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Foreward

The Middle New River Watercourse Master Plan report and conceptual engineering plans and its
companion document, the Middle New River Watercourse Master Plan Technical
Documentation Notebook, were submitted for final review to the Flood Control District of
Maricopa County, the City of Glendale and the City of Peoria in early June 1999 by Stantec
Consulting Inc. (Stantec). Several delays were necessary to resolve issues raised during the

review of the final documents in June 1999 and subsequent items.

The study identified potential flooding from New River into the Bell Park subdivision. The
risk was identified as the potential for static water in New River during a 100-year flood
event to enter the street system via the subdivision’s interior drainage outlet channels that
discharge to New River. In June 1999, Stantec was requested to delay completion of the
Master Plan by the City of Peoria until additional detailed studies by Stantec and the
subdivision’s design engineer could be completed. Two separate reports entitled, “Bell Park
Subdivision Flood Analysis Review” by Stantec, and the “Bell Park Subdivision Flood
Analysis” by DEI, Inc., present the results.

In September 1999, the Flood Control District of Maricopa County, the City of Glendale and
the City of Peoria were advised by the Phoenix office of the U.S. Army Corps of Engineers -
Los Angeles District, that an individual Section 404 permit was required for the entire 8.5
mile long Watercourse Master Plan. This was a unique request that had never before been
required for a master plan of this type in Arizona. Stantec commenced with the preparation

of the Section 404 permit application and supporting work in October 1999.

In April 2000, Stantec was advised that because of some of the unique non-structural flood
protection measures that affected only the City of Peoria, approval was required by the

Peoria City Council for submittal of the Section 404 permit application. Since non-structural
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flood protection was not called for in the City of Glendale, city representatives determined

‘ that it was not necessary to gain approval from the Glendale City Council for submittal of the
Section 404 permit application. The Middle New River Watercourse Master Plan and a
request for authorization to submit the Section 404 permit application for it was made to the
Peoria City Council on 16 May 2000. The request was approved unanimously by the Peoria
City Council. The Section 404 permit application was delivered to the Phoenix office of the
U.S. Army Corps of Engineers - Los Angeles District on 25 May 2000.

&
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‘ 1.0 INTRODUCTION

1.1 PURPOSE OF REPORT

The Flood Control District of Maricopa County (DISTRICT) the City of Peoria
(PEORIA), and the City of Glendale (GLENDALE), jointly concluded that the
Middle New River Watercourse Master Plan Study should be conducted for New
River. The study reach is located along New River from the confluence with Skunk

Creek to the New River Dam. Presently, this reach is under development pressure.
Several residential development projects, which include construction within the
floodplain and/or channelization of the New River, have been proposed for
completion within the next few years. This Watercourse Master Plan will provide
both the cities of Glendale and Peoria with a comprehensive approach to river
management. The DISTRICT also desires to honor commitments to the U. S. Corps

of Engineers to maintain a floodwater conveyance corridor downstream of New River

Dam.
This report, the Middle New River Watercourse Master Plan — Technical
. Documentation Note Book, presents the preferred plan and documents hydrology and

hydraulic data, assumptions, procedures and criteria used in conducting the study.
This report is generally structured in a Technical Data Notebook format in accordance
with Arizona Department of Water Resources (ADWR) requirements of State
Standard SS1-97 and State Standard Attachment SSA1-97. Conceptual engineering
construction plans are included to convey the intent of the Watercourse Master Plan
and to direct future development along New River. These conceptual plans are not
- for construction purposes. Preparation of final construction plans and specifications
are necessary and will require the engineer to conduct further in-depth design and
analyses that is project specific. Some adjustment to the Watercourse Master Plan's

proposed improvements could be expected.

Analyses conducted in the preparation of the Watercourse Master Plan evaluate
strategies for incorporating undeveloped portions of the river with existing
development. The Plan will provide a uniform and coordinated approach to
floodplain management. A multi-faceted approach will best ensure that present and

future residents are protected from the damaging effects of flooding.

P
%
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» , As part of the scope of work for the Watercourse Master Plan Study, topographic

. field surveys, archeological and historic property surveys, biological documentation
surveys and hazardous waste surveys are conducted. Results of the surveys are
formulated into separate reports. The following separate reports are developed as part
of the Watercourse Master Plan:

1. Middle New River Watercourse Master Plan Study - Hazmat Database
Review

2. Middle New River Watercourse Master Plan Study - Cultural Resources

QOverview

3. Middle New River Watercourse Master Plan Study - Photogrammetric
Control and Topographic Survey

4. Overview of Biological Resources in the Middle New River Watercourse
(Confluence With Skunk Creek To New River Dam).

1.2  AUTHORITY FOR STUDY

‘ Pursuant to Arizona revised Statutes 48-3609.01 the District is authorized to conduct
watercourse master plans for river reaches within Maricopa County. Stantec
Consulting Inc. (Stantec) was awarded the Middle New River Watercourse Master
Plan Study (Contract FCD 97-04) in January of 1998.

1.3 LOCATION

The project is located within unincorporated areas in Maricopa County, and within
the jurisdictional limits of the City of Glendale and the City of Peoria. Commencing
at the confluence of New River with Skunk Creek the project extends upstream along
New River for approximately 8.5 miles to the New River Dam. The project area is
located on land that is publicly or privately held. Figure 1-1 displays the location of
the study area.

&
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1.4

HYDROLOGIC/HYDRAULIC SETTING

The Army Corps of Engineers conducted hydrologic, hydraulic and design studies in
the 1970’s and the 1980°s, to develop a comprehensive plan for the Phoenix valley to
mitigate experienced and potential flooding. Excerpts, from the COE’s studies
concerning the flooding history of the Phoenix valley are presented below.

Storm types experienced over the New River watershed include general winter
storms, normally of northern Pacific origin, general summer storms, normally
beginning in the Pacific Ocean and the Sea of Cortez and summer thunderstorms.
Floods from summer thunderstorms often provide little or no warning to affected

communities.

Flows are generated from two distinct sub-areas of approximately equal size, a
mountainous sub-area and a flat valley sub-area. Flows are not perennial and are
experienced only after relatively heavy precipitation. Flooding is experienced after
flood flows overtop the generally dry streambeds and spread as overbank flow.
Mountainous areas are characterized by well-defined and incised streambeds. Flat
valley areas, however, have poorly defined braided streams that are over toped by
larger flows. The resultant characteristic of wide overbank flow within the existing
and rapidly urbanizing areas of Phoenix produces a severe flooding problem.
Overbank flow produced by a standard project flood (SPF), should it occur, would
inundate approximately 79 square miles, approximately 50 percent of which are

within urbanized areas.

As a comprehensive plan for flood control for the metropolitan Phoenix area, the
Dreamy Draw, Cave Buttes, Adobe, and New River Dams are utilized to reduce
storm water flow originating in the watershed north of the metropolitan Phoenix area
to nondamaging storm water flow. In addition, the Arizona Canal diversion channel
(ACDC) diverts controlled flows from Dreamy Draw and Cave Buttes Dams and
local runoff generated in areas below the dams to Skunk Creek and then downstream

to the New and Agua Fria Rivers.

The Middle New River Watercourse Master Plan study area lies below New River
Dam and within watersheds contributing runoff to New River. Upstream of the dam

the New River watershed is comprised of 164 square miles of primarily undeveloped

&
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1.5.1

1.5.2

desert and desert mountains, whereas below the dam, New River watersheds are
highly urbanized. Downstream of the dam storm water is conveyed as concentrated
flow within defined and braided channels and as overland flow within overbank areas

of New River.
GOALS AND OBJECTIVES

The following goals and objectives are established for the Watercourse Master Plan.

Project Goals

To assure the requirements of the U.S. Army Corps of Engineers for the future condition
100-year conveyance capacity of the New River channel below the New River Dam.

To establish a Watercourse Master Plan for planned developments bordering or within the
New River floodplain for both GLENDALE and PEORIA.

To include in the Master Plan Study the size, alignment, grades and construction
requirements of proposed channel/floodplain improvements in sufficient detail to permit
incorporation of the Master Plan into development plans for adjoining areas and individual

parcels.
Project Objectives

To update existing topographic mapping in areas which have subsequently been

developed.

To update 100 year water surface profiles that were used to establish the existing FEMA
floodplain to reflect developments within the floodplain, which have previously been

completed or are currently being planned.

To identify and document the existing quality of biological habitat within the reach of the

New River.
To conduct a literature search of all known archaeological sites.
To conduct public hearings and publish hearing notices for this study.

To formulate development alternatives to be studied.
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1.6

To conduct feasibility level studies of the alternatives to evaluate areas required for water

conveyance (not developable), project costs and impacts to the existing environment.
To select a specific preferred plan.

To conduct pre-design studies of the preferred plan to refine designs and construction

requirements.

To adopt and develop the Master Plan in accordance with State of Arizona Statutes.

To conduct a records search and identify potential illegal waste deposits or hazardous

materials along the reach
To survey literature and evaluate general scour/aggradation.

If authorized, submit to FEMA updated topographic mapping and new floodplain maps if
floodplain has significantly changed.

To determine minimum Rights of Way requirements if any for proposed Improvements.
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2.1.1

2.1.2

2.0 DATA COLLECTION

Data relevant to the project such as previous flood hazard and hydrologic reports,
existing topographic mapping, historical flooding information, as-built plans for
existing structures, and FEMA Flood Hazard Boundary maps were collected from
various sources and reviewed. In addition to historical or existing data, field surveys
were conduct for updated topographic mapping, hydraulic analyses and planing tasks.
Data collected for the Middle New River Watercourse Master Plan are categorized

into one of the following categories: Survey, Mapping or Reference Material.

SURVEY

As part of the Middle New River Watercourse Master Plan study, field surveys were
conducted for structures, to establish aerial mapping control points, to establish
additional monumentation, and to provide elevation reference markers for the study
area. Information collected for the Watercourse Master Plan is also used for the New
River Spillway Flows Inundation Study. Alcocer Land Surveyors conducted all field
surveys. Detail survey information can be found in a report entitled “Flood Plain
Delineation and Topographic Mapping for Middle New River Watercourse Master
Plan Study, Confluence with Skunk Creek to New River Dam,
PHOTOGRAMMETRIC CONTROL AND TOPOGRAPHIC SURVEY™.

Horizontal/Vertical Control

Surveys were completed with horizontal control necessary to tie all field data to the
State Plane Coordinate System 1927. Vertical control is based on the National
Geodetic Vertical Datum (NGVD) 1929 per FEMA guidelines. NADS83 coordinate
points and their coordinates and conversions factors utilized are listed in the
Photographic Control and Topographic Survey Report, prepared by Alcocer Land

Surveyors.

Structure Surveys

Field surveys of the Thunderbird Road, Bell Road and Union Hills Drive bridges
were conducted to ensure that a datum correction value between “As Built” bridge

plans and new topographic mapping could be determined.
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2.13

Elevation Reference Markers

Table 2-1 lists elevation references markers established and or used for this study.

TABLE 2-1
Middle New River Watercourse Master Plan

Elevation Reference Markers

ERM #1 — Elevation 1158.237
C.O.P. brass cap (flush) £600° east of 91* Avenue on Desert Harbor Drive.

N =950,020.434, E = 597,876.412

ERM #2 — Elevation 1167.042
C.O.P. brass cap in handhole @ centerline P.C. £300° north of intersection of Acoma Drive & Desert

Harbor Drive.
N =952,352.855, E =6000,083.940

ERM #3 — Elevation 1176.08
Top of brass cap (flush) at 86™ Drive and Betty Elyse Lane.
N =955,371.460, E = 600,649.882

ERM #4 — Elevation 1187.90
Top of brass cap (flush) at intersection of 86" Avenue and Paradise Lane.
N =957,952.5087, E = 600,876.5092

ERM #5 — Elevation 1202.16
C.0.G. brass cap in handhole at intersection of 83" Avenue and Bell Road.
N =959,865.3980, E = 603,591.6290

ERM #6 — Elevation 1212.88
Top brass cap in handhole at 83™ Drive and 84™ Avenue.
N =0962,778.2886, E = 601,757.3035

ERM #7 — Elevation 1228.432
C.O.P. brass cap in handhole at 83" Avenue and Union Hills Road.
N =965,165.9800, E = 602,319.8490

ERM #8 — Elevation 1243.04
Top of 2” iron pipe in handhole at intersection of 83™ Avenue and Village Parkway.
N =967,794.0929, E = 602,310.3583

ERM#9 — Elevation 1254.712
Top of ADOT aluminum cap along the north side of 101 Freeway, P.O.C. Sta. 918+00.00.
N =970,052.7038, E = 604,816.5717
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TABLE 2-1 (continued)
Middle New River Watercourse Master Plan

Elevation Reference Markers

ERM #10 — Elevation 1269.557
C.0O.G. brass cap in handhole at intersection of 75" Avenue and Rose Garden Lane.
N =973,052.1660, E = 607,608.9740

ERM #11 — Elevation 1282.707
MC brass cap in handhole at intersection of 75" Avenue and Deer Valley Road.
N =975,699.5464, E = 607,625.3702

ERM #12 — Elevation 1292.2328

Top of brass cap (flush) on 75" Avenue and Centerline P.C., £400° south of the East Quarter Corner of
Section 14, T4N, R1E, G&SRBM.

N =977,959.8072, E = 607,618.8313

ERM #13 — Elevation 1308.215
Top of brass cap (flush) at center of cul de sac at 7431 W. Monte Lindo.
N =980,803.8653, E =607,965.9155

ERM #14 — Elevation 1324.912

Set Flood Control District of Maricopa County brass cap in concrete, £300° east of the West Quarter
Corner of Section 12, T4N, R1E, G&SRBM.

N =983,629.7495, E = 607,924.4658

ERM #15 — Elevation 1342.977

Chiseled ‘X’ on center of top of west end of 4° x 10’ storm culvert £573° east of Southwest Corner of
Section 1, T4N, R1E, G&SRBM.

N =986,334.7848, E = 608,184.8756

ERM #16 — Elevation 1352.51

Set Flood Control District of Maricopa County brass cap in concrete, £20° west of the East Quarter
Corner of Section 2, T4N, R1E, G&SRBM.

N =988,916.250, E = 607,591.737

ERM #17 — Elevation 1371.017
Top of AZDOT Aluminum cap (BM517-6), Northeast Corner of Section 2, T4AN, R1E, G&SRBM.
N =991,467.776, E = 607,592.682

ERM #18 — Elevation 1399.62

Top of 17 aluminum cap (CBA), set in concrete at the East Quarter Corner of Section 35, T4N, RIE,
G&SRBM.

N =994,098.5406, E = 607,547.574

ERM #19 — Elevation 1427.002
Top of %’ rod with 2” copper cap, USCE NR3, at top of hill £500” south of the west end of New River

Dam.
N =994248.6944, E = 603,962.5272
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2.2

2.3

23.1

MAPPING

Mapping required for this project includes portions of the New River from the New
River Dam to the confluence with Skunk Creek. Mapping of the project area is at a
scale of 1"=400" having a contour interval of two feet. The mapped area is
approximately 4,000 feet wide, from New River Dam to approximately Pinnacle Peak
Road and 1,500 feet wide from approximately Pinnacle Peak Road to the confluence
with Skunk Creek. Mylar copies of topographic mapping are provided to the District

under separate cover.

REFERENCE MATERIAL

Reference material used in the study was obtained from the Flood Control District of
Maricopa County the City of Peoria, the City of Glendale or Stantec’s reference
library. Reference material is subcategorized into Reports, Manuals, Documents,
Improvement Plans, Drainage and Grading Plans and As-Built Plans. The following

reference material was utilized in the study:

Reports

CMX Group Inc., June 1996, Fletcher Heights Phase 1, Preliminary Drainage Plan.
CMX Group Inc., July 1996, Fletcher Heights Phase 2, Preliminary Drainage Plan.
CMX Group Inc., June 1996, Fletcher Heights Phase 3, Preliminary Drainage Plan.
CMX Group Inc., August 1996, Deer Valley Estates Drainage Plan.

CMX Group Inc., December 1997, Final Drainage Report for Fletcher Heights Phase

2A, Peoria, Arizona.

CMX Group Inc., May 1998, Final Drainage Report for Fletcher Heights Phase 2B,

Peoria, Arizona.

Coe & Van Loo Consultants, Inc., August 12,1998, FEMA CLOMR Submittal for a
Portion of New River, Happy Valley Road to Jomax Road, City of Peoria, Maricopa

County, Arizona.

Coe & Van Loo Consultants, Inc., November 27, 1996, Feasibility Study, New River

Realignment at Terramar.
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Federal Emergency Management Agency, September 4, 1991, Flood Insurance Study,
Maricopa County, Arizona and Incorporated Areas, Volume 1 of 7

Federal Emergency Management Agency, September 4, 1991, Flood Insurance Study,
Maricopa County, Arizona and Incorporated Areas, Volume 2 of 7

Federal Emergency Management Agency, September 4, 1991, Flood Insurance Study,
Maricopa County, Arizona and Incorporated Areas, Volume 6 of 7

Federal Emergency Management Agency, September 30, 1995, Flood Insurance
Study, Maricopa County, Arizona and Incorporated Areas, Volume 1 of 12, Summary
of Discharges, Page 46

Flood Control District of Maricopa County, May 1987, Addendum to Glendale-
Peoria Area Drainage Master Plan

Flood Control District of Maricopa County, May 1987, Glendale- Peoria Area

Drainage Master Plan

Flood Control District of Maricopa County, July 21, 1977, Flood Control Project,

Gila River Basin, Arizona

Flood Control District of Maricopa County, May 1995, New River Watershed,
Volume 1.2, Arizona Canal Division Channel, Area Drainage Master Study,
ACDC/ADMS Phase 1, Hydrology Report

Flood Control District of Maricopa County, October 31, 1995, Development Plan for
P.A.D. Zoning (Planned Area Development) Z-95-09

U.S Army Corps of Engineers, March 1981, New River Dam Spillway Overflow
Analysis.

U.S. Army Corps of Engineers, April 1967, Flood - Plain Information Study for
Maricopa County, Arizona, Volume 5, New River Report.

U.S. Army Corps of Engineers, October 1974, Gila River Basin, New River and
Phoenix City Streams Arizona, Design Memorandum No. 2, Hydrology Part 1.

&
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2.3.2

233

U.S. Army Corps of Engineers, November 1982, New River Dam (including New
River to Skunk Creek) Design Memorandum No. 3, General Design Memorandum,
Phase 2, Project Design, Part 3.

U.S. Army Corps of Engineers, February 18, 1998, Gila River Basin, Phoenix,
Arizona and Vicinity (including New River) Design Memorandum No. 2, Hydrology,
Part 2.

U.S. Geological Survey, April 1991, Estimated Manning’s Roughness Coefficients

for Stream Channels and Flood Plains in Maricopa County Arizona.

U.S. Geological Survey, 1998, Method to Estimate Effects of Flow-Induced

Vegetation Changes on Channel Conveyances of Streams in Central Arizona.

U.S. Geological Survey, 1984 Techniques of Water-Resources Investigations of the
United States Geological Survey, Computation of Water-Surface Profiles in Open
Channels, Book 3 Chapter15.

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

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

Guidelines and Specifications for Study Contractors.

Flood Control District of Maricopa County, January 1996, Drainage Design Manual

for Maricopa County, Arizona, Volume II, Hydraulics.

U.S. Army Corps of Engineers, April 1997, HEC-RAS, River Analysis System, User

Manual.

Documents

City of Glendale, January 1996, Glendale General Plan Development Guide.
City of Peoria, April 1997, Comprehensive Master Plan Public Facilities Map.
City of Peoria, April 1997, Land Use Map.

City of Peoria, April 1997, Transportation Plan.
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City of Peoria, undated, Peoria Zoning Map, Map Numbers 1d through 1f.

Environmental Management Council, Undated, Model Ordinance for Wetland,

Waterbody, and Watercourse Protection Summary.
CMX Group Inc., June 26,1996, Fletcher Heights, Preliminary Plat- Phases IA & IB.

CMX Group Inc., July 12,1996, Fletcher Heights, Preliminary Plat- Phases IIIA &
II1B.

CMX Group Inc., July 25,1996, Fletcher Heights, Preliminary Plat- Phases IIA & IIB.

CMX Group, Inc. August 20, 1996, Preliminary Plat, Phase 1A and 1B, Fletcher
Heights, Sheets 3 through 6 of 6.

David Evans and Associated, Inc. June 12, 1997, Final Plat of New River Shores,
Sheets 1 and 2 of 2.

Federal Emergency Management Agency, September 29, 1989, FIRM PANEL 1180
of 4350.

Federal Emergency Management Agency, December 3, 1993, FIRM PANEL 1190 of
4350.

Federal Emergency Management Agency, December 3, 1993, FIRM PANEL 1630 of
4350.

Federal Emergency Management Agency, February 26, 1996, FIRM PANEL, 1190
OF 4350 (Revised).

Federal Emergency Management Agency, October 24, 1996, FIRM PANEL, 1180 of
4350 (Revised).

Flood Control District of Maricopa County, March 10, 1987, Floodways IGA FCD-
87012.

Flood Control District of Maricopa County, July 8 1987, Floodways IGA FCD-
87033
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Flood Control District of Maricopa County, July 1, 1963, Flood Plain Study New
River, Sheet 1 and 2 of 2.

Flood Control District of Maricopa County, February 1964, Topographical Map, New

River Floodplain, From Greenway Road to Town of New River.
Flood Control District of Maricopa County, Photo Date 1996, New River 1 through 7.

Flood Control District of Maricopa County, November 1997, Contract FCD 97-04,
Middle New River Watercourse Master Plan Study.

Flood Control District of Maricopa County, April 1998, New River Parcel
Ownership, Sheets 1 through 4, Sheets A, B, C.

Flood Control District of Maricopa County, undated, Arizona Canal Diversion
Channel Area. Drainage Master Study. Phase 1, Topographical Maps, Sheets 13
through 16 and 22 through 30 of 111.

Pima County Department of Transportation and Flood Control District, undated,

Mitigation Standards and Implementation Guidelines

Prima Terra L. L. C. August 28, 1996, Preliminary Zoning and Developmental Plan

for Terramar, Sheets 1 and 2 of 2

Simons, Li & Associates, Inc., December 14, 1998, Hydraulic and Scour Analyses for
New River, 77" Avenue and Deer Valley Road.

U.S. Army Corps of Engineers, 1967, Historical Flood Areas, Reaches 1 to 6.

U.S Army Corps of Engineers, March 1981, New River Dam Spillway Overflow
Analysis.

U.S. Army Corps of Engineers, Gila River Basin, Phoenix, Arizona and Vicinity

(Including New River) New River Dam, Construction Drawings.

Improvement Plans

Coe & Van Loo Consultants, Inc., 9/30/96, Offsite Sewer Plans and Well

transmission Line, Terramar, Sheet 10 of 10 and Sheet 25 of 25.

g“
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2.3.5

2.3.6

Coe & Van Loo Consultants, Inc., 12/16/98, Bank Protection Plans, Terramar-New
River.

Dibble & Associates, Consulting Engineers, 2/6/84, Arrowhead Ranch, Glendale,
Arizona Wastewater Treatment Facility Development Plans, Sheets 4,5.6,7,8,9 of 21.

U.S. Army Corps of Engineers, July 7, 1983, Gila River Basin, Phoenix, Arizona and
Vicinity (Including New River) New River Dam.

Wood, Patel & Associates, Inc., June 1994, New River Channelization & Drop
Structure, Grand Avenue to Greenway Road, FCD Contract 94-04.

Grading and Drainage Plans

CMX Group Inc. March 1998, Grading Plans for Fletcher Heights, Phase 2A, Peoria,
Arizona, Sheets GC1 of GC1, G1 through G7 of G7, GD1 of GD1.

CMX Group Inc. April 1998, Grading Plans for Fletcher Heights, Phase 2b, Peoria,
Arizona, Sheets OG1 through OG4 of OG4.

CMX Group Inc. March 1997, Grading Plans for Fletcher Heights, Phase 1A, Peoria,
Arizona, Sheets GC1 of GCl1, G1 through G13 of G13, GD1 and GD2 of GD2, Gl
through G13 of G13.

Development Engineering Inc., March, 1992 New River Bank Protection Plans for
Bell Park City of Peoria, Sheets 1 through 7 of 9.

As-Built Plans

Maricopa County Department of Transportation, July 19, 1996, Plans for the

Construction of Union Hills Drive Bridge at New River.

Maricopa County Highway Department, April 10, 1989, Bell Road - New River
Bridge, Maricopa County, Portions of Bridge Plans.
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3.1

3.11

3.1.2

3.0 HYDROLOGY

HYDROLOGIC METHOD DESCRIPTION

Peak discharges developed for previous hydrologic studies conducted by the Federal
Emergency Management Agency (FEMA) and the Army Corp’s of Engineers (COE)
are used in the hydraulic evaluations in this study. Design peak discharges for
proposed improvements are based on both FEMA’s and the COE’s 100-year peak

discharges for New River.
FEMA'’s Peak Discharges

One hundred year peak discharges cited in the FEMA’s “Flood Insurance Study
(FIS), Maricopa County, Arizona and Incorporated Areas” (1995), and one hundred
year peak discharges listed in the FEMA, HEC-2 hydraulic computer model for the
effective New River Floodplain/Floodway delineation’s are utilized in existing
condition and future condition hydraulic evaluations for this study. FEMA 100-year
peak discharges are used as the design peak discharges in the Watercourse Master
Plan. FEMA 100-year peak discharges utilized in the study are listed in Table 3-1.

COE’s Peak Discharges

The COE, in their design process for the New River Dam, developed a hydrologic
model to determine future condition 100-Year peak discharges at two specific
concentration points downstream of the dam. The concentration points are located at
the confluence of New River with Rocks Springs Creek and at the confluence of New
River with Skunk Creek. These discharges are to be used when evaluating future
flow capacity of New River downstream of the dam and are to be contained within

the freeboard of a designed channel.

Interpolations of the future condition 100-Year peak discharges cited in the Army
Corps of Engineers (COE) document entitled, “Gila River Basin, Phoenix, Arizona
and Vicinity (Including New River), New River Dam (Including New River to Skunk
Creek) Design Memorandum No. 3”, dated November 1982, are made to determine
potential peak discharges at locations other than the locations cited in the COE’s
report. The interpolated 100-year peak discharges are evaluated for planning
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purposes in the Middle New River Watercourse Master Plan study. Peak discharges
at various concentration points were estimated by determining a unit discharge per
square mile of drainage area from the COE study and applying that unit discharge to
updated New River watershed area delineation’s. The results of the analysis are

summarized in Table 3-1.

Watershed areas used in the interpolation analysis are obtained from the COE report
and from the “New River Watershed, Arizona Canal Diversion Channel, Area Master
Drainage Channel, ACDC/ADMS Hydrology Report” prepared by Kaminski-
Hubbard Engineering, Inc., May 1995. The drainage areas represented in the
ACDC/ADMS are utilized in the analysis because they are the most current

delineations of drainage areas that drain to the subject reach of New River.

The 100-year peak discharges reported in the COE report (November 1982) is a
summation of a base flow discharge from the New River Dam principle outlet works
of 2350 cfs plus an additional 2000 cfs to account for potential future diversion of
flows from the Agua Fria River watershed plus runoff generated from subject
watersheds. To account for potential future diversions of flow from the Skunk Creek
watershed, the COE added 3.5 square miles of drainage area to the New River
watershed with a concentration point upstream of the confluence with Skunk Creek.
A unit discharge, based on the delineation of the COE watersheds, is determined by
subtracting the base flow from the peak discharge and dividing the resultant peak

discharge by the drainage area of the subject watershed.

Future condition 100-year peak discharges are determined by multiplying the unit
discharge by each drainage area listed in the ACDC/ADMS and then adding the base
flow of 2350 cfs back in. A unit discharge of 616 cfs per square mile was applied to
watersheds outfalling to New River between the confluence with Skunk Creek and
Beardsley Road. Upstréam of Beardsley Road, a unit discharge of 937 cfs per square

mile was utilized.
Revisions to Peak Discharges

Drainage areas that historically have drained to specific concentration points have
been altered both in size and in the location of the drainage area outfall to New River.

The alteration is primarily a result of sand and gravel mining and land development.

ss
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TABLE 3-1
SUMMARY OF PEAK DISCHARGES

FEMA 100-
Year
Design
221 Q's Peak
221 Q's Adopted Discharges
Interpolatio for for
n By Watercours Watercours
X-Sec Contributing CORPS Drainage e Master e Master
Location Sta. Drainage Area”® 221 Q's Area® Plan Plan
(river mile) (mile?) (cfs) (cfs) (cfs) (cfs)
New River Dam 2350 2350 2350 2350
15.966 2350 2350 2350 2350
18.533 1.95 4177 4200
14.945 4200
Pinnacle Peak 14.197 4.51 6575 6600
Rd
14.013 6100
Deer Valley Rd 13.161 6.9 8815 8800°
12000
13.076 7900° 9800
12.313 <10.3> 12000 12000 12000 9800
Beardsley Rd 12.034 13.77 13426 13400
11.188 10350
Union Hills 10.996 14.31 13860 13900
10.271 10900
Bell Rd 9.960 16.3 15461 15500
9.492 11450
8.807
Skunk Creek 8.655 27.0 <20.7> 19000 19000 19000 12000

A) 6.9 from ACDC ADMS, <20.7> From COE STUDY.

B) Use COE drainage area to determine Unit Q.

C) Strikethrough values have been revised to reflect location change in confluence with Rock Springs
Creek,

(%5
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The Rock Springs Creek watershed historically discharged to New River below Deer
Valley Road at approximately River Mile 12.313. Due to sand and gravel mining
operations and housing development, the confluence of Rock Springs Creek to New
River has been moved approximately 1.5 miles upstream from its historical location.
Rock Springs Creek currently joins New River above Deer Valley Road at
approximately River Mile 13.820.

The location of peak discharges impacting New River have been adjusted to account
for the change in location of the Rock Springs Creek confluence to New River.
Under historical conditions the Rock Springs Creek drainage area was approximately
10.3 square miles in size, under current conditions the drainage area is reduced in size
by approximately 0.5 square miles due to the location change of the confluence.
Since the reduction in drainage area is small relative to its original size, no adjustment
to the magnitude of the peak discharge is attempted. The concentration point of peak
discharges are moved upstream from the historical location (River Mile 12.313 to
River Mile 13.820).

iyi%
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4.1

4.1.1

4.1.2

4.0 HYDRAULICS

METHOD DESCRIPTION

General

Hydraulic computations performed for the Middle New River Watercourse Master
Plan are completed following procedures and guidelines listed in the “Drainage
Design Manual for Maricopa County, Volume II Hydraulics”; the “ProHEC2,
Program Documentation Manual” (Dodson and Associates, Inc.); and the U.S. Army
Corps of Engineers, “HEC-RAS River Analysis System User Manual”. Water
surface profiles determined from the hydraulic computations for present conditions
are compared to FEMA'’s effective water surface profiles to determine changes that
may have occurred since FEMA’s study was conducted. Water surface profiles are
also determined for the proposed Watercourse Master Plan to insure that
improvements will convey the FEMA and COE peak discharges referenced in Section
3.

The U.S. Army Corps of Engineers “HEC-RAS, River Analysis System”, computer
program (Version 2.2) and an enhanced version of the standard Corps of Engineers’
“Flood Plain Analysis Computer Program” (Dodson and Associates, Inc. Version 4.6)

are used to conduct floodplain delineation hydraulic analyses.
Hydraulic Models

HEC-2 and HEC-RAS hydraulic computer models are reviewed and/or developed for
the hydraulic evaluation of the subject reach. The hydraulic models evaluate both
existing and proposed (Master Plan) conditions. Existing and proposed condition
hydraulic models that are developed, use FEMA’s 100-year peak discharges. The
proposed condition hydraulic model also models the COE 100-year future condition
peak discharges to insure that the future condition peak discharges are contained
within proposed freeboard limits. All models commence below the confluence of
New River with Skunk Creek and extend upstream to just below the New River Dam.
Below the confluence the future condition peak discharge is the same as the existing
condition peak discharge. Computer output files for hydraulic models are located in
Appendix A. Diskettes with computer input files for HEC-RAS models developed
for this study are located in Appendix G.
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4.1.2.1 Effective FEMA/COE HEC-2 Models

Models referred to as Effective FEMA/COE are models that best reflect the hydraulic
conditions of New River depicted on Effective FEMA FIRM Panels (1190, 1180 and
1630 having effective dates 1993 (revised 1996), 1989 (revised 1996), and 1993
respectively, were obtained from the District. For the reach of New River from the
confluence with Skunk Creek to New River Dam, the District recommended using a
model (NRIVER-2) that was recreated by District staff from FEMA HEC-2 hard copy
printouts. For the reach of New River from the confluence with Skunk Creek to Bell
Road, the results of the model REVSB by Coe and Van Loo, closely match’s
FEMA'’s original. The NRIVER-2 model is revised by HDR to include Union Hills
Drive Bridge and channel improvements associated with the bridge improvements.
HDR developed a model (UHILLs) for pre-bridge conditions and a model
(UNIONBRS) modeling proposed improvements. All models commence at Cross
Section 8.665 and, use a starting water surface elevation of 1170.50 with the
exception of the REVSB Model. The REVSB model utilizes a starting water surface
elevation of 1170.38.

4.1.2.2 Updated Existing Condition Model

The Existing Condition HEC-2 Model is updated by Stantec to reflect current
hydraulic conditions. The upgrades to the hydraulic model include the following:

1. Cross-section geometric data is updated to reflect recent topographic
mapping (Fight Date, 3/9/98) developed for this project. Cross-section
geometric data is determined at the locations and orientations of cross

sections used in FEMA’s original study for the reach.

2. Cross-section orientation is updated so that cross-section alignment is

perpendicular to main flow path.

3. Bridges that have been constructed since FEMA’s 1986 study are included
in the updated model.

4. Additional cross-sections are added so that the maximum distance

between cross-sections is approximately 500 feet.

3. Bank stations are adjusted so that they are consistent with new

topography.

§‘:
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6. At locations along the study reach, expansion and contraction head loss

coefficients are adjusted to reflect new channel transitions.

7. The final updated Existing Condition Model by Stantec commences
further down stream than the Effective models and initial Updated
Existing Condition Models. The reason for starting further downstream is
to evaluate potential backwater effects of the Thunderbird Road Bridge
and channel improvements (drop structure) downstream of the confluence
of Skunk Creek.

The approach to developing an updated HEC-2 model is to construct the model in
progressive stages. Each stage becomes a model itself and evaluates a significant
parameter change from the original model. The staged approach allows the
identification of a parameter or set of parameters that may account for significant
differences in the results between the existing and updated Stantec hydraulic models.
The staged models constructed, to ultimately develop the Updated Existing Condition

Model are summarized in Table 4-1.

TABLE 4-1
Existing Condition Hydraulic Model Development Summary

Model File Name Comments
UDI1 CORPS1.PRN | Model includes new topographic data
UD2 CORPSBRI.PRN | Model UDI1 plus Bell Road bridge as
modeled in original FEMA model.
UD3 CORPSBR2.PRN | Model UD2 includes revised Bell Road

bridge data and bridge data for the new
Union Hills Drive bridge.

Updated Existing NEWBR.IH2 Model UD3 plus additional cross-sections.

Condition Model

Models UD1, UD2 and UD3 commence at Cross Section 8.655 and use a starting
water surface elevation 1170.38. The starting water surface elevation is consistent
with the Coe and Van Loo model discussed in Section 4.1.2.1. These models

primarily start at this location so that the models are consistent with effective models.

The Updated Existing Condition Model commences at the Thunderbird Road Bridge
(Cross Section 7.728) and uses a starting water surface elevation of 1150.50. The
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starting water surface elevation is obtained from FEMA'’s Flood Insurance Study,

Maricopa County, Arizona and Incorporated Areas.

4.1.2.3 Conversion of HEC-2 to a HEC-RAS Model

The Updated Existing Condition HEC-2 Model is converted to a HEC-RAS format.
A conversion routine in the HEC-RAS model is utilized to make the conversion of

geometric cross section data. Geometric data at bridge locations are hand coded.

4.1.2.4 Proposed Condition HEC-RAS Model

The intent of the Master Plan design is to let nature shape the future channel bottom
(stable slope) where possible. Chapter 5, Erosion and Sediment Transport, discusses
the river’s trend to degrade or adjust its bottom downward because of erosion. The
Master Plan design proposes grading only that portion of the channel absolutely
necessary to convey the design discharges. Nature will do the rest of the work.

The Updated Existing Condition HEC-RAS model was revised to create a proposed
condition model to reflect Master Plan improvements. Proposed improvements that
were modeled vary from grading and armoring of existing channel banks along with
minor grading of the channel bottom, to realignment and redefinition of channel
banks with major grading within the channel bottom and channel grade control
structures. Major grading in the channel bottom consists of providing a new channel
invert slope and a uniform geometric bottom. In areas where channel banks and
channel bottom grading and realignment is proposed, bottom widths ranged from a
185 feet to 250 feet. Channel improvements are typically within Effective FEMA
Floodway limits. A detailed description of the proposed improvements is provided in
Chapter 7. The Proposed Condition HEC-RAS Model computer output files are
located in Appendix A whereas a diskette with computer input files are located in

Appendix G.

42 WORK STUDY MAPS

Work Study Maps displaying topography, cultural features and effective 100-Year
Floodplain and Floodway Limits and updated 100-Year Floodplain limits are
prepared at a scale of 1” = 400" and a contour interval of 2 feet. Work Study maps

&
&
ms/\phxserv0B\wrproj\28900058\mnr-technical data notebook-june 00-final\chapter 4.doc 4-4



4.3

4.3.1

are presented as Plates FP1 through FP6. A Legend provided on the Plates explains

the nomenclature and symbols used.

PARAMETER ESTIMATION

Manning’s n-Value

43.1.1 General

Manning’s n-values utilized in FEMA’s (effective) hydraulic model for New River
ranged from 0.030 to 0.035 for channel cross-section segments and 0.045 to 0.060 for
overbanks cross-section segments. Manning’s n-values utilized in FEMA’s study
were utilized in the HEC-2 hydraulic model. Manning’s n-values utilized in the
HEC-RAS model are estimated using the District current method for estimating n-

values.

As part of the Middle New River Watercourse Master Plan contract, a New River
Dam Spillway Delineation Study is conducted. As part of that study, an n-value
assessment for New River, from below the confluence with Skunk Creek to the New
River Dam, was performed. The segment of New River analyzed for the Spillway
Delineation Study is separated into four Reaches, which have similar hydraulic
characteristics, and therefore, similar Manning’s n-values. Reach numbering is from
downstream to upstream. Cross-section numbering is expressed as river miles above
the confluence with the Agua Fria River as used in previous studies. Manning n-
values developed for New River as part of the Spillway Inundation Study are utilized
in the HEC-RAS hydraulic models.
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Reach 1 extends from River Mile (RM) 8.655 to RM 11.644 and is characterized by a
trapezoidal shaped section with the majority of the west channel side slope being
armored with wire-tied rock gabions. The trapezoidal section is a result of
encroachment of the natural channel/floodplain by development. The channel side
slopes for portions of the lower segment of Reach 1 are armored with soil cement.
The east channel side slope of Reach 1 is typically not armored. The channel bed

material consists of cobbles and sand.

Reach 2 extends from RM 11.644 to 11.949 and is generally characterized by
trapezoidal shaped section. The trapezoidal section is a result of encroachment of the
natural channel/floodplain by development. Channel side slopes are not protected.
Remnant gravel piles of various height and random distribution occur in the east
overbank area. The channel bed material consists of cobbles and sand.

Reach 3 extends from RM 11.949 to RM 13.918. Reach 3 has the same characteristic
as Reach 2 however there are not significant obstructions in the flow area, and
portions of the west channel side slope are armored with wire-tied rock gabions.

Reach 4 extends from RM 13.918 to the New River Dam. Reach 4 is a natural
channel segment with overbank floodplain areas. In various locations the channel is
braided. Varying vegetation densities are noted in channel and floodplain areas.
Channel bed material predominately consists of cobbles. Outside of the channel areas

base material consists of a combination of firm soil, coarse sand and fine gravels.

43.1.2 Methodology

Manning’s n-values are estimated using methods accepted by the Flood Control
District of Maricopa County and are outlined in, “Estimated Manning’s N-values for
Stream Channels and Flood Plains in Maricopa County Arizona” (U.S.G.S., 1991)
and “Method to Estimate Effects of Flow-Induced Vegetation Changes on Channel
Conveyances of Streams in Central Arizona (U.S.G.S., 1998). The approach in both
methods is to select an initial value of Manning’s n-value based on bed material and
then adjust the base n-value for channel irregularities, the effects of obstructions,
vegetation, and variations in channel cross sections. If the channel has sufficient
meander to increase roughness, then the sum of the base n-value plus subsequent
adjustments is multiplied by a meander value, m. The second reference cites results

from a study that evaluated the effect of flow on vegetation.
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43.13

Manning’s n-Value Determination

The base n-value for bed material roughness is estimated from field investigations,
photographs, and aerial photos. Base n-values range from 0.028 to 0.035 for
overbank and channel areas, respectively.

Based upon field reconnaissance and photographs, adjustments are made to the base
n-value to account for vegetation, obstructions, irregularities and channel
irregularities and channel cross section variations. The beds of defined channels
consist of sand, cobbles and vegetation. The vegetation coverage within the bed
ranges from 10% to 30%. Overbank areas have a base material consisting of a
combination of firm soil, silt and sands, and cobbles to a lesser extent. Overbank area
vegetation cover is estimated to range from 0 to 60 percent.

Manning’s n-values are determined for the left overbank, right overbank and channel
cross section segments for Reaches 1, 2 and 3, which are predominately characterized
by a defined channel that contains the 100-year flow within in the banks of the
channel. Overbank areas for Reaches 1, 2, and 3 are also characterized by developed
areas with landscaping or natural vegetation along the top of the bank or undeveloped
with natural vegetation. In developed areas in which a property wall occurs,
Manning’s n-value estimation only includes the area between the top of bank and

wall.

Reach 4 is characterized by braided flow paths and overbank areas of varying
vegetation densities. Manning’s n-values for cross section segments within Reach 4
are subdivided into zones of similar physical characteristics. Vegetative cover for the
6 zones identified are: Zone 1, 0 to 5 percent; Zone 2, 20 to 40 percent; Zone 3, 40 to
60 percent; Zone 4, 10 to 30 percent; Zone 5, 10 to 30 percent; and Zone 6, 40 to 60

percent.

Applying procedures for estimating the effect of flow on vegetation changes cited in
the report entitled “Method to “Estimate Effects of Flow-Induced Vegetation Changes
on Channel Conveyances of Streams in Central Arizona” the following conclusions

are inferred:

1. The average stream power (measure of energy transfer in an open channel) for
reaches 1, 2 and 3 is greater than the vegetation-susceptibility threshold,
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4.3.2

indicating that the vegetation can be expected to lay over thus decreasing the

effect of vegetation on roughness values.

2.  The critical shear stress (the amount of shear stress required to initiate
movement of bed material) is less than the average boundary shear stress (force
exerted on the bed by moving water) indicating that channel will degrade and
bed material will move, for all reaches. Degradation will potentially expose the
vegetation root system leading to total removal of vegetation.

3. Based on above items 1 and 2, channel n-values are not adjusted for vegetation

cover.

Manning’s n-values utilized in the hydraulic evaluation of reaches 1, 2 and 3 are
summarized in Table 4-2. Table 4-3 lists a summary of Manning’s n-values utilized

in the hydraulic evaluation of Reach 4.

Figures displaying the location and limit of each reach, the location and direction of
field photographs used to document river course physical characteristics, the limits
for Manning’s n-value zone classifications for reach 4 and n-value calculations sheets

are provided in Appendix B.

Table 4-2
Summary of Manning’s n-values Reaches 1,2 and 3
Reach Left (east) Overbank Channel Right (west) Overbank
1 0.060 0.035 0.060
2 0.085 0.035 0.060
3 0.060 0.035 0.060
Table 4-3
Summary of Manning’s n-values Reach 4
Reach Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6
4 0.035 0.052 0.058 0.038 0.056 0.060

Expansion and Contraction Coefficients

Expansion and contraction coefficients were estimated from procedures and guide
lines listed in the HEC-RAS User Manual. A summary of expansion and contraction

coefficients used in the study are listed in Table 4-4.
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Table 4-4
Summary of Expansion and Contraction Coefficients

Contraction Expansion
Condition Coefficient Coefficient
Natural Reach Gradual Transitions 1 3
Channelized Reach Gradual Transitions .1 3
Transitions at Bridges 3 .5

44 CROSS-SECTION DESCRIPTION

The initial lay out of cross sections used in the hydraulic study is consistent with
cross section location, spacing and identification used in the effective FEMA 100-
Year floodplain delineation for New River. Revisions to the initial layout are made to
ensure that the following criteria are met:

1. The maximum distance between cross sections is approximately 500 feet.

2. Cross-sections used for hydraulic modeling are orientated perpendicular to
primary flow paths.

‘ 3. Cross-section stationing is from left to right looking downstream with the
thalweg set at station 10,000.

4. The thalweg for the proposed condition model is set to be consistent with the

proposed construction centerline.

Cross-section data are determined utilizing a digital terrain model (DTM) and
topographic mapping. Distance between cross sections is measured along the
hydraulic baseline (thalweg). Distance between bank stations of each cross section is
measured along the anticipated path of the center of mass of the overbank flow.
Should there be no overbank flow, distance between bank stations is measured along
the top of bank. Bank stations are picked at what appeared to be a natural/improved

channel bank, or at major grade break in channel side slopes.
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4.5

4.5.1

4.5.2

4.5.3

4.5.4

4.5.5

4.5.6

MODELING CONSIDERATIONS

Supercritical Flow

Supercritical flow was determined to occur at existing condition channel contractions
(RM 9.289 and RM 12.194) and at locations of existing ( RM 9.889 and RM 13.161)
or proposed (RM 10.8, RM 13.17, and RM 14.16) grade control structures. At
locations of supercritical flow the extent of supercritical flow is not greater than 500
feet.

Bridges

HEC-2 hydraulic models developed for the study utilizes the special bridge method
for evaluating the bridge crossings of New River at Bell Road and Union Hills Drive.
Bridge and roadway geometric data are obtained from “As-built“ Plans and field
survey. The HEC-RAS Yarnell and momentum bridge modeling approaches are
utilized as the bridge modeling approach in the HEC-RAS hydraulic model.

Photographs of the bridges are located in Appendix B.
Levees and Dikes

There are no Levees and Dikes in the subject reach.
Islands

Divided flow conditions exist upstream of the of Cross-Section 13.918. For the

purposes of this study, islands resulting from divided flow are not delineated.
Flow Splits

Flow splits or “breakouts” were identified at and between Cross-Sections 10.803 and
10.433. The flow splits occur due to a lack of capacity to convey the existing
condition 100-year peak flow. Flow breakout drains to the Bell Park subdivision.

Ineffective Flow Areas

The ineffective flow area option of the HEC-RAS computer model is used to model
ineffective flow areas. Ineffective flow areas occurred upstream and downstream of

bridges and within depressions, gravel pits, or detention/retention basins in floodplain
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areas. The area represented by these features does not have the ability to convey

‘ flow.

HEC -2 hydraulic models use X 3 cards to define ineffective flow areas.
4.5.7 Blocked Ineffective Flow Areas

The blocked ineffective flow area option of the HEC-RAS computer model is used to
block out low areas within a cross-section located outside of channel banks that were
considered non-flow conveyance areas. This differs from ineffective flow area
described in section 4.5.6 in that it was determined that flow would not reach the

subject area of the cross-section, and the subject area was blocked-out.
4.5.8 Grade Control Structures

| There are four existing structures that are functioning as grade control structures and
3 proposed grade control structures along New River.

. An encased irrigation line below Bell Road that is exposed. There is

approximately a 3-foot vertical drop downstream of the irrigation line.

‘ . The apron and cut off wall for the Bell Road Bridge will function as a grade
control structure. The cut off wall extends 20 feet below the apron.

. Downstream of Deer Valley Road there is a near vertical drop of approximately

18 feet within the New River Channel. The drop is armored with grouted rock.

= At the Happy Valley Road alignment, a grade control structure has been
constructed over a sanitary sewer and waterline crossing New River.

. Grade Control Structures at roadway crossings of New River are proposed at, 83"
Avenue, Deer Valley Road, and at the Pinnacle Peak Roadway alignment.

Photographs of structures are located in Appendix B.

4.6 FLOODWAY MODELING

Floodway modeling is not conducted for new or updated hydraulic models.

§
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4.7

4.7.1

4.7.2

PROBLEMS ENCOUNTERED DURING THE STUDY

Special Problems and Solutions

A grave] pit located between Cross Section 13.680 and Cross Section 13.918 within
the New River has a bottom that is lower that the upstream or downstream channel
inverts. The gravel pit (portion of pit within channel) is model by setting data points
of cross-sections defining the pit to the invert elevation of the channel immediately
downstream of the pit.

Modeling Warning and Error Messages

The output files for the HEC-2 model and the HEC-RAS models developed for this
study contained no error messages, however there are a number of warning messages.
Listings of the warning messages are located in the output files within appendix A.
The majority of the warning messages pertained to the ratio of the upstream flow
conveyance to the downstream flow conveyance being outside of a range between .7
1.4. This is a common message received when modeling a river system that is

characterized by distributary flow patterns.

In areas where the channel is characterized by relatively uniform geometry, the
conveyance ratio-warning message was not listed. Some other frequent warning
messages listed are: 1) energy loss is greater than 1 foot between current and previous
cross sections, and 2) the velocity head has changed by more than 0.5 feet. The
message pertaining to energy loss of greater than 1 foot is to be expected given since
the average cross section spacing is 500 feet and energy grade line slopes are greater
than 0.002 ft/ft. The message pertaining to velocity head typically occurred at
locations of channel contractions and/or at locations of rapid changes in channel slope
such as at grade control structures. Changes of in velocity head of greater than 0.5

feet is to be expected given the characteristics of the channel.

At some locations, a message relating that critical depth was used to determine the
water surface elevation. The critical depth message occurred at locations of channel
contractions and/or at locations of rapid changes in channel slope such as at grade
control structures.
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4.8

4.9

4.9.1

CALIBRATION

There are no stream gauge data or high water marks for known flows, to calibrate

hydraulic model.

HYDRAULIC ANALYSIS RESULTS

This section of the report discusses the results of the hydraulic models used to
determine flood profiles. Models developed for this study are compared with models
previously developed by others for the study reach of New River.

Updated Existing Condition Model

As described in Section 4.1.2.2, the Updated Existing Condition Model was
developed in progressive stages with each stage being an independent hydraulic
model. Hydraulic model output files are located in Appendix A. A review of the
hydraulic models indicate that the major differences between effective models and the
updated existing condition models can be attributed to, starting water surface
elevation, the location at which the model starts, changes in topography and updated
modeling techniques since the time the effective models were developed. The major
change in modeling techniques, is the use of a greater number of cross sections in the
hydraulic analysis. Table 4-5 summarizes 100-year water surface elevation (WSEL)
for selected models. The selected models are the Effective FEMA/COE Model, the
Model UD3 (described in Table 4-1) and the Updated Existing Condition Model.

In most instances, the water surface elevation estimated in the Updated Existing
Condition Model is lower than the Effective FEMA/COE Model, especially for the
reach below Bell Road. The difference in water surface elevations between the
models for the reach below Bell Road River from River Mile (RM) 7.728 to RM
9.958 is attributed to channel improvements both upstream and downstream of the
confluence of New River with Skunk Creek, channel degradation that has occurred
since the original FEMA model was developed and the location of where the updated
model starts relative to the effective model. The updated model commences below
the grade control structure at the confluence of Skunk Creek with New River. The
geometry and hydraulic performance of the grade control structure has had an overall
effect of lowering the 100-year water surface elevation relative to the effective 100-

year water surface elevation.

ms/\\phxservO6\wrproj\28900058\mnr-technical data notebook-june 00-finalchapter 4.doc 4-19




Downstream of Union Hills Bridge (RM 10.980 to RM 10.517) water surface
elevations determined with the Updated Existing Condition Model are higher than the
Effective FEMA/COE Model, and at locations the 100-year flow peak discharge is
not contained within the banks of New River. The higher water surface elevations are
attributed to changes in channel geometry and overbank geometry, and changes in
modeling technique. The change in modeling techniques is the use of a greater

number of cross sections in the hydraulic analysis.

Upstream of the Union Hills Bridge, from RM 10.966 to the end of the study at RM
16.829, 100-year water surface elevations estimated with the Updated Existing
Condition Model are generally 1 to 2 feet lower or at locations are up to 1.2 feet
higher than 100-year water surface elevations listed in the Effective FEMA/COE
Model for the same location. The lower water surface elevations are attributed to
changes in channel geometry (impart due to degradation and impart due to mining
activity), and orientation of cross sections (orientation of cross sections in effective

models was not always perpendicular to flow).

At two locations, in the area of RM 13.169 (downstream of Deer Valley Road) and in
the area of RM 13.076 and 13.181, the updated 100-year water surface elevations are
4 to 6 feet lower the effective 100-year water surface elevations. These areas are

located in active or previously active gravel mining operations within the channel.
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TABLE 4-5

Summary and Comparison of 100-Year Water Surface Elevation

Existing Condition Models

Difference
Existing Difference Between Effective
Condition Existing | Between Effective| and Existing
Cross Effective Updated Condition and Updated Condition
Section | FEMA/COE | Model UD3 Updated Model UD3 Updated Model
No. [Model WSEL WSEL Model WSEL WSEL WSEL
(ft) (ft) (ft) ft) (ft)
1 2 3 4 5 6

7.728 1150.50

7.751 1150.79

7.800 1151.87

7.920 1153.70

8.006 1154.82

8.052 1155.38

8.120 1156.13

8.220 1157.40

8.330 1158.59

8.390 1159.29

8.457 1160.16

8.516 1161.20

8.548 1161.13

8.655 1170.38 1170.38 1166.34 0 -4.04
8.731 1171.5 1170.79 1166.96 -0.71 -4.54
8.807 1171.53 1170.69 1167.18 -0.84 -4.35
8.883 1171.5 1170.67 1167.26 -0.83 -4.24
8.936 1171.7 1171.00 1168.68 -0.7 -3.02
8.977 1171.77 1171.12 1169.23 -0.65 -2.54
8.994 1169.50

9.047 1172.56 1171.86 1170.94 -0.7 -1.62
9.129 1172.72 1172.17 1171.38 -0.55 -1.34
9.193 1171.78

9.289 1175.26

9.318 1180.55 1174.7 1177.92 -5.85 -2.63
9.367 1178.65

9.492 1187.16 1179.91 1179.30 -7.25 -7.86
9.592 1181.78

9.692 1191.36 1182.9 1184.85 -8.46 -6.51
9.794 1186.93

9.889 1196.92 1191.59 1191.95 -5.33 -4.97
9.908 1194.08
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TABLE 4-5 (continued)
Summary and Comparison of 100-Year Water Surface Elevation

Existing Condition Models

Difference
Existing Difference Between Effective
Condition Existing | Between Effective| and Existing
Cross Effective Updated Condition and Updated Condition
Section | FEMA/COE | Model UD3 Updated Model UD3 Updated Model
No. |Model WSEL WSEL Model WSEL WSEL WSEL
(ft) (fe) (ft) (1) (ft)

1 2 3 4 5 6
9.953 1197.58 1194.89 1196.54 -2.69 -1.04
9.958 1196.66
9.984 1196.73
9.997 1196.73
10.096 1200.61 1199.40 1200.06 -1.21 -0.55
10.176 1202.11
10.271 1205.03 1203.83 1204.82 -1.2 -0.21
10.348 1206.60
10.443 1209.59 1209.15 -0.44
10.517 1212.59
10.612 1213.73 1214.26 1214.97 0.53 1.24
10.699 1216.03
10.803 1219.44 1219.28 1220.40 -0.16 0.96
10.862 1221.49
10.917 1223.13
10.980 1224.01
10.996 1224.33
11.030 1225.18
11.129 1227.52 1227.18 1227.90 -0.34 0.38
11.188 1228.08 1227.55 1228.13 -0.53 0.05
11.243 1228.46
11.301 1230.52 1228.8 1229.20 -1.72 -1.32
11.386 1232.74 1231.10 1231.07 -1.64 -1.67
11.481 1234.74 1232.92 1232.92 -1.82 -1.82
11.566 1235.98 1234.23 1234.22 -1.75 -1.76
11.664 1234.96
11.759 1238.20 1236.97 1238.01 -1.23 -0.19
11.864 1241.38
11.949 1246.23 1244.23 1244.49 -2 -1.74
12.034 1246.68
12.125 1251.46 1248.58 1249.28 -2.88 -2.18
12.194 1251.99

7z R
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TABLE 4-5 (continued)

Summary and Comparison of 100-Year Water Surface Elevation

Existing Condition Models

Difference
Existing Difference Between Effective
' Condition Existing | Between Effective| and Existing
Cross Effective Updated Condition and Updated Condition
Section | FEMA/COE | Model UD3 Updated Model UD3 Updated Model
No. |Model WSEL WSEL Model WSEL WSEL WSEL
(ft) (fe) (ft) (ft) (ft)

1 2 3 4 5 6
12.313 1257.61 1256.34 1257.49 -1.27 -0.12
12.420 1260.55
12.511 1263.08 1263.55 1263.54 0.47 0.46
12.606 1266.28
12.701 1268.79 1267.84 1268.57 -0.95 -0.22
12.801 1270.15
12.896 1273.69 1270.56 1270.73 -3.13 -2.96
12.991 1271.12
13.076 1277.34 1271.23 1271.26 -6.11 -6.08
13.151 1271.39
13.161 1278.24
13.185 1279.17
13.227 1280.23 1280.48 0.25
13.325 1282.70
13.420 1285.99 1285.60 1285.10 -0.39 -0.89
13.524 1287.42
13.619 1292.41 1288.37 1288.75 -4.04 -3.66
13.680 1289.24
13.742 1290.88
13.818 1297.44 1290.36 1291.75 -7.08 -5.69
13.918 1298.86
14.013 1303.74 1301.63 1303.19 -2.11 -0.55
14.103 1304.88
14.197 1308.77 1309.22 1308.51 0.45 -0.26
14.284 1311.70
14.379 1315.05 1314.10 1313.90 -0.95 -1.15
14.495 1317.40
14.599 1319.69
14.653 1322.91
14.752 1324.66 1324.94 1325.28 0.28 0.62
14.850 1327.19
14.945 1329.02 1329.96 1330.21 0.94 1.19
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TABLE 4-5 (continued)

Summary and Comparison of 100-Year Water Surface Elevation

Existing Condition Models

Difference
Existing Difference Between Effective
' Condition Existing | Between Effective| and Existing
Cross Effective Updated Condition and Updated Condition
Section | FEMA/COE | Model UD3 Updated Model UD3 Updated Model
No. |[Model WSEL WSEL Model WSEL WSEL WSEL
(ft) (ft) (ft) (ft) (1)
1 2 3 4 5 6

14.983 1331.01

15.049 1333.33

15.144 1334.80 1334.79 1334.90 -0.01 0.10
15.248 1337.12

15.333 1338.84 1338.56 1338.83 -0.28 -0.01
15.416 1339.72

15.475 1340.06

15.596 1343.10

15.623 1347.03

15.699 1349.55 134791 1348.73 -1.64 -0.82
15.792 1351.60

15.885 1354.88

15.966 1356.31 1356.85 1357.29 0.54 0.98
16.066 1358.68 1358.68 1358.51 0 -0.17
16.167 1362.43 1362.12 1361.80 -0.31 -0.63
16.248 1364.44 1364.53 1364.24 0.09 -0.20
16.348 1366.89

16.411 1368.15 1368.73 1368.79 0.58 0.64
16.504 1370.58 1371.11 1371.17 0.53 0.59
16.608 1372.19 1373.16 1373.02 0.97 0.83
16.637 1374.51

16.732 1377.75 1377.02 1377.72 -0.73 -0.03
16.829 1377.72

4.9.2 Conversion of HEC-2 Model to a HEC-RAS Model

The Updated Existing Condition Model is converted to a HEC-RAS Model. Table 4-6
lists a summary of 100-Year Water Surface Elevations (WSEL) for both models for

the study reach of New River.
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TABLE 4-6
Summary of 100-Year Water Surface Elevation
Existing Condition Updated HEC-2 and HEC-RAS Models

Existing Condition | Existing Condition |Difference Between HEC-
Cross Section Updated HEC-2 Updated HEC-RAS | 2 and HEC-RAS Models
No. Model WSEL Model WSEL WSEL
(1) (ft) (f)
1 2 3 4

7.728 1150.50 1150.50 0.00
7.751 1150.79 1151.52 0.73

7.8 1151.87 1152.43 0.56
7.92 1153.70 1154.00 0.30
8.006 1154.82 1155.02 0.20
8.052 1155.38 1155.55 0.17
8.12 1156.13 1156.27 0.14
8.22 1157.40 1157.49 0.09
8.33 1158.59 1158.65 0.06
8.39 1159.29 1159.34 0.05
8.457 1160.16 1160.19 0.03
8.516 1161.20 1161.23 0.03
8.548 1161.13 1161.11 -0.02
8.655 1166.34 1166.34 0.00
8.731 1166.96 1166.94 -0.02
8.807 1167.18 1167.10 -0.08
8.883 1167.26 1167.19 -0.07
8.936 1168.68 1168.66 -0.02
8.977 1169.23 1169.22 -0.01
8.994 1169.50 1169.49 -0.01
9.047 1170.94 1170.94 0.00
9.129 1171.38 1171.38 0.00
9.193 1171.78 1171.78 0.00
9.289 1175.26 1175.23 -0.03
9.318 1177.92 1177.93 0.01
9.367 1178.65 1178.66 0.01
9.492 1179.30 1179.30 0.00
9.592 1181.78 1181.78 0.00
9.692 1184.85 1184.85 0.00
9.794 1186.93 1186.96 0.03
9.889 1191.95 1190.74 -1.21
9.908 1194.08 1194.10 0.02
9.953 1196.54 1196.75 0.21
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TABLE 4-6 (continued)
Summary of 100-Year Water Surface Elevation
Existing Condition Updated HEC-2 and HEC-RAS Models

Existing Condition | Existing Condition |Difference Between HEC-
Cross Section| - Updated HEC-2 Updated HEC-RAS | 2 and HEC-RAS Models
No. Model WSEL Model WSEL WSEL
(o) (ft) (ft)
1 2 3 4
9.958 1196.66 1196.89 0.23
9.984 1196.73 1197.92 1.19
9.997 1196.73 1197.97 1.24
10.096 1200.06 1200.31 0.25
10.176 1202.11 1202.55 0.44
10.271 1204.82 1205.08 0.26
10.348 1206.60 1206.99 0.39
10.443 1209.15 1209.48 0.33
10.517 1212.59 1212.95 0.36
10.612 1214.97 1215.38 0.41
10.699 1216.03 1216.64 0.61
10.803 1220.40 1220.48 0.08
10.862 1221.49 1221.84 0.35
10.917 1223.13 1223.51 0.38
10.98 1224.01 1224.55 0.54
10.996 1224.33 1226.15 1.82
11.03 1225.18 1226.54 1.36
11.129 1227090 1228.38 0.48
11.188 1228.13 1228.68 0.55
11.243 1228.46 1229.10 0.64
11.301 1229.20 1229.88 0.68
11.386 1231.07 1231.44 0.37
11.481 1232.92 1233.00 0.08
11.566 1234.22 1234.25 0.03
11.664 1234.96 1234.86 -0.10
11.759 1238.01 1238.43 0.42
11.864 1241.38 1241.44 0.06
11.949 1244.49 1244 .36 -0.13
12.034 1246.68 1246.62 -0.06
12.125 1249.28 1249.29 0.01
12.194 1251.99 1252.01 0.02
12.313 1257.49 1257.47 -0.02
12.42 1260.55 1260.20 -0.35
12.511 1263.54 1263.60 0.06
12.606 1266.28 1266.06 -0.22
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TABLE 4-6 (continued)
Summary of 100-Year Water Surface Elevation
Existing Condition Updated HEC-2 and HEC-RAS Models

Existing Condition | Existing Condition |Difference Between HEC-
Cross Section| = Updated HEC-2 Updated HEC-RAS | 2 and HEC-RAS Models
No. Model WSEL Model WSEL WSEL
(ft) (ft) (ft)
1 2 3 4
12.701 1268.57 1268.43 -0.14
12.801 1270.15 1270.06 -0.09
12.896 1270.73 1270.68 -0.05
12.991 1271.12 1271.05 -0.07
13.076 1271.26 1271.19 -0.07
13.151 1271.39 1271.33 -0.06
13.161 1278.24 1278.24 0.00
13.185 1279.17 1279.17 0.00
13.227 1280.48 1280.48 0.00
13.325 1282.70 1282.70 0.00
13.42 1285.10 1285.10 0.00
13.524 1287.42 1287.42 0.00
13.619 1288.75 1288.75 0.00
13.68 1289.24 1289.24 0.00
13.742 1290.88 1290.82 -0.06
13.818 1291.75 1291.67 -0.08
13.918 1298.86 1297.11 -1.75
14.013 1303.19 1302.44 -0.75
14.103 1304.88 1305.22 .034
14.197 1308.51 1308.47 -0.04
14.284 1311.70 1311.69 -0.01
14.379 1313.90 1313.87 -0.03
14.495 1317.40 1317.52 0.12
14.599 1319.69 1319.80 0.11
14.653 1322.91 1322.79 -0.12
14.752 1325.28 1325.48 0.20
14.85 1327.19 1327.36 0.17
14.945 1330.21 1330.09 -0.12
14.983 1331.01 1330.96 -0.05
15.049 1333.33 1333.63 0.30
15.144 1334.90 1335.27 0.37
15.248 1337.12 1337.05 -0.07
15.333 1338.83 1338.93 0.10
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TABLE 4-6 (continued)
Summary of 100-Year Water Surface Elevation
Existing Condition Updated HEC-2 and HEC-RAS Models

Existing Condition | Existing Condition |Difference Between HEC-
Cross Section| . Updated HEC-2 Updated HEC-RAS | 2 and HEC-RAS Models
No. Model WSEL Model WSEL WSEL
(fv 813) (ft)

1 2 3 4
15.416 1339.72 1339.85 0.13
15.475 1340.06 1340.23 0.17
15.596 1343.10 1343.76 0.66
15.623 1347.03 1347.81 0.78
15.699 1348.73 1349.40 0.67
15.792 1351.60 1351.76 0.16
15.885 1354.88 1354.74 -0.14
15.966 1357.29 1356.95 -0.34
16.066 1358.51 1358.60 0.09
16.167 1361.80 1361.47 -0.33
16.248 1364.24 1364.29 0.05
16.348 1366.89 1366.70 -0.19
16.411 1368.79 1368.80 0.01
16.504 1371.17 1371.22 0.05
16.608 1373.02 1373.08 0.06
16.637 1374.51 1374.65 0.14
16.732 1377.72 1377.80 0.08
16.829 1377.72 1379.46 1.74
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4.9.3

The 100-year water surface elevation estimations between the two hydraulic models
compare well. In most instances, the comparison is within hundredths of feet. In
instances where the comparison is within feet or tenths of feet, the difference is
attributed to modeling techniques and/or procedures, at bridges. The modeling
approach used in the HEC-RAS model was to use the highest energy answer between
Energy (standard step), Momentum and Yarnell options. In the HEC-2 model, the
energy standard step is utilized. Modeling techniques such as analyzing in a mix flow
regime was used in the HEC-RAS model whereas in the HEC- 2 model only
subcritical flow was analyzed. Also, revisions to Manning’s n-value at locations
along the study reach where made in the HEC-RAS model.

Manning’s n-values differed between the two models along two segments of the study
reach. In the Effective FEMA HEC-2 Model a channel n-value of 0.030 was utilized.
In the Updated Existing Condition HEC-RAS Model, commencing at approximately
Bell Road (Cross section 9.889) and extending to the north to the Arrowhead Waste
Water Treatment facility (Cross Section 11.386), a channel n-value of 0.035 was
utilized. Upstream of Cross Section 13.918, New River is characterized by
distributary flow patterns. The Updated Existing Condition HEC-2 Model, is
consistent with the Effective FEMA Model, models the distributary flow reach
utilizing right overbank, left overbank and channel n-values cross section segments,
whereas the Updated Existing Condition HEC-RAS Model is consistent with the
Districts’ current approach for estimating Mannings roughness coefficients for
channel and overbank areas, n-value variation along a cross section is defined by

utilizing n-value sub-segments.

Proposed Condition Model

The Updated Existing Condition HEC-RAS model was revised to create a proposed
condition model to reflect Master Plan improvements. Proposed improvements that
were modeled vary from grading and armoring of existing channel banks along with
minor grading of the channel bottom, to realignment and redefinition of channel
banks with major grading within the channel bottom and channel grade control
structures. Major grading in the channel bottom consists of providing a new channel
invert slope and a uniform geometric bottom. In areas where channel bank and
channel bottom grading and realignment is proposed, bottom widths ranged from a
185 feet to 250 feet. Channel improvements are typically within Effective FEMA
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Floodway limits. Water surface elevations determined in the Proposed Condition
HEC-RAS Model are compared with results of the Updated Existing Condition HEC-
RAS Model and the Effective FEMA HEC-2 Model to determine water surface
elevation differences between the models. A detailed summary of 100-year Water
Surface Elevations (WSEL) for existing and proposed conditions is listed in Table 4-
7. A general summary of the differences in water surface elevations is provided

below.

With the exception of segments RM 11.566 to 12.194 and RM 13.68 to 13.818 water
surface elevations for proposed conditions are lower when compared to both the
Effective FEMA HEC-2 Model and the Updated Existing Condition HEC-RAS
Model. For all locations, with the exception of the cross section located at RM
11.759, proposed condition water surface elevations are lower when compared to just
the FEMA Effective HEC-2 Model.

Proposed condition water surface elevations between RM segments 11.566 to 12.194
and RM 13.68 to 13.818 are 0.64 feet to 2.89 feet higher than that determined in the
Updated Existing Condition HEC-RAS Model for the same segments. At RM
11.759, the proposed condition water surface elevation is 1.7 feet higher when
compared to the Effective FEMA HEC-2 Model. The increase in water surface
elevation is a result of the proposed improvements. Improvements for each segment
consist of providing a uniform channel with well-defined banks that tie into upstream
and downstream improvements with minor or gradual transitions. Under existing
conditions, segment RM 11.5666 to 12.194 is characterized by a channel geometry
that varies in bottom width, bank location and height and in channel roughness.
Throughout this segment there are remnant gravel piles and it appears that this area
may have been a gravel mining area. Under existing conditions, segment RM 13.68
to 13.818 is an active mining operation. The increase in water surface elevations does

not adversely impact any structures.
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Table 4-7

Summary and Comparison of 100-Year Water Surface Elevations
Proposed and Existing Condition Models

Cross Updated Proposed Difference Between Effective | Difference Between
Section | HEC-RAS | Condition Updated HEC-RAS | FEMA/COE Effective
No. Model Wsel | HEC-RAS | WSEL And Proposed Model FEMA/COE
Models WSEI | Condition HEC-RAS WSEL \MODEL WSEL And
Models WSEL Proposed Condition
Hec-Ras Models
Wsel
(ft) (ft) (ft) (fv) (ft)
1 2 3 4 5

7.728 1150.50 1150.50 0.00 NA NA
7.751 1151.52 1151.59 0.07 NA NA
7.8 1152.43 1152.48 0.05 NA NA
7.92 1154.00 1154.03 0.03 NA NA
8.006 1155.02 1155.05 0.03 NA NA
8.052 1155.55 1155.57 0.02 NA NA
8.12 1156.27 1156.28 0.01 NA NA
8.22 1157.49 1157.50 0.01 NA NA
8.33 1158.65 1158.66 0.01 NA NA
8.39 1159.34 1159.35 0.01 NA NA
8.457 1160.19 1160.20 0.01 NA NA
8.516 1161.23 1161.24 0.01 NA NA
8.548 1161.11 1161.16 0.05 NA NA
8.655 1166.34 1166.37 0.03 1170.38 -4.01
8.731 1166.94 1166.96 0.02 1171.50 -4.54
8.807 1167.10 1167.14 0.04 1171.53 -4.39
8.883 1167.19 1167.44 0.25 1171.50 -4.06
8.936 1168.66 1168.12 -0.54 1171.70 -3.58
8.977 1169.22 1168.68 -0.54 1171.77 -3.09
8.994 1169.49 1169.06 -0.43 NA NA
9.047 1170.94 1169.67 -1.27 1172.56 -2.89
9.129 1171.38 1170.37 -1.01 1172.72 -2.35
9.193 1171.78 1170.95 -0.83 NA NA
9.289 1175.23 1172.63 -2.60 NA NA
9.318 1177.93 1174.37 -3.56 1180.55 -6.18
9.367 1178.66 1176.29 -2.37 NA NA
9.492 1179.30 1178.70 -0.60 1187.16 -8.46
9.592 1181.78 1181.73 -0.05 NA NA
9.692 1184.85 1184.75 -0.10 1191.36 -6.61
9.794 1186.96 1185.65 -1.31 NA NA
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~ Table 4-7 (continued)

Summary and Comparison of 100-Year Water Surface Elevations
Proposed and Existing Condition Models

Cross Updated Proposed Difference Between Effective | Difference Between
Section | HEC-RAS Condition Updated HEC-RAS |FEMA/COE Effective
No. Model Wsel | HEC-RAS | WSEL And Proposed Model FEMA/COE
Models WSEI | Condition HEC-RAS WSEL MODEL WSEL And
Models WSEL Proposed Condition
Hec-Ras Models
Wsel
(ft) (f) (fe) (ft) (f)
1 2 3 4 5
9.889 1190.74 1190.32 -0.42 1196.92 -6.60
9.908 1194.10 1193.24 -0.86 NA NA
9.953 1196.75 1195.40 -1.35 1197.58 -2.18
9.958 1196.89 1195.89 -1.00 NA NA
9.984 1197.92 1197.59 -0.33 1197.87 -0.28
9.997 1197.97 1197.72 -0.25 NA NA
10.096 1200.31 1200.11 -0.20 1200.61 -0.50
10.176 1202.55 1201.90 -0.65 NA NA
10.271 1205.08 1203.64 -1.44 1205.03 -1.39
10.348 1206.99 1205.80 -1.19 NA NA
10.443 1209.48 1207.49 -1.99 1209.59 -2.10
10.517 1212.95 1209.46 -3.49 NA NA
10.612 1215.38 1210.85 -4.53 1213.73 -2.88
10.699 1216.64 1212.71 -3.93 NA NA
10.803 1220.48 1209.70 -10.78 1219.44 -9.74
10.862 1221.84 1221.18 -0.66 NA NA
10.917 1223.51 1223.08 -0.43 NA NA
10.98 1224.55 1223.99 -0.56 NA NA
10.996 1226.15 1225.80 -0.35 NA NA
11.03 1226.54 1226.14 -0.40 NA NA
11.129 1228.38 1228.10 -0.28 1227.52 0.58
11.188 1228.68 1228.38 -0.30 1228.08 0.30
11.243 1229.10 1228.83 -0.27 NA NA
11.301 1229.88 1229.73 -0.15 1230.52 -0.79
11.386 1231.44 1230.93 -0.51 1232.74 -1.81
11.481 1233.00 1232.43 -0.57 1234.74 -2.31
11.566 1234.25 1235.11 0.86 1235.98 -0.87
11.664 1234.86 1237.75 2.89 NA NA
11.759 1238.43 1239.90 1.47 1238.20 1.70
11.864 1241.44 1242.60 1.16 NA NA
11.949 1244.36 1245.00 0.64 1246.23 -1.23
12.034 1246.62 1248.00 1.38 NA NA
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Table 4-7 (continued)

Summary and Comparison of 100-Year Water Surface Elevations
Proposed and Existing Condition Models

Cross Updated Proposed Difference Between Effective | Difference Between
Section | HEC-RAS Condition Updated HEC-RAS |FEMA/COE Effective
No. Model Wsel | HEC-RAS | WSEL And Proposed Model FEMA/COE
"~ | Models WSEIl | Condition HEC-RAS WSEL |MODEL WSEL And
Models WSEL Proposed Condition
Hec-Ras Models
Wsel
(ft) (f) (ft) (ft) (fe)
1 2 3 4 5
12.125 1249.29 1250.58 1.29 1251.46 -0.88
12.194 1252.01 1252.90 0.89 NA NA
12.313 1257.47 1255.84 -1.63 1257.61 -1.77
12.42 1260.20 1259.14 -1.06 NA NA
12.511 1263.60 1261.71 -1.89 1263.08 -1.37
12.606 1266.06 1264.31 -1.75 NA NA
12.701 1268.43 1265.70 -2.73 1268.79 -3.09
12.801 1270.06 1267.00 -3.06 NA NA
12.896 1270.68 1268.19 -2.49 1273.69 -5.50
12.991 1271.05 1269.45 -1.60 NA NA
13.076 1271.19 1270.38 -0.81 1277.34 -6.96
13.151 1271.33 1271.23 -0.10 NA NA
13.161 1278.24 1271.34 -6.90 NA NA
13.185 1279.17 1278.76 -0.41 NA NA
13.227 1280.48 1280.43 -0.05 1280.23 0.20
13.325 1282.70 1282.77 0.07 NA NA
13.42 1285.10 1284.87 -0.23 1285.99 -1.12
13.524 1287.42 1286.93 -0.49 NA NA
13.619 1288.75 1289.02 0.27 1292.41 -3.39
13.68 1289.24 1290.34 1.10 NA NA
13.742 1290.82 1291.81 0.99 NA NA
13.818 1291.67 1293.37 1.70 1297.44 -4.07
13.918 1297.11 1295.77 -1.34 NA NA
14.013 1302.44 1297.73 -4.71 1303.74 -6.01
14.103 1305.22 1298.64 -6.58 NA NA
14.197 1308.47 1308.80 0.33 1308.77 0.03
14.284 1311.69 1310.70 -0.99 NA NA
14.379 1313.87 1314.42 0.55 1315.05 -0.63
14.495 1317.52 1317.12 -0.40 NA NA
14.599 1319.80 1320.00 0.20 NA NA
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Table 4-7 (continued)

Summary and Comparison of 100-Year Water Surface Elevations
Proposed and Existing Condition Models

Cross Updated Proposed Difference Between Effective | Difference Between
Section | HEC-RAS Condition Updated HEC-RAS | FEMA/COE Effective
No. Model Wsel | HEC-RAS | WSEL And Proposed Model FEMA/COE
" | Models WSEI | Condition HEC-RAS WSEL MODEL WSEL And
Models WSEL Proposed Condition
Hec-Ras Models
Wsel
(ft) (f) (ft) (ft) (f)
1 2 3 4 5
14.653 1322.79 1322.63 -0.16 1320.23 2.40
14.752 1325.48 1325.52 0.04 1324.66 0.86
14.85 1327.36 1327.33 -0.03 NA NA
14.945 1330.09 1330.11 0.02 1329.02 1.09
14.983 1330.96 1330.97 0.01 NA NA
15.049 1333.63 1333.63 0.00 NA NA
15.144 1335.27 1335.27 0.00 1334.80 0.47
15.248 1337.05 1337.05 0.00
15.333 1338.93 1338.93 0.00 1338.84 0.09
15.416 1339.85 1339.85 0.00 NA NA
15.475 1340.23 1340.23 0.00 NA NA
15.596 1343.76 1343.76 0.00 NA NA
15.623 1347.81 1347.81 0.00 NA NA
15.699 1349.40 1349.40 0.00 1349.55 -0.15
15.792 1351.76 1351.76 0.00 NA NA
15.885 1354.74 1354.74 0.00 NA NA
15.966 1356.95 1356.95 0.00 1356.31 0.64
16.066 1358.60 1358.60 0.00 1358.68 -0.08
16.167 1361.47 1361.47 0.00 1362.43 -0.96
16.248 1364.29 1364.29 0.00 1364.44 -0.15
16.348 1366.70 1366.70 0.00 NA NA
16.411 1368.80 1368.80 0.00 1368.15 0.65
16.504 1371.22 1371.22 0.00 1370.58 0.64
16.608 1373.08 1373.09 0.01 1372.19 0.90
16.637 1374.65 1374.64 -0.01 NA NA
16.732 1377.80 1377.81 0.01 1377.75 0.06
16.829 1379.46 1379.46 0.00 NA NA
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5.1

5.1.1

5.0 EROSION AND SEDIMENT TRANSPORT

METHOD DESCRIPTION

Four methods are used for the erosion and sediment transport analysis of the Middle
New River Watercourse Master Plan Study. These are the bed degradation (or scour)
analysis to evaluate the required toe-down depths of channel structures, equilibrium
analysis to determine the stable bed slopes in the channel, bed armoring analysis to
evaluate the minimum bed material size for armoring condition, and the lateral
migration analysis to compute the erosion setback along the river. Bed degradation,
equilibrium slope, and bed armoring analyses are employed for the existing river
condition and the five design alternatives of the Middle New River while the lateral
migration analysis is employed for the existing condition and the recommended
design alternative. The entire reach covered by the Middle New River Watercourse
Master Plan study is approximately 8.5 miles spanning from the Skunk Creek
downstream to the New River Dam upstream. The reach is subdivided into three sub-

reaches with upstream and downstream limits defined as follows:

Reach 1 (from Skunk Creek to Beardsley Rd.), Reach Length = 18,435 ft
Reach 2 (from Beardsley Rd. to Pinnacle Peak Rd.), Reach Length = 11,340 ft
Reach 3 (from Pinnacle Peak Rd. to New River Dam), Reach Length = 16,002 ft.

The 100-year FEMA peak discharges are used as the design discharge for all analyses
except the equilibrium slope analysis, and bed armoring analysis where 10-year peak
discharges were used. Flow hydraulics associated with the 100-year FEMA peak
discharges determined from HEC-RAS models are used for the lateral migration and
bed degradation (or total scour) analyses.

The four analyses used in the erosion and sediment transport analysis are described

and presented in the sections that follow.
Bed Degradation Analysis

The degree by which a streambed degrades due to a single flood event the combined
factors of flow hydraulics and sediment characteristics in the channel provide a way
to determine the extent of toe-down requirements for channel structures. Toe-down

requirements for bank lining and grade control structures are essential design
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information for channel stability. These are estimated from the consideration of
various scour components expected to occur along the stream that include the local
scour, bend scour, long-term scour, low-flow incisement, anti-dune trough depth, and
general scour. The total bed degradation is the summation of the above scour
components plus a 30% factor of safety. The 30% safety factor is added to account
for the non-uniformity of flow hydraulics in the channel and sediment characteristics
in the streambed (SLA, 1989).

The total scour that determines the toe-down requirements for channel structures is

expressed as follows:

Z, =132, +Z,+Z, +Z,+Z,+Z,| (5.1
Where: Z; = the total scour depth, in feet.

Zys = the local scour depth, in feet.

Zy = the long-term degradation, in feet.

Zys = the bend scour, in feet.

Z, = the anti-dune trough depth, in feet.
Z; = the low-flow incisement, in feet.
Zs = the general scour depth, in feet.

Each scour component that contributes to the toe-down depth as enumerated above
would be briefly presented in the sub-sections that follow. The following sources

were used for the information provided in this section:

1. Computing Degradation and Local Scour, Technical Guideline for Bureau of
Reclamation by Pemberton and Lara (1984);

ii.  Watercourse System Sediment Balance, State Standard Attachment SSA 5-96,
Arizona Department of Water Resources, September 1994.

iil.  Standards Manual for Drainage Design and Floodplain Management in Tucson,
Arizona by Simons, Li & Associates, Inc. (SLA), December 1989.

iv.  Design Manual for Engineering Analysis of Fluvial Systems by Simons, Li &
Associates, Inc. (SLA), March 1985.
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5.1.1.1 Local Scour Analysis

The design of any structure located either along the riverbank and flood plain or
across the channel requires an evaluation of the response of the movable riverbed and
banks to design floods. The methods that were presented and described in the
Technical Guideline by the U.S. Bureau of Reclamation (Pemberton and Lara, 1984)
are considered for this project to evaluate the local scour depths in the channel. The
Technical Guideline has presented four scour types or classifications applicable for

various structural designs. These classifications are described as follows:

Type A — Evaluation of scour depths for natural channels (restrictions and bends).
Design applications include siphon crossing or any buried pipeline, stability study of
a natural bank, and waterway for one-span bridge.

Type B — Evaluation of scour for bankline structures. Design applications include
abutments to bridge or siphon crossing, bank slope protection such as riprap, spur
dikes and groins, pumping plants, and canal headworks.

Type C — Evaluation of scour for midchannel structures. Design applications include
piling for bridge, piers for flume over river, powerline footings, and riverbed water
intake structures.

Type D — Evaluation of scour for hydraulic structures across channel. Design
applications include dams and diversion dams, erosion controls, rock cascade drops,
gabion controls, and concrete drops.

Only Types A4, B, and D are considered in this project.

Types A and B — In the determination of scour depths for natural channels and

bankline structures, five (5) equations are considered. They are:
a. USBR method I

b. Lacey method

c. Blench method

d. USBR method II

e. Neill method
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The details for the above methods are provided in the Technical Guideline for U.S.
Bureau of Reclamation (Pemberton and Lara, 1984). The average of the five
approaches would be used to define the average local scour in the channel.

Type D - The riverbed immediately downstream of any hydraulic structure is subject
to some erosive action due to significant change in flow hydraulics. Some type of
stilling basin or energy dissipator as described by the U.S. Bureau of Reclamation
(1974) is provided in the design of such structures to dissipate the energy thereby
reducing the erosion potential. At most structures below the point where the structure
ends and the natural riverbed material begin is a potential location for scour. The
magnitude of this scour hole will depend on the combination of flow velocity,
turbulence, and vortices generated by the structure. Simons and Senturk (1992)
describe many of the available equations.

Methods adopted by the U.S. Bureau of Reclamation (USBR) for computing local
scour below a hydraulic structure across the river channel are based on either the
regime or rational approach. Scour computations should be made by several methods

and engineering judgment used to select the most appropriate.

The most appropriate empirically developed rational methods for local scour below a

structure are:

a. Schoklitsch (1932)

b. Veronese (1937)

¢. Zimmerman and Maniak (1967)

The relations associated with the above methods are provided in the Technical
Guideline for the U.S. Bureau of Reclamation (Pemberton and Lara, 1984). The
average of the three approaches would be used to define the average local scour

below grade control structures.

5.1.1.2 Long-Term Scour Analysis

The long-term response of the river bed can be evaluated using either the concept of
equilibrium (or stable) slope or the concept of streambed armoring as presented in the
Technical Guideline (Pemberton and Lara, 1984). The armoring concept in the
streambed utilizes the critical tractive stress approach and the evaluated armor size.
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For the equilibrium (or stable) slope concept, a number of sediment transport
relationships are used that evaluate the stable or equilibrium slope of the bed
associated with the gradation of the streambed sediments. The hydraulic information
evaluated from backwater models such as HEC-2 or HEC-RAS models for the
dominant discharge are used for the analysis. This dominant discharge has the
characteristics that, if allowed to flow constantly, would have the same overall
channel shaping effect as the natural fluctuating discharges. The dominant discharge
is typically between a 5-year and 10-year event (SLA, 1994). The 10-year event is
assumed applicable for the Middle New River.

The long-term bed degradation from bed armoring can be determined from the
following relation according to Pemberton and Lara (1984):

Zy =Y, [i -1 -0)] (5.2)

Where: Z,, = Degradation due to bed armoring, in feet;
ya = Three-layer thickness of nontransportable material to form an
armor which is equivalent to three times the computed armor
size, in feet;
Ap = Fraction equivalent of materials coarser than the computed armor

size.

The bed degradation associated with the computed equilibrium (or stable) slope in the

channel can be determined from the following relation:

L AS
7, = (5.3)
1.625
Where: Z;; = Bed degradation due to stable slope, in feet;

L; = Length of the degraded channel reach, in feet;
AS, = Difference between the existing streambed slope and the stable
slope, in ft/ft.

In order to evaluate the long-term degradation, either through bed armoring or stable
slope, analysis on the potential armor size in the channel or the equilibrium slope

should be made. The analysis associated with stable (or equilibrium) slope is
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presented in Section 5.1.2. The procedure to evaluate the potential armor size along
the reaches of the Middle New River is presented in Section 5.13.

5.1.1.3 General Scour Analysis

In the absence of a sediment transport modeling that would evaluate the general scour
in the river, Zeller (1991) developed an equation that predicts the general degradation
in the channel. It is expressed as follows:

0.8
Z, =Y 0 (%’"—— -1 .OJ (5.49)
Where: Z; = General scour depth, in feet;
Vm = Average velocity of flow, in {ps;
Ymax = Maximum depth of flow, in feet;
Y, = Hydraulic depth of flow, in feet; and,
Se = Energy slope (or bed slope for uniform flow conditions), in ft/ft;

It is noted that should the computed Z, become negative, the general scour is assumed
to be zero.

5.1.14 Anti-Dune Trough Depth

Anti-dunes are estimated if flows in the channel are either transitional (i.e., between
subcritical and supercritical) or supercritical. Simons, Li and Associates (1982)
developed the relationship between the anti-dune scour depth and the average channel
velocity, V. This relationship is expressed as:

Z. =0.0137V> (5.5)

A restriction that was provided on the equation is that the anti-dune through depth can
never exceed one-half the flow depth. If the estimated Z, is greater than one-half the
flow depth, Z, is taken as equal to one-half the flow depth.

5.1.1.5 Low-Flow Incisement

Simons, Li & Associates (1989) indicated that when the ratio of the flow width to the
flow depth of a channel is greater than 1.15 times the average velocity of flow for the
100-year discharge, a low-flow incisement must be included in all scour calculations.
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If low-flow incisement is predicted to be present in the channel, the following
‘ considerations can be used to estimate the value of Zj;:

For regional watercourses, Z;; = 2.0 ft (minimum)

For small watercourses, Z;; = 1.0 ft (minimum)

5.1.1.6 Bend Scour Analysis

Bend scour occurs along the outside of bends. Zeller (1983) has developed an
equation that predicts the bend scour in sand-bed channels based on the assumption of
the maintenance of constant stream power within the channel bend. This is expressed
as:

0.2
.2,
. sin”(—
_ 0.06857,, V1 ) oy .
bs — 04 003 : : (5.6)
Y,’S, cos(a)

Where: Z,s = Bend scour component of total scour depth, in ft;
Vm = Average velocity of flow immediately upstream of bend, in ft;
‘ Ymax = Maximum depth of flow immediately upstream of bend, in ft;
Yn = Hydraulic depth of flow immediately upstream of bend, in ft;

Se = Energy slope immediately upstream of bend (or bed slope for
uniform-flow conditions), in ft per ft; and,
o = Angle formed by the projection of the channel centerline from the

point of curvature to a point which meets a line tangent to the outer
bank of the channel, in degrees.

Mathematically, for simple circular curves, it can be shown that,

”?c - n ‘foi(";) : 5.7)
sin” ( /2)
Where: r. = Radius of curvature along centerline of channel, in ft; and,

T = Channel top width, in ft.

5.1.1.7 Safety Factor

Simons, Li & Associates (1994) recommends the use of safety factors in the
. evaluation of total scour in the channel. Twenty to thirty percent factor of safety is
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5.1.2

51.3

normally added to the estimated sum of all scour components to account for non-

uniformity of hydraulic and sediment data in the channel.
Equilibrium (or Stable) Slope Analysis

A stable unlined channel constitutes a bed slope that is in equilibrium. This means
that the inflowing sediment load and the sediment load exiting from the channel are
equal making a zero net bed change in the channel. Evaluation of the equilibrium
slope in the channel is made by employing four methods, namely:

a. Schoklitsch method

b. Meyer-Peter, Muller method
c. Shields diagram

d. Lane’s tractive force method

The relations associated with the above methods are described and defined in the
Technical Guideline for Bureau of Reclamation (Pemberton and Lara, 1984). The
average of the results provided by the four methods is used as the equilibrium slope
of the channel.

Bed Armoring Analysis

When the channel bed downstream from a dam contains more that 10 percent coarse
material that cannot be transported under dominant flow conditions, armoring will
develop in time. The formation of any armoring layer at the maximum depth of
degradation will depend on such factors as reservoir operations, the amount of
armoring material available in the scour depth zone below steambed, and the distance

to which this material extends downstream.

There are several ways to compute the size of bed material required for armoring and
each method is regarded as check on the others. Each method computes a different
armoring size and some judgement may be required in selecting the lower size
limitation of non-transportable material. The Bureau of Reclamation (Pemberton and

Lara, 1984) recommends the following methods to determine armoring size:

a. Meyer-Peter, Muller (bedload transport equation)

b. Competent bottom velocity
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5.14

c. Lane’s tractive force theory
d. Shields diagram
e. Yang incipient motion

The relations associated with the above methods are described and defined in the
Technical Guideline of Bureau of Reclamation (Pemberton and Lara, 1984). The
average of the results provided by the four methods is used as the bed armoring size
in the channel

Lateral Migration Analysis

ADWR (1996) presented three levels of analysis in the determination of
recommended setback distances for developments in areas adjacent to watercourses.
Level I analysis provides an estimate of safe setback distance based on minimum data
on the channel reach and watershed hydrology. Level II analysis involves a number
of developed approaches that evaluate the stability of the channel banks. Level III
analysis, on the other hand, involves an in depth-evaluation of the potential bank
migration by examining historical data such as aerial photos and topographic maps of
the area and the development of sediment transport model of the river. The flowchart
presented in Figure 5-1 outlines the three-level lateral migration analysis normally

adopted for watercourse studies.

‘L/a;,:g
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FIGURE 5-1

‘ Erosion Setback Flow Chart

cimN\phxserv06\wrproj\28900058\mnr-technical data notebook-june 00-final\chapter 5.doc 5-10




For the current project, only Levels I and II analyses will be performed. The relations

recommended for these analyses are presented below:
514.1 Level I Analysis

For drainage areas of less than 30 square miles, the recommended setback distances

for Level I can be estimated from the following relations:
For straight channel reaches or reaches with minor curvature:
D, = 1-O(Q100 )045 (5.8)

For channels with obvious curvature or channel bend:

D, =250,,)" (5.9)

Where: D,, = Erosion setback distance, in ft;
Qi00 = Design discharge, in cfs.
Minimum setback distances are 20 feet for straight channel reaches, and 50 feet for

channels with obvious curvatures. ADWR (1996) defined obvious curvature as one

when the channel has a radius of curvature less than 5 times the channel top width
(i.e., 1o <5T).

5.14.2 Level I Analysis

This approach is employed when a lesser setback requirement is being considered
than the ones provided by Level I. The analyses that are involved in the procedure
check the stability of the channel bank materials. The four approaches considered
under Level II analysis are:

a. Allowable velocity analysis

b. Tractive stress analysis

¢. Tractive power analysis

d. Bank lining adequacy analysis

The allowable velocity method compares the channel velocity within the watercourse

adjacent to the site with the computed allowable velocity. This comparison

cjimN\phxserv06\wrproj\28900058\mnr-technical data notebook-june 00-final\chapter 5.doc 5-11




determines if the channel is erodible or not. For the tractive stress method, the tractive
stress in the channel is compared with the computed allowable tractive stress.
‘ Similarly, this comparison determines if the channel is erodible or not. For the
tractive power method, a plot involving unconfined compressive strength and tractive
power is used. The channel is classified whether it is erosive (i.e., if data points are
above the curve) or non-erosive (i.e., if data points are below the curve). For the bank
lining adeqﬁacy analysis, existing bank protection measures are evaluated to assess

their adequacy against potential lateral bank migration.

The channel classifications evaluated from at least two methods shall be used as a

| basis whether the erosion setback determined by Level I analysis could be reduced or
not. The detailed procedures for the Level II analysis are provided in the State
Standard Attachment No. SSA 5-96 (ADWR, 1996).

5.1.4.3 Level III Analysis

This level of analysis requires modeling of the hydraulic and sediment transport
characteristics of the watercourse for the purpose of simulating the sedimentation and
erosion processes in the area of concern. Any movable boundary river model such as
HEC-6 (U.S. Army Corps of Engineers, 1993), or FLUVIAL 12 (Chang, 1988) can
‘ be used to establish the setback with consideration of other supplementary data such
as: historical data that provide information on the historical trend; field evaluation
and site investigation that provide qualitative information; and, quantitative analysis

with application of geomorphic principles.

Level I and Level II of the lateral migration analysis are used for the Middle New
River Master Plan Study.

5.2 PARAMETER ESTIMATION

There are a number of parameters under this section that are critical to the project as
they impact the overall cost and provide important construction requirements for

channel stability, public safety, and good drainage design. These parameters are:

a. Toe-down requirement for channel structures such as bankline and grade control

structures

b. Channel resistance which is equivalent to the roughness coefficient or Manning’s n

‘ c. Stable or equilibrium slope
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5.2.1

5.2.2

523

d. Potential armor size

e. Erosion setback
Toe-Down Depths

The depths of toe-down for the bankline and grade control structures are based on the
bed degradation analysis presented in Section 5.1.

This parameter defines how deep the bank protection structures and grade control
structures are extended and buried underneath the ground surface to make sure these
structures would remain and stay in-place after the passage of the design flood.
Estimation of toe-down depths for various structures along the river helps provide
essential data for project cost evaluation.

Channel Resistance

A range of channel resistance in the form of roughness coefficient (Manning’s n)
should be identified to provide a safe operational range for the designed channel.
This parameter defines what type of vegetation is permitted and the extent of channel
obstruction that are allowed to maintain its design performance. The determination of
the safe range of channel resistance should come from hydraulic modeling analysis
that would be performed for the watercourse. Estimation of design value for the
roughness coefficients is determined from optimization analysis. A range of
permissible Manning’s coefficients is defined for the channels, and the optimization
model chooses the design value.

Equilibrium (or Stable) Slope

The identification of the equilibrium slope for any watercourse requires the
understanding of the stream’s geometry, flow hydraulics, and sediment
characteristics. The importance of defining the stable slope for any watercourse is to
assess the long-term bed degradation the stream would adjust until the stable slope is
achieved. It is believed that once the stable slope or quasi-equilibrium slope is
attained, the stream does not change significantly, except in response to the
fluctuation of flood events.
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524 Potential Armor Size

. In order to evaluate the extent of long-term channel adjustments, bed armoring
analysis should be performed side-by-side with equilibrium slope analysis.
Evaluation of the bed armoring size determines whether the ultimate channel grade is
dictated by the equilibrium slope or by bed armoring. The finer the composition of
bed materials in the river, the more possible it is for the river to adjust to its
equilibrium slope. On the other hand, the coarser the composition of the bed
materials in the stream, the more likely that the river grade would be dictated by the
armoring processes limiting the degradation only to the armoring depth. For the
Middle New River, the extent of long-term degradation will be examined by
employing both analyses.

5.2.5 Erosion Setback

Evaluation of setback distances for developments in areas adjacent to watercourses is
for safety considerations of the community. Since watercourses constantly adjust
vertically and laterally in response to the fluctuation of flood events in the river,
erosion setback provides that corridor along the river that must not be touched by any
developments. This is the natural buffer zone separating the river and the developed

‘ areas. Erosion setback can be estimated using one of the three analyses outlined in
Section 5.1.3.

5.3 GEOTECHNICAL DATA AND ANALYSIS

There are six (6) sources of sediment data for the sediment transport analysis of the
Middle New River project. They are listed as follows:

a. ATL (1988)

b. WPA (1994)

c. HDR (1995)

d. CVL (1998)

e. Stantec (1998)

f. RAM (1999)
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The locations of sediment samples from these six sources are shown in Figures 5-2A,
‘ 5-2B and 5-2C. The sediment data collected from various locations in the river are

briefly described in the following sections.
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ATL (1988) Sediment Data

The sediment data collected by ATL in 1988 were from six boring sites for the Bell
Road Bridge project at the New River by Burgess & Niple, Inc. (1988) (see Appendix
C, ATL Sediment Data). Only four boring samples - all located in the river channel -
were provided to determine the representative size gradation of the riverbed. These

four boring samples are listed and described as follows:

Sample Depth Range Location
ID (ft)

No. 3 10.0 -14.0 Main Channel

No. 4 0.0-5.0 Main Channel

No. 4 5.0-10.0 Main Channel

No. 5 25.0-30.0 Main Channel

As shown in Appendix C (ATL Sediment Data), the data from the sieve analysis of
the four samples were further analyzed and plotted. This set of sediment samples by
ATL (1988) supplements other sediment data that have been collected for Reach No.
1 (i.e., the reach from Skunk Creek to Beardsley Road) of the Middle New River.

WPA (1994) Sediment Data

The sediment data collected by Wood, Patel & Associates (WPA) in 1994 were from
twelve test pits that were made above Skunk Creek (see Appendix C, WPA Sediment
Data). These samples were part of the subsurface investigation for the flood control
improvements of the New River from Grand Avenue to Greenway Road. Of these 12
samples, only nine samples were used — five samples (Samples Nos. 37, 40, 43, 45,
and 48) to determine the representative size gradation for the right bank, and four
samples (Samples Nos. 38, 41, 44, and 46) for the river channel. The twelve sediment
samples collected by WPA (1994) are listed and described as follows:

Sample Depth Range Location
ID (ft)

No. 37 1.5-4.0 Right Bank
No. 38 1.0-5.0 Main Channel
No. 40 2.0-4.5 Right Bank
No. 41 0.0-3.0 Main Channel
No. 43 0.0-5.0 Right Bank
No. 44 0.0-5.0 Main Channel
No. 45 1.5-5.0 Right Bank
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5.3.4

Sample Depth Range Location

ID (ft)
No. 46 0.0-3.0 Main Channel
No. 48 3.5-5.0 Right Bank

As shown in Appendix C (WPA Sediment Data), the data from the sieve analysis of
the nine samples were further analyzed and plotted. This set of sediment samples by
WPA (1994) supplements other sediment data that have been collected for Reach No.
1 (i.e., the reach from Skunk Creek to Beardsley Road) of the Middle New River.

HDR (1995) Sediment Data

The sediment data collected by HDR in 1995 were from nine boring sites near Union
Hills Drive for the bridge project in the New River (see Appendix C, HDR Sediment
Data). Of the 9 samples, only 7 samples are used to evaluate the representative size
gradations for the main river channel, the left and right banks. The nine sediment
samples collected by HDR (1995) are listed and described as follows:

Sample Depth Range Location
ID (ft)

No. 1 45.0-50.0 Left Bank
No. 2 0.0-10.0 Main Channel
No. 3 0.0-10.0 Main Channel
No. 4 10.0-20.0 Right Bank
No. 5 0.0-5.0 Right Bank
No. 6 0.0-5.0 Right Bank
No. 7 0.0-5.0 Left Bank

As shown in Appendix C (WPA Sediment Data), the data from the sieve analysis of
the seven samples were further analyzed and plotted. This set of sediment samples by
HDR (1995) supplements other sediment data that have been collected for Reach No.
1 (i.e., the reach from Skunk Creek to Beardsley Road) of the Middle New River.

Foree & Vann (1995) Sediment Data

The sediment data collected by Foree & Vann in 1995 (CVL, 1998) were from two
test pits (Test Pits Nos. 1 and 2) made at the New River crossing Happy Valley Road.
Soil samples were taken at 3.0-foot increments for both test pits up to a maximum
depth of 12.0 ft. Only the sample data from Test Pit No. 2 (TP#2), however, were

used to determine the representative size gradation for the river channel at Happy
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Valley Road crossing. The eight sediment samples from two test pits collected by
Foree and Vann, Inc. (CVL, 1998) are listed and described as follows:

Sample Depth Range Location
ID (ft)
TP#1, No. 1 0.0-3.0 Main Channel
TP#1, No. 2 3.0-6.0 Main Channel
TP#1, No. 3 6.0-9.0 Main Channel
TP#1, No. 4 9.0-12.0 Main Channel
TP#2, No. 1 0.0-3.0 Main Channel
TP#2, No. 2 3.0-6.0 Main Channel
TP#2, No. 3 6.0-9.0 Main Channel
TP#2, No. 4 9.0-12.0 Main Channel

As shown in Appendix C (Foree & Vann Sediment Data), the data from the sieve
analysis of the four samples from Test Pit No.2 (TP#2) were further analyzed and
plotted. This set of sediment samples by Foree & Vann (CVL, 1998) supplements
other sediment data that have been collected for Reach No. 3 (i.e., the reach from
Pinnacle Peak Road to New River Dam) of the Middle New River.

Stantec (1998) Sediment Data

To supplement the existing sediment data collected by ATL (1988), Wood, Patel &
Associates (1994), HDR (1995), and Foree & Vann (CVL, 1998) for the Middle New
River, Stantec collected 24 more sediment data in September 1998. The new set of
sediment samples comprises of 9 left bank samples, 9 main channel samples, and 6
right bank samples. These samples were collected from various depths that range
from 8-inch or 0.67 feet (surface samples) to about 10.0-feet deep (see Appendix C,
Stantec Sediment Data). Five of the surface samples were taken from the river
thalweg where bed materials are relatively larger than those located somewhere else.
The grid sampling technique (Pemberton and Lara, 1994) was used to collect riverbed
samples at these five locations. The size gradations of these samples (Nos. 1C, 3C,
5C, 6C, and 7C) were evaluated from counting the materials that are within the grid
enclosure. Conversion of rock counts from these samples was made to corresponding
sieve analysis by weight. The other 19 samples — too refined to be evaluated by the
count method - were sent to Laboratory Consultants, Ltd. in Phoenix, for size

gradation evaluation and analysis.

In summary, the 24 sediment samples collected by Stantec Consulting, Inc. are listed

and described as follows:

7
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Sample
ID

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

As shown in Appendix C (Stantec Sediment Data), the size gradation of the 24

samples were further analyzed. This bulk of sediment samples would supplement the

1L
1c
IR
3L
3C
3R
4L
4Cl1
4C2
4R
5L
5C
5R
6L
6C
6R
7L
7C
7R
8L
8C
9L1
912
9C

Depth Range
(f)
0.0-3.0
0.0-0.67
0.0-3.0
0.0-2.5
0.0-0.67
0.0-3.0
0.0-1.0
8.0-10.0
0.0-3.0
0.0-2.0
0.0-1.0
0.0-0.67
0.0-4.0
0.0-5.0
0.0-0.67
0.0-2.5
0.0-2.0
0.0 -0.67
0.0-1.0
00-1.5
0.0-3.0
0.0-4.0
0.0-4.0
0.0-1.0

Location

Left Bank
Main Channel
Right Bank
Left Bank
Main Channel
Right Bank
Left Bank
Main Channel
Main Channel
Right Bank
Left Bank
Main Channel
Right Bank
Left Bank
Main Channel
Right Bank
Left Bank
Main Channel
Right Bank
Left Bank
Main Channel
Left Bank
Left Bank
Main Channel

other sediment data that have been collected earlier by other agencies.

RAM (1999) Sediment Data

Further supplementing the exiting sediment data for the Middle New River collected
from 1988 to 1998, RAM Associates, Inc. was requested to perform field exploration
and laboratory testing of additional sediment data. The services requested involve
excavating 3 test pits to depths of 10 to 14.0 feet. Representative samples of minus 3-
inch material were obtained at five-foot intervals from each tests pit and the

percentage of plus 3-inch material estimated and shown on the test pit logs. These

estimates are based on visual observation.
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The seven (7) sediment samples collected are listed as follows:

Sample Depth Range Location
ID (ft)
Pit #1, No. 1 0.0-5.0 Main Channel
Pit #1, No. 2 5.0-10.0 Main Channel
Pit #1, No. 3 1.0-14.0 Main Channel
Pit #2, No. 1 0.0-5.0 Main Channel
Pit #2, No. 2 5.0-10.0 Main Channel
Pit #3, No. 1 0.0-5.0 Main Channel
Pit #3, No. 2 5.0-10.0 Main Channel

As shown in Appendix C (RAM Sediment Data), the size gradation of the seven
samples were further analyzed. These additional data would supplement the existing
sediment data in the Middle New River, particularly for Reaches 1 and 2.

Summary of Sediment Data

From the crop of sediment data collected for the Middle New River Watercourse
Master Plan study, representative sediment characteristics are required for the erosion
and sediment transport analysis. For the lateral migration analysis, representative
bank data for each reach are needed. For conservative evaluation of the erosion
setback, the following data are recommended, which are entirely taken from the field

samples collected by Stantec Consulting Inc., in September 1998.

Sample Location Reach No.
ID
No. 3L Left Bank Reach No. 3
No. 3R Right Bank Reach No. 3
No. 4R Right Bank Reach No. 2
No. 5L Left Bank Reach No. 2
No. 7R Right Bank Reach No. 1
No. 8L Left Bank Reach No. 1

For each reach, the erosion setback analysis was based on the finer data between the

left and right sediment bank materials.

Similarly, the equilibrium slope analysis, bed armoring, and bed degradation (or total
scour) analyses would require some representative channel data for each reach. From

the sediment data available for the project, a list of sediment data is prepared for the

7
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evaluation of the representative data for the main channel (see Appendix C, Sediment
Data Summary). For conservative evaluation of stable slopes, bed armoring sizes, and

scour depths in the channel, the following data are recommended:

Sample Depth Range Reach No.
ID (ft)
Pit#2, No.1 0.0-3.0 Reach No. 3
CI A 0.0-5.0 Reach No. 2
Cl B 5.0-10.0 Reach No. 2
CJ_Average 0.0-10.0 Reach No. 2
4C2 0.0-3.0 Reach No. 2
83A/BR _Average 0.0-14.0 Reach No. 1
BR B 5.0-10.0 Reach No. 1

The equilibrium slope, bed armoring and total scour analyses for the Middle New
River were based on sediment data from the recommended list that would provide

conservative estimates of the parameters.
MODELING CONSIDERATIONS

A number of considerations and assumptions are employed in the sediment transport

modeling and analyses. They are listed as follows:
Geotechnical Data

The following assumptions were considered regarding the use of the geotechnical

data for the erosion and sediment transport analysis:

i Two representative size gradations were used for each reach in the river — one
data for the bank (representing the left overbank and right overbank data), and
one for the main channel. Since the Middle New River is subdivided into three
distinct reaches (i.e., the upper reach, middle reach, and lower reach), six
representative sediment data are used for the erosion and sediment transport

analysis.

2. The lateral migration analysis for determining the erosion-setback along the
river employs the three representative bank data. For conservative analysis of
the natural buffer zone that separates the river and future development areas,
the finer data between the left and right overbank data were used.

gs
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3. The equilibrium slope, bed armoring, and total scour analyses also considered
three representative sediment data in the channel — one data for each reach.
These data are determined from the recommended list presented in Section
5.3.7.

Hydrologic Data

Various assumptions are considered for the hydrologic data used for the erosion and

sediment transport analysis. They are presented as follows:

L

The 10-year discharge was used as the dominant discharge, which is the basis
of both the equilibrium slope, and bed armoring analyses. The dominant
discharge, according to SLA (1994) is the discharge that, if allowed to flow
constantly, would have the same overall channel shaping effect as the natural
fluctuating discharges. The dominant discharge is typically between a 5-year
and 10-year event. The 10-year event is assumed applicable for the Middle
New River study.

The 100-year FEMA discharges are used as the design discharge for the
hydraulic modeling of the existing and improved channels of the Middle New
River. Flow hydraulics associated with the 100-year FEMA discharge
determined from HEC-RAS model are used for the lateral migration and bed

degradation (or total scour) analyses.

Lateral Migration Analysis

Various assumptions are considered for the erosion setback analysis. They are

presented as follows:

1.

The 100-year FEMA discharges (FEMA, 1995), and not those evaluated by
U.S. Army Corps of Engineers (COE, 1983), are used in the Level I analysis

to define the erosion setback from the riverbank.

Also the drainage areas used in Level I analysis were those determined from

FEMA studies, and not the areas estimated by the U.S. Corps of Engineers.

For the allowable velocity approach in Level II analysis, sediment laden flows
are considered for the Middle New River. This flow condition is typical for

rivers in Arizona. For the case of the Middle New River where majority of
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5.4.5

the upstream flows are the releases from the New River Dam, clear waters are
expected from the dam. Assumptions of a sediment laden flow condition in
the Middle New River is logically possible although the upstream dam
expects to collect the incoming sediment load during flood events. A number
of field investigation conducted during data collection indicates that both the
left and right overbanks are rich sources of very fine sediments that could be

easily caught by side flows and directed to the main channel.

The water temperature used in tractive stress approach of the Level II analysis
is 68°F. This is the water temperature at normal condition for rivers in
Arizona. The water temperature defines useful water properties such as

kinematic viscosity and water density.

For the tractive power approach in Level II analysis, the unconfined
compressive strength (UCS) of the soils is assumed to be zero because the

sediment materials are generally non-cohesive and non-colloidal.

Equilibrium Slope Analysis

A number of assumptions were used in the determination of equilibrium slopes. They

are presented as follows:

L.

The 10-year discharge is used, as the dominant discharge required for
equilibrium slope analysis. This is the discharge that, if allowed to flow
constantly, would have the same overall channel shaping effect as the natural

fluctuating discharges.

The four equations presented by Pemberton and Lara (1984) are all used to

evaluate the average equilibrium slopes in the New River.

Fixed grade points are located in the channel for bed degradation analyses.
Equilibrium slope analysis involves the identification of a reach that is subject
to vertical adjustments (Pemberton and Lara, 1984). Ideally, these reaches are

defined by fixed structures in the channel such as grade control and drops.

Bed Armoring Analysis

The assumptions that were considered for the bed armoring analysis of the Middle

New River are as follows:
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The dominant discharge is used to determine the flow hydraulics that is

employed by the methodology.

The five equation presented by Pemberton and Lara (1984) as listed in Section
5.1.3 were all used to evaluate the average armor sizes in the Middle New
River.

Bed Degradation or Total Scour Analysis

Various assumptions are considered in the evaluation of the total bed scour in the

channel. These are:

W

Two-foot deep of low-flow incisement is assumed along the thalweg of the
river channel. Because of the small drainage size involved (i.e., approx. 27.0
sq. miles), the Middle New River is considered a small regional watercourse

that a 2.0-ft deep of low flow incisement is considered.

Anti-dune trough depths are only evaluated for transitional and supercritical
flows (SLA, 1989) where Froude numbers are equal to 0.86 or more. Some
locations are identified in the existing river condition where anti-dune trough
may possibly occur. For the five alternatives, each channel is designed with
subcritical flow condition in mind so that anti-dune trough depths are not
accounted. With the consideration of grade control structures in the channel
to decrease existing bed slopes, flow conditions go critical at crest locations

identified in the model as cross-section 100.

Long-term degradation is evaluated from the estimated equilibrium slope of
the channel. The worse scenario for the long-term scour is the consideration
of the entire channel length between grade control structures as the reach that

is subject to vertical adjustments.

The local scours evaluated are made for natural channels, bankline structures,
and grade control structures. These considerations involved the use of Type
A/B equations for natural channels and bankline structures and Type D

equations for grade control structures.

Scours around bend in the channel were not evaluated because the are already
integrated into the local scour analysis. The USBR Technical Guideline
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(Pemberton and Lara, 1984) employs Z factors as multiplying factors that
depend on the type or classification of bends or curvatures in the channel.

6. Thirty percent (30%) factor of safety is added to the sum of all scour
components to account for the non-uniformity in flow hydraulic condition in
the channel as well as the non-uniformity of the streambed material

characteristics.

CALIBRATION

Model calibration is designed to verify that the model developed simulates and
mimics real and actual physical conditions. For example, bed degradation in the
channel could be simulated through sediment transport modeling but accuracy of
model results could only be achieved by calibrating the model to behave exactly as its
physical counterpart. No model calibration was performed under this section since no
sediment transport modeling using HEC-6 or similar models was made for the Middle

New River.

EXISTING CONDITION RESULTS

The existing condition of the Middle New River is used to evaluate prevailing
hydraulic and sediment transport conditions. The results of both the hydraulic
modeling and sediment transport analysis conducted for the Middle New River are to
be compared with the results of future developed conditions. Existing conditions may
exhibit inadequate channel capacity and show excessive flow hydraulic and sediment
transport conditions that may not be the ideal situations desired. Various design
alternatives are considered to improve both the existing hydraulic and sediment

transport conditions in the river.
General

Results of the sediment transport analysis performed on the existing river condition
include the erosion setback corridor along the river evaluated from lateral migration
analysis, the extent of bed degradation from scour analysis, the stable slope of the
river channel from equilibrium slope analysis, and the minimum bed material size
that comprises the armored layer from armoring analysis. Although the analyses
performed were made by cross-section stations, results are presented by reach since

the data used are representative of each reach.
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Erosion Setback

Table 5-1 lists the results of the Level I analysis on the entire Middle New River.
Existing 100-year discharges and contributing drainage areas from FEMA FIS
(FEMA, 1995) were used in the analysis with channel curvatures evaluated from
1998 topographic map developed by Aerial Mapping Inc.. Erosion setback limits are
depicted on plates ES1 through ES6. In summary, the ranges of setback for the three

reaches are provided as follows:

Reach 1 (Skunk Creek to Beardsley Rd.) —100 ftto 110 ft
Reach 2 (Beardsley Rd. to Pinnacle Peak Rd.) — 80 ft to 100 ft
Reach 3 (Pinnacle Peak Rd. to New River Dam) — 50 ft to 160 ft.

Further in Table 5-2, an attempt to verify and refine the results of Level I analysis is
made using two methods that include the allowable velocity approach and the tractive
power approach (ADWR, 1996). Representative cross-sections for each reach were
used for the Level II analysis involving the two methods. Sixteen cross-section
stations were used for Reach 1 (out of 51 cross-section stations), 15 cross-section
stations for Reach 2 (out of 24 cross-section stations), and 13 cross-section stations
for Reach 3 (out of 32 cross-section stations). The flow hydraulic parameters and the
geometric data used in Level II analysis were taken from the HEC-RAS model of the
existing river condition. Each of the evaluations made for each cross-section in Table
5-2 reflects whether or not the river channel is erodible. For the allowable velocity
approach, Reaches 1 and 3 are entirely erodible, as the computed channel velocities in

column (5) are greater than the maximum allowable velocities in column (20).
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TABLE 5-1

Level 1 Lateral Migration Analysis for Existing River Condition

Existing FEMA
100-Year Contributing Computed Erosion
Location STATION Discharge Drainage Area A Channel Curvature ® Setback
(River Miles) (cfs) (sq.miles) (Straight or Obvious Bend) (feet)
(1) (2) (3) (4) (5) (6)
New River Dam ) 2350
15.966 2350 Bend 50.0
15.533 4200 1.95 Obvious Bend 160.0
14.945 4200 Bend 60.0
Pinnacle Peak Rd 14.197 6100 4.51 Straight 80.0
14.013 6100 Straight 80.0
Deer Valley Rd 13.161 9800 6.9 Straight 100.0
13.076 9800 Straight 100.0
12.313 9800 <10.3> Straight 100.0
Beardsley Rd 12.034 10350 13.77 Straight 100.0
11.188 10350 Straight 100.0
Union Hills 10.996 10900 14.31 Straight 100.0
10.271 10900 Straight 100.0
Bell Rd 9.960 11450 16.3 Straight 110.0
9.492 11450 Straight 110.0
8.807 12000 Straight 110.0
Skunk Creek 8.655 12000 27.0 <20.7> Straight 110.0
NOTES:

(A) Drainage areas are taken from ACDC ADMS (FCDMC,199?); drainage areas in brackets (e.g., <20.7> ) are from the
study by Corps of Engineers (COE, 197?)..

(B) Determination of channel curvatures was based on the existing topographic map of the project area. Obvious curvature
is used when the channel has a radius of curvature (rc) less than 5 times the channel top width (i.e., rc < 5T).

(C) Reach 1 is from Skunk Creek to Beardsley Rd., Reach 2 is from Beardsley Rd. to Pinnacle Peak Rd., and Reach 3 is from
Pinnacle Peak Rd. to the New River Dam.




TABLE 5-2
Level 2 Lateral Migration Analysis for Existing River Condition

Unconfined Allowable Velocity Approach Tractive Power Approach
Radius Bank Compressive Correction Factor Maximum | Erosion Computed | Allowable Tractive
Item | Reach Station | Discharge | Channel Flow Channel E.G. Reach Channel Channel of Slope Strength Grain Size V2 Velocity | Possible? | Computed TsdTs Tractive Tractive Power
No. No. No. Velocity Depth Manning's Slope Length | Top Width Slope Curvature (HOR:VER) (ucs)’' Dys (ft/s) G.° Gyt G’ (ft/s) (yes or no) r/b Force Force Approach
_ (cfs) (fs) (ft) (fuft) (ft) (ft) (fUft) (ft) (fuft) (psf) (ft) _
) (2) 3) 4) (5 (6) ) 8) [€)] (10) (11) (12) (13) (14) (15) (16) (7) (18) (19) (20) (21) (22) (23) (24)
1 3 16.608 2350 4.86 4.39 0.038 0.00489 500.7 201.7 0.00373 27515 3.4 100 0.00115 2.00 1.00 0.84 1.09 1.83 yes 136.40 1.00 0.36 0.03 erodible
2 3 16.504 2350 4.34 4.40 0.038 0.00306 481.4 235.3 0.00501 27515 19.5 100 0.00115 2.00 1.00 0.84 1.09 1.83 yes 116.92 1.00 0.13 0.03 erodible
3 3 16.411 2350 6.17 4.39 0.038 0.00664 481.8 179.2 0.00376 27515 4.6 100 0.00115 2.00 1.00 0.84 1.09 1.83 .yes 153.53 1.00 0.10 0.03 erodible
4 3 16.348 2350 4.33 4.10 0.038 0.00357 497.9 382.9 0.00478 27515 28.1 100 0.00115 2.00 1.00 0.84 1.07 1.81 yes 71.87 1.00 0.18 0.03 erodible
5 3 16.066 2350 4.11 4.18 0.038 0.00539 584.2 438.0 0.00442 27515 11.0 100 0.00115 2.00 1.00 0.84 1.08 1.81 yes 62.82 1.00 0.08 0.03 erodible
6 3 15.966 2350 3.43 5.11 0.038 0.00197 430.0 562.0 0.00800 27515 13.3 100 0.00115 2.00 1.00 0.84 1.12 1.88 yes 48.96 1.00 0.02 0.03 non-erodible
7 3 15.885 4200 6.74 6.34 0.038 0.00661 509.4 276.9 0.00628 27515 16.5 100 0.00115 2.00 1.00 0.84 1.16 1.96 yes 99.38 1.00 0.38 0.03 erodible
8 3 15.792 4200 6.73 6.56 0.038 0.00539 472.7 295.3 0.00104 27515 10.0 100 0.00115 2.00 1.00 0.84 1.17 1.97 yes 93.18 1.00 0.27 0.03 erodible
9 3 14.850 6100 5.55 4.85 0.038 0.00587 536.7 557.2 0.00613 27515 15.4 100 0.00115 2.00 1.00 0.84 1.11 1.87 yes 49.38 1.00 0.15 0.03 erodible
10 3 14.752 6100 4.14 5.71 0.038 0.00251 547.5 758.1 0.00342 27515 15.5 100 0.00115 2.00 1.00 0.84 1.14 1.92 yes 36.30 1.00 0.09 0.03 erodible
11 3 14.653 6100 6.93 4.89 0.038 0.00865 536.6 740.0 0.00527 27515 28.6 100 0.00115 2.00 1.00 0.84 1.11 1.87 yes 37.18 1.00 0.14 0.03 erodible
12 3 14.599 6100 4.77 4.73 0.038 0.00465 542.2 549.2 0.00537 27515 1.6 100 0.00115 2.00 1.00 0.56 1.10 1.23 yes 50.10 1.00 0.13 0.03 erodible
13 3 14.495 6100 6.07 5.36 0.038 0.00448 561.7 1022.7 0.00531 27515 15.6 100 0.00115 2.00 1.00 0.84 1.13 1.90 yes 26.90 1.00 0.08 0.03 erodible
14 2 13.619 7900 3.57 5.28 0.035 0.00107 505.6 534.6 0.00310 27515 14.0 100 0.03905 5.50 1.00 0.84 1.13 5.21 no 51.47 1.00 4.06 0.03 erodible
15 2 13.524 7900 6.30 5.52 0.035 0.00322 522.6 294 4 0.00855 27515 59 100 0.03905 5.50 1.00 0.84 1.14 5.25 yes 93.46 1.00 0.11 0.03 erodible
16 2 13.420 7900 7.83 7.67 0.035 0.00437 514.1 2147 0.00142 27515 7.2 100 0.03905 5.50 1.00 0.84 1.20 5.54 yes 128.17 1.00 0.32 0.03 erodible
17 2 13.325 7900 7.80 6.00 0.035 0.00501 571.0 2406 0.00317 27515 54 100 0.03905 5.50 1.00 0.84 1.15 5.33 yes 114.36 1.00 0.54 0.03 erodible
18 2 13.227 7900 6.77 5.59 0.035 0.00354 315.3 264.3 0.00000 27515 8.4 100 0.03905 5.50 1.00 0.84 1.14 5.26 yes 104.10 1.00 0.12 0.03 erodible
19 2 13.185 7900 6.57 4.28 0.035 0.00520 33.6 382.5 0.00715 27515 27.8 100 0.03905 5.50 1.00 0.84 1.08 5.01 yes 71.94 1.00 1.30 0.03 erodible
20 2 13.151 7900 3.33 9.13 0.035 0.00056 393.1 390.9 -0.00043 27515 10.1 100 0.03905 5.50 1.00 0.84 1.23 5.69 no 70.40 1.00 0.84 0.03 erodible
21 2 13.076 7900 2.80 8.82 0.035 0.00033 454.2 403.9 0.00000 27515 4.9 100 0.03905 5.50 1.00 0.84 1.22 5.66 no 68.13 1.00 0.85 0.03 erodible
22 2 12.991 9800 2.78 8.68 0.035 0.00031 527.0 514.9 -0.00025 27515 35 100 0.03905 5.50 1.00 0.84 1.22 5.64 no 53.44 1.00 2.36 0.03 erodible
23 2 12.896 9800 3.84 8.18 0.035 0.00084 508.2 569.8 0.00447 27515 6.4 100 0.03905 5.50 1.00 0.84 1.21 5.59 no 48.29 1.00 0.09 0.03 erodible
24 2 12.801 9800 4.05 9.83 0.035 0.00165 524.6 666.3 0.00025 27515 9.6 100 0.03905 5.50 1.00 0.84 1.24 5.74 no 41.29 1.00 0.05 0.03 erodible
25 2 12.701 9800 6.57 8.33 0.035 0.00325 505.6 429.8 0.00237 27515 26.8 100 0.03905 5.50 1.00 0.84 1.21 5.61 yes 64.01 1.00 0.05 0.03 erodible
26 2 12.606 9800 7.83 7.16 0.035 0.00559 582.3 479.9 0.00704 27515 334 100 0.03905 5.50 1.00 0.84 1.19 5.48 yes 57.34 1.00 0.15 0.03 erodible
27 2 12.511 9800 7.57 8.80 0.035 0.00336 467.6 458.1 0.00064 27515 13.1 100 0.03905 5.50 1.00 0.84 1.22 5.65 yes 60.07 1.00 0.18 0.03 erodible
28 2 12.420 9800 10.86 5.70 0.035 0.00848 578.1 276.4 0.00697 27515 19.7 100 0.03905 5.50 1.00 0.84 1.14 5.28 yes 99.54 1.00 0.65 0.03 erodible
29 1 11.949 10350 6.52 5.46 0.035 0.00323 452.3 576.9 0.00736 27515 12.5 100 0.00184 2.20 1.00 0.84 1.13 2.10 yes 47.69 1.00 0.18 0.03 erodible
30 1 11.864 10350 9.62 5.87 0.035 0.00705 615.3 535.5 0.00577 27515 10.9 100 0.00184 2.20 1.00 0.84 1.15 2.12 yes 51.38 1.00 0.62 0.03 erodible
31 1 11.759 10350 7.67 6.41 0.035 0.00455 501.2 502.4 0.00642 27515 2.0 100 0.00184 2.20 1.00 0.76 1.17 1.95 yes 54.77 1.00 0.57 0.03 erodible
32 1 11.664 10350 9.98 6.06 0.035 0.00776 513.8 345.6 0.00093 27515 22.2 100 0.00184 2.20 1.00 0.84 1.16 2.13 yes 79.62 1.00 0.59 0.03 erodible
33 1 11.566 10350 4.37 5.93 0.035 0.00131 468.9 493.6 0.00749 34770 7.1 100 0.00184 2.20 1.00 0.84 1.156 213 yes 70.44 1.00 0.08 0.03 erodible
34 1 10.917 10900 6.40 6.78 0.035 0.00292 292.2 364.6 0.00445 34770 17.2 100 0.00184 2.20 1.00 0.84 1.18 217 yes 95.36 1.00 0.25 0.03 erodible
35 1 10.862 10900 8.71 6.41 0.035 0.00474 313.2 2411 0.00425 34770 3.4 100 0.00184 2.20 1.00 0.84 1.17 2.15 yes 144.21 1.00 0.59 0.03 erodible
36 1 10.803 10900 7.72 6.38 0.035 0.00509 567.3 533.2 0.00818 34770 19.7 100 0.00184 2.20 1.00 0.84 1.16 2.15 yes 65.21 1.00 0.41 0.03 erodible
37 1 10.699 10900 9.29 7.18 0.035 0.00706 462.2 276.4 0.00149 34770 13.9 100 0.00184 2.20 1.00 0.84 1.19 2.19 yes 125.79 1.00 0.79 0.03 erodible
38 1 10.612 10900 6.30 6.61 0.035 0.00241 504.9 326.2 0.00265 34770 27 100 0.00184 2.20 1.00 0.83 1.17 2.15 yes 106.60 1.00 0.23 0.03 erodible
39 1 10.517 10900 8.54 5.52 0.035 0.00660 519.3 528.1 0.00545 34770 29 100 0.00184 2.20 1.00 0.73 1.14 1.83 yes 65.84 1.00 0.15 0.03 erodible
40 1 9.692 11450 5.55 7.65 0.035 0.00174 565.2 369.6 0.00265 34770 2.1 100 0.00184 2.20 1.00 0.84 1.20 2.21 yes 94.08 1.00 0.97 0.03 erodible
41 1 9.592 11450 9.72 6.08 0.035 0.01043 606.9 349.0 0.00280 34770 28 100 0.00184 2.20 1.00 0.84 1.16 2.14 yes 99.63 1.00 0.21 0.03 erodible
42 1 9.492 11450 5.96 5.36 0.035 0.00305 463.5 472.6 0.00563 34770 5.2 100 0.00184 2.20 1.00 0.84 1.13 2.09 yes 73.58 1.00 0.08 0.03 erodible
43 1 9.367 12000 4.54 7.33 0.035 0.00113 489.7 464.9 0.00608 34770 8.9 100 0.00184 2.20 1.00 0.84 1.19 2.20 yes 74.80 1.00 0.13 0.03 erodible
44 1 9.318 12000 5.31 9.58 0.035 0.00133 155.6 353.8 0.00289 34770 5.0 100 0.00184 2.20 1.00 0.84 1.24 2.29 yes 98.29 1.00 0.13 0.03 erodible
NOTES:

(1) The unconfined compressive strength (UCS) in column (14) was assumed to be at most 100 psf for the sediment materials because the materials are predominately non-cohesive.
(2) The values for the basic allowable velocity, V,, in column (16) were taken from Figure 1 of the Arizona Department of Water Resources Manual (ADWR, 1996) using the sediment laden curve.

(3) The values of correction factor C, for channel alignmentin column (17) were taken from Figure 2 (ADWR, 1996). Since the computed ratio between radius of curvature (r.) and the water surface width is greater than 16, a C, value of 1.0 is used.

(4) The values of correction factor Cy, for bank slope in column (18) were calculated from an equation that represents Figure 3 (ADWR, 1996). If the side slope was greater then 3:1, the extreme value of 0.84 was used.

(5) The values of correction factor C, for depth of flow in column (19) were calculated from two equations that were created to represent Figure 4 (ADWR, 1996). The first equation represents the correction factor for depths less than 9.0 ft, and the second for depths greater than 9.0 ft.

(6) The side slopes were calculated from the HEC-RAS model for the main channel and then averaged to one number from the left and right slope.
(7) The data from columns (4) to (10) were taken from the HEC-RAS model of the river.
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5.6.3

Some segments of Reach 2, however, are non-erodible which explains that the
computed erosion setback in Level I could be possibly reduced. It is necessary,
however, to use the tractive power approach to verify and validate the results of the
allowable velocity approach. From the results of the analysis using the tractive power
approach, it is shown that the river channel banks are generally erodible. This
conclusion is based on the assumed unconfined compressive strength (UCS) of the
bank materials of 100 psf. With the bank materials observed to be predominantly non-
conhesive, the UCS design of 100 psf is very conservative. Overall, the Level II

analysis provided the following results:

Reach 1 (Skunk Creek To Beardsley Rd.) — Erodible Channel
Reach 2 (Beardsley Rd. to Pinnacle Peak Rd.) — Erodible Channel
Reach 3 (Pinnacle Peak Rd. to New River Dam) — Erodible Channel

The two analytical approaches of Level II used to refine the results of the Level I
analysis show that the existing channel bank conditions are generally erodible. This
means that the erosion setbacks computed in Level I analysis are sufficient for the

existing river conditions.
Equilibrium Slopes

In the evaluation of equilibrium slopes for the three reaches, representative cross-
sections for each reach were used as in the lateral migration analysis. All the four
equations presented in Section 5.1.2 above are used in the analysis. The flow
hydraulic data and information required for the equilibrium slope analysis is based on
the dominant discharge. These are evaluated from the HEC-RAS model run of the
existing river model. As shown in Table 5-3, the average equilibrium slopes evaluated

for the three reaches are:

Reach 1 (Skunk Creek to Beardsley Rd.) —0.00105 fvft
Reach 2 (Beardsley Rd. to Pinnacle Peak Rd.) —0.00125 ft/ft
Reach 3 (Pinnacle Peak Rd. to New River Dam) — 0.00129 ft/ft

From the analyses made, it is observed that equilibrium slopes are significantly
impacted by the bed material characteristics in the channel. The relatively flat slopes
for the equilibrium slopes in the Middle New River indicate that the river will
continue to adjust laterally and change vertically until the stable or quasi-equilibrium

slopes are attained.
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TABLE 5-3

Stable Slope Analysis for Existing Condition
Middle New River Watercourse Master Plan

(1) The dominant discharges in column (4) correspond to the 10-year discharges.
(2) The data from columns (5) to (12) were taken from the 10-year HEC-RAS run of the river model.
(3) The average stable slope in column (21) is the average of the four methods.
(4) Column (22) shows the average equilibrium slopes by reach.

Shields | Lane's Tract. | Average Sub-Reach
Item Station Reach Dominant Reach Channel Flow Hydraulic | Velocity E.G. Manning's Froude Average Grain Size Schoklitsch MPM Diagram Force Stable Average
No. No. No. Discharge | Length Width Depth Depth Channel Slope n No. Dso Dso Dgo Method Method Method Method Slope | Stable Slope
(cfs) (ft) (ft) _(ft) (ft) (ft/s) (fu/ft) (-) (mm) (ft) (mm) (fUft) (fU/ft) (ft/t) (ft/ft) (ft/ft) (ft/ft)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (17) (18) (19) (20) (21) (22)
1 16.608 3 1700 500.72 198.61 3.94 1.98 4.32 0.00495 0.038 0.54 8.74 0.0287 82.06 0.00177 0.00104 0.00054 0.00060 0.00113
2 16.504 3 1700 481.43 207.73 3.82 2.07 4.01 0.00338 0.038 0.48 8.74 0.0287 82.06 0.00183 0.00107 0.00062 0.00062 0.00103
3 16.411 3 1700 481.78 160.84 3.96 2.07 5.34 0.00563 0.038 0.60 8.74 0.0287 82.06 0.00151 0.00103 0.00052 0.00060 0.00091
4 16.348 3 1700 497.94 334.03 3.67 1.46 407 0.00384 0.038 0.49 8.74 0.0287 82.06 0.00261 0.00111 0.00063 0.00064 0.00145
5 16.066 3 1700 584.23 409.48 4.01 1.31 3.35 0.00384 0.038 0.46 8.74 0.0287 82.06 0.00304 0.00102 0.00057 0.00059 0.00155
6 15.966 3 1700 429.98 353.62 422 1.43 4.00 0.00442 0.038 0.51 8.74 0.0287 82.06 0.00272 0.00097 0.00051 0.00056 0.00142
74 15.885 3 1874 509.42 195.25 4.89 1.83 5.41 0.00801 0.038 0.69 8.74 0.0287 82.06 0.00162 0.00C84 0.00038 0.00048 0.00098
8 15.792 3 1874 472.66 211.04 5:33 2.01 4.83 0.00415 0.038 0.52 8.74 0.0287 82.06 0.00172 0.00077 0.00039 0.00044 0.00098
9 14.850 3 2052 536.65 468.78 3.54 1.1 4.51 0.00786 0.038 0.65 8.74 0.0287 82.06 0.00292 0.00115 0.00056 0.00067 0.00158
10 14.752 3 2052 547.53 430.99 415 1.70 2.80 0.00255 0.038 0.38 8.74 0.0287 82.06 0.00274 0.00098 0.00060 0.00057 0.00143
11 14.653 3 2052 536.63 326.81 3.54 1.35 5.07 0.00744 0.038 0.66 8.74 0.0287 82.06 0.00223 0.00115 0.00056 0.00067 0.00135
12 14.599 3 2052 542.23 436.77 3.35 1.37 3.36 0.00510 0.038 0.51 8.74 0.0287 82.06 0.00277 0.00122 0.00066 0.00070 0.00156
13 14.495 3 2052 561.68 405.23 3.98 1.44 4.41 0.00393 0.038 0.50 8.74 0.0287 82.06 0.00262 0.00103 0.00057 0.00059 0.00141 0.00129
14 13.619 2 2221 505.64 515.05 2.82 1.79 2.41 0.00149 0.035 0.32 9.83 0.0323 68.86 0.00323 0.00151 0.00113 0.00089 0.00187
15 13.524 2 2221 522.56 276.6 2.84 1LTZT 4.54 0.00537 0.035 0.60 9.83 0.0323 68.86 0.00203 0.00150 0.00097 0.00088 0.00147
16 13.420 2 2221 514.13 186.69 5.09 2.57 4.64 0.00341 0.035 0.51 9.83 0.0323 68.86 0.00151 0.00083 0.00053 0.00049 0.00095
17 13.325 2 2221 571.01 209.88 3.44 2.02 5.24 0.00600 0.035 0.65 9.83 0.0323 68.86 0.00165 0.00123 0.00074 0.00073 0.00120
18 13.227 2 2221 315.32 245.25 3.39 2.45 3.69 0.00230 0.035 0.42 9.83 0.0323 68.86 0.00185 0.00125 0.00094 0.00074 0.00128
19 13.185 2 2221 33.56 300.62 2.32 1.75 4.22 0.00467 0.035 0.56 9.83 0.0323 68.86 0.00216 0.00183 0.00128 0.00108 0.00169
20 13.151 2 2221 393.13 294.84 5.56 3.77 2.00 0.00038 0.035 0.18 9.83 0.0323 68.86 0.00212 0.00076 0.00057 0.00045 0.00111
21 13.076 2 2221 45421 384.55 5.29 3.70 1.56 0.00024 0.035 0.14 9.83 0.0323 68.86 0.00259 0.00080 0.00060 0.00047 0.00129
22 12.991 2 2400 527.02 475.97 522 3.90 1.30 0.00015 0.035 0.11 9.83 0.0323 68.86 0.00287 0.00081 0.00061 0.00048 0.00139
23 12.896 2 2400 508.24 407.16 4.90 2.87 2.1 0.00059 0.035 0.22 9.83 0.0323 68.86 0.00255 0.00087 0.00065 0.00051 0.00131
24 12.801 2 2400 524.61 258.28 6.52 2.60 3.58 0.00201 0.035 0.39 9.83 0.0323 68.86 0.00182 0.00065 0.00044 0.00038 0.00095
25 12.701 2 2400 505.60 232.76 5.43 2.58 4.00 0.00252 0.035 0.44 9.83 0.0323 68.86 0.00168 0.00078 0.00052 0.00046 0.00097
26 12.606 2 2400 582.30 213.19 411 1.86 6.04 0.00885 0.035 0.78 9.83 0.0323 68.86 0.00157 0.00103 0.00054 0.00061 0.00107
27 12.511 2 2400 467.59 195.43 5.31 2.61 4.70 0.00344 0.035 0.51 9.83 0.0323 68.86 0.00147 0.00080 0.00050 0.00047 0.00091
28 12.420 2 2400 578.07 176.79 2.87 2.11 6.45 0.00860 0.035 0.78 9.83 0.0323 68.86 0.00137 0.00148 0.00085 0.00087 0.00124 0.00125
29 11.949 1 2529 452.25 295.98 2.48 1.78 4.81 0.00594 0.035 0.63 7.79 0.0256 65.83 0.00162 0.00137 0.00076 0.00090 0.00130
30 11.864 1 2529 615.28 225.24 3.55 2.31 4.91 0.00421 0.035 0.56 7.79 0.0256 65.83 0.00132 0.00096 0.00053 0.00063 0.00097
31 11.759 1 2529 501.24 426.52 3.66 1.34 5.45 0.00743 0.035 0.71 7.79 0.0256 65.83 0.00214 0.00093 0.00046 0.00061 0.00123
32 11.664 1 2529 513.83 307.74 3.91 1.77 5.22 0.00495 0.035 0.60 7.79 0.0256 65.83 0.00167 0.00087 0.00045 0.00057 0.00104
33 11.566 1 2529 468.92 453.92 2.54 1.66 3.35 0.00318 0.035 0.46 7.79 0.0256 65.83 0.00224 0.00134 0.00087 0.00088 0.00149
34 10.917 1 2586 292.21 254.25 3.4 2.36 4.30 0.00327 0.035 0.49 7.79 0.0256 65.83 0.00142 0.00109 0.00067 0.00072 0.00108
35 10.862 1 2586 31315 220.62 3.41 2!57 4.56 0.00331 0.035 0.50 7.79 0.0256 65.83 0.00128 0.00100 0.00060 0.00066 0.00088
36 10.803 1 2586 567.30 265.32 3.54 211 463 0.00442 0.035 0.56 7.79 0.0256 65.83 0.00147 0.00096 0.00052 0.00063 0.00090
37 10.699 1 2586 462.24 214.29 4.24 1.88 6.41 0.00990 0.035 0.82 7.79 0.0256 65.83 0.00125 0.00080 0.00036 0.00053 0.00086
38 10.612 1 2586 504.93 309.44 3.61 2.51 3.33 0.00181 0.035 0.37 7.79 0.0256 65.83 0.00165 0.00094 0.00064 0.00062 0.00107
39 10.517 1 2586 519.30 310.21 3.30 1.80 4.63 0.00546 0.035 0.61 7.79 0.0256 65.83 0.00165 0.00103 0.00054 0.00068 0.00112
40 9.692 1 2643 565.23 356.15 4.43 2.52 2.95 0.00142 0.035 0.33 7.79 0.0256 65.83 0.00180 0.00077 0.00053 0.00050 0.00090
41 9.592 1 2643 606.90 340.08 4.48 1.85 420 0.004326 0.035 0.54 7.79 0.0256 65.83 0.00174 0.00076 0.00039 0.00050 0.00085
42 9.492 1 2643 463.47 375.84 2.19 1.33 5.29 0.01065 0.035 0.81 7.79 0.0256 65.83 0.00188 0.00155 0.00079 0.00102 0.00131
43 9.367 1 2700 489.74 408.02 3.35 219 3.02 0.001783 0.035 0.36 7.79 0.0256 65.83 0.00197 0.00102 0.00071 0.00067 0.00109
44 9.318 1 2700 155.57 334.87 547 2.52 3.20 0.001657 0.035 0.36 7.79 0.0256 65.83 0.00170 0.00062 0.00039 0.00041 0.00078 0.00105
NOTES:




5.6.4

5.6.5

Bed Armoring Sizes

In the evaluation of bed armoring sizes for the three reaches, representatives’ cross-
sections for each reach were used. All the five equations presented in Section 5.1.3
above are used in the analysis. The flow hydraulic data and information required for
the bed armoring analysis are based on the dominant discharge. These are evaluated
from the HEC-RAS model run of the existing river model. As shown in Table 5-4,

the average bed armoring sizes evaluated for the three reaches are:

Reach 1 (Skunk Creek to Beardsley Rd. ) - 48.7 mm
Reach 2 (Beardsley Rd. to Pinnacle Peak Rd.) - 34.2 mm
Reach 3 (Pinnacle Peak Rd to New River Dam) - 48.2 mm

From the analyses made, it is observed that the bed armoring sizes are significantly
impacted by energy slope. Comparing the bed armoring sizes evaluated for the
reaches with their respective representative grain size gradations, more than 18
percent of the current bed materials will be retained in the channel to comprise the

armored layer.
Long-Term Degradation

Having evaluated both the equilibrium slopes and bed armoring conditions in the
river, corresponding bed gradation are determined from the procedures outlined by
Pemberton and Lara (1984). The smaller of the two scour values evaluated would
control the future channel grade of the three reaches. Assuming a reach length of
1000 feet that is subject for degradation for each reach, degradation values from
equilibrium slopes are generally deeper than those determined from bed armoring
conditions. Table 5-5 lists the results of the long-term degradation analysis for the

Middle New River. In summary, the long-term degradation values by reach are:

Reach 1 (Skunk Creek to Beardsley Rd. ) - 2.503 ft.
Reach 2 (Beardsley Rd. to Pinnacle Peak Rd.) - 1.315 ft.
Reach 3 (Pinnacle Peak Rd to New River Dam) - 1.644 ft.
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TABLE 54

Bed Armoring Analysis for Existing Condition
Middle New River Watercourse Master Plan

Kinematic | Yang Incip. Shields | Lane's Tract.| Competent | Average Sub-Reach
Item Station Reach Dominant Reach Channel Flow Hydraulic | Velocity E.G. Manning's | Froude Average Grain Size Viscosity Motion MPM | Diagram Force Bot.Velocity Bed Average
No. No. No. Discharge | Length Width Depth Depth Channel Slope n No. Ds, Dso Dy of Water Method | Method| Method Method Method Armor Size | Bed Armor Size
(cfs) (ft) (ft) (ft) (ft) (ft's) (fuft) () (mm) (ft) (mm) (ft’rs) (mm) (mm) | {mm) (mm) (mm) (mm) (mm)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) {19) (20) (21) (22) (23)
1 16.608 3 1700 500.72 198.61 3.94 1.98 4.32 0.00495 0.038 0.54 8.74 0.0287 82.06 0.0000105 375 41.7 50.3 76.3 35.1 50.2 %
2 16.504 3 1700 481.43 207.73 3.82 2.07 4.01 0.00338 0.038 0.48 8.74 0.0287 82.06 0.0000105 323 27.6 39.9 50.8 30.2 36.2
3 16.411 3 1700 481.78 160.84 3.96 2.07 5.34 0.00563 0.038 0.60 8.74 0.0287 82.06 0.0000105 573 47.7 58.9 89.9 53.6 63.5
4 16.348 3 1700 497.94 334.03 3.67 1.46 4.07 0.00384 0.038 0.49 8.74 0.0287 82.06 0.0000105 33.3 30.1 43.5 54.9 31.1 38.6
5 16.066 3 1700 584.23 409.48 4.01 1.31 3.35 0.00384 0.038 0.46 8.74 0.0287 82.06 0.0000105 22.5 33.0 47.6 59.7 21.1 36.8
6 15.966 3 1700 429.98 353.62 4.22 1.43 4.00 0.00442 0.038 0.51 8.74 0.0287 82.06 0.0000105 321 39.9 57.6 725 30.1 46.5
7 15.885 3 1874 509.42 195.25 4.89 1.83 5.41 0.00801 0.038 0.69 8.74 0.0287 82.06 0.0000105 58.8 83.8 121.0 N/A 55.0 79.7
8 15.792 3 1874 472.66 211.04 5.33 2.01 4.83 0.00415 0.038 0.52 8.74 0.0287 82.06 0.0000105 46.9 47.3 58.3 89.0 439 59.1
9 14.850 3 2052 536.65 468.78 3.54 1.1 4.51 0.00786 0.038 0.65 8.74 0.0287 82.06 0.0000105 40.9 59.5 86.0 N/A 38.2 56.1
10 14.752 3 2052 547.53 430.99 4.15 1.70 2.80 0.00255 0.038 0.38 8.74 0.0287 82.06 0.0000105 15.7 226 327 42.7 14.7 25.7
11 14.653 3 2052 536.63 326.81 3.54 1.35 5.07 0.00744 0.038 0.66 8.74 0.0287 82.06 0.0000105 51.6 56.3 81.3 N/A 48.3 59.4
12 14.599 3 2052 542.23 436.77 3.35 137 3.36 0.00510 0.038 0.51 8.74 0.0287 82.06 0.0000105 22.7 36.6 52.8 66.1 21.2 39.9
13 14.495 3 2052 561.68 405.23 3.98 1.44 4.41 0.00393 0.038 0.50 8.74 0.0287 82.06 0.0000105 39.1 33.5 48.3 60.6 36.6 35.3 48.2
14 13.619 2 2221 505.64 515.05 2.82 1.79 2.41 0.00149 0.035 0.32 9.83 0.0323 68.86 0.0000105 117 9.8 13.0 17.4 10.9 12.5
15 13.524 2 2221 522.56 276.60 2.84 177 4.54 0.00537 0.035 0.60 9.83 0.0323 68.86 0.0000105 414 35.3 471 59.1 38.7 443
16 13.420 2 2221 514.13 186.69 5.09 257 4.64 0.00341 0.035 0.51 9.83 0.0323 68.86 0.0000105 43.2 40.2 53.7 67.2 40.5 49.0
17 13.325 2 2221 571.01 209.88 3.44 2.02 5.24 0.00600 0.035 0.65 9.83 0.0323 68.86 0.0000105 55.2 47.8 53.8 81.6 51.6 60.0
18 13.227 2 2221 315.32 24525 3.39 2.45 3.69 0.00230 0.035 0.42 9.83 0.0323 68.86 0.0000105 27.3 18.0 241 323 256 25.5
19 13.185 2 2221 33.56 300.62 2.32 1.75 4.22 0.00467 0.035 0.56 9.83 0.0323 68.86 0.0000105 35.8 25.1 335 43.6 335 343
20 13.151 2 2221 393.13 294.84 5.56 3.77 2.00 0.00038 0.035 0.18 9.83 0.0323 68.86 0.0000105 8.0 4.9 6.5 8.2 7:5 7.0
21 13.076 2 2221 454.21 384.55 5.29 3.70 1.56 0.00024 0.035 0.14 9.83 0.0323 68.86 0.0000105 4.9 2.9 39 46 4.6 4.2
22 12.991 2 2400 527.02 475.97 5.22 3.90 1.30 0.00015 0.035 0.11 9.83 0.0323 68.86 0.0000105 34 1.8 24 2.8 3.2 2.7
23 12.896 2 2400 508.24 407.16 4.90 2.87 2.1 0.00059 0.035 0.22 9.83 0.0323 68.86 0.0000105 8.9 6.7 8.9 11.5 8.4 8.9
24 12.801 2 2400 524.61 258.28 6.52 2.60 3.58 0.00201 0.035 0.39 9.83 0.0323 68.86 0.0000105 257 30.3 404 51.4 241 344
25 12.701 2 2400 505.60 232.76 5.43 2.58 4.00 0.00252 0.035 0.44 9.83 0.0323 68.86 0.0000105 321 316 422 53.4 30.1 379
26 12.606 , 2 2400 582.30 213.19 4.1 1.86 6.04 0.00885 0.035 0.78 9.83 0.0323 68.86 0.0000105 733 84.2 i12.3 N/A 68.6 846
27 12.511 2 2400 467.59 195.43 5.31 2.61 4.70 0.00344 0.035 0.51 9.83 0.0323 68.86 0.0000105 44 .4 423 56.5 70.9 41.5 27.8
28 12.420 2 2400 578.07 176.79 2.87 2.11 6.45 0.00860 0.035 0.78 9.83 0.0323 68.86 0.0000105 83.6 57.1 76.2 103.7 78.2 79.8 34.2
29 11.949 1 2529 452.25 295.98 2.48 1.78 4.81 0.00594 0.035 0.63 7.79 0.0256 65.83 0.0000105 46.5 33.7 455 57.3 43.5 453
30 11.864 1 2529 615.28 225.24 3.55 2.31 4.91 0.00421 0.035 0.56 7.79 0.0256 65.83 0.0000105 48.4 34.2 46.2 58.0 453 46.4
31 11.759 1 2529 501.24 426.52 3.66 1.34 5.45 0.00743 0.035 0.71 7.79 0.0256 65.83 0.0000105 59.7 62.3 84.1 N/A 55.8 65.5
32 11.664 1 2529 513.83 307.74 3.91 1.77 5.22 0.00495 0.035 0.60 7.79 0.0256 65.83 0.0000105 54.7 443 59.8 75.6 51.2 571
33 11.566 1 2529 468.92 453.92 2.54 1.66 3.35 0.00318 0.035 0.46 7.79 0.0256 65.83 0.0000105 225 18.5 25.0 33.4 211 241
34 10.917 1 2586 292.21 254.25 311 2.36 4.30 0.00327 0.035 0.49 7.79 0.0256 65.83 0.0000105 371 233 314 41.2 34.8 336
35 10.862 1 2586 313.15 220.62 3.41 2.57 4.56 0.00331 0.035 0.50 7.79 0.0256 65.83 0.0000105 41.8 25.8 349 452 39.1 373
36 10.803 1 2586 567.30 265.32 3.54 2.11 4.63 0.00442 0.035 0.56 7.79 0.0256 65.83 0.0000105 431 35.8 48.4 60.6 40.3 45.6
37 10.699 1 2586 462.24 214.29 4.24 1.88 6.41 0.00990 0.035 0.82 7.79 0.0256 65.83 0.0000105 82.5 96.1 129.7 N/A 172 96.4
38 10.612 1 2586 504.93 309.44 3.61 2.51 3.33 0.00181 0.035 0.37 7.79 0.0256 65.83 0.0000105 223 15.0 20.2 273 20.8 211
39 10.517 1 2586 519.30 310.21 3.30 1.80 4.63 0.00546 0.035 0.61 7.79 0.0256 65.83 0.0000105 431 41.2 55.7 69.8 40.3 50.0
40 9.692 1 2643 565.23 356.15 443 2.52 2.95 0.00142 0.035 0.33 7.79 0.0256 65.83 0.0000105 17.5 14.4 194 26.2 16.4 18.8
41 9.592 1 2643 606.90 340.08 4.48 1.85 4.20 0.00433 0.035 0.54 7.79 0.0256 65.83 0.0000105 354 44 .4 59.9 75.7 33.2 49.7
42 9.492 1 2643 463.47 375.84 2.19 1.33 5.29 0.01065 0.035 0.81 7.79 0.0256 65.83 0.0000105 56.2 53.4 721 95.6 52.6 66.0
43 9.367 1 2700 489.74 408.02 3.35 219 3.02 0.00178 0.035 0.36 7.79 0.0256 65.83 0.0000105 18.3 13.7 18.5 249 171 18.5
44 9.318 1 2700 155.57 334.87 5.47 2.52 3.20 0.00166 0.035 0.36 7.79 0.0256 65.83 0.0000105 20.6 20.8 28.0 37.1 19.3 40.4 44.7

NOTES:
(1) The dominant discharges in column (3) correspond to the 10-year discharges.

(2) The data from columns (3) to (11) were taken from the 10-year HEC-RAS run of the river model.
(3) The kinematic viscosity in column (15) is associated with a water temperature of 68°F.
(4) The D5, and Dy in columns (12) and (14) are the representative sediment sizes for the three reaches.
(5) The average armor size in column (21) is the arithmetic average of the five methods.




TABLE 5-5

Long-Term Scour Analysis for Existing River Condition

Middle New River Watercourse Master Plan

(1) The dominant discharges in column (4) correspond to the 10-year discharges.
(2) The data from columns (4) to (10) were taken from the 10-year HEC-RAS run of the river model.

(3) The reach lengths in column (11) are the assumed lengths that are subject to long-term degradation.
(4) The equilibrium slopes used in the calculation of the long-term scour are the average equilibrium slopes by reach.
(5) The bed armor sizes used in the calculation of long-term scour are the average armor sizes by reach.

(6) The recommended long-term scour is the lower degradation depth between the equilibrium slope and bed armoring.
(7) The evaluated long-term degradation in column (17) includes an additional 30% safety factor to account for the non-uniformity of hydraulic condition and sediment characteristics.

Recomm. Long-?erm
Item Station Reach Dominant Reach Channel Flow Hydraulic Velocity Bed Reach Equilibrium Degradation Ave.Bed Armor Degradation Long-Term Degradation
No. No. No. Discharge Length Width Depth Depth Channei Slope Length Slope from Eq. Slope Size from B. Armoring | Degradation by Reach
(cfs) (ft) (ft) (ft) (ft) (ft/s) (fuft) (ft) (ft/ft) (ft) (mm) (ft) (ft) (ft)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)
1 16.608 3 1700 500.72 198.61 3.94 1.98 4.32 0.00373 1000 0.00129 1.503 48.9 1.301 1.301
2 16.504 3 1700 481.43 207.73 3.82 2.07 4.01 0.00501 1000 0.00129 2.285 489 1.301 1.301
3 16.411 3 1700 481.78 160.84 3.96 2.07 5.34 0.00376 1000 0.00129 1.517 48.9 1.301 1.301
4 16.348 3 1700 497.94 334.03 3.67 1.46 4.07 0.00478 1000 0.00129 2.146 48.9 1.301 1.301
5 16.066 3 1700 584.23 409.48 4.01 1.31 3.35 0.00442 1000 0.00129 1.922 48.9 1.301 1.301
6 15.966 3 1700 429.98 353.62 4.22 1.43 4.00 0.00800 1000 0.00129 4.128 48.9 1.301 1.301
7 15.885 3 1874 509.42 195.25 4.89 1.83 5.41 0.00628 1000 0.00129 3.071 48.9 1.301 1.301
8 15.792 3 1874 472.66 211.04 5.33 2.01 4.83 0.00104 1000 0.00129 -0.157 489 1.301 1.301
9 14.850 3 2052 536.65 468.78 3.54 1.1 4.51 0.00613 1000 0.00129 2978 489 1.301 1.301
10 14.752 3 2052 547.53 430.99 4.15 1.70 2.80 0.00342 1000 0.00129 1.307 48.9 1.301 1.301
11 14.653 3 2052 536.63 326.81 3.54 1.35 5.07 0.00527 1000 0.00129 2.450 489 1.301 1.301
12 14.599 3 2052 542.23 436.77 3.35 1.37 3.36 0.00537 1000 0.00129 2.507 489 1.301 1.301
13 14.495 3 2052 561.68 405.23 3.98 1.44 4.41 0.00531 1000 0.00129 2.470 48.9 1.301 1.301 1.692
14 13.619 2 2221 505.64 515:05 2.82 1.79 2.41 0.00310 1000 0.00125 1.143 36.4 1.180 1.180
15 13.524 2 2221 522.56 276.60 2.84 137 4.54 0.00855 1000 0.00125 4.496 36.4 1.180 1.180
16 13.420 2 2221 514.13 186.69 5.09 2.57 464 0.00142 1000 0.00125 0.106 36.4 1.180 1.180
17 13.325 2 2221 571.01 209.88 3.44 2.02 5.24 0.00317 1000 0.00125 1.183 36.4 1.180 1.180
18 13.227 2 2221 315.32 245.25 3.39 2.45 3.69 0.00000 1000 0.00125 -0.768 36.4 1.180 1.180
19 13.185 2 2221 33.56 300.62 2.32 1.75 422 0.00715 1000 0.00125 3.633 36.4 1.180 1.180
20 13.151 2 2221 393.13 294.84 5.56 3.77 2.00 -0.00043 1000 0.00125 -1.034 36.4 1.180 1.180
21 13.076 2 2221 454.21 384.55 5.29 3.70 1.56 0.00000 1000 0.00125 -0.768 36.4 1.180 1.180
22 12.991 2 2400 527.02 475.97 522 3.90 1.30 -0.00025 1000 0.00125 -0.920 36.4 1.180 1.180
23 12.896 2 2400 508.24 407.16 4.90 2.87 2.1 0.00447 1000 0.00125 1.981 36.4 1.180 1.180
24 12.801 2 2400 524.61 258.28 6.52 2.60 3.58 0.00025 1000 0.00125 -0.615 36.4 1.180 1.180
25 12.701 2 2400 505.60 232.76 5.43 2.58 4.00 0.00237 1000 0.00125 0.693 36.4 1.180 1.180
26 12.606 2 2400 582.30 213.19 4.1 1.86 6.04 0.00704 1000 0.00125 3.565 36.4 1.180 1.180
27 12.511 74 2400 467.59 195.43 5:31 2.61 4.70 0.00064 1000 0.00125 -0.373 36.4 1.180 1.180
28 12.420 2 2400 578.07 176.79 2.87 2.1 6.45 0.00697 1000 0.00125 3.522 36.4 1.180 1.180 1.534
29 11.949 1 2529 452.25 295.98 2.48 1.78 4.81 0.00736 1000 0.00105 3.883 41.7 1.600 1.600
30 11.864 1 2529 615.28 225.24 3.55 2.31 4.91 0.00577 1000 0.00105 2.902 4.7 1.600 1.600
31 11.759 1 2529 501.24 426.52 3.66 1.34 5.45 0.00642 1000 0.00105 3.305 4.7 1.600 1.600
32 11.664 1 2529 513.83 307.74 3.91 1.77 5.22 0.00093 1000 0.00105 -0.074 4.7 1.600 1.600
33 11.566 1 2529 468.92 453.92 2.54 1.66 335 0.00749 1000 0.00105 3.958 4.7 1.600 1.600
34 10.917 1 2586 292.21 254.25 341 2.36 4.30 0.00445 1000 0.00105 2.089 41.7 1.600 1.600
35 10.862 1 2586 313.15 220.62 3.41 257 4.56 0.00425 1000 0.00105 1.965 417 1.600 1.600
36 10.803 1 2586 567.30 265.32 3.54 2.1 463 0.00818 1000 0.00105 4.385 417 1.600 1.600
37 10.699 1 2586 462.24 214.29 4.24 1.88 6.41 0.00149 1000 0.00105 0.270 417 1.600 1.600
38 10.612 1 2586 504.93 309.44 3.61 2.51 3:33 0.00265 1000 0.00105 0.985 417 1.600 1.600
39 10.517 f 2586 519.30 310.21 3.30 1.80 4.63 0.00545 1000 0.00105 2.705 41.7 1.600 1.600
40 9.692 1 2643 56523 356.15 4.43 252 2.95 0.00265 1000 0.00105 0.985 41.7 1.600 1.600
41 9.592 1 2643 606.90 340.08 4.48 1.85 4.2 0.00290 1000 0.00105 1.136 41.7 1.600 1.600
42 9.492 1 2643 463.47 375.84 219 1.33 5.29 0.00563 1000 0.00105 2.817 41.7 1.600 1.600
43 9.367 1 2700 489.74 408.02 3.35 2.19 3.02 0.00608 1000 0.00105 3.096 4.7 1.600 1.600
44 9.318 1 2700 155.57 334.87 5.47 2.52 32 0.00289 1000 0.00105 1.132 41.7 1.600 1.600 2.079
NOTES:




5.6.6

Conclusively from Table 5-5, the long-term degradation in the Middle New River
will be controlled by bed armoring. This indicates that equilibrium slopes will only

be attained locally at some locations but not for the entire river.
Total Scour

For the existing river condition, evaluation of total scour is made to determine the
extent of toe-down requirements for channel structures such as bank protection and
grade control structures. Also, the evaluated depths of scour are used to check if
existing utility lines crossing the river underneath are impacted by the degradation.
Table 5-6 lists the results of the total scour analysis involving the six scour
components presented in Section 5.1.1. The considerations made to evaluate the total

scour by station identified are as follows:

i The anti-dune trough depth is only evaluated for supercritical and transitional

flows when the evaluated Froude Number are at least equal to 0.86.

2. The local scour for each station is evaluated from four methods that include
Lacey’s equation, Blench, USBR Method II, and the Neill’s equation. The
values shown reflect the computed average of three or four equations used. If
the value evaluated from one method is odd and significantly different from
the values evaluated from the other methods, that method is dropped from the

computation of the average value.

The river sinuosity in the Middle New River is generally straight and the bend

(%)

scour is seldom evaluated. Scour computations due to slight bends at some

locations in the river are considered in the local scour evaluation.

4. A low-flow incisement of 2.0 ft is assumed for the Middle New River. This

represents the thalweg depression in the channel.

5. In the evaluation of the long-term scour, a reach length of 1000 ft is used as
the length exposed to bed degradation and scour. The reach lengths between
stations are not used in the analysis but instead a representative length that is

typically observed in the river.
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TABLE 5-6

Total Scour Analysis for Existing River Condition

Middle New River Watercourse Master Plan

Scour Components

(1) Long-term scour values in column (10) are based on bed armoring and stable slope analyses. The values reflect the scour depth associated with bed armoring condition in the channel.
(2) Local scour values in column (11) are evaluated from four equations provided by Pemberton and Lara (1984).

(3) Bend scour values in column (12) are zero because scour around bends are already incorporated in the evaluation of local scour in column (9).
(4) General scour values in column (13) are generally zero based on the equation provided by SLA (1989).
(5) Anti-dune trough depth values in column (14) are generally zero because anti-dune trough only occurs when flow conditions are either transitional or supercritical.
(6) Low-flow thalweg of 2.0 ft is used (see column 15) since the wash is classified as a regional watercourse (SLA, 1989).
(7) Thirty percent safety factor is used (see column 16) to account for non-uniformity of flow hydraulics and sediment characteristics in the channel.

Item Station Reach Design Reach Channel Flow Hydraulic Channel Long-Term Local Bend General Anti-Dune Low-Flow Safety Total Remarks
No. No. No. Discharge Length Width Depth Depth Velocity Scour Scour Scour Scour Trough Thalweg Factor Scour
(cfs) (ft) (ft) (ft) (ft) (ft/s) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17 (18)
1 16.608 3 2350 500.72 201.73 4.39 2.40 4.86 1.30 1.1 0.00 0.00 0.00 2.00 1.32 5.74
2 16.504 3 2350 481.43 23533 4.40 2.37 4.34 1.30 1.30 0.00 0.00 0.00 2.00 1.38 5.98
3 16.411 3 2350 481.78 179.22 4.39 2.26 6.17 1.30 1.48 0.00 0.00 0.00 2.00 1.43 6.21
4 16.348 3 2350 497.94 382.85 4.10 1.68 4.33 1.30 1.74 0.00 0.00 0.00 2.00 1.51 6.56
5 16.066 3 2350 584.23 438.00 4.18 1.38 4.1 1.30 1.07 0.00 0.00 0.00 2.00 1.31 5.68
6 15.966 3 2350 429.98 562.01 511 1.64 3.43 1.30 1.08 0.00 0.00 0.00 2.00 1.31 5.70 Min. = 5.68
7 15.885 3 4200 509.42 276.88 6.34 2.47 6.74 1.30 1.94 0.00 0.00 0.00 2.00 1.57 6.82 Max.= 8.07
8 15.792 3 4200 472.66 295.30 6.56 248 6.73 1.30 1.93 0.00 0.32 0.00 2.00 1.67 723 Rec. = 8.50
9 14.850 3 6100 536.65 557.24 4.85 2.16 5.55 1.30 1.99 0.00 0.00 0.00 2.00 1.59 6.88
10 14.752 3 6100 547.53 758.08 5.71 213 414 1.30 1.44 0.00 0.00 0.00 2.00 1.42 6.16
11 14.653 3 6100 536.63 740.00 4.89 1.49 6.93 1.30 1.66 0.00 0.70 0.00 2.00 1.70 7.36
12 14.599 3 6100 542.23 549.24 4.73 231 4.77 1.30 1.17 0.00 0.00 0.00 2.00 1.34 5.81
13 14.495 8 6100 561.68 1022.70 5.36 1.50 6.07 1.30 1.57 0.00 1.33 0.00 2.00 1.86 8.07
14 13.619 2 7900 505.64 534.55 5.28 4.14 3.57 1.18 2.58 0.00 0.00 0.00 2.00 1.73 7.48
15 13.524 2 7900 522.56 294 .41 5.52 4.26 6.30 1.18 2.02 0.00 0.00 0.00 2.00 1.56 6.76
16 13.420 2 7900 514.13 214.68 7.67 4.70 7.83 1.18 2.91 0.00 0.00 0.00 2.00 1.83 7.92
17 13.325 2 7900 571.01 240.59 6.00 4.21 7.80 1.18 2.64 0.00 0.00 0.00 2.00 1.75 7.57
18 13.227 2 7900 315.32 264.32 5.59 4.41 6.77 1.18 2.23 0.00 0.00 0.00 2.00 1.62 7.03
19 13.185 2 7900 33.56 382.47 4.28 3.14 6.57 1.18 1.82 0.00 0.00 0.00 2.00 1.50 6.50 Min. = 6.50
20 13.151 2 7900 393.13 390.86 9:13 6.07 3.33 1.18 2.20 0.00 0.00 0.00 2.00 1.62 7.00 Max. = 13.18
21 13.076 2 7900 454.21 403.86 8.82 6.97 2.80 1.18 333 0.00 0.00 0.00 2.00 1.95 8.47 Rec. = 13.50
22 12.991 2 9800 527.02 514.86 8.68 6.95 2.73 1.18 3.36 0.00 0.00 0.00 2.00 1.96 8.50
23 12.896 2 9800 508.24 569.80 8.18 4.77 3.84 1.18 321 0.00 0.00 0.00 2.00 1.92 8.31
24 12.801 2 9800 524.61 666.34 9.83 3.63 4.05 1.18 2.10 0.00 0.00 0.00 2.00 1.59 6.87
25 12.701 2 9800 505.60 429.83 8.33 3.58 6.57 1.18 2.19 0.00 0.29 0.00 2.00 1.70 7.36
26 12.606 2 9800 582.30 479.88 7.16 2.94 7.83 1.18 3.33 0.00 0.68 0.00 2.00 2.16 9.34
27 12.511 2 9800 467.59 458.08 8.80 3.1 7.57 1.18 2.85 0.00 1.88 0.00 2.00 237 10.28
28 12.420 2 9800 578.07 276.41 5.70 3.40 10.86 1.18 4.30 0.00 1.05 1.62 2.00 3.04 13.18
29 11.949 1 10350 452.25 576.94 5.46 3.17 6.52 1.60 2.81 0.00 0.44 0.00 2.00 2.05 8.90
30 11.864 1 10350 615.28 535.51 5.87 2.41 9.62 1.60 3.93 0.00 1.78 0.00 2.00 279 12.10
31 11.759 1 10350 501.24 502.37 6.41 3.72 7.67 1.60 2.65 0.00 0.27 0.00 2.00 1.95 8.47
32 11.664 1 10350 513.83 345.58 6.06 3.61 9.98 1.60 3.60 0.00 0.66 0.00 2.00 2.36 10.22
33 11.566 1 10350 468.92 493.59 593 4.80 4.37 1.60 2.04 0.00 0.00 0.00 2.00 1.69 7.33
34 10.917 1 10900 292.21 364.60 6.78 4.67 6.40 1.60 245 0.00 0.00 0.00 2.00 1.82 7.87 Min. =7.33
35 10.862 1 10900 313.15 241.11 6.41 5.19 8.71 1.60 3.55 0.00 0.00 0.00 2.00 215 9.30 Max. = 12.10
36 10.803 1 10900 567.30 533.21 6.38 271 7.72 1.60 2.66 0.00 0.96 0.00 2.00 217 9.38 Rec. =12.50
37 10.699 1 10900 462.24 276.42 7.18 4.24 9.29 1.60 3.78 0.00 0.08 0.00 2.00 224 9.70
38 10.612 1 10900 504.93 326.17 6.61 5.30 6.30 1.60 3.28 0.00 0.00 0.00 2.00 2.06 8.94
39 10.517 1 10900 519.30 528.08 5.52 2.59 8.54 1.60 3.53 0.00 0.96 0.00 2.00 243 10.52
40 9.692 1 11450 565.23 369.57 7.65 5.59 5.55 1.60 2.19 0.00 0.00 0.00 2.00 1.74 7.53
41 9.592 1 11450 606.90 348.98 6.08 3.37 9.72 1.60 3.59 0.00 0.13 1.29 2.00 2.58 11.20
42 9.492 1 11450 463.47 472.55 5.36 4.07 5.96 1.60 2.08 0.00 0.00 0.00 2.00 1.70 7.38
43 9.367 1 12000 489.74 464.86 7.33 5.69 4.54 1.60 2.34 0.00 0.00 0.00 2.00 1.78 7.72
44 9.318 1 12000 155.57 353.76 9.58 6.38 5.31 1.60 4.44 0.00 0.00 0.00 2.00 2.41 10.45
NOTES:




5.6.8

5.7

The range of scour depths evaluated for each reach in the channel are provided as

follows:

Reach 1 (Skunk Creek to Beardsley Rd.) — from 7.33 ft to 12.10 ft.
Reach 2 (Beardsley Rd. to Pinnacle Peak Rd.) — from 6.50 ft to13.18 ft.
Reach 3 (Pinnacle Peak Rd. to New River Dam) — from 5.68 ft to 8.07 ft.

The degrees by which the channel bed degrades are a function of the flow hydraulics
and the bed material characteristics considered. If the flow hydraulics are changed or
modified as the result of new channel design configuration, the extent of bed
degradation will also change. For the existing river conditions, bank toe-down depths
used for built bank structures must be checked against the evaluated bed degradation
in Table 5-6. Also, all utility lines crossing the river underneath must be checked for

adequate depth of installation.
Verification of Results

Results from various analyses for the existing river condition should be verified from
field check and actual field data. Since the conditions considered were based on two
hydraulic events (i.e., 10-year and 100-year peak discharges), verification of the
results could be made ideally if such flow events would occur in the river. Although
all the procedures used in the sediment transport analysis are standard procedures
recommended by Federal and State agencies, verification works on the results

presented are left to be done.

RESULTS OF MASTER PLAN ALTERNATIVES

As presented in Section 6, five structural design alternatives and or non-structural
alternatives are considered for the master plan study. These alternatives have design
configurations that adequately meet various channel design criteria — the most
important of which is having adequate channel capacity to contain the 100-year
discharges by the U.S. Corps of Engineers. The 100-year discharges estimated by the
U.S. Corps of Engineers for the Middle New River are significantly greater than the
100-year discharges recommended by FEMA for floodplain delineation studies. The
designs provided for the five alternatives are evaluated using the 100-year FEMA
discharges but adequate freeboard are used to fully convey the 100-year discharges by
U.S. Corps of Engineers without bank overtopping. These design configurations of
the alternatives are modeled by HEC-RAS to evaluate the flow hydraulics involved.
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5.7.1

These flow hydraulics generated from HEC-RAS together with the bed material
characteristics in the channel provide the needed input for the lateral migration,

equilibrium slope, bed armoring, and the scour analyses.
General

Briefly, the five structural design alternatives considered for the Middle New River

Watercourse Master Plan are identified as follows:

a. Alternative 1 — Trapezoidal with Soil Cement Bank Protection

b. Alternative 2 — Trapezoidal with Gabion-Mattress Bank Protection
c. Alternative 3 — Sacrificial Trapezoidal Channel

d. Alternative 4 — Trapezoidal Channel with Benched Trail

e. Alternative 5 — Trapezoidal Channel with Low-Flow Sub-Channel

A non-structural alternative was considered for the Middle New River Watercourse
Master Plan. Existing bankline stabilization and encroachment into the flood fringe
made this a non-feasible alternative for Reaches 1 and 2 (Skunk Creek to Pinnacle
Peak Road). A non-structural alternative is feasible in Reach 3 (Pinnacle Peak Road
to New River Dam).

Although both the equilibrium slope and total scour parameters in the channel are
evaluated from optimization analysis, refinement of these parameter values was
necessary to provide a more accurate project cost estimate. Refinement of these
parameters by involving the equations listed in the procedure will not, however,
impact the evaluated design configuration of the channel. Such analysis, however,
affect the depths of toe-down for the grade control and bank protection structures,
which in turn impact the cost of the project. The results presented below are from
two model scenarios considered for the optimization analysis of the five alternative

improvement projects.
Model B of the optimization analysis is formulated based on the following conditions.

1. The numbers of grade control structures and sub-channels in the reach are allowed

to take fractional values.

2. The future channel profile can be higher than the existing river profile.
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5.7.2

3.7.3

3. The future channel configuration can be narrower than existing channel

configuration.

Model C of the optimization analysis are formulated based on the following

conditions:

1. The numbers of grade control structures and sub-channels in the reach only take

integer values.

2. The future channel profile cannot be higher than existing river profile.
Equilibrium Slopes

Tables 5-7 and 5-8 list the summary of the equilibrium slope analysis performed for
the five structural alternative channel designs. Results of Models B and C of the
optimization analyses using GAMS-MINOS (Brooke et al., 1996) are also presented
alongside the refined parameter values for comparison purposes. Refinement of the
results was made because the optimization analysis has only considered one
equilibrium slope equation in the problem formulation. The refined design values are

the product of considering four methods in evaluating equilibrium slopes.

Although the equilibrium slopes were evaluated for the three reaches in the river, the
recommended design bed slopes in the channel are sometimes greater. This could be
explained by the fact that it is sometimes economical to build a steeper channel than a

channel that adopts the evaluated equilibrium slope.
Total Depths of Scour

Tables 5-9 and 5-10 list the summary of the scour analysis performed for the five
structural alternative channel designs. Results of Models B and C of the optimization
analyses using GAMS-MINOS (Brooke et al., 1996) are also presented alongside the
refined parameter values for comparison purposes. These evaluated total scour for
each reach are used to determine the extent of toe-down required for the grade control

and the bank protection structures for channel stability considerations.

5‘7’
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TABLE 5-7

Computed Equilibrium Slopes for the Design Alternatives (Optimization Models B)

Alternative REACH 1 REACH 2 REACH 3
No. Channel Description Optimization Design Values | Optimization | Design Values | Optimization | Design Values
(1) (2) (3) (4) () (6) (7) (8)
1 Trapezoidal (Soil Cement) 0.00100 0.001075 0.00027 0.000215 0.00200 0.001241
2 Trapezoidal (Gabion-Mattress) 0.00100 0.000921 0.00023 0.000195 0.00200 0.001203
3 Sacrificial (Gabion-Mattress) 0.00100 0.000921 0.00031 0.000195 0.00200 0.001138
4 Benched Channel (Soil Cement) 0.00100 0.001074 0.00029 0.000241 0.00200 0.001366
5 Low-Flow Channel 0.00100 0.001075 0.00028 0.000231 0.00200 0.001319
NOTES:

(1) The values from the optimization analysis are evaluated from one equation (i.e., Schoklitsch equation) while the design values were evaluated from
four equations.

(2) GAMS-MINOS code (Brooke, et al., 1996) was the tool used to solve the optimization problems formulated for each reach.

(3) Models B of the optimization analysis involved fractional values for the numbers of grade control structures and sub-channels.




TABLE 5-8

Computed Equilibrium Slopes for the Design Alternatives (Optimization Model C)

Alternative REACH .1 REACH 2 REACH 3
No. Channel Description Optimization Design Values | Optimization | Design Values | Optimization | Design Values
(1) (2) 3) 4 (5) (6) (7) (8)
1 Trapezoidal (Soil Cement) 0.00100 0.000947 0.00031 0.000211 0.00100 0.000941
2 Trapezoidal (Gabion-Mattress) 0.00100 0.000963 0.00031 0.000210 0.00100 0.000891
3 Sacrificial (Gabion-Mattress) 0.00100 0.000813 0.00028 0.000200 0.00100 0.000926
4 Benched Channel (Soil Cement) 0.00081 0.000653 0.00023 0.000168 0.00100 0.000973
5 Low-Flow Channel 0.00100 0.001075 0.00026 0.000231 0.00200 0.001319
NOTES:

(1) The values from the optimization analysis are evaluated from one equation (i.e., Schoklitsch equation) while the design values were evaluated from
four equations.

(2) GAMS-MINOS code (Brooke, et al., 1996) was the tool used to solve the optimization problems formulated for each reach.

(3) Models C of the optimization analysis are based on integer values only allowed for the numbers of grade control structures and sub-channels.




TABLE 5-9

Computed Total Scour for the Design Alternatives (Optimization Models B)

Alternative REACH 1 REACH 2 REACH 3
No. Channel Description Optimization | Design Values | Optimization | Design Values | Optimization | Design Values
(1) (2 3 4 ) (6) ) (8)
1 Trapezoidal (Soil Cement) 6.77 7.46 8.28 10.93 512 5.90
2 Trapezoidal (Gabion-Mattress) 7.50 8.71 8.94 13.14 5.58 6.61
3 Sacrificial (Gabion-Mattress) 8.30 8.72 9.58 12.66 6.32 6.46
4 Benched Channel (Soil Cement) 7.10 7.76 8.62 11.04 5.30 5:95
5 Low-Flow Channel 7.40 7.89 9.05 11.82 5.40 6.12
NOTES:

(1) The values from the optimization analysis are evaluated from the use of one representative equations for the equlibrium slope and local scour analysis
while the design values are based on a number of equations.

(2) GAMS-MINOS code (Brooke, et al., 1996) was the tool used to solve the optimization problems formulated for each reach.

(3) Models B of the optimization analysis involved fractional values for the numbers of grade control structures and sub-channels.




TABLE 5-10

Computed Total Scour for the Design Alternatives (Optimization Models C)

Alternative REACH 1 REACH 2 REACH 3
No. Channel Description Optimization | Design Values | Optimization | Design Values | Optimization | Design Values
(1) 2 3) (4) ) (6) () 8)
1 Trapezoidal (Soil Cement) 5.266 6.09 5.452 9.98 4.513 6.72
2 Trapezoidal (Gabion-Mattress) 5.436 6.20 5.507 7.71 4.225 5.49
3 Sacrificial (Gabion-Mattress) 4.781 5.88 6.191 8.99 4.576 5.82
4 Benched Channel (Soil Cement) 5.577 7.46 6.180 9.96 4.485 5.45
5 Low-Flow Channel 5.176 7.89 7.001 11.82 7.938 6.12
NOTES:

(1) The values from the optimization analysis are evaluated from the use of one representative equations for the equlibrium slope and local scour analysis
while the design values are based on a number of equations.

(2) GAMS-MINOS code (Brooke, et al., 1996) was the tool used to solve the optimization problems formulated for each reach.

(3) Models C of the optimization analysis are based on integer values only allowed for the numbers of grade control structures and sub-channels.




5.8

5.8.1

PROPOSED CONDITION RESULTS

Based on cost, Alternative 2 (i.e., trapezoidal channel with gabion-mattress bank
protection) is adopted for Reaches 1 and 2 while non-structural alternative is
suggested for Reach 3. Currently, bankline stabilization in Reaches 1 and 2 is
primarily made up of gabion-mattresses. Improvement of existing channel conditions
requires the adoption of viable channel configurations evaluated by the optimization
analysis. Overall, the channel improvements considered in the river, particularly for
Reaches 1 and 2, take into consideration the full containment of 100-year peak
discharges that were estimated for the Middle New River by the Army Corps of
Engineers (COE, 1983). The new hydraulic model developed for the Middle New
River, therefore, involves various retrofitted and improved cross-sections for Reaches
1 and 2. Flow hydraulics associated with the New River model for both the 100-year
design discharges and the 10-year dominant flow discharges were used for the

sediment transport analysis. The results are presented in the sections that follow.
Equilibrium Slopes

In the evaluation of equilibrium slopes for the improved channel conditions of the
three reaches, the same representative cross-section stations were used for
comparison purposes. All the four equations presented in Section 5.1.2 are used in
the analysis. The flow hydraulic data and information required for the analysis are
based on the 10-year dominant discharges. These are evaluated from the HEC-RAS
model run of the new hydraulic model. As shown in Table 5-11, the average

equilibrium slopes evaluated for the two improved reaches are:

Reach 1 (Skunk Creek to Beardsley Rd. - 0.00141 ft/ft
Reach 2 (Beardsley Rd to Pinnacle Peak Rd.) - 0.00129 fi/ft

Since non-structural improvements are proposed for Reach 3, no channel
modifications were considered. The results of the sediment transport analysis

performed for the existing river condition are adopted for Reach 3.
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TABLE 5-11

Stable Slope Analysis
Middle New River Watercourse Master Plan

(1) The dominant discharges in column (4) correspond to the 10-year discharges.
(2) The data from columns (5) to (11) were taken from the 10-year HEC-RAS run of the river model.
(3) The average stable slopes in column (19) are the computed average of the four methods.

(4) Column (20) shows the average equilibrium slopes by reach.

Shields | Lane's Tract.| Average | Sub-Reach
Item Station Reach Dominant Reach Channel Flow Velocity E.G. Manning's Froude Average Grain Size Schoklitsch MPM Diagram Force Stable Average
No. No. No. Discharge Length Width Depth Channel Slope n No. Dsq Dso Dgo Method Method Method Method Slope Stable Slope
(cfs) (ft) (ft) (ft) (ft/s) (fr/ft) (-) (mm) (ft) (mm) (ft/ft) (ftft) (fuft) (ftft) (fUft) (ft/ft)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) {16) (17) (18) (19) (20)
1 13.619 2 2400 500.33 190.40 2.60 4.98 0.00404 0.035 0.55 9.83 0.0323 68.86 0.00144 0.00163 0.00115 0.00096 0.00135
2 13.524 2 2400 499.65 190.27 2.57 5.05 0.00420 0.035 0.56 9.83 0.0323 68.86 0.00144 0.00165 0.00116 0.00098 0.00136
3 13.420 2 2400 506.43 190.25 2.59 5.01 0.00410 0.035 0.56 9.83 0.0323 68.86 0.00144 0.00164 0.00115 0.00097 0.00135
4 13.325 2 2400 532.87 190.26 2.57 5.05 0.00422 0.035 0.56 9.83 0.0323 68.86 0.00144 0.00165 0.00116 0.00098 0.00136
5 13.227 2 2400 240.04 190.43 2.61 497 0.00400 0.035 0.55 9.83 0.0323 68.86 0.00144 0.00163 0.00115 0.00096 0.00130
6 13.183 2 2400 20.00 189.29 2.24 5.80 0.00661 0.035 0.69 9.83 0.0323 68.86 0.00144 0.00190 0.00124 0.00112 0.00142
7 13.151 2 2400 385.89 192.08 3.02 4.27 0.00245 0.035 0.44 9.83 0.0323 68.86 0.00145 0.00141 0.00104 0.00083 0.00123
8 13.076 2 2400 450.81 192.41 313 415 0.00223 0.035 0.42 9.83 0.0323 68.86 0.00146 0.00136 0.00101 0.00080 0.00120
9 12.991 2 2400 550.48 192.99 3.37 3.96 0.00192 0.035 0.39 9.83 0.0323 68.86 0.00146 0.00126 0.00095 0.00074 0.00115
10 12.896 2 2400 500.68 192.37 3.23 417 0.00226 0.035 0.42 9.83 0.0323 68.86 0.00146 0.00131 0.00098 0.00078 0.00118
11 12.801 2 2400 522.71 192.26 3.16 4.20 0.00232 0.035 0.43 9.83 0.0323 68.86 0.00145 0.00134 0.00100 0.00079 0.00120
12 12.701 2 2400 499.01 192.29 3.16 419 0.00230 0.035 0.43 9.83 0.0323 68.86 0.00146 0.00134 0.00100 0.00079 0.00120
13 12.606 2 2400 529.88 192.26 3.16 4.20 0.00232 0.035 0.43 9.83 0.0323 68.86 0.00145 0.00134 0.00100 0.00079 0.00120
14 12.511 2 2400 44576 189.41 2.35 5.52 0.00563 0.035 0.64 9.83 0.0323 68.86 0.00144 0.00181 0.00122 0.00107 0.00144
15 12.420 2 2400 580.01 195.01 2.33 5.40 0.00543 0.035 0.63 9.83 0.0323 68.86 0.00147 0.00182 0.00124 0.00108 0.00146 0.00129
16 11.949 1 2529 426.33 259.24 2.04 4.86 0.00521 0.035 0.60 7.79 0.0256 65.83 0.00147 0.00167 0.00101 0.00110 0.00141
17 11.864 1 2529 596.49 256.76 1.99 5.03 0.00577 0.035 0.63 7.79 0.0256 65.83 0.00146 0.00171 0.00102 0.00112 0.00143
18 11.759 1 2529 475.92 254.18 212 477 0.00475 0.035 0.58 7.79 0.0256 65.83 0.00145 0.00161 0.00099 0.00105 0.00137
19 11.664 1 2529 512.96 218.46 2.29 5.16 0.00507 0.035 0.61 7.79 0.0256 65.83 0.00129 0.00149 0.00088 0.00098 0.00125
20 11.566 1 2529 454 44 194.92 2.51 5.31 0.00479 0.035 0.60 7.79 0.0256 65.83 0.00119 0.00136 0.00080 0.00089 0.00114
21 10.917 1 2586 276.24 223.20 3.21 3.74 0.00174 0.035 0.37 7.79 0.0256 65.83 0.00129 0.00106 0.00075 0.00070 0.00102
22 10.862 1 2586 286.29 219.01 3.08 5.25 0.00522 0.035 0.62 7.79 0.0256 65.83 0.00127 0.00110 0.00060 0.00073 0.00103
23 10.803 1 2586 50.00 231.06 0.53 21.76 0.63801 0.035 5.835 7.79 0.0256 65.83 0.00133 0.00642 0.00312 0.00422 0.00399
24 10.699 1 2586 459.22 221.97 2.82 4.31 0.00276 0.035 0.46 7.79 0.0256 65.83 0.00129 0.00121 0.00079 0.00079 0.00110
25 10.612 1 2586 456.66 267.87 235 423 0.00332 0.035 0.49 7.79 0.0256 65.83 0.00148 0.00145 0.00095 0.00095 0.00129
26 10.517 1 2586 438.21 378.41 2.28 3.06 0.00179 0.035 0.36 7.79 0.0256 65.83 0.00192 0.00149 0.00110 0.00098 0.00146
27 9.692 1 2643 526.34 299.12 4.52 2.99 0.00118 0.035 0.31 7.79 0.0256 65.83 0.00158 0.00075 0.00053 0.00049 0.00094
28 9.592 1 2643 557.60 330.67 4.21 5.14 0.00816 0.035 0.73 7.79 0.0256 65.83 0.00171 0.00081 0.00038 0.00053 0.00102
29 9.492 1 2643 433.72 471.44 2.65 3.91 0.00526 0.035 0.58 7.79 0.0256 65.83 0.00223 0.00128 0.00072 0.00084 0.00145
30 9.367 1 2700 459.27 390.22 2.66 4.35 0.00568 0.035 0.61 7.79 0.0256 65.83 0.00190 0.00128 0.00071 0.00084 0.00134
31 9.318 1 2700 154.63 464.04 3.61 3.54 0.00361 0.035 0.49 7.79 0.0256 65.83 0.00217 0.00094 0.00054 0.00062 0.00124 0.00141
NOTES:




5.8.2

5.8.3

Bed Armoring Sizes

In the evaluation of bed armoring for the improved channel conditions of the Middle
New River, the same representative cross-section stations were used. All the five
equations presented in Section 5.1.3 were used in the analysis. The flow hydraulic
data and information required for the analysis are based on the 10-year dominant
discharges. These are evaluated from the HEC-RAS model run of the new hydraulic
model. As shown in Table 5-12, the average bed armoring sizes evaluated for the two

improved reaches are:

Reach 1 (Skunk Creek to Beardsley Rd.) - 38.5 mm
Reach 2 (Beardsley Rd. to Pinnacle Peak Rd.) - 35.8 mm

Long-Term Bed Degradation

In the evaluation of both the equilibrium slopes and potential bed armoring for the
improved channel conditions, long-term degradations are assessed from the equations
defined by Pemberton and Lara (1984). Comparison between these two scour
evaluations provides information which scenario would control the long-term
behavior of the channel grade. Similar to the results evaluated from the existing river
conditions, the long-term degradation in the channel for the improved conditions
would be dictated by bed armoring (see Table 5-13). Results of the extent of the

long-term degradation for the two reaches are:

Reach 1 (Skunk Creek to Beardsley Rd. — 1.64 ft
Reach 2 (Beardsley Rd. to Pinnacle Peak Rd.) - 1.49 ft
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TABLE 5-12

Bed Armoring Analysis
Middle New River Watercourse Master Plan

(1) The dominant discharges in column (4) correspond to the 10-year discharges.

(2) The data from columns (5) to (12) were taken from the 10-year HEC-RAS run of the river model.
(3) The kinematic viscosity in column (15) is associated with a water temperature of 68°F.

(4) The Dsp and Dy in columns (13) and (15) are the representative sediment sizes for the three reaches.
(5) The average armor size in column (21) is the computed average of the five methods.

Yang Incip. Shields | Lane's Tract.| Competent | Average | Sub-Reach
Item Station | Reach| Dominant] Reach Channel Flow Hydr. Velocity E.G. Manning's| Froude Average Grain Size Motion MPM | Diagram Force Bot.Velocity Bed Average
No. No. No. |Discharge| Length Width Depth Depth Channel Slope n No. Dso Dso Dgg Method | Method| Method Method Method Armor Size | Bed Armor
(cfs) (ft) (ft) (ft) (ft) (ft/s) (ftift) () (mm) (ft) (mm) (mm) (mm) | (mm) (mm) (mm) (mm) (mm)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)
1 13.619 2 2400 500.33 190.40 2.60 2.53 4.98 0.00404 0.035 0:55 9.83 0.0323 68.86 49.8 243 324 423 46.6 39.1
2 13.524 2 2400 499.65 190.27 2.57 2.50 5.05 0.00420 0.035 0.56 9.83 0.0323 68.86 5152 25.0 334 435 47.9 40.2
3 13.420 2 2400 506.43 190.25 2.59 2.52 5.01 0.00410 0.035 0.56 9.83 0.0323 68.86 50.4 246 32.8 428 47.2 39.6
4 13.325 2 2400 532.87 190.26 2.57 2.50 5.05 0.00422 0.035 0.56 9.83 0.0323 68.86 51.2 251 335 436 47.9 40.3
5 13.227 2 2400 240.04 190.43 2.61 2.54 497 0.00400 0.035 0.55 9.83 0.0323 68.86 49.6 242 323 422 46.4 38.9
6 13.183 2 2400 20.00 189.29 2.24 2.19 5.80 0.00661 0.035 0.69 9.83 0.0323 68.86 67.6 343 45.7 57.5 63.2 53.7
7 13.151 2 2400 385.89 192.08 3.02 2.92 427 0.00245 0.035 0.44 9.83 0.0323 68.86 36.6 17.1 22.8 30.7 34.3 28.3
8 13.076 2 2400 450.81 192.41 3.13 3.00 415 0.00223 0.035 0.42 9.83 0.0323 68.86 346 16.2 216 291 324 26.8
9 12.991 2 2400 550.48 192.99 3137 3.14 3.96 0.00192 0.035 0.39 9.83 0.0323 68.86 31.56 15.0 20.0 27.0 29.5 246
10 12.896 2 2400 500.68 192.37 3:23 2.99 417 0.00226 0.035 0.42 9.83 0.0323 68.86 34.9 16.9 225 30.3 327 2075
11 12.801 2 2400 52271 192.26 3.16 2,97 4.20 0.00232 0.035 0.43 9.83 0.0323 68.86 35.4 16.9 226 304 33.2 277
12 12.701 2 2400 499.01 192.29 3.16 2.98 419 0.00230 0.035 0.43 9.83 0.0323 68.86 353 16.9 22.5 30.3 33.0 276
13 12.606 2 2400 529.88 192.26 3.16 297 4.20 0.00232 0.035 0.43 9.83 0.0323 68.86 35.4 17.0 226 30.5 33.2 27.7
14 12.611 2 2400 445.76 189.41 2.35 2.30 552 0.00563 0.035 0.64 9.83 0.0323 68.86 61.2 30.6 40.9 51.9 573 484
15 12.420 2 2400 580.01 195.01 2.33 2.28 5.40 0.00543 0.035 0.63 9.83 0.0323 68.86 58.6 29.3 39.1 49.9 54.8 46.3 35.8
16 11.949 1 2529 426.33 259.24 2.04 2.01 4.86 0.00521 0.035 0.60 7.79 0.0256 65.83 47.4 243 32.8 42.8 444 38.4
17 11.864 1 2529 596.49 256.76 1.99 1.96 5.03 0.00577 0.035 0.63 7.79 0.0256 65.83 50.8 26.3 35.5 458 476 41.2
18 11.759 1 2529 475.92 254.18 2.12 2.09 477 0.00475 0.035 0.58 7.79 0.0256 65.83 457 231 31.1 40.8 428 36.7
19 11.664 1 2529 512.96 218.46 2.29 2.24 5.16 0.00507 0.035 0.61 7.79 0.0256 65.83 535 26.6 35.9 46.3 50.1 425
20 11.566 1 2529 454 .44 194.92 2.51 2.44 5.31 0.00479 0.035 0.60 7.79 0.0256 65.83 56.6 27.5 37A 47.7 53.0 444
21 10.917 1 2586 276.24 223.20 3.21 3.10 3.74 0.00174 0.035 0.37 7.79 0.0256 65.83 28.1 12.8 17.2 23.2 26.3 215
22 10.862 1 2586 286.29 219.01 3.08 2.25 525 0.00522 0.035 0.62 7.79 0.0256 65.83 55.4 36.8 49.6 62.2 51.8 51.2
23 10.803 1 2586 50.00 231.06 0.53 0.51 21.76 0.63801 0.035 5.35 7.79 0.0256 65.83 N/A N/A N/A N/A N/A N/A
24 10.699 1 2586 459.22 221.97 2.82 2.70 4.31 0.00276 0.035 0.46 7.79 0.0256 65.83 37.3 17.8 241 323 34.9 29.3
25 10.612 1 2586 456.66 267.87 2.35 2.28 423 0.00332 0.035 0.49 7.79 0.0256 65.83 359 17.9 241 324 33.6 288
26 10.517 1 2586 438.21 378.41 2.28 223 3.06 0.00179 0.035 0.36 7.79 0.0256 65.83 18.8 9.3 12.6 16.7 17.6 15.0
27 9.692 1 2643 526.34 299.12 4.52 2.96 2.99 0.00118 0.035 0.31 7.79 0.0256 65.83 18.0 12.2 16.4 221 16.8 171
28 9.592 1 2643 557.60 330.67 4.21 1.56 5.14 0.00816 0.035 0.73 7.79 0.0256 65.83 53.1 78.6 106.1 201.1 49.7 97.7
29 9.492 1 2643 433.72 471.44 2.65 1.43 3.91 0.00526 0.035 0.58 7.79 0.0256 65.83 30.7 31.9 431 54.4 28.7 37.8
30 9.367 1 2700 459.27 390.22 2.66 1.59 4.35 0.00568 0.035 0.61 7.79 0.0256 65.83 38.0 346 46.6 58.6 35.6 427
‘ 31 9.318 1 2700 154.63 464.04 3.61 1.64 3.54 0.00361 0.035 0.49 7.79 0.0256 65.83 252 29.8 40.2 51.2 23.6 34.0 38.5
NOTES:




TABLE 5-13

Long-Term Scour Analysis

Middle New River Watercourse Master Plan

(1) The dominant discharges in column (4) correspond to the 10-year discharges.
(2) The data from columns (5) to (9) were taken from the 10-year HEC-RAS run of the river model.

(3) The reach lengths in column (10) are the assumed lengths that are subject to long-term degradation.
(4) The equilibrium slopes used in the calculation of the long-term scour are the average equilibrium slopes by reach.
(5) The bed armor sizes used in the calculation of long-term scour are the average armor sizes by reach.
(6) The recommended long-term scour is the lower degradation depth between the equilibrium slope and bed armoring.

(7) The evaluated Iongierm degradation in column (17) includes an additional 30% safety factor to account for the non-uniformity of hydraulic condition and sediment characteristics

Recomm. Long-Term
Item Station Reach |Dominant] Reach Channel Flow Hydr. Velocity Bed Reach | Equilibrium| Degradation Average Armor Degradation Long-Term | Degradation
No. No. No. Discharge| Length Width Depth Depth Channel Slope Length Slope from Eq. Slope Size from B. Armoring | Degradation by Reach
(cfs) (ft) (ft) (ft) (ft) (ft/s) {ft/ft) (ft) (ft/ft) (ft) (mm) (ft) (ft) (ft)
(1) (2) (3) (4) (5) (6) (7) (7) (8) (9) (10) (11) (12) (13) (14) (15) (17)
1 13.619 2 2400 500.33 190.40 2.60 2.53 4.98 0.00408 1000 0.00129 1.714 35.8 1.146 1.146
2 13.524 2 2400 499.65 190.27 2.57 2.50 5.05 0.00418 1000 0.00129 1.779 35.8 1.146 1.146
3 13.420 Z 2400 506.43 190.25 2.59 2.52 5.01 0.00413 1000 0.00129 1.744 35.8 1.146 1.146
4 13.325 2 2400 532.87 190.26 2.57 2.50 5.05 0.00417 1000 0.00129 1.768 35.8 1.146 1.146
5 13.227 2 2400 240.04 190.43 2.61 2.54 4.97 0.00417 1000 0.00129 1.768 35.8 1.146 1.146
6 13.183 2 2400 20.00 189.29 224 2.19 5.80 0.00400 1000 0.00129 1.666 35.8 1.146 1.146
7 13.151 2 2400 385.89 192.08 3.02 2.92 4.27 0.00257 1000 0.00129 0.783 35.8 1.146 1.146
8 13.076 2 2400 450.81 192.41 313 3.00 415 0.00257 1000 0.00129 0.788 35.8 1.146 1.146
9 12.991 2 2400 550.48 192.99 3.37 3.14 3.96 0.00187 1000 0.00129 0.356 35.8 1.146 1.146
10 12.896 2 2400 500.68 192.37 3.23 2.99 417 0.00214 1000 0.00129 0.520 35.8 1.146 1.146
11 12.801 2 2400 522.71 192.26 3.16 297 4.20 0.00231 1000 0.00129 0.629 35.8 1.146 1.146
12 12.701 2 2400 499.01 192.29 3.16 2.98 419 0.00230 1000 0.00129 0.623 35.8 1.146 1.146
13 12.606 2 2400 529.88 192.26 3.16 2.97 4.20 0.00234 1000 0.00129 0.645 35.8 1.146 1.146
14 12.511 2 2400 44576 189.41 2.35 2.30 5.52 0.00545 1000 0.00129 2.559 35.8 1.146 1.146
15 12.420 2 2400 580.01 195.01 2.33 2.28 5.40 0.00552 1000 0.00129 2.600 35.8 1.146 1.146 1.49
16 11.949 1 2529 426.33 259.24 2.04 2.01 4.86 0.00542 1000 0.00141 2.469 38.5 1.262 1.262
17 11.864 1 2529 596.49 256.76 1.99 1.96 5.03 0.00540 1000 0.00141 2.457 38.5 1.262 1.262
18 11.759 1 2529 475.92 254.18 2.12 2.09 4.77 0.00540 1000 0.00141 2.458 38.5 1.262 1.262
19 11.664 1 2529 512.96 218.46 2.29 2.24 5.16 0.00540 1000 0.00141 2.458 38.5 1.262 1.262
20 11.566 1 2529 454 44 194.92 2.51 2.44 5.31 0.00552 1000 0.00141 2.534 38.5 1.262 1.262
21 10.917 1 2586 276.24 223.20 3:21 3.10 3.74 0.00315 1000 0.00141 1.073 38.5 1.262 1.262
22 10.862 1 2586 286.29 219.01 3.08 2.25 5.25 0.00140 1000 0.00141 -0.005 38.5 1.262 1.262
23 10.803 1 2586 50.00 231.06 0.53 0.51 21.76 0.00200 1000 0.00141 0.366 N/A N/A N/A
24 10.699 1 2586 459.22 221.97 2.82 2.70 4.31 0.00198 1000 0.00141 0.354 38.5 1.262 1.262
25 10.612 1 2586 456.66 267.87 2.35 2.28 4.23 0.00201 1000 0.00141 0.375 38.5 1.262 1.262
26 10.517 1 2586 438.21 378.41 2.28 223 3.06 0.00212 1000 0.00141 0.441 38.5 1.262 1.262
27 9.692 1 2643 526.34 299.12 4.52 2.96 2.99 0.00245 1000 0.00141 0.643 38.5 1.262 1.262
28 9.592 1 2643 557.60 330.67 4.21 1.56 5.14 0.00346 1000 0.00141 1.265 38.5 1.262 1.262
29 9.492 1 2643 433.72 471.44 2.65 1.43 3.91 0.00563 1000 0.00141 2.597 38.5 1.262 1.262
30 9.367 1 2700 45927 390.22 2.66 1.59 4.35 0.00636 1000 0.00141 3.048 38.5 1.262 1.262
31 9.318 1 2700 154.63 464.04 3.61 1.64 3.54 0.00310 1000 0.00141 1.045 38.5 1.262 1.262 1.64
NOTES:




5.8.4

Total Depths of Scour

For the improved river conditions, evaluation of total scour is made to determine the
extent of toe-down requirements for channel structures such as bank protection and
grade control structures. Also, the evaluated depths of scour are used to check if
existing utility lines crossing the river underneath would be impacted by the
degradation. Tables 5-14 and 5-15 list the results of the total scour analysis for bank

protection structures and grade control structures, respectively.

The range of scour depths evaluated for bank protection structures for each reach in

the channel are provided as follows:

Reach 1 (Skunk Creek to Beardsley Rd.) — from 7.07 ft to 10.04 ft.
Reach 2 (Beardsley Rd. to Pinnacle Peak Rd.) — from 7.78 ft to 9.19 ft.

For the grade control structures evaluated at three locations, the scour depths are

provided as follows:

Union Hills (Station 10.806, Reach 1) - 9.79 ft.
Deer Valley Road (Station 13.179, Reach 2) - 1227 ft.
Happy Valley Road (Station 14.162, Reach2) — 11.09 ft.

Also, all utility lines crossing the river underneath must be checked for adequate depth

of installation.
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TABLE 5-14

Total Scour Analysis

Middle New River Watercourse Master Plan

(1) Long-term scour values in column (9) are based on bed armoring and stable slope analyses. The values reflect the scour depth associated with bed armoring condition in the channel.
(2) Local scour values in column (10) are evaluated from four equations provided by Pemberton and Lara (1984).
(3) Bend scour values in column (11) are zero because scour around bends are already incorporated in the evaluation of local scour in column (9).
(4) General scour values in column (12) are generally zero based on the equation provided by SLA (1989).
(5) Anti-dune trough depth values in column (13) are generally zero because anti-dune trough only occurs when flow conditions are either transitional or superecritical.
(6) Low-flow thalweg of 2.0 ft is used (see column 14) since the wash is classified as a regional watercourse (SLA, 1989).
(7) Thirty percent safety factor is used (see column 15) to account for non-uniformity of flow hydraulics and sediment characteristics in the channel.

Sub Scour Components
Item Station | Reach| Design Channel | Flow | Hydraulic | Velocity | Long-Term | Local Bend General | Anti-Dune| Low-Flow Safety Total Remarks
No. No. No. | Discharge| Width Depth Depth Channel Scour Scour Scour Scour Trough Thalweg Factor Scour
(cfs) (ft) (ft) (ft) (ft/s) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)
1 13.619 2 9800 204.0 6.00 5.64 8.51 1.15 3.19 0.00 0.00 0.00 2.00 1.90 8.24
2 13.524 2 9800 203.8 5.95 5.61 8.58 1.15 3.21 0.00 0.00 0.00 2.00 1.91 8.26
3 13.420 2 9800 203.8 5.98 5.63 8.55 1.15 3.20 0.00 0.00 0.00 2.00 1.90 8.25
4 13.325 2 9800 203.9 5.97 5.62 8.56 115 3.20 0.00 0.00 0.00 2.00 1.90 8.25
5 13227 2 9800 203.4 5.85 5.51 8.74 1.15 3.24 0.00 0.00 0.00 2.00 1.92 8.30
6 13.183 2 9800 201.0 5.18 4.91 9.93 1.15 3.46 0.00 0.12 0.00 2.00 2.02 8.74
7 13.151 2 9800 208.4 710 6.61 711 1.15 2.84 0.00 0.00 0.00 2.00 1.79 7.78 Min. =7.78
8 13.076 2 9800 208.9 7.24 6.72 6.98 1.15 3.92 0.00 0.00 0.00 2.00 2.12 9.19 Max. = 9.19
9 12.991 2 9800 209.4 7.47 6.83 6.86 1.15 3.59 0.00 0.00 0.00 2.00 2.02 8.76 Rec. =9.50
10 12.896 2 9800 208.4 7.24 6.62 7.1 1.15 3.65 0.00 0.00 0.00 2.00 2.04 8.84
11 12.801 2 9800 208.1 712 6.56 7.18 1.15 2.86 0.00 0.00 0.00 2.00 1.80 7.81
12 12.701 2 9800 207.8 7.03 6.48 7.29 1.15 2.90 0.00 0.00 0.00 2.00 1.81 7.85
13 12.606 2 9800 206.8 6.79 6.27 7.56 1.15 2.97 0.00 0.00 0.00 2.00 1.84 7.95
14 12.511 2 9800 201.7 5.43 5.14 9.46 1.15 3.38 0.00 0.07 0.00 2.00 1.98 8.57
15 12.420 2 9800 206.8 5.29 5.02 9.44 1.15 2.69 0.00 0.06 0.00 2.00 1.77 7.67
16 11.949 | 10350 270.0 473 4.56 8.41 1.26 3.00 0.00 0.00 0.00 2.00 1.88 8.14
17 11.864 1 10350 267.4 4.64 4.48 8.64 1.26 3.05 0.00 0.00 0.00 2.00 1.89 8.21
18 11.759 1 10350 266.3 5.16 4.96 7.83 1.26 2.92 0.00 0.00 0.00 2.00 1.86 8.04
19 11.664 1 10350 231.7 5.58 5.31 8.41 1.26 3.29 0.00 0.00 0.00 2.00 1.97 8.52
20 11.566 1 10350 207.7 5.71 5.39 9.24 1.26 4.41 0.00 0.05 0.00 2.00 2.32 10.04
21 10.917 1 10900 289.8 6.78 5.41 7:12 1.26 2.88 0.00 0.13 0.00 2.00 1.88 8.16
22 10.862 1 10900 233.3 575 4.69 9.96 1.26 3.87 0.00 0.14 0.00 2.00 2.18 9.46 Min. =7.07
23 10.803 1 10900 237.8 1.88 1.83 25.11 N/A N/A N/A N/A N/A N/A N/A N/A Max. = 10.04
24 10.699 1 10900 237.9 6.00 5.60 8.18 1.26 3:31 0.00 0.00 0.00 2.00 1.97 8.55 Rec. = 10.50
25 10.612 1 10900 281.1 5.05 4.82 8.05 1.26 2.97 0.00 0.00 0.00 2.00 1.87 8.1
26 10.517 1 10900 390.5 4.58 443 6.30 1.26 2.18 0.00 0.00 0.00 2.00 1.63 7.07
27 9.692 1 11450 365.2 7.76 5.59 5.61 1.26 2.23 0.00 0.00 0.00 2.00 165 714
28 9.592 1 11450 365.3 6.03 3.20 9.80 1.26 3.58 0.00 0.00 0.00 2.00 2.05 8.89
29 9.492 1 11450 480.9 4.93 3.66 6.50 1.26 2.19 0.00 0.00 0.00 2.00 1.63 7.08
30 9.367 1 12000 433.9 4.96 3.62 7.64 1.26 2.61 0.00 0.00 0.00 2.00 1.76 7.64
31 9.318 1 12000 494 4 5.96 3.83 6.33 1.26 2.25 0.00 0.00 0.00 2.00 1.65 TA7
NOTES:




TABLE 5-15

Computation of Scour at Grade Control Structures and Drop Step Length Requirement

Middle New River Watercourse Master Plan

Sub Ave. Total Average Grain Size Scour Components
Station|{ Reach Design | Channel Unit Tailwater Head Froude WSE Drop | Critical| Grain Size | Grain Size | Long-Term Local Scour Low-Flew| Safety | Total | Proposed | Trajectory| Length | Protected
No. No. Dischargel Width |Discharge|] Depth Difference No. Difference | Height| Depth Dgs Dgo Scour |Schoklitsch | Veronese | Zimmerman| Average | Thalweg | Factor | Scour| Toe-Down | Length |ofJump| Length
(cfs) (ft) (cfs/ft) (ft) (ft) () (ft) (ft) (ft) (mm) (mm) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)

(1) (2) (3) (4) (5) (6) 7 (8) (9) (10) | (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) | (21) (22) (23) (24) (25)
14.162 2 6100 185.0 33.0 4.65 8.10 3.74 6.95 7.50 3.31 47.12 68.86 1.47 4.14 9.31 1.74 5.06 2.00 256 | 11.09 11.5 16.63 26.74 43.36
13.179 2 9800 180.0 54.4 7.04 8.10 3.56 7.40 9.00 4.43 47.12 68.86 0.95 4.80 11.26 3.41 6.49 2.00 2.83 | 12.27 125 21.80 39.56 61.36
10.806 1 10900 270.0 40.4 6.79 5.56 3.27 5.03 7.50 3.70 49.98 65.83 1.26 2.59 7.52 2.70 4.27 2.00 226 | 9.79 10.0 18.20 36.80 55.00

NOTES:

(1) Hydraulic data from columns (3) to (11) were obtained from hydraulic modeling of the Middle New River using HEC-RAS.

(2) Sediment data in columns (12) and (13) are the representative bed material data for reaches no. 1 and 2 (RAM, 1999) of the Middle New River.
(3) Long-term scour values in column (14) are from bed armoring analysis. The future channel bed grade would be limited by bed armoring and not by equilibrium slope.
(4) Local scour evaluations at drop structures in columns (15), (16) and (17) are from the application of three methods recommended by Pemberton and Lara (1984).
(5) Average local scour values in column (18) are the evaluated arithmetic average of the three methods.
(6) Low-flow thalweg of 2.0 ft is used (see column 19) since the wash is classified as a regional watercourse (SLA, 1989).
(7) Thirty percent safety factor is used (see column 20) to account for non-uniformity of flow hydraulics and sediment characteristics in the channel.
(8) Trajectory lengths in columns (23) describe the extent of flow trajectory for the design discharges from the drop face to the ground. Proposed protected lengths in column (25) include the jump lengths.




5.9

SPECIAL PROBLEMS AND SOLUTIONS

A list of problems encountered under this section are presented as follows:

1.

A trial-and-error effort was being considered to determine viable design
configurations for the five channel alternatives for Middle New River that meet all
the required design criteria. Formulation of the design problem by optimization
approach has eliminated the tedious process of the trial-and-error effort to evaluate
desired channel design information. The formulated optimization problems were

solved by GAMS (Brooke et al., 1996), a non-linear optimization code.

The optimization models developed for the five channel alternative configurations
only considered one representative equation for the analysis of equilibrium slopes
and local scours. A more representative and a much refined design values of the
average equilibrium slopes and local scours in the channel are determined by

involving all the listed equations after the optimization analysis.

The results of the sediment transport analysis that includes the equilibrium slopes,
bed armor sizes, total scour, and lateral migration cannot be checked or verified for
accuracy. Validation of the equations used, however, could be made by examining
their sources, derivations and formulations, and their suggested applications. Very
importantly, most of the methodologies used in the analysis are considered as
standard procedures. Federal and State agencies that include the U.S. Bureau of
Reclamation (USBR) and the Arizona Department of Water Resources (ADWR)

recommend the application and use of these methodologies.

The existing sand and gravel mining pit in the river near Hillcrest Boulevard and 75"
Avenue is identified to pose a potential problem to the nearby properties and to
various hydraulic structures nearby. Preliminary impact assessment of the mining

pit could be summarized as follows:

a. The existing pit of about 40 to 45 feet deep is located approximately
300 feet from the nearby housing development.

b. The existing neighborhood storm drain channel is under serious
degradation. Headcutting has undermined the bottom of the channel at
the outlet.
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£ Proposed grade control structures downstream and upstream of the
existing pit are exposed to possible failure as the pits could trigger the
formation of head-cuts that could propagate in both directions during

flood events.

An in-depth assessment study of the mining pit is essential to verify and check the
long-term impact of the pit to the area when the final engineering design is occurring

for this portion of the Master Plan.
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6.1

6.2

6.2.1

6.0 WATERCOURSE MASTER PLAN
ALTERNATIVES FORMULATION

INTRODUCTION

The Watercourse Master Plan development consists of identification of existing
channel physical and hydraulic characteristics, evaluation of project alternatives and
construction cost estimates of each alternative being considered. The analysis also
includes presentation of project alternatives to residents from the City of Glendale
and the City of Peoria. The project is presented to the public so that the public is
aware of the project alternatives and to obtain public input concerning the alternatives
formulation. A preferred alternative is selected and incorporated as part of the

Watercourse Master Plan.

The formulation of all channel alternatives included coordination between the
objectives of this study and other projects within the study area. In particular,
recreational trail elements of the City of Peoria’s Rivers Master Plan and the City of
Glendale’s Trial Plan are accommodated in the development of alternatives.
Proposed channel alternatives accommodate trail and access points, however, trails

are not considered an element for the Watercourse Master Plan.

EXISTING CHANNEL

Existing Channel Physical Characteristics

The Middle New River Watercourse Master Plan study reach of New River
commences at the confluence and extends approximately 8.5 miles north to the New
River Dam. The study reach is sub-divided into three sub-reaches, which have
similar physical and hydraulic characteristics. Reach numbering is from downstream
to upstream. Reach location nomenclature is in river miles above the confluence with

the Aqua Fria River. Figure 1.1 displays reach location and identification.

Reach 1 extends from River Mile (RM) 8.655 to RM 11.949 (confluence with Skunk
Creek to Beardsley Road alignment) and is characterized by a trapezoidal shaped
section with the majority of the west channel side slope being armored with wire-tied
rock gabions. The trapezoidal section is a result of encroachment of the natural
channel/floodplain by development. The channel side slopes for portions of the lower

segment of Reach 1 are armored with soil cement. The east channel side slope of
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6.2.2

Reach 1 is typically not armored. The channel bed material consists of cobbles and

sand.

Reach 2 extends from RM 11.949 to RM 13.918 (Beardsley Road alignment to
approximately 1400 feet south of the Pinnacle Peak Road alignment). Reach 2 has
similar characteristic as Reach 1, with the exception of approximately 1500 linear feet
of wire-tied rock gabions along the west bank upstream of Beardsley Road, channel

side slopes are unlined.

Reach 3 extends from RM 13.918 (1400 feet south of Pinnacle Peak Road alignment)
to the New River Dam. Reach 3 is a natural channel segment with overbanks
floodplain areas. The channel is braided in various locations. Varying vegetation
densities are noted in channel and floodplain areas. Channel bed material
predominately consists of cobbles. Outside of the channel areas base material consists

of a combination of firm soil, coarse sand and fine gravel’s.
Inventory of Existing Bank Armoring

An inventory of existing bank protection is conducted to determine the type and
distribution of existing bank protection materials utilized in the study area. Figure 6-
1 displays types and locations of bank protection identified in the study area. Figure
6-2 through Figure 6-22 are photographs depicting bank material types.

Z
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