HEC-2 model is considered acceptable for the purpose of modeling 

alternatives. 

Table 11-16 

Comparison of Converted HEC-RAS and Original HEC-2 Model Results 

Caterpillar Tanks Wash 

River Water Surface Elevation, feet River Water Surface Elevation, feet 

~ i l ~  HEC-2 HEC-RAS Difference Mile 
(1) (2) (3) (4) (1) (2) (3) (4) 

0.019 1262.10 1262.03 0.07 2.56 1401.20 1401.19 0.01 
0.09 1265.20 1265.23 -0.03 2.65 1404.70 1404.72 -0.02 
0.19 1270.70 1270.77 -0.07 2.75 1409.70 1408.69 1.01 
0.28 1276.90 1276.92 -0.02 2.84 1413.60 1413.71 -0.11 
0.38 1282.30 1282.38 -0.08 2.94 1417.20 1417.05 0.15 
0.47 1289.90 1289.89 0.01 3.03 1419.80 1419.81 -0.01 
0.57 1297.00 1297.10 -0.10 3.13 1422.90 1422.90 0.00 
0.66 1305.00 1304.86 0.14 3.22 1425.60 1425.64 -0.04 
0.76 1310.30 1310.33 . -0.03 3.31 1429.40 1429.39 0.01 
0.82 1315.80 1315.77 0.03 3.41 1433.90 1433.87 0.03 
0.83 1317.10 1317.13 -0.03 3.50 1437.50 1437.53 -0.03 
0.95 1324.60 1324.64 -0.04 3.60 1443.60 1443.55 0.05 
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Table 11-16 Cont. 

Comparison of Converted HEC-RAS and Original HEC-2 Model Results 

Caterpillar Tanks Wash 

River Water Surface Elevation, feet River Water Surface Elevation, feet 

Mile 

(1) 
1.04 
1.14 
1.23 
1.33 
1.42 
1.52 
1.61 
1.70 
1.80 
1.89 
1.99 
2.08 
2.18 
2.27 
2.37 
2.46 

HEC-RAS 
(3) 

1330.12 
1335.44 
1343.09 
1347.99 
1351.85 
1356.01 
1361.03 
1364.21 
1369.61 
1375.28 
1379.34 
1382.79 
1385.87 
1391.32 
1394.32 
1397.77 

Difference 
(4) 

-0.02 
0.06 
-0.09 
0.1 1 
-0.05 
-0.01 
-0.43 
0.29 
-0.01 
0.02 
-0.04 
-0.09 
-0.17 
0.08 
-0.02 
0.03 

Mile 

(1) 
3.69 
3.73 
3.79 
3.88 
3.98 
4.07 
4.17 
4.26 
4.36 
4.45 
4.55 
4.64 
4.73 
4.92 
5.02 
5.04 

HEC-RAS 
(3) 

1446.42 
1447.71 
1450.61 
1454.82 
1459.27 
1462.77 
1466.20 
1469.70 
1474.33 
1479.82 
1483.55 
1488.46 
1493.25 
1499.39 
1506.10 
1508.83 

Maximum 
Minimum 
Average 

Difference 
(4) 

-0.02 
0.09 
-0.11 
-0.12 
-0.27 
0.03 
0.40 
-0.90 
0.37 
-0.22 
0.25 
-0.06 
0.05 
-0.29 
0.00 
-0.03 
1.01 
0.00 
0.00 

Conversion of HEC-2 Model to HEC-RAS Model White Peaks Wash 

For comparison purposes, water surface elevations determined for the HEC-RAS and 

the HEC-2 models are listed in Table 11 -1 7. In general, the average water surface 

elevation differential (difference between the original model and the HEC-RAS 

model) is less than 0.04 feet. The maximum difference of 0.79 feet occurred at cross- 

section 0.19. Both models assumed critical depth. The difference in water surface 

elevation is due to the different techniques HEC-2 and HEC-RAS use to compute 

critical depth. The hydraulic performance of HEC-RAS model as compared to the 

HEC-2 model is considered acceptable for the purpose of modeling alternatives. 



Table 11-17 

River 

Mile 
(1) 

0.00 
0.09 
0.19 
0.28 
0.38 
0.47 
0.57 
0.66 
0.76 
0.85 
0.95 
1.04 
1.14 
1.23 
1.33 
1.42 
1.48 

Comparison of Converted HEC-RAS and Original HEC-2 Model Results 

White Peaks Wash 

Water Surface Elevation, feet River Water Surface Elevation, feet 
HEC-2 HEC-RAS Difference ~ i l ~  HEC-2 HEC-RAS Difference 

1441.96 
1447.30 
1453.38 
1457.70 
1458.76 
1462.55 
1469.50 
1474.02 
1478.93 
1484.12 
1489.57 
1495.16 
1499.71 
1506.97 
1514.51 
1515.65 
Maximum 
Minimum 

Average 

Conversion of FIEC-2 Model to HEC-RAS Model West Fork White Peaks Wash 

For comparison purposes water surface elevations determined for the HEC-RAS and 

the HEC-2 models are listed in Table 11-18. In general, the average water surface 

elevation differential (difference between the original model and the HEC-RAS 

model) is less than 0.03 feet. The maximum difference is 0.1 1 feet. The hydraulic 

performance of HEC-RAS model as compared to the HEC-2 model is considered 

acceptable for the purpose of modeling alternatives. 
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Table 11-18 

Comparison of Converted HEC-RAS and Original HEC-2 Model Results 

West Fork White Peaks Wash 

River Water Surface Elevation, feet 

M ~ I ~  HEC-2 HEC-RAS Difference 

1464.37 
1471.01 
1479.21 
1485.07 
1494.1 1 
1501.91 
1512.35 
1517.34 
Maximum 
Minimum 

Average 

Conversion of HEC-2 Model to HEC-RAS Model West and East Garamubllo 

For comparison purposes, water surface elevations determined for the HEC-RAS and 

the HEC-2 models are listed in Table 11-19 and 11-20 for West and East Gararnbullo 

respectively. In general, the average water surface elevation differential (difference 

between the original model and the HEC-RAS model) is less than 0.07 feet. The 

maximum difference is 0.12 feet. The hydraulic performance of HEC-RAS model as 

compared to the HEC-2 model is considered acceptable for the purpose of modeling 

alternatives. 



Comparison of Converted HEC-RAS and Original HEC-2 Model Results 

East Garambullo 

River 

Mile 

Water Surface Elevation, feet 
HEC-2 HEC-RAS Difference 

1422.18 
1424.17 
1426.8 
1430.9 
1435.71 
1439.49 
1446.08 
145 1.93 
1459.17 
1464.88 
1471.16 
1478.29 
1484.01 
1492.52 
1501.21 
1510.76 
Maximum 
Minimum 

Average 



Table 11-20 

Comparison of Converted HEC-RAS and Original HEC-2 Model Results 

West Garambullo 

River 

Mile 
(If 

0 

Water Surface Elevation, feet 
HEC-2 HEC-RAS Difference 

(2) (3) (4) 
1419.8 1419.78 0.02 
1422.2 1422.18 0.02 
1424.2 1424.17 0.03 
1424.8 1424.87 -0.07 
1430 1430 0 

1435.9 1435.9 0 
1438.9 1438.94 -0.04 
1443.0 1442.95 0.05 
1448.4 1448.36 0.04 
1453.2 1453.25 -0.05 
1457.8 1457.81 -0.01 
1463.1 1463.08 0.02 
1468.3 1468.24 0.06 
1474.6 1474.58 0.02 
1481.2 1481.21 -0.01 
1487.2 1487.16 0.04 
1495.0 1495.04 -0.04 
1501.8 1501.81 -0.01 
1508.5 1508.46 0.04 
1516.1 1516.13 -0.03 

Maximum .07 
Minimum 0 

Average 0 



Comparison of Base HEC-RAS Models to Converted HEC-RAS Models 

Converted HEC-RAS models developed for Twin Buttes Wash, Caterpillar Tank 

Wash, West Fork White Peaks Wash, White Peaks Wash, East and West Garambullo 

Washes are updated to include 100-year peak discharges developed for the North 

Peoria ADMP. The updated HEC-RAS models are considered the hase hydraulic 

models that will be used to model alternatives. In general, 100-year peak discharges 

developed for the North Peoria ADMP are greater than the discharges developed in 

the original Flood Insurance Study. For comparison purposes, the results of the hase 

HEC-RAS models and the convened HEC-RAS models are listed in Tables 11-21 

through 11-26. Where the difference in water surface elevation is negative, it 

indicates that the base HEC-RAS model records a higher water surface elevation. 

Generally, the results of the comparison indicate a general rise in water surface 

elevation at locations where the 100-year peak discharge has increased. 
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Table 11-21 

River 
Station 

Comparison of Converted HEC-RAS and Base HEC-RAS 

Twin Buttes Wash 

Converted HEC-RAS Base HEC-RAS Water Surface 
Elevation 
Difference 

Discharge Water Surface Discharge Water Surface 

(cfs) (feet) (cfs) (feet) (feet) 
(2) (3) (4) (5) (6)  

2746 1242.25 3775 1242.93 -0.68 



Table 11-21 Cont. 

River 
Station 

Maximum 

Comparison of Converted HEC-RAS and Base HEC-RAS 

Twin Buttes Wash 

Converted HEC-RAS Base HEC-RAS 

(Cfs) (feet) (Cfs) (feet) 
(2) (3) (4) (5)  

2424 1381.03 2509 1381.04 
2424 1383.27 2509 1383.36 
2424 1386.80 2509 1386.83 
2424 1391.22 2509 1391.28 
2424 1393.97 2509 1394.02 
2424 1396.97 2509 1397.02 
2424 1401.33 2509 1401.40 
2424 1403.97 2509 1404.01 
2424 1409.46 2509 1409.50 
2424 1412.51 2509 1412.57 
2424 1416.27 2509 1416.29 
2163 1419.90 2509 1419.90 
2163 1425.56 2057 1425 49 
2163 1430.64 2057 1430.61 
2163 1433.39 2057 1433.36 
2163 1435.83 2057 1435.74 
2163 1440.88 2057 1440.75 
2163 1444.55 2057 1444.42 
2163 1448.09 2057 1448.03 
2163 1453.74 2057 1453.65 
2163 1459.84 2057 1459.76 
2163 1465.55 2057 1465.46 
2163 1469.34 2057 1469.26 
2163 1472.34 2057 1472.28 
2163 1477.18 2057 1477.10 
2163 1483.17 2057 1483.09 
2163 1486.87 2057 1486.77 
2163 1492.97 2057 1492.84 
2163 1500.64 2057 1500.51 
2163 1505.92 2057 1505.84 

Water Surface 
Elevation 
Difference 

(feet) 
(6) 

-0.01 
-0.09 
-0.03 
-0.06 
-0.05 
-0.05 
-0.07 
-0.04 
-0.04 
-0.06 
-0.02 
0.00 
0.07 
0.03 
0.03 
0.09 
0.13 
0.13 
0.06 
0.09 
0.08 
0.09 
0.08 
0.06 
0.08 
0.08 
0.10 
0.13 
0.13 
0.08 

0.44 Minimum -1.52 Average -0.28 



Table 11-22 

Comparison of Converted HEC-RAS and Base HEC-RAS Models 

River 
Station 

Caterpillar Tanks Wash 

Converted HEC-RAS 

Discharge Water Surface 
(Cfs) (feet) 
(2) (3) 

1315 1262.03 
1315 1265.23 
1315 1270.77 
1315 1276.92 
1315 1282.38 
1315 1289.89 
1315 1297.10 
1315 1304.86 
1315 1310.33 
1315 1315.77 
1375 1317.13 
1375 1324.64 
1375 1330.12 
1375 1335.44 
1375 1343.09 
1375 1347.99 
1375 1351.85 
1375 1356.01 
1375 1361.03 
1375 1364.21 
1375 1369.61 
1375 1375.28 
1295 1379.34 
1295 1382.79 
1295 1385.87 
1295 1391.32 
1295 1394.32 
1295 1397.77 
1295 1401.19 
1295 1404.72 
1295 1408.69 
I295 1413.71 
1295 1417.05 
1295 1419.81 
1295 1422.90 
1295 1425.64 
1295 1429.39 
1295 1433.87 
1295 1437.53 
1295 1443.55 
1295 1446.42 
970 1447.71 
970 1450.61 

BASE HEC-RAS 

Discharge Water Surface 
(cfs) (feet) 
(4) (5) 

1556 1262.23 
1556 1265.62 
1556 1270.95 
1556 1277.19 
1556 1282.70 
1556 1289.63 
1556 1297.64 
1556 1304.71 
1556 1310.96 
1556 1315.97 
1556 1317.33 
1572 1324.73 
1572 1330.39 
1572 1335.66 
1572 1343.35 
1572 1348.23 
1572 1352.1 1 
1572 1356.12 
1572 1361.34 
1572 1364.45 
1572 1369.79 
1572 1375.51 
1572 1379.51 
1292 1383.00 
1292 1385.69 
1292 1391.43 
1292 1394.28 
1292 1397.77 
1292 1401.18 
1292 1404.71 
1292 1408.69 
1292 1413.71 
1292 1417.05 
1292 1419.81 
1292 1422.89 
1292 1425.64 
1292 1429.39 
913 1433.57 
913 1437.00 
913 1443.03 
913 1445.95 
913 1447.71 
913 1450.49 

Water Surface 
Elevation 
Difference 

(feet) 
(6) 

-0.20 
-0.39 
-0.18 
-0.27 
-0.32 
0.26 
-0.54 
0.15 
-0.63 
-0.20 
-0.20 
-0.09 
-0.27 
-0.22 
-0.26 
-0.24 
-0.26 
-0.11 
-0.3 1 
-0.24 
-0.18 
-0.23 
-0.17 
-0.21 
0.18 
-0.1 1 
0.04 
0.00 
0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.30 
0.53 
0.52 
0.47 
0.00 
0.12 



Table 11-22 Cont. 

Comparison of Converted HEC-RAS and Base HEC-RAS Models 

Caterpillar Tanks Wash 

River Converted HEC-RAS BASE HEC-RAS Water Surface 
Station Elevation 

Discharge Water Surface Discharge Water Surface Difference 
(cfs) (feet) (Cfs) (feet) (feet) 

Maximum 0.53 Minimum -0.63 Average -0.04 



River 
Station 

Maxi 

Table 11-23 

Comparison of Converted HEC-RAS and Base HEC-RAS Models 

White Peaks Wash 

Converted HEC-RAS Base HEC-RAS Water Surface 
Discharge Water Surface Discharge Water Surface Elevation 

(cfs) (feet) i ~ f s )  (feet) (feet) 

Minimum Average 



Table 11-24 

Comparison of Converted HEC-RAS and Base HEC-RAS Models 

West Fork White Peaks Wash 

River Converted HEC-RAS Base HEC-RAS Water Surface 
Station Discharge Water Surface Discharge Water Surface Elevation 

(cfs) (feet) (Cfs) (feet) (feet) 

Table 11-25 

Comparison of Converted HEC-RAS and Base HEC-RAS Models 

East Garambullo Wash 

River Converted HEC-RAS Base HEC-RAS Water Surface 
Station Discharge Water Surface Discharge Water Surface Elevation 

(cfs) (feet) (Cfs) (feet) (feet) 
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River 
Station 

Table 11-26 

Comparison of Converted HEC-RAS and Base HEC-RAS Models 

West Garambullo Wash 

Converted HEC-RAS Base HEC-RAS Water Surface 
Discharge Water Surface Discharge Water Surface 

( 4  (feet) (Cfs) (feet) 
(2) (3) (4) (5) 
65 1 1419.78 876 1419.9 
65 1 1422.18 876 1422.61 
65 1 1424.17 876 1424.7 
483 1424.87 504 1424.95 
483 1430 504 1430.03 
483 1435.9 504 1435.9 
483 1438.94 504 1438.99 
483 1442.95 504 1443 
483 1448.36 504 1448.44 
483 1453.25 504 1453.3 
483 1457.81 504 1457.85 
483 1463.08 504 1463.12 
483 1468.24 504 1468.33 
483 1474.58 504 1474.67 
483 1481.21 504 1481.27 
483 1487.16 504 1487.21 
483 1495.04 504 1495.11 
483 1501.81 504 1501.86 
483 1508.46 504 1508.52 
483 1516.13 504 1516.21 

Elevation 
(feet) 

(6 )  
-0.12 
-0.43 
-0.53 
-0.08 
-0.03 

0 
-0.05 
-0.05 
-0.08 
-0.05 
-0.04 
-0.04 
-0.09 
-0.09 
-0.06 
-0.05 
-0.07 
-0.05 
-0.06 
-0.08 



Comparison of Full Structural Alternative to Non-Structural Alternative 

Hydraulic evaluations are conducted for the non-structural alternative and the full 

structural altemative for Twin Buttes Wash, Caterpillar Tank Wash, West Fork White 

Peaks Wash, White Peaks Wash, East and West Gararnbullo. The base HEC-RAS 

models for study washes characterize the elements of the non-structural altemative. 

Encroachment stations for the floodway profile developed for the base models are 

used to set limits of channel improvements proposed for the structural altemative. 

Should there be a rise in water surface elevation of greater than one foot relative to 

the base model, encroachment stations are relaxed until the change in water surface 

elevation is less than one foot. Table 11-27, Table 11-28, Table 11-29, Table 11-30, 

Table 11-31 and Table 11-32, lists a summary of results for selected hydraulic 

parameters for the non-structural alternative for Twin Buttes Wash, Caterpillar Tank 

Wash, West Fork White Peaks Wash, White Peaks Wash, East and West Garambullo 

respectively. Table 11-33, Table 11-34, Table 11-35, Table 11-36, Table 11-37 and 

Table 11-38, lists a summary of results for selected hydraulic parameters for the full 

structural alternative for Twin Buttes Wash, Caterpillar Tank Wash, West Fork White 

Peaks Wash, White Peaks Wash, East and West Garambullo, respectively. 

Results of the hydraulic model for the full structural alternative are compared to 

results of the hydraulic model for the non-structural alternative to determine the 

impact of the alternative on the hydraulic properties of the watercourse. Tables 11- 

39, 11-40, 11-41, 11-42, 11-43 and 11-44 list the results of the comparison of the 

non-structural model with the full structure alternative for Twin Buttes Wash, 

Caterpillar Tank Wash, West Fork White Peaks Wash, White Peaks Wash, East and 

West Garambullo, respectively. Negative values listed in the tables indicate a 

reduction in the value of the hydraulic parameters relative to the non-structural 

model. Positive values listed in the table indicate an increase in the value of the 

hydraulic parameters relative to the non-structural model. Results of the comparison 

between non-structural and full structural models generally indicate that there is a 

reduction in floodplain width, at some locations and minor increase in floodplain 



width is recorded. Depth of flow and velocity generally decreases. Results are 

attributed to the fact that the full structural alternative is characterized by a 

trapezoidal channel with a uniform bottom width consistent with the limits of the 

floodway (or modified floodway) or the proposed 1 1 5 ' ~  Avenue channel 

improvements, and 2 to 1 (horizontal to vertical) side slopes. The limit of 

conveyance is decreased but the overall conveyance area is increased by providing a 

uniform channel. 



Table 11-27 

Summary of Hydraulic Parameters 

Base HEC-RAS Model (Non-Structural Alternative) Twin Buttes Wash 

x-sec 

1 
0.19 
0.28 
0.38 
0.47 
0.57 
0.66 
0.76 
0.85 
0.95 
1.04 
1.14 
1.23 
1.33 
1.42 
1.52 
1.61 
1.7 
1.8 
1.84 
1.91 
1.92 
1.99 
2.08 
2.16 
2.27 
2.37 
2.46 
2.56 
2.65 
2.75 
2.84 
2.94 
3.03 
3.13 
3.22 
3.31 
3.41 
3.47 
3.5 
3.6 
3.69 

Channel 

(cfs) 
2 

3775.0 
3775.0 
3775.0 
3775.0 
3362.0 
1652.9 
2510.3 
3731.8 
3648.3 
3272.2 
2556.8 
465.0 
2738.6 
3403.9 
1821.2 
2906.1 
3775.0 
3580.6 
3696.7 
3775.0 
3779.0 
3779.0 
1750.7 
1699.6 
3025.5 
3332.7 
3779.0 
3505.5 
3416.7 
3727.0 
345 1.6 
3089.6 
2283.1 
3114.9 
3337.6 
2440.8 
3486.0 
1850.4 
2312.8 
1586.8 
2509.0 

Discharge 
Left Over Right 

Bank Over Bank 
Channel 

ffPS) 
5 

10.4 
9.1 
5.6 
9.5 
6.6 
4.9 
6.6 
9.0 
9.1 
7.3 
10.1 
3.5 
7.0 
7.2 
4.1 
9.4 
4.5 
6.5 
7.4 
4.4 
4.6 
6.4 
5.8 
6.7 
10.1 
6.2 
7.4 
5.5 
9.9 
7.2 
8.9 
8.4 
6.3 
5.2 
8.4 
4.9 
10.5 
4.0 
4.7 
7.2 
8.9 

Velocity 
Left Over Right 

Bank Over Bank 
Channel 
Depth of 

Flow 

fft) 
8 

5.5 
5.6 
5.6 
4.2 
4.3 
5.8 
8.3 
8.9 
6.6 
8.0 
5.9 
7.0 
3.8 
7.4 
6.8 
7.5 
8.4 
6.0 
7.1 
7.7 
8.0 
7.0 
6.9 
4.9 
7.1 
6.0 
7.0 
6.5 
6.7 
6.9 
7.5- 
7.8 
8.1 
7.0 
7.2 
5.7 
7.0 
6.3 
5.9 
5.1 
5.0 

Top Width 

fft) 
9 

108.5 
114.4 
276.6 
141.1 
392.6 
933.9 
471.8 
203.2 
238.5 
402.9 
170.1 
555.7 
441.6 
379.7 
406.9 
214.2 
211.4 
235.4 
198.6 
237.0 
244.8 
234.0 
248.4 
341.9 
175.0 
321.2 
192.3 
368.9 
166.6 
144.5 
166.6 
164.7 
208.1 
232.4 
383.0 
396.6 
80.9 

409.9 
302.0 
220.7 
94.0 



Table 11-27 Cont. 

Summary of Hydraulic Parameters 

Base HEC-RAS Model (Non-Structural Alternative) Twin Buttes Wash 

Discharge 
Channel Left Over Right 

Bank Over Bank 

Velocity 
Channel Left Over Right 

Bank Over Bank 
Channel 
Depth of 

Flow 

( ft ) 
8 

5.5 
5.9 
3.7 
5.5 
4.7 
4.4 
5.9 
4.2 
5.5 
3.8 
4.4 
5.0 
2.9 
4.3 
4.6 
4.6 
6.1 
6.5 
4.4 
4.2 
3.1 
5.4 
6.7 
4.8 
4.2 
4.7 
6.9 
5.5 
7.5 
5.8 

Top Width 



Table 11-28 

Summary of Hydraulic Parameters 

Base HEC-RAS Model (Non-Structural Alternative) Caterpillar Tank Wash 

Discharge Velocity 
x-see Channel Left Over Right Channel Left Over Right Channel Top Width 

Bank Over Bank Bank Over Bank Depth of 
Flow 



Table 11-28 Cont. 

Summary of Hydraulic Parameters 

Base HEC-RAS Model (Non-Structural Alternative) Caterpillar Tank Wash 

Discharge Velocity 
x-sec Channel Left Over Right Channel Left Over Right Channel Top Width 

Bank Over Bank Bank Over Bank Depth of 
Flow 

(cfs) (cfs) (cfs) (fps) (fps) (fps) (ft) ( ft ) 
1 2 3 4 5 6 7 8 9 

3.73 629.0 0.0 284.0 6.1 0.0 4.1 7.5 108.1 
3.79 913.0 0.0 0.0 4.7 0.0 0.0 5.4 99.8 
3.88 913.0 0.0 0.0 5.8 0.0 0.0 5.0 63.2 
3.98 913.0 0.0 0.0 5.1 0.0 0.0 5.8 76.9 
4.07 553.4 0.0 359.6 5.9 0.0 2.7 2.9 163.5 
4.17 718.6 0.0 194.4 6.2 0.0 4.6 3.9 79.5 
4.26 913.0 0.0 0.0 5.8 0.0 0.0 5.4 60.2 
4.36 913.0 0.0 0.0 8.5 0.0 0.0 3.8 48.2 
4.45 86 1.7 50.3 1 .O 6.9 2.3 1.4 4.4 81.9 
4.55 899.9 0.0 13.1 7.7 0.0 1.7 4.6 56.7 
4.64 855.7 57.3 0.0 8.5 2.9 0.0 4.5 59.1 
4.73 913.0 0.0 0.0 6.7 0.0 0.0 4.9 54.6 
4.92 913.0 0.0 0.0 3.2 0.0 0.0 2.0 208.5 
5.02 347.4 563.4 2.3 3.2 4.7 0.8 5.1 106.4 
5.04 912.8 0.0 0.2 7.9 0.0 1.3 4.7 58.9 

Table 11- 29 

Summary of Hydraulic Parameters 

Base HEC-RAS Model (Non-Structural Alternative) West Fork Whites Peak Wash 

Discharge Velocity 
x-sec Channel Left Over Right Channel Left Over Right Channel Top Width 

Bank Over Bank Bank Over Bank Depth of 
Flow 



Table 11-30 

Summary of Hydraulic Parameters 

Base HEC-RAS Model (Non-Structural Alternative) Whites Peak Wash 

Discharge Velocity 
Channel Left Over Right Channel Left Over Right Channel Top Width 

Bank Over Bank Bank Over Bank Depth of 
Flow 

(cfs) (cfs) (cfs) (fPS) (fps) (fps) (fit (ft) 
2 3 4 5 6 7 8 9 

454.6 0.0 490.4 1.8 0.0 2.0 5.2 241.9 
521.8 5.4 417.8 4.4 1.5 3.4 5.2 215.3 
935.1 9.9 0.0 3.9 1.1 0.0 5.6 125.3 
887.7 57.3 0.0 5.0 2.0 0.0 4.4 87.1 
944.0 0.0 1.0 8.3 0.0 0.9 4.1 58.2 
934.1 0.0 10.9 3.1 0.0 0.8 4.0 172.7 
530.2 0.0 414.8 5.1 0.0 3.1 4.5 229.8 
731.9 0.0 213.2 3.8 0.0 2.6 4.8 176.9 
777.3 0.0 167.7 5.1 0.0 2.5 5.2 180.2 
945.0 0.0 0.0 5.4 0.0 0.0 3.9 75.4 
945.0 0.0 0.0 6.0 0.0 0.0 4.9 52.5 
945.0 0.0 0.0 6.4 0.0 0.0 5.6 53.8 
680.9 264.1 0.0 3.7 2.7 0.0 5.6 138.7 
945.0 0.0 0.0 9.4 0.0 0.0 4.5 36.7 
509.1 406.5 29.4 2.9 2.4 1 .O 6.1 254.2 
945.0 0.0 0.0 9.5 0.0 0.0 4.4 34.4 
514.2 430.8 0.0 5.2 2.7 0.0 5.0 128.6 
821.0 120.4 3.6 7.4 3.5 1 .O 3.7 90.0 
942.7 2.3 0.0 9.0 1.9 0.0 3.8 43.8 
94 1.7 3.3 0.0 8.1 1.7 0.0 4.2 43.1 
912.3 32.7 0.0 9.5 2.3 0.0 4.5 47.7 
945.0 0.0 0.0 8.6 0.0 0.0 4.9 41.4 
945.0 0.0 0.0 6.2 0.0 0.0 4.2 74.0 
372.0 0.0 0.0 2.6 0.0 0.0 4.0 63.3 
372.0 0.0 0.0 7.3 0 0  0.0 2.8 30.9 
372.0 0.0 0.0 6.1 0.0 0.0 2.3 38.3 
372.0 0.0 0.0 4.8 0 0  0.0 3.4 45.2 
372.0 0.0 0.0 7.0 0.0 0.0 2.4 34.3 
372.0 0.0 0.0 5.2 0.0 0.0 2.9 37.9 
372.0 0.0 0.0 7.0 0.0 0.0 3.2 36.1 
372.0 0.0 0.0 6.0 0.0 0.0 3.6 27.9 
372.0 0.0 0.0 6.6 0.0 0.0 2.7 32.1 
372.0 0.0 0.0 7.2 0.0 0.0 3.6 31.5 
372.0 0.0 0.0 7.4 0.0 0.0 2.3 28.4 
372.0 0.0 0 0  3.6 0.0 0.0 4.1 35.6 



Table 11-31 

Summary of Hydraulic Parameters 

Base HEC-RAS Model (Non-Structural Alternative) East Garambullo Wash 

Discharge Velocity 
x-sec Channel Left Over Right Channel Left Over Right Channel Top Width 

Bank Over Bank Bank Over Bank Depth of 
Flow 



Table 11-32 

Summary of Hydraulic Parameters 

Base HEC-RAS Model (Non-Structural Alternative) West Garambullo Wash 

Discharge 
x-see Channel Left Over Right 

Bank Over Bank 

Velocity 
Channel Left Over Right Channel Top Width 

Bank Over Bank Depth of 
Flow 

(fps) (fps) (fps) (ft) ( ft f 
5 6 7 8 9 

2.15 0.0 0.0 5 447.63 
8.28 0.0 0.0 2.71 73.62 
4.18 2.32 1.93 5.1 123.33 
8.2 0.0 0.0 4.05 29.07 

3.62 0.95 1.91 4.13 170.33 
2.66 1.49 0.0 3.8 263.58 
7.68 0.0 0.0 2.69 86.45 
3.62 1.09 1.92 5.3 139.63 
7.61 0.0 2.3 1 4.04 53.63 
4 95 0.0 0.0 4.6 50.18 
5.74 4.05 3.12 2.65 87.83 
7.52 0.0 1.75 4.02 44.18 
5.5 0.0 0.0 3.03 42.68 
8.3 0.0 0.0 3.57 27.84 

6.04 0.0 0.0 3.67 33.72 
7.99 0.0 0.0 2.71 32.14 

7 0.0 0.0 4.31 30.46 
6.26 0.0 0.0 3.96 46.5 
7.75 0.0 0.2 4.42 25.28 
8.75 0.0 0.0 4.61 24.52 



Table 11-33 

Summary of Hydraulic Parameters 

Full Structural Alternative HEC-RAS Model Twin Buttes Wash 

Channel 
Discharge 

Left Right 
Over Over 
Bank Bank 
(cfs) (cfs) 

3 4 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 2.0 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

Channel 
Velocity 

Left Right 
Over Over 
Bank Bank 

Channel Top 
Depth of Width 

Flow 
(ft) (ft) 
8 9 

3.31 120.22 
3.54 126.17 
3.4 171.5 
3.5 113.8 
3.5 113.9 
4.7 135.9 
5.0 120.0 
4.6 118.5 
3.4 113.7 
5.0 119.9 
2.1 379.3 
1.8 412.4 
2.0 388.1 
4.6 163.5 
3.3 263.2 
4.6 81.3 
5.8 184.3 
2.5 171.2 
4.7 151.8 
3.9 253.0 
4.3 262.0 
2.5 239.9 
3.6 187.4 
2.7 260.6 
5.1 90.5 
4.0 172.8 
3.8 190.1 
3.1 145.5 
5.7 95.7 
4.5 136.9 
4.5 114.9 
5.1 81.5 
5.9 143.4 
3.9 239.6 
4.1 94.2 
4.2 173.8 
5.2 112.9 
3.4 258.6 
3.3 302.2 
2.5 164.0 
3.0 149.9 
2.4 156.6 
3.4 136.7 



Table 11-33 Cout. 

Summary of Hydraulic Parameters 

x-sec 

Full Structural Alternative HEC-RAS Model Twin Buttes Wash 

Discharge Velocity 
Channel Left Right Channel Left Right Channel Top 

Over Over Over Over Depth of Width 
Bank Bank Bank Bank Flow 



Table 34 

Summary of Hydraulic Parameters 

x-sec 

Full Structural Alternative HEC-RAS Model Caterpillar Tank Wash 

Channel 
Discharge 
Left Over Right 

Bank Over Bank 

Velocity 
Channel Left Over Right 

Bank Over Bank 
Channel 
Depth of 

Flow 

(ft) 
8 

2.2 
6.0 
1.9 
4.9 
2.3 
2.4 
2.5 
2.4 
3.2 
1.6 
2.1 
1.9 
2.9 
3.6 
2.1 
3.1 
3.3 
2.4 
2.9 
2.4 
4.3 
2.9 
3.7 
2.2 
2.3 
2.6 
1.3 
2.7 
2.6 
2.4 
2.3 
2.9 
3.9 
2.7 
3.8 
1.5 
3.1 

Top Width 



Table 11-34 Cont. 

Summary of Hydraulic Parameters 

Full Structural Alternative HEC-RAS Model Caterpillar Tank Wash 

Discharge 
Channel Left Over Right 

Bank Over Bank 

Velocity 
Channel Left Over Right Channel Top Width 

Bank Over Bank Depth of 
Flow 

(fps) (fps) (fps) (ft) (ft) 
5 6 7 8 9 

4.7 0.0 0.0 1.3 149.3 
5.8 0.0 0.0 2.2 75.8 
4.4 0.0 0.0 5.5 125.8 
6.1 0.0 0.0 8.1 55.2 
4.7 0.0 0.0 6.0 85.6 
3.2 0.0 0.0 2.6 116.3 
7.5 0.0 0.0 1.8 70.4 
3.9 0.0 0.0 2.8 89.3 
8.1 0.0 0.0 2.2 54.9 
3.2 0.0 0.0 2.9 134.8 
5.7 0.0 0.0 2.4 70.7 
8.0 0.0 0.0 2.1 58.5 
6.4 0.0 0.0 2.6 60.4 
6.9 0.0 0.0 2.8 53.1 
8.4 0.0 0.0 2.7 45.8 
5.5 0.0 0.0 2.7 66.8 
4.8 0.0 0.0 0.9 206.7 
4.8 0.0 0.0 3.2 66.2 
7.6 0.0 0.0 1.9 67.5 



Table 11-35 

Summary of Hydraulic Parameters 

Full Structural Alternative HEC-RAS Model 

West Fork Whites Peaks Wash 

Discharge Velocity 
x-see Channel Left Over Right- Channel Left Over Right Channel Top Width 

Bank Over Bank Bank Over Bank Depth of 
Flow 

(cfs) (cfs) (cfs) (fps) (fps) (fPS) (ft) (ft) 
1 2 3 4 5 6 7 8 9 
0 279 1.44 3.21 66.84 

0.09 279 5.31 1.09 60.58 
0.19 279 5.73 1.66 32.64 
0.28 279 6.28 1.36 35.43 
0.38 279 5.87 1.41 36.62 
0.47 279 6.94 1.72 26.86 
0.57 279 6.61 1.56 30.23 
0.66 279 6.56 1.47 3 1.88 
0.74 279 4.97 1.83 34.33 

Table 11-36 

Summary of Hydraulic Parameters 

Full Structural Alternative HEC-RAS Model Whites Peaks Wash 

Discharge Velocity 
x-see Channel Left Over Right Channel Left Over Right Channel Top Width 

Bank Over Bank Over Bank Depth of 
Bank Flow 

(cfi) (cfs) (cfs) (fps) (fps) (fps) (ft) (ft) 
1 2 3 4 5 6 7 8 9 

0 454.63 0.0 490.37 1.8 0.0 1.98 5.16 241.94 
0.19 945 0.0 0.0 3.22 0.0 0.0 2.73 112.93 
0.28 945 0.0 0.0 7.93 0.0 0.0 2.12 60.47 
0.38 945 0.0 0.0 4.99 0.0 0.0 3.57 60.27 
0.47 945 0.0 0.0 3.42 0.0 0.0 2.11 135.42 
0.57 945 0.0 0.0 9.16 0.0 0.0 3.11 39.43 
0.66 945 0.0 0.0 3.37 0.0 0.0 3.44 115.17 
0.76 945 0.0 0.0 4.67 0.0 0.0 2.47 86.89 
0.85 945 0.0 0.0 6.73 0.0 0.0 1.83 80.33 
0.95 945 0.0 0.0 5.06 0.0 0.0 3.58 59.31 
1.04 945 0.0 0.0 5.61 0.0 0.0 3.01 62.04 
1.14 945 0.0 0.0 4.92 0.0 0.0 2.56 80.22 



Table 11-36 Cont. 

Summary of Hydraulic Parameters 

x-sec 

Full Structural Alternative HEC-RAS Model Whites Peaks Wash 

Discharge 
Channel Left Over Right 

Bank Over 
Bank 

(cfs) (cfs) (cfs) 
2 3 4 

945 0.0 0.0 
945 0.0 0.0 
945 0.0 0.0 
945 0.0 0.0 
945 0.0 0.0 
945 0.0 0.0 
945 0.0 0.0 
945 0.0 0.0 
945 0.0 0.0 
945 0.0 0.0 
372 0.0 0.0 
3 72 0.0 0.0 
372 0.0 0.0 
372 0.0 0.0 
372 0.0 0.0 
372 0.0 0.0 
372 0.0 0.0 
372 0.0 0.0 
372 0.0 0.0 
372 0.0 0.0 
372 0.0 0.0 
372 0.0 0.0 

Velocity 
Channel Left Over Right 

Bank Over Bank 
Channel 
Depth of 

Flovv 
(ft) 
8 

2.7 
2.79 
2.5 1 
3.42 
2.58 
2.55 
3.08 
3.32 
3.27 
2.07 
2.43 
1.55 
1.48 
1.86 
1.48 
1.88 
1.42 
2 

1.59 
1.69 
1.61 
3.19 

Top Width 



Table 11-37 

Summary of Hydraulic Parameters 

Full Structural Alternative HEC-RAS Model East Garambullo Wash 

Discharge Velocity 
x-sec Channel Left Right Channel Left Right Channel 

Over Over Over Over Depth of 
Bank Bank Bank Bank Flow 

( 4  (cfs) (cfs) (fps) (fps) (fps) (ft) 
1 2 3 4 5 6 7 8 
0 876 0.0 0.0 0.7 0.0 0.0 5 

0.09 876 0.0 0.0 7.98 0.0 0.0 2.18 
0.14 876 0.0 0.0 3.33 0.0 0.0 4.26 
0.19 372 0.0 0.0 4.3 0.0 0.0 0.57 
0.28 372 0.0 0.0 3.75 0.0 0.0 2.48 
0.38 372 0.0 0.0 7.26 0.0 0.0 1.85 
0.47 3 72 0.0 0.0 3.72 0.0 0.0 2.3 
0.57 372 0.0 0.0 7.27 0.0 0.0 1.85 
0.66 372 0.0 0.0 3.86 0.0 0.0 1.83 
0.76 372 0.0 0.0 6.15 0.0 0.0 1.22 
0.85 372 0.0 0.0 3.21 0.0 0.0 1.27 
0.95 372 0.0 0.0 6.81 0.0 0.0 1.56 
1.04 372 0.0 0.0 4.93 0.0 0.0 2.04 
1.14 372 0.0 0.0 7.54 0.0 0.0 2.05 
1.23 372 0.0 0.0 6.21 0.0 0.0 1.88 
1.33 372 0.0 0.0 6.46 0.0 0.0 1.38 
1.43 372 0.0 0.0 5.95 0.0 0.0 2.02 

TOP 
Width 



Table 11-38 

Summary of Hydraulic Parameters 

Full Structural Alternative HEC-RAS Model West Garambullo Wash 

Discharge Velocity 
x-see Channel Left Over Right Channel Left Over Right Channel Top Width 

Bank Over Bank Bank Over Bank Depth of 
Flow 



Table 11-39 

Comparison of Base HEC-RAS to Full Structural Alternative HEC-RAS 

Twin Buttes Wash 

Difference in Discharge 
Channel Left Over Right 

Bank Over Bank 

Difference in Velocity 
Channel Left Over Right Difference Top Width 

Bank Over Bank in Difference 
Channel 
Depth of 

Flow 

(fps) (fPS) (ft) (ft) 
5 6 7 8 9 

-0.4 0 0  0.0 -2.2 11.7 

-0.1 0 0  0 0  -2.1 11.7 

1.2 0 0  0.0 -2.3 -105.2 

0.7 0.0 0.0 -0.7 -27.3 

3.6 -5.1 -1.6 -0.8 -278.8 

2.8 -2.7 -1.1 -1.1 -798.1 

0.3 0.0 -3.5 -3.3 -351.8 
-1.5 -1.2 -1.5 -4.3 -84.7 

1.3 0 0  -2.1 -3.1 -124.8 

-0.4 -2.8 -1.7 -3.0 -283.0 

-5.3 0.0 -5.9 -3.8 209.2 

1.6 0.0 -3.4 -5.2 -143.4 

-2.1 0.0 -4.6 -1.7 -53.5 

-1.9 -2.1 0.0 -2.8 -216.2 

0.3 -4.2 0.0 -3.5 -143.7 

2.0 -3.9 -4.6 -2.9 -132.9 

-0.8 0.0 0.0 -2.5 -27.0 

2.5 -3.3 -1.8 -3.4 -64.2 

-1.7 -2.3 0.0 -2.4 -46.8 
-0.5 0.0 0.0 -3.8 16.0 

-1.1 0.0 0.0 -3.7 17.2 

0.1 0.0 0.0 -4.5 5.9 
0.0 0.0 -4.9 -3.3 -61.1 

-1.1 -3.8 -4.5 -2.2 -81.3 

-0.9 0.0 -4.0 -1.9 -84.5 

-0.4 0.0 -2.4 -2.0 -148.4 

-1.9 0.0 0.0 -3.3 -2.2 

3.2 -1.9 0.0 -3.4 -223.4 

-2.0 -3.5 0.0 -1.0 -71.0 
-0.6 -2.5 0.0 -2.4 -7.6 

-0.9 -2.5 -3.8 -3.0 -5 1.7 

2.0 -3.6 0.0 -2.7 -83.2 
-1.4 0.0 -4.5 -2.3 -64.7 
-1.0 -4.3 0.0 -3.1 7.2 
2.4 0.0 -2.4 -3.2 -288.8 



Table 11-39 Cont. 

Comparison of Base HEC-RAS to Full Structural Alternative HEC-RAS 

Twin Buttes Wash 

Difference in Discharge Difference in Velocity 
Channel Left Over Right Channel Left Over Right Difference Top Width 

Bank Over Bank Bank Over Bank in Difference 
Channel 
Depth of 

Flow 

(cfs) (cfs) (cfs) (fps) (fps) (fPS) (ft) (ft) 
2 3 4 5 6 7 8 9 

1045.2 0.0 -1045.2 0.2 0.0 -2.7 -1.5 -222.8 
0.0 0.0 0.0 -4.0 0.0 0.0 -1.8 32.0 

1635.6 -1635.6 0.0 0.1 -4.0 0.0 -2.9 -151.3 
1173.2 -1173.2 0.0 -1 .1  -4.2 0.0 -2.6 0.2 
1899.2 -1899.2 0.0 1.6 -7.7 0.0 -2.6 -56.7 

0.0 0.0 0.0 -3.0 0.0 0.0 -2.0 55.9 
278.0 -278.0 0.0 1.5 -2.4 0.0 -3.1 -91.1 
960.5 0.0 -960.5 -2.6 0.0 -2.9 -2.5 -148.1 
986.6 0.0 -986.6 2.4 0.0 -3.6 -1.7 -240.6 
0.0 0.0 0.0 -2.9 0.0 0.0 -2.3 20.0 
0.0 0.0 0.0 I .5 0.0 0.0 -2.9 7.4 
0.0 0.0 0.0 -1.0 0.0 0.0 -1.7 10.0 
0 0  0.0 0.0 -0.8 0.0 0.0 -3.3 10.4 
60.3 -60.3 0.0 0 0  -2.2 0.0 -2.4 -43.2 
345.7 -66.9 -278.9 -2.7 -1.5 -3.4 -1.4 -198.5 
0.0 0.0 0.0 -0.5 0.0 0.0 -2.0 11.2 
0.0 0.0 0 0  -1.4 0.0 0.0 -3.0 6.0 

992.2 0.0 -992.2 2.9 0.0 -3.3 -3.4 -202.4 
899.0 0.0 -899.0 -2.1 0.0 -6.7 -1.2 37.6 
839.9 0.0 -839.9 -0.5 0.0 -3.0 -2.6 -190.5 
251.3 0.0 -251.3 -0.3 0.0 -2.4 -2.4 -135.3 
0.0 0.0 0.0 -3.1 0.0 0.0 -0.8 19.7 
0.0 0.0 0 0  -1.7 0.0 0.0 -2.5 14.7 
0.0 0.0 0.0 0.3 0.0 0.0 -3.3 14.1 
0.0 0.0 0.0 -0.2 0.0 0.0 -2.4 8.9 
0.0 0.0 0.0 0.2 0.0 0.0 -1.9 10.4 
0.0 0.0 0.0 -0.2 0.0 0.0 -0.9 9.7 
0.0 0.0 0.0 -2.6 0.0 0.0 -2.0 15.1 
0.0 0.0 0.0 -0.4 0.0 0.0 -4.2 10.6 

291.4 -291.4 0 0  1 .0 -5.4 0.0 -2.7 -20.3 
0.0 0.0 0.0 -3.0 0.0 0.0 -0.8 17.2 
0.8 -0.6 -0.2 0.5 -1.3 -1.1 -2.6 6.5 
0.0 0.0 0.0 -1.6 0.0 0.0 -2.4 20.1 
0.0 0.0 0.0 -0.8 0.0 0.0 -2.2 14.5 
0.0 0.0 0.0 -0.6 0.0 0.0 -4.3 14.2 
0.0 0.0 0.0 -0.3 0.0 0.0 -3.3 12.6 
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Table 11-40 

Comparison of Base HEC-RAS to Full Structural Alternative HEC-RAS 

Caterpillar Tank Wash 

Difference in Discharge 
Channel Left Over Right 

Bank Over Bank 

(cfs) (cfs) (cfs) 
2 3 4 

605.73 -605.73 0 
0 0 0 
0 0 0 

20.77 0 -20.77 
285.73 -285.73 0 
215.73 -215.73 0 
185.91 -185.91 0 
0.33 -0.33 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

343.03 -343.03 0 
0 0 0 
0 0 0 
0 0 0 

215.69 0 -215.69 
0 0 0 
0 0 0 
0 0 0 

185.66 0 -185.66 
791.44 -791.44 0 
235.86 0 -235.86 

0 0 0 
0 0 0 

291.93 -291.93 0 
0 0 0 

373 -261.48 -11 1.52 
0 0 0 

573.27 -0.89 -572.38 
0 0 0 

372.55 -367.46 -5.09 
132.15 -132.15 0 
138.78 -44.91 -93.87 
10.51 -10.51 0 

Difference in Velocity 
Channel Left Over Right Difference Top Width 

Bank Over Bank in Difference 
Channel 
Depth of 

Flow 

(fps) (fps) (fps) (ft) (ft) 
5 6 7 8 9 

0.84 -7.62 0 -1.19 -29.64 
-2.03 0 0 -2.18 21.65 
-0.23 0 0 -1.36 6.56 
-1.05 0 -1.69 -2.65 -14.73 
1.98 -2.74 0 -3.91 -177.6 
0.58 -3.53 0 - 1.44 -53.98 
-1.54 -5.34 0 -2.74 -18.05 

1 -1.42 0 -3.31 9.54 
-0.25 0 0 -1.59 10.38 
-0.01 0 0 -1.74 -1.61 
-0.67 0 0 -1.91 -0.41 
-0.27 0 0 -4.47 7.5 
1.93 -3.47 0 -1.82 -58.17 

-2.54 0 0 -0.91 15.01 
0.82 0 0 -2.58 4.75 
-0 97 0 0 -2.2 10.58 
-0.28 0 -2.71 -3.21 -55.52 
-0.43 0 0 -2.72 10.93 
-0.42 0 0 -3.49 2.25 
1.74 0 0 -3.28 7.3 

-1.61 0 -3.29 -1.25 -67.32 
0.48 -3.52 0 -1.68 -99.38 
-1.7 0 -4.07 -1.7 -36.64 
0.92 0 0 -1.89 9.39 
-2.12 0 0 -1.13 12.69 
1.06 -2.51 0 -2.72 -103.93 

-0.09 0 0 -1.71 13.25 
-0.13 -2.46 -2.04 -2.35 -179.33 
-0.06 0 0 -2.09 -12.3 
-0.21 - 1.34 -2.56 -2.6 -276.09 
0.05 0 0 -1.63 20.13 
0.12 -3.24 -1.48 -1.26 -114.85 
-1.01 -2.28 0 -1.82 -38.3 
0.56 -3.87 -2.94 -2.19 -21.12 
-1.52 - 1.04 0 -2.49 -20.13 



Table 11-40 Cont. 

Comparison of Base HEC-RAS to Full Structural Alternative HEC-RAS 

Caterpillar Tank Wash 

Difference in Discharge 
Channel Left Over Right 

Bank Over Bank 

(cfs) ( 4  (cfs) 
2 3 4 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

96.04 0 -96.04 
283.98 0 -283.98 

0 0 0 
0 0 0 
0 0 0 

359.63 0 -359.63 
194.44 0 -194.44 

0 0 0 
0 0 0 

5 1.35 -50.32 -1.03 
13.08 0 -13.08 
57.29 -57.29 0 

0 0 0 
0 0 0 

565.62 -563.36 -2.26 
0.16 0 -0.16 

Difference in Velocity 
Channel Left Over Right Difference Top Width 

Bank Over Bank in Difference 
Channel 
Depth of 

Flow 

(fps) (fps) (fPS) (ft) ( ft ) 
5 6 7 8 9 

2.47 0 0 -2.59 6.33 
-3.53 0 0 -2.89 13.34 
0.78 0 0 -4.95 7.85 
-1.95 0 0 -2.6 13.67 
0.42 0 0 -3.14 13.12 
0.23 0 -1.42 -1.6 -159.32 
-1.41 0 -4.08 -1.51 -22.49 
-1.48 0 0 -2.81 16.48 
1.66 0 0 -3.12 7.17 

-1.22 0 0 -2.93 12.47 
2.19 0 -2.74 -0.67 -108.54 
-3.04 0 -4.64 -1.01 55.21 
-0.08 0 0 -2.92 10.58 
-0.5 0 0 -1.7 10.25 
-0.51 -2.3 - 1.42 -1.83 -21.54 
-0.72 0 -1.68 -1.79 -3.58 
-0.12 -2.87 0 -1.84 -13.31 
-1.25 0 0 -2.15 12.21 
1.57 0 0 -1.09 -1.83 
1.6 -4.66 -0.76 -1.9 -40.18 

-0.29 0 -1.29 -2.85 8.6 



Table 11-41 

Comparison of Base HEC-RAS to Full Structural Alternative HEC-RAS 

West Fork Whites Peak Wash 

Difference in Discharge Difference in Velocity 
x-sec Channel Left Over Right Channel Left Over Right Difference Top Width 

Bank Over Bank Bank Over Bank in Difference 
Channel 
Depth of 

Flow 

Table 1 1-42 

Comparison of Base HEC-RAS to Pull Structural Alternative HEC-RAS 

Whites Peak Wash 

Difference in Discharge Difference in Velocity 
x-see Channel Left Over Right Channel Left Over Right Difference Top Width 

Bank Over Bank Bank Over Bank in Difference 
Channel 
Depth of 

Flow 

(cfs) ( 4  (cfs) (fps) UPS) (fps) (ft) (ft) 
1 2 3 4 5 6 7 8 9 
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.19 423.2 -5.4 -417.8 -1.1 -1.5 -3.4 -2.5 -102.4 
0.28 9.9 -9.9 0.0 4.1 -1.1 0.0 -3.5 -64.9 
0.38 57.3 -57.3 0.0 0.0 -2.0 0.0 -0.8 -26.9 
0.47 1 .O 0.0 -1.0 -4 8 0.0 -0.9 -2.0 77.2 
0.57 10.9 0.0 -10.9 6.1 0.0 -0.8 -0.9 -133.3 
0.66 414.8 0.0 -414.8 -1.7 0.0 -3.1 -1.1 -1 14.6 
0.76 213.2 0.0 -213.2 0.9 0.0 -2.6 -2.3 -90.0 
0.85 167.7 0.0 -167.7 1.6 0.0 -2.5 -3.3 -99.9 
0.95 0.0 0.0 0.0 -0.4 0.0 0.0 -0.3 -16.1 



Table 11-42 Cont. 

Comparison of Base HEC-RAS to Full Structural Alternative HEC-RAS 

Whites Peak Wash 

x-sec 

1 

Difference in Discharge 
Channel Left Over Right 

Bank Over Bank 

Difference in Velocity 
Channel Left Over Right Difference Top Width 

Bank Over Bank in Difference 
Channel 
Depth of 

Flow 

(fps) UPS) (fps) (fi) (fi) 
5 6 7 8 9 

-0.4 0.0 0.0 -1.9 9.6 
-1.4 0.0 0.0 -3.0 26.4 
4.3 -2.7 0.0 -2.9 -89.9 
-6.8 0.0 0.0 -1.7 99.4 
5.7 -2.4 -1.0 -3.6 -205.1 
-3.5 0.0 0.0 -1.0 25.3 
-0.6 -2.7 0.0 -2.4 -44.2 
1.2 -3.5 -1.0 -1.2 -41.8 
-1.7 -1.9 0.0 -0.8 4.5 
1.2 -1.7 0.0 -0.9 -5.8 
-2.9 -2.3 0.0 -1.2 2.4 
-0.8 0.0 0.0 -2.8 20.9 
-3.6 0.0 0.0 -1.8 -10.3 
4.2 0.0 0.0 -2.5 -25.1 
-1.5 0.0 0.0 -1.3 15.1 
-2.1 0.0 0.0 -0.5 15.1 
1.8 0.0 0.0 -2.0 -4.3 

-2.4 0.0 0.0 -0.5 12.2 
1.4 0.0 0.0 -1.5 4.8 

-1.5 0.0 0.0 -1.2 1.9 
0.3 0.0 0.0 -2.0 12.4 
-0.4 0.0 0.0 -1.0 6.7 
-0.3 0.0 0.0 -2.0 4.9 
-4.6 0.0 0.0 0.9 20.4 



Table 11-43 

Comparison of Base HEC-RAS to Full Structural Alternative HEC-RAS 

East GarambulloWash 

Difference in Discharge Difference in Velocity 
x-sec Channel Left Over Right Channel Left Over Right Difference Top Width 

Bank Over Bank Bank Over Bank in Difference 
Channel 
Depth of 

Flow 

(CfS) (cfs) (cfs) (fps) (fps) (fps) (ft) (ft) 
1 2 3 4 5 6 7 8 9 
0 0 0 0 -1.45 0 0 0 0.86 

0.09 0 0 0 -0.3 0 0 -0.53 -18.91 
0.14 308.38 -235 -73.38 -0.85 -2.32 -1.93 -0.84 -52.94 
0.19 326.58 0 -326.58 3.38 0 -2.03 -5.33 -31.9 
0.28 183.96 0 -183.96 -0.96 0 -3.14 -0.73 -39.55 
0.38 163.57 -163.17 -0.4 1.81 -3.28 -0.48 -1.25 -63.76 
0.47 0 0 0 -0.75 0 0 -0.7 -5.63 
0.57 0 0 0 -0.34 0 0 -1.52 4.54 
0.66 0 0 0 -0.29 0 0 -1.89 4.85 
0.76 11.73 0 -11.73 1.31 0 -2.27 -0.68 -12.81 
0.85 0 0 0 -0.53 0 0 -0.43 5.28 
0.95 0 0 0 -0.07 0 0 -1.1 2.22 
1.04 24.78 0 -24.78 -0.5 0 -1.9 -1.59 -21.39 
1.14 0 0 0 -0.48 0 0 - 1.44 7.85 
1.23 0 0 0 -0.38 0 0 -1.15 3.54 
1.33 0 0 0 0.04 0 0 -0.6 4.47 
1.43 0 0 0 -1.08 0 0 -1.43 5.53 



Table 11-44 

Comparison of Base HEC-RAS to Full Structural Alternative HEC-RAS 

West GarambulloWash 

Difference in Discharge 
x-see Channel Left Over Right 

Bank Over Bank 

(cfs) (cfs) (cfs) 
1 2 3 4 
0 0 0 0 

0.09 0 0 0 
0.14 308.38 -235 -73.38 
0.19 0 0 0 
0.28 141.84 -6.45 -135.39 
0.38 310.38 -310.38 0 
0.47 0 0 0 
0.57 102.72 -27.12 -75.61 
0.66 41.49 0 -41.49 
0.76 0 0 0 
0.85 252.67 -195.23 -57.45 
0.95 13.13 0 -13.13 
1.04 0 0 0 
1.14 0 0 0 
1.23 0 0 0 
1.33 0 0 0 
1.42 0 0 0 
1.52 0 0 0 
1.61 0 0 0 
1.69 0 0 0 

Difference in Velocity 
Channel Left Over Right Difference Ton Width 

Bank 0ver iank  in ~ifference 
Channel 
Depth of 

Flow 

Identification of Flow Break-out Twin Buttes Wash 

A potential flow break out that was not identified in the FEMA FIS along Twin 

Buttes Wash was identified during the HEC-RAS modeling efforts utilizing the base 

HEC-RAS model. In order to model the flow break-out the HEC-RAS computer 

program weir subroutine was utilized. Cross-section (0.82) was added to define the 

start of the break-out and the limits of the weir. A broad crested weir shape was 

assumed. A weir coefficient of 2.4 was utilized. The flow break-out occurs between 



river mile 0.82 and 0.76. Approximately 1900 cfs breaks-out of the main channel 

during a 100-year event and drains to the east-southeast. The flow breakout returns to 

Twin Buttes Wash at approximately River Mile 0.38. 

Cost Estimate 

Purpose 

Preliminary estimates of construction cost are prepared for the partial and full 

structural alternatives. Cost estimates are used as an aid in the selection process of a 

preferred alternative. Cost estimates developed for each alternative reflect the 

proposed improvements developed from generalized hydraulic evaluations and are 

considered approximate. The value of land removed from the floodplain/erosion 

hazard zone by an alternative is estimated to determine the benefit of the proposed 

improvement. 

Methodology 

Quantities are calculated for earthwork (channel excavation andlor fill), volume of 

bank armoring material required, volume of structural concrete required for box 

culverts, and for land cost. For the partial structural alternative for the Big Spring 

Area, volume of fill material was determine by average end area calculations for 

cross-sections taken through the improvement area. Cut and fill estimates for 

structural improvements for the Twin Buttes Area was determined from the HEC- 

RAS channel improvement routine. Bank armoring quantities are determined by 

applying a typical section along the length of the improvement area. A toe-down 

nominal depth of 5 feet was assumed for all bank armoring quantities. Fill quantities 

in the floodway fringe area are based on fill being placed to the calculated freeboard 

elevation. 

Costs for two channel bank options are provided. The first option is rock filled 

gabion mattress bank protection. A nine-inch thick mattress is utilized for reaches in 

which the average channel velocity is less than 10 fps. A ten-inch thick mattress is 
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utilized for reaches in which the average channel velocity is greater than 10 fps. The 

second option is soil cement bank protection. 

The total cost for a structural alternative considers the cost of the structural 

improvements necessary to implement the proposed altemative (a positive cost), the 

value of land that is reclaimed from the floodplainlerosion hazard zone by the 

structural improvements (a negative cost, i.e. benefit). Added together, these costs 

represent the total net cost of the altemative. 

Table 11-45 lists a summary of unit cost utilized to determine cost estimates for each 

alternative. Given the level of design (conceptual) of the proposed alternatives, a cost 

contingency is applied to account for design details that is not undertaken at this 

stage. Contingency cost is estimated at 15 percent of the total construction cost of the 

proposed improvements. 

Table 11-45 

Summary of Unit Cost 

Item Unit Cost 
Earth Work Cubic Yards (cy) $4.OO/cy 
Soil Cement Cubic Yards (cy) $3O.OO/cy 

Gabion Mattress Cubic Yards (cy) $1 00.OOlcy 
Structural Concrete Cubic Yards (cy) $35O.OO/cy 

Land Acre $1 5,000.00/Acre 

Results 

Table 11-46 through Table 11-64 provides costs estimates for the partial structural 

alternatives developed for Unnamed Wash 1, 2 and 3 located in the Big Spring Area, 

the full structural alternative for Twin Buttes Wash, Caterpillar Tank Wash, West 

Fork White Peaks Wash, White Peaks Wash, East and West Garambullo located in 

the Twin Buttes Area and for the full structural alternative for Twin Buttes Wash 

south of 115'~ Avenue. 



Table 11-46 

Cost Estimate Partial Structural Alternative Unnamed Wash 1 

9" Thick Gabion Mattress Option 

Item Ouantitv Unit Unit Cost Total 
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Earthwork 34742 cy $4.00 $138,968 
Gabion 7390 cv $100.00 $739,000 
Misc. Work (15%) $131,695 
Total Construction Cost $1,009,663 

Reclaimed Land Value 9 ac $15,000 4128,966 
Net Cost $880,697 

Table 11-47 

Cost Estimate Partial Structural Alternative Unnamed Wash 1 

Soil Cement Option 

Item Quantity Unit Unit Cost Total 

Earthwork 34142 cy $4.00 $138,968 
Soil Cement 38728 cy $30.00 $1,161,840 
Misc. Work (15%) $195.121 . . 
Total Construction Cost $1,495,929 

Reclaimed Land Value 9 ac $15,000 4128,966 
Net Cost $1,366,963 



Table 11-48 

Cost Estimate Partial Structural Alternative Unnamed Wash 2 

12" Thick Gabion Mattress Option 

Item Quantity Unit Unit Cost Total 

Earthwork 60854 cy $4.00 $243,415 
Gabion 12849 cy $100.00 $1,284,900 
Misc. Work (15%) $229,247 
Total Construction Cost $1,757,562 

Reclaimed Land Value 16 ac $15,000 -$243,000 
Net Cost $1,514,562 

Table 11-49 

Cost Estimate Partial Structural Alternative Unnamed Wash 2 

Soil Cement Option 

Item Ouantitv Unit Unit Cost Total 

Earthwork 60854 cy $400 $243,415 

Soil Cement 47205 cy $30.00 $1,416,150 
Misc. Work (15%) $248,935 
Total Construction Cost $1,908,500 

Reclaimed Land Value 16 ac $15,000 -$243,000 
Net Cost $1,665,500 



Table 11-50 

Cost Estimate Partial Structural Alternative Unnamed Wash 3 

9" Thick Gabion Mattress Option 

Item Ouantitv Unit Unit Cost Total 

Earthwork 37005 cy $4.00 $148,021 
Gabion 7585 cy $100.00 $758,500 
Misc. Work (15%) $135,978 
Total Construction Cost $1,042,499 

Reclaimed Land Value 16 ac $15,000 -$244,500 
Net Cost $797,999 

Table 11-51 

Cost Estimate Partial Structural Alternative Unnamed Wash 3 

Soil Cement Option 

Item Quantity Unit Unit Cost Total 

Earthwork 37005 cy $4.00 $148,021 
Soil Cement 39647 cy $30.00 $1,189,410 
Misc. Work (15%) $200,615 
Total Construction Cost $1,538,046 

Reclaimed Land Value 16 ac $15,000 4244,500 
Net Cost $1,293,546 
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Table 11-52 

Cost Estimate Full Structural Alternative Twin Buttes 

9" Thick Gabion Mattress Option 

Item Quantity Unit Unit Cost Total 

Earthwork 993030 cy $4.00 $3,972,120 
Gabion 40072 cy $100.00 $4,007,200 
Shuctural Concrete 498 cy $350.00 $174,300 
Misc. Work (15%) $1,196,898 
Total Construction Cost $9,350,518 

Reclaimed Land Value 243 ac $15,000 -$3,641,987.84 
Net Cost $5,708,530 

Table 11-53 

Cost Estimate Full Structural Alternative Twin Buttes 

Soil Cement Option 

Item Quantity Unit Unit Cost Total 

Earthwork 993030 cy $4.00 $3,972,120 
Soil Cement 207084 cy $30.00 $6,212,520 
Structural Concrete 498 cy $350.00 $174,300 
Misc. Work (15%) $1,527,696 
Total Construction Cost $ 1  1,886,636 

Reclaimed Land Value 243 ac $15,000 -$3,641,987.84 
Net Cost $8,244,648 



Table 11-54 

Cost Estimate Pull Structural Alternative Caterpillar Tank 

9" Thick Gahion Mattress Option 

Item Ouantitv Unit Unit Cost Total 
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Earthwork 
Gabion 
Misc. Work (15%) $463,927 
Total Construction Cost $3,556,771 

Reclaimed Land Value 123 ac $15,000 41,847,792 
Net Cost $1,708,979 

Table 11-55 

Cost Estimate Full Structural Alternative Caterpillar Tank 

Soil Cement Option 

Item Quantity Unit Unit Cost Total 

Earthwork 388961 cy $4.00 $1,555,844 
Soil Cement 76007 cy $30.00 $2,280,210 
Misc. Work (15%) $575,408 
Total Construction Cost $4,411,462 

Reclaimed Land Value 123 ac $15,000 41,847,792 
Net Cost $2,563,670 



Table 11-56 

Cost Estimate Full Structural Alternative West Fork Whites Peak 

9" Thick Gabion Mattress Option 

Item Quantity Unit Unit Cost Total 

Earthwork 17438 cy $4.00 $69,752 
Gahion 1825 cy $100.00 $182,500 
Misc. Work (15%) $37,838 
Total Construction Cost $290,090 

Reclaimed Land Value 4 ac $15,000 -$65,466 
Net Cost $224,624 

Table 11-57 

Cost Estimate Full Structural Alternative West Fork Whites Peak 

Soil Cement Option 

Item Quantity Unit Unit Cost Total 

Earthwork 17438 cy $4.00 $69,752 
Soil Cement 10627 cy $30.00 $318,810 
Misc. Work (15%) $58,284 
Total Construction Cost $446,846 

Reclaimed Land Value 4 ac $15,000 -$65,466 
Net Cost $381,381 



Table 11-58 

Cost Estimate Full Structural Alternative Whites Peak 

9" Thick Gabiou Mattress Option 

Item Ouantitv Unit Unit Cost Total 

Earthwork 112541 cy $4.00 $450,164 
Gabion 17746 cv $100.00 $1,774,600 
Misc. Work (15%) $333,715 
Total Construction Cost $2,558,479 

Reclaimed Land Value 35 ac $15,000 -$528,367 
Net Cost $2,030,112 

Table 11-59 

Cost Estimate Full Structural Alternative Whites Peak 

Soil Cement Option 

Item Quantity Unit Unit Cost Total 

Earthwork 112541 cy $4.00 $450,164 
Soil Cement 91504 cy $30.00 $2,745,120 
Misc. Work (15%) $479,293 
Total Construction Cost $3,674,577 

Reclaimed Land Value 35 ac $15,000 -$528,367 
Net Cost $3,146,210 
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Table 11-60 

Cost Estimate Full Structural Alternative East Garambullo 

9" Thick Gabion Mattress Option 

Item Quantity Unit Unit Cost Total 

Earthwork 63169 cy $4.00 $252,676 
Gabion 4411 cy $100.00 $441,100 
Misc. Work (15%) $104,066 
Total Construction Cost $797,842 

Reclaimed Landvalue 14 ac $15,000 -$211,467 
Net Cost $586,375 

Table 11-61 

Cost Estimate Full Structural Alternative East Garambullo 

Soil Cement Option 

Item Ouantitv Unit Unit Cost Total 

Earthwork 63169 cy $4.00 $252,676 
Soil Cement 22632 cy $30.00 $678,960 
Misc. Work (15%) $139,745 
Total Construction Cost $1,071,381 

Reclaimed Land Value 14 ac $15,000 -$211,467 
Net Cost $859.914 



Table 11-62 

Cost Estimate Full Structural Alternative West Garambullo 

9" Thick Gabion Mattress Option 

Item Quantity Unit Unit Cost Total 
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Earthwork 89126 cy $4.00 $356,504 
Gabion 5123 cy $100.00 $512,300 
Misc. Work (15%) $130,321 ~, 

Total Construction Cost $999,125 

Reclaimed Land Value 2 1 ac $15,000 -$311,671 
Net Cost $687,454 

Table 11-63 

Cost Estimate Full Structural Alternative West Garambullo 

Soil Cement Option 

Item Quantity Unit Unit Cost Total 

Earthwork 89126 cy $4.00 $356,504 
Soil Cement 25944 cy $30.00 $778,320 
Misc. Work (15%) $170,224 
Total Construction Cost $1,305,048 

Reclaimed Land Value 2 1 ac $15,000 4311,671 
Net Cost $993,377 



Table 11-64 

Cost Estimate Full Structural Alternative Twin Buttes South of 115 Ave. 

9" Thick Gabion Mattress Option 

Item Quantity Unit Unit Cost Total 

Earthwork 92282 cy $4.00 $369,128 
Gahion 6564 cy $100.00 $656,400 
Structural Concrete 2098 cy $350.00 $734,300 
Misc. Work (15%) $263,974 
Total Construction Cost S2,023,802 

Reclaimed Land Value 49 ac $15,000 4735,000 
Net Cost $1,288,802 

11.3.3.2 Storm Water Storage Alternative 

Purpose 

Both Maricopa County and the City of Peoria require retentioddetention for all new 

developments. The goal of this requirement is to reducelminimize the impacts of the 

increased runoff due to development in the watershed. Ideally, this is accomplished 

by controlling the post-development runoff such that it is equivalent in magnitude, 

duration and temporal distribution to the pre-development conditions. To achieve this 

goal both Maricopa County and the City of Peoria (Peoria) use the 100-year, 2-hour 

storm as the design event for sizing retentioddetention facilities. 

Traditionally, retention has been accomplished by storing the 100-year, 2-hour runoff 

volume in below grade basins. These basins typically are drained by percolation into 

the soil andlor a small outlet structure connected to a watercourse often times via an 

extensive storm drain system. The effectiveness of this type of facility, both 

economically and hydraulically, is a function of the soil and terrain characteristics. 

Shallow soils with low permeability rates andlor soils that occur on steep slopes are 

not conducive to this particular application. 



Inspection of the soil survey for this study area shows that the majority of the study 

area (38.6 sq. miles) is composed of 5 soil types. These soil types are identified in the 

Soil Survey of Aguila-Carefree Area, Parts of Maricopa and Pinal Counties, Arizona 

(NRCS 1986) as map units 31,51, 52, 109 and 110. The aerial extent and distribution 

of these soil types within the watershed is shown on Plate 2 of the North Peoria Area 

Drainage Master Plan, Attachment 2, Hydrology and Hydraulics. According to the 

soil survey report, these soils are generally characterized by the following: 

Moderate to moderately slow permeability; 

Low to very low available water capacity; 

Shallow depth to bed rock or hard pan, typically less than 2 feet; and 

Additionally, these soils typically occur on steep slopes. The steep terrain associated 

with these soils combined with the shallow depth to bedrock results in physical 

conditions that are not suitable to the traditional technique for providing retention. As 

a result, the retentioddetention requirement for development sites with these 

characteristics has, in the past, often been waived. The allowance for a waiver is even 

stipulated in Peoria's Grading and Drainage ordinance. However, the presence of 

such physical characteristics does not mean that alternative methods of 

retentioddetention should not be investigated or required. This is particularly true for 

this study area given the amount of area that meets the stipulations of the 

retentioddetention waiver. Therefore, two alternative methods for reducing or 

decreasing the effects of increased runoff due to development are proposed for this 

study area. These methods are in-stream, off-line retention and in-stream, in-line 

detention. 

Methodology 

General 

Verification of the feasibility of off-line retention and in-line detention basins to 

reduce the magnitude of post-development runoff to that of pre-development 

conditions for this study area is tested on the sub-watersheds contributing runoff to 



Unnamed Washes 1 ,2  and 3. These sub-watersheds are selected because the physical 

characteristics of the area meet the conditions for obtaining a retention waiver and 

because of the detailed mapping prepared for these watercourses as part of this study. 

Modeling of both the off-line retention and in-line detention basins for these 

watercourses was accomplished using the unsteady flow module of the Corps of 

Engineers (COE) HEC-RAS Computer Program, version 3.0, dated January 2001. 

Initially, 100-year existing condition unsteady flow models for these watercourses 

were developed from the steady flow hydraulic models developed as part of the 

floodplain delineation phase of this study. The base unsteady flow models were 

edited as necessary to improve computational stability and then checked against the 

floodplain delineation models for reasonableness. The effectiveness of off-line 

retention and on-line detention basins is tested for post-development conditions for 

both the 100- and 10-year events. The 10-year event is considered to be an 

operational lower limit and is used to test the effectiveness of the facilities for 

multiple storm frequencies. The off-line basin is modeled using the lateral weir and 

storage basin options. Modeling of percolation in the basin is not an option currently 

available in the model, therefore the basin is drained via a bleed-off pipe simulated by 

the hydraulic connection option. The in-line basins are model using the culvert 

option. Selection of suitable locations for these facilities is based on topography with 

additional consideration given to site accessibility, proposed roadway crossings and 

proximity to proposed development boundaries. 

Hydrology 

Hydrologic data required as input to the unsteady flow module of HEC-RAS consists 

of upstream and downstream boundary conditions and initial starting conditions. The 

initial conditions required are flow, stage and storage basin elevations at the 

beginning of the unsteady flow simulation. The initial stage at each cross-section is 

computed at run time. Prior to the start of the unsteady flow calculations a backwater 

analysis is performed for the initial flow to compute water surface elevations at each 

cross-section at the beginning of the simulation. The initial flow value must be of 



sufficient magnitude to produce a stable backwater profile and is a function of the 

hydraulic characteristics of each watercourse. An initial flow value that is too small 

will result in computational error. The initial flow values for Unnamed Washes 1, 2 

and 3 are 85, 90 and 100 cfs, respectively. The initial storage elevation only applies 

to the off-line retention basins. This value is set at the minimum elevation of the 

basin. 

HEC-RAS has several options for establishing both the upstream and downstream 

boundary conditions. For this study, the flow hydrograph option is specified for the 

upstream boundary condition and the normal depth option is specified for the 

downstream boundary condition for all three watercourses. The normal depth option 

requires the input of the friction slope at the downstream boundary. For Unnamed 

Washes 2 and 3 the values entered are the average slope of the energy grade line used 

in the floodplain delineation models for these watercourses. Those values are 1.05 

and 1.34 percent for Unnamed Washes 2 and 3, respectively. Unnamed Wash 1 is a 

tributary of Unnamed Wash 2. For the floodplain delineation study, a known water 

surface elevation is used as the downstream boundary condition. For this analysis, 

the average bed slope of 0.5 percent at the confluence is entered for the friction slope. 

Inflow hydrographs input as the upstream boundary condition for each watercourse 

are taken from the HEC-1 models developed for this study. Because of the size of the 

watershed, both the 6- and 24-hour storm durations are modeled. The results of the 

controlling storm duration are then used as input to the hydraulic models. The 

controlling storm for Unnamed Washes 1 and 3 is the 6-hour. For Unnamed Wash 2, 

the controlling storm is the 24-hour. The computational time interval for all the 

HEC-I models is 2 minutes. A detailed discussion on the determination of the 

computational interval for watershed modeling purposes, as well as for all input data 

to the watershed model and model results is provided in the North Peoria Area 

Drainage Master Plan Technical Data Notebook, Attachment 2, Hydrology and 

Hydraulics. For hydraulic modeling purposes, a hydrologic time interval of 

10 minutes was selected. A 10-minute time interval was selected to reduce model m 

time without sacrificing definition of the runoff hydrograph. The starting time 



ordinate of this simplified hydrograph was carefully selected in order to reproduce the 

overall shape of the HEC-I runoff hydrograph, particularly the definition of the 

hydrograph peak. Discharge values on the rising and receding limbs of the 

hydrograph that are less than the initial flow value determined for each watercourse 

are truncated. The resulting hydrograph input as the upstream boundary condition 

into HEC-RAS for the 100-year pre-development condition check model along with 

the corresponding runoff hydrograph from HEC-I are shown in Figures 11-8 through 

1 1 - 10 for Unnamed Washes 1, 2 and 3, respectively. Similar hydrographs for the 

100- and 10- year post-development condition models are provided in Appendix G. 



Figure 11-8 

100-Year Pre-development Condition Upstream Boundary Condition for Unnamed Wash 1 
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Figure 11-9 

100-Year Pre-development Condition Boundary Condition for Unnamed Wash 2 
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Figure 11-10 

100-Year Pre-development Condition Boundary Condition for Unnamed Wash 3 

Time, in minutes 



In addition to inflow at the upstream boundary, tributary inflow to each watercourse 

is input to the model at each flow change location used in the floodplain delineation 

study. This is accomplished using the lateral inflow option of the unsteady flow 

module. In HEC-RAS, the lateral inflow hydrograph is input at the first cross-section 

upstream of the actual flow change location. The lateral inflow hydrograph is then 

combined with the routed main stem hydrograph from the same cross-section. 

Because of the use of the area reduction option in the watershed model, and to some 

degree the differences in routing techniques between HEC-RAS and HEC-1, the 

lateral inflow hydrograph from the HEC-1 model cannot be directly input to the 

HEC-RAS model. Reproduction of the actual runoff hydrograph at each flow change 

location is an iterative process. First, the runoff hydrographs from HEC-1 at each 

flow change location are simplified to a 10-minute time interval using the same 

procedure as used for the upstream boundary condition. The lateral inflow 

hydrograph is initially determined by subtracting the routed main-stem hydrograph at 

the cross-section immediately upstream of the flow change location from the 

simplified runoff hydrograph. The subtracted hydrograph is input to the model at the 

cross-section immediately upstream of the flow change location and the model is 

executed. The resulting combined hydrograph at the flow change location is then 

compared to the actual runoff hydrograph. If necessary, the inflow hydrograph is 

adjusted until the combined hydrograph in HEC-RAS matches the actual runoff 

hydrograph as closely as possible. The final 100-year pre-development condition 

input hydrographs and resulting combined main-stem hydrographs are summarized 

for each flow change location, for each watercourse in Tables 11-65 through 11-67 

for Unnamed Washes 1 , 2  and 3, respectively. The combined main-stem hydrographs 

for each of these locations are shown along with the corresponding runoff 

hydrographs from HEC-1 in Figures 11-1 1 through 11-13. Similar hydrographs for 

the 100- and 10- year future condition models are provided in Appendix G. 
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Table 11-65 

Summary of 100-Year, 6-Hour Pre-development Condition Unsteady Flow Modeling Hydrographs for Unnamed Wash 1 

HEC-1 HEC-RAS Combined Hydrographs" 
Time Time Input Hydrographsl 6.311 5.862 4.613 3.015 1.286 

Ordinate Increment 6.311 5.917 4.628 3.073 2.047 (S100) (C102R) (C103R) (C104) (C105L) 
min min cfs cfs cfs cfs c fs c fs cfs cfs cfs cfs 
230 0 90 0 0 0 0 90 88 85 85 85 
240 10 138 269 234 58 0 137 297 227 148 85 

250 20 303 544 436 259 229 309 62 1 560 353 20 1 

260 30 606 100 824 645 45 1 606 1075 1209 717 43 3 

270 40 740 525 1250 1116 477 737 1180 1819 1581 835 

280 50 61 1 478 1310 1080 301 608 1144 2227 2464 1498 

290 60 457 425 1125 800 444 457 94 1 2343 2843 2690 

300 70 337 550 1064 524 300 339 702 2123 2875 3153 

310 80 248 247 908 320 262 247 534 1795 2577 3158 

320 90 183 150 740 176 186 183 406 1435 2176 2843 

330 100 135 69 566 105 160 136 285 1093 1766 2433 

340 110 101 50 462 66 136 101 22 1 84 1 1418 2024 

350 120 76 35 352 54 115 76 161 627 1115 1663 

3 60 130 60 38 288 60 98 60 124 49 1 894 1351 

370 140 60 20 225 59 90 60 89 387 71 1 1106 

3 80 150 60 7 186 7 1 85 60 72 3 14 579 916 

390 160 60 0 138 59 89 60 62 232 468 765 

400 170 60 0 87 40 93 60 6 1 207 387 65 1 



Table 11-65 (Continued) 

Summary of 100-Year, 6-Hour Pre-development Condition Unsteady Flow Modeling Hydrographs for Unnamed Wash 1 

HEC-1 HEC-RAS Combined Hydrographs2 

Time Time Input IIydrographs' 6.311 5.862 4.613 3.015 1.286 
Ordinate Increment 6.311 5.917 4.628 3.073 2.047 (S100) (C102R) (C103R) (C104) (C105L) 

min min cfs Cfs cfs cfs cfs cfs cfs cfs cfs cfs 

410 180 60 0 123 47 57 60 60 160 308 532 
420 190 60 0 18 34 44 60 60 128 250 435 
430 200 60 0 42 40 6 60 60 100 23 1 340 

440 210 60 0 20 44 10 60 60 77 163 273 
450 220 60 0 10 3 0 60 60 70 123 248 

Notes: 

I .  Input hydrographs at river mile 5.917,4.628, 3.073 and 2.047 represent the hydrograph that is necessary to produce a combined discharge 

similar to what is computed in the HEC-1 model for the corresponding concentration points. 

2. Total runoff in the watercourse at each location corresponding to HEC-1 concentration points. 



Table 11-66 

HEC-1 
Time 

Ordinate 
min 
670 

I 680 

690 

700 

710 

720 

730 

Summary of 100-Year, 24-Hour Pre-development Condition Unsteady Flow Modeling Hydrographs for Unnamed Wash 2 

HEC-RAS Combined ~ ~ d r o ~ r a ~ h s '  
Time Input ~~drographs'  6.789 6.161 5.927 4.939 2.625 1.629 0.252 

Increment 6.789 6.218 5.974 4.974 2.656 1.677 0.309 (C203R) (C204) (C205L) (C206) (C207R) (C105L) (C105) 
min c fs cfs cfs cfs cfs cfs cfs cfs cfs c fs cfs c fs cfs cfs 
400 77 54 15 42 28 1 54 77 123 132 157 163 151 193 

410 84 60 18 43 29 1 58 84 134 146 167 170 159 202 

420 93 66 19 40 33 4 63 93 147 160 177 181 169 216 

430 109 90 18 48 46 12 81 109 181 180 196 20 1 187 240 

440 158 154 7 7 1 83 3 8 134 162 259 228 23 1 250 233 3 04 

450 354 347 0 99 199 143 307 354 533 403 286 369 376 486 

460 833 882 0 56 470 517 901 824 1330 1073 397 643 820 1053 

470 1515 1295 0 0 787 821 1353 1520 2418 2123 1126 996 1436 1911 

480 1746 1290 251 0 1237 940 1480 1746 2910 3063 2313 1503 1979 2810 

490 1487 912 739 0 1334 829 1882 1492 2560 3361 3187 2157 2394 3819 

500 1120 623 756 767 1027 447 3326 1114 1959 2878 3974 3540 3096 5534 

510 834 475 679 1734 1282 491 3875 834 1480 2282 4405 459 1 4421 71 12 

520 637 360 565 1671 480 117 2637 64 1 1131 1801 3891 4265 4634 7198 

530 484 281 489 1459 0 0 1734 482 874 1439 3248 4062 4214 6348 

540 367 201 424 1276 0 0 1013 367 662 1149 2698 3877 4097 5332 

550 281 169 326 1150 0 0 313 283 522 895 2280 3338 3697 4460 

560 222 133 247 1020 0 0 27 22 1 408 695 1922 275 1 3130 3717 

570 183 113 209 922 0 0 0 183 330 563 1630 2299 261 1 3114 



Table 11-66 (Continued) 

Time 
Ordinate 

rnin 
850 

Summary of 100-Year, 24-Hour Pre-development Condition Unsteady Flow Modeling Hydrographs for Unnamed Wash 2 

HEC-RAS Combined ~ ~ d r o ~ r a ~ h s '  
Time Input ~~drographs'  6.789 6.161 5.927 4.939 2.625 1.629 0.252 

Increment 6.789 6.218 5.974 4.974 2.656 1.677 0.309 (C203R) (C204) (C205L) (C206) (C207R) (C105L) (C105) 
min cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs c fs cfs 

580 151 9 1 166 662 0 0 0 152 273 464 1273 1959 2199 2624 

590 126 74 142 457 0 0 0 126 224 389 965 1650 1888 2208 

600 110 66 119 384 0 0 0 110 192 326 802 1300 1584 1898 

610 97 52 101 323 0 0 0 97 163 280 677 1008 1263 1602 

620 87 44 89 281 0 0 0 87 144 244 5 84 828 986 1290 



Table 11-66 (Continued) 

HEC-1 

Time 
Ordinate 

min 

1030 
1040 
1050 
1060 
1070 

Summary of 100-Year, 24-Hour Pre-development Condition Unsteady Flow Modeling Hydrographs for Unnamed Wash 2 

HEC-RAS Combined ~ ~ d r o ~ r a ~ h s '  

Time Input ~ ~ d r o ~ r a ~ h s '  6.789 6.161 5.927 4.939 2.625 1.629 0.252 

Increment 6.789 6.218 5.974 4.974 2.656 1.677 0.309 (C203R) (C204) (C205L) (C206) (C207R) (C105L) (C105) 
min cfs cfs cfs cfs c fs cfs cfs c fs cfs cfs cfs cfs c fs c fs 

760 70 0 13 57 0 0 15 70 70 83 146 191 211 25 5 
770 70 0 13 53 0 0 12 70 70 83 138 174 198 237 

Notes: 

I .  Input hydrographs at river miles 6.218, 5.974, 4.974, 2.656, 1.677 and 0.309 represent the hydrograph that is necessary to produce a 

combined discharge similar to what is computed in the HEC-1 model for the corresponding concentration points. 

2. Total runoff in the watercourse at each location corresponding to HEC-1 concentration points. 



Table 11-67 

Summary of 100-Year, 6-Hour Pre-development Condition Unsteady Flow Modeling Hydrographs for Unnamed Wash 3 

HEC-1 
Time 

Ordinate 
min 
210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

HEC-RAS Combined Hydrographs2 
Time Input Hydrographsl 4.540 4.197 3.168 1.641 

Increment 4.540 4.219 3.193 1.690 (S301) (C301) (C302) (C303) 
min cfs cfs cfs c fs cfs cfs cfs c fs 

0 100 100 0 0 100 200 200 200 

10 100 100 0 0 100 200 200 200 

20 125 100 0 0 128 21 1 200 200 

30 260 150 50 0 260 344 250 200 

40 510 330 200 150 505 729 472 331 

50 925 600 320 500 93 1 1389 981 587 

60 1220 760 335 1000 1220 1887 1664 1430 

70 1070 865 170 1125 1073 1976 2078 2204 

80 820 840 265 750 816 1735 2229 2523 

90 595 675 400 420 595 1351 2111 2558 

100 430 540 460 80 433 1040 1814 233 1 

110 310 425 310 0 308 786 1393 2021 

120 225 325 150 0 225 590 98 1 1712 

130 165 255 125 0 166 453 759 1339 

140 125 200 115 0 125 347 598 909 

150 100 160 75 0 100 275 450 726 

160 100 120 60 0 100 22 1 354 587 

170 100 100 50 0 100 200 287 430 



Table 11-67 (Continued) 

Summary of 100-Year, 6-Hour Pre-development Condition Unsteady Flow Modeling Hydrographs for Unnamed Wash 3 

HEC-1 
Time 

Ordinate 
min 
390 
400 
410 
420 

430 

HEC-RAS Combined Hydrographsz 
Time Input ~ ~ d r o ~ r a p h s '  4.540 4.197 3.168 1.641 

Increment 4.540 4.219 3.193 1.690 (S301) (C301) (C302) (C303) 
min cfs cfs cfs cfs cfs cfs cfs cfs 

180 100 100 0 0 100 200 210 388 

190 100 100 0 0 100 200 200 299 

200 100 100 0 0 100 200 200 237 

210 100 100 0 0 100 200 200 203 

220 100 100 0 0 100 200 200 200 

Notes: 

I. Input hydrographs at river miles 4.219, 3.193 and 1.690 represent the hydrograph that is necessary to produce a combined discharge 

similar to what is computed in the HEC-1 model at the same location. 

2. Total runoff in the watercourse at each location corresponding to HEC-1 concentration points 



Figure 11-11 

100-Year Pre-development Condition Main Stem Hydrographs for Unnamed Wash 1 
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Figure 11-12 

100-Year Pre-development Condition Main Stem Hydrographs for Unnamed Wash 2 
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Figure 11-13 

100-Year Pre-development Condition Main Stem Hydrographs for Unnamed Wash 3 
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Geometric data for the unsteady flow analysis was taken from the hydraulic models 

developed for floodplain delineation purposes. That data includes cross-sectional 

geometry, Manning's roughness estimations and reach lengths. Where necessary this 

data was modified, with the exception of the Manning's roughness estimates, to 

improve model stability. 

The unsteady flow module of HEC-RAS is designed for gradually varied flow 

conditions. Rapid changes in cross-sectional area andlor channel bed slope can cause 

computational instabilities. Additionally, this module is also designed for subcritical 

flow conditions. All three watercourses have numerous rapid changes in 

cross-sectional area and channel bed slope. All three watercourses also frequently 

oscillate between subcritical and supercritical flow conditions. These hydraulic 

conditions resulted in numerous locations of computational instability and mn-time 

errors. The process of eliminating these errors and computational instabilities 

involved the additionldeletion of modeling cross-sections, levees andlor ineffective 

flow areas. This process was to a certain extent iterative as the additionJdeletion of 

modeling cross-sections, in particular, often caused problems at other locations within 

the reach. 

For Unnamed Washes 1 and 2, it was necessary to delete long reaches of modeling 

cross-sections due to the physical and hydraulic characteristics of the reaches. These 

reaches can be described as deeply incised trapezoidal channels with steep bed slopes 

and numerous natural grade control breaks. Consequently, the hydraulic 

characteristics of these reaches were such that no amount of additional cross-sections 

would resolve the instability problems. Deletion of the cross-sections in these 

reaches is, therefore, required and is considered reasonable given that the physical 

characteristics limited in-stream retention/detention opportunities. Therefore, these 

reaches serve only as a conduit for routing flows down to the Agua Fria River. For 

Unnamed Wash 3 a combination of cross-sectional additions and deletions were made 

to improve model stability. 



The addition of levees and ineffective flow was used as a means for improving model 

stability for all three watercourses. Levees or ineffective flow areas were 

strategically located at certain cross-sections to eliminate rapid changes in top width, 

wetted perimeter, and flow area due to changes in discharge with time. Levees, in 

particular, were used restrict flow to the main channel and out of overbank channels 

until the flow overtopped the channel banks. 

Computational Parameters 

The computational settings required are the computation interval, hydrograph output 

interval, and the detailed output interval. The HEC-RAS models are run with a 

computation interval of 30 seconds for Unnamed Wash 2 and 20 seconds for 

Unnamed Washes 1 and 3. These intervals are the maximum time interval for which 

computational stability could be achieved. The hydrograph output interval and the 

detailed output interval are both set to 10 minutes. 

The only calculation option that is adjusted from the default values is the theta 

implicit weighting factor. This factor is used in the finite difference solution of the 

unsteady flow equations and is directly related to the stability and accuracy of the 

model. The default value of 1.0 provides the most stability in the solution while a 

value of 0.6 provides the most accurate solution of the equations. This factor is 

adjusted for each model to the most accurate value that can be obtained without the 

occurrence of instabilities. 

Base Moclel Comparison 

The 100-year existing unsteady flow model for each watercourse is compared to the 

corresponding floodplain delineation model for reasonableness. The specific results 

used for the comparison are the water surface elevation and the channel velocity and 

those values for both the steady and unsteady flow models are summarized in Tables 

11-68 through 11-70 for Unnamed Washes 1 , 2  and 3, respectively. The results of the 

unsteady flow model are taken from the maximum water surface profile. The 

maximum water surface profile is the representation of the hydraulic conditions that 



produced the maximum stage at each cross-section during the entire simulation and 

does not necessarily represent a specific instance in time. 

Table 11-68 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 1 

River 

Station 
miles 

6.31 1 
6.216 

6.100 

6.015 

5.969 

5.917 

5.862 

5.746 

5.632 

5.505 

5.439 

5.380 

5.310 

5.227 

5.207 

5.176 

5.096 

5.007 

4.920 

4.879 

4.839 

4.725 

4.628 

4.613 

4.536 

4.436 

4.412 

4.361 

4.256 

4.170 

Water Surface Elevation 

Unsteady Steady Difference 
feet feet feet 

1797.1 1797.3 -0.2 

1791.7 1789.9 1.8 

1781.4 1780.4 1 .O 
1771.4 1771.0 0.4 

1768.8 1768.4 0.4 

1766.3 1765.2 1.1 

1759.9 1760.1 -0.2 

1752.7 1751.9 0.8 

1745.5 1745.9 -0.4 

1739.9 1737.6 2.3 

1730.7 1731.4 -0.7 

1725.9 1725.7 0.2 

1720.7 1720.7 0.0 

1716.0 1715.8 0.2 

1715.5 1715.3 0.2 

1712.8 1712.9 -0.1 

1707.1 1707.1 0.0 

1702.9 1702.8 0.1 

1698.2 1698.2 0.0 

1696.7 1696.8 -0.1 

1695.3 1694.8 0.5 

1687.5 1687.6 -0.1 

1683.2 1681.8 1.4 

1682.8 1680.8 2.0 

1675.4 1676.2 -0.8 
--- 1669.7 --- 

1666.7 1666.7 0.0 

1663.7 1663.6 0.1 

1658.9 1659.0 -0.1 

1654.1 1654.0 0.1 

Channel Velocity 
Unsteady Steady Difference 

fps fps fps 
9.9 9.1 0.8 
1.5 6.2 -4.7 

8.4 8.4 0.0 

11.7 8.5 3.2 

4.4 4.4 0.0 

5.8 8.4 -2.6 

10.7 9.3 1.4 

4.6 6.4 -1.8 

9.8 8.0 1.8 

4.6 8.5 -3.9 

12.8 9.5 3.3 

5.7 5.8 -0.1 ' 

10.2 9.7 0.5 

6.6 7.0 -0.4 

5.2 5.4 -0.2 

10.7 10.0 0.7 

8.5 8.4 0.1 

8.2 8.3 -0.1 

9.0 9.0 0.0 

6.6 6.0 0.6 

6.9 8.1 -1.2 

9.4 8.5 0.9 

2.8 3.8 -1.0 

5.3 8.1 -2.8 

14.4 11.4 3.0 
..- 9.5 --- 
7.7 7.5 0.2 

9.9 10.0 -0.1 

8.2 7.9 0.3 

10.8 11.0 -0.2 



Table 11-68 (Continued) 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 1 

River 
Station 
miles 
4.077 
3.987 

3.895 

3.803 

3.706 

Water Surface Elevation Channel Velocity 
Unsteady Steady Difference Unsteady Steady Difference 

feet feet feet f ~ s  f ~ s  f ~ s  

Inline Weir 

1626.2 1626.2 0.0 7.6 7.6 0.0 

1624.0 1623.6 0.4 7.2 8.1 -0.9 

1619.3 1619.6 -0.3 11.6 10.4 1.2 

1616.6 1616.2 0.4 7.1 7.9 -0.8 

1611.3 1611.3 0.0 10.6 10.6 0.0 

1604.6 1604.7 -0.1 10.7 10.3 0.4 
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Table 11-68 (Continued) 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 1 

River Water Surface Elevation 
Station Unsteady Steady Difference 
miles feet feet 
1.928 --- 1499.2 
1.862 --- 1494.4 
1.768 --- 1486.7 
1.709 .-- 1484.0 
1.675 --- 1482.4 
1.637 --- 1476.8 
1.621 --- 1474.6 
1.590 --- 1473.3 
1.479 --. 1465.7 
1.398 --- 1454.0 
1.374 --- 1449.4 
1.367 --- 1441.2 

1.286 1427.8 1428.4 

1.208 1420.6 1419.9 
1.116 --- 1414.8 

1405.9 

1399.5 
1396.0 

1394.7 
1390.2 
1386.5 
1383.8 
1381.4 
1379.8 
1378.9 
1378.0 
1377.3 

1376.0 
1373.2 
1370.2 
1369.7 

1368.3 

1367.6 
- 

Average: 

feet 

Maximum: -12.7 

Channel Velocity 
Unsteady Steady Difference 



Table 11-69 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 2 

River 
Station 
miles 
6.789 
6.765 

6.714 

6.669 

6.643 

6.595 

6.570 

6.501 

6.45 1 

6.418 

6.392 

6.318 

6.271 

6.218 

6.161 

6.058 

5.974 

5.927 

5.865 

5.845 

5.759 

5.702 

5.624 

5.551 

5.508 

5.460 

5.364 

5.304 

5.266 

5.172 

5.114 

5.079 

4.974 

4.939 

Water Surface Elevation 
Unsteady Steady Difference 

feet feet feet 
1845.5 1845.2 0.3 
1844.8 1843.6 1.2 

1838.5 1839.3 -0.8 

1832.4 1833.2 -0.8 

1830.0 1830.5 -0.5 

1826.7 1826.9 -0.2 

1823.8 1824.0 -0.2 

1817.5 1817.8 -0.3 

1813.8 1813.9 -0.1 

1810.3 1810.5 -0.2 

1808.0 1808.1 -0.1 

1803.0 1803.0 0.0 

1800.6 1800.6 0.0 

1796.3 1796.4 -0.1 

1793.1 1792.9 0.2 

1786.1 1786.3 -0.2 

1782.0 1781.6 0.4 

1781.1 1778.3 2.8 

1772.2 1773.6 -1.4 
--- 1768.2 --- 

1758.7 1758.8 -0.1 

1757.4 1756.0 1.4 

1750.7 1751.3 -0.6 

1746.8 1746.3 0.5 

1742.5 1743.2 -0.7 

1741.0 1740.4 0.6 

1734.3 1734.4 -0.1 

1731.9 1731.9 0.0 

1729.0 1729.1 -0.1 

1723.0 1723.1 -0.1 

1721.2 1720.3 0.9 

1716.9 1717.7 -0.8 

1712.4 1711.3 1.1 

1708.3 1708.9 -0.6 

Channel Velocity 
Unsteady Steady Difference 

fps fp s fps 
8.3 9.0 -0.7 
7.4 9.3 -1.9 

15.4 13.0 2.4 

15.0 11.6 3.4 

11.3 9.4 1.9 

9.9 9.4 0.5 

11.5 10.9 0.6 

10.6 9.7 0.9 



Table 11-69 (Continued) 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 2 

River 
Station 
miles 
4.884 
4.784 

4.692 

4.640 

4.600 

4.502 

4.430 

4.391 

4.365 

4.332 

4.286 

4.199 

4.102 

4.072 

4.013 

3.961 

3.923 

3.874 

3.825 

3.770 

3.725 
3.698 

3.660 

3.643 

3.618 

3.590 

3.523 

3.426 

3.311 

3.211 

3.122 

3.053 

3.033 

Water Surface Elevation 
- 

Unsteady Steady Difference 
feet feet feet 

1703.4 1703.9 -0.5 
1695.6 1695.6 0.0 

1688.5 1688.8 -0.3 

1687.2 1686.1 1.1 

1681.1 1682.7 -1.6 

1673.9 1673.9 0.0 

1668.6 1668.7 -0.1 

1664.9 1665.0 -0.1 

1663.5 1663.4 0.1 

1659.9 1660.4 -0.5 

1656.5 1657.0 -0.5 

1652.9 1651.9 1 .O 

1646.0 1646.7 -0.7 

1645.5 1644.9 0.6 

1640.7 1641.4 -0.7 

1637.7 1637.7 0.0 

1635.8 1635.8 0.0 

1634.1 1634.4 -0.3 

1632.4 1630.7 1.7 

1624.7 1626.0 -1.3 

1623.0 1622.2 0.8 
1622.6 1621.7 0.9 

1621.7 1619.2 2.5 

1621.5 1616.8 4.7 

1611.6 1614.6 -3.0 

1612.2 1611.3 0.9 

1606.4 1606.9 -0.5 

1603.3 1600.4 2.9 

1591.5 1592.8 -1.3 

1584.9 1584.8 0.1 

1581.5 1582.7 -1.2 

1580.9 1582.7 -1.8 

1575.0 1577.1 -2.1 

1576.8 1577.2 -0.4 

Channel Velocity 
Unsteady Steady Difference 



Table 11-69 (Continued) 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 2 

River Water Surface Elevation Channel Velocity 
Station Unsteady Steady Difference Unsteady Steady Difference 
miles feet feet feet f ~ s  f ~ s  f ~ s  
2.976 1573.2 1572.9 0.3 15.1 16.3 -1.2 
2.934 1573.8 1569.3 4.5 8.0 14.4 -6.4 

2.903 1564.1 1566.7 -2.6 22.2 13.7 8.5 
2.892 --- 1564.1 --- ... 13.8 .-- 

2.856 --- 1558.0 --. --- 14.4 --- 



Table 11-69 (Continued) 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 2 

River Water Surface Elevation Channel Velocity 
Station Unsteady Steady Difference Unsteady Steady Difference 
miles feet feet feet f ~ s  f ~ s  f ~ s  
0.995 1417.5 1417.7 -0.2 12.7 12.3 0.4 
0.957 1416.6 1414.3 2.3 10.4 14.3 -3.9 

0.589 1379.4 1379.7 

0.537 1376.9 1377.3 
0.441 1372.1 1371.8 

0.348 1370.0 1368.6 

0.309 1369.7 1367.0 
0.252 1363.1 1363.9 

0.205 1360.4 1360.4 

Average: 
Maximum: 



Table 11-70 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 3 

River Water Surface Elevation Channel Velocity 
Station Unsteady Steady Difference Unsteady Steady Difference 
miles feet feet feet 

4.540 1641.0 1641.1 -0.1 
4.464 1636.7 1636.6 0.1 

4.442 1635.8 --- --. 

4.428 1635.6 1635.3 0.3 

4.417 1633.7 1634.1 -0.4 

4.399 1632.0 1631.8 0.2 

4.379 1629.5 1629.6 -0.1 



Table 11-70 (Continued) 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 3 

River 
Station 
miles 
3.509 
3.497 

3.487 

3.460 
3.426 

3.412 

3.386 

3.370 

3.351 

3.319 

3.309 

3.287 

3.257 

3.228 

3.193 

3.168 

3.144 

3.114 

3.097 

3.061 

3.042 

3.015 

2.992 

2.984 

2.973 

2.961 

2.934 

2.916 

2.883 

2.850 

2.779 

2.726 

2.703 

2.677 

Water Surface Elevation 
Unsteady Steady Difference 

feet feet feet 
1568.7 1569.1 -0.4 
1567.1 1567.6 -0.5 

1567.0 1567.4 -0.4 

1564.9 1565.0 -0.1 
1564.1 1563.9 0.2 

1563.9 1562.6 1.3 
1560.4 --- --- 
1559.4 1559.4 0.0 

1559.1 1559.1 0.0 

1558.3 1558.2 0.1 

1555.7 1556.5 -0.8 
1554.3 --- --- 
1553.4 1553.0 0.4 
1551.5 --- --- 
1550.0 --- --- 
1548.6 1548.4 0.2 

1547.2 1547.4 -0.2 

1545.7 1545.2 0.5 
1544.6 --- --- 
1543.2 1543.4 -0.2 

1542.3 1542.9 -0.6 

1541.6 1542.6 -1.0 
1540.7 --. --- 
1539.5 1539.1 0.4 
1539.8 --- --- 
1540.0 -.. --- 
1535.6 --- --- 
1535.4 1535.1 0.3 
1534.4 --- --- 
1533.9 1532.5 1.4 
1528.3 1529.1 -0.8 
1526.2 .-- --- 
1524.9 --- --- 
1523.6 1523.7 -0.1 

Channel Velocity 
Unsteady Steady Difference 



Table 11-70 (Continued) 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 3 

River Water Surface Elevation Channel Velocity 
Station Unsteady Steady Difference Unsteady Steady Difference 
miles feet feet feet f ~ s  f ~ s  f ~ s  
2.659 1522.8 --- --- 9.0 --- ... 

2.63 1 1522.1 --- --- 7.1 --- --- 

2.605 1519.9 ... ... 10.4 --- --- 

2.581 1519.2 1519.1 0.1 8.1 9.2 -1.1 

2.541 1517.3 ... --- 8.3 --. --- 

2.522 1516.7 1516.4 0.3 6.9 7.6 -0.7 

2.471 1513.4 1513.6 -0.2 9.8 8.9 0.9 

2.421 1510.5 1510.9 -0.4 8.7 7.3 1.4 

2.376 1508.9 --. --- 7.4 --- --- 
2.350 1508.3 --- --- 5.9 --- --- 

2.333 1508.1 --- --- 6.4 --- --- 
2.315 1504.9 1506.0 -1.1 14.6 9.8 4.8 

2.282 1503.5 --- .-- 7.8 --- --- 

2.255 1502.5 --. --- 8.2 --- --- 

2.233 1501.8 1501.2 0.6 7.4 9.0 -1.6 

2.200 1501.5 --. --- 5.4 --- --- 
2.169 1496.7 --- --- 14.6 --- --- 
2.154 1496.8 -.. --- 6.9 --- --- 
2.140 1496.5 --- .-. 6.4 --- --- 
2.118 1495.3 1495.3 0.0 9.0 8.9 0.1 

2.097 1494.6 --. --- 8.1 --- --- 
2.080 1492.9 --- --- 10.3 --- --- 
2.050 1491.6 1491.8 -0.2 7.4 7.8 -0.4 

2.022 1489.9 --. --- 7.7 --. --- 
2.01 1 1488.9 1488.8 0.1 9.5 9.6 -0.1 

1.973 1487.7 1487.2 0.5 7.0 7.8 -0.8 

1.944 1484.4 1484.7 -0.3 11.8 10.5 1.3 

1.915 1482.9 --. --- 8.8 --- --- 
1.872 1480.8 1480.9 -0.1 8.7 8.5 0.2 

1.784 1476 1475.9 0.1 9.4 9.6 -0.2 

1.690 1473.3 1472.4 0.9 3.6 7.8 -4.2 

1.641 1470.3 1469.6 0.7 7.4 10.6 -3.2 

1.600 1470.1 1467.2 2.9 2.9 8.0 -5.1 

1.563 1466.5 1464.3 2.2 4.6 10.4 -5.8 



Table 11-70 (Continued) 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 3 

River 
Station 
miles 

1.546 
1.537 

1.519 

1.497 

1.48 1 

1.425 

1.399 

1.385 

1.356 

1.331 

1.316 

1.304 

1.288 

1.259 

1.248 

1.237 

1.222 

1.171 

1.152 

1.088 

1.032 

1.008 

0.986 

0.960 

0.928 

0.852 

0.761 

0.734 

0.716 

0.695 

0.658 

0.625 

0.598 

Water Surface Elevation 
Unsteady Steady Difference 

feet feet feet 
1466.6 --. --- 
1457.9 1460.3 -2.4 

1457.6 1457.7 -0.1 

1458.2 1456.4 1.8 

1454.0 1454.8 -0.8 

1450.9 1449.1 1.8 
1445.4 --- --. 

1441.0 1441.7 -0.7 

1437.9 1437.5 0.4 

1437.1 1436.0 1.1 

1436.1 --- --- 
1436.1 1433.1 3.0 
1436.2 --- --- 
1436.2 1426.8 9.4 
1436.2 --- --- 
1421.4 --. --- 
1416.5 1416.3 0.2 

1414.0 1413.3 0.7 

1413.0 1411.4 1.6 

1405.9 1407.2 -1.3 

1403.7 --. --- 
1401.8 1401.4 0.4 

1401.3 1400.3 1 .O 

1396.5 1397.2 -0.7 

1394.8 1394.4 0.4 

1389.8 1389.8 0.0 

1384.7 1384.8 -0.1 

1383.2 1382.8 0.4 

1383.0 1382.3 0.7 

1378.2 1379.2 -1.0 

1376.7 1376.2 0.5 

1373.5 1373.8 -0.3 

1372.7 1372.1 0.6 

1372.6 1371.7 0.9 

Channel Velocity 
Unsteady Steady Difference 

fps fps fps 
4.4 --- --- 
25.8 12.0 13.8 

13.0 12.5 0.5 

8.7 10.4 -1.7 

15.4 12.3 3.1 

7.2 9.7 -2.5 

14.3 --. --- 
15.4 13.1 2.3 

6.9 7.4 -0.5 

6.1 7.5 -1.4 

7.7 --- --- 
6. 1 9.6 -3.5 

3.8 --- --- 

3.5 12.7 -9.2 

2.7 --. --- 
32.0 --- --- 
12.4 13.2 -0.8 

5.6 6.3 -0.7 

7.8 9.9 -2.1 

13.5 10.2 3.3 

7.0 .-. --- 
10.0 10.8 -0.8 

7.1 8.6 -1.5 

14.3 12.2 2.1 

7.3 7.9 -0.6 

11.6 11.7 -0.1 

9.0 8.9 0.1 

9.4 10.2 -0.8 

7.1 8.2 -1.1 

16.1 13.4 2.7 

8.0 10.0 -2.0 

12.3 11.4 0.9 

6.7 7.6 -0.9 

5.5 6.5 -1.0 



Table 11-70 (Continued) 

Pre-development Unsteady Flow Model Comparison for Unnamed Wash 3 

River Water Surface Elevation Channel Velocity 

Station Unsteady Steady Difference Unsteady Steady Difference 
miles feet feet feet f ~ s  f ~ s  f ~ s  
0.565 1368.0 1369.2 -1.2 16.2 12.0 4.2 
0.544 1368.0 --- --- 9.2 --- --- 
0.520 1365.2 1365.5 -0.3 12.3 11.5 0.8 

0.481 1363.5 1363.6 -0.1 8.8 8.8 0.0 
0.454 1363.1 --- --- 8.4 --. --- 
0.386 1357.4 1358.1 -0.7 13.2 11.2 2.0 
0.337 1355.4 --. --- 7.8 --- --- 
0.306 1353.2 1353.4 -0.2 10.5 9.8 0.7 
0.275 1352.5 --- --- 5.9 --- --- 
0.240 1348.6 1349.3 -0.7 11.4 6.8 4.6 
0.214 1346.2 --. --- 9.0 --- --- 
0.194 1345.6 --- --- 7.0 --- --- 
0.185 1344.1 1344.2 -0.1 10.6 10.4 0.2 

0.144 1340.7 1340.7 0.0 11.0 11.1 -0.1 

Average: 0.2 0.0 
Maximum: 9.4 13.8 

As can be seen from these tables the water surface elevation and channel velocity 

results for the unsteady flow model at the maximum stage is, in general, very similar 

to the steady flow, floodplain delineation model results. 

The maximum water surface and channel velocity differentials for Unnamed Wash 1 

occur immediately upstream of an existing stock tank, River Mile (RM) 3.643. The 

structural integrity of the stock tank embankment is unknown and therefore the 

hydrologic attenuation that the ponding area would provide is not considered in the 

hydrologic analysis. This is a conservative, yet realistic assumption. Conversely, the 

structure is included in the floodplain delineation modeling since mapping of the 

ponding area results in the most conservative delineation. This structure is not 

modeled in the unsteady flow analysis and as a result the water surface elevations and 

channel velocities immediately upstream of this structure are significantly different. 



This structure is removed from the unsteady flow model because of the attenuation 

that would occur from routing the hydrograph through the structure. The next largest 

difference in water surface elevation is an increase of 2.3 feet at RM 5.505. The next 

largest difference in channel velocity is a decrease of 4.7 fps at RM 6.216. These 

differences are most likely due to rapid changes in the physical characteristics of the 

watercourse at these locations. 

The maximum water surface differential for Unnamed Wash 2 occurs upstream of a 

natural constriction in the watercourse. The unsteady flow model computes a water 

surface elevation at RM 3.643 that is 4.7 feet higher than what is computed in the 

steady flow model. This constriction causes a backwater condition and as a 

consequence there is a drop in discharge due to the storage. Thus the hydraulic 

conditions at this location are significantly different than in the steady flow model. A 

similar situation occurs at RM 0.734. At this location, the maximum channel velocity 

computed in the unsteady flow model increases by 15.6 fps over what is computed in 

the steady flow model. Here the flow is accelerating rapidly through the constriction. 

This rapid change in hydraulic conditions may also be causing instabilities in the 

calculations. 

Like Unnamed Wash 2, the maximum water surface and channel velocity differentials 

for Unnamed Wash 3 also occur at natural constrictions in the watercourse. The 

maximum differential in water surface elevation is an increase of 9.4 feet and occurs 

at RM 1.259. The maximum differential in channel velocity is an increase of 13.6 fps 

and occurs at RM 1.537. 

In general, the water surface elevation and channel velocity results for the maximum 

stage profile of the unsteady flow model compare favorably to those of steady flow 

model. The mathematical average differential for all three watercourses for both the 

water surface elevation and the channel velocity is less than 0.3 feet and 0.3 fps, 

respectively. In consideration of the hydraulic characteristics of these watercourses in 

relation to the limitations and differences of the two modules the results of the base 

unsteady flow models seem very reasonable. 
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Off-Line Retention Basins 

Post-development peak discharge and runoff volume is reduced to that of 

pre-development conditions by diverting the necessary amount of flow via a lateral 

weir into a basin that is adjacent to the main channel of the watercourse. The diverted 

runoff can then be allowed to percolate into the soil or can be slowly released back 

into the watercourse. Verification of the functionality of this method of retention is 

only tested in the Unnamed Wash 3 sub-watershed. Testing of the off-line basin is 

limited to Unnamed Wash 3 because of the topographic conditions and the nature of 

the land use proposed for the sub-watersheds for Unnamed Washes 1 and 2. The 

topographic conditions along these watercourses are such that off-line basins are 

practical only in the upper reaches. However, the proposed land use in the upper 

portions of these watercourses is primarily low-density residential or open space. The 

resulting difference in pre- and post-development runoff volumes does not warrant 

this particular application. 

The off-line basin for Unnamed Wash 3 is located approximately at RM 2.750 which 

is a short distance upstream of the hydrologic concentration point C302 as. shown in 

relation to the watershed in Figure 11-14. This location was selected based on the 

following. 

Topography, 

Accessibility, 

Proximity to proposed development limits, and 

Relative location within the sub-watershed 

Ideally, the watercourse would be flowing in a subcritical regime in the reach that the 

diversion is to take place. This is not the case for the selected reach, therefore this 

reach of the watercourse is channelized and drop structures are added to force the 

flow into a subcritical regime. Realignment of the channel is also necessary at this 

particular location in order to provide sufficient space for storage of the required 

volume of runoff. The location of the basin and proposed channel alignment is 



shown in relation to the topography of the selected site in Figure 11-15. Conceptual 

details of the various elements are shown in Figure 11-19. 

The 100-year pre-development peak discharge and runoff volume at this location 

(HEC-1 Id C302) is approximately 2,200 cfs and 250 acre-feet, respectively. The 

100-year post-development peak discharge and runoff volume at this location is 

approximately 3,130 cfs and 270 acre-feet, respectively. Initially, the lateral weir, 

basin volume and outlet pipe dimensions are sized simultaneously to reduce the 

100-year post-development peak discharge and runoff volume downstream of the 

basin to those of pre-development conditions. The weir dimensions are then 

modified, to the extent possible, to be effective during the 10-year event without 

altering the operations for the 100-year event. The basin stage-storage relation input 

to the model is based on the available surface area and an assumption of 4:l side 

slopes. The basin depth is then varied until the right combination of weir length, 

storage volume and outlet size is achieved. The weir coefficient used in the analysis 

is 2.6. The current version of HEC-RAS does not allow varying the lateral weir 

coefficient with discharge or depth over the weir, therefore, the value selected must 

be appropriate for the range of flows and hydraulic conditions to be modeled during 

the entire simulation. A coefficient of 2.6 is considered to be the minimum value that 

is expected for the specific conditions. 



Figure 11-14 

Retentionmetention Alternative Location Map for Unnamed Wash 3 



LEGEND 

E"o;ENyk;;&y *-.?- -~ 
~ . maw4 HlURD SETBACK 

~ -:-F..... ~L7~:~::.:.,. ~~- .  .. ~ 

~ ;.~..=-:>-~> 
p~ ~.. ~ ~~ .. ~~~~~ .~ ~- . . . .. ~~ ~- ~ 

MOOWAY B O U N W  

PONOING UMllS 

RIGm OF WAY - - - - - - - - - - 
CENlERUNE CYlmNG CHLNNEL . . . - 

Figure 11-15 
Off-line Retention Basin 

Alternative for Unnamed Wash 3 

UII m M M 
- U - - Y U  

r- e,z,,,m I - 
I rn I m 

DEFlO" - I - 
m011 Wi I - - 

*IRYL PHOTDW EASS ~ m m  BI nmo w m r  mm w wrnm m ~ m .  
RU(E HV( 1 07.07.01 m RWIOCWRO. am arms= mm 
RlllSUUL I PJE 1 07.07.01 

I 



In-line Detention Basins 

Reduction of post-development peak discharge is accomplished by storing the entire 

runoff volume behind an embankment. The basin is drained by an outlet structure 

that is sized for a peak discharge equal to that of the pre-development conditions. A 

common application of this approach would be at a roadway crossing of the 

watercourse. In-line detention basins are located using the same criteria as for the 

off-line basins with additional consideration for proposed roadway crossings. 

Roadway crossings proposed for the study area are taken from a draft copy of the 

Northwest Valley Transportation Study (BRW, Inc. Feb. 2000) and preliminary 

development plans for Lake Pleasant Heights and Lake Pleasant Estates. The in-line 

basin location selected for Unnamed Wash 3 is the same location as for the off-line 

basin and is also near a proposed roadway alignment. The selected location for 

Unnamed Wash 1 is at an existing stock tank at approximately RM 3.631 which is a 

short distance upstream of the hydrologic concentration point C103R as shown in 

Figure 11-16. The selected location for Unnamed Wash 2 is at a proposed roadway 

crossing at approximately F W  3.872 which is a short distance upstream of the 

hydrologic concentration point C206 as shown on Figure 11-17. 

The 100-year pre-development peak discharge at these locations (HEC-I Id C103R, 

C206 and C302) are approximately 2,330 cfs, 4,420 cfs and 2,200 cfs for Unnamed 

Washes 1 ,2  and 3, respectively. The 100-year post-development peak discharges are 

approximately 2,630 cfs, 4,700 cfs and 3,130 cfs, respectively. A concrete box 

culvert is used as the outlet structure for each basin. The culvert dimensions are 

determined by first setting the width equal to the channel bottom width. The culvert 

height is then varied such that the outflow is equivalent to the pre-development peak 

discharge. The length of the culvert is a function of the maximum water surface 

elevation, embankment top width and side slope. The minimum embankment side 

slope used for all three locations is 3:l. The embankment top width used for 

Unnamed Washes 2 and 3 is 60 feet, which is the City of Peoria minor collector 

roadway right-of-way width. The embankment height is then set just above the 

maximum water surface elevation. For Unnamed Wash 1, only minor changes are 



made to the existing stock tank embankment. The culvert dimensions are then 

balanced with an overflow spillway. Figure 11-18 shows the culvert and 

embankment in relation to the existing topography the Unnamed Wash 3 location. 

Conceptual details for the culvert are shown in Figure 11-19. 



Figure 11-16 

Retentionmetention Alternative Location Map for Unnamed Wash 1 



Figure 11-17 
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Modeling Results 

The effectiveness of retentionldetention facilities at reducinglminimizing the effects 

of increased runoff due to development in the watershed can be measured in many 

ways, some of which are difficult to quantify. As an alternative to quantifying 

potential impacts, the effectiveness of these facilities can be checked by the 

successfulness of the facilities at reproducing the pre-development runoff conditions, 

specifically the magnitude, duration and temporal distribution of the runoff 

hydrograph. If the pre-development runoff hydrograph is successfully reproduced, it 

can be assumed that the impacts of the resulting runoff are minimal. Runoff 

hydrographs for each alternative (off-line, in-line and 100-year, 2-hour) for Unnamed 

Washes 1 , 2  and 3 are shown in relation to the corresponding pre-development runoff 

hydrographs in Figures 11-20 through 11-22 for the 100-year event and Figures 11-23 

through 11-25 for the 10-year event. Runoff hydrographs for pre-development, post- 

development without retention and post-development with 100-year, 2-hour retention 

are taken from the HEC-1 models at concentration points C103R, C206 and C302 for 

Unnamed Washes 1, 2 and 3, respectively. Tables 11-71 and 11-72 summarize the 

100-year peak discharge and volume, respectively, for each alternative for each 

watercourse. Tables 11-73 and 11-74 summarize the 10-year peak discharge and 

runoff volume, respectively, for each alternative for each watercourse. Model output 

for each watercourse is provided in Appendix H. Digital input and output files are 

provided on CD as Appendix F. 

Table 11-71 

Summary of RetentiontDetention Alternative 100-Year Peak Discharges 

100-Year Peak Discharge, in cfs 
Post-Devel. In-Line Off-Line 100-Yr, 2-Hr 

Pre-Devel. w/o Ret. Detention Retention Retention 

Unnamed Wash 1 2,330 2,630 2,380 --- 2,480 
Unnamed Wash 2 4,420 4,700 4,190 -.- 4,440 
Unnamed Wash 3 2,200 3,130 2,300 2,210 2,650 

\\phnserv06\wrpro~\82000146\Repons\Level 111 Docs\Ftnal TDN doc 234 



Table 11-72 

Summary of ReteotionIDetention Alternative 100-Year Runoff Volumes 

100-Year Runoff Volume, in acre-feet 
Post-Devel. In-Line Off-Line 100-Yr, 2-Hr 

Pre-Devel. wlo Ret. Detention Retention Retention 
Unnamed Wash 1 270 280 280 --- 240 
Unnamed Wash 2 640 6 70 630 --- 560 
Unnamed Wash 3 250 270 270 210 190 

Table 11-73 

Summary of Retention/Detention Alternative 10-Year Peak Discharges 

10-Year Peak Discharge, in cfs 
Post-Devel. In-Line Off-Line 100-Yr, 2-Hr 

Pre-Devel. wlo Ret. Detention Retention Retention 

Unnamed Wash 1 860 1,020 920 --- 710 
Unnamed Wash 2 1,730 1,860 1,840 --- 1,480 

Unnamed Wash 3 810 1,350 1,210 1,010 610 

Table 11-74 

Summary of RetentionlDetention Alternative 10-Year Runoff Volumes 

10-Year Runoff Volume, in acre-feet 
Post-Devel. In-Line Off-Line 100-Yr, 2-Hr 

Pre-Devel. wlo Ret. Detention Retention Retention 

Unnamed Wash 1 130 140 130 --- 100 
Unnamed Wash 2 350 380 360 --- 270 
Unnamed Wash 3 120 140 150 130 60 

In general, in-line basins are very effective at reducing the post-development peak 

discharges for a specific design event, in this case the 100-year event, to 

pre-development magnitudes. However, for more frequent events, the in-line basin is 

relatively ineffective. In-line basins also do not provide any reduction in runoff 

volume, despite what is shown in Tables 11-72 and 11-74. Runoff volumes reported 



in these tables for in-line, as well as off-line, basins are based on simplified 

hydrologic data as discussed previously. As such, these results should be considered 

approximate. Runoff volumes are shown for general comparative purpose, but also to 

demonstrate that the model results are relatively reasonable. Given the fact that 

in-line basins reduce the peak discharge but not the runoff volume, it follows that the 

duration of runoff must increase. This results in duration that is more consistent with 

the pre-development conditions. 

The off-line basin alternative was developed for Unnamed Wash 3 only for reasons 

discussed previously. Downstream of the basin the post-development 100-year peak 

discharge and runoff volume is 2,210 cfs and 210 acre-feet, respectively. This is 

compared to the pre-development 100-year peak discharge and runoff volume of 

2,200 cfs and 250 acre-feet, respectively. Similarly, the 10-year post-development 

peak discharge and runoff volume downstream of the basin is 1,010 cfs and 130 

acre-feet, respectively as compared to 810 cfs and 120 acre-feet, respectively for 

pre-development conditions. The off-line basin is also somewhat effective for other 

storm frequencies. Unlike in-line basins, off-line basins would generally have the 

effect of shortening the duration of runoff as can be seen from Figures 11-22 and 

11-25. 

Following the standard 100-year, 2-hour retention approach will produce similar 

results as the off-line basins. However the results of this analysis shows that the 

volume of runoff retained is, for every case, greater than what is required resulting in 

less volume in the runoff hydrograph than what is estimated for pre-development 

conditions. Furthermore, in the case of Unnamed Wash 3 for the 100-year event this 

volume is not sufficient to capture the peak. 



Figure 11-20 

Comparison of Retentionmetention Alternatives for Unnamed Wash 1 for the 100-Year Event 
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Figure 11-21 

comparison of RetentiodDetention Alternatives for Unnamed Wash 2 for the 100-Y~ar Event 



Figure 11-22 

Comparison of RetentionIDetention Alternatives for Unnamed Wash 3 for the 100-Year Event 

T i e ,  in minutes 



Figure 11-23 

Comparison of Retentionmetention Alternatives for Unnamed Wash 1 for the 10-Year Event 
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Figure 11-24 

Comparison of RetentionIDetention Alternatives for Unnamed Wash 2 for the 10-Year Event 
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Figure 11-25 

Comparison of RetentionIDetention Alternatives for Unnamed Wash 3 for the 10-Year Event 
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Cost Estimate 

Purpose 

Preliminary estimates of probable construction costs are prepared for both the in-line 

and off-line alternatives as developed for Unnamed Wash 3. These cost estimates are 

used as an aid in the selection process of a preferred alternative. Cost estimates 

developed for each alternative reflect the proposed improvements developed from 

generalized hydraulic evaluations and are considered approximate. A cost estimate is 

not estimated for the 100-year, 2-hour retention basin as this is the current standard 

policy. 

Methodology 

Quantities are calculated for earthwork (excavation andlor fill), bank armoring, 

structural concrete for box culverts, concrete pipe and for riprap. For both the in-line 

and off-line basin alternatives, the volume of earthwork was determined by average 

end area calculations for cross-sections taken through the improvement area. Bank 

armoring quantities were determined by applying a typical section along the length of 

the improvement area. A nominal toe down depth of 5 feet was assumed for all bank- 

armoring quantities. 

Table 11-75 lists a summary of unit cost utilized to determine cost estimates for each 

alternative. Given that these are conceptual designs of the proposed alternatives, a 

cost contingency is applied to account for design details that cannot be for seen at this 

stage. Contingency cost is estimated at 15 percent of the total construction cost of the 

proposed improvements. 



Table 11-75 

Summary of Unit Costs 

Item Unit Cost 
Earthwork Cubic Yards (cy) $4.00 

Soil Cement Cubic Yards (cy) $30.00 
Structural Concrete Cubic Yards (cy) $350.00 

36" rcp Linear Foot $150.00 
Riprap Cubic Yards (cy) $80.00 

Results 

Tables 11-76 and 11 -77 are listing of the costs for the in-line and off-line alternatives, 

respectively. The total cost, including 15% contingency is $332,800 for the in-line 

basin and $727,300 for the off-line basin as development for Unnamed Wash 3 

Table 11-76 

In-line Detention Basin Cost Estimate 

Item Quantity Unit Unit Cost Total 
Earthwork 17,300 cy $4.00 $69,200 
Structural Concrete 650 CY $350 $227,500 
Riprap (dumped) 125 CY $80 $10,000 
Net Cost $306,700 
Contingency (15%) $46,005 
Total $352,705 



Table 11-77 

Off-line Detention Basin Cost Estimate 

Item Quantity Unit Unit Cost Total 

Earthwork 97,300 cy $4 $389,200 
Soil Cement 10,200 cy $30 $306,000 
Structural Concrete 10 CY $350 $3,500 
36" rcp 180 If $150 $27,000 
Riprap (dumped) 50 CY $80 $4,000 
Net Cost $729,700 
Contingency (1 5%) 
Total 

11.3.3.2 Wash Vegetation Buffer Evaluation 

Purpose 

Objective A-5 of the City of Peoria's Peoria Desert Lands Conservation Master Plan 

recommends that appropriate or sufficient buffers between areas dominated by human 

activities and environmentally sensitive areas be established (open space buffers must 

be at least 25 feet). Policy A-5.2 developed for the objective states "Encourage the 

location of project open space areas in close proximity to dedicated or reserved open 

space areas to provide a transition between developed and undeveloped areas and to 

provide a buffer between natural and developed open space areas". Riparian areas 

and wash conidors and vegetation along wash corridors are presented as 

environmentally sensitive lands in the plan and are recommended to be protected. 

Some management approaches to defining the buffer have been to set the limits of the 

buffer from the sandy bottom or banks of a wash. Taking into consideration, 100- 

year floodplain and erosion hazard zone widths measuring the width of the buffer 

from the sandy bottom or bank of a wash may not provide adequate set back for 

development. 



The purpose of this evaluation is to develop a management approach to defining the 

buffer taking into consideration 100-year floodplain, erosion hazard zones and the 

minimum 25-foot buffer. 

Methodology 

The following assumptions, procedures, and methodologies were employed in while 

evaluating a management scheme for wash vegetation buffer zones: 

Floodplain, erosion hazard zone and vegetation comdor widths are 

determined at a number of locations. 

Vegetation comdor is defined as the extent of vegetation along a 

wash. The width of the comdor is the width of the vegetation from 

one wash edge tothe other plus the 25-foot minimum buffer (both 

edges of the wash). 

Vegetation widths are measured from digital aerial photographs 

Floodplain and erosion hazard zones widths are measured at the 

same location as the vegetation comdor widths from digital 

delineation files. 

Floodplain, erosion hazard zone and vegetation comdor widths are 

compared to determine the difference between each zone. 

Results 

Results of the comparison of vegetation comdor buffer widths to floodplain and 

erosion hazard zone widths are presented in Table 11-78. 



Table 78 

Summary of Floodplain, Erosion Hazard, Vegetation Corridor Widths 

Watercourse 
Id 

1 
Morgan City 
Morgan City 
Morgan City 
Morgan City 
Morgan City 
Morgan City 
Morgan City 
Morgan City 
Morgan City 
Morgan City 
Morgan City 
Twin Buttes 
Twin Buttes 
Twin Buttes 
Twin Buttes 
Twin Buttes 
Twin Buttes 
Twin Buttes 
Twin Buttes 
Unnamed 2 
Unnamed 2 
Unnamed 2 
Unnamed 2 
Unnamed 2 
Unnamed 2 
Unnamed 2 
Unnamed 2 

River Mile Floodplain 
Sta. Width 

(mile) (ft) 

160.2 
154.6 
172.0 

3.00 454.3 
269.5 
269.0 

Erosion 
Hazard 
Width 

(ft) 

Vegetation 
Corridor Width 
Plus 50' Buffer 

Difference Difference 
Between Between 

Vegetation Vegetation 
Corridor Corridor 

Buffer And Buffer And 
Floodplain Erosion 

Width Hazard Width 

The following conclusions are developed from the comparison of floodplain, erosion 

hazard and vegetation conidor widths: 

The dimension of the vegetation comdor plus the minimum buffer 

width as compared to floodplain and erosion hazard widths 

indicate that the buffer as measured from the edge of wash 



vegetation would lie at some location within the limits of the 

floodplain and erosion hazard zones and at other locations outside. 

A management practice of determining a wash buffer of a 

minimum setback of 25 feet from the edge of vegetation or the 

limits of the erosion hazard zone which ever is greater is proposed 

as a method for determining the buffer area. 

11.3.3.3 Roadway Drainage Structures at Wash Crossings Evaluation 

Purpose 

During the steering committee meeting, a proposal was made that all roadway 

crossings of washes shall span the 100-year floodplain to minimize the impact of the 

crossing on the natural function of the watercourse. Spanning the 100-year floodplain 

with a bridge at roadway crossings of washes relative to the standard practice of some 

degree of encroachment into the floodplain with a culvert drainage structure could be 

costly. An evaluation of different types of roadwaylwash crossing structures is 

conducted to determine the following: 

Cost of a bridge structure to span the 100-year floodplain. 

Cost of two different culvert structures scenarios. 

Identification of relative changes to depth and velocity due to an 

encroachment in the 100-year floodplain. 

Cost estimate for increasing the height of a structure to 8 feet to 

provide enhanced pedestrianlwildlife access. 

Methodology 

Two different encroachment scenarios are evaluated at a number of potential 

roadwaylwash crossings through out the study area. The different encroachment 

scenarios are: 



Scenarjo 1: Encroach into the floodplain to the discernable 

bottom (sandy bottom width or bank limits) or until a 0.5 foot rise 

in depth of flow is realized upstream of a culvert. 

Scenario 2: Encroach into the floodplain until a 1-foot rise in 

water surface elevation is realized or to the floodway limit (if 

defined). 

The following assumptions, procedures, and methodologies were employed while 

evaluating and estimating cost for the different encroachment scenarios: 

The 100-year peak discharge is utilized as the design peak 

discharge. Peak discharges are determined from the hydrology 

models conducted for this study. Area unit discharges 

relationships are developed to estimate peak discharges for 

locations where concentration points were not developed in the 

study hydrology model. 

Structures are designed to pass the 100-year event with no over- 

topping. 

The dimension of the natural bottom width assumes that the 

bottom width represents the geomorphic dimensions necessary to 

maintain natural sediment transport conditions. 

It is assumed that box culverts offer the least impact to the natural 

function of the watercourse over circular or elliptical culverts. 

Only box culverts are considered in the evaluation. 

Encroachment limits are relaxed should results indicated a greater 

rise in the depth of flow then what is set by the scenario criteria. 

Wash cross-section geometric data are determined from 

topographic maps available for the study area. 



A Manning's roughness coefficient of 0.015 was utilized to 

estimate the roughness of box culverts. Manning's roughness 

coefficients utilized in the routing routine of the hydrologic models 

for the study area are used to estimate wash roughness. 

The FWHA culvert analysis HY-8 computer program (Version 

6.1) is utilized to perform culvert evaluations. 

Arizona Department of Transportation standard drawings B-02.00 

through B-02.70 for box culverts are utilized in the evaluation. 

Entrance loss coefficients are based on a 1:l bevel and 45" wing 

walls. 

The lengths of box culverts are based on a 70-foot roadway right of 

way. 

Minimum box culvert height is set at 4 feet. 

Culvert slope is set to be consistent with wash slope. 

Cost estimates are determined utilizing $350.00 per cubic yard for 

structural concrete and $65.00 per square foot for a bridge. Cost 

estimates only include the cost of the structure no other cost 

associated with the structure such as right of way cost and roadway 

construction are estimated. 

Results 

Results of the evaluation of different roadway/wash crossing for each structure scenario 

are listed in Table 11-79 and Table 11-80 for Scenario 1 and Scenario 2, respectively. 

Table 11-81 lists, cost estimated for a bridge crossing, Scenario 1 and Scenario 2 culvert 

structures and the cost of a Scenario 2 structure increased to a height of 7 or 8 feet. HYS 

calculation sheets are provided in Appendix I. 



Table 1 1-79 

Wash/Culvert Evaluation Summary-Scenario 1 

oncentration 100-year Culvert 
Point Peak HW Outlet Bottom Downstream Downstream 

Wash Discharge Culvert Size Depth Velocity Width Velocity Depth 

ID (cfs) (ft) (fPS) (ft) (fPs) (ft) 
(1) (2) (3) (4) (5) (6)  (7) (8) (9) 

Morgan City Wash C611R 10241 30 RCB 1 0 ' ~ s '  6.62 4.94 235 9.06 6.91 

Unnamed Wash 2 S206 304 4 RCB 1 Wx4' 1.80 9.08 10 4.21 1.31 

Unnamed Wash 3 S301 295 1 RCB 8'x4 and 1 RCB 3.70 12.59 10 6.23 3.19 
Cx4' 

Unnamed Wash 3 S300 710 3 RCB 1OCx4' 4.05 12.48 15 7.05 3.99 

Caterpillar Tank Wash S400 335 2 RCB 10'x4' 3.15 10.43 10 4.43 2.65 

Twin Buttes Wash C501 1,250 5 RCB 10'x4' and 1 RCB 3.87 12.8 10 9.64 3.41 
6'x4 

Twin Buttes Wash C512 3,775 12 RCB 10'x4' and 1 RCB 5.28 7.42 40 5.07 5.17 
8'x4' 

Unnamed Wash 7 S724 817 20 RCB 10'x4' 1.19 8.09 200 2.70 1.53 

Uanamed Wash 8 S725 586 2 1 RCB 10'x4' 0.92 6.58 210 2.33 0.99 



Table 11-80 

Wash/Culvert Evaluation Summary-Scenario 2 

Concentration 100-year Culvert 
Point Peak HW Depth Outlet Bottom Downstream Downstream 

Wash Discharge Culvert Size Velocity Width Velocity Depth 

ID (Cfs) (ft) (fPs) (ft) (fps) (ft) 
(1) (2) (3) (4) (5)  (6)  (7) (8) (9) 

Morgan City Wash C611R 10241 12 RCB 12'x8' and 2 7.83 15.95 235 9.06 6.91 
RCB 8'x8' 

Unnamed Wash 2 S206 304 2 RCB l u x 4  and 1 2.29 10.08 10 4.21 1.31 
RCB S'x4' 

Unnamed Wash 3 S301 295 2 RCB 6'x4 4.17 12.87 10 6.24 3.20 

Unnamed Wash 3 S300 710 3 RCB S'x4 4.85 13.01 15 7.05 3.99 

Caterpillar Tank Wash S400 335 1 RCB 8'x4 and 1 3.38 10.66 10 4.43 2.65 
RCB lO'x4' 

Twin Buttes Wash C501 1,250 4 RCB 1Wx4' and 1 4.37 13.35 10 9.64 3.41 
RCB X'x4' 

Twin Buttes Wash C512 3,775 1 1 RCB 1 O'x4' 5.82 8.58 40 5.07 5.17 

Unnamed Wash 7 S724 817 6 RCB lO'x4 and I 2.53 9.46 200 2.70 1.53 
RCB 6'x4 

Unnamed Wash 8 S725 586 6 RCB X'x4' and 1 1.97 8.31 210 2.33 0.99 



Table 11-81 

Cost Summary for WashlRoadway Crossing Structures 

Wash Name 
ID 
(1) 

Scenario 1 
Structure Cost 

$ 

Scenario 2 
Structure Cost 

$ 

(6) (7) 

12 RCB 12'x8' and 2 542,368 
RCB 8'x8' 

Scenario 2 with 8' high cbc's 
Structure Cost 

$ 

Morgan City Wash 30 RCB lO'x8' 919,575 12 RCB 12'x8' and 2 542,368 
RCB 8'x8' 

Unnamed Wash 2 369,278 4 RCB IO'x4' 104,926 2 RCB IO'x4' and 1 84,157 
RCB 8'x4' 

2 RCB IO'x8' and 1 116,575 1 RCB R.x8' 

2 RCB 6x7' * 45,329 Unnamed Wash 3 1 130,539 1 RCB 8'x4' and 1 48,493 2 RCB 6'x4' 35,886 I RCB 6'x4' 

Unnamed Wash 3 3 RCB 8'x8' 80,798 

1 RCB 8'xV and 1 89,457 
RCB 10'x8' 

Caterpillar Tank 
Wash 

S40O I 264,628 2 RCB 10'x4' 57,109 1 RCB 8'x4' and 1 59,146 
RCB 10'x4' 

256,028 5 RCB 10'x4' and 1 150,280 4 RCB lO'x4' and 1 131,975 
RCB 6'x4' RCB 8'x4' 

4RCBlO'xs 'andl 171,056 
RCB 8'xV 

Twin Buttes Wash 

Twin Buttes Wash C512 

6RCB10'xX'andI 213,455 
RCB 6x7' * 

Unnamed Wash 7 

2,731,670 

S724 / 2,223,312 / 2ORCB 10 .~4 '  515,341 6RCB lO'x4'and 1 174,189 
RCB 6'x4' 

Unnamed Wash 8 

Notes: 

12 RCB IO'x4' and 1 863,996 
RCB 8'x4' 

S725 I 1,684,592 21 RCB 10'x4' 539,250 6 RCB IO'x4' and 1 179,792 
RCB 8'x4' 

1 I RCB 1 O'x4' 734,,143 

6 RCB 10'xY and 1 225,513 
RCB 8'x8' 

* ADOT dtandard No.'s B-02.10 through B-02.70 with a span of & ft, have a maximum height of 7 ft. 



The following conclusions are developed form the roadway drainage structures at 

wash crossing evaluation: 

By comparing bottom width (assumes that the bottom width 

represents the geomorphic dimensions necessary to maintain 

natural sediment transport conditions) to box culvert width, 

encroachment into the 100-year floodplain limit to the discernable 

bottom width is not obtainable unless the rise in water surface 

upstream of the culvert structure is allowed to be greater than 1 

foot. 

At locations the structure width required to pass the 100-year peak 

discharge is twice to three times the bottom width of the channel. 

At these locations should a structure be sized to pass the 100-year 

flow with the constraints of a maximum rise in water surface 

elevation of 1 foot, the natural channel would be greatly expanded 

resulting in an increase potential for deposition to occur upstream 

and within the culvert during more frequent events (2-, lo-, 25- 

year). Without proper maintenance the structure will become 

clogged with sediment. 

The greater the degree of encroachment into the floodplain by a 

culvert structure results in greater changes in outlet velocity 

downstream of the structure relative to natural conditions (up to a 

100 percent increase). The greater the change in velocity the 

greater the chances of scour downstream. 

Unnamed Wash 7 and 8 at the location where structures were 

evaluated are characterized by wide shallow floodplains. Structure 

sizes for these washes, given minimum design constraints 

(minimum height of 4 feet) and encroachment limits resulted in 

very large and costly structures. The area either lends it self to a 

structure consisting of many small culverts (24" or 36" CMP or 



RCP) which would present maintenance issues, or to a structure 

where the flow has been concentrated into a channel to optimize 

the size and cost of the structure. Another option would be to 

select a different location for a roadway crossing. 

For the drainage structure/wash crossings evaluated (with the 

exception of for Unnamed Wash 7 and 8), the cost of a bridge 

spanning the 100-year floodplain is typically 1.5 to 4.5 times more 

than a culvert structure in which encroachment is allowed. 

Typically, the greater the amount of encroachment into the 

floodplain by a culvert structure results in less cost. 

Maintenance cost and log term function should be taken into 

consideration when selecting a drainage structure at a wash 

crossing. If the natural sediment transport capacity of the wash is 

disrupted by increasing the dimensions of the channel to 

accommodate a structures based on cost for an infrequent event 

(50-, 100-year event) the structure, over time may become clogged 

with sediment from frequent events increasing maintenance cost 

and decreasing the function of the structure. 

Increasing a box culvert height from 4 feet to 7 or 8 feet increases 

the cost of the structure by 20 to 50 percent. 

11.3.3.4 Development of Policies 

Goals, Objectives, and Policies developed for the North Peoria ADMP are under review 

by the District, Arizona State Land Department, City of Peoria and private landowners. 

Policies will be presented in the final document. 



11.3.3.5 Alternatives Evaluation/Selection 

Criteria and Procedure 

Evaluation criteria and procedures developed for the North Peoria Area Drainage 

Master Plan are adapted in part from evaluation criteria and procedures developed for 

the Cave Creek Watercourse Master Plan. The evaluations of the alternatives are 

based on weighted elements of four criteria. The criteria are Public Safety Impacts, 

Social Impacts, Environmental Impacts and Economic Impacts. A weighting factor 

was developed by the steering committee that represents the "relative importance" of 

each element in the evaluation process. The weighting factors were measured on a 

scale of 1 to 10, where a factor of 10 represented highest importance. 

A rating system is used to measure the effectiveness of each alternative at meeting the 

elements of each criterion. The rating system ranges from 1 to 5. A value of 1 

represents a "very low" rating at meeting the criteria, a value of 2 represents a "low" 

rating, a value of 3 represents a "moderate" rating, a value of 4 represents a "high" 

rating, and a value of 5 represents a "very high" rating. Rated values for each 

element are averaged to obtain an average value for the criterion. The evaluation 

criteria and weights of importance are listed in Table 11-82. 



TABLE 11-82 

CRITERIA & WEIGHTING FACTORS FOR EVALUATION OF 
ALTERNATIVES 

Evaluation Criteria Weighting Factor Maximum 
Range 0-10 Possible Score* 

Public Safety 
Protect Life and Property 10 50 
Water Quality 10 50 

Social 
Community Acceptance 3 15 
Multi-use Opportunities 3 15 
Compatibility with other Existing Plans 3 15 

Environmental 
Complexity of Environmental Permitting, 6 30 
Impact on Biological Resources, 
Impact on Cultural Resources 6 30 
Visual Resources and Aesthetic Compatibility 6 30 

Economic 
Implementation Cost 4 20 
Maintenance Cost 4 20 

*Maximum Possible Score = Weighting Factor x Rating Factor of 5 

Public Safety Criterion 

The public safety criterion is based on evaluating the threat for loss of human life, 

possible damage to structures and property and impacts to water quality resulting 

from implementation of a given alternative. This criterion is an indicator of how well 

the proposed alternative will succeed in reducing or eliminating life threatening, or 

potentially life threatening, flood and erosion related hazards, as well as reducing the 

potential for flood and erosion related damage to public and private properties. 

The evaluation of the public safety criterion is based on the effectiveness of each 

alternative in satisfying the two elements described below. The elements account for 

various types of risk, hazards, and impacts associated with development encroaching 

into natural watercourses 



Protect Life and Property. 

Historically, society has experienced loss of life and property due to flooding and 

erosion that is associated with a storm water runoff event. This element rates the 

function of the alternative to keep the public out of harms way during a 100-year 

storm event while minimizing potential downstream impacts to life, property and 

structures. An element rating value of 5 is assigned to an alternative that functions to 

protect life, property and structures without increasing potential damages 

downstream. An element rating of 3 is assigned to an alternative that functions to 

protect life, property and structures, however, there is a potential for downstream 

impacts because of the alternative. An element rating of 1 is assigned to an 

alternative that does not function to protect life, property and structures. 

Water Quality 

Federal guidelines mandate that communities develop Best Management Practices 

(BMP's) to promote water quality. This element accounts for the impacts of an 

alternative on water quality. An alternative that provides opportunity for a BMP's 

would be rated a 5, while an alternative that does not provide an opportunity for a 

BMP's would be rated a 1. 

Social Criterion 

The evaluation of the social impact criterion is based on the effectiveness of each 

alternative in satisfying the three elements described below. 

Community Acceptance 

This element accounts for the input received from the public involvement process. 

There is a nationwide trend towards promoting non-structural approaches and 

ecosystem preservation, as witnessed by the removal of flood control structures in 

many parts of the country. Federal agencies such as the U.S. Army Corps of 



Engineers and the U.S. Bureau of Reclamation have, in recent years, significantly 

changed their focus from hard engineering solutions to include non-structural 

alternatives, preservation of natural hydrologic functions, and ecosystem restoration. 

The specific input from the public involvement process was that the preservation of 

watercourses and their associated habitat is more important than maximizing 

developable land by destroying the natural hydrologic processes, which results from 

encroaching into watercourses. 

The effectiveness of an alternative in meeting community acceptance is measured by 

the amount of land preserved in its natural state within in the 100-year floodplain and 

erosion hazard zone. An alternative that preserves this entire zone would be rated a 5, 

while an alternative that includes the maximum encroachment in to the floodplain 

would be rated a 1. 

Multi-use Opportunities 

This element is an indicator of the multi-use opportunities of an alternative. 

Examples of such uses included passive and active recreation, trails, and open space. 

The effectiveness of the criterion is based on the extent of multi-use opportunities that 

result from implementing a given alternative. 

The alternatives were assessed on their ability to accommodate multi-use 

traiIs/pathways, their compatibility with other potential recreation facilities in terms 

of access, and user's experience on the traillpathway. The standard used to evaluate 

the alternatives is a combination of channel type and available access. Multi-use 

opportunities associated with a wide, rectangular, concrete channel with limited 

access points would be rated as a 1 due to the limitations in accommodating 

equestrian use, the restriction on potential connections to other recreation facilities, 

and the less than desirable user experience. Alternatives that permit unlimited access 

to a natural channel environment would be rated a 5. 
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Compatibility with Other Existing Plans 

This element is an indicator of the compatibility of the proposed alternative with 

planning policies cited in other existing planning documents. Planning document 

reviewed are, Maricopa County Comprehensive Plan 2020 Eye to the Future, 

Maricopa County Whit TanWGrand Avenue Area Plan, City of Peoria's General Plan, 

City of Peoria's Desert Lands Conservation Plan, City of Peoria's Lake 

PleasantINorth Peoria Area Plan and the City of Peoria's Trails Master Plan. An 

alternative that is compatible with other plans would be rated a 5, while an alternative 

that is not would be rated a 1. 

Environmental Criterion 

The evaluation of the Environmental Impact Criterion is based on the effectiveness of 

each alternative in satisfying the three elements described below. 

Environmental 

This element consists of two sub elements, complexity of environmental permitting 

and impacts on biological resources. 

Complexity of Environmental Permitting focuses on the acquisition of the US Army 

Corps of Engineers 404 Permits and 401 Water Quality Certifications. The 

alternatives are measured based on the potential for needing a 404 Permit, the level of 

404 Permit required (Nationwide vs. Individual), and the level of mitigation 

necessary to gain federal approval to construct the alternative. To evaluate this 

element, it is assumed that alternatives with structural features will cause disturbance 

to the land within the Waters of the United States. The more extensive the structural 

features, the lower the rating. As an example, constructing a wide, rectangular, 

concrete channel would place fill within the Waters of the United States, require an 

Individual 404 Permit and 401 Water Quality Certification, and require extensive 

mitigation measures to replace the relatively high-value habitat and vegetation 

associated with the undisturbed desert riparian wash. 



Impacts on biological resources accounts for the potential impact on biological 

resources by the proposed alternatives and how well the proposed management 

alternative will succeed in preserving or restoring the natural riparian environment 

found along the study watercourses. The most important indicator of this is the 

ability of a given altemative to preserve wildlife habitat or minimize disruption to 

existing habitat. 

An alternative where no environmental permitting is required and there are no 

biological resource impacts would be rated as a 5. Alternatives where extensive 

environmental permitting is required and there are extensive biological resource 

impacts would be rated as a 1. 

Visual Resource and Aesthetic Compatibility 

This element evaluates the relative degree of contrast between the various 

components of the alternatives and their setting in the landscape. Visual contrast is 

based on spatial dominance, visual compatibility, color, line, and form. The standard 

used to measure the compatibility of a given alternative is the construction of a wide, 

rectangular, concrete channel. Such a channel would spatially dominate the setting, 

have a high degree of contrast in terms of color, line, and form, and would not be 

visually compatible with the surrounding natural desert vegetation and landforms. A 

structure of this type would be rated as a 1. Alternatives that do not include structural 

features would be rated a 5. 

Impad on Cultural Resources 

This element accounts for the potential impact on cultural resources by a given 

alternative. It is also an indicator of how well the alternatives will succeed in 

preserving cultural resources. An alternative that impacts all of the known cultural 

resources would he rated a one 1, while an alternative that impacts none of the known 

cultural resources would be rated a 5. 



Economic Criterion 

The evaluation of the economic criterion is based on the effectiveness of each 

alternative in satisfying two elements that are described below. 

This element represents the estimated cost of the proposed alternative to the public, 

either through increased development costs passed on to future residents of the area 

who will directly benefit from the improvements (local public) or the costs to the 

general public. 

The cost for a structural alternative considers the cost of the structural improvements 

necessary to implement the proposed alternative (a positive cost), the value of land 

that is reclaimed from the floodplain/erosion hazard zone by the structural 

improvements (a negative cost, i.e., benefit). Added together, these costs represent 

the total net cost of the alternative. 

The effectiveness of a given alternative is measured by using the total net cost. The 

lower the net cost, the higher the rating for the alternative. Negative net cost is rated 

a five, while positive net cost is rated a 1. 

Maintenance Cost 

This element accounts for the potential maintenance costs associated with the 

structural components of an alternative. It has been assumed that such costs are 

proportional to the length of bank protection proposed for a given alternative. The 

greater the bank protection length, the higher the potential maintenance cost and the 

lower the rating. A full-structural alternative would be rated a 1. An alternative with 

no bank protection would be rated a 5. 



Summary of Results 

The results of ranking each alternative are summarized in Tables 11-83 through 1 1 - 

94. 

Unnamed Wash 1, 2 and 3 have similar physical characteristics and are evaluated 

collectively. Results for Unnamed Wash 1, 2 and 3 are presented under the heading 

of Big Spring Area. 

Twin Buttes Wash, Caterpillar Tank, West Fork Whites Peak Wash, Whites Peak 

Wash and West and East Garambullo washes located in the Twin Buttes Area have 

similar physical characteristics and are evaluated collectively. Results for washes 

located in the Twin Buttes Area are presented under the heading of Twin Buttes Area. 

Results of ranking the Standard Retention Alternative, Inline Detention Altemative, 

and the Side Weir Retention Alternative are presented in Table 11-92, Table 11-93, 

and Table 11-94 respectively. Ranking results for the Low Impact Structural 

Altemative are listed in Table 11-91. 



Table 11-83 

Ranking Summary for the Non-Structural Alternative 

Morgan City Area 

Table 11-84 

Ranking Summary for the Do Nothing Alternative 

Morgan City Area 
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Table 11-85 

Ranking Summary for the Non-Structural Alternative 

Big Spring Area 

Table 11-86 

Ranking Summary for the Do Nothing Alternative 

Big Spring Area 
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Table 11-87 

Ranking Summary for the Partial Structural Alternative 

Big Springs Area 

Table 11-88 

Ranking Summary for the Non-Structural Alternative 

Twin Buttes Area 
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Table 11-89 

Ranking Summary for the Do Nothing Alternative 

Twin Buttes Area 

Table 11-90 

Ranking Summary for the Full Structural Alternative 

Twin Buttes Area 

-- 

Maintenance Cost 
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Table 11-91 

Ranking Summary for the Low Impact Structural Alternative 

Twin Buttes Area 

Table 11-92 

Ranking Summary for the Standard Retention Alternative 

Big Springs Area 
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Table 11-93 

Ranking Summary for the In-Line Detention Alternative 

Big Spring Area 

Table 11-94 

Ranking Summary for the Side Weir Retention Alternative 

Big Spring Area 

Total = 186 
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11.3.4 Level 111 Evaluation 

11.3.4.1 Introduction 

Based on the evaluation and rankings of the altematives the preferred watercourse 

based flood control management alternative is the non-structural altemative. The 

non-structural alternative defines a corridor that allows the watercourse to function 

naturally and is defined by the 100-year floodplain, erosion hazard zone and a buffer 

if applicable between human activity and a wash corridor. The plan recognizes that 

there may be situations in which development activities may be required or desired 

within the erosion hazard zone, for this situation the plan presents a low impact 

structural alternative. Channelization is not a preferred flood control management 

alternative, however the plan also recognizes that there may be situations in which 

channelization may be required. 

The preferred storm water storage alternative is the standard practice of retaining the 

volume from the 2-hour, 100-year rainfall event, however this practice may not be 

practical for certain portions of the study area. The standard retention practices if 

implemented within in an entire watershed would have negative impacts in regards to 

sustaining native vegetation along watercourses. The plan offers two altematives to 

the standard practice, they are, the in-stream, off-line retention and in-stream, in-line 

detention. These storm water storage alternatives are based on reducing post- 

development peak discharges to pre-development magnitudes. Of the two 

detentionhetention alternatives offered, the in-stream, off-line retention altemative is 

the preferred alternative of the two because the facility functions to allow the majority 

of the flow and sediment to pass through and only captures the peak of the 

hydrograph thus minimizing disruptions to the sediment transport capacity of the 

wash. 

Level 111 evaluation includes development of Implementation and Maintenance plans 

for the preferred alternatives. The primary objective of the Implementation Plan is 

too establish a set of regulatory criteria (Rules of Development) and guidelines by 

which communities can manage the preferred alternatives. The objective of the 



Maintenance Plan is to address monitoring, inspection, and maintenance activities 

that must be under taken for both non-structural goals as well as the specific elements 

of potential structural and low-impact structural measures that may be employed as 

part of the plan. 

11.3.4.2 Implementation 

Rules of Development 

Communities develop drainage ordinances, policies and standards with the intent to 

mitigate/minimize flooding impacts due to urbanization of a watershed. The purpose 

of these regulations are to minimize the occurrence of losses, hazards and conditions 

adversely affecting the public health, safety and general welfare which might result 

from flooding caused by surface runoff of rainfall. Potential rainfall runoff relation 

impacts to a watershed due to urbanization are: 

Decrease of storm water infiltration capacity within a watershed due to 

urbanization increases peak discharge from a watershed unless measures 

are undertaken to reduce post development peak discharges. 

An increase of peak discharge, frequency and runoff volume due to 

urbanization in a watershed increases the potential for erosion and 

sedimentation within watercourses. 

An increase in erosion potential can result in loss of property and riparian 

habitat. 

Due to an increase in peak discharge, existing drainage structures 

downstream of newly urbanized areas will be undersized. 

Increase in peak discharge increases the amount of property within 

floodplain. Existing structures within or adjacent to the predevelopment 

floodplain are at risk of a greater flood impact. 



Disruption of natural flow paths can disrupt the natural system equilibrium 

and induce bank erosion and long-term degradation of the channel bed. 

An increase in bank erosion and long-term channel bed degradation can 

result in the need of grade control structures and bank stabilization. 

Increased erosion and deposition will result in greater costs for future 

structures, higher potential damage and likelihood of failure of existing 

structures, and increased maintenance cost. 

Increased deposition results in loss of channel capacity and increased 

flood levels. 

The North Peoria ADMP is one of the many tools that have been developed to guide 

growth and development in the study area, so that impacts of urbanization on the 

environment are minimized. The focus of the North Peoria ADMP is on flood and 

erosion control management, however the plan takes into consideration the impacts of 

different flood control management alternatives on environmental, cultural, and 

visual resources and looks at multi-use opportunities. The intent of this plan is to 

work in conjunction with other planning documents and ordinances developed by the 

City of Peoria and Maricopa County. The plan is to be used by policy makers in the 

City of Peoria and Maricopa County, future residents, and developers when making 

decisions concerning development in the area. 

Implementation of and guidance provide by the plan is based on a set of management 

goals, objectives, and policies for each of the four elements of the plan. The elements 

are Environmental Hazard Identification, Development and Planning Considerations, 

Environmental and Multiple-Use Opportunities. Management goals, objectives, and 

policies for each of the four elements are presented in the North Peoria Area Drainage 

Master Plan document under the Rules of Developnlent Section. In addition too 

management goals, objectives and policies the plan presents design guidelines for the 

development of flood control management facilities within the study area. 



The plan area for the North Peoria ADMP lies within two jurisdictional areas, 

Maricopa County and the City of Peoria. The specific guidance that is offered by 

each of the governmental bodies within in their adopted planning programs vary 

depending on their needs and their vision for managing growth. The goals objectives 

and policies developed for the North Peoria ADMP are applicable to both 

jurisdictions, however, reference is made to other planning documents that offer 

development guidance. The user of the North Peoria ADMP document should also 

take into consideration specific goals, objectives and policies developed for the area 

by both jurisdictions. 

11.3.4.3 Maintenance Plan 

General 

The North Peoria Area Drainage Master Plan presents watercourse and storm water 

storage flood control management alternatives. Watercourse flood control 

alternatives consists of, in order of preference, a nonstructural alternative, a low 

impact alternative and a partial structural alternative. Channelization is not a 

preferred flood control management alternative, however the plan also recognizes that 

there may be situations in which channelization may be required. The preferred 

storm water storage alternative is the standard practice of retaining the volume from 

the 2-hour, 100-year rainfall event, however this practice may not be practical for 

certain portions of the study area. The standard retention practices if implemented 

within in an entire watershed would have negative impacts in regards to sustaining 

native vegetation along watercourses. The plan offers two alternatives to the standard 

practice, they are, the in-stream, off-line retention and in-stream, in-line detention. 

The in-stream, off-line retention is the preferred alternative of the two. 

The non-structural alternative involves the definition of a comdor that will allow the 

watercourse to function naturally. That comdor is defined by the 100-year floodplain, 

an erosion hazard zone andlor a buffer, if applicable. Although, the non-structural 

alternative is the preferred alternative selected for the study area, it is recognized that 

there may be situations in which development activities are required or desired within 



this comdor, such as roadway crossings and in-stream retentionldetention facilities. 

For these situations, the plan presents specific design guidelines in an effort to 

minimize the potential impacts of these structures on the natural processes of the 

watercourse. Additionally, a low impact structural alternative is presented for the 

situations where development within the erosion hazard zone is required or desired. 

For this plan to be successful, a monitoring and maintenance plan is required that 

addresses the overall non-structural goals as well as the specific elements of potential 

structural and low-impact structural measures. In the following sections 

recommendations for monitoring and maintenance criteria and activities are made for 

each specific element of the plan. Recommendations may be chosen to be adopted by 

the Flood Control District of Maricopa County, the City of Peoria, or the 

owner/owners of the facility or watercourse. 

Monitoring Schedule 

Monitoring schedule is dependent on the frequency of runoff events and the potential 

risk to structures, facilities and life. The greater the number of runoff events the more 

frequent the monitoring activities should be. All facilities should be inspected after 

significant runoff events. Suggested frequency for significant runoff events are 

events equal to or greater than the 25-year runoff event (3.31 inches of rainfall). 

Should a facility or a component of the facility be designed for an event that is less 

than the significant runoff event the facility should be inspected after the design event 

has occurred. At minimum biannual inspections are recommended. Time between 

inspection and monitoring activities could be extended should there be no 

development adjacent to the erosion hazard zones or facilities (flood control or 

transportation) within or immediately adjacent to the erosion hazard zone. Should 

conclusions from monitoring efforts indicate that significant changes to the 

watercourse have taken place in events lesser than the significant events, the criteria 

defining the significant event should be establish to an event less the 25-year event. 
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Non-Structural Alternative 

Over time, erosive forces and other natural processes will cause changes to the form 

and function of the watercourses. Changes to the watercourse as they relate to the 

non-structural management approach will likely occur in the form of lateral 

migration, aggradation and degradation of the channel bed. It is also likely that these 

changes will be accelerated due to urbanization of the watershed. Urbanization 

within the watershed may further impact the form and function of the watercourse by 

altering the riparian vegetation. The width of the management comdor for the 

watercourses is established to allow the changes to occur however, regularly 

monitoring and inspection activities should be conducted regularly. The following is 

a list of recommended monitoring activities that could be implemented: 

Field monitoring should include documentation of evidence that would 

indicate lateral instability or a potential for lateral instability. Observation 

should include the condition of the riparian vegetation (loss of vegetation), 

areas of significant aggradation, degradation and head cutting. Monitoring 

stations located in a wash that consist of a graduated staff could be used to 

monitor aggradation and degradation trends. Location of monitoring 

stations should be in reaches of consistent slope and at locations where 

average reach slopes change significantly. Should monitoring indicate 

aggradation or degradation trends the extent of the trend could be 

determined by conducting field surveys of the wash longitudinal profile 

between subject monitoring stations and comparing the field survey to an 

establish base. 

Evidence of aggradation, degradation, head cutting and the loss of bank 

protection could indicate a trend to channel widening or later migration. 

Should evidence suggest a trend towards lateral migration aerial 

photography should be used to define the extent of lateral migration. 

Another method for motoring lateral migration is field surveys of control 

sections along a reach. The locations of control sections should be at 



location where there are changes in the dimensions of the erosion hazard 

zone. Control section locations should include both straight reaches and 

channel bends sites. 

Identify locations where channel lateral migration has occurred outside of 

the identified erosion hazard zones. The identification of lateral migration 

outside of the erosion hazard zone triggers a maintenance activity to 

mitigate the hazard. Maintenance activity includes, redefining the erosion 

hazard zone (should there be no structures or facilities at risk) placement 

of compacted backfill and re-vegetation to reconstruct the bank lines to the 

original grades and alignment or construction of permanent erosion 

protection measures. 

Structural Alternatives 

It is recognized that construction of specific structural features will occur within the 

watercourse management comdor. The structural features that are included in the 

plan are roadway crossings and in-stream storm water storage facilities. To the extent 

possible, these structures are to be designed such that the impacts to the natural form 

and function of the watercourse are minimized. To address the effectiveness and 

function of the facility to meet the goals of the plan will require long term monitoring 

and maintenance activities to be preformed on a regular basis. Recommended 

monitoring and maintenance activities for each structure are listed below. 

Roadway Crossings 

Roadway crossings can be at-grade (with permission from the reviewing agency), 

culvert or bridge crossings. These structures should be inspected for the following: 

Development of scour holes on the downstream side of the structure 

Long term degradation downstream of the structure 

Long term aggradation upstream, downstream and within the structure. 



Evidence of lateral migration upstream and downstream of the structure. 

Increase in the vegetation growth immediately upstream of the structure 

(possible contributor to capacity loss of structure). 

Evidence of abrasion and fracturing or cracking of the roadway crossing 

structure and associated structures. 

Maintenance activities should be conducted biannually, after major flood events or as 

needed based on the results of the inspections. Recommended maintenance activities 

are as follows: 

Backfill scour holes with native material or an erosion resistant material. 

Removal of sediment buildup in andlor upstream of the structure. 

Replacement of eroded bank material with native material andlor bank 

stabilization using native vegetation. 

Removal of vegetation and debris that collects immediately upstream of 

the structure. 

Repair or replacement of structural bank protection measures or grade 

control structures associated with the roadway crossing structure. 

Repair or replace roadway crossing structure. 

In-stream, In-line Detention Basins 

In-stream, in-line detention basins have the same characteristics of a culvert roadway 

crossing. Therefore, refer to the roadway crossing section above for recommended 

monitoring and maintenance activities. 



In-stream, Off-line Retention Basins 

In-stream, off-line retention basins may involve significant, but localized, 

modifications to the natural watercourse. Those modifications can include, but are 

not limited to, basin excavation, channelization and bank protection, and construction 

of grade control structures within the channel and basin inlet and outlet structures. 

Inspection activities should include those elements listed for roadway crossings in 

addition to the identification of the following: 

Scouring at the toe of bank protection, grade control structures and the 

lateral weir. 

Cracks or separations in joints of channel linings. 

Vegetation growth through channel lining. 

Abrasion andlor delamination of bank protection, lateral weir and grade 

control structures. 

Loss of supporting soil behind engineered embankments 

Sediment accumulation within the basin. 

Blockage of inlet and outlet works. 

Maintenance activities should be conducted biannually, after major flood events or as 

needed based on the results of the inspections. Recommended maintenance should 

include those items listed for roadway crossings. Repair of soil cement and roller 

compacted concrete structures showing signs of abrasion andlor delamination would 

require reconstruction of the structure to restore it to the original dimensions. 

Low Impact Structural 

The low impact structural alternative involves the placement of an erosion 

barrier at a location within the limits of the erosion hazard zone such that 



the natural form and function of the watercourse is not disturbed. 

Typically, the barrier is some form of engineered bank protection andlor 

vegetative stabilization measure. Engineered bank protection measures 

are typically buried with earthen material and revegetated with native 

plant species. Monitoring activities include the identification of the 

following: 

Flow scours below the designed toe-down depth, around leading or tail 

edge or along the channel edge that could lead to undermining the bank 

protection measure through the subject reach. 

Evidence of long term degradation or aggradation along the improvement 

reach. 

Evidence of lateral migration upstream and downstream of the structure. 

Condition of vegetated areas to determine survival and the need to 

revegetate. 

Loss of supporting soil behind engineered embankments. 

Loss of soil, covering engineered bank measures (head cut and rill 

erosion). 

Maintenance activities should be conducted biannually, after major flood events or as 

needed based on the results of the inspections. Recommended maintenance activities 

are as follows: 

Backfill scour holes with native material or an erosion resistant material. 

Backfill exposed bank protection measures to limits indicated on design 

drawings. 

Backfill behind erosion protection measures in areas that have lost 

supporting soil. 



Revegetate areas that have experienced a vegetation loss. 

Reconstruction or repair of erosion protection measures that have failed or 

no longer meet design specifications presented on engineering drawings. 

Extend erosion protection measures in response to lateral migration that 

could undermine upstream edge of the facility. 

Permits 

At a minimum, any construction occurring as a result of the maintenance activity will 

require the following permits: 

NPDES Storm Water Permit. The Clean Water Act Amendments of 1987 require that 

certain types of storm water discharges be permitted under the National Pollutant 

Discharge Elimination System WDES) .  Construction activities that disturb more 

than five acres (one acre after March 2003-Phase I1 Regulations) are included in this 

program. Submittal of a Notice of Intent (NOI) as well as development of a Storm 

Water Pollution Prevention Plan (SWPPP) is necessary. 

Section 404 Permit. This section of the Clean Water Act requires the issuance of a 

permit for the discharge of dredged or fill material into waters of the United States. 

Specific categories of activity may qualify for Nationwide permits, however, the 

maximum impact allowable under Nationwide permits is usually one-tenth of an acre. 

Projects causing more than this level of impact will require an Individual Permit. 

Inspection Report 

An accurate and detailed description of conditions observed during each inspection 

allows meaningful comparison of conditions observed at different times. All 

measurements and details should be recorded. Photographs or videotapes are 

recommended. The location of photos should be recorded and subsequent photos 

taken from the same location for comparison. The location and extent of any 

questionable or suspected problem areas or conditions must be accurately described 



so that the area or condition can be evaluated for changes over time or reexamined by 

experts. A detailed description of the items inspected should be given. A dated 

report should be filled out for each inspection and should be filed along with 

photographs, videotapes or other data collected. In addition to inspection 

observations, monitoring measurements should also be included in the inspection 

report. The report should also include comparisons with the results of previous 

monitoring activities as well as with historical information if available. 
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Biological Resources. 



12.0 PUBLIC INVOLMENT 

12.1 GENERAL 

An integral part of the preparation of the North Peoria ADMP was public and 

community participation and input. Ninety-eight percent of the property in the study 

area is held by federal, state and private interest with the majority of the private 

interest (approximately 31% of the area) held by a few individuals or partnerships 

that are planning on developing their property. Typically private lands are 

undeveloped and owners are absentee owners. The nature and distribution of land 

ownership does not lend it self to a typical public involvement process of conducting 

a series of public information meetings. A public out reach program consisting of 

questionnaires, newsletters, individual meetings with landowners and federal, state 

and local agencies and a public meeting was initiated to obtain public and community 

participation. 

Landowners in the area where notified of the development, goals and progress of the 

plan through individual mailings of newsletters, questionnaires and public 

announcements in local newspapers. A public workshop was held to present data 

collection results, policy development, alternative storm water management 

approaches developed for the plan and to obtain comments and suggestions from 

participants. 

Through out the term of the project individual meeting were held with engineers 

andlor planners representing the interest of ongoing development projects. 

Development projects within the plan area include Lake Pleasant Vistas, Saddleback 

Heights, White Peaks Ranch, Lake Pleasant Heights, Lakeland Village, Upco and the 

ground water recharge project conducted by the Central Arizona Project. 

Copies of completed questionnaires returned by landowners are provided in Appendix 

J. 
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13.0 CONSIDERATIONS FOR STRUCTURES IN FLOOD HAZARD 

AREAS 

13.1 GENERAL 

Within the North Peoria ADMP study area, one permanent residential structure was 

identified within a flood and erosion hazard zone. The structure is located within 

Unincorporated Maricopa County, approximately 0.6 miles north of Happy Valley 

Road along 115th Avenue alignment in the Twin Buttes Wash floodway. Flood 

Insurance Study work maps [Flood Insurance Study for Caterpillar Tank and Twin 

Buttes Washes From Agua Fria River to C.A.P. Canal Maricopa County, Arizona, 

(1991)l indicate that the structure was built prior to the original floodplain delineation 

of Twin Buttes Wash. 

As part of the North Peoria ADMP, channel improvements that would mitigate 

impacts to the alignment of 115 '~ Avenue and to the residential structure from a 100- 

year runoff event were evaluated. Improvements evaluated consist of a channel, side 

slope protection consisting of rock-filled wire-tied baskets and an 11 cell 10 foot by 4 

foot' concrete box culvert. The cost estimate for construction of the channel 

improvements (not including land costs) is estimated at $1,299,137. 

Currently Maricopa County has no capital improvement plans to provide 

roadwaylchannel improvements along the 115'~ alignment between Happy Valley and 

Jomax Roads. City of Peoria personal related that should the City of Peoria annex the 

area, any improvements would be funded through an improvement district. There are 

plans being developed for the Estrella Roadway, which will cross the alignment of 

115th Avenue, and Twin Buttes Wash approximately 1000 feet downstream of the 

subject structure, however there are no improvements proposed that would mitigate 

flooding to the structure or to the alignment of 1 1 5 ' ~  Avenue. 

13.2 OPTIONS 

Under current Maricopa County floodplain regulations the existing structure could 

not be rebuild if, due to flooding, fire, or some other catastrophic event, the structure 

\\phxserv06iwrproj\8200OI46iRepo~s\Level 111 DocsiFinal TDN.doc 283 



suffered damages of greater than 50 percent of its appraised value. In addition, the 

current or future owners could not obtain building pennits for new structures. A 

possible option to address the problem is to recommend the property be considered 

for a voluntary acquisition or on-site relocation program managed by the Flood 

Control District. If the home qualifies for the program the homeowner would have 

the option of selling their parcel to the Flood Control District and having the structure 

removed from the site so that the land could return to its natural or near natural state 

or, if there are areas of the parcel outside the floodway and erosion hazard zone, and 

the homeowner wishes to move their home, the homeowner would have the option of 

relocating the residence on-site, but outside the high hazard areas. 
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