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City of Phoenix
Floodplain Management, 200 W.Washington St., Phoenix, AZ 85003

Phone: (602) 262·4960 Fax: (602) 262-7322

March 27, 2009

FEMA DEPOT
3601 Eisenhower Avenue
Alexandria, Virginia 22304

Attn: LOMR Depot

RE: CONDITIONAL LETTER OF MAP REVISION (CLOMR)
SALT RIVER - SKY HARBOR INTERNATIONAL AIRPORT (RSA), PHOENIX, AZ
PANELS 04013C 2165 Hand 2"145 H, SEPTEMBER 30, 2005

Please find the enclosed Conditional Letter of Map Revision (CLOMR) application for Salt River - Sky
Harbor International Airport in Phoenix, Arizona. The following items are included with this application.

ITEMS

1. Overview & Concurrence Form (MT-2 Form 1)
2. Riverine Hydrology & Hydraulics Form (MT..;2 Form 2)
3. Riverine Structures Form (MT-2 Form 3)
4. Annotated FIRM panels (Appendix C)
5. AnnotatedFloodway Data Table (Section 7)
6. Annotated Flood Profiles (Appendix C)
7. Effective Hydraulic Model (Appendix B)
8. Corrected Effective Hydraulic Model (Appendix B)
9. Topographic Work Map
10. Geotechnical Evaluation (Appendix F)
11. CLOMR Application on CD

If you have any technical questions rega.rding this project, please contact Mr. Dennis L. Richards, PE,
PACE Engineering, Inc., phone number (602) 275-8066. If you have any other questions, please
contact this office at·(602) 262-4960. .

Sincerely,

~
Hasan Mushtaq, PE, PhD, CFM
Floodplain Manager

cc: Mr~ Brian Cosson, CFM,Arizona Department of Water Resources
Mr. Tim Murphy, PE, CFM, Flood Control Districtof Maricopa County
Mr. Dennis L. Richards, PE, PACE Engineering, Inc.
Ms. Karen Apple, eM, Aviation Dept, City Of Phoenix



City of Phoenix
AVIATION DEPARTMENT

PLANNING & ENVIRONMENTAL DIVISION

March 26, 2009

FEMA Depot
3601 Eisenhower Avenue
Alexandria, Virginia 22304

Re: Phoenix Sky Harbor International Airport - Runway Safety Area
Improvements, Fee Exemption for Map Changes

Attention: LOMR Depot

The Runway Safety Area (RSA) project being proposed by the City of Phoenix
Aviation Department includes extension of the north embankment of the Salt
River, east of Interstate 10. The Federal Aviation Administration (FAA) has
committed to provide Airport Improvement Program funds that will cover 75
percent of the estimated project costs.

The City of Phoenix requests a CLOMR fee exemption based on the amount of
federal funding the FAA has committed to the proposed project in accordance
with 44 CFR 72.5 (d) of the National Flood Insurance Program Regulations.

If you require any additional information regarding our federal funding for this
project, please contact me at 602-683-3786.

Sincerely,

Karen J. pple, C.M.
Project Manager

Enclosures

cc: Mr. Hasan Mushtaq - City of Phoenix
Mr. Dennis Richards - Pace Advanced Water Engineering

3400 E. Sky Harbor Boulevard, Suite 3300 • Phoenix, Arizona 85034-4405 • (602) 273-3340 • FAX (602) 273-3472 • TTY (800) 781-1010

Recycled Paper



• Conditional Letter of Map Revision (CLOMR) Application

Salt River - Sky Harbor International Airport

Runway Safety Area Improvements

City of Phoenix

March 2009

Prepared For:

City of Phoenix
Aviation Department
3400 East Sky Harbor Boulevard
Phoenix, AZ 85034

Prepared by:

PACE
Advanced Water Engineering

Pacific Advanced Civil Engineering, Inc.
426 N. 44th Street, Suite 120
Phoenix, AZ 85008
602.275.8066

Subconsultant to:

HL II n-/OlIARS
Huitt-Zollars, Inc.
426 N. 44th Street, Suite 300
Phoenix, AZ 85008
602.952.9123

•
Contact Person:
Dennis L. Richards, PE, D.WRE
Erica Rodriguez, CFM PACE IN 9008E
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• 1 Introduction

Pacific Advanced Civil Engineering, Inc. (PACE) was retained by the City of Phoenix Aviation Department
under subcontract to Huitt-Zollars to prepare a Conditional Letter of Map Revision (CLOMR) package in
support of the proposed bank realignment of the north bank of the Salt River.

The CLOMR study focuses on the proposed cement stabilized alluvium embankment within the Salt River
and the associated grading within the channel. The Salt River flows from east to west in the project
reach. The hydraulic study limits along the Salt River extend from about one-half mile upstream of
Highway 143 to one-tenth mile downstream of Interstate 10, a total distance of three (3) miles. The
proposed cement stabilized alluvium embankment will be installed along the north bank of the Salt River
between River Station 217.66 and 218.14. The embankment will encroach into the existing river in order
to create more area to extend the adjacent runway at Sky Harbor Airport. A vicinity map showing the
location of the proposed embankment and grading improvements to the Salt River is shown in the figure
below.
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The vertical datum of the existing Flood Insurance Study (FIS) hydraulic models is NGVD 1929 according
to the pUblished flood insurance profiles for the Salt River (FEMA, 2005). The new topography for the
project site is based on the 1988 North American Vertical Datum (NAVD88). The hydraulic models for the
proposed and existing condition are also based on NAVD88. The datum correction being used is 2.12
feet, where NAVD 88 is equivalent to NGVD 29 plus 2.12 feet.

The hydrologic data (1 % annual-chance event discharge) for this project were obtained from the effective
Flood Insurance Study (FEMA, 2005). Water surface elevations at the upstream and downstream limits
were tied-in to those of the duplicate effective model, which is the basis for the existing FIS.

Sky Harbor Airport CLOMR - #9008E ---.......
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The purpose of the study is to delineate the 1% annual-chance floodplain and floodway along the Salt
River with the proposed cement stabilized alluvium embankment in place along the north bank and
associated grading, and prepare a CLOMR application.

Downstream towards the project reach, with the airport in the background

Sky Harbor Airport CLOMR - #9008E 2 -----PACE



e 2 Forms

Table 1 - Study Documentation Abstracts for FEMA Submittals

Study Documentation Abstract IInitial I I Restudy I I CLOMR IX I LOMR I I Other Ifor FEMA Submittals Study

2.1.1 I Date Study Accepted

Study Contractor Pacific Advanced Civil Engineering, Inc.

Contact(s) Dennis L. Richards, P.E., D.WRE

Address 426 N. 44th Street, Suite 120

2.1.2 Phoenix, AZ 85008

Phone 602-275-8066

Internal Reference Number 9008E

FEMA Technical Review

Contractor

Contact(s)

2.1.3 Address

Phone

Internal Reference Number

2.1.4
I

FEMA Regional Reviewer

Phone

2.1.5
State Technical Reviewer

IPhone

2.1.6
I

Local Technical Reviewer

I

Hasan Mushtaq, PhD, P.E., CFM

Phone 602-262-4960

2.1.7 Reach Description Salt River - FIRM Panel 2145H &2165 H
Between Hohokam Expy & Maricopa Fwy

2.1.8 I USGS Quad Sheet(s) with original photo date

I& latest photo revision date

2.1.9 Unique Conditions and Problems

Coordination of Q's Discharges Hydrology was based on FEMA Flood
2.1.10

(Agency, Date, Comments) Insurance Study for Maricopa County and
unincorporated areas.

•
Sky Harbor Airport CLOMR - #9008E 3



2.1 FEMA Forms

ruoSO DEPARTMENT OF HOMELAND SECURITY· FEDERAL EMERGENCY MANAGEMENT AGENCY a.M.B No. 1660-0016

OVERVIEW & CONCURRENCE FORM Expires: 12/31/2010

PAPERWORK BURDEN DISCLOSURE NOTICE

Public reporting burden for this form is estimated to average 1 hour per response. The burden estimate includes the time for reviewing instructions,
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not required
to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send comments regarding
the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S. Department of

omeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction Project (1660-0016).
Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed
survey to the above address.

A. REQUESTED RESPONSE FROM DHS-FEMA

This request is for a (check one):

~ CLOMR:

D LOMR:

A letter from DHS-FEMA commenting on whether a proposed project, if built as proposed, would justify a map revision, or
proposed hydrology changes (See 44 CFR Ch. 1, Parts 60, 65 & 72).

A letter from DHS-FEMA officially revising the current NFIP map to show the changes to floodplains, regulatory floodway or
flood elevations. (See 44 CFR Ch. 1, Parts 60, 65 & 72)

B. OVERVIEW

1. The NFIP map panel(s) affected for all impacted communities is (are):

Community No. Community Name State Map No. Panel No. Effective Date
Ex: 480301 City of Katy TX 480301 0005D 02/08/83

480287 Harris County TX 48201C 0220G 09/28/90
040051 City of Phoenix AZ 04013C 2165H 09/30/2005

040051 City of Phoenix AZ 04013C 2145H 09/30/2005

2. a. Flooding Source: Salt River

b. Types of Flooding: ~ Riverine o Coastal D Shallow Flooding (e.g., Zones AO and AH)

D Alluvial fan D Lakes D Other (Attach Description)

3. Project Name/ldentifier: Sky Harbor Runway Extension

4. FEMA zone designations affected: AE, X (choices: A, AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X)

5. Basis for Request and Type of Revision:

a. The basis for this revision request is (check all that apply)

I:8J Physical Change o Improved Methodology/Data I:8J Regulatory Floodway Revision o Base Map Changes

o Coastal Analysis ~ Hydraulic Analysis o Hydrologic Analysis D Corrections

o Weir-Dam Changes ~ Levee Certification o Alluvial Fan Analysis o Natural Changes

o New Topographic Data o Other (Attach Description)

Note: A photograph and narrative description of the area of concern is not required, but is very helpful during review.

b. The area of revision encompasses the following structures (check all that apply)

Structures: I:8J Channelization I:8J Levee/Floodwall o Bridge/Culvert

D Dam DFili o Other (Attach Description)

Sky Harbor Airport CLOMR - #9008E 4



C. REVIEW FEE

Has the review fee for the appropriate request category been included? D Yes Fee amount: $

~ No, Attach Explanation

lease see the DHS-FEMA Web site at http://www.fema.gov/plan/prevent/fhm/frm fees.shtm for Fee Amounts and Exemptions.

D. SIGNATURE

All documents submitted in support of this request are correct to the best of my knowledge. I understand that any false statement may be punishable by
fine or imprisonment under Title 18 of the United States Code, Section 1001.

Name: Karen J. Apple, C.M., Project Manager Company: City of Phoenix Aviation Department

Mailing Address: Daytime Telephone No.: (602) 683-3786 Fax No.: (602) 273-3472
3400 E. Sky Harbor Boulevard Suite 3300
Phoenix, Arizona 85034-4405 E-Mail Address: karen.apple@phoenix.gov

/>

Signature of Requester (reqUired):~IJtt.-~} / k/J~ Date: '5- 27-p1
A, 'h, oommooity offici" "'Pooo'''I''flO""~e,g".i'~ h'''by ,,'",w"'g, 'h,' w, h,,, "ooi,,' ,,' ",i,w,' !hi, L,tt" 01 M,p ",,',ioo
(LOMR) or conditional LOMR request. Based po e community's review, we find the completed or proposed project meets or is designed to meet all
of the community floodplain management requir ments, including the requirement that no fill be placed in the regulatory floodway, and that all necessary
Federal, State, and local permits have been, or in the case of a conditional LOMR, will be obtained. In addition, we have determined that the land and
any existing or proposed structures to be removed from the SFHA are or will be reasonably safe from flooding as defined in 44CFR 65.2(c), and that we
have available upon request by FEMA, all analyses and documentation used to make this determination.

Community Official's Name and Title: Hasan Mushtaq, Floodplain Manager Community Name: City of Phoenix
Street Transportation Department

Mailing Address: Daytime Telephone No.: (602) 262-4960 Fax No.: (602) 262-7322
200 W. Washington Street, 5th Floor
Phoenix, AZ 85003-1611 E-Mail Address: hasan.mushtaq@phoenix.gov

Community Official's Signature (required): .1L 11i~. Date: ?J/ 'd.-7 °9............ 1/,
."

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR
This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify
elevation information data, hydrologic and hydraulic analysis, and any other supporting data. All documents submitted in support of this request are
correct to the best of my knowledge. All analyses have been performed correctly and in accordance with sound engineering practices. All project works
are designed in accordance with sound engineering practices to provide protection from the 1% annual chance flood. If "as-built" conditions data/plan
provided, then the structure(s) has been built according to the plans being certified, is in place, and is fully functioning. I understand that any false
statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001.

Certifier's Name: Dennis Richards, PE License No.: 21560 Expiration Date: 03/31/2010

Company Name: Pacific Advanced Civil Engineering, Inc. (PACE) Telephone No.: (602) 275-8066 Fax No.: (602) 393-3026

Signature: JJ~£, ~~AR Date: 3/25/2009
Ensure the forms that are appropriate to your revision request are included in your submittal.

(~ --'.-~~""n~n ~~
Form Name and (Number) Required if ...

J-'-lrW\f'CA'r~~~
~ Riverine Hydrology and Hydraulics Form (Form 2) New or revised discharges or water-surface elevations .J (.j q ~

~ 21~[8J Riverine Structures Form (Form 3) Channel is modified, addition/revision of bridge/culverts, I ;I; DENNISL. ~ t
addition/revision of levee/floodwall, addition/revision of dam q~\~:

D Coastal Analysis Form (Form 4) New or revised coastal elevations ~~.gj
D Coastal Structures Form (Form 5) Addition/revision of coastal structure ffl~PNA~

D Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans Exp~-;3./~I/lb/C

Sky Harbor Airport CLOMR - #9008E 5 ..-.......
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U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY

RIVERINE HYDROLOGY &HYDRAULICS FORM

PAPERWORK REDUCTION ACT

O.M.B No. /660-00/6
Expires: /2/3/120/0

Public reporting burden for this form is estimated to average 3.25 hours per response. The burden estimate includes the time for reviewing
instructions, searching existing data sources, gathering and maintaining the needed data. and completing, reviewing, and submitting the form. You
are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S.
Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not
send your completed survey to the above address.

Flooding Source: Salt River
Note: Fill out one form for each flooding source studied

A. HYDROLOGY

1. Reason for New Hydrologic Analysis (check all that apply)

~ Not revised (skip to section B)

D Alternative methodology

D No existing analysis

D Proposed Conditions (CLOMR)

o Improved data

o Changed physical condition of watershed

2. Comparison of Representative 1%-Annual-Chance Discharges

Location Drainage Area (Sq. Mi.) Effective/FIS (cfs) Revised (cfs)

3. Methodology for New Hydrologic Analysis (check all that apply)

o Statistical Analysis of Gage Recordso Regional Regression Equations
D Precipitation/Runoff Modelo Other (please attach description)

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support the
new analysis.

4. Review/Approval of Analysis

If your community requires a regional, state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review.

5. Impacts of Sediment Transport on Hydrology

Was sediment transport considered? DYes D No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach your
explanation for why sediment transport was not considered.

B. HYDRAULICS

1. Reach to be Revised

•
Downstream Limit

Upstream Limit

2. Hydraulic Method/Model Used

HEC-RAS 4.0

Description

Just upstream of 1-10 Bridge

Just downstream of SR 153 Bridge

Cross-section

217.57

218.96

Water-Surface Elevations (ft.) (NAVD 88)

Effective Proposed/Revised

1112.45 1110.19

1128.15 1127.89

Sky Harbor Airport CLOMR - #9008E 6 ~
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B. HYDRAULICS (CONTINUED)

•
3. Pre-Submittal Review of Hydraulic Models

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models,
respectively. These review programs may help verify that the hydraulic estimates and assumptions in the model data are in accordance with NFIP
requirements, and that the data are comparable with the assumptions and limitations of HEC-2/HEC-RAS. CHECK-2 and CHECK-RAS identify
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from
http://www.fema.gov/plan/prevent/fhm/frm soft.shtm. We recommend that you review your HEC-2 and HEC-RAS models with CHECK-2 and
CHECK-RAS. Review of your submittal and resolution of valid modeling discrepancies may result in reduced review time.

4. Models Submitted Natural Run

Duplicate Effective Model*
Corrected Effective Model*
Existing Condition Model
Proposed Condition Model

DupEff_Salt.prj
Carr_Effective_SkyHarbor. prj
Existing_SkyHarbor.prj
Proposed_SkyHarbor.prj

NGVD 1929
NAVD 1988
NAVD 1988
NAVD 1988

• For details, refer to the corresponding section of the instructions.

~ Digital Models Submitted? (Required)

C. MAPPING REQUIREMENTS

A certified topographic map must be submitted showing the following information (where applicable): the boundaries of the effective, existing, and
proposed conditions 1%-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1%- and O.2%-annual-chance
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross-sections with stationing control
indicated; stream, road, and other alignments (e.g., dams, levees, etc.); current community easements and boundaries; boundaries of the requester's
property; certification of a registered professional engineer registered in the subject State; location and description of reference marks; and the
referenced vertical datum (NGVD, NAVD, etc.).

~ Digital Mapping (GIS/CADD) Data Submitted

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM and/or FBFM
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FIRM and/or FBFM, annotated to
show the boundaries of the revised 1%- and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with the boundaries of the effective
1%- and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area of revision.

~ Annotated FIRM and/or FBFM (Required)

~ Yes 0 No1. For LOMR/CLOMR requests, do Base Flood Elevations (BFEs) increase?

- D. COMMON REGULATORY REQUIREMENTS*

.~~~~--~~--~-------------~~-........
a. For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFIP regulations:

The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot.
The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot.

b. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? 0 Yes 0 No
If Yes, please attach proof of property owner notification and acceptance (if available). Elements of and examples of property owner
notification can be found in the MT-2 Form 2 Instructions.

2. Does the request involve the placement or proposed placement of fill? ~ Yes 0 No

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably safe from flooding in accordance with the
NFIP regulations set forth at 44 CFR 60.3(a)(3), 65.5(a)(4), and 65.6(a)(14). Please see the MT-2 instructions for more information.

3. For LOMR requests, is the regulatory floodway being revised? DYes 0 No

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(1) of the NFIP Regulations, notification is
required for requests involving revisions to the regulatory floodway. (Not required for revisions to approximate 1%-annual-chance floodplains
[studied Zone A designation] unless a regulatory floodway is being added. Elements and examples of regulatory floodway revision notification
can be found in the MT-2 Form 2 Instructions.)

4. For LOMR/CLOMR requests, does this request have the potential to impact an endangered species? o Yes ~ No

•
If Yes, please submit documentation to the community to show that you have complied with Sections 9 and 10 of the Endangered Species Act
(ESA). Section 9 of the ESA prohibits anyone from "taking" or harming an endangered species. If an action might harm an endangered
species, a permit is required from U.S. Fish and Wildlife Service or National Marine Fisheries Service under Section 10 of the ESA.

For actions authorized, funded, or being carried out by Federal or State agencies, please submit documentation from the agency showing its
compliance with Section 7(a)(2) of the ESA.

• Not inclusive of all applicable regulatory requirements. For details, see 44 CFR parts 60 and 65.

Sky Harbor Airport CLOMR - #9008E 7 ...-......
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U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY a.M.B No. 1660-0016
RIVERINE STRUCTURES FORM Expires: 1213112010

PAPERWORK REDUCTION ACT

Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing instructions,
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.S.
Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not
send your completed survey to the above address.

Flooding Source: Salt River
Note: Fill out one form for each flooding source studied

A. GENERAL

Complete the appropriate section(s) for each Structure listed below:

Channelization complete Section B
Bridge/Culvert complete Section C
Dam/Basin complete Section D
Levee/Floodwall complete Section E
Sediment Transport complete Section F (if required)

Description Of Structure

1. Name of Structure: Cement stabilized alluvium levee

Type (check one): I:8l Channelization D Bridge/Culvert I:8l Levee/Floodwall D Dam/Basin

Location of Structure: Cement stabilized alluvium levee on north bank of Salt River

Downstream Limit/Cross-Section: 217.66

Upstream Limit/Cross-Section: 218.14

2. Name of Structure:

Type (check one):

Location of Structure:

D Channelization D Bridge/Culvert D Levee/Floodwall D Dam/Basin

Downstream Limit/Cross-Section:

Upstream Limit/Cross-Section:

3. Name of Structure:

Type (check one)

Location of Structure:

D Channelization D Bridge/Culvert D Levee/Floodwall D Dam/Basin

•

Downstream Limit/Cross-Section:

Upstream Limit/Cross-Section:

NOTE: For more structures, attach additional pages as needed .

Sky Harbor Airport CLOMR - #9008E 8
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B. CHANNELIZATION

Flooding Source: Salt River

Name of Structure: Cement stabilized alluvium

1. Accessory Structures

The channelization includes (check one):

D Levees [Attach Section E (Levee/Floodwall)]
D Superelevated sections
D Debris basin/detention basin [Attach Section D (Dam/Basin)]
~ Other (Describe): Cement stabilized alluvium or gabions

2. Drawing Checklist

D Drop structures
D Transitions in cross-sectional geometry
D Energy dissipater

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.

3. Hydraulic Considerations

The channel was designed to carry 169,000 (cfs) and/or the 1OO-year flood.

The design elevation in the channel is based on (check one):

~ Subcritical flow D Critical flow o Supercritical flow D Energy grade line

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump
is controlled without affecting the stability of the channel.

D Inlet to channel D Outlet of channel D At Drop Structures D At Transitions
D Other locations (specify):

4. Sediment Transport Considerations

Was sediment transport considered? ~ Yes D No If Yes, then fill out Section F (Sediment Transport).
If No, then attach your explanation for why sediment transport was not considered .

_ C. BRIDGE/CULVERT......-----------------------.
Flooding Source:

Name of Structure:

1. This revision reflects (check one):

D Bridge/culvert not modeled in the FIS
D Modified bridge/culvert previously modeled in the FIS
D Revised analysis of bridge/culvert previously modeled in the FIS

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze the
structures. Attach justification.

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following
(check the information that has been provided):

D Dimensions (height, width, span, radius, length)
D Shape (culverts only)
D Material
D Beveling or Rounding
D Wing Wall Angle
D Skew Angle
D Distances Between Cross-Sections

4. Sediment Transport Considerations

D Erosion Protection
D Low Chord Elevations - Upstream and Downstream
D Top of Road Elevations - Upstream and Downstream
D Structure Invert Elevations - Upstream and Downstream
D Stream Invert Elevations - Upstream and Downstream
D Cross-Section Locations

Was sediment transport considered? DYes D No If yes, then fill out Section F (Sediment Transport).
If No, then attach your explanation for why sediment transport was not considered.
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D. DAM/BASIN

Flooding Source:

Name of Structure:

1. This request is for (check one): o Existing dam 0 New dam D Modification of existing dam

2. The dam was designed by (check one): D Federal agency 0 State agency 0 Local government agency D Private organization

Name of the agency or organization:

3. The Dam was permitted as (check one):

a. D Federal Dam o State Dam

Provide the permit or identification number (10) for the dam and the appropriate permitting agency or organization

Permit or 10 number _ Permitting Agency or Organization

b. D Local Government Dam D Private Dam

Provided related drawings, specification and supporting design information.

4. Does the project involve revised hydrology? 0 Yes 0 No

If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2).

Was the dam/basin designed using critical duration storm?

D Yes, provide supporting documentation with your completed Form 2.

D No, provide a written explanation and justification for not using the critical duration storm.

5. Does the submittal include debris/sediment yield analysis? 0 Yes 0 No

If yes, then fill out Section F (Sediment Transport).
If No, then attach your explanation for why debris/sediment analysis was not considered.

6. Does the Base Flood Elevation behind the dam or downstream of the dam change?

DYes 0 No If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below.

Stillwater Elevation Behind the Dam

FREQUENCY (% annual chance)

1O-year (10%)
50-year (2%)
100-year (1%)
500-year (0.2%)
Normal Pool Elevation

FIS REVISED

•

7. Please attach a copy of the formal Operation and Maintenance Plan

Sky Harbor Airport CLOMR - #9008E 10
~

PACE



E. LEVEE/FLOODWALL

1. System Elements

a. This Levee/Floodwali analysis is based on (check one):

D upgrading of an existing levee/floodwall system
[8] a newly constructed levee/floodwall system
[8] reanalysis of an existing levee/floodwall system

b. Levee elements and locations are (check one):

D earthen embankment, dike, berm, etc.
D structural floodwall
[8] Other (describe): Cement Stabilized Alluvium

c. Structural Type (check one):

D monolithic cast-in place reinforced concrete
D reinforced concrete masonry block
D sheet piling
D Other (describe):

Station to
Station to
Station 218.14 to 217.66

d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood?

DYes I?:<:I No

If Yes, by which agency?

e. Attach certified drawings containing the following information (indicate drawing sheet numbers):

1. Plan of the levee embankment and floodwall structures.

2. A profile of the levee/floodwall system showing the
Base Flood Elevation (BFE), levee and/or wall crest and
foundation, and closure locations for the total levee system.

3. A profile of the BFE, closure opening outlet and inlet
invert elevations, type and size of opening, and
kind of closure.

4. A layout detail for the embankment protection measures.

5. Location, layout, and size and shape of the levee
embankment features, foundation treatment, floodwall
structure, closure structures, and pump stations.

2. Freeboard

a. The minimum freeboard provided above the BFE is:

3.0 feet or more at the downstream end and throughout
3.5 feet or more at the upstream end
4.0 feet within 100 feet upstream of all structures and/or constrictions

Sheet Numbers:

Sheet Numbers:

Sheet Numbers:

Sheet Numbers:

Sheet Numbers:

[8] Yes
[8] Yes
DYes

D No
D No
D No

•

1.0 foot above the height of the one percent wave associated with the 1%-annual-chance
stillwater surge elevation or maximum wave runup (whichever is greater).

2.0 feet above the 1%-annual-chance stillwater surge elevation

DYes

DYes

D No

D No
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E. LEVEE/FLOODWALL (CONTINUED)

2. Freeboard (continued)

Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested, attach documentation
addressing Paragraph 65.1 O(b)(1 )(ii) of the NFIP Regulations.

If No is answered to any of the above, please attach an explanation.

b. Is there an indication from historical records that ice-jamming can affect the BFE? DYes rgJ No

If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists.

3. Closures

a. Openings through the levee system (check one): D exists D does not exist

If opening exists, list all closures:

Channel Station Left or Right Bank Opening Type Highest Elevation for Type of Closure Device
Openinq Invert

(Extend table on an added sheet as needed and reference)

Note: Geotechnical and geologic data

In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the
design analysis for the following system features should be submitted in a tabulated summary form. (Reference u.S. Army
Corps of Engineers [USACE] EM-111 0-2-1906 Form 2086.)

4. Embankment Protection

a. The maximum levee slope landside is: 2:1 (H : V)

b. The maximum levee slope floodside is: 2:1 (H : V)

c. The range of velocities along the levee during the base flood is: (min.) to (max.)

d. Embankment material is protected by (describe what kind):

e. Riprap Design Parameters (check one): o Velocity o Tractive stress
Attach references

Flow Curve or
Stone Riprap

Depth ofReach Sideslope Depth Velocity Straight Toedown
0100 050 Thickness

Sta to 16" 8" 12"

Sta to

Sta to

(Extend table on an added sheet as needed and reference each entry)

•
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E LEVEE/FLOODWALL (CONTINUED)

4. Embankment Protection (continued)

f. Is a bedding/filter analysis and design attached? 0 Yes ~ No

g. Describe the analysis used for other kinds of protection used (include copies of the design analysis):

Attach engineering analysis to support construction plans.

5. Embankment And Foundation Stability

a. Identify locations and describe the basis for selection of critical location for analysis:

~ Overall height: Sta. ; height 30 ft.

o Limiting foundation soil strength:

Sta. , depth to

•

strength ~ = 39 degrees, c = 0 psf

slope: SS =2 (h) to 1 (v)

(Repeat as needed on an added sheet for additional locations)

b. Specify the embankment stability analysis methodology used (e.g., circular are, sliding block, infinite slope, etc.):

c. Summary of stability analysis results:

Case Loading Conditions Critical Safety Factor

I End of construction 2.4

II Sudden drawdown 2.1

III Critical flood stage

IV Steady seepage at flood stage 1.9

VI Earthquake (Case I) 1.6

(Reference: USACE EM-111 0-2-1913 Table 6-1)

d. Was a seepage analysis for the embankment performed? DYes ~ No

If Yes, describe methodology used: See Report Text

e. Was a seepage analysis for the foundation performed? DYes ~ No

f. Were uplift pressures at the embankment landside toe checked? DYes ~ No

g. Were seepage exit gradients checked for piping potential? DYes ~ No

h. The duration of the base flood hydrograph against the embankment is 24 hours.

Attach engineering analysis to support construction plans.

Criteria (Min.)

1.3

1.0

1.4

1.4

1.0
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E LEVEE/FLOODWALL (CONTINUED)

6. Floodwall And Foundation Stability

a. Describe analysis submittal based on Code (check one):

o UBC (1988) or D Other (specify):

b. Stability analysis submitted provides for:

o Overturning D Sliding If not, explain:

c. Loading included in the analyses were:

0 Lateral earth @ PA = psf; Pp = psf

0 Surcharge-Slope @ 0 surface psf

0 Wind@Pw = psf

0 Seepage (Uplift); o Earthquake @ Peq = %g

0 1%-annual-chance significant wave height: ft.

o 1%-annual-chance significant wave period: sec.

d. Summary of Stability Analysis Results: Factors of Safety.

Itemize for each range in site layout dimension and loading condition limitation for each respective reach.

Criteria (Min) Sta To Sta To
Loading Condition

Overturn Sliding Overturn Sliding Overturn Sliding

Dead & Wind 1.5 1.5

Dead & Soil 1.5 1.5

Dead, Soil, Flood, & 1.5 1.5
Impact

Dead, Soil, & Seismic 1.3 1.3

(Ref: FEMA 114 Sept 1986; USACE EM 1110-2-2502)

(Note: Extend table on an added sheet as needed and reference)

e. Foundation bearing strength for each soil type:

Bearing Pressure Sustained Load (psf) Short Term Load (psf)

Computed design maximum 6,000 8,000

Maximum allowable

f. Foundation scour protection Dis, 0 is not provided. If provided, attach explanation and supporting documentation:

Attach engineering analysis to support construction plans.

•
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E. LEVEE/FLOODWALL CONTINUED

7. Settlement

a. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the
established freeboard margin? 0 Yes 0 No

b. The computed range of settlement is 0.1 fl. to 0.15 fl.

c. Settlement of the levee crest is determined to be primarily from:

o Foundation consolidation
~ Embankment compression
o Other (Describe):

d. Differential settlement of floodwalls ~ has 0 has not been accommodated in the structural design and construction.

Attach engineering analysis to support construction plans.

8. Interior Drainage See Interior Drainage explanation below.

a. Specify size of each interior watershed:

Draining to pressure conduit:
Draining to ponding area:

b. Relationships Established

acres
acres

Ponding elevation vs. storage
Ponding elevation vs. gravity flow
Differential head vs. gravity flow

c. The river flow duration curve is enclosed:

DYes
DYes
DYes

DYes

o No
o No
o No

o No

d. Specify the discharge capacity of the head pressure conduit: cfs

e. Which flooding conditions were analyzed?

•

Gravity flow (Interior Watershed)
Common storm (River Watershed)
Historical ponding probability
Coastal wave overtopping

DYes
DYes
DYes
DYes

o No
o No
o No
o No

If No for any of the above, attach explanation.

f. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet
facilities to provide the established level of flood protection. 0 Yes 0 No

If No, attach explanation.

g. The rate of seepage through the levee system for the base flood is cfs

h. The length of levee system used to drive this seepage rate in item g: fl.

Interior Drainage Explanation

The proposed structure is being constructed in an existing river and there is over three feet of freeboard and the existing natural
ground beyond the structure is higher than the embankment being built in the river.

There is one location upstream where there is a storm water retention area behind the north river embankment with conduit outfalls
into the channel at River Mile 218.50 and 218.54. These conduits are protected from back flow by flap gates on the outfall
structures. These structures are east of the area impacted by the water surface changes occurring because of the proposed
structure.
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E LEVEE/FLOODWALL (CONTINUED)

8. Interior Drainage (continued)

i. Will pumping plants be used for interior drainage? DYes D No

If Yes, include the number of pumping plants:
For each pumping plant, list:

Plant #1 Plant #2

The number of pumps

The ponding storage capacity

The maximum pumping rate

The maximum pumping head

The pumping starting elevation

The pumping stopping elevation

Is the discharge facility protected?

Is there a flood warning plan?

How much time is available between warning
and flooding?

Will the operation be automatic? DYes o No

If the pumps are electric, are there backup power sources? DYes o No

(Reference: USACE EM-1110-2-3101, 3102, 3103, 3104, and 3105)

Include a copy of supporting documentation of data and analysis. Provide a map showing the flooded area and maximum ponding elevations for all
interior watersheds that result in flooding.

9. Other Design Criteria

a. The following items have been addressed as stated:

Liquefaction D is [8J is not a problem
Hydrocompaction 0 is [8J is not a problem
Heave differential movement due to soils of high shrink/swell D is [8J is not a problem

b. For each of these problems, state the basic facts and corrective action taken:

See report text for explanation

Attach supporting documentation

c. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure?
~ Yes o No

Attach supporting documentation

d. Sediment Transport Considerations:

Was sediment transport considered? ~ Yes o No If Yes, then fill out Section F (Sediment Transport).
If No, then attach your explanation for why sediment transport was not considered .

•
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E. LEVEE/FLOODWALL (CONTINUED)

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.1 O(c)(1) of the NFIP regulations?
~ Yes 0 No•

10. Operational Plan And Criteria

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations? ~ Yes 0 No

c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(c)(2) of the NFIP regulations?
I:8'J Yes 0 No

If the answer is No to any of the above, please attach supporting documentation.

11 . Maintenance Plan

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations?
If No, please attach supporting documentation.

12. Operations and Maintenance Plan

Please attach a copy of the formal Operations and Maintenance Plan for the leveelfloodwall.

F. SEDIMENT TRANSPORT

Flooding Source: Salt River

Name of Structure: Cement Stabilized Alluvium

~ Yes 0 No

If there is any indication from historical records that sediment transport (including scour and deposition) can affect the
Base Flood Elevation (BFE); and/or based on the stream morphology, vegetative cover, development of the watershed and bank conditions, there is
a potential for debris and sediment transport (including scour and deposition) to affect the BFEs, then provide the following information along with the
supporting documentation:

Sediment load associated with the base flood discharge: Volume

Debris load associated with the base flood discharge: Volume

acre-feet

acre-feet

Sediment transport rate (percent concentration by volume)

•

Method used to estimate sediment transport:

Most sediment transport formulas are intended for a range of hydraulic conditions and sediment sizes; attach a detailed explanation for using the
selected method.

Method used to estimate scour and/or deposition:

Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport:
Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based
on bulked flows.

If a sediment analysis has not been performed, an explanation as to why sediment transport (including scour and deposition) will not affect the BFEs
or structures must be provided.

Please see Section 6 Scour and Sediment Transport Page 27 of CLOMR application for more detailed explanation for
sediment transport section .
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• 3 Surveying and Mapping Information

3.1 Field Survey Information

A field survey was conducted by Woolpert, Inc.

3.2 Mapping

A field survey was conducted on July 29 and 30, 2008. The topography and all elevations are in North
American Vertical Datum (NAVD) 1988 in. This is located in the Arizona Central Zone. It is important to
note that FEMA's effective study results are shown in North Geodetic Vertical Datum (NGVD) 1929.
Datum shift is NAVD minus 2.12 ft = NGVD.

The map and digital terrain model were compiled from aerial photography dated June 12 and June 19,
2006 and April 28, 2007. The mapping has a scale of one inch equals forty feet and the terrain model
produces one-foot contours.

4 Hydrology

The current FEMA regulatory 1% annual-chance discharge for the Salt River study reach is 169,000 cfs,
with a drainage area of 12,783 square miles (FEMA, 2005). There are no flow change locations within
this study reach for either the existing or proposed condition HEC-RAS models. Table 2 lists the
discharges for the various return frequencies for this reach of the Salt River.

Table 2 - Salt River Discharges

Location Drainage Area Peak Discharges (cfs)
(Square Miles) 10 % 2% 1% 0.2%

At Mill Avenue Bridge 12,783 55,000 140,000 169,000 243,000

5 Hydraulics

5.1 Method Description

Five hydraulic models for the Salt River are referenced in this report. The first model is the FIS HEC-RAS
model; the second and third models are required as part of the CLOMR process. The other models were
developed by PACE using HEC-RAS version 4.0 (U.S. Army Corps of Engineers, 2008). Below is a brief
description of the hydraulic models referenced in this report:

a. Effective Model: The effective model is obtained from FEMA library and reproduced to produce the
duplicate effective model.

b. Duplicate Effective Model: The duplicate effective model is a copy of the hydraulic analysis used in
the effective FIS. The effective model was run in a version prior to 3.0 because it contains a zero
distance between the upstream cross-section and the face of the bridge.

•
c. Corrected Effective Model: The Corrected Effective Model is the model that corrects any errors that

occur in the Duplicate Effective Model, such as the zero distance error we encounter when using a
more recent version of HEC-RAS 4.0.

d. Existing Conditions Model: A hydraulic model using updated topography to represent the current
condition of the study reach. The Existing Conditions Model reflects any physical changes since the
date of the effective model.
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•

•

•

e. Proposed Conditions Model: A hydraulic model with the proposed cement stabilized alluvium
embankment along the north bank and channel grading. This was constructed using the most recent
topography, in addition to the design plans of the proposed embankment.

A comparison between the water surface elevations obtained using the duplicate effective and corrected
effective models can be seen in Table 3. These two models were created to comply with FEMA
requirements for this CLOMR. The existing conditions model was used to establish the current
hydraulics. The proposed conditions model established the future hydraulics. The most pertinent
comparison is between the proposed conditions and the existing condition models. The differences show
the impacts of the project. Comparison of surcharges between the existing and proposed conditions
encroached models was conducted for floodway analysis. This was done to verify the effect of the
proposed embankment on surcharge. A detailed description of the floodway analysis is given in Section
5.6.

The vertical datum of the FIS model was NGVD 1929 according to the published flood insurance profiles
for the Salt River (FEMA, 2005). The new topography for the project site is based on the 1988 North
American Vertical Datum (NAVD88). The hydraulic models for the proposed and existing condition are
also based on NAVD88. The datum correction being used is 2.12 feet, where NAVD 88 is equivalent to
NGVD 29 plus 2.12 feet.

5.1.1 Duplicate Effective Model and Corrected Effective Model

The effective flood insurance model for the Salt River was based on an older version of HEC-RAS. The
model obtained from FEMA library was run in version 2.2 and in NGVD 1929. Minor corrections were
made to this model to create a corrected effective model.

A corrected effective model was created for the Salt River using the duplicate effective model by opening
the HEC-RAS model geometry into HEC-RAS version 4.0 and adding 2.12 ft to convert to 1988 NAVD.
The base-flood water surface elevations for the HEC-RAS corrected effective models were within 0.01
feet of the duplicate effective model elevations at every cross-section. Table 3 compares the results for
the duplicate effective and corrected effective models for the 1% annual-chance floodplain within this
study reach.

Table 3 - Comparison of Duplicate Effective and Corrected Effective Models

Corrected Effective Duplicate Effective Corrected
NGVD 1929 NGVD 1929 Minus

HEC·RAS 4.0 HEC-RAS 2.2 Duplicate

River W.S. River W.S. Delta W.S.
Elevation Elevation Elevation

Station
(tt)

Station
(tt) (tt)

218.97 218.97 Bridge

218.96 1126.03 218.96 1126.03 0.00

218.80 1124.77 218.80 1124.77 0.00

218.71 1123.63 218.71 1123.63 0.00

218.61 1122.61 218.61 1122.61 0.00

218.52 1121.59 218.52 1121.59 0.00

218.42 1120.20 218.42 1120.20 0.00

218.33 1119.49 218.33 1119.49 0.00

218.24 1118.20 218.24 1118.20 0.00

218.14 1117.26 218.14 1117.26 0.00
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Corrected Effective Duplicate Effective Corrected
NGVD 1929 NGVD 1929 Minus

HEC-RAS 4.0 HEC-RAS 2.2 Duplicate

River
W.S.

River
W.S. Delta W.S.

Elevation Elevation Elevation
Station

(tt)
Station

(tt) (tt)

218.04 1116.28 218.04 1116.28 0.00

217.95 1115.57 217.95 1115.57 0.00

217.86 1114.83 217.86 1114.83 0.00

217.76 1111.73 217.76 1111.73 0.00

217.66 1111.44 217.66 1111.44 0.00

217.57 1110.33 217.57 1110.33 0.00

5.1.2 Existing and Proposed Condition Models

The existing condition model is necessary because channel improvements occurred along the north bank
of Salt River that is not reflected in the effective FIRM panel mapping as indicated in the topographic work
map (See Appendix C Maps and Exhibits). The existing condition model was generated using recent
topography for cross-section information. Cross-sections were created at the same location as in the
effective hydraulic model. Additional interim sections were added for the existing conditions model.
Bridges and structural improvements to the river were already included in the effective model and no
changes to these items were made for the existing condition model.

In the proposed conditions model, channel improvements including the cement stabilized alluvium
embankment and channel grading will occur between River Stations 217.66 to 218.14. The proposed
condition includes cut and fill in the channel used to create more flow area and to fill in the scour hole
located near the 40th Street access point. A comparison of the existing and proposed conditions model is
provided in Table 4 below.

Table 4 - Comparison of Proposed and Existing Conditions

Proposed Project Existing Condition Proposed
NAVD 1988 NAVD 1988 Minus

HEC-RAS 4.0 HEC-RAS 4.0 Existing

River W.S. Elevation W.S. Elevation
Delta W.S.
Elevation

Station (tt) (tt) (tt)

218.96 1127.89 1127.87 0.02

218.80 1125.82 1125.78 0.04

218.77 1125.30 1125.26 0.04

218.71 AR 1124.67 1124.62 0.05

218.66 1124.15 1124.10 0.05

218.61 1123.54 1123.47 0.07

218.57 1122.97 1122.89 0.08

218.52 1122.42 1122.33 0.09

218.47 112207 1121.97 0.10

218.42 1121.32 1121.19 0.13

218.38 1120.82 1120.66 0.16
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• Proposed Project Existing Condition Proposed
NAVD 1988 NAVD 1988 Minus

HEC·RAS 4.0 HEC·RAS4.0 Existing

River W.S. Elevation W.S. Elevation
Delta W.S.
ElevationStation (ft) (ft) (ft)

218.33 1120.57 1120.19 0.38

218.29 1120.30 1119.59 0.71

218.24 AQ 1120.12 1119.13 0.99

218.19 1119.93 1118.69 1.24

218.14 1119.57 1118.13 1.44

218.09 1118.70 1117.52 1.18

218.04 1118.36 1117.05 1.31

218.00 1118.00 1116.74 1.26

217.95 1116.82 1116.09 0.73

217.91 1116.54 1115.89 0.65

217.86 1115.44 1115.36 0.08

217.81 1114.19 1114.73 (0.54) *

217.76 AP 1111.76 1112.79 (1.03)

217.71 1111.42 1112.26 (0.84)

217.66 1110.70 1111.01 (0.31)

217.62 1110.67 1110.50 0.17

217.57 1110.19 1110.19 0.00
• (X.xX) represents a negative value

5.1.3 Proposed Condition vs. Corrected Effective

A comparison was done between the proposed condition model and the corrected effective model to see
if there were any increased impacts. There exists one location where the water surface elevation
increased by 0.19 ft at River Station 218.14 as indicated on Table 5 below.

Table 5 - Comparison of Proposed and Existing Conditions

Proposed Corrected Proposed
Condition Effective Minus

NAVD 1988 NAVD 1988 Corrected

River
W.S.

River
W.S. Delta W.S.

Elevation Elevation Elevation
Station

(ft)
Station (ft) (ft)

218.96 1127.89 218.96 1128.15 (0.26)

218.80 1125.82 218.80 1126.89 (1.07)

218.71 AR 1124.67 218.71 1125.75 (1.08)

218.61 1123.54 218.61 1124.73 (1.19)

218.52 1122.42 218.52 1123.71 (1.29)

218.42 1121.32 218.42 1122.32 (1.00)

218.33 1120.57 218.33 1121.61 (1.04)•
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• Proposed Corrected Proposed
Condition Effective Minus

NAVD 1988 NAVD 1988 Corrected

River W.S. River
W.S. Delta W.S.

Elevation Elevation Elevation
Station (tt)

Station
(tt) (tt)

218.24 AQ 1120.12 218.24 1120.32 (0.20)

218.14 1119.57 218.14 1119.38 0.19

218.04 1118.36 218.04 1118.40 (0.04)

217.95 1116.82 217.95 1117.69 (0.87)

217.86 1115.44 217.86 1116.95 (1.51 )

217.76 AP 1111.76 217.76 1113.85 (2.09)

217.66 1110.70 217.66 1113.56 (2.86)

217.57 1110.19 217.57 1112.45 (2.26)

217.48 1109.67 217.48 1111.60 (1.93)

• (X.XX) represents a negative value

The minimum decreased water surface elevation occurs at River Station 218.04 with a decreased valued
of 0.04 ft. The maximum decreased water surface elevation occurs at River Station 217.66 with a
decreased valued of 2.86 ft. When comparing the Corrected Effective water surface profile with the
proposed condition, it is observed that the channel invert is generally lower in the proposed condition
which is part of the reason why the proposed condition water surface elevations are lower than that of the
corrected effective results. In the figure below, the proposed condition water surface elevation and
channel invert are illustrated by dashed lines.
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5.2 Topographic Work Map

The proposed conditions study area is shown on the topographic work map. The full-size 24" by 36" plot,
at 1" = 500' scale, is included in the Maps and Exhibits Appendix following the Appendices. The
proposed cement stabilized alluvium embankment is shown on the work map between River Station
sections 218.14 to 217.66. The proposed conditions 1% annual-chance floodplain and floodway
boundaries are shown on the work study maps. The thalweg of the channel is shown as indicated by the
legend. Each cross-section is geo-referenced and labeled with final computed floodplain and floodway
water surface elevations for the 1% annual-chance storm event. The 1% annual-chance floodplain limits
are shown on the annotated FIRM panel included in the Maps and Exhibits Appendix.

5.3 Parameter Estimation

5.3. 1 Roughness Coefficients

For the river reach that was modeled in the existing and proposed conditions models, the Manning's n
values were based on those found in the Flood Insurance Study HEC-RAS model. The channel n-values
were 0.03 to 0.035 for the main channel and 0.025 to 0.05 for the overbank areas throughout the reach.
These same channel and overbank n-values were applied to the existing and proposed conditions model.
The roughness coefficient was verified by comparing the work map to aerial photographs and topography.

5.3.2 Expansion and Contraction Coefficients

Contraction and expansion coefficients of 0.1 and 0.3, respectively, were used in the final proposed
conditions model along the study reach. Since the bridge abutments do not encroach into the channel,
the contraction and expansion coefficients were not revised at cross-sections adjacent to bridges.

5.4 Cross-Section Descriptions

The existing and proposed conditions hydraulic models for Salt River have twenty-nine (29) cross
sections at the same location as the FIS that were updated to newer topography. In addition to the
twenty-nine sections, twenty-three (23) cross-sections were added within the study reach located
between the previous FIS cross-sections. All cross-sections were cut using HEC-GeoRAS extension of
ArcView GIS. The cross-section alignment is shown on the HEC-RAS work map included in the Maps
and Exhibits Appendix following the appendices. All cross-sections are oriented looking downstream, so
the south river bank corresponds to the left bank of the cross-sections.

5.5 Modeling Considerations

5.5. 1 Hvdraulic Jump and Drop Analysis

There are no hydraulic jumps that exist in the existing or proposed models. Froude numbers are well
below 1.0.

5.5.2 Bridges and Culverts

In the effective FIS HEC-RAS model of the Salt River, there are fourteen (14) bridges in the hydraulic
analysis. In the existing and proposed condition models, a smaller portion of the river reach was
analyzed which does not include any bridges. Information on the existing bridges bounding the project
that were included in the existing and proposed conditions models are included in Table 6.
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• Table 6 - Salt River Bridge Data

River Bridge Name Min. Deck Elev Max Soffit Deck Pier DataStation Elev. Thickness

216.51 1-10 1124.28 1118.05 7.1 feet 7- 6.0 feet piers

218.97 Sky Harbor Exp. 1147.92 1146.55 6.7 feet 8- 6.5 feet piers

219.02 Hohokam Exp. 1146.22 1142.20 6.7 feet 8 - 5.66 feet piers

5.5.3 Levees and Dikes

•

The effective FIRM panel depicts levees through a large portion of the Salt River on both the north and
south banks. The levees begin upstream of the this study reach, and end about .5 mile and 1 mile
upstream of Interstate Freeway 10 on the north and south banks, respectively. Per FEMA regulations, all
sections meet the minimum 3 feet of freeboard as indicated by the table below.

Table 7 - Available Freeboard along Salt River Banks

River W.S. Elevation South Bank North Bank
Station (ft) (ft) (ft)

218.96 1127.89 9.11 9.11

218.8 1125.82 8.81 9.25

218.77 1125.30 9.19 9.48

218.71 AR 1124.67 10.05 9.33

218.66 1124.15 8.89 9.85

218.61 1123.54 8.49 10.47

218.57 1122.97 9.11 10.03

218.52 1122.42 11.25 9.58

218.47 1122.07 10.91 9.93

218.42 1121.32 10.35 9.68

218.38 1120.82 8.18 9.18

218.33 1120.57 7.43 9.43

218.29 1120.30 3.70 7.70

218.24 AQ 1120.12 3.88 5.88

218.19 1119.93 3.07 6.07

218.14 1119.57 4.43 5.27

218.09 1118.70 5.30 4.57

218.04 1118.36 4.64 4.27

218 1118.00 5.40 4.11

217.95 1116.82 6.19 4.64

217.91 1116.54 6.46 4.28

217.86 1115.44 7.56 4.78

217.81 1114.19 7.81 5.51

217.76 AP 1111.76 9.65 11.24

217.71 1111.42 10.96 9.08

217.66 1110.70 10.74 9.60

217.62 1110.67 9.33 9.33

217.57 1110.19 8.82 8.82
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• 5.5.4 Islands and Split Flows

The floodplain is contained within the banks of the river without creating islands or split flow. No
additional models were needed since these conditions were not present in the Salt River.

5.5.5 Ineffective Flow Areas

Ineffective flow areas were not used at the three bridges modeled for the existing and proposed
conditions. The bridge abutments do not encroach into the channel and therefore do not create areas of
ineffective flow.

5.5.6 Supercritical Flow

Subcritical flow regime was modeled in HEC-RAS. No supercritical condition is allowed.

5.6 Floodway Modeling

The original floodway was modeled so that the encroached water surface elevations would not be more
than one foot higher than the base flood elevations. The increase in the encroached proposed conditions
water surface elevations compared to the existing conditions was less than or equal to one foot within the
project reach. For the proposed condition model, it is assumed that the levees will be certified therefore
not having a floodplain outside of the banks. In this situation, the floodplain is the floodway. A summary
of the floodway water surface profile for the proposed condition model is included in Table 8.

Table 8 - Salt River Proposed Floodway Summary

Width Section Mean Without With IncreaseCross - Section
(ft)

Area Velocity Floodway Floodway
(ft)(sq ft) (ftIs) (ft) (ft)

218.96 1100.71 16485.75 10.25 1127.89 1127.89 0.00

218.80 997.44 14428.82 11.71 1125.82 1125.82 0.00

218.77 1006.60 14472.36 11.68 1125.30 1125.30 0.00

218.71 AR 993.67 14241.25 11.87 1124.67 1124.67 0.00

218.66 991.33 14426.76 11.71 1124.15 1124.15 0.00

218.61 998.45 14315.17 11.81 1123.54 1123.54 0.00

218.57 1004.14 14306.08 11.81 1122.97 1122.97 0.00

218.52 1001.71 14343.32 11.78 1122.42 1122.42 0.00

218.47 1005.53 14987.92 11.28 1122.07 1122.07 0.00

218.42 1013.30 14392.91 11.74 1121.32 1121.32 0.00

218.38 1037.01 14655.81 11.53 1120.82 1120.82 0.00

218.33 1053.04 15930.25 10.61 1120.57 1120.57 0.00

218.29 1042.57 16515.95 10.23 1120.30 1120.30 0.00

218.24 AQ 1043.28 17826.88 9.48 1120.12 1120.12 0.00

218.19 1049.41 18553.65 9.11 1119.93 1119.93 0.00

218.14 995.26 17912.79 9.43 1119.57 1119.57 0.00

218.09 871.96 15328.93 11.02 1118.70 1118.70 0.00

218.04 847.06 15593.00 10.84 1118.36 1118.36 0.00

218.00 813.76 15409.99 10.97 1118.00 1118.00 0.00

217.95 760.68 13252.92 12.75 1116.82 1116.82 0.00

217.91 714.64 13956.36 12.11 1116.54 1116.55 0.00

217.86 661.60 12414.99 13.61 1115.44 1115.45 0.00

217.81 623.28 11163.53 15.14 1114.19 1114.20 0.00•
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Width
Section Mean Without With

Increase
Cross - Section

(tt)
Area Velocity Floodway Floodway

(tt)(sq tt) (ftIs) (tt) (tt)

217.76 AP 642.35 9639.93 17.53 1111.76 1111.77 0.01

217.71 691.26 10669.79 15.84 1111.42 1111.43 0.01

217.66 747.35 11196.61 15.09 1110.70 1110.72 0.02

217.62 831.27 13050.95 12.95 1110.67 1110.69 0.02

217.57 927.54 13740.29 12.30 1110.19 1110.21 0.02

5.7 Problems Encountered During the Study

5.7.1 Special Problems and Solutions

There were no special situations encountered during the preparation of this application. A comparison of
water surface elevations was made between existing and proposed conditions because the proposed
embankment will encroach into the Salt River. The proposed project encroaches upon a regulatory
floodway and will cause an increase in base flood elevations (between existing and proposed). The
requirements of section 65.12 of the National Flood Insurance Program (NFIP) are enclosed in Appendix
D.

5.7.2 Modeling Warning and Error Messages

HEC-RAS generated several warning messages along the study reach of the proposed conditions model.
Model tolerances were slightly exceeded at a few cross-section locations for conveyance ratio, changes
in velocity head, or changes in energy losses. The cross-sections are located less than 300 feet apart
and additional cross-sections were already added to the existing and proposed condition model.
Additional cross-sections would not have avoided these warnings. Although the model tolerances were
slightly exceeded, the hydraulic computations are acceptable and these warnings are not a source of
concern.

5.8 Calibration

The purpose of a duplicate effective model is to calibrate the hydraulic models to that of the effective.
The results were within the .5 ft allowance therefore no additional adjustments are needed.

5.9 Final Results

5.9.1 Hydraulic Analysis Results

A comparison of water surface elevations was made between existing and proposed conditions because
the proposed embankment will encroach into the Salt River.

A summary table of the proposed condition (without floodway encroachment) hydraulic results for the 1%
annual-chance event is presented in Table 9. The table summarizes the following variables by cross
section: water surface elevation, critical water surface elevation, average channel velocity, top width,
hydraulic depth, and Froude number.

•
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5.9.2

Table 9 - Hydraulic Results for 1% annual-chance event Proposed Condition

River W.S. Elev CritW.S. Vel Chnl
Top

Froude #
Station (ft) (ft) (ftls)

Width
Chi

(ft)

218.96 1127.89 1121.69 10.25 1100.71 0.47

218.80 1125.82 1120.90 11.71 997.44 0.54

218.77 1125.30 1120.38 11.68 1006.59 0.54

218.71 AR 1124.67 1119.84 11.87 993.66 0.55

218.66 1124.15 1119.06 11.71 991.32 0.54

218.61 1123.54 1118.53 11.81 998.44 0.55

218.57 1122.97 1118.11 11.81 1004.14 0.55

218.52 1122.42 1117.53 11.78 1001.70 0.55

218.47 1122.07 1116.52 11.28 1005.52 0.51

218.42 1121.32 1116.46 11.74 1013.29 0.55

218.38 1120.82 1115.92 11.53 1037.00 0.54

218.33 1120.57 1114.53 10.61 1053.03 0.48

218.29 1120.30 1113.59 10.23 1042.56 0.45

218.24 AQ 1120.12 1112.15 9.48 1043.27 0.40

218.19 1119.93 1111.06 9.11 1049.41 0.38

218.14 1119.57 1110.93 9.44 995.26 0.39

218.09 111870 1111.41 11.03 871.96 0.46

218.04 1118.36 1110.40 10.84 847.06 0.45

218.00 1118.00 1109.75 10.97 813.75 0.44

217.95 1116.82 1110.52 12.75 760.67 0.54

217.91 1116.54 1108.68 12.11 714.63 0.48

217.86 1115.44 1109.06 13.61 661.58 0.55

217.81 1114.19 1109.21 15.14 623.27 0.63

217.76 AP 1111.76 1109.61 17.55 642.30 0.80

217.71 1111.42 1108.12 15.85 691.20 0.71

217.66 1110.70 1107.32 15.11 747.27 0.69

217.62 1110.67 1105.77 12.97 831.22 0.58

217.57 1110.19 1105.43 12.32 927.48 0.56

Verification of Results

The results generated by the hydraulic models were reasonable and within expected parameters.

6 Scour and Sediment Transport

Scour analyses were conducted to establish toe-down depths and design toe elevations for the bank
stabilization measures within the project reach. Sediment transport modeling was not performed for this
phase of the project but will be conducted during the final design phase to provide a more detailed
evaluation of long-term degradation and general scour.

The total scour depth is the sum of the following scour components: 1) long-term degradation, 2) general
scour; 3) local scour; 4) bed-form scour; 5) bend scour; 6) low-flow incisement; and 7) factor of safety.
Scour depths were established based on hydraulic conditions for the 1aO-year design event. Table 1a
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provides the estimated scour depths for the project reach. The following paragraphs the scour
components evaluated and the procedure used to establish the scour depth for the components.

Table 10 - Total Scour Depth

Long-Term General Low Flow Bend Bedform Factor of Grade Total
River Control

Station
Degradation Scour Incis. Scour Scour Safety Scour Scour

(ft) (ft) (ft) (ft) (ft) (ft)
(ft)

(ft)

218.80 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.77 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.71 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.66 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.61 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.57 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.52 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.47 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.42 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.38 0.0 2.7 2.0 0.0 1.9 1.4 8.0

218.33 0.0 2.4 2.0 0.0 1.9 1.3 7.6

218.29 0.0 2.4 2.0 0.0 1.9 1.3 7.6

218.24 0.0 3.5 2.0 0.0 1.9 1.6 9.0

218.19 0.0 3.5 2.0 0.0 1.9 1.6 9.0

218.14 0.0 3.5 2.0 0.0 1.9 1.6 9.0

218.09 0.0 3.5 2.0 0.0 1.9 1.6 9.0

218.04 0.0 3.5 2.0 0.0 1.9 1.6 9.0

218.00 0.0 5.9 2.0 0.0 1.9 2.3 12.1

217.95 0.0 5.9 2.0 0.0 3.1 2.7 13.7

217.91 0.0 5.9 2.0 0.0 3.1 2.7 13.7

217.86 0.0 5.9 2.0 0.0 3.1 2.7 13.7

217.81 0.0 5.9 2.0 0.0 3.1 2.7 13.7

217.76 22.0

217.71 16.0

217.66 0.0 33 2.0 0.0 3.1 1.9 10.3

217.62 0.0 3.3 2.0 0.0 2.3 1.7 9.3

217.57 0.0 3.3 2.0 0.0 2.3 1.7 9.3

6.1 Long-Term Degradation

Aggradation and degradation are long-term changes in streambed elevation due to natural or man
induced causes and can affect a long reach of the river. The changes generally occur over a long period
of time and are not the result of a single flood event.

Two grade-control structures exist within the study reach of this project. The structures were constructed
about 1990 in conjunction with a channelization project by the Arizona Department of Transportation
(ADOT). The grade-control structures are located at River Station 217.76 (Grade-Control Structure No.1)
and River Station 218.8 (Grade-Control Structure No.2). The bed elevations along the project reach
were compared using the current project mapping and the ADOT as-built plans. The comparison
indicates little change in the elevation of the channel for this period. Long-term degradation was
established as 0.0 feet along the project based on the comparison of the two sets of mapping. Long-term
degradation will be further evaluated by sediment transport modeling during final design of the project.
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6.2 General Scour

General scour refers to the vertical lowering of the channel bed over relatively short time periods, for
example, the general scour in a given reach after passage of a single flood event. Contraction scour can
be defined as a special case of general scour. General scour of a contraction occurs because the flow
area becomes smaller than the upstream channel and the average velocity and bed shear increase,
hence there is an increase in stream power at the contraction and more bed material is transported
through the contracted section than is transported into the section. As the bed level is lowered, velocity
decreases, shear stress decreases. Equilibrium is restored when the transport rate through the
contracted section is equal to the incoming rate.

General scour was estimated by two different methods. One method was a procedure included in the Los
Angeles County Department of Public Works "Sedimentation Manual," March 2006, which uses a curve
relating average velocity to general scour. The second method was to calculate contraction scour using
procedures included in the Federal Highway Administration's Hydraulic Engineering Circular No. 18,
"Evaluating Scour at Bridges," 2001. The larger of the two values was used as the general scour depth
used for establishing the toe-down depth.

6.3 Low-flow Incisement

A low-flow channel may develop when large width-depth ratios exist. There are no rigorous
methodologies for the prediction of low-flow channel incisement. A review of existing field conditions and
experience from previous projects along the Salt River indicate a low flow incisement depth of 2 to 3 feet
may develop. A low-flow channel does not exist in the project reach, possibly due to the presence of
grade-control structures. However, to be conservative during this preliminary design phase, a low-flow
incisement depth of 2 feet was used to establish the toe-down depth.

6.4 Bend Scour

Bend scour occurs in channel bends which induce transverse or "secondary" currents which, in turn,
scour sediments from the outside of a bend and cause it to be deposited along the inside of the bend.
Bend scour was not included in establishing toe-down depths as no significant curvature of the channel
occurs within the project reach.

6.5 Bedform Scour

The bedform scour component was estimated by calculating both dune and anti-dune scour. Dune scour
was calculated using a relationship developed by Yalin and anti-dune scour was calculated using a
relationship developed by Kennedy. The actual type of bedform present is a function of the flow regime.
Since the flow regime may change with the fluctuating discharges of the flood hydrograph, both bedforms
could be present in the project reach during a flood event. The maximum scour depth calculated with the
above relationships, for the 1OO-year design hydraulic conditions, was used as the bedform scour.

6.6 Local Scour/Grade-Control Scour

Local scour is the scour resulting from an obstruction and abrupt change in the direction of flow. Local
scour is caused by acceleration of flow and resulting vortices induced by the obstructions. It occurs at
bridge piers, abutments, embankments, and other structures obstructing flow. No local obstructions exist
within the project reach.

Scour on the downstream side of grade-control structures is a special case of local scour. Local scour
was estimated at Grade-Control Structure No. 1 and Grade-Control Structure No. 2 using an equation
developed for local scour downstream of soil-cement grade-control structures.

In the absence of bridge piers and/or abutments, the depth of scour below grade-control structures is not
added to the other scour components. Rather, the depth of scour caused by the grade-control structure
is compared to the design depth of scour which incorporates general scour, local scour, bedform scour,
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bend scour, low-flow incisement, and other local scour components. The larger of the two values is then
used for toe-down design.

6.7 Factor of Safety

A factor of safety was included to account for non-uniform flow distributions typical of alluvial channels. A
factor of safety of 1.3 (30% increase) was applied to the general scour, and bedform scour components.

6.8 Total Scour

The total scour is the sum of long-term degradation, general scour, low-flow incisement, bend scour, and
bed form scour plus the factor of safety. The bank protection toe down will be, at a minimum, the depth of
total scour below the channel invert elevation at each station.

7 Draft FIS Report Data

7.1 Summary of Discharges

The 1% annual-chance flowrate used for the entire project reach of the Salt River is 169,000 cfs for both
the existing and proposed condition. A summary of additional discharges studied are shown in the table
below.

Table 11 - Summary of Discharges

Location Drainage Area Peak Discharges (cfs)
(Square Miles) 10 % 2% 1% 0.2 %

At Mill Avenue 12,783 55,000 140,000 169,000 243,000Bridge

7.2 Floodway Data

The proposed floodway data is listed in Table 12. The table summarizes the following variables for the
floodway by cross-section: width, section area, and mean velocity. The table also lists by cross-section
the base floodwater surface elevations for floodway and floodplain, and the corresponding water surface
elevation increase.

Table 12 - Salt River Floodway Data Table NAVD 1988

Salt River Floodway Base Flood
Water Surface Elevation

Width Section Area Mean Without With IncreaseCross-Section
(ft) (sq ft)

Velocity Floodway Floodway
(ft)

(ftIs) (ft) (ft)

218.96 1100.71 16485.75 10.25 1127.89 1127.89 0.00

218.80 997.44 14428.82 11.71 1125.82 1125.82 0.00

218.77 1006.60 14472.36 11.68 1125.30 1125.30 0.00

218.71 AR 993.67 14241.25 11.87 1124.67 1124.67 0.00

218.66 991.33 14426.76 11.71 1124.15 1124.15 0.00

218.61 998.45 14315.17 11.81 1123.54 1123.54 0.00

218.57 1004.14 14306.08 11.81 1122.97 1122.97 0.00

218.52 1001.71 14343.32 11.78 1122.42 1122.42 0.00

218.47 1005.53 14987.92 11.28 1122.07 1122.07 0.00

218.42 1013.30 14392.91 11.74 1121.32 1121.32 0.00
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• Salt River Floodway
Base Flood

Water Surface Elevation

Width Section Area Mean Without With Increase
Cross-Section (ft) (sq ft) Velocity Floodway Floodway (ft)

(ftIs) (ft) (ft)

218.38 1037.01 14655.81 11.53 1120.82 1120.82 0.00

218.33 1053.04 15930.25 10.61 1120.57 1120.57 0.00

218.29 1042.57 16515.95 10.23 1120.30 1120.30 0.00

218.24 AQ 1043.28 17826.88 9.48 1120.12 1120.12 0.00

218.19 1049.41 18553.65 9.11 1119.93 1119.93 0.00

218.14 995.26 17912.79 9.43 1119.57 1119.57 0.00

218.09 871.96 15328.93 11.02 1118.70 1118.70 0.00

218.04 847.06 15593.00 10.84 1118.36 1118.36 0.00

218.00 813.76 15409.99 10.97 1118.00 1118.00 0.00

217.95 760.68 13252.92 12.75 1116.82 1116.82 0.00

217.91 714.64 13956.36 12.11 1116.54 1116.55 0.00

217.86 661.60 12414.99 13.61 1115.44 1115.45 0.00

217.81 623.28 11163.53 15.14 1114.19 1114.20 0.00

217.76 AP 642.35 9639.93 17.53 1111.76 1111.77 0.01

217.71 691.26 10669.79 15.84 1111.42 1111.43 0.01

217.66 747.35 11196.61 15.09 1110.70 1110.72 0.02

217.62 831.27 13050.95 12.95 1110.67 1110.69 0.02

217.57 927.54 13740.29 12.30 1110.19 1110.21 0.02

• 7.3 Annotated Flood Insurance Rate Maps

A copy of the annotated FIRM is included in the Maps and Exhibits following the Appendices.

7.4 Flood Profiles

Proposed flood profiles are included in the Maps and Exhibits following the Appendices.

•
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•
US. D~partm~D' ofHom~land S~CUl-j~·

500 C Street, SW
Washington. DC 20472

FEMA
MEMORANDUM FOR:

FROM:

SUBJECT:

Mitigation Division Directors
Regions I - X

Michael F. Howard, Chief
Risk Identification Branch

Procedure Memorandum No. 41 - NOlth American Vertical
Dahnn of 1988 (NAVD88) Policy

•

•

Backg.·ound: Historically, the most common vertical datUlll used by FEMA has been
National Geodetic Vertical Datmn of 1929 (NGVD29). However, the NAVD88 dahnn is
mo.re compatible with modern surveying and mapping technologies like Global
Positioning Systems and Light Detection and Ranging (LIDAR), more accurate than
NGVD29, and it is the only official vertical dahnn for the continental United States
(http://wwwJlgs.noaa.govIPUBS LIBlFedRegisterIFRdoc93-14922.pdO.

It is important that FEMA accomplish this conversion now for the following reasons:
• The old datum, NGVD29, is obsolete and no longer suppOlted by the National

Geodetic Survey (NGS).
• As time passes it will be substantially more difficult to obtain reliable elevations

referenced to NGVD29.
• Previously published heights on NGS benchmarks win not be updated. These old

heights have greater elTors than new NAVD88 heights, are not maintained and
become less reliable as they age.

• As reference marks are disturbed or destroyed, there will be fewer and fewer
NGVD29 reference points available.

• Eventually professional sm-veyors may have difficulty certifying elevations
reference to NGVD29.

Issue: Map Modernization projects are cUlTently being undertaken using either
NGVD29 or NAVD88. FEMA wants new flood map projects to use only NAVD88.

Action Taken: The pm-pose of this memorandum is to cOllunurucate FEMA's Flood
Hazard Mapping Program policy regarding the NAVD88. This memorandum supersedes
the decision making criteria for conversion of vertical datum outlined in Appendix B of
the Guidelines and Specifications for Flood Hazard Mapping Pattners, April 2003. For
areas within the continental United States, all new flood maps and updates that revise the
majority of the map panels must be referenced to NAVD88.
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Appendix A - VERTCON Datum Conversion



• Questions concerning the VERTCON process may be mailed to NGS

Page 1 of 1

Latitude: 33 24 56

•

•

Longitude: 112 00 31.5

NGVD 29 height: ft

Datum shift (NAVD 88 minus NGVD 29) : 2.123 feet

http://www.ngs".noaa.gov/cgi-bin/VERTCON/vert_con2.prl 3/2/2009
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Appendix A - Testing Certification
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QUALITY

At Woolpert, quality is the cornerstone of our business. We invite your comments and suggestions for
improving this document.

TRADEMARKS

AIl brand names and product names are trademarks or registered trademarks of their respective
compames.
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1. INTRODUCTION

1.1 BACKGROUND

Woolpert, Inc (Woolpert) is assisting the City of Phoenix (the City) in its project to develop an enterprise
information management system using Geographic Information System (GIS) technology for Sky Harbor
International Airport. Woolpert's tasks include providing aerial photography and photogrammetrically
derived map products. Map products are required to meet American Society for Photograrnmetry and
Remote Sensing (ASPRS) Class I Accuracy Standards.

Woolpert delivered the planimetric mapping and digital terrain data to the City on several dates in 2007.
The mapping and the terrain model were compiled from aerial photography captured in June 2006 and
April 2007. Delivery was made electronically in the form of Environmental Systems Research Institute
(ESRI)-formatted feature, grid and triangulated irregular network (TIN) layers loaded to the City's GIS
servers. This report covers only mapping of the operating extents ofthe airport as identified by the City of
Phoenix, Aviation Department and the features compiled photogrammetrically as listed in Appendix A.
This mapping was designed for a scale of one inch equals forty feet and the terrain model designed to
produce one-foot contours.

In July 2008, the City determined that certification of the photogrammetrically-produced data in the
airport operating extents by an Arizona Registered Land Surveyor was needed Woolpert proposed a
certification plan which included testing the positional accuracy of the delivered data for conformance to
the ASPRS standards. The plan was submitted in Woolpert Request for Information (RFI) #21 and
approved on July 18,2008. (The RFI is included in Appendix R) This report (with appendices) serves as
certification of the map and digital terrain model features compiled from aerial photography dated June
12 and June 19,2006 and April 28, 2007, as listed in Appendix A.

1.2 PURPOSE

Prepared by Gary C. Bilow, a Registered Land Surveyor (RLS) certified by the State ofArizona and
employed by Woolpert, this report details the testing and certification ofphotograrnmetric mapping of the
operating extents of Sky Harbor International Airport located in Phoenix, Arizona, based on aerial
photography captured in June 2006 and April 2007.

1.3 SCOPE

This report provides an overview ofhow the photogrammetric mapping of the operating extents of Sky
Harbor International Airport in 2006 and 2007 processes were tested and certified, along with analysis
and conclusions. Supporting materials for this report are included in the appendices of this document.

Woolpert, Inc.
August200B

Testing &Certification Report - Photogrammetric Mapping of the Operating Extents
GIS Implementation-Phoenix Sky Harbor International Airport, City of Phoenix, Arizona
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1.4 RELATED DOCUMENTS

• City ofPhoenix Request for Proposal (RFP) for GIS Implementation

• Woolpert Scope ofWork For Phoenix Sky Harbor International Airport GIS Implementation

• 05.1. l.F Aerial Photography Standards

• 05.3.1.1.F Survey Control for Aerial Photography

1.5 DOCUMENT ORGANIZATION

This document is divided into two sections with six appendi:es that contain supporting documents, as
detailed below:

• Section 1 - Introduction. Discusses the background, scope and purpose of this document.

• Section 2 - Testing and Certification. Provides an overview of steps involved in testing and
certifYing the photogrammetric mapping of the operating extents of Phoenix Sky Harbor International
Airport, including:

o Test design and planning,

o Field survey,

o Data processing, and

o Analysis and conclusions.

• Appendix A: A table detailing the certified operating extent data delivered in 2007.

• Appendix B: An RFI regarding certification of 2007 photogrammetric mapping.

• Appendix C - A Geospatial Positioning Accuracy Standards, Part 3: National Standardfor Spatial
Data Accuracy document, as released by the Subcommittee for Base Cartographic Data ofthe Federal
Geographic Data Committee, FGDC STD-007.3-1998.

• Appendix D - A graphic illustrating the test point layout for certification of2007
photogrammetrically-derived mapping for Phoenix Sky Harbor International Airport's operating
extents.

• Appendix E - A GPS Calibration Report generated on 8/4/08.

• Appendix F ~ An analysis ofmap errors contained in the 2006/2007 photogrammetric mapping.

•

•

•
Woolpert, Inc.
August 2008

Testing &Certification Report - Photogrammetric Mapping ofthe Operating Extents
GIS Implementation-Phoenix Sky Harbor Intemational Airport, City of Phoenix, Arizona

21.1.1
2



•
PHXnVTBYR
iil CITY Of PHOENIX AVIATION DEPARTMENT

2. TESTING AND CERTIFICATION

This section provides an overview of steps involved in testing and certifYing the photogrammetric mapping of
the operating extents of Phoenix Sky Harbor International Airport, including:

• Test design and planning,

• Field survey,

• Data processing, and

• Analysis and conclusions.

Refer to the appendices for documents that provide additional infonnation on the items contained in this
section.

2.1 TEST DESIGN AND PLANNING

•
The Federal Geographic Data Committee (FGDC) published National Standards for Spatial Data Accuracy
(NSSDA) as Part 3 oftheir Geospatial Positioning Accuracy Standards (FGDC-STD-007.3-1998). The
NSSDA "implements a statistical and testing methodology for estimating the positional accuracy ofpoints on
maps and in digital geospatial data, with respect to georeferenced ground positions ofhigher accuracy". It does
not define accuracy threshold values, leaving that to the end-user of the map product The NSSDA simply
"provides a common language for reporting accuracy to facilitate the identification of spatial data for
geographic applications". This language includes specifYing accuracy at the 95% confidence level in units of
ground measure. (The NSSDA is included in Appendix C.)

The NSSDA requires testing a minimum of 20 well-defined points distributed over the geographic area of
interest - in this case, the operating extents. Testing guidelines in Appendix 3-C of the standard state "A well
defined point represents a feature for which the horizontal position is known to a high degree of accuracy and
position with respect to the geodetic datum. For the purpose of accuracy testing, well-defined points must be
easily visible or recoverable on the ground, on the independent source ofhigher accuracy, and on the product
itself."

Woolpert added additional conditions for point selection including:

1. Not in the Security Identification Display Area
2. Minimal impact on traffic and airport operations
3. Easy access via passenger vehicle
4. Good visibility for Global Positioning System (GPS) receiver
5. Well-defined both horizontally and vertically

21.1.1
3

Testing &Certification Report - Photogrammetric Mapping of the Operating Extents
GIS Implementation-Phoenix Sky Harbor Intemational Airport, City of Phoenix, Arizona

Woplpert's test was designed to exceed the NSSDA minimum. A rough grid was established over the 2007
orthbimage of the operating extents. The grid has five rows and ten columns with each cell roughly 2500 feet
squte. Two well-defined points were selected in each grid cell except where points meeting all conditions
coulid not be found in a cell. All points are within the operating extents polygon contained in the current query
datapase of GIS data. Woolpert intended to test only one point per grid cell but selected two as a way to
minimize the impact oflosing a point due to access or feature change since the original photography.

I .

woolJrt, Inc.
AUgust!2008
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ESRl ArcMap version 9.2 software was used to build a map ofpotential test points. To minimize the number
offeatures in the map, photogrammetrically-produced shapefiles named AlCpoints and All_lines were used •
with the orthophoto to identity potential test points. These intennediate files served as the basis for extraction
of the several features delivered to the City.

We detennined that most point features contained too much uncertainty horizontally to qualifY as well-defined
points in mapping at this scale. In addition, many points could not be occupied directly by the test equipment.
Intersecting lines appeared to present the most reliable test points for this analysis.

A shapefile of test points was created and populated by editing within ArcMAP. Potential test points were
snapped to the vertices of intersecting line features. Edges of sidewalks, comers ofpaved areas, ends of
retaining walls and fence comers were the most commonly used features. Potential test points were attributed
with a point number (between 600 and 700) and a brief description. Elevations of the potential test points were
extracted from the TIN layer using an automated tool that reads the TIN at the horizontal coordinates of the
point.

A Real-Time Kinematic (RTK) GPS was selected to determine the position and elevation oftest points to a
higher accuracy. RTK GPS requires two GPS receivers, one remaining at a fixed, and preferably known
position (base) and the other moving to the points of interest (rover). The AZGPS, LLC network of
Continuously Operating Reference Stations (CORS) was chosen to provide the base data. This system is
capable of delivering centimeter-level (0.03 foot) positioning.

To eliminate any small systematic differences between the AZGPS CORS network and the coordinate system
in place at Sky Harbor, the RTK GPS me asurements will be site-calibrated to photo control points used in the
mapping. Eight existing photo control points surrounding the operating extents were identified for survey. A
map showing the grid, control points and potential test point locations is ileluded Appendix D.

Finally, to assist the field surveyor, ArcMap screen shots of all test and control point locations with the
All_Lines, city street centerline and orthophoto layers were assembled Coordinates of control and test points
were exported to a hand-held GPS receiver with city street maps loaded as an aid to navigation.

2.2 FIELD SURVEY

A field survey was conducted on July 29 and 30, 2008. A Trimble R8 dual frequency GPS receiver on a tw<r
meter fixed-height rod was employed as the rover. A Trimble TSC2 field computer running Trimble Survey
Controller version 12 was used for data storage and processing. The receiver was connected to the AZGPS
CORS network base via cellular modem to the internet.

Coordinates of test points and control points were attached as reference files to the survey project in the TSC2.
Both types were measured as "Control Points" for this survey. Points were occupied a minimum of 180
epochs. With the R8 setup to report measurements one per second, each point was occupied for at least three
minutes. Difficulty in radio communications around the airport resulted in one point only having 120 epochs of
data. No obvious increase in positional error was seen on this point.

Field surveyed points were numbered by adding 1000 to the test point or photo control point number. A short
description was added Field notes were taken recording the two numbers, adding descriptive text and listing
any offsets from the surveyed point to the described test point. Four ofthe grids required selection ofa new
test point by the field surveyor. Two were moved due to accessibility/survey issues and two moved to
minimize uncertainty in the elevation. One photo control point was not accessible due to construction
activities. It was replaced with a point within the operating extent. After each point was surveyed, an inverse

•

•
Woolpert, Inc.
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was computed to the map-derived or published control point coordinates to insure no blunder had occurred.
Finally, the data was checked for completeness before ending the field survey.

A total of 58 points were surveyed, 50 test points and eight photo control points.

2.3 DATA PROCESSING

Data from the field survey was transferred to the office computer for processing using the Data Transfer Utility
in Trimble Geomatics Office (TGO) software version 1.63. Various site calibrations were tested in TGO with
the goal ofusing the calibration that best represents the transformation between the AZGPS CORS network
and the Sky Harbor coordinate system. In this case, the selection was made based on minimizing the residuals
in the observations on the control points. Six ofthe eight photo control points were used in the site calibration
The calibration included no rotation and no translation in the horizontal position, a horizontal scale factor of
1.00000586, a vertical separation at the origin of 0.09 foot with the reference plane sloping north at 7.927 parts
per million (ppm) and east at 3.837 ppm. Trimble's Site Calibration Report is included in Appendix E.

Coordinates on test points were re-calculated based on the site calibration. Point numbers, coordinates and
descriptions were exported to a comma-delimited ASCII file. The surveyed positions were adjusted by the
small amounts recorded in the field notes, as needed. This file of adjusted positions and the file of test point
positions and elevations derived from the photogrammetric mapping were combined in a Microsoft Office
Excel 2003 SP3 spreadsheet for analysis. This spreadsheet is included in Appendix F.

Woolpert, Inc.
Augusl2008
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2.4 ANALYSIS AND CONCLUSIONS

While NSSDA describes a testing method. the aetuaI accuracy threshold for this projectwas described in the original RFP
as ASPRSClass 1. The specified map scale for the operating extents was 1 inch equals40 feet, or) :480. The TJN was to
suppOrt 1 foot eontoUJ5. While ASPRS no longer publishes map standards, the 1990 ASPRS Accuracy Standards for
Large-Scale Maps are included in Appendix 3-D ofthe NSSDA. This standard selsaClass 1 JimitfugROOl-Mean-Square
Error (RMSE) for X and Y coordinates at 004 feet for 1:480 scale maps. To meet the Class 1 vertical standard,1he limiting
RMSE for elevations is ooo-thirdthe contour interval- in this case 0.33 feet.

RMSE is calculated sepaJ'3tely for X, Y and Elevation to detennine ifthe ASPRS Standard has been met. This value is the
square rOOt ofthe. sum of the differences between the map--derived coordinate and the test coordinate squared divided by
the number oftest points. This requires evaluating thrw equations as fullows:

RMSE(X)= '" (b{X(mapi)-X(surveyedifln]
RMSE(Y)= "" {b(Y(mapi)-Y(surveyedif/n]
RMSE(Z)"" '" {b(Z(mapi}Z(surveyediy/n]

Equation Key.X= East Coordinate, Y = North Coordinate, Z = Elevation, I = observation number (integer
between 1 and n) and n =integer number ofobservations

WooJpertcomputed the RMSE values for 50 test points as fullows:

RMSE(X) =0.279 LimitingRMSE(X) = 0.400
RMSE(Y) = 0.286 Limiting RMSE(Y) = 0.400
RMSE(Z) = 0.279 Limiting RMSE(Z) =0333

•

The NSSDArequirestbat accuracies be expressed in ground units at the 95%confidence level. They alsouse a single
number to represent horizontal accuracy. These numbers can becalcuJated ftonlthe RMSE values used to deterroinethe
ASPRS classification as fulJows:

=0.55 foot

Horizontal Accuracy SinceRMSE(X);/: RMSE(y) and the ratio 0.279/0.286 is between 0.6 and 1.0 (actuallyO.98),
the NSSDA specifies the following formula be used:

NSSDA Accuracy - 2.477 * 0.5 ... [RMSE(X) + RMS~(Y)]

2.477'" 05'" [0279+0.286] = 0.70 foot

NSSDA Accuracy = 1;96 ... RMSE(Z)
1.96 * 0.279

•
Since Woolpert delivered the photogtaminetrically~derived data digitally, there is no map on which to ·affix acertifieation
and seaLWoolpertoffers thefollowing certification wbichapplies to: the tested digital map products:

The digital data consisting ofmapfea.tflr€S and a digital terrain modelcovering theqperating extents ofPhoenix
SkyHarbarInternational Airport listed in Appendix A, compiledph()togrammetricallyft'omaerialphotography
dated.,fu1Je 12 andJune 19, 2006 andApril 28, 2007, anddeliYered to the City ofPhoenix, AviationJ)epartment on
vari(iUSdatesin 20Q7, Was checkedandfound to conform to the ASPRSStandardfor Class 1 Map Accuracy dated.
1990. In additiOn, the datatestedO.70foot horizontal accuracy at the 95% cOf!fidence level andtesled 0.55foot
verJ:ii,;a/ iiecUrat:y at the 95% confidence le'VlflQ$ defmed in Part 3: National Standanisfar Spattal DataAcctiraqof
the Ji'GOC's (kosaJial PositioningAccuracySt«ndanlsdated 1998.

GaryC~~, AZ J{LS # 18539 •
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ApPENDlxA: CERTIFIED OPERATING EXTENT DATA
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ApPENDIX B: RFI # 21 - CERTIFICATION OF 2007
PHOTOGRAMMETRIC MAPPING

~. Request for Information
WOOI.PERT

•

TO; TedM~ik

WOOlf'ERT.lf>ID- .. .
4~1;.0dtl0J1 {'~rBIlid,·mttg.a ~.3'9."P~~$&ro

lof3
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From:'~e.youngS@phDenix;gov
SentTtimsday,~ly'10, :2~ 12:.1'5 pM
To:Shirer;Kevm .'
Ce:BiIO'N. Gary; jarnie:~OlIDix.gdv;Ge:thSrd.John; Przybyla. JOOn;red.memik@phoenix.:gtw
.$ubjecl: RE: "Celiiiicalian">ofTopDgrapmp.Oata .

:Re,,":in,
PJ.e~~empve· .fQ::rw...rdw:it;hthi~ work. Suhmi:t '=n in~.rpi;::etozneonce

;::o:mpleted" =<:[ ~..J:" wi.n. ~e,the ~31e ·met:h,;trU;.=l~ed£6r o:rL~:1.~ .!!It:i£:f 1;Q.p::l.y

:for G.ar,y·:r 'I¢or:L
Th.:>n,h.•

TrOIll : "Shirer, Revin"~-Ke~.r.i.1'•.:Shi:rer@\ifo-t>lpert; ,'Com..":>

Sest: lJ7/aaj2Doa O~ :,:2.s~f

To: llikeYoung:s!AVW/PRX@Pi'!"X
Cc: Ted'Melnik/AVUIP$@P~XENTI ."Bil"-i~;'XY" <G~y_.,Bi1l:low~WooLpe;r:t.: com:>,

"Pnybyl..,. J<Cfhn"'. <John.P;:zybYl~@'Wrn;>ip=t.com..-"'''Ger~ara, . John'"
<John .Gerh..",o.@YI'.pol.p<;,i:'C. co;in:~t J=ci.",. :Ri.t<$.i.eI;~""~lIPHX@P~
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NH:e, ,
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Re9:i~ter~d.I.:ui:ngU;rTt.eyQ-r.in .. our ,~h~enUt,offi;ce,_ 'I~' o:z:&er .·.'t.P .c~rI;.Hy .. ~.~
dil.ta ;lnd ~:t.t..J:'~ttoi:t.::i ~=C>1racv't.o meet;:'A:t:iJsoD..ii. Revi::ted31:;;l't;ute3-,G,Olr:i'
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topo aei'i:.i.reri.D.o't;J~ti1;;lu!ri.....erbotJi..om~e~,o£hnmea:i.ate CO:E:l.l::exn ''!i;~
z..iL

Tp va1.:i~!i<ce ~20D7dat;""" G;lry wDu.:ld:ne,e4i;;o obi-ain ~u:rve.yeqUi,~;o;t
alid c:on~C:1;;ilC<Oi:t.p1~ o£day~ o£f:ie1d~<>:rk.:tiOV:ill;i.ciate :the <>poex,dtiinq
eKtient toPo G.;lt;:il in ,!ilI;i:o~~ loc..t:ion';. Then he 'iii wr~ t;..J:' up ;l J:~ttliiit
could J>}:':~'~'7~i..3t;i.~o£..r~o::rt;:n=Z:ilt;iv;e;,. anumeri.;c:otn-Ly~;i.!!l o£
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~.1.e"!'~~:te:~iI!le;:k:n~i£ yO~~d<Iik.e·u~to~t*,p~ther~~t.ld.ngaO.1:re·
£or:In.lL iri·.Ol:<1 aFl_ .

?-4d:i:t:i.oai;ll,.lY';'
'l'ed ....:l~o·. >t3-.~ :i:f~ \t:Ol.ll.d.f':;rov:id~ ~ ~!;1~th~t .••·t<he.ei.t;y Cou.ldilr.i4
in tof\rl;ur.e·:~po·~ilC ;;:l;!~tri:lC:-iv~. ~:in:c:;e •. ow::.c:~}%:en:t con;tut::t.4De!!l ~o~'

req::ci'Ze t:rerj;..i,£~t;J.on {only t:hOlt. th'e dilta m::.eded to COIl!Plywith ABPRs
CJ.;;.>!S'!5 1; ;t::md~::IJ;,

:PlIlll1Pt ·.?-lI1.~i<W~~.;:10 •.·I;•• rec:o~t1~You#ilFtO)l:~=t~~ ·t.he finll
wor.d=i:i~i.~q".B~):~h~~'!5_t.h?;ng~f1·.~~fon~ing:.Hne!!l~Y,~
·~propri~te·•..~o•. get· "'7c:~zt#:iediJ''t;~po.~d01.'t~.. from .·.Phot.o9r~t;ry.wor~ .. :i.Jith.e
£,...tari:::,:Md .,>t requ.ii~n'bcthilt:t.oP~.;apJll;:::dati'"" .(c:ozii>our~} :be. ·crer~:i.£ied

•
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by _Regi~t=ed L;md 3w:veyor to :meet t;he requ.i.r=r.t~ of Arizo·na
Revi.;:u::d 51iatute~ 'Ii.t~e ~Zr Chapiier :L

AR3g2~151 prov.:ide~:

"T.he =1:'. of tihe word "certify" or "~,J:ti.f:ic~t:ion" by OL per~oJ:1 or £.1.x:m
1-hOLt :i~:teqi"t;e.red or cert:if.1.ed by the ~rd i..,. an e:ttpre~"ion of
pro£"':",,,:ion;;,.l opinion re'iJard'inq f.u::t" ocr f.indi~ th"'t are 'the :!Iubject of
the certification ~nd doe",notcon"t.itu~~ expre.5.,. Dr ~Li.ed warranty
or q~ara:niiee_"

,Kevin Shirer, AAE.
Pro] ec1i; Manage:r- Enterpri",e In£l:u:mati.onMan,agement

•

lA~

. .'... " .. ,'~T.INC•.......,...."
405tlT~~BWd.BldgiSte~.~.;.~~~

. ~D2,426~S9OIJ~fax 6n2.42~.891D·W\Wl'~11l .
30f3

•

•
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ApPENDIX C: GEOSPATIAL POSITIONING ACCURACY
STANDARDS, PART 3

Geospatial Positioning Accura.cy Standards
Part.3: National·Standard· for· Spatial Data Accuracy

Subcommitl:eeJor Base Cartographic Data
FedeJ:alGeographicData Committee
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"PIIXIIYTII'YW
.. CIT)"OFPHOENJX AVIATION DEPARTMENT

Established by OfficeofM~tmd.BndgetCiIm1ar A-Itt, ,!theF~ ,Geog,rapbk DaG~
(FGDC)promotes the romdimtedde\'~~shsr.ing,:md~ofgti)gnpbic datIL.

TheFGDC is ~{)frepreseutativesfrmntheDepllrtJneDi5of~C~~,
Energy, Housing and UI1ml Developme!lt,theInmior, State, andTr~timl; the EnviroJmlSltBl
ProtKtlOO Ag£JKY; the Federal Emer,~~emAgency; the Li'braryof CODgress; the National
Aeroncmtics snd Space Admlliistrmon;!Ihe NationaIAn:lmti ma ReoordsAdministratiml; md the
T~Vaifley Authority. Addi1iOO3l Fedl!lBl'agenc:ies partidpate on FGDCsmbro~and
worlrnlggroups.The DepartmentoftbeIm!!rior c.ha:iIS thec~

FGDC smbcommi:l:tees work on is-'<.U!!S relmed to datac~ cOOId:inated nnder 'the drcll1ar.
Subcommittees establish and implement !itlIndanh fQrdatll cmJ.telrt; qiWity,,,~ 1InIm:fi!J;elKo:mage the
excban§e of infonnation and the tIlIn5W ofdsta; 'and orga.n:ize the coUl!Ction of~grapmcdata to reduce
dHptiaition ofeffort. WootiBg groups ,are ~l'ished fur is.wes, that tnmscaad',d:1:Ia,c~

FOI more infDril!l.ati!m ;abomthe committee, ill" to be,~,to t'heCmnmIttee's~Ietlermailing list,
p!le:ase comact

FederalGej)~ Data Col1!IlIitte~ SKre~.
cloU-S.Geologk31 Slm~,

j9() NationalCmIlK
~stm:I,ViIgjnia~2

T~ (7D3)64.8:-:5514
~csimile: (703) 648-'5'155

1nltemet(eleC\l>lmkmail):"gdc~.gov
~FrJI:,flp:iKg&:.er.~~~gdcl

WorldWide Web:' lrtWJJ'fglik.eulS~..gl)vffgOCJmn1

•

•

•
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.PIIXIIVTIIYR
•• Crr)" OI'PJlOENIxAvlATloN J)i!I'ARTMENT

Federal~hk Data Gommittee
Geogpa!l:iil PosmolJimgActl:Jr:a.cy~ds
Pm 3: National Standard for Sitmia! Dam Accursc:y

CONl'ENTS

3.1 ~ ...•..•....•...•..•...•..•...•.....,. ......••.................. 3-1
3.LI Qlbjettive , ...•..•................•.•.•........•................. _.3-1
3.1.2 Scope ....•.. ' .: ..• _.. o. _" , _•.• .: •••• .: •• , .•. , .• " .•.• 0 ••••• ; •• " ." •• 3-1
3.L3 Ap;p1icail>ility ;"" •.•.•.•••.•.• , .•••.••.••••..•. ; .•••••..... _••• ; 3-1
3.1.4 ~.Stllndards ..•....... _...•..••.... 0 •• 0 ••••••••• _ ••••••••••••• 3-1
3.1.5 Stam:lards Delie10pmem Procedures ...............• o. _ .•.•• , •..•.••..•.••3-2
3.L6 ~'l!i •••• ••••••••••••••• _ ••••••.•••• _ •••••••••• " __ '0. __ 00 •• 3-3

32 Te.sfulgM~gyADd~Re~ 0 •••••••••••••••••••••••••• 3-4
H.l SpaUal.Ac-cmr:Ky _.•.• _ ·0 0'" 3-4
32~2 Ac~lest~ _ __ __ _ _- 3-4
3.23 Act!l.mlcy:Repm1:ing ., ••. 0 _ • __ •• __ , ••••• __ ',. 3-5

Refere:w:es .••. , ; ' , .•.... ' 0 • _. '.' ; •••••• ' •••• ; •••••••••• 0 • •• • • .. 3-~

~s

.'\ppeudi:!:3~A.Ac~Stllti!ilics{~): .•...•. ;;;,;., .•. : ; •. ; ;3-9

App~m:t3-:B:HorimmalAttmaty'C~Qnfumlati\~) , •.......•...... , _•.. 3-12

A~3-e.T~~mes(iD:fuImamre) __ .. _'.0'" __ , , , __ .. , .. _p • 3-16

~]4).Otii~~cy~d!ltmfoImati~). , •• ,. : ....................•....... 3;1~

•

I.

3.

4.
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A~cyCakWmnndDi·Crider,K~USGSlt14,~TOpo~C~
~=:u.~ lmill!!llea , ..••..• ..•. _.•.• : .•:••. ~: ... ;~. ;, .•. ..• .3;14

Actw-acy.~foe Crider> KeJllilllcky USGS 1:24~(lOO;.scll1e Topograpbic Quadrmgfe

.~"".~ "'.' , ..••.....•.•... , '.' .:J-15

ASPRsAcClUllcrS~forLarge-ScaleA~ Classlhonzontai (;£.m:y) ~'RM$H~
variOOsilli.liP~!>'st~sc~fm:.tQgtunits.:._, ... , ..'; ... _.....•.. _.. , .. _ . _. j;2]

AS~~~~dsfm:,Lm-g~~caleM~Class.•lh~tal~~ry) •. limiti!lglmSB·foc
WI!iIlusmap~satgroomli scale for mmc'lllIitS- ... __." , .• " : .....• __ ... __ •. .:. 3-14.
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PBX BVTlTYiI
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Fedecd Ck9gI~hkData Committee
Geosjlatial Positioning Accm:K}' SWI.iimIs
Pari· 3:·N~lBmDdard for Spada! Data Accuracy

The NatioMI StmdlIrd for Spatia! Data Accuracy (NSSDA) implements a statistical and !'e5tiing
me1:aroikOOgyD·~ the posmooal accmacy ofpocints on maps and in digital~a! data.,
withres~ct to geomereDL-ed gJ"oun.dpo5iti<ms ofbigher accuracy.

l.U Scope

~NSSDA i!1ppiies to fnlly georeferenoed maps and digital geospatl2l dafa, in ether raster, point,
or vector fomw, derived:from S;:mrt~5:sudlas amaJplmtogfspbs, satellite. imageIy, and groond
s:un~'S. It p:ro'liides aClmImClIllmgBage for reporti:Dg accuracy tofacilliatetheidemificatinn of
:spalial damfurgeographk applicamms..

T.Il:is mndaTdis classified 35 a·IWa Usability Sfuldani by me F£deral Geographic DataC~
Stsm:lards~eModel. A Data UsabilItyStllD.dsrd describeshnw to expr~$ '"'the applicability
oresSe.1lceof l! dataset or data ~.., and ioctudes ~d.ataqmlity,as.Sll!ssmem.. accuracy, and
IlI!pOrtmgpnlocmneamti<m:s:ta1ldaIds" (pGOC, 1996,p. B)

'This st.lmdm:ld~ oot define··~l!Ccurscy values. Agenda a:re aw:m.Tligedto esnrblish
d!resbaldsfor1lleirPmdoct~andapplkaOims and fm rontractmgp~ UltimatelY,
wem~3.Ccepta.ble.lll[GWlcie!i ~r their applkm~Data.and map ~~mustdetetmine
what 3.Ca.'1acy exists or is.ac~abJeforthiar data and report it acconililgf(}NSSDA.

1.13 ApPiksbiI1ity

~theNSSl}AlD eva'lulEaDd~th!!~acaDCYiDfmaps.and geospatial data.·prodIlced,
mised,or dissemiDatedbyor mr~FedeialGO'I...einment.AccOIllli1gto~OIlk 12906,
Co~atingGeographic Dita AeqUiSffion and. Access: .tE.NatilmalSpamI Data. mfrastmcture
~ 1!>94. Sec-. 4. D$tli~Activities, item d),~11!agenties~onectmg Qfpmdllciil~
~aria.l data,tilher directtr or :indiRclly ('e:g. tl3rough grams,p~,or C~Es~
~~s1,man ·~.priDrroooJig:ningftmds forsuth lKti~1IWdatiw.illbetWJecmd
in.• mannerEhat meets. all~ stmdards 2dopmd dm:mgh !he FGPCprocF.is."

~~cyofnewonevisal~al«$. wil1be ~accontin~to6leNSSIM- ~CamKYof
existingorle§3.CY~datll_mqsmaybe~as specified, :,u:c.pritingto'$E· NSSDA or

.~ acc:lJ('Bty stmdlml J:.y whith!hey~evaltWed

Dtillaproducersmay elect tonsecmU«mwmcel,=,,"e1Cll oraccm:acyt1lresh.oidsin~SlOChas .t!le
~Map.Acouocy.~ml947(O;.S.~ofthe~t,·J94'1) D[~CYStaOOards
fnrI...a.rge:-ScaleMaps [Americmi Society. for~try·.anti· Jleml:ne.. Semsfr:Ig (ASPRS)
~JimlS~(i~,1900] ift!ley deridethat~.slm!1lIidyapplicable

•

•

•
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Fedeml GeagraphicDatli Commillee
GeospatiaIPo~·Aa:m;acySUndards
Pm 3: National Stmdndfur S~a'IDat:iAccuracy

for digital geospatia! data.

~5itiO\UllIlK:lJlII"lICYofgecdeti.<:ally snn;~"ed pcims isr~ 3CClHding to Part1, Standards fur
Geodetic Couol Networks (Fi!dNa!~hkDM:lColDlJitttee,1998), GeospailiIl Posttioomg
Accr.t!-llcy Stamards. GrollRd coordina:ll!:S ofpoims collected according ro StandJm:is and
SpecifiClUiom furGei:ldmcCantrclNetworks (Federal Geadetic OmtrolC~ 19M)m! used
in1heNmooaJ. SpalW~eSystem (NSRS). .NSRS isa coDSistel1t 11lltioM! coordina!:e systan
that defin>!s latimde, kmptud.e, heighf,scaLe, gravity, 300 OriW3tiOD :throUglwut the Nation, and
how these ..'alues dumge v...ifu~_ Cw~dy~ it ties spatial dJrtli to georefereuced positions.
NSRS pomts !IIEY.be selected.asm~ sourCi! of higher llCCUracy to testpositiOll3iaccur.ac;
ofmaps.and g&lspatial ihtas.c.commg to !he hlSSD.o\.

Pm 4, Stmdards for AlBiC and.!Facility Management {Faciiilies Working Group, 1!>97), uses !he
NSSDA for llco.IDl.cyte!il;i':ng lind verifkatio!1. The NS,1;;DA ;may be us.M for fully geor~ed
maps:fo.r AIBfCand Fadli£)' MlmJ1igement appnatkms 51Jch lIS preliminary site pE:mn:ing and
recOOIl:llissanc:e mapping.

•

•
Woolpert, Inc.
August 2008

3.15

The Nmona'I Stalldard:foa" Spatial Dm Accurncy was developed lry' ·ilieFGDC ad /we womng
gWli}H1IlspatiahJataJictu:ra¢:y, with 1heimeD.t to Ilpliate the Uni!ed SMesNational Map A!::curacy
Standards (m>IA:S}(U.3.Buremiofilie Bwigi!t,. 1947). The ASPRS A.ccmaq' Standards for Large
Sca!eMaps (ASI>R.SSpec:ifiCationsJmd Stlmd:mls C.mmuittee, 1990) fmm~d the ba",-is for update
oftheNMAS. The NSSDA,in its f.lmnK~as tbe dWtNatiolUlJ CBnogmpbicS~ fur
SpatislA!::C'III'ao/ (NeSSA);~ the ASPRS Accm3CY St:m!:l:misto map scales sma.Her tfu:n
1:20,000. The NCSSA\\"l!e weased,fur public review tlIrooa.J1 the FeiieralGeog:raphic Data
C~3Ild were~nMitteRasaresml:.

l'he~datac~has~to~many dati pmdnCl!:rS with differf.'lrtpmdnct

~Miomlimimanydat:luserswithdifferenr appliatipnuqIDIemeuts. The NSSDA was
da~toprovidl!;IIc-~.mi!dl:m:iml·so thst~c;mditKdymmp-Me~fur
their ll!pplikatiolls. Itwas~that IDlip"d.ependent ml!'351Jres ofaa:uraq', sudlliS publklrtion
SQJe. aDd l:>IYimJIiIr~111, Weft; .nOt: m1ly:;ppliablel'ihell digital ~5JKitialdataem !be resdi!y
m!lwpma~andoutpm to any :scl!le0£ dB-ta furmat. Principal (han.~sini:J.uded requirements to
r~~Kcmaq'''~3c~stati~ filr.horizontal 8tturnc:y,iDsWldofcomponem
(x.3.1KCltraq',:mii ll1igmlleilt 'i'Iith~ Fmerai Geographic Control Subc:omm1ttee(FGCS)
attlmlcy~ (FGDC,. ¥99S). 'Ilu!. NeSSAwasremmled theNatiorlal Sbmlard.for Spatial Data
AccutaL-y to emphasiZe its .applkabWyto digital geospatia! data as wiill as graphic maps.

3-2
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Fedml~hi(DatsCommEttee
GeospamI PositioningAccm:acyS~ds
P.att3: .NatIOOal :st:aDdard fOr SpatialDam Accmacy

3.1.6 Maintenance

PIIXIIVTBYH
• CITYOF PHOENIX AVIATION DEPARTMENT

FGDC·SJI)-0073·IGG8 •
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T¥RS.~of1he~UoS:Geo~giQlsmvey(USGS}>NanonaIMsppmgDhri'Sion,
mamWus~Na~tiStarJdardfur.SJIlitlal IntllA~cy(NSsDA) fce:the FedemGeograpbic
Data~.AddresS~·roncemingd1eNSSDAto:~ National Mapping Division,
USGS, 516 NstiamalCmter,RestOn, VA 10192. . .

3-3
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PliXlIlI'TlIYH
itCrti Of PHOENIX AVIATION DEPARTMENT

F~lWa1 ~hk·Data~.mmitte!!

Gel)spat:ial.PO~A:~Slandards
P.ari·3: .NatiooBl.stal'lJhrdfur SpatialData Accuracy

32 T~:l\.I~gyArid~R.equiremmts

32.1 ~Atctif3CY

1'heNSSDA UsESmot-me:m-r.qllim! errQf(RMSE) to eStimatepl>sEOOnai aecUlKY. 1?MSE is U1a.
sqUare f.olll ofthe.S\'l!nge i>f fue set.olsqnsred diffe£"...na!S between dataset coordimte~ :md
coOrdinate vafuM fronum IndepeEdHlt some ofhigher accmacyfur idemkal points',

Acc:imlicy isrepo:rtedm grmmd.di:snmces atfue~ro~e ievel. Acrurscyr~d at the 95%
c~e li!vel;m.eaIlS·that !}5%of!he.~ m.the dai3Set willhavl! m error with respect ED true
gI.OllnIlpositiontbatir> equal to Qf smanertbm tnerepQn;ed llCcm:acy value. The repo:rted aCJClm1CY
vallie reflects· :ill~~, indnding1ib.ose intrOOu.ced byg~ cllntrolcoordiDate!l,
ccmpilatloo.,.Jmd fmal computatiOll ofground coordiwitevahies ill the ploduet.

Ac~to~SpatiaiDam TlElSfer Standara.(SDTS) (ANSl-'NCITS, 1$)98), accnracy.testing by
3!imaepemiem source i>f~.a«UI3ICY is the prP.J5red ter>tJm~lKron;cy.
~1IIal'I1y, die·NSSDA:~~..lines:for aemncy testing by an independeE.l"~. of
~ aCctII:Ky_ "The~s.mJrce~fhigh& lIrouacy shan the highest accuracy iea!il"b!eand
~le to~me 3Ccm.acy of:lhe d3tsset:~

Th~d:im.j.lrOidutershall·~nl!thegeo~~ntofte5ting•.. Harizmmd.~Shllllbe
te~ •. by FPmparing mep1aimenic coormatesofwen~~i!l ·tlie.dataset ·With
C~Oitbl!S3mE}lOmtSfrOU1aniWle~tsmm:e oflJjgb.etJiCCmat},.Ve!rtimllU:cm:acy
s;hanbe~ bYcm!JpBringthe~ fnthedamS/at wirth tie...'arirms of (he .Sllme points as
~·:rmm.amde~sOOitej)fbigherKtum:yc

Eruifs.in~!1£pro~_!ll1Ch3!l:reversin:gsigm·O£inccnsistm;iE5betwt!l!nthe~t

a!ld.~soun:eofllighe£acarraq'inc~ reference ~fml~~nmst~
c~be5J!edDpmm~:Ihe·$C~"'lI!ue. .

ArnUrimt]jnof20¥pmmts sball betesmd,distn1Jnted.~~ett.tBe.gepgmphic'3Iea~fin~st
and~:!listnllntioo oferror intk dataset! \\~ 20 [l'Oint5are tested, the 95% ccmfidmceset
:t~.wsoe.~tofailtbe~~·~~mpl'Owctspetificstilms.

•Sl!l!~. J-C; sectiOO.l

.see~x J-C, sectiDIl3
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Federal Geogrnphit: DataCmnmi:ttee
GeospatialPo~ ,,!\ccurncy SWllia:rds
Pan 3: Nati.ooW Stamlard fur Spatial Jl)JIt:l AC.cm"3cr

PHX IIYTlIYil
.. CITY OF PHOENIX AVIATION Dl!PARTMENT

FGOC-5TD-0073-100& •
Iffewa: than twenty pointS elm be identified for testing" usee an ake:Inati'lremesllS to evalWite dle
acatnq ofd1e~ 5MS OU'{SI-NCrrS, 199$) idfm:ifi6 these.~me1hods for
deWminmg POSIDDnal ,ll(:cUI1K}':

• C.Dmpmsou to Soorce

Spmal dam may be emnpili!d to comply with on~ aWJr3C:Y \'lIluefur the \'eItical eilmponeotmd
mofuef: for the~ c.owpoDmt. If a .QaUSM does 1Wt e-ont3i:D elevation data, bbd for
horizontal KClmlc:y only. Comtenel}:,whm 3 dataset, ~~ 3.gridded digjtal ~"litiolldatasaor
e~c.ootonr~t,'doesootcomain WIill-defined~ label for vmtical·3iCCUr'aCY01l!y_

A .dataset may cOilll:ailltbemesor geographic a~s th3t bl1ve different acOWlCies:; Beloware
.~mes.for repoJ:timg: Kom:3.cy pfa ,composite dataset:

•
•
•

Itd3l:iof~ atqmtties.cm be idemified~teiym a damset. compute an<irepmt
separ~ 2il:CUIliCJ'~ .. . .. . . .. ... ....
Jfdata·ofvaIying~ar;e~edmd.c3Dll.Ol:l!esepamte1y~A1'r<"Dfue

d3tam.iSte~mpmttbe·lI«1irKyvame for the~ddat:i,

Ifa~~Emtte5t'ed"mpmtthelKruracy~ue:i;ortbeles5tata:lCUeamset
~. •

Woolpert, Inc.
August 2008

.PoSitimW..a~vGht5~be 1'eJ)onedmgrmmd distmces. M't!UkmUrs~be U5eliwhen
the datasetc~.mmeter:s,.Feet shallbl! nsea\\ilaithe fbtasetcoot:d:iUtes arem.feet.
The~of~gnifkDtPJacesfortheaccmacyvame shall be equaltotJ3e umnbecofsigDificmt
p1ai:esfor!he.~lIoimc~t.es; . .

AcctmItY~ in grotmddistlmcl!S 'allOWS1l5NS toilirectlymmparelilaUsersmdiffi!ring scales
or resllNrilms. ASimpllastatemerltof confom:m&e (ot omi>sitm,whEn a map ordmsetis:eoo
cmoorming)isnot~mme«. '),~ based oo.nmp dllmaeristics.sudt as·puN.iation
SClJfe (l[~~a1'MelOOtwnger· adequll.~e w'twi dBl3eall berea4i1y~ated.8!1doutput
lD any·scale orto differem&tll fotmll:ts.

R£pm1' lKct1IlI.CY;at. 9m.cmyl1jdpmcele\"lilfor dam tffSted fur bod1liorimntallmd mtkal KCliIl3c.y
as:

'rested_.·_{met:erS, :l'eet)I:u:!rizmi!'ala~lI.t 95%cnnfidmce Bel
__.(~i~vertiCil acan::acy zt95%cODfidalic:e ·,leVel
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PIIXIIYTIIYR
"CITYOFPHOENI* AVlATIONDEl'Al\l"MENT

FedenlGeDgnlphic Data Cmnmtttee
GeoSpll!tial Posmonmg Aa::nra.cy~
Part 3: N:ltiDnal Stamhn'l fuISpati:al Data Accm:sc:y

U'Sl: the "compiled to meet".Sl:3teIllentbeloWwheutheabm;e~furmtiDg by:m~dent
~ ofhi;gberllCrumcy"camlfltbefollmwd and an aI~:ememsis:USed.to~aluateKcmJKY.
REportattumcrattiN!95%C{1IJfide13p~ l~.Wr dlrtaprmJritcmo«mdmgtoPn>.t:flihJ-n;s mat: hm'fl
~t~ti-atm to]»Y1lktCfl do.ta with parlit,uJ;.u1rDriwntlllaJiif;ltW1ical OCClJ71lQ' l'.alfIQS&s:

Ccmpiled romeet__ (meters,feet)~a~cy3t!>5%~e~"l!1
__(metm., f&et)'Y'emcMaccm:aq at St5%c-oo:iident~· !£'I.-el

hpcrt acan:a<:yfOr d'8taEtm furh~ acoulICY and .p~'6dlKctmiiJlgt\)PJ'lK~tftat
~'" !Jft1l d~m:rtfld to comply 'with (lpfJJ'1iai1arvwMai affura$'lltllufl as:

1'estK__ (meters, reet) lmr.immltl~AtSt5%.(OOfidence.!£'I.'e1
Co.ed.tD m@t__(mews,ret) vert:it:alaccn.mcym9S%c~ 1e\ie1

~similKlabekwmendllia~tflStgdfm:~ac~':vmprotffucllt1au(Jl'di»gtolU(}C~

that hm;gbflflntkmJmt:rtratilldwp'l'i/llht£fl dam with:ap.t11'1icldarbOl'iztinmJac.f:MTaCJ' l'tllwc

FOtdigmugeospatial dm,:report the accm:acj' valnein.ltigimlga>spmaI inetadarz.Q?edml
Geographic .Da!a.C~, 199&, Secmm2), as 3ppmpri~to cktasetspatial cham::rerisOO::

(Dat;lU~uality-':'hrl"QllDatioolP()sitio.ns1-,AccuraqlHmizOIWlLPosilionllLAocllI:~q/Horizontal-,Po
miODaLhbmaq.:.Asg~~.:.P<1silional..Ata¢aty_Vame)·
mdlor .

(Data_Qmiit}·311fmumi<mIPositiomU\cCIWlcy.Nerncal.J)Qsiti~~cmntyiVemaCPositiOn

aI~.A.c!tinracy,-~sml!D.tlVil!rtical,","Po5rtionl1lftCiIracy...:V;ll.lneJ .

Eltta" ffie·.~~atioB$lStnldard.for SpmJal.DmA~~~.~e~be1ememQ?ede~
Geo~nmac~, l!m, Secmm 21 as 'apJmlpriate to~l:spatialc:h~remtkS:

(Data3~uaIily~~tiooJ1losffilmalj\.crum<:ylHl>rizontat..Po~_A<:anacy;Rmizol1taJ.:~
sitiDnaU\ccm:ac:Y.....~5sm£UtlHmimmal...:Positio:tW.iA.a:1m1Cy.:...~lmatioo)
litIdI~

(DatlU~ualliy_fufunnmo~iliDnal_ACOWIC}'I'Vem(aU)o~_Ac~IVertical310~

aLAce:m:acy_AssessmentfVerocaLPo-sumnaLAcOJtaCy.:...BxpJiaD.a'tion)

~of~ tbedm. wllS~dby·ll~deitt~.ofhigberm:01tlIC}·or \I!VllIliated
fF.~· by~..means,pnffidl!a.~~anb!llww·tbr!·""3.~wered&eImirled
ijlmemdam, :Uappl'pP~ wdataset spatialdtara~ (Federal GEographkDataC~
1995,SectbQIi2): . ..

(DafiU~ll:ility __InfonnatioolPl)sitiomll_AtcmacYlHo:rizmnal.-':'Posit:iOnal,-AcClmK]'''Ho~.:.Po
mo1l2LA.cctiliiCY".:.Rep«t) .

~ridlor
(DlltlI:':'Q1I;aiity_fuful1lliltioJ1fP05monal_Acairm:yf'"Jlemt!l_l'.ngition:al~AcettraeylVem.c3Cl?omron
;'L~~lU:POO)
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PHX.IIVT.IIYiI
"CITY OF PHOENIX AVIATION DEPARTMENT

Federal ~O'grnpllli::DataCJO:mmit\:ee
Geospatial Positiomng Attuucy~
Pm 3: National.SWridaId·.;for Spatial Data Accuracy

ACCmaq of·new Qlre\~~al.dsm .will be repcmdacmrdiug to tbe NSSDA. AWll1KY of
e:tisting orlegBryspatial.dsta. andmaps maybe repoot~3Sspecified, according to the .NSSDA or
the acetmKY sta:Dda.rd bywhkh ~)'·~emhllrted. Appendix 3-D· destribl!5 root:mean square
error (IDrISB) as ~.ied to individmlf x.-. y- componems, fmmerNMAS, and ASPRSAccuracy
Standards forLarg~Maps. These mmdanls, 'I:1Wr rela60mbips to NSSDA, and llCcut3CY
13bem1g~ de!;a]1>edto ensure that users WweseEIe means to assess pl}silional acmracy OfSPlitial
data or JlliIP5 for their lipplicsiom. .

If accuracy repnrtiDgc8nnot lleprol':ided using NS;SDA or otber :remgm.ed~, jprO'\'ide
mfomiation to ·euabie .USt!fS to .l!VlI1ulItehow the data fit: their applic3itiom~. TIlls
infmmationmay include desaiplim15ofthe source:DWi!ri:aUrOIlllWhich the data were compiled.,
accuOleyof ~·smve}'S~d'Wilbc~di~p£«emes, equipmen1;md
quality control procednin!su.sedin~.

Nomat1li!rwhat me:thOO is used to evaluate pDSttIDD8l llC.cmacy, explain the 3COlracy of~
measmemems and desw1le .the.1i!S1,S in digWtl~tial met3data(FedE-Ial ~phk .Dam
Committee, 199Z, Settilm1) , asapp:roplWe to d3taset spmaldulmcteristics:

(Dats-.Quali1yJtUo~mil:Kmalfictn"iK.y/Hmzmmd_Po5i1ionaLAcCllI3C,YiHo.rizomaCPo

smonCAccuracy_Repoo)
aDdIor .

(llllta..:Qa2l£ty_~~~.A.tttmtt}~reIlicScpQS.ition:al_A!:alTIlCYIV~mC3UPDsmml
aI_:.'\.camlC.y_Report) . . .

Pro\lili!bni·'F;llmj~~ ••itie~<btaaDliP"OCesses<usedilt) procluce~~m dab.~lemems
ofdi:gita1~M met1td:ata (FeJiemlGeOgrap1!lic DacaC~ 1MB,··~2) mlGer
(I)ata-,-,Qna1il:y-IEfonlmti~).
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PBXBVT .IiY'.iI
Q) CITY of PHOENIX AVIATION DEPARTMENT

F~Gep~mtJ),t~~e
Geoap:matP"o~ijjgAc~aCYSt~
~rt,3:.. ~fatio~ St;andmllorBpatial L},IlUACClllFag"

~eri~nN3ti~S~djltds~,Inmnl1ammTeclmow.r'-S~DsmTr;t~S~d(SDTS)
, :(ANS1"'NCIThj20;1~,&):Ne.tYmk{NewY!Xk;' , " "

Ameril:a~'~et.1fOi:,Photo~audR.~SemmgX~~)$p¢ci~QmaOOStaOOards

G~I~,~.}\~~mfi;>r~ScileM~:P1mt'(}gr3mmemc~rmg
SndR£inlo1l1!~v.56,oo; 1i P, 196:~107(t

<,~v.l'illi~:..T.;15l94,B:x:~tttiv>e0i:da:u~a6.7CoordiD.:am.g~~~bicDataA~msln~:md Access:
The1f{.3~l'~~1DataktrastnKilJFl,!: WaE~DC;.f.alR~,:Vo:mme59,N~ber
7Ir:;p~:l167~':1'l6'14;' ,.. ...,. . ',." '

1?adlitie!;W"OO<int~l99'l,P'art.4,Drilft~ds~Ard1nedtm!~~g, COOstrncuon. (A'EfC)
';llniiF:iI.ci'!itY~~~:~-mPo~.Ao:m:Bc)'~:W~sbni~:n..Dt,U.s.Ann,.
,c~g~:&i~~~i il,p:

:F~tlfml~~~~~~:~19~>Stmd3rdsaudS~iirl~for~Qd!mcContTo!~~'~
~Sillilt&,·Mit.,~~~lGMdetic.sm-~1!'}.,'NllOOIial·Oc'e3nic~~hmtA.GministtaOOn,
'29.p.

~~~~~j;~atJl:q~,·1~;:C~:Sta~~~~~:Metll~·.~On2,tl),
'. ·:FGDC~:'OOI~t~.:Wamm,gton,JtC.,F.aiGeOil#lill:~i~>65l>'··

j~~~~~,,~~.s~?~t%~~.~.~~~a1~~~
·:l\P~,llf~;~,,:F.~STDd){)7.149PE: W~W;lil"l)'~Ci' "F:~t;ko~C:n$l
C~$r'j '.," . '.' .' . ,.. " ."', ,'." . "

, ,. " p;

je~~~D*C~ 1996: FGOC .Sta6dr>"·~e·M~:<R.~~"a..,.1f~1
i ··:~~aPij¢:~}~g.i4'P; .. . . ..... ..... ..... .... .... ..... .

·N\iti(mal~,~jVi~J9B1~'Proo!!dun!N~fo:rMa,p~'t~{~:U£.Gem~
/:~m~Yi'Re~V.a; , .'

Uj;:.~~~.~~W7,~~tWesl>i~M;ap~~~ty.~iu~~nwem~raile~

Woolpert, fnc.
August 2008

Testing &Certification Report - Photogrammetric Mapping of the Operating Extents
GIS Implementation-Phoenix Sky Harbor Intemational Airport, City of Phoenix, Arizona

21.1.1
22



1I• .K··••·',.T··.tIYR.
iii err)' OF PHOENIX AVIA1:iONDEPI'R1:MEN7

Feder:iI Geographk Dam Commfttel!
GeospatillI Positioning Ac;rntacy standards
Pan 3: Natiimal StB.lldard for Spatial Data ALcDIllC}r
.Appendix J-A(:r:umn.srive): Ac:cwaq S1anmcs

~1~A.

Acqm1q';Statiilies
~ie)
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PBX IIVTIIYH
;» CITY OF PHOENix AVlATIONDEI',MITM.ENT

Fe~~phi'::Data>~t)ttuitt~~

Geospatial Positmm~AC~~
Pai13~ Natimllll.S:i~fw,gplltiall)ataM~·
~x3~A (nonuStW)!); Ac.P'lrw,S~," .

HXPi..ANATORY CO.]};fMENTS

1. H~~et

Let:

w1mI~

~~" 3'~!m ~tOCltdim~o'ftneimtbed'Wlntilt~,da~t
x ~;~; y ~~j~e.1he<:cDtlrdtn:ltes of the:ifu .t:beck::point in m.e.~~tromtepNiighiat.
:ae.eurac}." .
n i$ilie~t-Of~iP'oim5 tested·
i i~,,mime~nlPgmgfui~.l t~n

l1~.•etroc~~Ii$~~.sqrt[{i~~'"'flr.~if+fy~l-i~. Hon~m.ri;~.:
is:

•

~.~;44'11:" RAIfS~= 2:~a·~·R.MSFy··
#2.4417·~ tl'AH1' .
;::·!o'iJOa· ritsE, .
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I'nXIIYTI.I'YIl
·.CITY OF PHOENIX AVIAT;ONDEPARTMENT

FederalGeO:gt~hk:Da~C'~e.
.~.~~·.Pt>~Ai:drracYS~
Pstt3~N"~timwStarida(drorS,)ja'tialplltiiAro1!acy
~J-A:~):At0Jt;ii6S~, '.,

Ca.se 2:AW~ting d~stand3~delI\)r,,'WhenR.¥S~ r Ri\lSE:,

IfF~~~.Js.~EW~I);6~1:O,(wf1ereRMs,~is··'~"sm:ills;.y~ •.~ .•·.J{MS:;.
aDliRMSE;,s:DIlm.ts~iSffu!1~'~~,dn:Ul3r~~(lit,3!t15% c~e)may
be~~~.'{imlit~dasfJ.~·~ISEz 7~vI~)I(~To\'alt~Schu1tz,1968l.If~r-is ,mmmIly
dis~·~~~J~U~i1C1l.~ ..jt~3ilUI~xe;t~dJ:leut~~m,~Q'ltat:y,v~leatC(l~g
to NSSDA maybe appmmaated;8~'tofue :fi>nIDloing!mmilla:' . , .

•

Woolpert, Inc.
August200B

Let:

~~==S!Plrt.(~I.-z:~..J~}

'W~

z_;.is~verti~.c~~~:pf..theith~.p~4njfle)$~t . .
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PHXIIVTBYH
iii) en'Y ()f l'aoENlx AVlATIONDEPAll.TMF.NT

•

•

•

Federal ~gmpJ:ri,c.Dlrta·~£!
GeosplltilllPOSitil:mingACOlIaq' StiI1dm:!k
Pm 3: Nati'ClialStandltr,UorSpa1ial Data ACOlIaC)'
Appendix 3-B [WOnnatlv.e): H()JizontalAcctIHlcy~tioll5

~3-B

H~AccuracyC~

(lnfom1aIi\<e)
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PHX•.·.tI'~·I.fYB·
:"·CtTYOFl'HOENIX AVIATION!>EPAR'JMEN'f

Federal G:eogrllphi< Data CoI:Jmrittee
Geospatjal Posmonmg AOCllIaq Standa:rcfi

Part 3: National Standard for Spatial Data Aocoraq
A~ 3-B (iDfoImati:r;e}:Horizontal AmmtcyC~

The dm for hod:rontJ13ccuracy compmmom come ftom dle draftNationai MappfugPro~{m,®
TKhnical mmuctioos, Proce.dnTe :M:mual for~bp AcOlI'lK)' l):sting (N2tioDalM~Divisil.m;. 198'7).
PositiOI!l5 on the Crider, Kemrud;y 1:24,OOO-scale USGS tl),POgraphk.quadrmgleweret~against 3

Uiangniated rolWoo ofpositioos i~l!'Ilt ofdle cPllilroI rolmion ns;ed topmdnq~iRmsp; The
phorogrsphy Uged to coUeet !he mdepeuieJn s:ooKe. was different from thatused foriRmap compilation,
9lld a different control connguratilm was~

• C~tes are on the Stm Pll1l1ia Coord:inate System ($OOI:hz_),blised onNAD27- umts are
:in feet.

• x (c.omputed) and y (mmputJed);are comdinate valnes from the~ sobttion.
• x (map) and y (mzp) are c:oOIdinatelralues for mapposmODS.

Table 1 :assmnes that RMSE;, = RMSEy. ThPJefuJ:e, the acaJnC}'mm: acconimg to.tD.e NSSD.!\, at 95%
confidence, is computed 0)- i1he fmmuil:a givmm Case 1 in App:ndix J-A (n.mmamre). The accmacy
val!Je ac"lJ£~ to the NSSDA is 35·feet. Oftwmty-m'epoims. tt!Stelii OOiypoim t# IIB'OO has a posiOODal
emlr that eltCee«s 35 feet.

Table 2 1156 the fummla given in.~2m Appeudjx 3-.A('OOnnatlve) to.HJlimate accincy1MJ.eli R.:MSE,.
7 RNlSEy. The acrnracy m!Jeacc.onimg to the NSSD.!\, at 95% coof!lie!Ke,is 35 feet.

3-B
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PlIxnVT llYN
... CITY OF PHOENix AVLATION l)p,PAlrtMENT .

• Tlll:>Iel.
Accurn:y Calcn!Jltions for Crider, Kentucky USUS 1:24,OOo-sale TOJ>l>g!3Jl!W: Qua<irlingl<!

RMSll,=RMSEy awnmed

Numb'" De;crip<iro :«COt!llTm<!) x (mop) 4liffiJl." sqIIillfod4liffill.E y (cll<llj!tJted) Y{mlIp) . <liffmy ~<liffiay (1)-+(2) squ;m.IOlliIof
(l) m !(l}!®

iDS5l T'.RD-W 1313883 n73S94 II III 2~S:l!lll 291291 -I 1 .121 n.05
111352 T-RD-E B70501 l3ilJ.l.S6 -11 1&9 :w3727 303747 21.) 400 6&9 26.15
IJ'3J3 RDATRR Hillill 1361537 14 1% 3027115 302705 0 11 196. 14.00
10354 I-W-W 1357653 1357667 14 1% 1~a726 29&746 21.) 400 5% 24.41
11B55 Te.,;ID-SE B4S121 134&128 7 49 mn5 299755 30 900 949 3Ul
10156 RDATRR B45601 1345625 24- 576 lfW911 30~HI -1 1 STl 24.02
H1357 TClUl'E 1350505 n505~1 :1 .; 31841& SiS477 -I I :; 2.14
11l35a X-'!!.D 13517&1 B51792 H 121 l07697 307@S I 1 122 lU5

!llS5!! HID-E B52361 1352379 IS 324- nuw 3Jl~ -10 lOll 424 2059
10360 X-lID Bro6" 1160645 -12 1# 316720 316761 41 1&1 1m 42~72

Hl361 Y-RD-SW 1363215 n6S202 -13 169 309M2 309~9 27 729 19!1 29.97
103152 I'.RD-W 11702~9 11702&2 -17 119 316332 3168411 1'1 lS1I 51S 24.1)4

!O363 T-RD-S 1373855 B73S1~ -16 254 31!li!1-3 319BS6 -7 49 305 17.46
10364 Y-.RD-W B799S1 B79962 -19 361 Jll64.l 3116H -1l 64 425 20_62
111365 I·W-E B7S6l5 B7S62S 3 9 33491<5 33~lO 15 225 234 15.30

1!l366 TClUl·SE 1374735 Hi4742 7 49 H3909 333921 13 169 lIS 14_741
10367 T-RD·NW B705S! U7()576 -5 15 314098 324@5 -3 9 34 5.83
111368 Y-RD-SE B59119 H593&1 S ~ 1211600 32M!11 I 1 65 Utli
lroc;g T-RD-5 1346459 1346479 20 400 H{l$I6 Jlllti2 -4 16 416 2!l.4'.l
H)37{J T-RD·1i 13471111 B471W S 64 335869 3J5:B50 -19 361 415 20.62
10371 T-RD-5E B50?33 1350748 15 rn 332715 332725 10 100 325 1&.03
ill3?2 T-W-N 13543Jf5 m4411 Hi 25'5 335337 335345 '" 64 :>20 l'i'.@
illS13 T.:RD-S 11'58563 1158570 7 4lI 3353911 335406 8 64 In 10.63

liB74 X-W 1365561 B65574- 13 169 3H873 33:lSi7 4 16 185 B.6G
!llS7; X-RD H736'!5 B73643 -2 .; 3396B 339609 -4 16 '2 41'1

5Ilm IOllti6

."'....ge 4ll2..64
RMSEr 20.07

Accmaty.pI!t NSsDA 35• (2.4477 'RMSlIlr)
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PBXII",T·BYR
.. CITY OF PHOENIX. AVIATION DEPARTMENT

•
10351

10352

10353

10354

10355

10356

10157

10358

10359

10360

10361

10361

10363

10364

10365

10166

10367

10368

10369

10370

10371

10372

10373

10374

10375

T-lID-W

·T-lID-E

lIDATRR

T-RD-SW

T-lID-SE

lID AT RR

T-l'.D-E

X-lID

T-RD-E

X,1'.D

Y-RD-SW

T-RD-W

T-RD-S

Y-P~W

T-RD-E

'l"-1'.D-SE
TcRD-NW

Y-RD-SE

T-P.D-S

T-1'.D-E

T-RD-SE

TcP~N

T-1'.D-S
X-P-D

X-ID)

1173833

137.0503

1361523

1357653

1348121

1345601

1350505

1351731

1352361

1360657

1>6&215

B701119

1373&55

137:9981

1378625

1374735

1370581

1359379

1346459

1347101

1350733

1354395

135&563

1365561

1:173645

x (map)

1373894

1370486

1361537

1357667

134&128

1345625

1350507.

135.1792

1352379

1360645

136&202

1370282

13731139

1379962

1378628

1374;42

1370576

1359387

1346479

1347109

1350748

1354411

1358570

1365574

1373643

diffni:x
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diffiny
,1

10

0
10

30

-I

-I
1

-10

41

27

17
-7

-II

15

13
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Feden1.Geogmpbk Dlitll Cmmnittee
UrospatialPosmomogAocm:acy~
Part3: Natiilmal Standardfm: Spatial Dlita'Aoo:ttacy
~J-C~rma£i\"eFTatipg gW.delines

·App~u:.

Te=.-ring gui4eJiDeS
~UveJ

'HXIlrI'TIiYII
IilCITY OF PHOENIx AVlA110N l)EPAlIt~m

FGDC~S1D-OO'7 3-1998
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PUXIIVT-In"Il
.~ CmQFl'iwENIi AVIATION DEPAirblENT .

Federal Gaogaphic DataCoDmmittee
Geosplltial PosiOOmog Acmncy Slllmdards

Pm 3: NanawJl Standard fur Spatial Data AcomlC)'
A:Pfet!d:ix 3-C (mformative): Te.~ guideliMs

L Well-Defined Points

A 'Wl!ll-defined point represents :9 feature foc \\i1ic'bthe horizoUtal pos.i.tWD.iskDovm U).Jl high
degree of 3ccuraCJr and posmoo ·'Withregpect to tee geodetic.~ Forthepul'pOse~flKcmscy
testing, wen-defi'..DEd points :mJJSt be easily vlswle«rl!:ro\wable on thi! ..~I:lli the
independent romceof~ llccuraq, and OD the product itself. Grapbic cO!:Jmmo·dsni and
digital hypsographic data may DOtcantam weU-defi.l1l1!d points.

The sl!1ec.ted pams win.differ depending 00 tee :type ofdlltasl!!tando~ scaie Of the .da!ll:set..
Far graphic:maps mdvecWr data.• suIta1b1eweU-defuledpoims~tight-ang1e~
of roads, J:lillroads, orother linear mapped fea.tures, such as canals, ditcbes,lrails, fence lineS,
and pij>el:ines. For onboimagery. suitable\\'el1~po_may~~s smch as
smiIlI!oo~ sbmbsor~, in addition to right-a;ngJe imersection$of linear f9lmeS- For
map. ]:l£Cldncts at scale.s of 1:5,000 or mgec, mch.. as~ plat:sar:FOpertym3pS, !UitlWle
well-defined points may repI:eSI!m adm'l:ioml fEatlrlres such as Utility :accesS COVI!iSmd
int.ern!Ctiom ofS3~ cw:bs, Of: gUtters,.

The.~ somce cfhigher accmaqshaD beacquimd sep~:fu:midltaused in the

aerotrimgnlation solution or otherpmdudjonprol:ednres...•The~em~urce ofb.i.ghiec
acCUE3LJ' shaR be ofthelIighest accmscy fell.Sl'ble mdprac.Dcab1em~dreaccnmcy oftbe
dalBSet.

Ailh~~hguidelinesgivenlm"e ar~·fut ~gnmnd snn'eYS,the~c!>Urt'eY is mil}' one
Ofmany }IDSSible ways to~Uatafnr~lndependemSOm'Ceof~i@f!accmaq'.•..~
c:mmolsmveysare~ll mdl!ltKUted·nsing.field~~~mntrol~
(Federal Geodetk Comwl Committe£; 19M). ..~cyoi~co~lSDIVeysis~
~Part2,Stml:l3rdSforGeodetkN~(FedDlGeo~.Dll:t&ComD1i~.1~).To
~ ifthe acruraqrofgeodetic ~issuffiQentiygmamrthan.~accm'acy
vahae ghren mdle prodoctspedi"iation,~Gmpm!d1e FOCSlU!tw.m3l"~uiacyrepoftedfnrlM
geodetic :sunrey.with the accuracyvabiegWm byIb.eipmllurt~'fqcthe~. .

Olherpossmle :s~:forhigher 3CCUE3Cyinf~1l3remol:lalPosil,ioo:ing~(OPS)
grOnnd smveys,pbOmgmmmetIkmethQds, imll data~es ofJUthaCdlliacypoinfeoor~.

3. Check Point.LGi::m!>:n.

Deem the dhrersliy nhser .felJuir"'-.mws fortijgjt31~aUldm aDdmaps,itjs!ilOt .~ml: to
inclndl: stn!mems in ·this stmdard tJmspecuytee sp;aijaldistrib1IOOllofd1edtpmms. ·Data
:!lad/or.Wirtp produc.ers:mJJSt demmme.che.<:k.PQWtl~.·. This.~ Jrimtides~·mr
ctislmbntmg thi!cb.Kkpliilat 1ocmons.

OlePi.poimsmaybedimt"med!llO£e~yinth=~ofimpUJtlmt~mdnmre
~e[yjnlLreliSthatsreoftittle or no interest~ dlltaexist.fo};puly &~ofthedataset,
cDDfine<tes:t poinBro th3t,a£9. VJbJm the ~of2mlris.~Ylobeimm~itm:ay
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• Fedentl Geo,graphicThTtliammmte.e
Geospatial Positioning Accnrncy Studards
Pm 3: National Stll!1dard fur S.'pa1:ia1 DMa Accm:acy
ApPendix 3-C (mformanve): Tl$ting ~lmeS

1!IlX.rrT;·Ii'J"B
iilCrri(,fPHOENIX AVlATiol'iDllPARUlEllT

FGoc.,.sm..{1073-1998

•

•
Woolpert, Inc.
August 2008

Foe a dataset ~lWering a rectlmglaiar m-ea fuat is believedtohave~~nal3(cura.cy,
cb~...k pointS may be distn1mFl:dso tlW pointnrespacedat inten.llls of~¥li5tl0perc:mtof the
diago:aal m.stanceacroS5 ·the da:taset amI at least 20percent ofthe pointsllR located in ell.Ch
q'Ulldrmt of thellataset.
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PHX<IIV'T ..·1IY1I
1;1) .CI'l'Y OFPjiOE>HX AVIATlON.DJ!PARTMENT

F~rlsalGeo~hklJataCo.mmi~e
GH!>j)lltW PosiOOning Atcuracy Stlmdlmls
Pan3: N:mo)aaIStand:ndforSpatial Data AtcnDlcy
~dix3-D(~w):Otha-Acrnrlu:IStandards

Appendix 3-D.
0thKAtCUl'.acy·~
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•
PIIXIIVT••B'YR
,.. CITY OFPBOENIXAVlATION DEPillITMENT

Federal G>&t;gIlIpIDe Data Cmmnitl:ee
Geosp.atialPns~AccmacyS~

Pm 3: Nmimal Stawiard fur Spatial Dn Aa:m:a.cy
~J-D (m.fOlYtlatlve): OtherAc~C'{ SbUi:dards

From Appendix 3,A. Section 1, 3SsmnlngRMSE,.=RMSE,.lmd emx is 1llOCJlallydimibutedmd
:indepem:I.elrtin each the:t- md :1'-c:mnpooem,RMS~md R1~SE,.can be esrimaam:fromnlS~

ll:5i'ng:

RMSE~ =P...M:SEy =RMS~IL4142

Using the same assumptions, RMSE~ and IThlSEr em al5l) bre·e~frOm Aceumy" the
aCCl.ll"2CY v:a1~llCcmding to N&'SDA:.

RMSJ;, = R...MSE,. = Acmmql2.4477

1.2 R.elantlllSh!p between NSSDA{vempl) and R.MSB(~)

•

•

13

Woolpert, Inc.
August 2008

Prom Appe:OODry.A, Section 2, ifwrtKalerrilllIisoonnally~RM:SR1;am be
de~from AcCW1Ky~ ·.ret1kal;a.cmraqr reponed ;3.CqJ£dmgkt>tb.e NSSDA:

Lml dataormJiPs asdesc~dinSe<:~3.2J, "'At:Qlmc.yRep~"ilmt ~~"RMS:E"

for "accuracy lit 9'5%coo:fidem:f!ie!i'f!l." For :lWri.mmal.llCe:tmKy, .pm'rid.e'sep~~.mI'
each lLMSE cotapOOemt

For digiml~spStialmetadat~foI!Ow>Wegui~es.ior.prepariDgU1~.>mSection3.23,
"'AumBCYR.etpmiing,"butsubsti1ute~-Mesn-sqnare·~.mr9\illtitm!llStaJWamfo£

Spatial om AccDrac}""m:r th.e.seml!ilada.1lielemat5(Fi!deralGeographic DmC~,lW.a,
Setili0il2),.1l5 ltppropmte to d~spmal'dmacteristks:

(Data~Qwility_Infonna!ioDIP~__AtanxYJHotizmltaL~LAcc~taI~Po
smooaCADC.amcy-,Asses:smemtHoriz~mll:LPosiOOJ:I.S1...:~.cy_~l:mation)

md/Qf
(bllt1LQuality3mm:matim:lJPo!>ftiooaL:Accu:racytVertical_Positimml-:'AccuraqlVertk.al~Posim>1l
;al Accma~&oca1·~IAc . ·...>:z:t~l..................- ..q~. .' '. . ...- . .... . _. 0lI'll.q"-~~
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Pllxnv'TlI'¥•
., CITY OFPHOENIJ> AVIATIONDEPARTi.Oim-

:FeJl$ll.G~l!i<.mm.Gmnmtttea
GeoSP~PP~Accwaq Smmrds
~[1f3tN!mOliaiSt~d.fur~atialDMaAcclmIev
~l~D{~tive):Other.Accumq ~&

2..F~rl'11UipnilA<1ap A,(CUl3.cy Stind:atds f.J'.'M,.>\S)

2:1 R.elaWms6ipbJ:ttn.~m: NSSD.A mdl'!"MAS (OOriz-entai;

·h"l.t"-S<t!::~.Bmeaatl}:f fu~ ~g~,'IMJ) .5p£<IDes thatOO%'l1f;thew~i~ poi:ntst;l3t lID!
teSted D:mst :fuII1Iiilbili aspedfiedtotetan<:,e: . .

" Fm- ~saI1!sl:Kgerthanl:20;00J),ili.e NMASlIDriZonts~ toleilinceiSl/30,inth,
~nmtatp:l,'tb1ic:itiOilscale. '

• ~fmap' :Scltlesofl:20.000.drsmal1er; the m:L.o\Sh.mizDntll,toE.mCeisJJ50 Who
zneasnmt,$pub1ic~tionscile, . . .

If£'ImtBnot~distrJ.lmtedin elliCh the x-andy-cnmpm.m3lt~d~aacfol-the·.X"'COInpOJJeDt:is
~~m.jnd.·~ of; error fur &ey-co:mponem,tli!!'fsttorl.146.is .:app~~.~.t().c~e

c~·..~mx at.~.. " 90%COnfida.'ne.• ~.•.Ie..<ef({{Gr..• ,eam'3ltawlS<:!lultt; l%iJ.1 Thec~mip
iill;<:Ura~~(CMA'S)lt.i5~l1nmrl\8 IS•

.~ '-='U~~RM~= 2.1460 *BlvlSE,
.' =2.~~"'DlS~/L414'~
:::·i.5175·" RMSE

, .. •L .. ' ','.,,- ',' .,-", -_, ..,.

Tbe,ci.1ASa1l~~toiit~repotted3CCat~g.ax):~&l>:S.~Jic~~;~D.g
~tiomr:ftoln:~~~;34A,Sectibnl: .,. .'. . .

:ActiWi~;:::;2.4411n.14l'lO*G1AS =Ll4M *'~~" .

··~~;~~~.'[:EpiG~m:bnllngtothe~~~#:..·

·1.t4~· IS~(If30n.t.2':ft#.qt·.O.OO3·~· Sitpil)I~~~~:·~~i~~l~~«}~l)
:U:~~lS !li(li50~)')2~~m 0.0019.* s,,:t!>J"~.~a¥I3.<>t.l:2-I.l,,~I);~r.~

.whi:-mSiStbe~;~~o:r.

l'lMAS(U.S:,B~n.i:lffueBUdget,l94'7)~t1le~.allow.liblem1ki7l1,Q~~:e tD·

:~~.~~b••~:~~~~~f.·*~~.·,l
~~~.'l~);:·~~;theV~kalM~k~~~~);lt.i~,cm-:~···.·
is:esmnatea~;~~JMrmila: .. ' , .
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PHXIIYT8'Y1I
'-CITY OFl'HOENlX AvlA'nONDEPARTMENT

Federlll Geog;r:aphk Data Commrttee
Ge0spatial Positi~Accuracy 5tmdaIds
Pm 3: National S'tandard for Spatial Data Accuracy
Appendix 3-D (mfu:rmstili-e): Omer Acrurng Standards

'ThT! "'MAS em bemnvated to Ac.clITKY". sccmacyrep«ted according to the NSSDAusing
eqrurtions fromAppendlx 3-A, Section 2:

AcC'llIlli:J'.= 1.9WO/L6449 .. VMAS = 1.1916 ,. VMAS.

TIw:efme, WIritil accmacy reported .amYCding to the !'.i"SSDA is (1.1916)1'2 .. CI =05958 .. C-I,
w~ CI :is the contour mrexvaL

Map labels pro~idf.! ;astatemenitof confmmmce with: NMAS,~&m r!!pOrtimg the accuracy

vah:le. Label maps, liS sppropristero datasBt s.~tial dlsracteristks:

This .map complies ·withNa.n'OIDiI Map Accuracy Stmda/:ds of 1947 fur horizontal
acCliI'3C}'
OR
This map' cDtl!1Pl~es"'ithNational Map AccmaC}' Sf,mdllids of1947 for venkal
auuraqt
OR
This map compm:s mthNatiomi MapA,ccmacj' Standards ofl941 :furoom:mmu .ma
v--mical accuracy

F'9r digiml geos,pa1:la1 data e\'llmred by theNMA,'S, followthe~~prePm:mg~
m~3.23,"AccmacylRepmting,R but~"'U.s~Natiooal!!lfapAccmxYSt!mdatdsof
1941"foc ''''Nati!ma.1.Stand\ml fur Spatial Data Accw:acy" for thesenietadsia ~(F.edeiaI
Geo~c:Dsia:C~, 1993, S!!CnQu 2), as approplia.te.to~S}Wial d!am:~stks:

(pata_Qua.lliy....;:rnfumlatio:nIPDsitionai_Accma.cyfHorizonta1_~L,.I\.cDll:Illqt~~Po

sjlimlJ!LAl:Olmcy_Asse~smemiHorizo.maLPosmo:nal_AcGU3CY~)

andl-'lr .
(DatlI3lli~3nfunnati{)llIPD5ititm.jj[-,Acl:lIT~')'lVa:tic:aLPo~_Aa::lWlcYi'\f'e[tiiod'::"Pos.Uiml

al...:-ik.Cill3CYj6sesSmentlVertkli.U}osmonal_Al:CDI'3.CY~~)

3. AmericmSocietr for illmtogrmumetty BOOR!~Sensing (ASPRS)Auuraqr StanWm;ls fot
LlIrge-Scale Maps . .

ASPRS Accm~cyStaILdardsfur :large.&~.Maps (ASPltSSpedfit3tioosmds~
C~>l~pro~accmacYIDti!:rl1nc~Wrm.aps. atl:2(M)00-:5cale«~~dfoc
spetial~5 mmgm.eeringapplicatioos.." .RM.f::H is thesmnstitused bYibeAsPRS
stmdaim.• Ac:Clmlcyis~;lIS Class l~CIass2, «Class 3: Cia!sslze,rur3qfurhorimnmI
aod·ve:OOIl OOmpOJ:ll>.JU5 is discus..~d.belO'W.Class 2 accuracy~.to-·m:ips~e!IWitliiJi
lirmting~IF5 :twice tOO'S!! allowed:for Class 1.:tnaps. Similady, Clam 3acmm:yapplies 10
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PIIXIIYT#lYiI
.. CiTY OF Pa01'NiX AVIATION DEPARTMENT

Federal Geogmphic. Data Col'lIlBittee
~.spatial PosirioIDnEAc<:nracy~&
Palit3:NationalStandsrd.fijr Spatial Data ~CamlCY
~3-D{mfu:rmatiw): OdIerAccmac.yStlmdards

3.2 R.e~bip~NSSDAandASPRSAcmracy~&.focLarge-scaae Mspa
(hor.imntsI)

ASPRS'A.cciarac.y Stanwll:ds for l.~-ScaleMaps (ASPRS Spetifkati<ms :md~
Committee, 1900) evahlatespositIDIW 3cmracy for the x-cOOlplmentmd dl.ey-compODe1rt
indi~. Positiooal'lKcm:acy is repoo1ed at gnmnds~. Table.3 ShOWs C1lis51p~
:J.im.ibg RMSE illfut tisociated w3h typical map scales, while Table 4.shows Class 1
plaiUmetnc limiling R.7l,fSE in mflMrs associated mml}'J!it:almap smes..

T:il.ble 3
. ASPRSAccnraty StmdardsfurI.~WeMaps

Class 1 OOrizo:rnl(x Oi" y). limiti:DglU-ISiE for ,."llliIms map scales
atgrmmd scale furfut limits

•

Class IPlanim.etIic A.cttmKy,
JimifuJg RMSE (feet)

G.05

0.1

03

0.4

\15

1.0

2.:0

4.0

10.0

3-13

..

1:120

1:360

b600

1:4,800
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•
PIIX."~lJ'YiI
...CITY OF PaOlll<1X AYI,j.TIONDi.PJ\RT~ii.NT

Fei1lPJal~hi<: llitil,C9mnUttee
GeospatW'P!>l>mo:nimg AQruncy~
Pan 3: Natimw Stsnaar.df~rSpatial DatsA«m:llCY
Appendi!, 3~D (infmmative): Other Acoiracy Standards

TaNH
ASPRSAccm:acy Snmdmis fur Large-SWeMaps

Class 1 horizmm.1 (K O'I}-) limiti:ng R1vfSE for,~ map saiks
lit;groUnd S:Cllle for mil1~ mrirs

•

Class: IPlmimetric ACCUf:a£)'
LimiDngRMSE (metet:S)

O.'!:H25

0.0.50

0.125

0.25

050

UlO

iL25

250

5.00

1:50

1:100

1:200

1:500

1:1,000

1:4,000

I:5JlOO

l:1~,OOO

•

See Sectionl:.1oftWs~K\Onthe reiatiooshipbetWee!l~al:ttlmCY'~
accordirngtomeNSSDA::md l&fm.

33 Rekltionsbip bet1lreen NSSDAandASPRS:Acc'lEIaCyStandards ~Lsr:ge~&aIe'Map!> (verticil)

Vf.rtical~3pKtur3Cyis definedb}' the ASPRS Aca1mty~(ASPRs SPKffirmom and'
S~MCommit&, 1~)as!he RMSE in tmns Of iheprojecr's:elaraOOl1 danm1 fur,wtill~

de~po~oo£y. See Section.,13 ofthis~ on fuereJliliDlilShip lJetwEenva:lical
:8C:eUr.a:c1l'EPG1tl!dKcar.i!ing tl>the 'NSSDA. zmd RMSE.

For ~;slmap.saW1irdingmtile ASPR'iACOlrJlty~,!fle.!imifulgJUyISEis set atone
,lhim the amtour imen'a1; Spot elevati'l}liS man be shOWll 001 themapwilh alimitiJagRMSEm
o.~thi:! timtmmtm'lll Or less.
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Fedenl Geogrllphk DataComnmtel:
Geospstial PositiOilfug;Acctmlcy Stmi:Wd5
Pm 3: National StaDiliml fur Spatial Dam &:OItlIq
Appendix 3-D (:inrozmatioe): OthP-rMClmiq Standard;

PHX BVTB'Y.B
iii CITY O~.PHo:eNIXAVIATION DEPARTMENT

FGOC-STD-DD'U-I99E •

Woo/pert, Inc.
August 2008

Mapse~according ro ASiPRS .Ikcm1lq StlmJi:mi; fur Large-Scale .Maps :are hibemd by;ll
cOn:Wrmancll!5tlltemalt,~tdian;ll:nnmeric accuracy \:ame..

THIS MAP WASCOMlllLED TO~mETTHE ASPRS.
STANDARD FOR CLASS (1., 2., 3.)~fAP ACCURACY

THIS.MAP WAS CHECKED AND FOUh'D TO CONF..QRM
roTImASPF,S

STAN'DAF.D FORCLJ\SS (1., 2., 3.) ~t.o!jpACCURACY
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PHXIIYTBYH
-. CITY OF PHOENIX AVL-\T!ON DEPARTMENT

,ApPENDIX D: TEST POINT LAYOUT FOR 2007 CERTIFICATION
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PHXDVTHYH
~ CITY OF PHOENJX AYIATION DEPARTMENT

ApPENDIX E: GPS CALIBRATION REPORT

GPS C,alibration Report
Project: 2Q07_MapTest

•
Use}" name

Coonlinat,e System

Projec.t Datum
Vertical Datum
Coordinate Units
Distanc.e Units
Height 'Lnits

Contents

bilow

Site

calibrdt10n
NAVDSS
International feet
International feet
International feet

Date & Time

ZonE'

Geoid Mod.el

2:26:33 PI\·f &14/2008
Arizona Central
0202(2)(2)

GEOID03 (Conus)

~
Datum Transfoffllalion Parameters

~).
~ Updated Default Projection Definition

~Horizontal Adjustment Parameters

~Vertical Adjustment Parameters

~Geoid Mode.1 Definition

~Residual Diffef.en:ce.s Between GPS:Ana Known Coordinates

D.atum Transformation Parameters

•
:Uethod·

Translation along 'X axis
Translation along )' an<;
Tramlation alo.ng z axis

Back tot.op

Three Parameter
-30.602ift
-75.72 lift
53.S23ift

Updated Default Projection (Transverse Mrercator)
Definition
Up-dated default projection not requesle-d

Back tp top 1 of 4
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PHKIIV".1iYH
.. CITY OF PHOEI<lXAvlATlOIl DEPARTMENT

• 1-1orizontal AttjuslrnehtParameters
N"orthing.cD()rmnat~.oil'ot,.,tiohcenfer
E~sting·'(-OOhJin~:t.e'o!i'ofation(~t¢t

RotatioJu.bOO:ttJie·~nterponit

'It4lBslatioBBor:th

T'1-a~latioll¢a:$t

Scale{attar'

13aiktotw

88576t411ift
66973t674ill

O~OO'OO"

O.OOO1ft
,O~O()()1ft

OO0586סס.1

Vertical Adjustment Pilrameters

•

•

~OI'thing'~ol'~3te1)(o~gillP~int

EastiJlgcOOl'diJJat~ofon~In:dnt

\;;fl:'tkals~aration!llodgu.

~lGpe IlOryil

S~fU~~~"it

,Baiktolop

GEOUJ03 (G~U5)

)3a~kWt@

891465.198~

659936:79tlft
OJ)88ift

7-927PP¢
3JB;j'pPnl
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"liXDYTIIYR
III CITY OfPHO£NIX AVIATION DEPARTMENT

Reslclual.DifferencesBetween .GPSAndKnown
Coordinates •

P6int.Residuals

•
1094.43 .

659936:81
"891465.79

0.021

):of4
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(Delta Y)"2 (Delta XY'2 (Delta Z)'2
0.250025 0.1764Q0 0.022201
0.131044 0.001764 0.00004~

0.()45700 0.225625 0.008241
0.01l22Q\l Q.oo3600 0.019881
0.000576 0.016384 0.005344
0: I Il8025 Q.032400 0.1123409
0.021\104 0.211261>1 0.01m6
O..oQ6B8Il 0.2641116 0.167281
0.0211896 Q.151321 0..014'161
0.283273 0.000125 O.0723Gl
0.3S6Sll4 0.0.5721 Q.Q63oo1
0.1239Q4 0.087616 O.D2044Q
0.015625 0.136151 0.21SQS9
0.001444 Q.5776OO 0.404495
0.000100 Q.034596 Q.QIOSI6
0.000100 0.268324 0.003025
0.000Q16 0.QD10Bll 0.013456
0.000Q16 0.005625 0..211600
0.108000 0.073'184 0.001600
0,064OQll 0.13~24 0.00Q196
0.026561 0.OQOI9(j 0.Q45796
0.024649 0.D19OO0 0.0<1&656
O.OQ4ooo O.Q784QQ 0.314721
0.065025 Q.oo1681 0.002001
0.000196 0.Q51Q76 0.1041176
0.0635Q4 Q.02B56I 0.188356
0.03Q625 0.041816 o.cl78961
0.000Q36 0.003481 Q.2311121
0.147450 0.003364 Q.118336
0,.035481 0.413449 Q.Q7ll624
O.I00025 0.00Q7211 0.145161
0.000025 0.003600 0.Q3724~

O.OcrlllOO 0.004356 Q.00Q121
0.00072ll 0.021025 0.001$1
0.067600 0.Q14400 Q.0'31001l
0.155236 0.001lO64 D.Q53301
0.125316 O.OOSIO[) O.QOO175
0.11109IlQ 0.140'325 Q.l1lO969
0.0114411 M515211 0..002304
0.032400 0.017161 Q.ool936
0.964324 0.003844 0.22Q441
O.I204W 0.051)644 0.207936
0.020'164 Q.l05e25 Q.l5ll4Q4
0.000225 0.00=5 0.008100
0.006464 o.o027Q4 0.100II29
0.07764 I 0.161i64Q Q.00Il4Q9
O.0222Ql 0.0Q6241 0.01000Q
0..0002810 O.OQ3844 0.Q34Il69
0,000100 0.001024 0.1129584
O.OQ4OOO 0.110224 Q.oo65el

CoortIinoles from Map
RID NorthingorY ~g<ll"X Se""tic",oD~

eoo SOO231.00[I 601049.2lJ1il 1096.Z33 eeel dr als ed walk
002 88Qi517.3111 662564.704 1099.701 NE;corcenodir
005 8B1l1l10.1125 605722.014 1106.277 sw cor <lO'IQ dr
60'3 8QO/S2ll.5lJ4 668662.770 1113.274 CornerWa!Ic
600 8BlII2O'I.744 670674.846 1121.377 SE cor'Milk
610 8Bll'8a~Ul70 673476.272 1124.641 5e cor....ne>
6n 8BlIIl25.S71 67W36.085 1131.845 <:orwali<s
m6 aSQEl71.424 670021.012 1137.753 WeeldratNedwllll<
618 8OOOlJO,222 eslW7.1112 1170.244 oorwalk
e;ro 8811263.829 663229.000 1177.683 benelln walk
622 88IlQZ1.31l7 8B3488.41i6 1138.447 NW<>OI'curb
6Z3 8871176.979 681188.244 1140.300 eEd walk at N eeldr
625 897312.532 67819S.376 1128.446 5e ....r ne>w
e27 898W/;.716 67W14.707 1130.970 en<IblIrl'i....
630 8B8619.977 673826.1$ 1125.1;29 een<lfene>e
63Z 8BOO2O.859 61lQ672.714 1115.855 <:orboilpalilin"
634 88eoe3J~41) 6$753.0124 1112.241 NW <>01' """" slab
63!; 8Be<l13.146 600188.424 1105.1)41 SE corpavemenl<!la"llE
637 8B800300l) 66281lJ.463 1100.002 Ne cor boil par1cing
640 897/;75.313 600900.291 1095.008 SWe>orwalk
1)42 880074.831 661317.643 1097.m S e>orwalk
643 884437.551 662751.15ll 1095.939 SE corwalk
646 885987.846 665588.777 1103.4311 E eel dr at N eel wlIlI<
648 885937.0<1& 667243.724 1108.441 Nend _~
B&l 886246.9711 67110'3.800 1119.182 NWcor~boil
651 8B0060.1l46 6731;72..024 1109.630 Cordr apron
6e3 885988.284 676133.687 11I5.359 NE cor Islantl
656 8B~.0<I& 678243..587 1'145.859 SW"""walk
6!lll 885259.384 67WQ8.787 1129.159 <:or pave"""*
.65\'1 8B5327.146 683765.287 1157.627 fence ccr
61H 882573.573 6S2841.25Q 1140.900 NE;wrwall<
663 8B3271.427 680245.179 1132.61-6 cor parl<ing
600 8B1343.726 67B4ilO.301 1125.459 E eel dr at S eel walk
667 88Z3M.l01 675738.238 1121.517 se cor walk
600 8B181'.438 673375..1157 1112.199 NE oorparking bay
-671 8BZ344.1)65 670054.691 1111.653 SW ccr fEn<><o
673 88182I.1)5\l 667872.511Q tlOS.640 <:or""""pat!lnwalk
675 882111.421 665615.7112 1099.952 NW<>OI'wall
678 882507.100 66211111.6110 1092.Q75 NW=walk
680 882422.763 661143.577 101l0.fiQ9 NECOI'fenoo
6S2 S61l510.W 6591l25.0Q4 1065.221 SE<:OTwall
6114 680640.014 663ll27.778 1094.S71l c:e>r fenoo
6S6 8B0539.004665214.421 looS.OO6 oorfence
687 8B0741.383 668814.783 1105.400 InterseotiOn fene>es
6110 !I7W04.017 670359.9SQ ll1Q.175 N cor walks
6Il2 880144.3ll1 673235.560 1113.526 NW= walks
593 871l662.41l0 G7~.67a 1125.\100 SW .... <:oM pad
005 S8ll664.288 677932.326 1130.422 Weel dr at S Ed walk
007 880117.163 680474.424 1133.911l N cor walk.
6IIQ 87116Q2.267 683113.056 1135.126 N\'IIcor walks

•

Sky Harbor International Airport
2OtJ6Ii2OO7 F'I1ol"ll~ Mappinlll

Analysis of Map error

Surveyed Cocrdiltlll!u
PliO NoriMing Q( Y Easlingor X E1eYlllion or Z OES<1'lplion
1600 89ll231.485 1)6104a7S1l 1006.084 eddr-wallc
1602 S8Q51IU57 1)62'564.746 1091l.61l4 _ cone-rei
1005 880009.811 ees72a08'9 110'3.356 cor cone>
1606 SIlO52O.457 1)6S652.B3tl 1113.133 cor walk
1600 8B\l2ll1.768 570674.974 1121.169 corwalk
1610 880086.415 673476:092 1124.68B _ cono
1613 880025.723 575936.626 1131.\l59 cor""""
1616 81lll871.341 57Bll21.1i66 1138.162 corwalk-dr
1618 81lDDllO.3S6 681697.531 1170.363 _walk
1620 8B1l264.S60 683229.005 1177.1l52 ccrwalk
1622 886\l22.01\l 683488.047 1138.6BB _ dr
1623 8B71l75.627 $1188.540 1140.247 cor walk-clr
1625 867312.657 57S11l8.007 112S.ll13 <>01'''''''''
1627 8BS695.754 575913.1)47 1131.606 enel bam..r
163Q 8881l1B.1l67 073825.354 1125.424 cordr
1632 886620.8!lIl l)6\l573.232 1115.910 _pariting
1634 8B651l3.642 1J;Il8753.\l57 1112.125 co...,o""
1635 866813.100 OO1)18S.4Il9 110'3.lIlt <>01' <>One>
1637 S9S002.726 1)62B1l3.11l1 1100.042 "'" bit parlling
164Q 887575.000 l)6Q889.1l23 l005'51l4 cor walk
'1642 885075.QOO 1)61317.628 l007.51l7 corwalk
1643 884437.3114 662751.Q18 1000.155 cor walk
1646 88S1l97.770 I)65!lllM97 t1Q4.000 corwal!<-dr
164S SIl5937.SQl 1)67243.765 1108.492 Nentl wall
1600 886246.1165 571100.643 Ilfg.50'3 corpa,ldnlll
165'1 8Bl)QI)1.198 1l73672.11lJ 1110.064 cordr
1683 88S1l68.4W 676133.BIl1 1115.640 coriiland
1656 865594.052 676243.528 114e.34S cor dr
16!lll 885259.768 1)79998.845 1121l.5Q3 corparlring'
16511 885326.95/; 683765.goo 1157..1109 ccr ferl""
11)61 882573.128 $2841.223 1141.287 cor walk
1663 8B3271.432 500245.119 I132.4Z3 corbilparl<lng
1600 8B1343.6S6 5784aO.235 1126.446 Edwalk'-dr
11)67 SBZ3511.074 67573S.093 1121.5$ _walk
1l)6\l 881811.008 1)73375.837 1l'12.446 cor bit paoong
1571 88Z344.271 670054.llOO '1111.884 ccr k<1""
1673 88'1821.413 667872.8BIl 1108.864 cor cone>
1675 S82110.1lll4 1)66816.157 1100.389 corbitparki"ll
1678 8B250'3.1lIl3 6629Il1.463 1092.123 cor walk
168Q 882422.583 1)61143..706 1090.643 cor ferl""
1682 SllQ51t1i.385 659Il25.Ql)6 1064.742 ....wall
1684 88Dll4O.267 1)63Q27.54O 1004.423 cor k<1oe
1686 8llQ531l.762 ees214~746 l007.6Q8 ccrferl""
1687 8B0741.3IllI 1)68814.738 110'3.499 cor k<1"""
16110 879703.1125 67Q3!;\l.1lB2 1110.502 ccrwalk
16112 8B0144.112 573235.173 1113.623 cor walk
1593 8711662.341 575438.757 1125.llQQ cor cone>
16115 S80'364.271 677932.264 H30.6QIl cor walk-dr
Ul97 S80117.100 1lOO474.456 1134.091 ""'walk
1699 8700Q2.337 683113.007 1136.045 ""' .....Ik

•

S<lrveyed. Map
Delta Y Della X Della Z

-0.505 -0.420 00.149
-0.362 0.042 -0.007
-0.214 0.475 0.0711
-0.Q47 0.000..0.141
0.Q24 It128 ..o.lSS
0.445 -0.160 -0.153

-o.I4S \1.~1 0.114
·Q.083 0..514 0.409
0.164 O~BIl 0.1111
0.532 -0.1/11 0.200
o.e22 0.1S1l 0.:151

-0.352 0..2Qi5 ..0.143
D.125 -O~ 0.467
0.008 -11.700 0.636

-o.Ql0 0.186 .o.1Q4
Q.Ol0 0.518 0.056

-0.004 0..033 ..0.116
0.004 0.075 0.400

-0.330 -'D:272 0.040
-0.253 -0.368 .0.014
0.100 -0.0'14 0.214

-0.157 ..o.14[l 0.216
·0.070 -'D.2BO 0.561
0.255 0.041 0.051

_Q.OI4 .0.226 0.324
Q.252 0.100 0.434
Q.175 {>:204 0.2S1
0.006 -'D.0159 0.400
Q.384 0.0$ 0.344

-0.1111 0.643 0.282
..0.445 -0.027 O.•SI
0.006 -'D.000 -0.100

-0.040 ..0.01)6 ..0.011
-0.027 -0.145 0.041
0.26Q .;()c120 0.247

-0.394 0.008 0.231
0.354 0.000 0.224

.0.437 0~75 0.437

..0.107 ..0.227 0.048
·0.180 0.131 0.044
-0.982 0.062 .o.4711
--0.347 -'D:238 ..0.450
-0.14" 0.325 .o~gs

0.015 --o.04Q 0.000
-0.092 0.062 0.•27
-0.279 -'D.4Q7 0.01l7
--o.14Q 0.071l ..0.100
--o.Q17 ..0.062 O. I87
-0.1:113 0.032 0.172
Q.D70 oem ..o.OSI

Sum of Squaresln
RMSE

0.OS1528
0.286

0.077629
0.279

0.077100
0.279

•
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Appendix B - Proposed Output 1988 NA VD



• • •

16'9000rtJ 110100" 112201 111552 ,".00· 000'94' 117fl O~I
S5OOO00 1I0Hl0 11102111 11112(" '11""5 000.-055 i~ O.~

'.'~""ooi "0100 112011 1115361 112'~ l't(Xl:'0:>6 'O~ !'ltIlll rl"i:

_~.-=~-"~",,,OO!!1'_.!.!"l!"2!"'!.---".!.!"!C"~'_.!:"'!!"C'!"'~--"~"'''!''';'';''~_--''''-''''''-'-"'="----""'-'''-"'''- ,,,,

....!='-l_.-"'''-'''--+-''''''-~~~~E1 . W~..~~~:S_---!.~---!...';~~_~'! '~~I'" 'OC;~mtI~ c~.~

- --:~~;~: ;:, __+.!~:"..~.__~'=~~~,,-'......;:-H::~::~I:--~;:~~~~~_'~l:~~:~~!-l~:~:~~:~::-':!i~~:~~~'!_--2.:';~~;~-i'':'~:''!!,'3~~'f-'_':"~'~':gjl__~:~~~
'~\,'._ :', '.: ~~ \~OOOOOO ",600\ 11325..01/ "n4.' 1\J4n 0OOlllO2 '042 130413[ ~~9G1 ".

, '.'00000' 11\600 1131 83~ 11)\ 31 1140 43j 0001936' 129"1, \87136Q, 10\1181 053

'--~I,,-,,----l;~-"";;;""'=OO"""""-;":;;"'"'OO;;--"'''''3J~n'''''-',""'"'""",-"',,"',,"',,,C-"',"',,,"',...=--"'."",,.,,,-,.,,,,.,,,."',,,,.....-,.."'.."'..C---=,=,,
~-=:;~: I;~' ,::' :~:~:- :::~ ::~;~. ::~:: ~:::: 1~~;; ,~:;. ,:~, ~:.
, j:'t-la 01"'·---7."JOOO~~"''--,...."'",,~,00~,--c,,~,,~.,~,-,'''.,,''',,.:.''--~.''',.,~00~.-',~''''!',~"'!-.,---'¥"~..'-I-'o.""~..~I--'.,~,,~..~.--~.""',,
'!',. -t',I~,,:.,.· ••2,.. __ '~p!BtII US~OO 111500

J
113Jl0!- "17M! 113513' 000](01)' ".2 1.799::le~

~t)...\o ~OO "1500, H2515~ 1l?'67 11:1648 000:'099 l~~j. 7J71141

~;:~~ r''" ;:::: ::;~:! ~::;: ::~~~: ::~~~' ~:::l 13 ,. :::;;~t

, ~~~ .. " ;::,' 111'00 1I26~ 112361

1
' 1130141 000206'1_ '0&3 lJl~tO '01~6.j ~~~I

1 '2!~U ~.~. 111200 113319 l1n.l 1\36.0J 00020001 "Pel 1612.51 1031U! I

·Uloi-- l~~~ lfl'lOlXlOO 1112001 1129611 ""27.1 11316~ ~::;l ';~j '~~:l '::. ~~~,

T-- ,:~: ~:-- ;:E; :::;E~ ::~:;. ::~~ -::~::' .:~::: ::~~ :~:~ ::~:: _ ~~
'~:;~} ==- - ~,,'--'-.~=~~~:~:"'::~~:::~I-~::g~~~::-;......;:,,:~<;:~;;J,f-'~::~~~::~~~;--'¥.;;-'';~-.;;:::ro'''''~~;,.;--'*~~:~
!:1"04 _S i'lll 1"'XlOOOO j 111000 1111 56! 11~1!!<11 112903 '0504 3'1 0.61

J'" ,.300000 "1000 113310 112~"'l5' 113531 151097, 0.t1

HECRAS Pla~ p~"o Rftoo!ot Salt rtll!&elI I (Cot*t>ued!

-~~~~ I P':·~:fo,7 -II,~~.~(I- w~.~~_ -?~~~II~£~.~ ¥~:-~'t;:" J~;:m --'---"-"-
I 2Itl· ..P ,,1" ~OO, 110700 1'1172, 111451l '''~'ll. 7fl1'i &:l9ll71; reo;1lD OS,

-'-------',<~.'_,':.'.R l:~,..... 140000001 110700 111293 1111'56 112.117 0002340 11 III 1:52510 ')801. 0~5
. t; ,. r '.300000] 1I?1l7!!' 117751 ":\\50 0001051 .3"1 'IIY1:vJ, 101270 00;.,

I

~:~:_ 1:~~=-7.'~:;:::::'~""-!~:;;;::c::~:-"::~~:",;:,---::,,::g~3r:~,-,,,::""~~~~:'--~~'=~~~:~~;'-'---"c"",,-':;;;"'~~:-O:~;-~""~13" ~::
• 711'- ,:... 'OO'XlOOC; 1105'9 "nY.!· 11171lf1' "2.n 0002'-" >102 \2/1J::~ ":3'11 0:;.0

:..-..---?~_----fo.~ __ 2~JOOOOO' "OS 19 '12!34 "7IH' 000197" IJOJ II\541n 10'91)1; 1)504

, "'Il,'. -Kl~~ 169OCKHll: 110400 11~501 111653 00071.5, 1161 10J'0&'\

-~=~~~::"---lt~ --'-,;-="::ooro~~;-_,,,,I:~~~_'-':"':;~~,:'''',,-''::''!:;'''~~C-'-""''''''",,~,-~~:~~!!'::'~,--"'!'-~"''--''':I~~~':C!l~='-'-~2~6,1,,;~,--~
'12'l!1i' 1)2"'- 1.300000: 1'()400l "2162 11=':"4 "JIl4!\ 01131:110' 130J 1~~Xl 10:-'L)

'----;1'.. -;- l~ I~OO 110000 "'11" 11:'''''0 0OO2:">-f 10X1<;.oI; l00c,4

1 "'''51 - ~"'-:===::j~""""~00~:::tj"~"~"'1=j'~"~''''~·=t''~''8''1==·~''~'~_'7=~'~'''~'''~'=~S:=::j"~""~"==i""'~'~'==='~'~'.- ,:lt~; 12""';:- l.aooooo 110000 117' 1. 1116"3 UOlll;ll'l'l lH5i" 5'" <it';~ l)~

~ ~/~_ ~ -.:t=--~-_"''J<lOO=",''',--..,'"''',,,'''',,'_.,,'',,,''C;C''C-'---,'","""''''",'_..,''",'';-;'';;-..,'",'''"'''''''C-_'",'"~_,,'',,70'';-;''',",_-;;,,;;;;,,,,,,,C-_---;;'''''''
: t?::;; I~~~~~ I::; ::~:l ::~;~, ::;;~ ::~:~ ~0)~n9, '~; ':~~~; '~:~~ ~~~

: :~~;; __ ~;\ ;::, ::~:' ~:;'~ ::~~ ::~~ ~:~~; :~::: .~~:;, n:,~

i---~::::- ---!~~
l.A.' i~ ..

____,11'-4! __._~

I
.""0' !~~-' If;9OO()oo, 110'00 \12132' 111606" 112346: Oa);7.1'. IOl32!'

:~~;:;---'--~;,)'k.' --",.=;;;;;"~*'--7.:::~~:-,-;:;-;:;9~3~:;-"_;-;::-;;~;",~;-",::i':;:;-~;";-,*,~:",:;;:,,,:-,;,:,,~...' --,'.,;;.,;=,,;;,,--i';:~,::;~'----;:"'~".
·;1!.2 I.:);' 'II ZoQ)l))OO~ 110200, 112": 0:'; 11:&51 0001833, 1:0 ~5. 1~:'O:''''' 'O:rollll 1)5:

:;::: - t:..;:~, ~-.!!:~~:~.~~~:_,,,,:;;~'~;-:~;~;;~~~:I_~;;,~:;~;:-I""";;~;;"-!;;~3~-~;~~;~~~::_~:;~;;1:-:-,::;~;;:;,;~"~I-,-,:~,,;,,,;:;.:__..;;~;
I 12'S~Cl j'O. U(llODOO, _ llOODO j \'11114, 1112~1 '''96_ 0001(;2., 9111 10;-17:>5 :~~~::'

i-:rili~~-tr _·..,;~~~~~~~-~i§~"'~~~~, ......;~~i[~:~~~;-~ii~~~~~;-:~:i~~;~,,~~:~i~",,~~it~,1-., -",,~~~~';-':~~;;'~:;~~'--"';f~'t:;~'i---!~j~:
1 _
.'''<11

eol()1) 005
&l507 001
l'Ivl" 0 ••

<1113111 000;

6;101: 0.1;

lQ5f\2 0."

MJO'" 00"
O·r.

'"7131_ 0.'

l1051Z 000
"20;51 000\

10;087 05-0

f590fl O~!'I

752'6 O~,,,,..

1540t510",,,,,
13;OJ~

1901d 4li,

I
1:1:'5.:\0

~'G2a3:
1170054
1~1l13

,>0,,..
10":
12:.'-8

,,~

'"'0 I~'

12;>q

,
1775...
119T.. "

0001J63
000151'1'0
OOOl~5

00013'11

1)00151]1

OOO;:tQ2~

OOOISM.
1)001_

ooon",
0001.)92

000'34;'
000\341

1

0002020'

0002032

001:'1)'"""
OCnlll39

112059

1109!5

'''1125
1I25~

!
1110.,,·

110J&3!
110901

1\l31!':

109195'
100195"

10'>195
'09795"

,"""00
""'""',

I«XXDOO,

2.JOOOoo;

1
'-"··
'..

1
"· _.

"I
·"U<lP ....

,~

'"".".

,~

".
'",~

'",.,
00<;'."

1••1ll.~
1I403~,

1213679'

Ill~'~oo

709581
1274501

1&8&1341

I
,.2.089

000159/
00016111
0001601"
OOOl~IJ,

000711151
0007:»6
0002250

0002043;

00021&8;'

0002JM
0002..'lfl2
0-00:Jm5

1

00072(;6:'''''~'

,
::::1
1l0!."00j
1109001

::::i
1101100
1101100;

11011001
110800
11D1l00:
110800'

I
110100

~.... '=:~ ::::1 :;:;~r ::~~~I ::~::I ~:::. '~:I '~:~. :~~=-r ~::

r~~' - _'·-,,;I=~~~,-:-,......;:":::;;~~I-~::"':.:.;;::"..,:;.:.;:~~':~:-:~.:";<':;,;:il·,i......;:,,.~:;;:;;~~..:--;';,',:.;;"'~;,.-!-;;:~"'·~~,~::;,..;--::;:;;.;:it:--.,':;;;"

f
~- I"I!lOOOOO II0900t 11~I'Il1ll1 'QI~, ........' 0001•• 7: 1671061

1
106162 0'5

·0 ....:.- 5500D00' lIOPool "2085 111'592 1I;>1.9' 0001352 1I~1 859211' 103118 039

... ~ 14000000' "0900. 112691 1120113 lI~lnel 0001'" 9)9' 1.go.c 13~ 1~1 8<1' 0 ••
102" 2.JOOOOOj 110900~ "J2JJ~ 11::>.53 1I;'.e. 00015,n :'07r.631 , ,0f!181 001

BndQIJ; I I
. .1

.6.11561'1 11001.
1'175417 '06Il1l1'

,.00751- l0e074

:1Olle7OO: 1I203J

'1,'%
lU!9<~

~lf~

~:!e~

--171~_.

",
l:,~"
1211'$

.J
.'Ij:lJ
:Ietr

"21l11
21t-17

I

----L _
1 I"~O·

1 "19"'

+- - ~ ~~.~: --



'",-,

"J
""0"

0"

'"
OJ'

""

,-,
OJ,
OJ,,-,

,..
OJ,

",
'"

001 ~5

1151!'1
119615:;+

"'''
"'<0'
Nl5111
ro<;211'

11000A'l'

~ap~if_"~.,
8.!I10I O~

90924 0.'
9371~ 0 ••

15·9322

"1698
1318111

199:'150:

17111.111,

1l.OOO',
1611509

l r .!>.1.
~2']59'

"S5<j81

210990

1105381

l\S71115'
15-45<;59;

~15Ol'i 11 t

I~:;: ~~,
'6QJ.1I2

10g,
17]'

1016

1)20,

109"1,

" ..",

1031'

1510,

'",,"

..... ~-
~,,,

,.,'

ooolm"

''''''''
floo'~fl

0001«)8,

Oooro70,

0001380
0001')12
0(01):'3
0n:l1301

0001~70.

ooo,~·;\

6001201

000'1.9

000107.
0001000'

0001002
0001000'

000,11]

~::~;!
000'07/),

11012]1
1091591
110510

111151

Ilion,

I~n

IIQ)5l

ll00~.

'10292'

1O!r.7!'

1101'9
'mIl'

1'0019
1'0757

:::'
1093101

(.flEJloN_E~·Co"h\'" rE(O;..,. c.:.• _
I!'n l~---.'~-""
108500, '091oo j 109215 109713 000099.
1085001 I 1001 J6 109115 110519 OOOl21!l
lCleSoo, 11'10•• 110130 111]17 0001:;+.11

107800

101800;
107800
1011100

1071100'

101800'

'01800
107800(

_~M....,
"""''''.~81

10755(»j

16!lOOO00 1~OO' 11058. 10980 110180 000'.15 lOSt' 1~;667' 111207

16901X1CO

""""'"14lMl)OO'

:;+.JOlX\ooJ

16900000'

,:::
2.JOOO(X(

H!900000'

,=~!
:;+.JllOOoo

l'0~ 5500000, 1081001 '0940:;+ :::' ::;;, ~~:~: ::. 811M.. :;~:~. ~::

_J;_,_C-;"'::::=:"'----'---,::",:":,-;,_-":~",::;-"~c-,----"",,,,,,,,,,,,,-.._-,,,,,,,,,,,,;t.,_---,,,,,,,,,,,,,,,,,,-----,,",,,,,,,---,:"""..",:'--':"-'-,_---'..-=~-",,'__ ___"_..---'-
1081001

""'00

;~'4 1=~ :::1 ::~ ~:~: :::~ ~:::; ;:. I:~;~~~':~ ou
"106 -j"''-'''--_----'"'''''''''''"''00'-----'''",,,''--'''00'__'---',-'--'''''''''''--_-'--''''''''---',,'__----"'!.''''!!''!'.'_!!!'OO!!!'!!".~_=!.-=!!!.'!!_2!','S!''''!L_ _ ___',~.,

1lS9OOOoo!
""""'"I~C"

14300000;

1842 ...u
,>~o;.; """

:16'"loW
~t8<t:< U,!

.n6.0
':ft~

---:::-:--~ -10:'4
-j.-.".. -

,1;)\0

J2 .... _
I'"

j?:=
I!J;'~

1 l'Y ~.-- -,.,---- -'0'-·,---", ",,.

HECIVlS p .... Prcop-M R!Yeot Sal Re8Cl'l 1 lConlttuedJ
~_ ",,-s..' ~ O~_----- ,,,,,--

'''' 5.500000
, '11' 14QOOO00'
-,---'-11' HJllOOOO,

"6r
;'16"

_'__2.!!.!-

1.... i"!..']_ O~ 1.JOOOOO, '08'00

1
110879, 109• .",., 1\101\11 0001001, Ill)< z:'01131 11:<1150, 0.0

F~..1't 169XlO00' 108100 110331' lor.~23 110505 000ln5 lf1::O::W.&8' It''35-t O.~

'U'ol;o1 Ie'" 243OOO00j 108300, '10969, 1~13, 111181, 11 56, 201'\3~~7 9~9O!'i 0.3

I -~\6iii - if/<>'~~' I69QlXlCO 1082001 11(\0115:;+' loosed 1101516 00011111 1l:l'51 90719, 041

-,--~~... '-~""""~~00"----',~"'~2°O~lf---',"'~""~I-----,'~""~"---c"~""~',----"~"'~'''',,'''-,-----::-,""''-~''~n='''~,-~'C!:'''="?-.--~,7.:',,
"f>~6 ~, 1.cooooo! 10l""00) 110215 109.51' 1100lO51 0001073 91~ 152'9110' e9~71 1))9

t ;,,,&e._ Q'~. ~""""""'''''''':--I---'''''''''_''OO!!J:'--'''''''''''-'''''_'_'''''''''_'''_''L[----'-""-"'-"'--',----""''''''''''''''''-'__'''-'''''_'---"-'''''''''''-'',,-'_-""",,,,,,,,__,__-,,,,"-,,
1 216~1 ,../oJ 1'1I:>OOpl_ 16900000, 108200 110<140' 109503, lilY.> 117 00010'.>"1 91. 17J.411~9 811~<jl: 039

,- - 2Ii~. ANi-_-_'---f,'''~'c--------,''''''''~,,'''~---;,''''*'~''':---' ---C'''''''~';-;-''--;;''''~'ff''i--7.:'''''''"·;;''-' -*''''''''':0;;;'~,_ ___;c;-;;'""'----,"',,,-E;99-;;":-'-~~----c,,,,c-,,
---~~:: :~ 1:_~"4 ~:::l ::~~: :::~; :::~; ::~~~~ ~=~~ ~9:;+. ;;'~~t 8II~ZI), ~:~

:16!1 I&.:!OOOOO '(18100 1102.. '09318 0001,.5 P~ '100661 ~:'9

~!I7- 5500000' 108100' 109303 1011795 109368 Oool()II.J' 6.S ~281~ 6506H 0311

-:---::'-l:~'",---*';--------,;2::::~:"':---:'::~:'"':*-.-*::::;s:~'------;:;;::.;;';""~:-7.;:"':c;:~i-'---;~'":S::~;;----;,"~;"":-----,;:;;:';;:,i-i~;'--.'-,;;,:_,,~;:;:;:------f~~;T,

-'

'"'"

'",..
,~

05'

05',.,
'00O-;g'

- 0.91

'"",,.,

I~615,,
10--577 1

101198
1038~'
10640.-

- I
_1~...!3,", ..

9933JJ
109161j

,
:~:l
97213

99815j

:~~J
9.1J8!
9735.!.

"'''1""',9281!O-
95.481 -

Pll1l111

'2.':;21'
(11311

:~~:t

202'151«:1, 1000Cle j

15<1188:;+ 1012.51
lS950lH 911791
13:165~~1 - 101.1lO~
1016977, ,a.I6tj

l
15<13991/

lIIl851?,
1355213 1

2O-113.3f

155100t9
j

S95o!1ftC)j

:-~~!

1:~~;~1
133:;+81.

19742.51;

U1340291

78.471i
'.~25'l
lO851851

Illi:;+91l1f

'.IM 173111ISlS, 7711.

1381
8 l~

,,~'

""

1092'

'"'031:
1199,

.... r.tono-q;..Ioi. r w:.,:b""~.':N

,':1-1 Mlil (II,!.

,:~ l~:~~::t-~~--

- ....
"09I5~~_OOOl1~,

::;~j- ~:~:l
\1~6!l; 0~1530.

-I J 1090l::::1 -~:i~~j 790'
1107Cle

j
1 - 000'-7.7 \0215'

111431": 00014&61 110.1

'lii72~ 00011561 1
looen~ 00028M! '~::I
110659.. 0~1811J 10501
t1~911_ 00015-48, 1231

,~m--!!.I ooo'33A_ 103<1\

:~:: -F::~~ - ;~L
1113511 00012fi31 - I\·~l

1l0193j 0001300' 1O;:.... t

HEC-RAS Plan PIl;ICl-8I5 Rr.oe<" SilII ReaGlI 1 jCol\:l"""""1

~ ~ Ib.oe-~ J l'~tMIII 'W~~.£ ~~S"l EGEItoo--(G~

~~;:: ~,'" -_I:=l- :~l~:~~' ~:~;:i :{~~:'_ ~::::

, ~11~'

'--~118'
I '1~6;!

• :'l1"loC
I----r,~-

2':~

, _]I1~_

1 ~115r ~ 16SOQ000 TlXlloo! 1110~~~ 11~.3 11l1~1 ~00.!3l:'31 I~:r- 1371H1 91H8 0S6

;- ;:~~; -;!)...~ ,::i :::: ::::' ::~r ;:~~~ ~:~~J_ 1153 1~~~1 :;;:- ~~
-,---":~,,,,",----f'''';;;'-----<;'';;:::::''''''-;;;OO;--I----'':;;;OO;c, 00;:;;r--;"",,,~,,::r-I-_;-c,,,,,~,,"-,_----;,;-;,,,;-;,2, -'"'OOOO'';;''O'-'-;-;''_"''''::-j-----;;,,;;;..~,"'''''--''''''''~'-----;,~"
, :'t7S) noo.lpl.." tll900000 109'50 111010 11~3J1 111198 OOCl1l109 '101 1:!lJ.'I3~

• • •



• • •

,..,..

''''
''''

,PO
o~o

,.,,.,

,..,.,

,..,.,
,.,

,-,,.,

,.,
'"

IU;Hs.
lllJ115

~501

!>!I5Jl,

l~ro

15«l!l!"l'

15,5015
152110"

1&3296\

I8.J!I49l'1

'''>/'l1f;61'

1~815.

15·"3:'
1~~12~'

10''1;
'091'

15 I~,

1116'

"11

lOJJ; 16:15940,

10:?1\ 164.~:oe,

103:! 183/21'4
1021.=-\64':il~'

000l.!)7,
00013:'1

000151r,.
0r(l1501

OOO\2lJQ ;

000l'48 !

Dool26ll'
00012<16:

1119e6
11191l!i

109'137 1'0793

1098-'7. 110'9'<1

10990:' "08JO
109902. 110815

,<P84) 1101 ISO

10"tl43. "01""'i,

109839' '10.23'

lOM39; 1l0.JOI

10911.; llD6eJ!
10971<11- 110l;!!':l,

100618
1

110649'

109618. 11005<

10058<1'

1I11UlO

l111HI0

lCleSOO'

108500,

10llJ12
10IlJ72

""'00''"'00

'",.,00
''''''"00

''''''''''00
169OOJ00;

169Cll:XlOO

169OOJ00;

I
lt19OOO00...
16900000t
169IXOOO j
16900000:

Il'OOoooo!
'6900000,

1'-
I
',--

.j:':':
1'-'"

--j'::;::-"_.."""1....'

f=;'"
l'Ig..~" I

i~"

i~~110-- .
'11711;

' 1""- f-H'~

·~1'1" I

_1)1'2,.6

~:::: --
1"6 Q'

l'l( l.'~

,- -- ion
I'"

,- .

J-IEC-RAS Plen P,op-e.8 !'l'He. SillI Re«h I (ContI"""")

.2-~~ ~~,._. O~_,_lol'''~JliJ w~.eo.. --"C·';;;:"-':'-""-":~lt~~· ~~~~~! "':~,~. :~'!!'~
t IJII"Q t"""~.'" U,900000J .!.0ge59, '119931 "110'i[ 112122 00010" gl' 18.5525') l04g4' 0:\8

.!--.-1'IS \9 =$"_8_~r_ _"''''''''''''''''''00''__''''"''''_''''''__,---,'",''',,',"''_-''''-''''-,,06'--''-'-'''_'_'''<;.'_''''''''_''''''''',,-'_-"-"",---""",55"",,,,-,'-,""",,,.'",'__--',""-"
, ~le 14 ''It'OOlI<.'~ 169000001 109828' 11195111 111093; 112095' 000100' 944 17QI15< !l~2111 039

~~ - ~.Q<!!",.'!..'~-!.'!'"","!!'!'.",!OO:";-"""='...._-'-',,-"'''C?c''c:--''"'''''''''''''_-'-''!!'1O!.'!''~-'''.200~'06~' _--'C,.~,_. --'-!:"'~"?.!'..' _..!'~"""~_-",~,,
, - -.....~~ rr.~j;'..;;-~ I~OO 1091~ "l!lIO: ',114'! "20Y.l OOO'~1 I\OJ I~J27"~ 111'1'" o.r.
! __-F'~ __ L~!1 _-"''''''''''=",00"-_',,,''',,_'',,,-'-,'',-,,'',-,',,-'_,-,,,,-,,,-'.',,,,,'___",-,,,,,,,-,,,,,'_,,-,'00,,-,,,500,,-_,-,,,-,,,,,_-,,,,,,,,,-,,,,,,,-,_,,,-,.:.:,""-_---',=,,

,....-0'" Jr\llo1_~ lli19OOO00 109671 1I16Je 1l1O~, 11::'016 000'31'3 10e4 1:;~'65 ""71)1' 045

__ _~'.1!~ ,r_ ~, _-"",,,,,,,,,,,,,,00,,-_,,,,,,,,,,,,,,,,--'_,,,-,,,,-,,,,,,_----',,,"''-'..''--'-',,,,''''''''''----'',,,OO'''''''''''---''''''..''--'':..''''"''''OO'--'..''''-''06,--_---'"'.~,

I
'- -- r"~ -- -....JI~_=~''''''"~~OO=j''~,,·..t::jj''~''f''t:::~'tt''~'''~=±''ili'·~'t·:=j'~OO~''''~.t::=':t'~"=~'3;"'o~'ti,..t::=j'~c<~"t:::=:j'.§:"_~I~ ~.!l' 16'900000 lCS-98 "1882 111051 11193" DlXI:>rr.3 12.5 13:'5:<12 1<:1)IlI\ 05"

:-- _:.::; ~~-=-~ -- ict~ ----":=~~~c-' ---c::=::c::",:-",::;;:::~::=-~:::~::,-' ---':-';::~:~~::-~~-~;;7.::-~:~~:;C;'=-',--7.?;---,",:~::

• ---ti.'.1!!.-----f~--7."""""~OO:;;--~"~"'.....--f.""""'..<---"C;;'''':<:'''~-;-'';;;'"c;''f-~';;;OO~'',,...<-----c',,'',,'• 1~'1...... . f""-'........ 1""00000 109399, 111S.5 1109m 111'11' I)ro:IO~ 131;1

-'-. __ l!~'_'_----J""~.P'...." \6900')001 1000<1<1 111<119
1 I'.e' 1""""-' 'J¥.lOO(lOO, 1()Q3<1Q 111.20.

,~H",.l> I"~'CI~~_,_""'.."~;;;OO*_--!*""'"J~oo'--_!'"",,;-:,,~,'-"',,,,"'::::'*,','~:!_"c"","~'-'--!f'OO:;;';;;"';;,'--;;"~55;:-;,--"~'ii-';;"-'-,;"X;::tQ
~. r:i'i'TiI.f' F')(llIIt.l' le!.'OOOOD

j
I~JOO 11111'! u," 111(l55 I')oo~rll:' 1153 !V::l9<'>3, ~:35,

L __ ~._1,==_"=",,,=_~' 169000oo~ IOT.'OO 111\~2· llorl:j 11\531 000)m3 \5~ 1065950' 011
1 1,'11 11 If"'<........,...., -,~""""'~oo:;;,~.-7.,"'".,f*oo*".-*"*"O;,,'---!,+.;''';-,''',L-''',,:¥.,,:-<,,;---;,'*oo''',,ii'..c-.--',~""".,---c,,,....~,p;,,,,,".-..,..;;;,,f.,,c-.--*,*"

, I ,
:~~i:-- Fb~_~:=~~:'---!:~:~~~-+;::Cj:~"'~~~_:"':~;;.;~~_-7:;.;.:::~~~-':~~~~"~I;;"--:~:;';:':'-.-;.;::~:~",':;:';-..,;;;C:~"'~,..'.--"'::;::-::

1.- ---i'!!?----l"~~~_2!''''''''''~~00~·-,~'''''~00~'-"~'''~'~'_~"~05~":--"~,,~J1~':-~~---!!"~":-·~"~OJJ"'~'_~"~''~'--_!'~"~
t I &: r-~ 16SllXlOOO_ 10!'0OD, 111069, 11OSH, 111330: 0002.10 12!l6. 1.J'l!>O!l6. 831H 058

·U5' 1~~=-.==,~""""'~oo~=:;''''~,~oo~~''*''~''~~'~'06~.~J=~,,~,,~..~~,~oog''''~,':==:j'P"~'=:j'~"~"~"f=~~:==~'~'"- "1~1- I~~";- lf19OOO00~ 1091<10 111021. ',OSQ 1I12~, 0(02)50, 1230 13701079 P:01!><1 05/j

2110;" ~-";;;""""'=oo;;---;;'''';;;;,c<oo;;'_-;;-''';;;,''"c---;,'',...'''"''-;;,,-;-;,,.,,;-",'"oo;;;'''''''.;--;,-;-;,,",---c,"',,,..,....;---;;;,"";;;O;;,,,--,,'oo.,
i~I1SJ -1:::~:: 16900000~ 109150, '1101', II()<lJJ~ 111200: 0oo179!) 1100: 1"'3E91< lOO!li8 0:-0

-:--,;::::--. I::::: ::::; ::::' ~::~~i ::::: ::::~;~ ~~:~~. :~:,

T ----;+',7."-0.,,..- --+~~n----c:;;;==:;;'~~-;;::;;;;:n:',-,;;;l::=:~;--i-;:;;;:~;-;:":'--;-;::-;-;::-;;;:'"",-;;::;O:;;;:~ .."'.---;:":~..'i-;:"~iii,,"~,;-;;;"" ..''',,c--''~:''"~
7--~~;--C~ -',:;;;"""",=oo;;--;;,,,,,,=oo"-;;;',',~=~',-! -;';;;"."'".--;;',,'",,~;;;~'.. -;;':;OOO;;;''';;;.,--;',','''ro'"''.I-;'..'~;;;.J'''";---;;;",,,,,,,,'--,,,,,,0;-
1 !"11)/1 I""""""'/IV 1(;:.>0001 108900; "'~ 110299 """ 00011100 IS50.~: 10'7PS! 050

-,--7'-"-..-_- _I~e<~ '&900000, 108621j 1'08191 1102391_ 11'00-' 0OO178( ',','..21 1541882 10:2<1~ 04<'>

_i~__-l·~~,_--",,,,,,,,,,==oo;..I_-"",,,''''=''-,'-;'''''''';-;'~',-_;;'''''01.J9;..I---c';-;;'';;;-OO;-;'~-;c'OO'''';";;''''"',_-;;=---;;''''"'';o."'''_:-;'","..";;-"'__-,'",',,'
17HZ".') ~~...... 16900000 10!S500 110775/ "Oleo 110061 O,OOOO',','~( ',',","". 15.3997, lOO'll-', l.ll;~ 110 ."'b:l......~ 16900000; 108500: 110180; IIOleo~ ~'IO'Jf!5, ,r 15.0018, lCl(Y)13:- J_

, 1:"1. "' pltt. .. I~oo 1CJ8.4.S 1107);; 110107j 11091', OOOl!ll'll 10oo,I!i510." 91"968
:",:. """"__, 160000001 108'1.1; 110l')9 j "0'07, 110921 OD')I9\l 10M. 1"'>5~91, 91"9"1l,

110070 "Olln'
110070: 'l()11n

'"",

'55
'55

'55''55

",I
'55

,..,..
os·,..

'551
055,

,..
os.

'55'55'

,.,,..

",,5>

,..,..

'"
'"

,.,,.,

9974.'
99;4.'

10816"

106713

1441199, 1001559;
lU72J6 1001160

,.240_$1 99JMj
'.2.,;;t- 9P367

16n087 ....

16noP9

143920<1'

'''J!291;
14~9Ji
14SS5lll,

""""

""1015'

111"
,,11

10611 1592922'
10611 1593025i

10231 16514~91
1023~ 1651S~

9<18 178257<1

9<18: 11826!o!l

~EC.RAS PI.tn P'OP~ ~ SaIl Reach 1

~_r-~~ ~~"'--...L-"~,",':'''','--'_ -""'~' . W:.~':!- ~~~ii t ~,,~""!-~ \I~Itt••:~L~~~-:_T~~~

_:_-_-i~_::-:: f;:t)n ::::: ~:~;~I ~:::;: ::~:. :~~:~. -::~:.
1 I

1 .21~4f1 1133771 0001889 \115 \5150e.t 101089; 051

'-~--l~ __ __=='_---"-"-""+---""'''J'-',''_,_=-''-'-___'-'''''''l----'"'OO'''_''''..''-.._----'',,-''''''_----'''''"''~,_'',,''_t___',''_',,_'_',,"-,'-----','-''''''-
-.-~1"-.1 16000000' 1133 10; 11278!i: "3513 0OO2l)ol J l I' 42; 1479'938

1
101089 0$3

..!..- -t~ ,ro...~__-"'''''''''''''''''OO'_---''-''-''''L---'''''"J'-',''',i_-'',,''-,,-''..'!_--',-'''''''''<;.,_''''OO'''-'''''''''---'',,-'',,'---',,"',,'-',-""L---',"_',,_'_',,"-,__--','-":'.'
1tQ~ 1=_ 16OOClO00' 111500 1132731' 111733j ',3451\- -0001958' '1:!Q· 1~181 103121' 052

..:...~~~ _ I~....;- _-"""""'="'00'-,_,"-""-,,,001L---',"'''',,,,'''----'',,''-,,=,,'----',-''''OC.,''-,,'--''_',OO'''_''''...'''-~----'',,-'';,'_'---'''''"1J=''''---'''''OJ'-',,''-,·~_-','-',''-,
'Jlr.n l"'boc_ l&.."'OIXlOO 11"00 "3209: "76Il!l' 113'11" OOO:?O&S 1'''', 1~'" 1001» Os:!

1 t,t9):; ·t~"'___-""'",.,""'oo"'-·_-'-""'"'-'oo"'I_,,,,,"-,-",,'----""''''-'''...·_ _''''~,..Cf2J'-·--..!',!!OO~"""~·_-"'!.""-,_~".."'!J""~._2!"~".!!"!-_-",~,,

-,---'.-,,-,.--- -,r.~.;'._=~".~''''''~OOcj'~,,~·OO~'=~,~"~"t'='~'''i1:''~'=±"~"~"t:j'~""'§"t'=:::fr"~"t'~"~"~"~":jj"!lli"'t'==::l°~"1 --71~'!..': l~= 1e9000oo 1I1HIO ':3180. 111E'"6 113318 OOO:Kl27 1129 14!!':i~.' 103319 051

I

:--~!:: ;~-- - -~~' -",:::=0:::'-.---':-';::~~:"'--7.::"'~:"'~~:--.---c:'c.:~~~:~_ --:-::",:;~;,;=--c:~~~=~.;--!7::~~'-, --":~~"7;';:~,,--7.:~~~;'"'~;.'.--""':'*~

_'_ ~~,,,_,_._ I"""''''~''-,_~.."'''''=o::oo'---',-';"~,oo~--:-''~'''~,,=--,''c.''~,,g.,'-'---'''",''~'!''___"~oo:!,,,,,,,~-_-,,-,,~,,,-:--""",,"'~"~'-_7."~"~'7-"--"",'~"
, }"Pil "........ '5900000, 111300, 11301'91 1115 2'. "321lO~ 00011191, 11 08 152.950 j 1cr-994 051

+-~ r~*-;;--'- -- -~;;rr~'---;::=~~:*":-""::~:~~:;C: ---c:~:~*"::+:-+::"'~:~~;;--:"':~~:~~-. --!f:~:~:''''':'-: --7:::-!~~.---c:~:~:;:::~::;-,-:"'~~"":~::-. --~~~"':
~__~ .~. '92,'. . --L~ __~""~"""~00c-_!'",,"~'oo~-+;".g"~";-' ---C'~":;-"&''_-7'':f''~''~''---c'~OO~'''~' _-!!;-"¥'''_-!l''~06~'oo~IL--7.:~~;;~:;t,~__",'~5!1
, 1:~"Cllo (~..... \r-o::lOOO 111200

1
11.)000, 11'.271 Inl!T 00011151j 1091, 15.08111 i O!loO,

~~_:--::::~~ :~-~ :=: :::~: ::~~: ::~~: ::~:~;: ~::~ :~~. ::~~~: :::~

~"'-?:_- ~:-_~_.-!<.....~---~-----------------------
.~"'O. fl:""'''''''-L-:!.!!=~:!!'...-':,,::,,:..:_-'-'::-'''~-'-';~'-'--':-'-':~!.;~~''':' _ _"::"':'-':"-:--..!:'-":,,:~"'.:Ij:'_:__:"-:"'~_'--"'~~o"';;:'-'~"_,._-"::"':"'~'_'__-,,:.:!.::

:"-"~QQ_ _ "toO'II_. 115900000 110900 1118l\81 112195
1

113076' 0001 ••1'.':-- ..:,~ ....__ r~' lMOOl)OO "0900 1I7l1N 112195 1130:1'6 0001,-'7

_'__~!:L-_ .Ji .-!<""""'''!..· ,_--------------
"1 r'iW3- l-~'6900000; '10900.J.- 1127et, 112115J "1951~ 0OOl~'

211!M I"~., 11'900000 110900' 1"reg "'1~ 111952 0001594

:11'11 !,.blnl·...... .. ",
__ ~,.~ J~) ::::r ::::1 ::::~I ::::' ::~;:t ~:~:::;

,1'1'17- ~p1..... 1"5900000 110800
1 11~JOI 1120Jel 112741j 00021Mi

_' ~ ~"'iI 115900000 110800 111530 "203$ \1214' 00021811

lZ1nl,o.R Flooapiain :=--le900000L 110700- 112~671 "19841_-1126.851- -=o~n6t1r
I !111'7\ "'R AoolJoi. 16000000 110700 - i1246;!-- 1119;r- 1126~ 0002267

6



;:-bIo.!~ ''"''''00 1011100 110392 10!UoIlI

~-~OO 108100 110010.- "" .."
1'loocI::i.' ~~~.!.oo 110331 1<9523_..

''"''''00 10001oo IIOJ5/) 10'Y->23

~W ',"",,00 10000oo 11029~ 109521

''"'''''00 "'"'00 110309 lQ'Y->)1

~" ~~oo 106100 11024. 1093711

"",... ''"''''00 106100 110259 11193111

- .....
110399 0001145
110412 0001122

Ineff.
Bank Sta

i Legend-

WS Floodplain
I
I Ground

Levee
•

---.- O'-----+,---- 035---J.c---

Sail River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 219.51 AT
1134989 llgel'i1 039

11....5!?~1<l1~,

:;:~ :;=~

999 1100661
99:3 11011tr7

'"'"
'"...
963~~SS313!J0669 0J91

.!~_'!~'591., 901~.~

:~~ ::::1 :~~ ~;~~
OOC1121:1

0001146

0001030
0001012

""""".""'".
0001001."""""

1105111
I1(Z9&

""''''11OS15

1105150

110510

I
110536

.""..

"",'"
.""'"

110..,0
111)131

111)10

111)151

1011100
108100

108200

""'00
".""00
,""'0000

'""''''''''"'.""00
__ t=1ooX;Jlllot.

~1

21!.~1._ .....
21115~

21~ -2
-:.lVS7': - -

12.1C6:

21iUl

+~~~::
.g~1l0.:"~__

- t?'6~ ~'!-

2 III J6

p',,, --

iFluodIll;''' 169OlI000 101900 110121
~>. 169000~OO-101900 \10211

~~; :=: :~~:: :~~:
_~~~\lIr ~ 101~~_).!.0016
If-L 16900000 101800 110116

H19248 110246 0001113 '" 1705381 98502 ...
109148 'I03211 ."""', ,., 1194354 95111 OJ,
109196 110219 0001014 :: --i~~Hi :~~=-{;~109195 1103O.t ."""'"

1000 1500 2000 2500 3000 3500

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 219.46

k-----"'-----,,!.
1190

-035--->;<--
I Legend

1180

1170
I

WS Floodplain

Ground

Levee

::~c~~~___.____.___.__,~___.__,____,__"I

a 500 1000 1500 2000 2500 3000 3500 4000

g
c:

.Q
ro
>
'"iii

1160

1150

Ineff.
Bank Sta

Station (It)

• • •



• • •

Levee
•

Levee

cege;;d-'

Ineff.
Bank Sia

WS Floodplain

Ground

Ineff

I • JL~ank Sia

Lege;;d~

I
WS Floodplain

Ground

4000

4000

3500

3500

3000

3000

I

2500

2500

2000
I

1500

Sialion (ft)

,---~,-,--_-~--__r_----,---r-....-..,

1500 2000

I

1000

1000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 219.33

04 - - - J---- 035---~-- '"

500

500

Sialion (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS ; 219.29

----0.----+--- 035--+-- '"

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 219.42
~ o. ~-- 035---+--- 04---

11451 l~egend
1145

I

J ~ IWS Floodplain I 114011140 Ground

Levee I 1135

1•

""j Ineff.
S Bank Sia S 1130

1t: t:

.2 1130
.2

iii iii
> >

'" '" 1125j
W W

1125 1
11201

1
1120 11151
1115 11101

I

0 500 1000 1500 2500 3000 3500 4000 0

Sialion (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 219.38

11451-----"' +---035---+--- 0'- -~ 11451

1140~
j
;

11401
j Levee 1135~

1135 Ineff

1130~.
€€ Bank Sia

"
t: I.2 1130
.2

~
iii ~
>

11251'" '"w w

""] "mj
1120 1115

1

1
1110 J1115.!-.---

0 500 1000 1500 2000 2500 3000 3500 4000 0

Sialion (ft)

10



FLegend=:J
I WS Floodplain I
I Ground
1-----
, ',:: I

40003000

035--->;<-- 04 .__J

1000

,+- - -,-,_~---___r.~---.----,

2000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 219.14

1125

1115

1120

1145 ~-----o.-----+

s

I Levee
•

I
Ineff.

L Bank Sta
----

i--Legend
I --IWS Floodplain

I Ground

4000

1140

1135

1130

1120

1
1115

1110 I--_~I~-~I~-~I-_~I~_~I-----'l-----'I-_---'
o 500 1000 1500 2000 2500 3000 3500

1125

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 219.24

1145"-----04 +---035---+-0'--'

c:
.2
iii
~
W

Station (tt)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 219.19

.
Bank Sta

r-Legend

IWS Floodplain

I
_G_r_O_Un_d__ I

Levee

I--<Inel>--ff-

400030002000

l

1000

Levee

Legend

Ineff.
Bank Sta

WS Floodplain

Ground

4000350030002500200015001000500

,-----04-----+--- 035--- --- 0'

""f1140

1135

g 1130
c:
.2
iii
>.,

1125W

1120

1115

1110
0

Stalion (tt) Slation (tt)

•
11

•
12

•



• • •

Levee
•

Ineff.
Bank Sta

[ Legencf--i

I
WS Floodplain '

Ground

FLegend

WS Floodplain

I Ground

I--Le~

I
Ineff

Ban: Sta

4000

4000

-,!

o.

30002000

0'---

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS=219.02 BR

+--- 035-- +-

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 219.01

+------~--,j----_ ..---,---._--_.-,------
1000 2000 3000

"
Slation (It)

<----
1150-<

j

~---0'--- -- - h--- 035
1140i

1135

11301
1125~

1

11201

::::L
1105- ,----.----,------.--- .-------,

o 1000

1
1140 1

1
I

g 1130~,
c:

.Q
ro

1120~
>.,
w

1
I

1110J

j
1100

0

c:
.Q

~.,
w

Ground

Ground

Levee

Legend

Ineff
•

Bank Sta
--'

Ineff.
Bank Sta

WS Floodplain

WS Floodplain

I

-I'Levee
•

4000
j

30001000
,

2000

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS=219.02 BR

Salt River-Sky Harbor_Proposed Plan Proposed 1988
Geom: Proposed 1988

RS=219.03 AS

1150 !----0'-- --,--- 035 ---,1,-.-- - ()4 -- - J

1150{ 0.---- - ---035---+-"---0<-

l/~~~

/j '"
1110 I 1/, ,

a 1000 2000 3000 4000

Slation (It)

13

1140

~
c:
.Q 1130-ro
>.,
W

1120

1
1110 I

0

1140

€
c:

.Q 1130ro
>.,
W

1120



Ground

Ineff.
Bank Sta

Levee
•

CLeg.;;d~

WS Floodplain

Ground

+-- - - 035 --->0(-- 04 --

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.975 BR

1130

1110

1120

1160f---0--

g
c
.2
<ii
>
Ql

LU

lLegend

WS Floodplain

I
1----

I
Levee

~."

Ineff
I
L ~ank_S~

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.99

1110

1120

1130

1150

1140

1160 \0---- 0-----,,J.'----035---~+__o--->j

Legend

Levee

Ground

Ineff.
Bank Sta

WS Floodplain

035----,J.-- 0- -

Station (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.96

1135

1130'

1100+------,-----.,..---------,-------.,..--~--,
o 500 1000 1500 2000 2500 3000

11451~o---f- 

1140]

1125

1120

1115

1110

c:
.2
<ii
>
Ql

LU

Legend

Ineff.
Bank Sta

Levee

WS Floodplain

Ground

3000250020001000500 1500

Station (ftl

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.975 BR

--'~----

11601<----.0.----".----- .035----+--0--- I

1140

1150

1100+-----.------.-----,-----,------,--------,
o

1130

1120

1110

1100+---~,--.--.._,--..-,_r-~-__,_~--..,__---
o 500 1000 1500 2000 2500 3000

Station (ft) Station (ft)

15 16

• • •



• • •
1140'1- 04- -,J.---- 0J5 - ----",,---- 04-- -,

j

Levee
•

Ineff
•Bank Sta

WS Floodplain

Ground

r--Legend-l,

400035003000
,

250020001500
,

1000500

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.71 AR

1150J----04---- +-- 035 --,J.--- O'

I
1140j

J

~
11301c

.2
;;;
>

'"w 1120

1
1110 i

J
~

1100 J
0

r-Lege;;d~

WS Floodplain1
__G_ro_u_n_d_1

Levee

l B~:~:taJ

200015001000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.8

1135

Slation (ft) Slalion (ft)

Station (ft)

Legen~

Ineff.
Bank Sla

WS Floodplain I

Ground I
Levee

O' -

300025002000

Station (ft)

15001000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.66+ -035---,J.--

500
,~--_,_---r_-~-.,---_,_---r_--_,_--_,_-.__,

3500 4000

11501'----04
1
~
j

1140J

1
g 11301
c J.2

J~
'"w 11204

<

11101

J

1
1100

0

Levee

WS Floodplain

Ground

Ineff

.

~ .Bank Sta
L.---.J

v

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.77

--+----035---+-- 0'- - --, r---:-----;---,
Legendr- 04 -

1150

1145

1140 n
1135~
1130

1125

1120

1115

1110

1105+~--T'-~--,,...~-...,--~_,_,-~-~,r--'-'--'-"""""'-"-
o 500 1000 1500 2000 2500 3000 3500

g
c
.2

~
'"w

17 18



Levee

Levee
•

Ineff.
Bank Sta

Ineff.
Bank Sta

WS Floodplain

Ground

LLegend

I WS Floodplain

Ground

4000

4000

"'---~

3000

3000

035---';'---

2000

Station (ft)

,I.
I

1000

1000

-"'---

Salt River-Sky Harbor_Proposed Plan Proposed 1988
Geom: Proposed 1988

RS = 218.47

- 035-- +- - -04----~

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.52

k----- "'----
1160j " I

1150

L
1160

1150

1140

S
c:
.2 1130-
~
"iii

1120

1110

11001
0

1140

g
c
,2
ro
>
"iii

112

1110

110J
0

Levee
•

Levee

Ineff.
Bank Sta

Ineff.
Bank Sta

WS Floodplain

Ground

WS Floodplain

Ground

4000

4000

3000

30002000

1000

1000

2000

Station (ft)

Salt River-Sky Harbor_Proposed Plan Proposed 1988
Geom: Proposed 1988

RS = 218.57

,----'" +--035--+---"'----

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.61

j<-----,,,-----+---.035---,1.--- "'----~
1150

1140

S 1130"

c:
.2ro
>

"iii 1120

1110

1100
0

L
1150

1140

g 1130
c:

.2ro
>
"iii 1120

1110

1100
0

Station (ft) Station (ft)

19 20

• • •



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

•
--------------------

• •

Ground

WS Floodplain

Levee

1

----+-'-
Ineff

1_ Ban: Sta

4000
i

30002000

Legend

1000

Salt River-Sky Harbor_Proposed Plan Proposed 1988
Geom: Proposed 1988

RS = 21833

0'--- -+--- 035---+----0'--- ~

"'f1160

1150~

~

j
c

1140-j
.Q
n; 1>
'" 1130jW

1120

1
1110

1
11001

0

Levee

•
Ineff.

Bank Sta

WS Floodplain

Ground

4000
i

3000
i

1000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS=218.42

----.04----+---035---+--- 04---->
1170{

1160

1150-

~ 1140
c
.Q
n;
>

'" 1130W

""11110

1100 i
0

Station (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.38

:::{----0.----+---035---+---0'- ---~

11503 Levee
•

Ineff
•

Bank Sta

WS Floodplain

Ground

400030002000

Station (ft)

Sail River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.29

----+---.035---+--- 04 ----~'----.0'
1170

1160

1150

g 1140
c
.Q

~
'" 1130W

1120~
j

1110

1
1100~------'

0 1000

Levee

Legend

Ineff
•

Bank Sta

WS Floodplain

Ground

300020001000

Station (ft) Station (ft)
21 22



Legend

I
WS Floodplain

Ground
,------1

Levee
•

4000300020001000

Salt River-Sky Harbor_Proposed Plan Proposed 1988
Geom: Proposed 1988

RS: 218.14

~-----o.------,J.--- 035---)0(- ---.04---- ~
1160

1150

1140-

S 11301c:
0

1~
<II 1120W

1110

1100

1090 1
0

Levee
•

Ineff.
Bank Sta

WS Floodplain

Ground

,
40003000

,
20001000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS : 218.24 AQ

~----- 04 +--- 035---+---0'---
1170

1160

1150

1140
g
c:
.2 1130iii
>
<II
W

1120

1110

1100]

1090
0

1100

Ground

Legend

WS Floodplain

I

Levee

I Ineff

5000400030002000

Station (It)

1130

1120

1125

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS : 218.09

"----"'----~-035--+ ---04 --J
1135

1115

1110 J

::::L
1095 ·-~--'-~-~-r-r----~,_-~__.__,__.,

o 1000

s
c
.2
iii
~
W

Legend

Ineff.
Bank Sia

I
WS Floodplain

Ground

Levee

400030002000

Station (It)

1000

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS : 218.19

10-----'" +--_..035-- -+----.0·----1
1170

1090-+-----~-----~_,-_~---_~ _
o

g
c:
.2

~
<II
W

23

• • •



• • •

Ineff.
Bank Sta

Levee
•

i- - Lege;:;d----:-:

WS Floodplain

Ground

5000400030002000
1

1000

11151
J

1110 ~
J

11051

11001
1095-j

10904
o

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.95

1135 'c---- 04 ----+ -035-~---04

~

11301

1125~~ ._

1120; ~

c:
.2
~
Ql
W

l
Ineff

_ ~_an_k_S_t,,-__

I~----'

I
WS Floodplain I

Ground I
Levee

50004000
1

300020001000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218.04

.03S-.jc-- -04---~
1135t- -04-

11301
1125 1

1120
S
c:
.2 1115<6
>
Ql
W

1110-

1105

1100

1095
0

Le~

WS Floodplain I

Ground II

Levee

Ineff

• I'Bank Sta
L.-_

4000
-------.--,

500030002000

Station (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.91

--035-+--- O'

·'-----1-----.---
1000

,----- 04---
1135

1
1130~

1125

1
11201

g
1115jc:

.2
<6

1110i>
Qlw

1105~
;

11001
1095~

1
1090-1

0

Ineff.
Bank Sta

Levee

WS Floodplain

Ground

Legend

50004000300020001000

Station (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 218

1<-----04--- ---,!.--035-+---04--1
1135

1130

1125

1120
g
c:
.2 1115<6
>
Ql

W
1110

1105

1100

1095
0

Station (ft) Stalion (ft)

2S 26



Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS ; 217.86

-----.04 +- 035-+---.0< ---1

Levee
•

WS Floodplain

Ground

Ineff.
Bank Sta

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 217.76 AP

-----0'----- -+- 035-+-- 04---~

1100

1095

11090 f------,'-----r'----.-,,-----'[---~--,
o 1000 2000 3000 4000 5000

k_
1130

1125

1120

1115
OS
co
.9 1110n;
>
Q)

W
1105

Levee
•

Ground

Legend

Ineff.
Bank Sta

WS Floodplain

50004000300020001000

1130]

1125

1120

1115
OS
co
.9 1110iii
>
Q)

W
1105

1100

1095

1090
0

5000

Levee
•

Legend

Ineff.
Bank Sta

WS Floodplain

Ground

50004000300020001000

Station (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 217.71

1----·-0<-----,1.- 035-+-- 0<-- ~

I'~
k

1125

1120

1115

€ 1110
c:

.Q
iii
>
Q) 1105W

1100

1095

1090
0

Levee

Legend

Ineff.
Bank Sla

WS Floodplain

Ground

4000
,

300020001000

Station (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 217.81

-----.04 +- .035-+--.0d---~
1130

1125

1120

1115
€
co
0

1110~
>
Q)

W
1105

1100

1095

1090
0

Station (ft) Stalion (ft)

27 28

• • •



• • •

Ineff

Levee
•.

Bank Sla

Leg"nd- :

WS Floodplain I
Ground

5000400030002000
I

1000

Sail River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.57

04 - -- +- 035-- +- 04
1125 t- -

1
1120.1

i
1

1115 1

S 1110-'
co 1.2

'">~ 1105;w

1100

1095

,
1090 i

0

I Bank Sla
L--_ J

r~~
WS Floodplain I

Ground I
-Le-ve-e-I
--..·--i

Ineff

50004000
i

3000
I

2000

Sail River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.66

---- 04 - -_._--+-- 035- +- 04 - -~

1115

S 1110co
0
.~

> 1105~
w

1100

1095

1090L

1085 I

0 1000

Station (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.62

---- 04-- +- 035-+-04-~

Levee

Ineff.
Bank Sta

Legend

WS Floodplain

Ground

500040003000

Station (ft)

2000

0'---

1000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.53

+--035 --+-04~-----
1125i

11201
1115

g 1110
co

J.2

'"><l> 1105-<W

1100J
j

1095j
;
j

10901
0

Legend

Ineff.
Bank Sla

WS Floodplain

Ground

Levee

500040003000
,

20001000

1130

1125

11201

g
1115j

co

""j
.2
"§
<l>
W

1105

'W'j1095

1090
0

Stalion (ft) Stalion (If)

29 30



Levee
•

Ineff.
Bank Sta

I -Legend~

I
I WS Floodplain

Ground

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.38

------ O'-- --+--.035 - ()4

i---~-"""",~-~-,-----,,--~---r---,
1000 2000 3000 4000 5000

1125

11201
1115

1110
S
c:

.Q 1105OJ,.
Q)

W
1100'

1095

1090

11085
0

Ineff.
Bank Sta

,Legend

I WS Floodplain

I Ground

Levee
•

50004000300020001000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.48

,------0.------+--=--4t- 04--'
11251
1120-

1115

S 1110
c:
.Q
ro,.
Q) 1105W

1100

1095

1090
0

Station (ft)

Legend
O.

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.34----+-- 035 - -M

,
k------- 04-

1125
Legend

---r--r-""'- ...--......--_. ,--.---..--.---..-..., -..,... ........ _ ..O_Or • - -_... --,---,.--\

Levee

Ineff.
Bank Sta

WS Floodplain

Ground

50004000300020001000

1115

1120

1090

1085·
a

1110
§:
c:
.2 1105OJ,.
Q)

W
1100

1095

Levee

Ineff.
Bank Sta

WS Floodplain

Ground

:~]
1090~-rl~-~'-rl---~_rl---~I

o 1000 2000 3000 4000 5000

Station (ft) Station (ft)

3' 32

• • •



• • •

Ineff.
Bank Sla

Legend--'

I
WS Floodplain I

Ground I
I Levee

•

Proposed 1988

o.
1120

1
1100 I

1,,
1080~,

J
1060J

1
1040 J

1020L---- '---"'---'-r-·~-T----r--.~-,--..---
o 500 1000 1500 2000 2500 3000 3500 4000

c:
.2

'"><I>
W

Levee

•
Ineff.

Bank Sta

WS Floodplain

Ground

--..-,
500040003000

f-----jt

..-,---~~.,----
2000

,
""---- --~-- 035--)00(-- Q4

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.29 AO
10(-_----

11301
1

1120

1
1110~

I
j

::L~"""",-,~,
o 1000

c:
.2

'"~w

Ineff
•

Bank Sta

-Leg~

WS Floodplain I
Ground

Levee
•

400030002000

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.15

~-------04 +--035- )0(-- ""-~
1120 J

1100

11080 I
1

'~I
1040-1

1
1020',--~-,---r~

o 1000

g
c:

.2
~
<I>
W

Levee

Legend

Ineff.
Bank Sta

WS Floodplain

Ground

50004000300020001000

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.24

10------.0.------f-- 035 --+- 04-~
1130

1120

1110

g 1100~
.2

J'"><I> 1090W

1080

1070

1060
0

Station (It) Station (It)

33 34



Levee
•

Ineff.
Bank Sta

,.- LegencJI

: WS Floodplain I
Ground

400030002000

O' --- --.1-- 03S ---l-( - 04--1

D

1000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217

1100

' -
1120

~
1080

<=
.2...
>

'"W 1060

1040-

1020
0

Levee
•

I
Ineff

Ban: Sta

4000300020001000

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS=217.1

~----OA----V----~-+l·--= r '::::,:..
Ground

1120

"-

1100

~
1080

<=
.2...
>
'"W 1060

1040

1020
0

Ineff

I Ban: Sta

I Legend

IWS Floodplain

'I Ground
Levee

•

0'-- ---~-- 035 --+--

Slation (It)

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 216.96

1100

'
k OA

11201"',----

1040

1020·1---r-~~~--.,.---,-~-,----~_·- ...... -- ._....,--,.-,_._,
o 500 1000 1500 2000 2500 3000 3500 4000

g 1080

c
.2

106J

~
'"w

Legend

I
WS Floodplain

Ground

I~
I Ineff

I Ban: Sta

4000

--0'--

30002000

Stalion (ft)

1000

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 217.05

1<------- OA f-- 03S

~
1120

1100

g 1080
<=
.Q...
>
'"W 1060

1040

1020
0

3S 36

• • •



• • •

Levee
•

Ground

Levee

Ineff.
Bank Sta

Ineff.
Bank Sta

~
IWS Floodplain i

Ground

3500

3500

-,
I

-Legend-l
WS Floodplain

3000

3000

2500

25002000

Stalion (fl)

1500

-+

1000500

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS=216.81 AN
035---~-- - 04--

1500 2000

Station (tt)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 216,77

--".---+--035--+-- ". -- -,

i

~
1

1100 '

1120-i---- e><--

"1115-]

I

1110~
j

11051
]

11001

l095i

1090J

1
1085~

1
1

1080-j--,~~,.-.,.--~~

o 500 1000

~
1080-

c: j
,2
n;
>
"iii 1060~

1

<
J

1040

1020t
0

g
c:
.2
n;
~
iii

Levee

Ineff.
Bank Sla

legend

WS Floodplain

Ground

Ilegend I

IWS Floodplain !
I Ground I
I LI:;:e I
I Bank St~ i

400035003000

3000 3500 4000

2500
-r" --.....--.,----- ,.- t -.---.

25002000

Station (tt)

15001000

e><--

\

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 216,86

+~- 035--+ ---0'--

500

-----

1060

1080

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 216.91

1<----- 0.-----+-- -035 --+---e><----
1120

1-il

""1

1040-

10201+-~--,-~--,-~-....-~-....-~-....-~-....--- -,
o

::::L_-~-- ~-- _~
o 500 1000 1500 2000

Station (tt)

c:
.2n;
~
iii

1120

1
1100

g 1080
c:
0

~
"iii 1060

37 38



Legend -

Ineff

•
Bank Sia

1---
WS Floodplain

Ground

•

3000
1

2500
1

2000500

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 216.62

04 __ Jc - --035 ~--+ --.04 ~-----,"--1115

1110

""1S 1100

1
c
.2
;;;
>

'" 1095W

1090

1085

1

1080+---
0

Ineff.
Bank Sia

WS Floodplain

Ground
•

3000
1

2500200015001000500

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 216.72

---- 04 ----+- ---- 035-- -+---Q4- --~
1115

1110

1105

S 1100
c
.2
;;;
>
'" 1095-W

1090

1085

1080
0

Sialion (ft)

Salt River-SkY Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 216.67

1115 k---.o.---+--- 035---+ Q4----

Legend
"--1130

Stalion (ft)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 216.52

0'-- - +-- --- 035
Legend

Ground

Ineff.
Bank Sta

WS Floodplain

1120-

1110

1100

::Lrl--,---"~-"--r-------,- - -_. r'-'-,-'---'
o 200 400 600 800 1000 1200 1400 1600 1800

§:
c

.Q

~
'"w

Ground

Ineff.
Bank Sta

WS Floodplain

·..-~~--,..-~~-._---rl--~~----;.-,-.,.--.,.--.,
2000 2500 3000 3500

1110

1105

S 1100
c

.Q

~
'" 1095W

1090

1085

1080
0 500

Station (ft) Stalion (ft)

39 40

• • •



• • •
Salt River-Sky Harbor_Proposed Plan: Proposed 1988

Geom: Proposed 1988
RS;216.49

,- - 0' -+ --- -035 ()4

-Legend--· 1130 j r Legend 1
WS Floodplain I 1 IWS Floodplain I

1120" GroundGround I 1•

I.
•

Ineff j Ineff

Ban:Sta J •
1110j Bank Sta

S J
c
.2 1100iii
>
"ill

1090-

1
10801

j

J

1070~ , I '--,-~--'

0 200 400 600 800 1000 1200 1400 1600 18001000 1200 1400 1600 1800800600400

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS;216505 BR

-04 -+-- 035 - --- -+- 04-~

200

:l.-- ----._---- .-

1

. - - - . -

j,

\ II
L-,.." ~

-v , 1 I

1120

1100

1110

1090

1080
o

c
.2
iii
~
W

Ineff·Bank Sta

1:=':':::::-
Ground

Levee

30002500

-035 ---l'!'< ------'"

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS ; 216.42 AM

.2

11301""'+
1

1
1120

1
1110~

1

1
1080-:1

J
1

10701
1

1060+1---"~~~-'--~--'-~---'I'--'-~----~
o 500 1000 1500 2000

Station (It)

Legend

Ineff.
Bank Sta

WS Floodplain

Ground

1

i i

1000 1200 1400 1600 1800800
1

600

Station (It).,

1

400

m
I

Station (It)

Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS; 216.505 BR

,
200

--0'-- ---- 035------+ - '"
1130

1120

1110

is
c

.2 1100iii
>
"ill

1090

1080

1
1070 i

0



Salt River-Sky Harbor_Proposed Plan: Proposed 1988
Geom: Proposed 1988

RS = 216.38

~ ----035----+ O'------

Ineff.
Bank Sta

IWS Floodplain

'I' Ground
Levee

•

2500200015001000

Station (It)

500o

1130

1120

1110

g 1100
c
.2
;;;
>

'" 1090W

1080

1070

1060
-500

'3

• • •



•

•

Appendix B - Existing Output 1988 NAVD



• • •

D"
''''".
'"

'"'"".
'"

0.52".
'"'"

'"'"
'"'"

'"'"'"'"

'"D"
05'

".",
0.53

'"

'",..
'"".

'"'"
'"'"

'",..,,.
'"

'"D"
'"'"

'"05'

'"052

'"D"

'"0.51

D"
'"'"D"

'"'"'"
'"
D"

'",.s
",

100470

"'''911872

102.103

100031

"'..
llll193

99763

952.57

97701S

101020

Ion 70

'00087

103273

T01775

lOS' 37

101.191
10331..

106115

"'''98104

1010 ~4

l03ti27

"'''102026

lOS.. 33

"""949"8

91429

101631

101";5

912.51

il9617

103091

103179

100559

103115

105567

104451

100ft 7.1
1035.81

101S916

1031111

'00126

1032.29

105536

102165.,,,.
101511
lo.e5.31

104109

97990

103"23

105711

lOo4()49

966.50

1033:19

105751

.......,
707151

1258916

17176.3&

112" 15D4060
7 ..7 7.15831

1053 1329"56

"601 1922025

111111 '.22"2"
773 7\11.11

1110 125092"

1350 179']95..1

1165 '''5C''3''
191 6951*.1

1096 127776..

1303 '1&.01142

:166 1..<1&979

77.0 7105.05

lO~ '21lO12.

1312 1152.15

tIes 14:l'5701

712 112125

1101 126.1110

'3~ 1813329

1116 14371.1

753 730791

1096 1277111

1344 1808135

1136 10141"2"

75" 72973<1
106;1 131S'91

1217 1!lO2951

1116 ,.247Qfi

765 1111910

1101 12645 ....

1351 11917.13

1136 1.182.39

7"1 773469

1055 1326629

1.100 116971..

III!l6 ',,'''801

17' 71297.1

1108 IW9911

1346 'lI05159

1101 1525517

135 7.07913

1031 \3<1&232

1246 1950132

1125 1501668

766 71&.311

1058 13'.1".00

1260 1928685

\l~ 147OJ.1l1

791 689320

10112 17'93.. "
1213 1893103

11 17 ~S ~ 2861

189 6972.69

10s.o 13'1737

12.e 19520 ..1

1071 ,5n"99
132 151125

1006 1.191512

120.1 7020430

VelC,.".,.

"",
'"1112

""

0007:\16

00023.15

0002317

000270"

0002192

000'208.1

0002116
0002185

0002116

0002676

DOO>""
00019"5

000276..
0002431

,""".
0OO211e

0001970

""""D""""
0001713

000201"

0002381

""",,..
0001851

0002278

,""",
000226'
Doom.

0002215

0002301

0002276

00022"9

0001922

0.0020ll2

000196&

0001792

0007115

00022!1
00021.11

0001970

,""",.
D"""'"
0002315

0002237

0002262

0002632

0002345
0002128

0001716

D001000
0001771

0001592

00019&S

0001743

OOOl~5

0001961

'001000
0002190

0002049
000\170

E.G SlOC>e

"'"0002343

DOO>""
0002252

112109

1112<1&

1119.16

"2560

112220

111310

1120JD

11266'"

"2501
"'65.3

112565

11'110

112315

I1JDoo

111199

11'004

1111.00

11236..

111951

111075

111781

"''''9

"23 I~

IIIS46

111207

112835

117059

11111lS

111166

111513

112009

111131

111814

112467

111211

111"3'
112011

112120

112331

111~ !lO

1111048

112711

1\2110

111315

11'979

112617

111152

1109048

11'651

"23 XI

EC e.....,
11'823

112"91

113U6

111592

1110.68

1·1.071

111155

111.087

110971

111313

11175"

1112.93

110735

111181

111556

'''153
111332

111742

"213-<1

111S111

111005

",..QoI
111779

,'12.13

"'693
112068

1113.28

1108.12

111213

1115.91

1112.51

110101

111135

"'517

111753

1112.15

1116.35

112022

'''906
111375

111186

112'17

""652

111126

111536

111927

111390

,'Oft67

1112.76

",653

'''646

1'''21
1115.29

111917

111111

110611

111062

1\"'«1

I ~ 10 14

110506

1109.65

111344

OIWS.
1\,..57

1111.66

1122.57

1123 ..7

"'619
11211"

112711

1111191

112272

''''52
110917

111519

"2111"

112289

111580

1121Zf;

1121181

111113

1110 ..7

1116'"

112220

111913

1111111

1117.04

111312

'''959
111217

111792

11235"

112119

"'391

"'957
112.91

"2197

1',..65

11203.

112573

1120.66

111331

111903

112"53

1120'9

1112n
'11115..

112."

,112.lJ

1I15Qo1

112070

112ti07

111705

110907

111521

111123

11167.0

110165

"'49.
112096

>f;S Elev,
111129

112299

l1a2S

1101.00

110700

110700

'''''00
'''''00

'''''00
'''''00

1100100

1100100

110400

110400

109162

lt1!Ml62

109862

"""

110200

I'CLOO

110200

110200

110200

110200

110200

110200

110100

110100

110100

110100

"""'""",,00

"''''00
10!!11l00

110000

110000

110000

110000

110200

110200

110200

110200

110300

110300

"0300
"0300

110519

IHI519

110519

110519

110400

"Q400

"Q400

110400

109700

""'00
109iCO

109700

lO9lloo

"",,00

"""'""""00

1095.15

109585

1095.15

",.",

16900000

""""00
'<000000
2"3000.00

169OlXl.00
"",,"00

1'"lXlOO.OO

2000000

'"""'"'00
1.olO0OO.00
,. 00

169000.00,,",,00
IofQOOO.oo

74300000

169000.00

""""00

''''''''''00
2..300000

16900000

""".00
l«lOlXl-oo

:14300000

16900000,,",,00
oo00סס"

24300000

'",.
D,.

F

'",.,,.

,
'",.
,,~

F,,.,.
,,~

eo.',,,.
10'",.
OHio

"""" "''",.
D,.

211133

21133
218JJ

21133

21114

21&'"

21114

11S14

21124 "'0

2182" AO

2112" "'0
21[1;2" AO

21161

2161

21861

21181

21871 A..~

21871 A.R
21171.o.R

;>1657

21057

21651

211,57

216~

21166

211t1'>

211t1'>

21119

211111

21119

21119

'l1t04

21104

21104

21104

211211

218'"
211~

21129

111 ..7
211 ..7

211 ..7

211 ..1

2115'

~1152

21852

21152

'1809

"80ll
216.08

21101i

'"'"'"'"

I-fEC-RAS Plan Eml.... 1981 R~" SItII Ruetl I (Conl~
R~..Cl'\ R""... SUl PIo'de o Tat.ol

'"''''
'"
'"

'"'"'"""

'",..
'",,.

'"".'"".

'"".
'"'"

0.5'

'"
""'"

D"
0.45

''''0.53

'",.,
'",,.

'"'"'"".

'",.,
'"'"

,.",.,
D."
0."9

D,.
''''
'"".

'"0.....

'"'"
D."

".
,~,..

'"'"'"
'"

H.''''
103395

lDS437

155645

'031'"

974"2
101190

10..751

101S7'"9

103120

105191

"....

10133<1

"".,
101689

103656

lOS121

1026&4

10.0579

",,,.

10J992

118611

lOJD5.3

105137

102813

97309

101575,.....

100412

!H193

99&97

101866

101011

91766

""""1024\1

101081

976 Oft",,,,,,
1023049

10312'6

9198.

'0'970
10.06 ....

103281

916M

102451

10"865

1100..,

106691

1(1&0181

111922

9913..

97.01 ..

99223

101273

_hN,
1121 1501309

711 766046

10."2 13"37"2

1298 1171lU"

104812113

759 72.06,11

1070 1301159

131\ 1152160

1145 ""5.. 50

765 119313

107.. I:103113

1J15 1147621

1116 151'"669

1,.. 770.. 33

1037 13<191117

1152 1&80751

1120 15090~

73<1 7"9203

'0 ..5 1339&00

1191 1111113

117.) 150.... )0

lS1l 72..361

lO~ 13257&'

119.. 1177307

1~1391

755 1211175

1051 131\5~

nl] 1115]6711

103.. 1113..710

660 109)16

96/1 , ....9155

1201S 2015590

""2 ,.79"1S9

7"-; 737291

106S 131 ..196

1)19 1842150

1059 15961 ..8

IS 91 71111551

969 ''''53.2''
, ....0 1956927

1121 1,.g7658

7e 73&6150

10S7 13]"775

1301 1&67653

1009 1675)27

639 8603.32
9)8 lcr.. ...

1117 2lW7555

1133 U!119)7

751 1:16301

1062 1311297

1309 1856!U3

1o:ltl 1&46"92

665 &:ltI7S9

951 1"-;26.75

1113 :1012371

1174 1439.. 13

1M 111511O

1095 1117967

1341 1111752

0001905

00011]2

0,001901

0,001954

o Oln"51

0001341

0001.3"

0001511

00011S71

0001118

0.001698

000117.0

Oeroo21

Ooonl"
000201S

000205.

000'601

0001601

OoolSh

0001S75

0001191

0,001109

0001111

000\937

'00""'
0002070

Oeroo3.

'00""

0.002llO5

DOO""
0002071

0002031

0002045

OOO:lO!lI

'''''''''
OlXl207S

'00_
000nl2

OOlm"
0002097

, "'"
OOlm91

0002116

0002093

0001562

00016s:&

0.0015111
0.00183S

0001960

DOO"""
o00~91O

0001985

0002202

'''''''''
0007229

0002187

EO

1133U
,12.... ,

113121

IIl735

I 112 150

111366

113067

"36&2

113209
111331

Il30U

113630

1131,61

112210

112966

113561

11331S3

112.. 94

11317]

1137,86

113S12

1126.41

113322

113931

11301..

1121,50

112&ll)

113.30

1135,70

1I270!1

113360

113996

113101

1122111

112905

113516

1130.5

112169

l111SO

11J"~

113.. 67

112603

111277

113690

113613

1127M;

113423

1104()-40

"1951
11209'6

112761

11331"

112191

.,1931

',2602

"J276

lljoSlM

11<'06Il

111.71

111163

1".'1
111913

117.115

11:1595

111302

111&01

1121'"
1125M

112733

112220
II']!i19

112999

1126~

112113

11:1!j31

112923

117271

1117159

112161

111531

111716

111261

11:1510

lUo ~i'

1121$9

"'6M
112065

112.29

1I2!121

112001

112.07

111100

112.11
111961

111381

1121.1

112811

112196

11:1700

113014

112090

"'511
111973

112](;0

c..w,,
112158

112336

1127C4

113131

l1J212

1125.19

113101

11)631

1119 3~

1121.'

1121.60

113291

113310

117.162

l1J1~

11:M.e?

1I196~

""9(1
112193

1133"

113063

112300

11219.

'13·'9

ll1t&lS
lI20Mi
111e93

'13"1

112810

111093

112f1lM

1132.1.

113111

1123 ~1

1129.3

113.68

113010

1122·'
1\2139
11336.

113160

112.0.

"2993
113511

113377

"2626
113'213

\13737

11]111

111021

11]611

113110

1111.';

,12.'6

1129.1

111000

',1000
111000
111000

111200

"'2.00
111200

1112.00

111300
1113.00

111300

1113.00

1116.00

"'600
1116.00

\116.00

111500

111500
111500

111500

1115.00

111500
111500
111500

1113.00

\11300

111300

"1300

111400

1114(10

111400

111400

110900

"0900
110900

"0900

1115.00

1115.00

1115.00

l11S00

1112.00
1112.00

111100
111200

\10900

"0900
110900

110900

110900

"09.00
"0900
110900

,,0800

II00000

a Tollll

d.
16900000

"'>0000
l0t0000OO

'4:lOO(lOO

16900000

''''''''00
'<000000
2000000

16900000

''''''''00
'<000000
243OOJOO

16900000

''''''''00
'<000000
2000000

16900000

''''''''00
oo00סס1>,

'.JOOO.oo

1/l!lOOOOO

"00''''
'<0000"'
'4300000

''""D"

""""',..,.
".

_.
,..,.
OJ'

-,..,.
OJ.

,..,.
".

',,,,.,,,

'",.".

,,..,.
".

,
."
"".

21929

"929
21919
2l9Xl

11903 AS
21900 AS
21900 AS
21900 ...5

21901
21901

21901

21901

"."DOO
21DOIl

21909

21951 ....T

2HIS\ AT

"951 "r
2195\ AT

:11919

211119

2191'
21919

211llllllll

118F,

"&99
11899

2190t6

219"'6

219~

21946

21D..:I

2193,]

':;'19)J

219'3

:11896

11t196
218.

211196

2188
21118
1188
2H!lll

I-Ec.o:r:.-s Poan E.,s'. 19&& "1:__ s • .\ R~acn 1

Rex" R....'5~

I;-
,
,,

21871

'tan
21877

11817

18900000

5:000.00

'<0000",,.
"0800
110600

110900

110800

112~ 1'fl

111790

"n6'
1\2896

11103&

11151&

111912

1I23D!i

112739

"'182

"~"8
113172

0002207

0002321

000,.,32

000211';

1171 14432 ....

710 714'i1i6
109.. 1279665

1333 1622361

"'"''97111

99110

103766

'"D'"

'"".

'1195
21195
21195

~_~.9'!1

109100

109200

10!'2.00

109200

111609

110711
11,..U

1120.37

"'0.56
1103.90

110941

111321

111&00

110815

111591

112273

0001915

0002447

0002021

0001115

1110 1523036

790 61l66J8

10 49 133~2.52

\232 11;1176

'031 ~5

95383

\03083
105517

'"",",
'"



• • •
tEC·RAS Pt....: EhlltllllllM Rl¥er.Sa/I RMo:tl' ""'~....."" ...... ""''' or"" c,~ w.sv... e~w.s e.G.EIe-or '.0 v."'" "'"''''. , TooWdlh F~.Ctll

do CO, . ''l .. "" ." ,.,, 21811 AA ,n "00000 110700 '111.28 11\'~1 "".23 0.0023043 '" 10715& .,,,, 0.>0, 2\&.11 AA " OO.00סס14 1107.00 1122.99 11~S 86 112491 ,.""'" 'loU 12S1l1II5 ..." ,.,
!- 2117' AR __ 0" 243000.00 110700 1128.291 1122.57 1131115 o.o022S2 13.511 HllCl.» 1010" 0.57

,--~~
-~ """'00 '105,ll1 112410 111ll1Ml "n.Z4 0.002112 1176 '431'" '"'.56 OS'

:--~-~ '" 55000.00 l\OSI9 111.7& "13.75 111766 0001083 '" n07~ iHid 0411
21&86 " oo00סס" "OS.I11 1122'7 1117.68 lIZ' Jot 0002176 ".. 12777.11 IIH29 '50, 216M oa 243000.00 1\~.I' 112711 112177 "30:50 OJ)0211S \3" 18011.35 101631 ,-"
nUll """"'. 16llOOll.0':l 1100&.00 "2~UI7 1Hull 112H15 0.002278 " .. '42H.0! "763 0-", 21Ul 'n '''''00 1100&00 11111.19 1113.32 1117.10 o.oonoll 7.6S 7111910 "''' 0"
218•• t ,. ,........ 11,,",00 1121.a.- 1117.42 112375 00022152 ".07 '2St.s.~ •n" ,..., 21MI 02. 2'1000.00 llG100 112117 1121.3' 113000 000223< 13.51 11911133 1020.20 '", 2115.57

_..
Ii 11(W00 1122.159 1111511 1125.015 '00"'" 11.1515 '.22._2. lC103.02 05', 2115.57 rD, 111)01.00 1115.60 1112_153 1116.53 0.002308 7.73 7112.31 95U2 ,-"

i-- 21157 ,. I'(W(IO 1121.26 111Ul3 112311 0002315 1110 l1G09.24 ..." ,5>
2'1.57 0.2"'- II(Woo \I2'S1l1 1120.811 "~ .... 0002237 "" '70l1953 '02310 '"
21852 '-' """'00 110300 1122.33 '11753 112·51 o.oones " .. "'.'01 11100.37 ,-"
211.$2 '" 55000.00 1103.00 111504 "".25 1115.96 0.002301 7.11 712923 96308 05', 218.52 ,.

oo00סס14 110300 1120.70 1116.35 112261 00022711 1\.01 12&3i8& ~U3 ,.~

218.52 .2< 243000.00 110300 112607 112022 112889 0002219 13.•6 18051.59 102.4. '"
218.0 """ .. 169000.00 1101(10 1\2197 1116.52 1123.111 0.001l1l5 11.36 "1515239 llX14.10 '"2111.7 ,,. ""'.00 1101(10 1114.68 1111.26 1115.46 000'143 ,,, 11)0169 95156 ,.., 2180 ,.

OO.00סס14 110100 11203. 1115.3t5 1122.07 0001955 10.$5 13~.29 ..." ,S>, 21141 02< 243000.00 1101.00 1125.73 "'9.22 1128.35 0.0019t58 13.00 11697.74 102303 0.54

211.4' .. 1102.00 "'1.19 1116.46 1123.31 0.002316 1185 .425101 1012.(\5 ,.", 211.• 2 '" 1102.00 1113.98 1111.21 1114.90 0.002335 7.72 112128 912.sa '00, 211.·2 ,. 1102.00 1119.057 1115.29 1121.48 0.002321 11.08 12U1.10 99fl.17 '", 218.42 0,. " 110Z.00 IIZ4.98 1119.11 I1Z1.n 0.002204 13.·0 11133.29 '03O.9lI ,.'"
, 21131 F'IoodcIe;" 1$900000 "OZOO 1120.66 "'5.92 l1ZZ.78 0.00226. " .. '.419.79 103627 ,-", 211.38 rD' s~.oo "02.00 '113.31 1110.61 "".31 0.002438 '" 7'OS.5 996.67 0.5', 21131 .- 4OO0O.00ס' 1102.00 '''903 11;••78 "20.81 0.0:11298 10.9ol 1211O'Z. 102026 ,..., 218..38 0.7% 243000.00 1102.00 "2••53 11'8.55 112720 0.0021'8 13'2 11524.85 '''''' ,5>
, 211533 . 189000.00 '102.00 "20.19 '115'8 1122.20 0.0021105 ".~ 1.874.2. 105'.37 0.53

2'1.33 ". S.sooo.OO '102.00 1112082 "10.05 1113.70 0002281 ,-" 1.29734 1013.U 0>0
21!.33 ,.

OO.00סס.' 1102.00 1111.S<! 'II•.().I '120.30 0.002'311 ".. 13'5'01 '033.U ,.,
, 211.33 ,2< 24)000.00 "02.00 "24.11 111779 1126.6' 000'970 1217 19021151 1Q6.8.85 ,-"

2'1_29
,_. ISiOOO.oo '10000 1119.59 "'• .81 1121.10 0.oom2 '''' 14.5l)l)ot 10':1910 ,..

21129 TO. "00000 1100.00 "'2.17 l1Di.71 1113.105 0002632 7.11 81151 •• 1il '000.17 0-", 211.29 ,. ' ..... 00 1100.00 1117.92 "13.73 111879 0.0023015 ".. 12n7.fSool '03273 0_55, 218.20 0" 2.300000 1100.00 "23.5<1 1111.S<1 1128.11 0002121 13.03 1a&!1.•2 107775 ,."
, 211,2t "" '....., """00 1099.00 "'913 1113.00 1'21.08 0.002000 tl.24 lSOtO.1!) IQJ879 '"211.2. '" ,., ""'.00 UXI9.00 1111.8' l1OS.81 tI,2••• 0.002190 '" 735&.21 1005.59 0", 2'8.1. '" " 1'0000.00 lM1l.oo 1117." "12.7S 1119.18 0.00204. 10.53 132Ool.5e 103\.15 ",, 21S2e "" ". ''''"''00 ""00 "23.12 1118.&3 '125.110 0001"0 12.114 '1il2~25 1055.81 0.052

21111. . 100882 lU8U 1113.28 1120.~ 0001122 "" 1~2"11 1001. ~1 ,.., 21'.'& '0' 10I8112 1111.11 1108.12 ",,1il5 0.002082 W ,.71il.,2 '00ll.22 ,.., 21S'8 ,. 10t8.82 '118.81 1112.13 nll.M 0.0011il88 '0.3$ '3C82.32 '0205.18 ,.., 21819 " I 10lUl 1122.12 1l,5.lilt 112513 0.001712 '2.48 1950132 1OM.88 ,..
, 218.1. """"'''' :61ilOOO.00 ""00 111113 \1'2.93 1120.09 O.ooMH ,,-" 15(1'8.81 '039.1' ,.,

21114 TO' "'000'" 1091.00 1110••7 1101.35 1111.31 0.002381 ,... 718:111 '007.28 ,.., 211.14 " 140000.00 1081.00 111641 1I1UI 1111.'. O.ooZOM '0-" 132)01.4.0 1032:xl ,.,
2111. 0.2'.4 24)00000 1081.00 112220 "'5.5e 1l2e.7 0.001851 lao 19288 IS '055.3& ,.,

, 2\109 ,.....'" '""",00 109l1.oo 1'11.52 l11251 1118.SS 0.OO2llfl 11(11 14703.68 102165 0.3, 218.09 ,.. 55000.00 1008.00 110877 1107.08 111075 0.002tl7S 7.es 88'3.20 "'... 0.53, 21109 " :40000.00 10lHloo 1115.19 1111.35 ,'178: 0.002205 10.1.2 '2934.152 101517 ,-"
211.09 ,,. 243000.00 1091.00 1121llC "15.11 "2••" 0.001io'5 "" Ill938 03 '045.31 0.53

, 218.04 F\ooclflII'" le9000.oo 1017.00 "1105 1111.77 lI,ll.99 0.00'970 11.11 '~I18 61 1(W10ll ,.,, 218.().I '" 5m<J.00 1017.00 1109.07 1\08." 1110.(W 0.0020535 ", 81il12.8' 979.90 ,.,, 218.04 ,. UOOOO.OO 1011.00 1115.28 1110.62 11\1.00 0.0020&3 10..54 1321737 .03423 0.52
216.04 ". 2e)OOO.00 1087.00 112'.23 "1·••0 1123.&C 0001713 12.' 190520••1 IOS717 O.~I

,
'" FIoQcl*in 169000.00 1095.1S 11\614 lI'0.7. 1'18.52 (100\1'6 1071 1577.99 '0010·9 '"

~m~ '" 55000,00 101585 "01165 II05M 110ge8 """" '" 151'.25 1IlI650 0.41,.
OO.00סס'\ 109S.85 111•.9. 1'09.65 1116.51 0001711 10.06 13915.12 '033.29 ,.,,

'" 0.2~ 243000.00 1~.85 1120.96 1113.44 "23.20 0.001592 12.03 ""''' 1057.5' ,.,
, 21795 Flooclol'>n 169000.00 109200 111609 IIIO.se 1118.00 0001915 11.10 15230.36 103845 0.05'

21195 '.. SSOOO.OO 1092.00 1107.88 IIOJ.90 '108.85 0.002447 '.to 6966.38 905M3 0.5', 217.9!> '"~ lolOQOOoo 1092.00 1\1•.26 1109.41 11\5.97 0.002021 10.9 13342.52 103083 0.51, --~. ". 2.3000.00 1092.00 1120.37 1113_21 1122.73 0.001715 12.32 "7'178 1~77 ,-"
21791 .... ., \69000.00 '08900 11\5.19 1'0914 11\7.\1 0001 ....8 '016 ,..,... '0«61 ,.,



1-lEC-RAS P'.all: e...:.. ,... RMr.~. R..e.~ 1{Cor1_tIUtd-- ~61. .....4 010..1 UirtC!'lEl WS £hi... OitW$ EnE.... E.QS~ ""em,
-~"

I W... I'fOUlle_cnt,. . ,. . ,.. Ill, ., ~lt 91 .... 55000.00 l0e9.00 1107.57 1102.13 1108.2Q 0.001&11 '.eo 8OS9.0fI lOOll.s1 ..,, 211.91 ,% 140000.00 1089.00 1114.05 110&.00 ll15.U 0.001.18 9.51 '4720.12 1037.25 ..., 211.91 .,% 24JOOlloo 10000.oo 1120.21 1111.77 1122_25 0.0013M 11.47 21183A7 IOllU3 .", 217M - ,"""'.. 1090.00 1115.311 11011.27 1117.10 0.001651 10~1 15ge8.05 10'084 .'",
~17.86 .... 55000.00 1090.00 1106.94 110177 1107.81 0.002228 '.00 7331.11 10015.87 0.·', ~17 86 ,. '.0000.00 1090.00 1113.51 1101.13 1115.05 0.001722 9.97 '.0JSI.91 ,m.. ..., ~'7M 0,. 243000.00 1090.00 "".72 ''''.90 1121.811 0.001511 11.83 20535.75 1057... 0.•7

217.tll - 169000.00 1090.21 111.73 110f1.eO 111&.72 0.00182. 11.)2 '.93372 t41_51 ".217S' .... 55000.00 1091).21 1101147 1101.23 1107.37 0.0lI2041 ,... 72".50 113.10 .'", 217S: ,.. \·0000.00 1090.21 1112.92 1107.57 1114.8$ O.oo1~7 1051 1322371 ~1.31 ..., 2171: 020 24300000 1090.21 111&.'S IIl1.5l1 1121.52 0.001734 1279 19001,10 985.24 0"

, 217.16 " ~:"" 16900000 1093.00 1112.7' "09.01 "'5.89 0.0031'5 14.13 11981.87 Stl.flO 0", 21116 " .... ,...... 1093.00 1105.22 1101.97 1106.56 0.00312& '"~ 5921.4~ 7&1.411 '"2177& " ,.. '·0000.00 1093.00 111114 110768 1113&3 0.003141 1317 10627.29 SOU3 0", 217.7& " a 24300000 1013.00 11111.70 1112.13 1120.Ul ...'"" 1603 15157." 823.80 ,..
, 211.71

_....
,"""' .. 1090.00 1112.28 1101.15 1115.1& 00027'5 13.66 12370.011 602.115 0.111, 217.1' .... 55000.00 1090,00 110'.75 1100'0 1105.87 0.0023150 &.51 64&0& 76613 0.52, 217.1' a 14000000 1090.00 1110.11' 11011'8 1113.10 0.002117 1287 11051.&2 711804 000

217.71 0" 2.JOOll.00 ,"'.. 111&.1' 111\01 11I9M 0002715 15_6' 15~741 813_51 0.153

, 117M f1oa:lD'_ 181000.00 10ll9.13 111101 1107.50 111 •.30 O.llOXl25 ' • ..51 1159110 71701 .", 'H" '" 55000.00 1011913 1103S5 1100.18 1105.15 0.0021l'" '.12 6021.11 ,.... 0"
217fl6 ,.. 1'0000.00 10ll9.13 \109.'3 IIOS." 1112.28 0003299 13.52 103S5,95 lU21 00'· 211.68 .20 2'3000.00 loe9.13 11141& nl085 111'.13 0003215 1&59 "6A825 198.'9 ,..

, 21762 -- 1&9000.00 1090.00 1110..50 110658 1I13,~ 9007973 1319 12252.ll& .,." .6>
t1- 217.81 .... ,...... 1090.00 1103.24 lon.76 1104.3 0.002788 &.14 ".", 811.10 0.5)

2\1.62 ,.. 140000.00 1090.00 Iloe.1a II05.2f1 \1\1« 0.002980 ".. 10907.32 826.19 0.82

~-
217.82 oa 243000.00 1090.00 1114.~9 1101Hll 111827 0.002812 15.~9 1551ll.7. &l0.31 0."

, 217.51 FIooop:.lr' le9000.oo 1091.00 1110.1' 1105.3 1112.~ 0.OO23e3 12.32 13717.2 92148 '.31,- 211.57 ... ","".. 109100 1102$8 ,..." 1103.61 0.0023411 '" """ 871.08 ",
21757 " ,.000000 1011100 noe.8 1104.22 1110.504 0,002.11 \l.53 121315.81 923.02 ,.31· 21757 .a 24300000 1081.00 1114.39 110&2& 1111.3" 0.0021" 13.77 17840.98 11:)7.91 0 ..

217S' r-lOOdlllain 18000000 10'01150 1110.10 11(101.33 1111.1111 0.001109 11.01 '530'341 100II.71 0.", 217S3 .... ,...... 1091.50 110~." 1098.85 1103.18 00018aJ ,." 7""." 96548 0.48, 211S3 ,.. 1.000000 1091.50 1108.34 110018 IIOll_ll1l 0.001851 10.31 13S15.~ 100351 0.'9, 217.£3 " .. 2')00000 1091.50 111"2 11041.99 \l18.la 0,0018'" 12"'1 11113405 1020.66 ..,
, 217'8 ~lIlhl 1&9000.00 10111.00 1109.'7 1104.03 ''''.51 0.001&13 108. 155032.02 10'577 0.", 21743 ,.. 55000.00 1091.00 1101.13 109&.7& 110287 0.002111 '.31 7453,80 1012.98 0.'&, 21748 ,.. 14000000 1091.00 1107.11 1102.81 1109.51 0.001&15 10.2. 13611'.1~ 1031".8 ".211.8 .,. 24300000 10\11.00 "14.09 11OS.65 1111.]01 0.001&OC 12.04 20188.88 1014,04 ..,
, "21743 -. 169000.00 1091.00 1109.10 1103.11 1111.04 O.ooI1lM ".. 15OllO.72 10'1.52 0.52,

l"·S .... ........ 1091.00 1101.07 IOllU9 1102.07 0,002791 8.02 .... " 1010.M 0", 211013 ,.. '.0000.00 1091.00 1107.28 1102.73 1109.02 0.002109 10.81 1320075 lOJ5 ~~ '", 2".3 '20 243OOC1.00 10111.00 1113.80 110&A8 1115.93 0001695 12.27 19810.&3 105ll.t12 0."

, 2173(1 -"" 16$000.00 1019.00 110fl.U 110299 1110.50 0.00112' 10.93 1~.51 1037A2 0 .., 21738 .... SSOOO.OO 1089.00 ll00.3t 10ll7er 1101.]01 0.~.5S >.I, 702.r.I ,..... ",,
'"'' ,.. 140000.00 1089.00 1106,7' \lOU7 1108..5 0.001925 10.33 1350017.08 1030.35 0 .., 211.38 0.2"- 2'3000.00 lon.OO 11\3.23 1105.65 11".46 0.001515 ".. 20259.8 10!17.01 0,'1

, 217,.. -- 169000.00 1088.21 11oe.19 1102.39 1110.04 0.00".... 10.112 1S41S.82 1022.•S 0,411· 217.:JoI. .... 55000.00 '0002' 109971 1091.18 l1oo.lIS O.ClO2585 >S, 6')5.474 987.11 0.53, 217'" ,.. '.0000.00 1016-21 1106.31 1101.23 1107.97 0.00117'1 10.32 13566... 10"11 ....
211.301 .,. 24300000 1086.21 1112_13 1105.06 1I15.Ofi 0.001S« 11." 20267.51 10011.117 ...

, 21729 '0 AoodIlI.ir1 169000.00 loe5.00 1107.75 110l.80 1109.61 0.0017501 10.9.5 15439.91 1008.13 0.49, 217211 AO .... 55000.00 lOllS 00 logg.Oll 1096.48 1100.05 0.002llOll I." 6885.10 lllI7.116 ..", 211.29 .AO ,.. 140000.00 ''''.00 "..... 1'00.63 1107.51 0.001839 10.33 13553.22 9113.34 0.49, 21129 AO .,. 2'3000.00 loe5.oo 1112.'3 1104.50 '''••69 0.001531 "" 20111.07 1091.60 0.•8

, 2112· -. ''''''''.00 1014.46 1101.33 1101.07 1109.11 0.00\1581 .... 15510411 97968 ..., 211.24 ... 5SOOO.OO 1014,.8 109ll.• ' 1095.70 10!l'1l.• 1 0,002.311 I." 159Sll.•8 t43.ll0 .", 2172. ,.. '.0000.00 10&1.'6 It05.3 10ll'1l.83 1107.<)6 0.0011411 10.28 136SO." 1172.1. 0", 217.7-" .'" 243000.00 1080l.11 111206 1103..... 111·31 0.Q01.lIS 12.04 201...45 198.14 O.U

217.19 -- ,...... 110ll.71l 1100.70 1108.72 0.001756 1116 15150.15 '"'' ...
+--- 211.19 ", 1065.00 1091.62 1095.28 1098.12 0.002S&.5 ... &M7.SI '20.88 ....

211.19 " '. ,"'.. 110'A& , ....00 ItOll.59 0.001828 10.50 1)329.... t47.lll!I 0.• ', 21719 0.2'" ,. 1085.00 1111.55 1103.50 1113.90 0.001548 12.31 11139.811 '73.52 0.48

I ~Hl~ -.., 169000.00 loe3.72 1106&4 109902 IlOIlO 0.001337 10.)4 163010.29 lI'35.83 0", 21715 ... ,...... 10&3.72 1097.3' 10S13OJ 1098.15 000154. 7.01 7"'..... """ 0", 21115 ,.. '.0000.00 10&3.12 110'.72 10117.79 11oe.'6 0.0013301 ,." '.550410 928.81 ..,, 21715 '" 2.3000.00 10&3.72 11I1AI lIOU7 1113.52 0.001284 "" 20141,29 ..... 0.44

I 2171 , 169000.00 1065,00 1105.26 1096.37 1107.113 0.001300 10.35 18329.61 916.89 0"

3

• •

HE.t-RAs P:'II: b~ 11M IU8 RJver:SaI1 I'l"C'I.1 Coo""".... R-rSt. ."". OT"" lAiIlC!'l!:1 W$ Ele... Cl!IW,S E.G.EJ.- EG.S' velCMJ Floow""'. 101l\V.tll\ Ft!Il.d•• C/'ll

'" ,. ... .- ,~., 2171 .... 55000,00 10&5.00 1097.00 IOllU5 1097.13 0.00,.00 8.87 .... " 881.01 0.'0, 2171
,.

'.0000.00 1085.00 11006.38 1091.15 1105.711 0.001~S2 .... 145110.53 ..." ..,, 217.1 0.2'" 243000.00 1085.00 111\.03 1101.30 1113.1& 0.00124' 11.71 207~311 93127 ...
211.05 · ltiOOO.OO 1065.00 I1OS.8' 109143 1101.eo 0.00,.'5 10.84 15876" 81207 ..,. 21705 .... ........ 1085.00 10lll1.55 1092.$0 1097.31 0.001684 W 7572.75 "". 0 .., 211~ '" ,.....,00 1085.00 1103.15 10117.11 1105.·7 0.00,.08 UII "'.5S.811 ...., 0", 211.05 0.2'1. 2'3000.00 106500 1110&2 1101.32! 1112.85 0.00133' 11.118 20287.06 .,2.07 0"

'" F~1n 1&900000 10....00 1105.311 1018.311 1107.23 0.001528 10.91 1549322 llOll.7& ...
'" ... 5SOOO.oo ,..... 101l5.'8 100278 lote.tll 0.002030 7.73 7118.45 "'97 ...,
'"

,.. 140000.00 1064.00 1103..50 1091.12 1105.10 0.001521 1016 13183.6' ",.. ...,
'" .n 2.300000 10154.00 1I10.2(J 110t.J0 1112.51 0.00"09 12.:1'0 '"10.2\ "''' 0"

~1896 ''''''' · 169000.00 101l2.80 1105.17 1097.14 1106.83 0.001289 10.33 18359.•0 ... " 0'3
211.98 ... 55000.00 1082.80 10llS.&1 1091." 1096.•3 0.001408 U3 7"'..38 SEll.154 0", 211.96 '" 1.0000.00 10ll2.flO 1103-2. 10llS.11 1104.10 0001241 '" 14656.&0 !lM71 ,.,, 218J106 0.2'" 243000.00 1012.60 I \l0 00 1100.05 1112.13 0.001218 11.69 207l!17.20 "' .. 0"

~18" f'!ocIdcl;.·n 169000.00 10&3.00 110'.14 10llU8 l11Hi..1 0.0012'68 10.32 18372.&1 909.25 ..,
21Ul ".. 55000.00 10ll3.oo 1095.31 1010.87 lote.08 0.001429 .." 189887 lIS9.M '", 218.91 ,.. ,.000000 1083.00 1:02.98 1095.5001 "04.37 0.001238 '" 1'672.02 "'.. 0.,
218.91 10.2' 243000.00 1083.00 110118' 109973 11\1.80 0.001213 II.Sl!I Xlll32.Q.l 111.01 0"

, 218.88 " · ,"""'., 1012.00 110482 .." .. 110618 II '" 159112.03 1101.1' .", 218,&11 ... ,...... 1082.00 .."" 10ll0.13 1095.11 1.·5 8~1.51 11811.17 0.38, 21'.lIe ,. "000000 1082.00 1102.75 109'57 lIOoI.O!I 9.15 1530(U3 "&72 OJ,, 218.88 .'" 243000.00 1082.00 1109.·' lOIl8.71 1111.48 11.32 2145117 12'U.2' 0"

, ~IUI '" M ' ...... 00 1082.00 110'·0 10l1S.03 110517 0.00'030 '" n349.M "8.81 OJ,
216.81 '" ... 55000.00 lGel.OO 109<1.18 loet25 1095.44 0 ...... ." me.u ~.81 0.33
218.81 '" ,.. 14000000 1OS2.OO 1102,,501 1083.73 110378 0000972 .., 15889.13 N8.21 .3\, 218.8\ '" 02% 2'3000.00 1082.00 1109.26 1097.99 1111.111 0.001038 11.18 ~1175M 108l!I'0 ..0

, 21817 FlOodclItill 189000.00 1081.00 1104.20 1090138 1105.80 0000958 ,." 17715411 10725 0.38

21.17 ... ,...... 101100 1094.89 1068.60 1095.22 0.000115 5.115 03990' 85790 03\
I 216.17 " ,.000000 1081.00 1102.35 1093.10 110352 0.000ll8& '" lU17.SI ",.&. 0"

216.71 ". 2·3000.00 1011.00 lt09.07 1097.34 11\0.112 0.000ll71 10.112 22253.10 112417 OJ,

, ~1ll.1~

_..
ISiOOO.oo 10".00 1103112 10ll4,.0 1\05.31 0.001002 U3 175SJ.73 "''' 0.39, "&.72 ,.. ,...... 1081.00 lQ9ool" 108Ul 1095.02 0.000l!I0I' U, t200.54 MO.&5 '", 218.12 ,. 140000.00 10&1.00 1102.09 10l13.13 1103.30 O.OOOll'Il ... 15llOolo.62 88720 0.37, 116.12 '20 2'300000 1081.00 1108.11 1091.38 1110.67 0.00100& II.~ 22013.2' ''''tt 0"

, ~18.S7 Floo<toI.:n Il!ItOOO.oo 1081.00 1103.37 109523 1105.05 0.001215 104' In", 4' I9B4 0.'3, 21&.87 ... 55000.00 1011.00 1094.02 108945 1011'.7' 0.001210 8.79 8103.30 ....8.15 0.31

21Ul '" 14000000 1081.00 1101.5' 1093.15 1103.00 000121' ..., "1lS1.21 88'43 0 .• ', 211.87 020 243000.00 1011.00 1108.20 IOM.22 "'0.31 0.001233 1179 2081481 uS313 0."

, 211182
_. ,....., 1082.00 1102.85 lOP'.27 11001-.11 0.001380 10.64 15877.17

__50

.". 21&.62 .... 55000.00 1082.00 10ll)'!11 loet.4& 1004.39 0.001513 1.15 7819.2' "9.81 0.42, 218.62 '" 140000.00 1082.00 \101.111 1094.00 1102.81 0.001322 1.79 le305.OJ &159.75 0", 218.112 02" 2'3000.00 1082.00 \101.11 lO1le_2f1 111004 0.001302 11.117 20299." '20.30 0.'5

2111-'2
_. ,...... 10&1.00 1102" 1093.78 1103.llll 000"'5 .., 1700$.81 9901.28 0.41, 211.62 ... ..... 00 1011.00 109303 10ll71l5 10lI3.118 0001083 11.45 852$.51 eM.13 '.31, 116.52 a ,.0000.00 1081.00 1100.70 1092.7 1102.00 O.oolOSll 11.15 15310.20 "4271 0.31, 2111.52 02% 2'3000.00 1081.00 1107AO lote.1J 1109." 0.001053 1123 22037.'3 102500 ..,

, 2111505 ,..
, 216••9 '-' 1&9000.00 101fl.00 1101.27 1093.20 1102.112 0.001270 10.31 '''501.2. 1001.).1 0.43. 216.49 .... ........ 1019.00 ,"'.. loelA8 1092.78 0.0012.. &.10 8211.61 ,.'" .,., 21&'11 ,. 140000.00 1079.00 .." .. 1091.94 ll00.1ll! 0.001200 11.42 14860.13 ..... .", 216.49 021 24JOO'JOO 101900 1106.20 1096.16 1108.25 0001150 11.54 21~3J 43 101912 ,.,

21&.42 AM ' ....... 169000.00 101'.00 1100.13 1092." 1102.48 0.001173 ».92 17053.81 985.02 ..,
21&.42 AM ". ........ 1071.00 1091.12 10llri82 1092.36 0.001112 5.41 8516·' 885.17 '.31
216A2 ""

,. '.0000.00 1018.00 1099.21 1091.2. 1100..55 0.001096 '" '5046417 931.32 OJ,
216A2 "" 0.2" 243000.00 1078.00 1105.94 1095A1 110781 0001071 11.03 22'".29 110'.'7 ,..
218.38 . , Ill1lOOO.oo 107800 ltOO.76 1011.911 1102.1' 0.001074 W 178"4.22 ...... ..0,..", ... ,...... 1078.00 1091.53 10lle.38 1012.12 0.001001 6.15 '949.66 tl0.1& 0.35
216.3& ,. 1.0000.00 1078.00 109911 1011072 1100.30 O.OO1(XII '.13 lllO39.75 Ml.52 0"
21'.38 10.2'4 2'300000 107800 110577 10105 lI07.56 0001001 1077 2269S.2f1 1028111 ...

•



• • •
""'... ,,.

''''"''

00 ....

'"''''''

2U3.10 32&&113
2213.70 3111413

2211.2_ 3213.112

2211.2" 3283...2

212_.10 32Ol.35

212'.10 3lOU5

'835.13 :l1oo.llll
IUI'3 2100-&8

1511.11 2\PI.23

1511.19 2ll34.23

2352.111 3192.57

235ue 3'1'2.51

1&2_." 2902.n
'12_.11 2902.72

1115." 21811&
1115.001 2112.71

21111.02 3221.54

2311,(12 3227."

2""12 3290441
2441.12 32901..11

l41t.1I 3737.711

241'.11 3237.111

0. $1.0 \.'.,
152021

111l1OOO.00

,......"

'1I!)Q(l(l.00
'lllOOO.OO

1I000O.00

lM1OOll.00

IS!'OOO.OO,.......

UI9000.00

lt900000

OO.00סס11'

IlllOOO.oo

1119000.00

1S9000.oo

16!IOOll.00

OO.00סס11

OO.00סס111

1111000.00

OO.00סס111

OO00סס"

'SIOOO.oo........

lMOOO.oo...,.,..

lltOOO.oo,.......

o~:; ....~ En<:~lal

oo00סס111 1520.21

o,~

'''''
'(10\.4.51

11)-1"52

......51..."

lOJ'.11
10111.12

""........

,.....,
IGU.Q

111.110

11'.113

1040..........

"1038.80

Illa.ti

'''''99

1112.54

11I2.5e

"'5.111
1115 Ie

1110.~

1110.51

1117."0

1117.-4'

1111.00

11.1.00

I"SI!!
1115.U

1117.10

\111.11

11111.72

1111.72

'"
IIIU'

lHU'

111'.13

111"'3

"1110.13

"'3."
1110.2'

1111.01

111103

I\tHII

"12.21

111o.SO

1110.52

Il1s.:l1l

:t1Ul

1112,10

111280

"'"'"""

_~ln

2180.19

~.

- ~- --~~~-

21111
211.1\

211.111M'

217.711AP

21167

211.57

t-. -*F.

FIood~'-n- I1IJ.52

~ 1111.53

'"'"

''''OS
1111.05

111l.Ot

1116.011

1115.19

,"5"

HEC.4tUPlM.Eacnc,rfY 1'llvw:$.Ol R.'Id\;II~

q...,h "_!\II P.. W.SiIW

~- 211M'

2""

~_ --i~:;:

Chsc.A.,......
250M.

14N.&! 2534.4/

14llll.&! 25)4'"

o.S~l.,
1411Uill
Ulll.•

16llll.1IO un."
lNOeo 21""

1ll654' 2751.49

INU. 2751'"

15\4.45 2S1U4
15\4.45 25&1,14

lK$.'9 2751.4'
ltll.5." 2151.40

1&1",2 271lU7

1601",2 27.0..27

15321L1 2601.11

153213 ltlOl.1I

16011.!I 2731.10
I&lUI 2731.10

1S5417 2!21.55

'S5467 2121.15

101122 21~.1I'

1011.22 2153.&1

o

'do'

'IItoOO.oo
'1I1lOOO,00

'119000.00

IlltoOO.OO

lt1!OOO.oo

IllSIOOO.oo

,.......
IlItooO..oo

ll1llOOO.oo
Ill9OOO.oo

,.......

,.......
fll9000.oo

·MOOO.GO

......."

,....."
1t9000.oo

OO.00סס111

1&l1OOO.00

"...."1&9000.00

, ..
, ..

,,"""..,.......

C"""'"
do'.....,,,

111\lOC1O.oo

0'"'.do,

1005&3
1005.83

103.2t

103115

'010 sa
1011.21

IOU."
'033.75

105121

106'21

10311'
lon.21

1013011

10'5.11

1023..73

1029.

103U'2
I!).1Ul

10117."

10117'"

1010.n

'01'.3CI

l09WdJl/Jlcl

"1(11)4.&2

100$."

lUOS8

",.,.

1134.11

113071

1135.12

\135.2'

113209

1l3:3!

1131.81

1131M

"33.13
"3)71

\131.01

HJ\.:lO

II:».A!>
IUCUS

linN
,,32.79

E.O EI.....,
"::111.13
113&."

IUl72
lU2.te

113371

',33.e7

"3209

":ILl'S

1130.10

11:10.)9

l\2I.M

1I111"

1130.1:1
IIXlM

,,31.10

113179

1121M
,,~

1131.11
1131.33

',n.l0
IlZ,,11

112100

1121.32

112'.17

1IU.'1

1129.35

1121.11

W.$E..,
ll)l,l7

',:1.421

,
-
--

-

'-

21'"33
211»

1l1.1'
Z'l9,.

21'01

21'.01

2110ZBAU
21'.02 gQU

"...
ZIt.

tfCC~ p'.... e""u.-e ltea R""'S~~ ~'1

R.X" ~SIoO P:o!'Je

t;-- 21'.OO--~
'-_~ Flooclw

21151 ~1 f100d ft

Z\0.611oT F1oodIo8

2".03"11 ~~

21'.03'" flooc!"'.

tl"'SIlJltU
l'tlI7SSRU

, ZlL.7SIlJItO ~

':'_1IU7$B"O__~_

211.011 FIooc:
2"1Il!I

1121301

"...,.
1121.72

1'27.72

1121."
112117

1121.&1
lli'lUl

1015."
1015.•

1052.73

,ou.73

Ill9OOO.oo
1&9000.00

189OOl1.oo....."
le900000

"..."

1011.22 215:1.&1

11317.22 215:1."

"0"5 1057..1
"0"5 195,..1

I1Cl.45 105141

110.-45 1057."

211.53

~-~.

217.41

217M '~
...0.10

1110.12

1109.&1

II0UO

1109.10

1101.13

11I1.1lI

111200

''''.5'
1111.53

1\11.00

1Ilull

looe..11

1001.11

1041.52

IlloIl.1l4

11NOOO.00

Ie9000.oo

, ..
, "
OO.00סס"

"9000.00

1451.23 _.-41

t 2451.23 2451.23 3&.....1

2431l.1ltl 3451.711

'431l.1ltl :1453.10

24U.oll ).54\J11

24112.01 3541.111

2~'215 3501.92

244J.~ )SOU1

1412.6. 1621.72

145Utl 3521.'2

2'301.7' 3214.7'

2:J011t 321UII

21ll1.14 1141.od
21Ul4 3.4.).4!

159UIS 2531.12

'591115 75.)1..2

'301"'11 223• .JIl
1301 .... 223I1.J1l

119000.00

189000.00

IIltOOO.OO

lllOOOO.oo

OO.00סס111

ll1tlOOO.oo

leoooo.OO
tltOOO.oo

U!lOOOO.OO
UltoOO.oo

lt9000.00
ll1t'OOO.oo

, ", ..

ll1llOOO.00

11ltOOO.00

OO.00סס11

1119000.00

OO.00סס111

oo00סס11'

........
,......"

1119000.00

,etOOO.OO

11KlOOO.00

• 'MIOOO.oo

t,...
"1.11

1109.111
1110.11

112.07

.12.»

109.25

1109.117

looo.1l4

1000.73

1022•••

1022.1l4

1031.12

'011.911

IM-1I7...."

111060

1110.53

1100.17

1101.21

110112

1101.77

11'0.04
1110.07

1\00.11

1100."

1101.03

1101M

1107.23

1107.30

1101.10

"o7.81

11l1ll.aJ
1101.110

1105.11

110SM

1'01.33
IIOJ.38

110114

11011.70

.,Ot.2Il

"..."

1107.7'

11~7.10

11~1\'

1101.23

1101.111

"011.111

"....".....

1105.11
IIClS.2t

"...,.
"05.47

"0&.14
1.0&....

110&.40
11!).1SO

110'••2
110&73

,.....

"""-

-.,.....

211."
211"lO

21124

21724

217f'

217.11

211.1

2lfl

21105

21105

'"'"

'-

"....
21ll11e

+. ---fm:i;'.w
216.11 ~

U51.... Z512.t1

1457.-4' nll-"

1&21.22 2515.M
,.26n 2515511

13115.1!Ml
13M.ell

UllOM 253'.99
1400.65 2531.1.

U0024 2545.17

140024 2S4!.t7

1424.011 2551.011

142'.011 2551.08

200.2& l)4UG

19011 134UO

2501.22

2501.22

14MllJ 2521.10

146ll.&1 2Slt.l0

1&30.11 21lO8.llJ

1530.11 1S3l1.11 !tIO!.&3 2.0M.3

1113J.71 2M1."
16.33,71 IW.11 2llll1.ell

15011.13 2560.00

15Oll.13 ' •. '3 2$10.00

I

1&9000.00
\&0000.00

,.......
"."'."

1ll9OClO00
1!llOOO.oo

119000.00

1!1IOOO.00

1&900000

'MOOO.oo

,.......
Ill\IOOOoo

1S9000.00

119000.00

,.......
, "
, ..
, "

ll1toOO.oo....."

........
lll9OOO.00

looM5
looUS

"7.)4

l1li7.34

""........

1011..!5

1012&5

,"".",...,.

10311.21
IOJfl.l7

....."
IClQoI71

105131

11351.31

10)1170
103911

100302

"m"
111S.08
1125.oe

fl2331

"23.37

l1Z3..*1

1123-"

n27.t2
1127.02

"22.7&
1122.1!

H2UO
1121.10

1122.20

1122.20

Ill',I'
lillI'

llU.ZlI
llUU

11267'

112'7'

"n..»,,,'-"

"".,

"".,

1120.M

112017

1120."
11201'

112 •.11

,,21'"

",• .59
Ill',"

----
'-
--

,-,

_.
--~

215.33
21'.33

21.M
211M

21 • .57
:1.1'-51

21120
2'8.20

:--~-

, 2,U

p---.!!!~

21e.n
21'11

"'.7
f!...--- 21'.'

rr--- ~::~



MECfV.!PlIlA:bl. '''R''-:SA!lRudr.1~~

~.etl ~S... l>to"IiII w.E....

Levee
•

Ineff
•Bank Sta

WS Floodplain

Ground
EJ

4000350030002500200015001000500

-+ 
I

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS ; 219.51 AT

_. ~ .- : ~__L :~~__._. 1 .--.-==:;----,
Legend

TllCIW"tIAd ."'" .""- .. G"!UlR E~"A

~I "', ~ ,do '"' I

1107.25 IUOOO,OO "blI"" """""'... ....... ""... ".,...

".n •...".00 Iac..... ltolO,1II

1190",... 10lI000.00 ,CXloI., IW."

..",. 1I000O.00 """ 17M.71

"''' 1I000O.00 """ 17t9.1l

1180..... 'SOOOO.OO 124.22 IS500.07
8IlV.1$ I&SIOOO.oo n4.22 I~.11

"'.N 1M79UO 400.01 1405.11 1170
11502 ....".. .".. 1"05.11

I
lIoW.'l lualloo ."... 10.05.1\

• 1.102 ..",.. .".. 1'-05.11 1160...~ ll1d31.SO )n.•' ".,.." :S
•n.» ....... )n.&1 "..... c:

.Q 1150
1001.301 ....,,,, ,n.•7 "no> ~"4..35 ......... 3n." .=0>

'"..", 188170.40 1]7.00 1112.38 iii
151.11 lfiOOO.oo 137.00 "12_]8 1140

....M 1S81U.20 \4" H108.74

171.2. ISllOOOoo 14.1/ 1008.74

1130

1120

1110
0

liB.llto.

11(lolt,l 1105.10
lIOol)1 I!OUO

1103.02 II!)S.lI
1100l.00l II05.~

1103.37 liMOS
IIO).SO ll!)S.IS

II020M l100l.71

111))09 !lOol.BZ

ItO2.4/. """1102.59 1100l.12

1102.IS 1103_"

"""'" IlGo1.IO

1l0'.CIl!I 1102.1]

llClLOl5 111))12

110'27 ,,~

1102.11 I1Cll..11

noo.1l3 11a:z.4,
1101.00 1103.28

1100,7' 1102."
1101.18 "03.00l

-

l'U11
21881

218.38 F\oodp\ollrl

218..31

11'.n

11'.72

Station (ft)

Legend----------- r====1- - -- ---I· . --

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS; 219.46

1'-----"'-----'i'~--.035--~I!-----"'____1
1190

1180

1170

1160
:S
c:

.Q 1150;0
>

'"iii

1130

1120

WS Floodplain

Ground
8

Levee

•Ineff
•Bank Sta

40003500300025002000

Station (ft)

15001000500
1110'+----;-~-_,_--_,_--_,_--_,_--r__~-r_~__,

o

• • •



• • •
Legend

Levee

lneff.
Bank Sta

WS Floodplain

Ground

350030002500

035---....+~__-;~----=-1_ ...~..

200015001000500

1<------.04-----......1

TI

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS : 219.33

Legend
1145

WS Floodplain
1140

Ground

Levee 1135•
Ineff
•

Bank Sta S 1130
c:
_2
n;
>

'" 1125iii

1120

1115

1110
04000350030002500200015001000500

1125

1120

1140

1135

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS : 219.42

1145 ..._-.._---.04 J.. __....:~~_5-_-.--~_?4__i

1130 - --

1115+-~-._~-._~-,_~-"T---,_--,_--,_-___,

o

c:
.2
~
'"iii

Levee
•

Legend

Ineff
•

Bank Sta

WS Floodplain

Ground
9

Station (ft)

Salt River -Sky Harbor Existing Plan: EXisting 1988
Geom: Existing 1988

RS:219.29

10

Station (ft)

1140

11451o----- ....-----+~-- 035---+!o----

1135

1120 - ------ - .-----

1115

1125

S 1130
c:
o
~
~
iii

Levee

Legend

Ineff
•

Bank Sta

WS Floodplain

Ground
8

I
4000

I

3500
I

3000

,---+--- ...--1

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS : 219.38

... 035
1145

1140

1135

S
c:
.Q 1130n;
>

'"iii
1125

1120

1115
0 500 1000 1500

Station (ft)

9



10------.0.
1145 --

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existin9 1988

RS = 219.24

___~ ~---._~._o!+:l-_--~.~~
Legend

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existin9 1988

RS = 219.14

11451'---.----'" __:o~__.__ L :~~.
Legend

g
,§
<6
>
Q)

w

1140

1120

WS Floodplain

Ground

Levee
•

Ineff.
Bank Sta

1140

1120

WS Floodplain

Ground

Levee
I

Ineff

•Bank Sta

1115 1115

4000300020001000
11101+-~~-~--r~-~~~-'-~-~~-'-~-'--~-'-'

o1110..j-~~""1~~~""'-~~-'--1~~~rl~~~TI~~-'--""'~~--'-"
o 500 1000 1500 2000 2500 3000 3500

Station (tt)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existin9 1988

RS = 219.09

.'" 0)5 "'-----I1150 Legend

WS Floodplain

Ground
r

1140 Levee
•

Ineff
1135 •g Bank Sta

c
.Q 1130ro
>
Q)

W
1125

1120

1115

1110
0 500 1000 1500 2000 2500 3000 3500 4000

Slation (tt)

12

Levee
I

Legend

Ineff.
Bank Sta

WS Floodplain

Ground
E

11

Station (tt)

1135

Station (tt)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existin9 1988

RS = 219.19

1------ .()4 ,035-----+-- "'-----I
1145

1140

1125

S 1130

~
a;
w

1115

1120

• • •



• • •

Levee..

Levee
I

Ineff
•Bank Sia

Legend

Ineff
•Bank Sta

WS Floodplain

Ground

WS Floodplain

Ground

400030001000

Legend

2000

Station (ft)

Salt River -Sky Harbor EXisting Plan: EXisting 1988
Geom: Exisling 1988

RS = 219.01

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 219.02 BR

1'------.'" I ..035--.-+-"'---1

Jo------ ."',-----1~--.035;---1<---",---1
1140

1115 - -- _.- --- -

1110

1130

S 1125
c:,g
'">'" 1120iii

1150

1140

S 1130
c:
.2
~
'"iii 1120

1110

1100
0

Levee
•

Legend

Legend

Levee
•

Ineff
•

Bank Sta

Ineff
•

Bank Sia

WS Floodplain

Ground
8

WS Floodplain

Ground

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 219.02 BR

1130

1140

1150 10------ "'----~.,...---035;---"=~:-,-- "'---1

1120

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 219.03 AS

1150�<-----.'" + .035--.-i-.--"'---1

1140

§:
c:
.2 1130;;;
>

'"iii

1120

1110,+-~__-_,--~__-ll~~i----~--ri----~-i

o 1000 2000 3000 4000
1105.+-~~---,--~~---,--~~~--r--~~--

o 1000 2000 3000 4000

Sialion (ft) Stalion (ft)

13



Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.99

1160 i'-._-.-__-_-_-.-.0·--_-_--:*1~_==::.-_-_-..:?35----_-,~.~_:__'l.
Legend 1160

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.975 BR

0' I . .035 .. J _ ~ -=-:='I ..
Legend

c:
.2
ro
i;
w

1150

1140

1130 --- ---.--

WS Floodplain

Ground

Levee
•

Ineff.
Bank Sta

1150

1130 - ••

WS Floodplain

Ground

Levee
•

Ineff
•Bank Sia

1120 1120

1110 1110

Levee

Ineff.
Bank Sia

3000

3000

2500

I

2500

2000

I
2000

I

1500

Station (It)

1000

1000
, ,

I '

500

Legend

WS Floodplain

Ground

500

1500

Station (It)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.96

.0'---+----.035----...--0'--1

1100-l-~--.__~~-'r""---,_.---,.,.~-_._,,.,.~-.._,

o

1145

1140

1135

1130
~
c:
.Q 1125ro
>
Q)

W
1120

1115

1110

1105
0

Levee
•

Legend

Ineff.
Bank Sta

WS Floodplain

Ground
E

3000

3000

2500

2500

2000

2000

1500

1500

Station (It)

1000

1000

----+----035----...---.0'

500

Station (It)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.975 BR

1100-l-~--.--~~-'r""---,-.--~,-.---,.,.~--.-,
o

.0'
1160

1150

1140

~
c:

.2 1130 _. I .~

~
Q)

W

1120

1110

1100
0 500

IS 16

• • •



• • •

1115

1135

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS : 218.71 AR

'" .035 "'-----l1150 - Legend

WS Floodplain

1140 Ground

Levee

Ineff

1130 •
S Bank Sta
c

.Q

'">.,W 1120

1110

Levee..

Legend

Ineff
•

Bank Sta

WS Floodplain

Ground

1130

1110

1120

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS : 218.8

1140 __"'-+ .035 _ + ."'-----01

S 1125
.§

'"~w

4000350030002500200015001000500
1100+-~-,-----r---r---r-~__,-~-r----,----,

o2500200015001000500
1105,+-~~~~-.-~~~~-.-----,-------.-----..,

o

c
Levee..

Legend

Ineff
•

Bank Sta

WS Floodplain

Ground

400035003000

r.

25002000

Station (ft)

15001000500

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS : 218.66

10-----.04 .03S---+-04-----l
1150

1140

1110

1100-l----,----,-~-.,_--.,_--r_--r_--r_-__,

o

c
.Q

'"2
w 1120

Levee..

Legend

Ineff.
Bank Sta

WS Floodplain

Ground

4000350030002500

035--~+-----"'-----I

2000

Station (tt)

15001000500

10------ "'----..,.

Station (It)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS: 218.77

1150

1145

1140

1135

€ 1130c
.Q
<ii
> 1125.,
W

1120

1115

1110

1105
0

17 16



Legend

Levee
•

Ineff
•

Bank Sla

WS Floodplain

Ground

4000300020001000

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.52

_ .._.0~-.---",-.-..,.:~_.-..--.035 . 1...
1160

1150

1140

g
c:
.2 1130"iii
>

"iii
1120

1110

1100
0

Legend

Levee
•

Ineff.
Bank Sla

WS Floodplain

Ground

IJ

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.61

_+__ -:~35_. ..1. . _04_-_-_-.--~.

1110

10-----.0<
1150 -.-. -- ----

c:
.2
"iii
>
"iii 1120 --- - -- ---.---

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.57

Stalion (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.47

-----+~--.035--~.,.:'----o<___1 .035 0<
1160 Legend

WS Floodplain

1150 Ground
w

Levee

1140 Ineff
•

:S Bank Sta
c:
.2 1130"iii
>

"iii
1120

1110

1100
0 1000 2000 3000 4000

Slalion (fl)

20

Legend

Levee

Ineff.
Bank Sta

WS Floodplain

Ground

40003000

19

2000

Stalion (ft)

1000

0<
1150

1140

:S 1130
c:
0

~
"iii 1120

1110

1100
0

• • •



• • •

Levee

Legend

Le~ee..

Legend

Ineff

•
Bank Sta

Ineff

•
Bank Sta

WS Floodplain

Ground

WS Floodplain

Ground

4000

4000

35003000

3000

2500

.035---->!,~_---0<

2000

I-~----=--J"-'-- - ---

15001000

1000

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.33

500

1<-----.0<-----0;.

2000

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.29

1<-----.04 035 II ()4----.

1170

1160

1150

§: 1140
§
iii
>
Q) 1130W

1120

1110

1100
0

1170

1160

1150

S 1140
c:
0
:;
>
Q) 1130W

1120

1110

1100
0

Levee
A

Le~ee..

Legend

Legend

Ineff
•

Bank Sta

Ineff

•
Bank Sta

WS Floodplain

Ground

WS Floodplain

Ground

4000

4000

3000

3000

20001000

1000

'i',J

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.42

1o-----.o<---_-__~_~I---·o35--~~I----·04---4

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.38

1<-----04 035 ,I .04----1

1120 - --- -

1110

1170

1160

1150

S 1140
c:

.Q
iii
>
Q) 1130W

1120

1110

1100
0

1170

1160

1150

S 1140
c:
.9
iii
>
~ 1130w

Station (ft)

21 22



Levee
•

Ineff
•

Bank Sta

WS Floodplain

Ground

4000300020001000

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.14

~---- '" 1_ _ ,035_ _I '" ._ I c--,---,-~
Legend1160i

1150

1140

S 1130
c:g
'">
" 1120W

1110

1100

1090
0

Levee..

Legend

Ineff.
Bank Sia

WS Floodplain

Ground

4000300020001000

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.24 AQ

.l. .035--~+-:_----."'---~1'-----.'"
1170

1160

1150

1140
g
c:
.2 1130"iii
>

"W
1120

1110

1100

1090
0

~-----.0'----~;'---.035--~!+----.0.-----I
1170

Stalion (tt)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 218.19

Legend

Levee
I

Ineff.
Bank Sta

WS Floodplain

Ground

500040003000

Station (tt)

20001000

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Exisling 1988

RS = 218.09

1o-----."'----+---.035--..;:~--"'__1
1135

1130

1125

1120
g
c

.Q 1115"iii
>

"W
1110

1105

1100

1095
0

Levee
I

Ground

Legend

Ineff
•

Bank Sia

WS Floodplain

400030002000

n ~..~.

~
1000

s
c:

.2 1130"iii
>

"W
1120

1110

1100

1090
0

Station (tt) Sialion (tt)

23 24

• • •



• • •
Salt River -Sky Harbor Existing Plan: Existing 1988 Sail River -Sky Harbor Existing Plan: Existing 1988

Geom: Existing 1988 Geom: Existing 1988

RS =218.04 RS =217.95

.04 035 04--1 .04 035 !, .04-.-1
1135 1140 .. .. ,-

Legend Legend

1130 r WS Floodplain WS Floodplain

Ground 1130
Ground

1125 Levee Levee.. I

Ineff Ineff
1120 . .

~ Bank Sta is 1120 Bank Sta

c: c:
.9 1115

.9
iii iii
> >

'" '"w W 1110
1110

1105
1100

1100

1095 1090
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Station (ft) Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988 Salt River -Sky Harbor Existing Plan: Existing 1988

Geom: Existing 1988 Geom: Existing 1988

RS =218 RS =217.91

04 .035 .04 .04 .035 + 04---1

1135 Legend
1140 Legend

1130
WS Floodplain WS Floodplain

Ground
1130 Ground

8
0

1125 Levee Levee

.. I

Ineff 1120 Ineff

1120 • •
~ Bank Sla ~

Bank Sta

c: c:
.2 1115

.2 1110
iii iii
> >

'" '"w W
1110

1100

1105

1090
1100

1095 1080
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Sialion (ft) Stalion (ft)

25 26



Levee

Legend

Ineff
•

Bank Sta

WS Floodplain

Ground

1100

1110

1090+--~~----r----.,--~~--r----"--~~-
o 1000 2000 3000 4000 5000

1095

1105

1120

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.76 AP

1130 10------ '" I .035 1."'::--1

1115

1125

Levee

Legend

Ineff.
Bank Sta

WS Floodplain

Ground

1100

10go--l--~__~~~~~~_~.J?_~___.~~--__ri-~-~---,i

o 1000 2000 4000 5000

1110 ----------

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.86

1130~'-------'" --:- _:".,:_~--"'-=-1

Levee
•

Legend

tneff
•

Bank Sta

WS Floodplain

Ground

50004000300020001000

Station (ft)

Salt River -Sky Harbor Existing Plan: EXisting 1988
Geom: Existing 1988

RS = 217.71

10------.04 I .035-+-.04~
1125

1120

1115

S 1110
c
.2ro
>
" 1105iii

1100

1095

1090
0

Legend

Levee

Ineff
•

Bank Sta

WS Floodplain

Ground
3

50004000300020001000

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.81

1130 10-----"'--------4--.035,-->1+-1·-·"'4

~
1120

g
c
.2 1110ro
>

"iii

1100

Station (ft) Station (ft)

27 28

• • •



• • •

Legend

Levee
•

Levee

Legend

Ineff
•

Bank Sta

Ineff.
Bank Sta

WS Floodplain

Ground

WS Floodplain

Ground

5000

5000

4000

4000

3000

3000

30

Station (It)

2000

2000

1000

1000

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.57

Jo------.04 I .03S---+-.04--l_

Station (It)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.53

Jo------J)4 I .O~5-+-.04~

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.66.. I 035-+-- ..--1L1130 Legend
1125

1125 JV'
WS Floodplain

1120
Ground

1120
Levee 1115•

1115 Ineff
•

S 1110
Bank Sta S 1110

c c
.2 .2
;;; ;;;
> 1105

>

" " 1105
u:; u:;

1100
1100

1095

1095
1090

1085 1090
0 1000 2000 3000 4000 5000 0

Station (It)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.62.. ,l· .035--+-.04
11251130- Legend

1125
WS Floodplain

1120
Ground

e
1120 Levee 1115•

Ineff
1115 ·S Bank Sta - 1110

c c
.2 1110

.2
(ij (ij
> >

" " 1105
u:; u:;

1105

1100
1100

1095
1095

1090 1090I j

0 1000 2000 3000 4000 5000 0

Station (It)

29



Levee

Legend

Levee
•

Legend

Ineff
•

Bank Sia

Ineff
•

Bank Sta

WS Floodplain

Ground

WS Floodplain

Ground
8

5000

5000

4000

4000

3000

3000

32

Station (ft)

Slation (ft)

2000

2000

1000

1000

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.34

1'-------.... -------oi:i'--.03S--t- ...

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.38

1'-------.04 '" __ :.035-=-t=-·~-~-L

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS =217.48
.... I __~--==+-.()4~

1125 _.._.. ------- ______.1
1125

.J
Legend

1120
WS Floodplain 1120

Ground

Levee 1115
1115 I

Ineff
• 1110

S 1110 Bank Sta €
c: §0 1105." --. ___ 0

~<0
>.,

1105 --- ._--- .,
w W

1100

1100
1095

1095 1090

1090 1085
0 1000 2000 3000 4000 5000 0

Stalion (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.43

.... I .03S~()4
1125 I 1125

Legend

/II WS Floodplain 1120
1120

Ground
8 1115Levee

1115 •
Ineff· 1110

S 1110 Bank Sta S
c: §0 1105
~ ro

>
~ 1105 .,
w W

1100

1100 ---- -
1095

1095 1090

1090 1085
0 1000 2000 3000 4000 5000 0

Station (ft)

31

• • •



• • •
Legend

Levee

Levee
•

Ground

"

Legend

Ineff
•Bank Sia

Ineff.
Bank Sta

WS Floodplain

Ground

WS Floodplain

4000350030002500

L.J

2000

Station (ft)

15001000500

J lr\N

Sail River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS=217.19

1120 ~\..-.r_-~._04===:----~->t+~---- 035--~
...............

1080

1100

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.15

1120 I--L--:~~~~~~=_·~-- ~""'_-·035--""~--.04

1100

"'-
1080

c:
.2
"iii
>
Q)

ill 1060

1040

c:
.2
~
Q)

ill 1060

Levee
•

Legend

Levee
•

Legend

Ineff.
Bank Sta

Ineff
•

Bank Sia

WS Floodplain

Ground

WS Floodplain

Ground
8

50004000300020001000

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.29 AO

. ~_-_-_----+-- o::,--=+- ~_--I

Sialion (ft)

Sail River -Sky Harbor Existing Plan: Existing 1988
Geom: Exisling 1988

RS = 217.24

11301'------04 +--035 .04-1

1120

1130 -

1120

"'- 1110
c:
.2
~
Q)

ill 1100

1090

1080
0

1110

"'- 1100
c:
.2

~
Q) 1090ill

1080 _.-

1040

1070

4000300020001000
1020+-~---'-~~---,---'-~~~--r-~~----'-,,-~---'---'-,,---,

o50004000300020001000
1060'-f-~~~~r-~~~---,---'~~~~~~-~~~~~~

o
Station (ft) Sialion (ft)

33 34



Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS=217.1

-- .- .04 .~035 I- 04-----11120 --- .._-- ..- .- ---

~
Legend

In WS Floodplain

1100 Ground
,

l)\; Levee

) t
Ineft

1080 •
S Bank Sia
<:
.2
;0
>
01>
W 1060 , - --- - - -- - - .

.. 0- .-

1040
.L---'

1020
0 1000 2000 3000 4000

Station (It)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217.05

.04 ,It .035--+--04------1
1120

~ Legend-------- WS Floodplain

1100 Ground
r

Levee

} L----'
t

Ineft

1080
.

S Bank Sia
<:

.Q

~ -.
01> -
W 1060

1040
L.--J

1020
0 1000 2000 3000 4000

Station (It)

35

• •

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 217

.0' I .035 .I . .o~ _ .1
1120 .. ~.

_.
Legend

~
WS Floodplain

1100 Ground

Levee
~

t

Ineft

1080
.

S Bank Sta

§
;0
a;
W 1060 -

1040
L.-----J.. .- ..

1020
0 1000 2000 3000 4000

Slation (It)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 216.96

.04 I .035
I

04---1I I1120
71

Legend

-., WS Floodplain

1100 Ground
3

~
Levee

•
ineft.

S 1080 Bank Sta
<:
.2 I·e; . !>

-01>
W 1060 I

1040
'------'

I

1020
0 500 1000 1500 2000 2500 3000 3500 4000

Station (It)

36

•



• • •

10201+-~~__.~-.,..,~~~"...~~-,--.---.-~~.....~~-.-,
o 500 1000 1500 2000 2500 3000 3500

Levee
•

Levee
•

Legend

Legend

Ineff
•Bank Sla

Ineff
•Bank Sta

WS Floodplain

Ground

WS Floodplain

Ground
e

3500300025002000

38

Station (tt)

15001000500

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 216.81 AN

1o-----.O<----...,,!<-II_-_--.035--_-.-o!o:~.---.0<----

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 216.77
10----04 .035 ,I .04----

1120

1100

S 1080
c:
.9
~
'"W 1060

1040

1115

1110

1105

S 1100
c:

.Q

~
'" 1095W

1090

1085

1080
0

37

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 216.91

_. -- 0' - .. t
_ ..__.•.~~~-_.-~ 0

4
---'1120 ..

Legend

~ ~
WS Floodplain

1100 ) Ground
,.

Levee

\ •Ineff
v ·g 1080 Bank Sta

c:
.9
ro
>
'"W 1060

1040

1020
0 500 1000 1500 2000 2500 3000 3500 4000

Station (tt)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

I
RS = 216.~6

0<0< .03'
1120

~
Legend

~~
WS Floodplain

1100
Ground

Levee

•
} Ineff

•
~

1080 Bank Sta
c:
0
.~

>
'"W 1060

1040 )

1020
0 500 1000 1500 2000 2500 3000 3500 4000

Station (tt)



Ineff

•
Bank Sta

3000250020001000500

WS Floodplain

Ground
•

1500

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS ; 216.52

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS ; 216.62

.",---~..035 :' .04 _~l_ r-----.-=-==,.---,I
Legend1115

1110

1105

g: 1100
<:
~

'">Q) 1095iIi

1090

1085

1080
0

Legend

Ineff
•

Bank Sta

WS Floodplain

Ground

•

.0' .035 +--"'---1
Legend

1130 Legend

WS FloodplainWS Floodplain

Ground 1120
Ground

• •
Ineff Ineff. •

Bank Sta Bank Sta

S 1110

<:
.2
iii
>
Q)

iIi 1100

1090

1080
0 200 400 600 800 1000 1200 1400 1600 1800

Station (ft)

40

3000

35003000

2500

2500

2000

2000

.035-----I~---.04~

1500

1500

1000

1000

500

500

Station (It)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS ; 216.67

04 .035 + .04-----01

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS; 216.72

Station (It)

39

1100

1115

1105

1095

1090 --.-- ----.

1085

1080+-~~.,..-,~~~.,..-~~~~~~-r~~~~~~~~~~

o

1115

1110

1105

g: 1100
<:
.2
iii
>
Q) 1095iIi

1090

1085

1080
0

c
.Q

~
iIi

• • •



• • •

Legend

Levee
•

Ineff.
Bank Sta

WS Floodplain

Ground

3000250020001500

Station (ft)

1000

----+------04------01

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 216.49

.0< .035 0<
1130 Legend

WS Floodplain

1120 Ground
•

Ineff.
1110 Bank Sta

S
<:
.2 1100iii
>
Q)

W

1090

1080

1070
0 200 400 600 800 1000 1200 1400 1600 1800

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS = 216.42 AM

.04 1 .035
1130

1120

1110

S 1100
<:
.2
iii
>
Q) 1090W

1080 -_.

1070

1060
0 500

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS =216.505 BR
~O<

I
.035 + 0<--11130 I -

Legend
--

WS Floodplain

1120 - Ground
•

Ineff·Bank Sia

S 1110

<:
.Q
iii
>
Q)

'1 f
W 1100

1090

'----<.'1 ....
v

~

1080
0 200 400 600 800 1000 1200 1400 1600 1800

Station (ft)

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS =216.505 BR

1<---.0< + 03. !
0<---1I1130 Legend

- - -- .. -_. --- ~ _ w .. _ -- -- -- --
WS Floodplain

1120 - -- -- Ground- - •
Ineff
•

1110 Bank Sta

S
<:
.2 1100 1 ..

I{~
Q)

W

1090 -_. --
V

1080-
~

1070
0 200 400 600 800 1000 1200 1400 1600 1800

Station (ft)

41 42



1130

Salt River -Sky Harbor Existing Plan: Existing 1988
Geom: Existing 1988

RS; 216.38

_'__'__U:..---- .__ ?~ :I'_"'-------01 ~-~-~~I
4 Legend

1120

1110

:::. 1100
c:
,2
10
>
<l> lOgOiii

1080

1070

1060
-500 0 500 1000

Stalion (It)

43

1500 2000

WS Floodplain

Ground

Levee
•

Ineff
•

Bank Sla

2500

• • •



•

•

•



•

•

•

Appendix B - Corrected Effective Output 1988 NAVD
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Appendix C - Proposed Channel Plans
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1. Project Location

The project is located at the southern edge of Phoenix Sky Harbor International Airport (PHX) in Maricopa
County, Arizona, along the Salt River between approximately Interstate 10 and State Route 143 (Figures 1
and 2) in Township 1 I orth, Range 3 East, portions of Sections 13, 14, 23, and 24; and Township 1 orth,
Range 4 East, portions of Sections 17 and 18 (Gila and Salt River Baseline and Meridian). The project
would occur entirely on City of Phoenix property within and adjacent to the Salt River.

2. Proposed Project

The City of Phoenix Aviation Department is proposing to improve the Runway Safety Area (RSA) and
Runway Object Free Area (ROFA) for Runway 7R-25L at PHX. The Federal Aviation Administration
(FAA) describes an RSA as "A defined surface sutTounding the runway prepared or suitable for reducing
the risk of damage to airplanes in the event of an undershoot overshoot, or excursion from the runway."
Runway 7R-25L is the southern-most runway at PHX and the eastern end of the runway abuts the northern
bank of the Salt River. Figure 3 illustrates existing conditions in the project area. The proposed
improvements include:

• Extending the CUlTent north embankment into the Salt River to provide a standard RSA.
• Extending the CUITent north embankment beyond the RSA and ROFA to support the navigational

approach lighting system and perimeter fence.
• Relocating the perimeter fence, localizer antennae, and localizer shelter outside of the RSA and ROFA.
• Relocating the service road outside of the RSA.

3. Purpose and Need

PHX is an air catTier airport owned and operated by the City of Phoenix. The airp0l1 serves 23 domestic
and international airlines. In 2008, over 520,000 operations were conducted and approximately 40 million
passengers were served at PHX. As a result of providing facilities for this type of air carrier operations,
PHX must comply with Public Law 109-115 and be certificated by the FAA. Both the law and the
certification require that RSAs in accordance with FAA AC 150/5300 be provided. The existing RSA
beyond Runway 25L does not meet the RSA grading or clearance requirements due to the location of the
localizer, service roads, perimeter fence, and the Salt River.

While not required by certification or law, FAA airport design standards also include object clearing
requirements for the ROFA. For aircraft operational safety purposes, objects which are higher than the edge
of the RSA should be located outside the ROFA. The existing perimeter fence and localizer shelter are
located within the ROFA beyond Runway 25L and therefore the clearance requirements are not met.

In addition, it is preferable from a security standpoint to have all airport facilities located within the
perimeter fence, though this is not required by law. A portion of the existing approach lighting system for
Runway 25L is on stilts located in the Salt River outside the airport perimeter fence. In order to improve
security, the approach lighting system should be located within the airport perimeter fence.

Therefore, the proposed project is needed in order to:
• Comply with federal law.
• Enhance safety.
• Improve security.

Draft 404(b)(I) Alternatives Analysis for Runway Safety Area Improvements
City of Phoenix Project Number: AV08000048
Corps File Number: SPL-2000-000240-SDM

March 17,2009
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The purpose of the proposed project is to:

• •
•
•

Comply with Federal law by providing a standard RSA or equivalent for Runway 25L.
Enhance safety by providing a ROFA that is clear of fixed objects for Runway 25L.
Improve security by locating the Runway 25L approach lighting system within the airport perimeter
fence.

•

Due to the proximity of the Salt River, the proposed project would involve work within waters of the US
(WUS) as regulated by the US Army Corps of Engineers (Corps) under Section 404 of the Clean Water Act.

4. Relevant Corps Regulatory Actions in the Project Area

A jurisdictional delineation (JD) of the Salt River in the project area was approved by the Corps on October
13, 1999, and extended for five additional years on September OS, 2008 (Corps File Number: SPL-2000
000240-SDM). In addition, the City of Phoenix cunently holds an Individual Section 404 permit (Corps
File Number SPL-2000-00669) to eliminate bird habitat in the Salt River near PHX to reduce the potential
for bird-strikes with aircraft. Permitted activities include continuous removal of vegetation (including
wetland vegetation) and making minor alterations to the river channel in order to eliminate standing water.

5. Location Description

The project is located in an urbanized commercial/light industrial area. The Salt River near PHX is
channelized with cement stabilized alluvium (CSA) banks, and the channel substrate consists of alluvium
such as river cobble mixed with mud and sand (refer to Figure 3). The soils are classified as sandy, mixed,
hyperthermic TOITifluvents. These soils are deep, excessively well-drained, are formed within the stratified
stream alluvium, and are typically found in the floodplain (Hendricks 1985 and RCS 2009).

The Salt River in the project area is ephemeral due to upstream dams and groundwater pumping, and only
experiences bank to bank flows during precipitation events or upstream dam releases. However, some
surface water is typically present in smaller sub-channels that were constructed to reduce standing water in
the area, including the "low-flow channel" and two stormwater pipe outfall channels. The low-flow channel
conveys lower volume dam releases from Tempe Town Lake, a man-made lake located within the Salt
River channel 2.75 miles upstream. The two pipe outfall channels convey water discharged into the river
from outfall pipes on the north bank to the low-flow channel near the south bank.. Occasional pooling also
occurs from these water sources collecting in scour holes.

The project area is located within the Lower Colorado River Valley subdivision of the Sonoran Desertscrub
Biotic Community (Turner and Brown 1994), though little native vegetation is present aside from small
patches of wetland vegetation in the Salt River channel. However, due to the existing City of Phoenix
permit to continually remove wetland vegetation in the Salt River near PHX, wetlands are considered absent
for purposes of Section 404 permitting for the RSA project.

6. Alternatives Comparison

Three alternatives, including the no action alternative and two action alternatives, were evaluated to
determine the most practicable alternative that is least damaging to WUS. A practicable alternative as
defined by the Corps is an alternative that is capable of being implemented after taking into consideration
the cost, available technology, and logistics in light of the overall project purpose. The two action
alternatives evaluated were Alternative A - Sloped Bank, and Alternative B - Vertical Bank. Both action

• alternatives would include the following work:

Draft 404(b)(I) Alternatives Analysis for Runway Safety Area Improvements
City of Phoenix Project Number: AV08000048
Corps File Number: SPL-2000-000240-SDM

Mareh 17,2009
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Extending the current north embankment into the Salt River by placing fill material into the river to
provide the RSA. •
Realigning the existing service road on the north bank of the Salt River to the perimeter of the new
embankment.
Constructing a new river access ramp at the eastern end of the new embankment to replace the existing
river access ramp obliterated by the new embankment.
Relocating the existing chain-link perimeter fence to the perimeter of the new embankment by
installing new fencing or recycling the existing fencing.
Relocating the localizer and localizer shelter.
Extending two outfall pipes on the north bank to accommodate the new embankment width and
installing new outfall structures at the ends of the extended pipes.
Constructing an outfall ditch to channelize drainage from the two extended outfall pipes to the low
flow channel downstream of the RSA.
Constructing a service road adjacent to the outfall ditch.
Utilizing a primitive dirt road across the Salt River channel as a haul route for fill material and for
general construction access
Installing temporary culverts and fill material along the access road as necessary to maintain access.

The primary difference between the two action alternatives is that the southern edge of the new embankment
for Alternative A would be sloped and protected with CSA, whereas the southern edge of the new
embankment for Alternative B would consist of a vertical concrete retaining wall. Table I summarizes the
estimated impacts to WUS and approximate costs for each of the alternatives. The differences between the
alternatives are described in more detail below.

Table 1. Summary of Cost and Impact to Waters of the US for Each Alternative

Approximate
Permanent Impacts Temporary Impacts Total Impacts to

Alternative to Waters of the US to Waters of the US Waters of the US
Cost

(Acres) (Acres) (Acres)

No Action $0.00 0.00 0.00 0.00

Alternative A - Sloped Bank $9,263,319.00 54.45 38.86 93.31

"Alternative B - Vertical Bank $21,482,931.50 19.41 14.79 34.20

No Action Alternative

Under the No Action Alternative, no activities requiring authorization from the Corps under Section 404 of
the Clean Water Act would occur (Appendix, Figure 4). The RSA and associated improvements would not
be constructed under the No Action Alternative. Runway 7R-25L would continue to fall sholi of FAA
standards and the safety of aircraft operations at the runway would continue to be compromised. Therefore,
the No Action Alternative does not meet the overall project purpose and need.

No Action Alternative approximate cost: $0
Permanent impacts to WUS: 0.00 acres
Temporary impacts to WUS: 0.00 acres
Total impacts to WUS: 0.00 acres

Draft 404(b)(l) Alternatives Analysis for Runway Safety Area Improvements
City of Phoenix Project Number: AV08000048
Corps File Number: SPL-2000-000240-SDM

•March 17, 2009
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Alternative A - Sloped Bank Alternative

The Sloped Bank alternative meets the project purpose and need. Under this alternative, a 16.60-acre
embankment with sloping CSA bank protection would be constructed (Appendix, Figure 5). Other work
specific to this alternative includes:

• Excavating native material from approximately 32.49 acres of the Salt River channel adjacent to the
new embankment.

• Cutting a 4-foot-wide by 10-foot notch in the existing grade control structure at the downstream end of
the channel excavation area.

• Laterally extending the toe of existing gabion apron along 3, 100 linear feet of the south river bank.

Approximately 437,600 cubic yards (CY) of clean fill material from the Aviation Soil Stockpile (located on
the south bank) would be discharged along the north bank of the river to construct the embankment, along
with an estimated 130,000 CY of material excavated from the Salt River channel adjacent to the new
embankment. Excavation of the river channel is necessary for this alternative in order to offset the loss of
river hydraulic capacity created by encroachment of the new embankment into the river channel, and will
also serve the secondary function of reducing pooling in the area that attracts birds. The notch cut in the
existing grade control structure at the downstream end of the channel excavation area will also alleviate
pooling in the area. Due to an increase in channel velocity expected to result from implementation of this
alternative, the toe of existing gab ion apron on the south bank must be extended to protect the south bank
from undercutting during flood events.

Material would be excavated from the Aviation Soil Stockpile and the Salt River with conventional heavy
equipment such as crawler excavators, gradall excavators, and backhoes. Once material is excavated it will
be hauled and discharged into the RSA footprint. Boulders and large rocks from the excavated area will
likely be temporarily stockpiled for potential use as riprap at drainage outfalls. Vibratory compactors would
periodically compact the fill material in the RSA footprint for stabilization purposes.

Approximately 36,300 CY of additional clean fill from the Aviation Soil Stockpile would be mixed with
cement and water to form the CSA, which would then be discharged on the RSA embankment slope as an 8
foot-thick layer of bank protection. Approximately 56,700 CY of river materials would be excavated at the
new embankment toe-of-slope in order to extend the CSA bank protection below the channel bottom to
protect the embankment from undercutting during flood events. This material would be temporarily side
cast along the length of the new embankment, and once the below grade CSA has cured, the material would
be backfilled and compacted in its original location.

The gab ion apron extensions on the south bank would be approximately 12 feet wide and would be
constructed using approximately 2,755 CY of native river rock, along with heavy wire mesh "boxes" and tie
wire. Native material adjacent to the existing gabions would be excavated with a backhoe and temporarily
side cast along the length of the gab ions, then backfilled over the apron extensions once they are installed.

Alternative A - Sloped Bank approximate cost: $9,263,319.00
Permanent impacts to WUS: 54.45 acres
Temporary impacts to WUS: 38.86 acres
Total impacts to WUS: 93.31 acres

Drafl404(b)(I) Alternatives Analysis for Runway Safety Area Improvements
City of Phoenix Project Number: AV08000048
Corps File Number: SPL-2000-000240-SDM

March 17,2009
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Alternative B - Vertical Bank Alternative

The Vertical Bank Alternative meets the project purpose and need. Under this alternative, a 12.35-acr.
embankment with a vertical concrete retaining wall would be constructed (Appendix, Figure 6). Because
the embankment footprint for this alternative is smaller than that of the Sloped Bank Alternative, impacts to
river hydraulic capacity resulting from the Vertical Bank Alternative are not substantial enough to require
channel excavation (other than that necessary for construction of the retaining wall). In addition, no grade
control structure notching or south bank gab ion apron extension is required for the Vertical Bank
Alternative.

Approximately 368,600 CY of clean fill material from the Aviation Soil Stockpile would be discharged
along the north bank of the river to construct the new embankment under the Vertical Bank Alternative.
Approximately 43,400 cubic yards of native materials would be excavated at the base of the retaining wall,
to construct piers, footings, and gab ion aprons below the existing grade. The excavated material would be
backfilled over the footings. To construct the retaining wall, a total of 4, 100,000 pounds of reinforced steel
would be installed to form the retaining wall frame. A crane would lower and secure the steel frame in
place. The steel frame would be temporarily encased, and approximately 15,300 cubic yards of concrete
would be discharged over the enclosed steel frame.

Alternative B approximate cost: $21,482,931.50
Permanent impacts to WUS: 19.41 acres
Temporary impacts to WUS: 14.79 acres
Total impacts to WUS: 34.20 acres

7. Conclusion •

The No Action Alternative is not practicable because it does not meet the purpose and need of the project.
Both the Sloped Bank Alternative and the Vertical Bank Alternative meet the project purpose and need.
Because the Sloped Bank Alternative requires a sloping bank, channel excavation, and extension of gabion
aprons along the south bank of the river, the footprint is larger for the Sloped Bank Alternative. Although
the Vertical Bank Alternative would impact 59.11 acres less WUS than the Sloped Bank Alternative, the
Vertical Bank Alternative would cost approximately $12,219,612.50 more than the Sloped Bank
Alternative. Therefore, Alternative A - Sloped Bank is the more practicable alternative.
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Sources: ESRI Imagery (Aerial Photograph Date"" May 15, 2007) and Huitt-Zollars November 25, 2008
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PACE
Advanced Water Engineering

March 17, 2009

Aviation Department
3400 East Sky Harbor Boulevard
Phoenix, AZ 85034

Re: Notification of Increases in 1% (100-year) Annual Chance Water-Surface Elevations #9008E

•

•

The Flood Insurance Rate Map (FIRM) for a community depicts land that has been determined to be
subject to a 1% (100-year) or greater chance of flooding in any given year. The FIRM is used to
determine flood insurance rates and to help the community with floodplain management.

The City of Phoenix (City) is aware that Pacific Advanced Civil Engineering, Inc. (PACE) is applying for a
Conditional Letter of Map Revision (CLOMR) from the Federal Emergency Management Agency (DHS
FEMA) on behalf of the City of Phoenix to revise FI RM 04013C, Panel #2165H and Panel #2145H for
Phoenix, Arizona along the Salt River. The City is proposing to construct Cement Stabilized Alluvium
(CSA) bank protection as part of runway expansion at Sky Harbor International Airport.

The City is aware the proposed project will result in increases and decreases in the 1% annual chance
water surface elevations for the Salt River with a maximum increase of 1.4 feet at a point approximately
less than 1-mile downstream of Sky Harbor Expressway and a maximum decrease in the 1% annual
chance water surface elevation of one foot at a point approximately over one mile downstream of Sky
Harbor Expressway.

This letter is to inform you of the proposed increases in the 1% annual chance water surface elevations
within the Salt River adjacent to your property at Sky Harbor International Airport

Sincerely,

O~;t>.~
Dennis L. Richards, PE, D.WRE
Vice President, Stormwater Management

P:19008EI5-AdministrativeIReportsICLOMRWotification. doc
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PACE
Advanced Water Engineering

March 17, 2009

Federal Emergency Management Agency
3601 Eisenhower Ave.
Alexandria, VA 22304-6425

Re: Sky Harbor Conditional Letter of Map Revision
National Flood Insurance Program Section 65.12 #9008E

Pacific Advanced Civil Engineering, Inc. (PACE) and the City of Phoenix (City) are aware that the cement
stabilized alluvium bank protection for the Sky Harbor International Airport Runway Safety Area
Improvements project causes an increase in Base Flood Elevation (BFEs). This study reach is in a Zone
AE (Areas subject to inundation by the 1-percent-annual chance flood event with Base Flood Elevations)
as determined by the proposed hydraulic model for this project. The City of Phoenix is the property
owner for this reach of Salt River where the base flood elevation increases occur. Although the base
flood elevations increase, the flood hazards are contained within the river banks. This letter is to confirm
that there are no existing insurable structures affected by the increased water surface elevations.

•

Sincerely, •

O~;f·~
Dennis L. Richards, P.E., D.WRE
Vice President, Stormwater Management

P:1900BEI5-AdministrativelReponsICLOMRVnsurable Structures. doc
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LEVEE OPERATION & MAINTENANCE PLAN

1. Introduction
The levee system along Salt River provides protection to the Phoenix Sky Harbor International Airport
from the 1% annual-chance (base flood). The operational and maintenance criteria established in this
section must be implemented for the levee system to be recognized by FEMA. The City of Phoenix
(City) participates in the National Flood Insurance Plan (NFIP) and has included these items as an
addendum to the City's NFIP Operation & Maintenance Plan (0 & M Plan).

2. Purpose
The Drainage and Levee O&M Plan is to encourage that all drainage facilities are maintained and kept
clear from objects that may impede the flow of storm water runoff and ensure compliance with the
criteria as set by FEMA. The policy includes provisions for the periodic inspection of any mechanized
portion of the interior drainage associated with the levee system. This would include the flap gate valves
on the storm drain outlets into the Salt River.

This policy must document the formal procedures that ensure the stability, height, and overall integrity of
the levee system and its associated structures are maintained. The maintenance policy specifies the
maintenance activities to be performed, the frequency of their performance, and the person by name or
title responsible for their performance.

3. Inspection and Maintenance

1. The responsible person shall visually inspect each drainage facility annually.

2. The responsible person shall schedule the cleaning as needed but no more than the
established service levels stated below, unless it follows a severe storm event. If this storm
was determined and allowed to exist could become an obstruction to storm water drainage.
Storm inspections will be conducted within twenty-four (24) hours of a severe storm event. A
severe storm event is defined as a minimum of one-half ('h) inch of rainfall in a twenty-four (24)
hour period.

3. The responsibility for this policy is shared between the Aviation and City.

4. The inspections will be recorded on an appropriate Inspection Log and any maintenance
performed as a result of the inspections will be recorded on the Maintenance Log. These logs
should be kept on file at each respective flare station or other designated area.

5. The established service levels and responsible parties are presented in the following table.

Levee Operation and Maintenance Plan
~

PACE



• Facility Frequency Responsible Party

Inspect annually and clean as Off-site:
Storm Drainage Inlets needed On site:

Storm Drainage Outlets
Inspect annually and clean as
needed

Flap Gate Valves Inspect annually and
repair/service as needed

Dedicated Natural Washes
Inspect annually and clean of
debris as needed

Manmade Drainage Channels
Inspect annually and clean as

On-site:
needed

Manmade Detention Basins
Inspect annually and clean as On-site:
needed

The complete levee system Inspect and document
observations annually

The stability and integrity of the Inspect and document

levee and its associated observations

structures annually

• "Includes those components maintained by:

"" Oversight of the structures associated with the levee system includes:
(1) the stability of the embankments from deterioration of the supporting earthen embankments,
(2) the stability of the embankments and grade control structure from deterioration of the cement

stabilized alluvium requiring an engineering evaluation
(3) the integrity of the levee structures from degradation or aggradation of the river bed to

provide the required freeboard
(4) the integrity of the embankments from change in height from landfill settlement

•
Levee Operation and Maintenance Plan 2
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SITE GEOTECHNICAL EVALUATION
REPORT

River Protection Work at The Salt River Channel
Near Third Runway Extension at

SKY HARBOR INTERNATIONAL AIRPORT
PHOENIX, ARIZONA

Prepared For:

City of Phoenix Street Transportation Department
1034 East Madison Street

Phoenix, Arizona

Prepared By:

Hoque & Associates, Inc.
4325 South 34th Street
Phoenix, Arizona 85040

480-921-1368

HA Project Number 09006

March 17, 2009



• & ASS 0 C IATE S Consulting Geotechnical, Materials and Environmental Engineers

March 17, 2009

Mr. Chris Shaw
Civil Engineer I, City of Phoenix
Street Transportation Department
1034 East Madison Street
Phoenix, Arizona 85009

Subject: City of Phoenix Project No. AV000048
Site Geotechnical Evaluation Report for CLOMR for the Channel
of the Salt River Near Sky Harbor International Airport, Phoenix

•

•

Dear Mr. Shaw:

Hoque & Associates, Inc. (HA) has completed a site geotechnical evaluation
report for compliance with the Conditional Letter of Map Revision (CLOMR) for
the Salt River for Federal Emergency Management Agency (FEMA) at the
subject site. The CLOMR will be prepared for the channel of the Salt River as
the third or the south runway safety area will be extended east that will impact
the active river channel located south the airport. The work was verbally
authorized by Mr. Chris Shaw of the city of Phoenix (city). The site geotechnical
exploration program completed for this site consisted of excavation of 12 test
pits, collection of soil samples, preparation and collection of dimensional
measurements of the Salt River south bank scour protection structure at
locations, field logging of the test pits, associated laboratory testing, engineering
analyses, and preparation of this geotechnical evaluation report.

Based on the results of our field work and laboratory tests, HA believes that the
river protection work at the south bank consists of gabion mattress laid at the
bank to mimic natural slope of the bank equivalent to 2:1 (horizontal to vertical)
and the apron of the gabion mattress extends to the channel bottom to a general
length of 12 to 40 feet. The gabion mattress consists of river run cobbles and
boulder sized material. The river bed materials within the depth of test pits
consist of typical river run alluvium known as SGC, or sand, gravel and cobbles.
A detailed description of the gabion mattress and the river sediments and their
implication to the river protection works is provided in the body of the report.

HA is available to discuss our recommendations with you during the design stage
and development of the specifications. If you require any assistance for this

4325 South 34th Street • Phoenix, Arizona 85040
Tel: 480-921-1368 • Fax: 480-921-0194 • e-mail: support@hoqueandassociates.com
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project, or require additional studies or foundation analyses, we would be
gratified to be of service.

HA appreciates the opportunity to work on your project. If you have any
questions, or if we can be of any further assistance, please contact us at (480)
921-1368.

Enamul Hoque,
President
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1.1 General

Geotechnical Evaluation Report
River Protection Work for Salt River Channel at

Phoenix Sky Harbor International Airport

1.0 INTRODUCTION

•

•

Hoque & Associates, Inc. (HA) has completed a site geotechnical evaluation
program for the evaluation of existing river scour protection work associated with
the extension of a third runway at Phoenix Sky Harbor International Airport in
Phoenix, Arizona. The proposed site is located directly south of the airport within
the active channel of the Salt River. The location of the subject site is illustrated
in the Location Map contained in Appendix A.

Mr. Chris Shaw of the city verbally authorized the work. The geotechnical
exploration program completed for this project consisted of utilities clearance,
excavation of 10 test pits to depths of five to 10 feet below surface grade,
collection of soil samples, field logging of the test pits, geotechnical laboratory
tests, engineering analyses, and preparation of this geotechnical report.

1.2 Purpose and Scope of Work

The purpose of this geotechnical exploration program was to characterize the
site surface and subsurface conditions with regard to the river scour system, and
to prepare as-built drawings of the existing river protection work at the south
bank of the Salt River. In addition, HA provides geotechnical data to assist in the
design and construction of a scour protection system if needed. To fulfill this
purpose, HA has completed the following scope of work:

• Review of the project background information provided by Pacific
Advanced Civil Engineering, Inc. (PACE);

• Site reconnaissance to document site conditions including geologic and
hydrologic conditions that could influence the construction and
performance of the proposed development;

• Excavation of 10 test pits extended to depths of five to 10 feet below
surface;

• Evaluated the stones placed within the gabion mattresses in south bank
along with length, thickness and extent of gabions in the bottom of the
channel.

• Laboratory tests, including pebble count, gradation, and fines content;
• Engineering analyses and discussions of laboratory and field data for

slope stability and foundation stability for design and construction of bank
protection work;

• Engineering analysis of existing scour protection structures and ancillary
features; and,

• Preparation of this report.

1
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1.3 Project Background

Geotechnical Evaluation Report
River Protection Work for Salt River Channel at

Phoenix Sky Harbor International Airport

•

•

HA received project information from Mr. Chris Shaw of the city during telephone
conversations and PACE Consultants. PACE provided as-built drawings of the
project prepared during the early 1980's by HNTB Consultants. HA also had
conversations with representatives of Huitt-Zollars, Inc.

Based on the provided information, HA understands that the city is planning to
extend the south runway to the east. As such, the existing channel configuration
of the adjacent Salt River had to be readjusted to accommodate the runway
extension. The safety area of the runway will also be extended. The Salt River
Channel immediately south of the extension area will be narrowed and deepened
as the north bank protection work consisting of cement stabilized alluvium (CSA)
shall be moved south of the existing bank. The deepening and narrowing will be
gradual and shall start downstream of the State Route 153 and immediately east
of existing south runway (approximately along the alignment of 43rd Street) and
shall be extended to the alignment of 3ih Street. The existing CSA along the
north bank will be extended to the new extension of runway and will merge with
the existing CSA east of the proposed alignment. The south bank will remain in
place but will be required to be evaluated with new adjustment of the Salt River.
The city shall have to prepare a CLOMR and submit to FEMA for approval prior
to construction.

HA reviewed the requirements of Riverine Structures that will be included in the
rivers and channels controlled by the United States of America. For levees and
flood walls, according to the requirements stated in form DHS - FEMA Form 81
89B, Dec 07, complete structural, hydraulics and foundation stability analyses
are required. According to the geotechnical issues, the following conditions of
stability of the levees/scour protection work shall be included:

• Slope and foundation stability including seepage loading under sudden
drawdown and during flood stage including end of construction. A seismic
loading shall also be considered;

• Settlement of the levee or structures;
• Foundation stability under lateral load combined with seepage and wave

action;
• Liquefaction analysis;
• Stability and uplift of the slope toe and back side of the structures; and
• Stability against other discernable geologic constraints.

2
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Geotechnical Evaluation Report
River Protection Work for Salt River Channel at

Phoenix Sky Harbor International Airport

•

•

The hydrologic design information to be submitted includes river discharge, river
stage, sediment transportation rate, scour depth, height of levee, levee slope
angle, longitudinal profiles and sections of levee, dimensions and elevations of
scour protection device and all hydrologic information after the construction of
the levee to evaluate the levee's impact on flood flow. The Salt River at the
reach of the proposed modification consists of gabion mattress protection of the
north and south banks and plan for future extension of the CSA on the north
bank. The south bank gabion mattress protection will be kept as it is if not
required to be modified. The gabion mattresses consist of rip rap placed within
wire mesh which are being placed at the bank slopes and extended to the
channel for protection against undermining of the slope protection system.

3
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Geotechnical Evaluation Report
River Protection Work for Salt River Channel at

Phoenix Sky Harbor International Airport

2.0 SITE CONDITIONS

•

•

2.1 Surface Conditions

A representative from HA visited the site during field exploration test pit
operations to monitor test pit operation and collect bulk soil samples. HA also
visited the site several times for clearance of underground utilities. During these
visits, HA observed and documented existing site conditions. The site
reconnaissance included observation of existing site features and structures that
may influence the design and construction of the proposed safety area
extension. Sketches of the gabion mattresses with thickness, length, and extent
of gabions into river channel are provided in section 3.

At the time of HA's geotechnical exploration, the project site was observed to
consist of improved south and north banks, undisturbed river bottom, and a
constructed low flow channel at the south side of the Salt River. A constructed
outfall channel was also in existence west of the project site. The river channel
was free of vegetation and at the time of our investigation, no surface flow was
observed to be present within the channel. Several bars and shoals formed by
the flood flow were observed to be present at the site indicating a braided pattern
of flow during low flow events.

Three damaged areas were observed on the south bank between test-pit 4 and
test pit 5. Damaged areas consisted of a torn mattress stones removed and
exposed geo-grid. The damaged areas were observed to be located at the mid
hieght of the slope. The damaged areas appeared to have been excavated and
the rip rap has been removed day lighting the embankment side slopes. The rip
rap bedding consisting of non-woven geotextile fabrics have also been damaged.
In the areas of the damaged rip rap, the soil appeared to be moist to wet and
some healthy vegetation growth were observed. These three excavated gabion
areas cluster in a 100 foot area and appeared to have been excavated for
inspection or to relieve water pressure associated with the drainage of the south
side. South of the damaged areas and behind the levee, foundation pilasters of
an abandonedlremoved four legged tower was observed to exist and the area is
excavated. This area seems to receive surface runoff from the surrounding area
causing water accumulation which ultimately seeped to these damaged areas.
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Phoenix Sky Harbor International Airport
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South bank looking south at abandoned foundation and damaged gabion
mattress looking west.

On the north bank, several storm drain outfalls are located within the GSA
between downstream of the SR 153 bridge and the cargo loading area on the
west side. There were several grade control structures at this reach of the Salt
River. The GSA within the north bank stopped at the location immediately south
of Runway 25L and on the east side there is gabion mattress bank protection
immediately downstream of the east economy parking lot. The proposed safety
area extension will include construction of GSA at this location and backfilling of
the back of the GSA with engineered fill. Approximately 400,000 cubic yards of
fill materials will be placed in this area located back of the proposed GSA area.

Review of the existing hydrologic information reveals that the 1OO-year peak flow
at this location is 169,000 cubic feet per second (cfs). The hydrograph and flow
data indicate that the peak flow is reached within a very short time (such as 24
hours) and stays at that flow for a day or less. The hydrograph also depicts that
multiple peak occurs within 10 to 15 days but other peak flow is usually less than
60 percent of the peak flow. Each of the peak flow remains at a high level of
flow for less than 24 hours and the flow subsides to less than 20,000 cfs within
two to three days. The water level at and around this portion of the channel
remains at nine to 10 feet below the existing banks and the velocity of water is
around 10 to 12 feet per second. The proposed condition will change the 100
year water level by little more than a foot to lower the existing water level by
about a foot. The velocity of the water will, however, change to more than three
feet per second more to almost two feet per second less than existing velocity.
Therefore, it appears that the channelization may make the channel more
efficient in conveying 1OO-year flood flow.
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2.2 Geologic Conditions

Geotechnical Evaluation Report
River Protection Work for Salt River Channel at

Phoenix Sky Harbor International Airport

•

•

The subject site is located within the eastern part of the Western Salt River
Valley and straddles the Papago Mountain pediment within the Sonoran Desert
Section of the Basin and Range Physiographic province of the western United
States. The landforms within the general area consist of mountains and hills,
river deposits, and river valleys.

The Salt River Valley is a typical alluvial basin in the Sonoran Desert Section of
the Basin and Range Physiographic Province of the western United States. The
Basin and Range province is characterized by a northwest-southeast trending
rugged mountain system and broad and extensive alluvial valleys created by
high angle normal faults during a time 15 to 17 million years ago. The valley
portions dropped down while the mountains were pushed upwards. The valleys
received sediments derived from these and distant mountains and the present
landform was created.

The project site has a relatively monotonous geology with very dense sand,
gravel, and cobbles (SGC) as predominant subsurface soils. However, as the
river flow changed during the past in response to climatic conditions, occasional
thin layers of sand and fines sediments are not uncommon. Some of these sand
layers do not have any binder and may represent a hazard related to flow under
favorable conditions. In addition, if the sand layer is thick and appears within the
zone of stress influence, settlement from the sand may also affect the structures.
This site, being very close and immediate downstream of Salt River Narrows and
as depicted by previous borings, most likely does not have any thick deposits of
sand layer. Additionally, large cobbles and even boulders of sizes larger than
two to three feet may be present in the clasts of the SGC due to the weir effect of
the Salt River Narrow.

2.3 Seismic Conditions

HA has completed a brief study of the seismicity and neo-tectonic faults in
Arizona to evaluate the seismic conditions of the proposed project structures. As
mentioned earlier, the proposed development is essentially an emergency facility
as classified by FEMA. Failure or disruptions of emergency structures can have
severe economic consequences and can also adversely affect the environment
and quality of life. Based on these factors associated with emergency structures,
federal and local agencies have been providing guidelines and codes for the
design of these structures for earthquakes.
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Legislation associated with the National Earthquake Hazard Reduction Program
(NEHRP) and a Presidential Executive Order virtually mandates that all lifeline
structure designs adopt available seismic design codes such as IBC or National
BOCA Code in the design. The seismic hazard definitions in these codes are
based on the probabilistic seismic hazard maps prepared for the site for ground
shaking displaying contours of peak accelerations associated with a certain
probability of non-exceedance during specified exposure times. The probabilistic
approach uses recurrence rates based on historical seismicity to predict
epicentral distances for the maximum credible earthquake (MCE) in each source
zone and then predicts events of lesser magnitude and distance for a given
probability of occurrence. These probabilistic events are then used to estimate
potential loadings such as acceleration.

An alternate seismic hazard analysis known as deterministic seismic hazard
analysis utilizes a direct and simple procedure. The deterministic seismic hazard
analysis (OSHA) involves four simple steps including:

• Evaluation of local and regional seismo-tectonic features to identify and
characterize earthquake sources capable of producing significant ground
motion at the site. This includes definition of each source's geometry and
earthquake potential;

• Selection of source to site distances expressed as epicentral or
hypocentral distances;

• Selection of controlling earthquake in terms of its size and distance from
the site; and,

• Determination or definition of the characteristics of seismic hazards such
as peak acceleration, peak velocity, and response spectrum ordinates to
be utilized for design of the structures.

In the following paragraphs, a brief summary of HA's evaluation of the OSHA
steps is provided.

There are approximately 400 neo-tectonics faults present in the state of Arizona.
These 400 faults are distributed in 12 zones located within northwestern,
southwestern, and southeastern portions of the state and along the Transition
Physiographic Province of Arizona. There is another source zone of
earthquakes located in California related to the San Andreas and its associated
faults. The detailed geologic and seismo-tectonic characteristics of the faults
within this frame work are outside the scope of this study and can be reviewed
from the final report "Development of Seismic Acceleration Contour Maps for
Arizona" by the Arizona Department of Transportation, Report Number AZ92
344, dated September 1992.

7



Earthquakes related to the tectonic movement of faults in southern California are
of a higher magnitude and have a more frequent recurrence interval than the
Arizona faults. Based on the distance of the site from these causative faults and
the attenuation relationships, it is not warranted to design this structure for
seismic events emanating from southern California.
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Based on this initial study and the seismic history of the area, further
seismotectonic analysis including fault mapping is not warranted for this site.

In addition, as the study of the seismotectonic features coupled with earthquake
history indicates the area is aseismic, HA recommends that the design of the
structures include the International Building Code (IBC) or state derived codes.
According to the IBC Seismic Hazard Map, the site is classified as Site Class C
as the soil within the upper 200 feet is composed of stable gravel with sand and
cobbles and its equivalent standard penetration test blow count is considered to
be more than 50 (based on HA's experience with Becker Hammer Penetration
corrected for SPT blow count) (IBC Section 1615). According to the FEMA
derived spectral response map (utilized by IBC) prepared for California and its
surrounding states, the spectral response acceleration for short periods (0.2
second) for this site is interpolated to be 0.21g for five percent critical damping.
The spectral response acceleration for a 1.0 second period is 0.07g (IBC Figure
1615-1 and 2). These response accelerations place the site in the seismic
design category of B and therefore either a rigorous seismic analysis or a
simplified procedure to calculate base shear, seismic response coefficient,
period determination, vertical and horizontal shear distribution, overturning,
dynamic and accidental torsion, and drift determination should be completed
(IBC Section 1616).

2.4 Geologic Constraints

Geologic constraints for this site include floods, settlement, fluidization and/or
liquefaction, perched water table or groundwater table or water from flowing river,
and ground fissures related to depletion of the ground water table.

As this structure is located within the flood channel, risk of flooding from rainfall
exists and it will be designed to withstand a 1DO-year flood event. Therefore, no
discussions are made herein.

Liquefaction or fluidization processes are related to seismic loading when
subsurface soils are granular, saturated, and loose in place. Liquefaction and/or
fluidization require a strong ground motion in soils which are fine to medium sand
and silty soils. This site has a mix of very dense sand, gravel and cobble soils
which is not typically liquefied and the possibility of a major earthquake causing

8
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Earth Fissures and/or ground break related to decreases in ground water depth
due to the withdrawal of water is widespread in central and southern Arizona. In
the western and southeastern Salt River Valley, water levels have dropped more
than 200 feet due to tapping of water for agricultural use during the last 50 to 100
years. This decrease in ground water depth has resulted in an increase in stress
in the lithified earth materials. At the margins of the valleys or near the shallow
bedrocks, the increased stress has caused earth fissures to develop. However,
the project site is located very close to the Salt River where water level drops
have not been recorded due to continuous recharge and less usage of
groundwater for agriCUlture. Therefore, earth fissures related to ground water
depth increases are not considered a concern to this project.

Ground shaking related to earthquake motion is considered a geologic hazard in
areas where earthquakes are common, ground acceleration and particle
velocities are high, and shear wave velocities of the subsurface media in which
the structure will be located are low. These concerns are absent or minimal at
the subject site.

Water from the groundwater table will not be a concern during the performance
of the project, but during construction of CSA especially, to place the toe below
the scour level, the water table might be encountered which could be dealt with
using a temporary dewatering system. In addition, during construction of new
utility lines and realignment of existing pipelines for sewer and storm water, a
perched or temporary water table related to the flow of the Salt River will create
complexity and delay the construction. The temporary perched water table could
be mitigated by utilizing a sump and pump method or by routing the water to an
infiltration gallery. This type of temporary water is not anticipated to affect the
performance of the features .
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3.0 GEOTECHNICAL CONDITIONS

•

•

Information on subsurface conditions was gathered by excavating 10 test pits
located within the proposed site. The locations of the test pits are provided in
Appendix B. Test pits extended to a depth range of five to 10 feet below site
grade.

3.1 Field Exploration Methods

Information on subsurface conditions was gathered by excavating 10 Test pits
located throughout the proposed site. Appendix B contains a test pit location
diagram and soil classification and field methods.

Test pits excavated at this site extended to a depth range of five to 10 feet below
site grades. A John Deere 710 J backhoe with a 24 inch bucket was provided by
PSHIA Facilities. Excavations were conducted on the slope and toe of the south
bank of the Salt River. Four additional test pits were conducted on the Salt River
bed near the North eSA bank.

The excavation was monitored and documented by a Project Manager from HA.
The Project Manager collected and classified the subsurface soil in the field
utilizing the Unified Soil Classification System (USeS). Bulk soil samples were
obtained at five and 10 foot vertical intervals. Representative bulk samples of
soils were collected from the excavated sites. The soil samples collected during
drilling were secured and transported to HA's laboratory for testing. Following
completion of excavation, the test pits were backfilled with drill cuttings.

3.2 Subsurface Conditions

Detailed information regarding the subsurface conditions encountered at each
test pit location is provided. A total of 10 test pits were excavated to depths
ranging from five (5) to ten feet. Brief descriptions of subsurface conditions as
depicted within the 10 test pits. In general, the soils in all borings extending from
the surface to the depth of terminus were very dense sand, gravel, and cobbles
locally known as Salt River Alluvium or SGC. The SGC soils in all test pits
contained variable amounts of fines and the large gravels and cobble sized
particles contained silty clay as a binder.
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• Soils in boring TP-1 were brown, moist SGC from near surface to the
entire depth of excavation (Approximately 10 feet). Soils within the upper
10 feet had trace fines whereas the soils from rest of the boring
contained some clay to be classified as GP-GC. Visual observations
included measurements of the gabion mattress which consisted of
measuring a five foot by five foot section. Within these parameters
contained 18 inch minus material encapsulated within the mattress. At
the time of excavation, no municipal or construction debris was observed.

• Test Pit 1 excavation and gabion mattress looking east.

• Soils in Test Pit-2 were observed to be below existing three foot thick
cemented wash out material. Soils below the cementation were brown,
moist SGC from near surface to the entire depth of excavation
(approximately 10 feet). Visual observations included measurements of
the gabion mattress within a five foot by five foot section. Within the
parameters contained 18 inch minus material encapsulated within the
mattress. At the time of excavation, no municipal or construction debris
was observed.

• Test Pit 2 cemented excavation and gabion mattress looking east.
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• Soils in Test Pit-3 brown, moist SGC from near surface to the entire
depth of excavation (approximately 8 feet). Visual observations included
measurements of the gabion mattress within a five foot by five foot
section. Within the measurement unit gabion contained 18 inch minus
material encapsulated within the mattress. At the time of excavation, no
municipal or construction debris was observed.
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•
Test Pit 3 excavation near toe of mattress and Salt River South Bank looking east

• Soils in Test Pit-4 brown, moist SGC from near surface to the entire
depth of excavation (approximately 5 feet). Visual observations included
measurements of the gabion mattress within a five foot by five foot
section. Within the measurement unit gabion contained 18 inch minus
material encapsulated within the mattress. At the time of excavation, no
municipal or construction debris was observed. Outfall channel present
below slope near TP-4

...... - .J: ~~

Test Pit 4 Slope looking South and Outfall Channel looking west.

•
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Test Pit 5 Slope looking south and Test Pit 5 excavations.

• Soils in Test Pit-6 brown, moist SGC from near surface to the entire
depth of excavation (approximately 10 feet). Soils within the upper 10 feet
and had trace fines whereas the soils from rest of the boring contained
some clay to be classified as SP-SM. Visual observations included
measurements of the gabion mattress within a five foot by five foot
section. Within the measurement unit gabion contained 18 inch minus
material encapsulated within the mattress. At the time of excavation, no
municipal or construction debris was observed.

Geotechnical Evaluation Report
River Protection Work for Salt River Channel at

Phoenix Sky Harbor International Airport

• Soils in Test Pit-5 brown, moist SGC from near surface to the entire
depth of excavation (Approximately 10 feet). Soils within the upper 10
feet and had trace fines whereas the soils from rest of the boring
contained some clay to be classified as GP-GM. Visual observations
included measurements of the gabion mattress within a five foot by five
foot section. Within the measurement unit gabion contained 18 inch
minus material encapsulated within the mattress. At the time of
excavation, no municipal or construction debris was obser:ved. ~~~~'~~~

Hoque &Associates, Inc.
Project No. 09006

•

•

Test Pit 6 Slope looking East and Gabion Mattress 18" minus Material.
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• Soils in Test Pit-7 located in the river bed contained brown, moist SGC
from near surface to the entire depth of excavation (approximately 10
feet). Soils within the upper 10 feet and had trace fines whereas the soils
from rest of the boring contained some clay to be classified as GM.
Visual observations included measurements of the river bed within a five
foot by five foot section. Within the measurement unit material contained
boulders, cobble, gravels and sand. At the time of excavation, no
municipal or construction debris was observed.

Hoque &Associates, Inc.
Project No. 09006

•

•
Test Pit 7 looking east and excavated materia!. ..

• Soils in Test Pit-8 located in the river bed contained Brown, moist SGC
from near surface to the entire depth of excavation (Approximately 10
feet). Soils within the upper 10 feet and had trace fines whereas the soils
from rest of the boring contained some clay to be classified as GP-GC.
Visual observations included measurements of the river bed within a five
foot by five foot section. Within the measurement unit material contained
boulders, cobble, gravels and sand. At the time of excavation, no
municipal or construction debris was observed.

14



• Soils in Test Pit-9 located in the river bed contained brown, moist SGC
from near surface to the entire depth of excavation (approximately 10').
Soils within the upper 10 feet and had trace fines whereas the soils from
rest of the boring contained some clay to be classified as SP-SM. Visual
observations included measurements of the river bed within a five foot by
five foot section. Within the measurement unit material contained
boulders, cobble, gravels and sand. At the time of excavation, no
municipal or construction debris was observed.

•
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•

Test Pit 9 looking west and excavated material.
• Soils in Test Pit-10 located in the river bed contained brown, moist SGC

from near surface to the entire depth of excavation (approximately 10
feet). Soils within the upper 10 feet and had trace fines whereas the soils
from rest of the boring contained some clay to be classified as GP-GM.
Visual observations included measurements of the river bed within a five
foot by five foot section. Within the measurement unit material contained
boulders, cobble, gravels and sand. At the time of excavation, no
municipal or construction debris was observed.

•

Test Pit 10 looking south and excavation looking east.

15
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•

•

The laboratory testing program for this project was designed to evaluate the
physical properties of the subsurface soils. All other tests were performed on
bulk samples collected from surface to five feet depth of the five test borings.
Laboratory tests completed include:

• Six gradation tests (ASTM D 422);
• Six Atterberg Limits (ASTM D 4318); and
• One Proctor Compaction (ASTM D 698).

Detailed laboratory test results are presented in Appendix D. Some selected soil
properties are provided in the following table:

Fines
Boringffest Pit Depth Content Liquid Plasticity Soil

Number (feet) (% Passing Limit Index Classification
#200 Sieve) (percent) (USCS)

TP-5 0-5 5.3 - NP GP-GM

TP-6 0-5 8.3 - NP SP-SM

TP-7 0-5 13 - NP GM

TP-8 0-5 8.3 24 5 GP-GC

TP-9 0-5 5.8 - NP SP-SM

TP-10 0-5 16.4 - NP GP-GM

Gradation and Atterberg limits tests were conducted to classify the soil and
estimate other physical properties by correlation such as strength,
compressibility, and potential to change in volume due to exposure to
environment especially excess water. Compaction test was conducted to
estimate or evaluate the engineering characteristics of the soils. All the tests
were performed in accordance with ASTM or other applicable standards.
Detailed laboratory and field test results are contained in Appendix D.

The standard Proctor compaction test was completed on a bulk sample in the
upper five feet of test pits. The Proctor test indicated a maximum dry unit weight
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of 122.4 pounds per cubic feet (pct) and an optimum moisture content of 10.2
percent.•

•

•

Hoque & Associates, Inc.
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• 4.0

4.1 General
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Phoenix Sky Harbor International Airport

DESIGN PARAMETERS AND CONSTRUCTION IN SGC

•

•

The results of the field exploration and our experience in the general area
indicate that the on-site very dense SGC soil will support the levee protection
including CSA and gabion mattresses. The soil has a very high bearing capacity
and the CSA and gabion mattresses will not impart more than 100 pounds per
square foot ground pressure and most of these features will be constructed in
replaced soil. Therefore an insignificant amount of ground pressure is
anticipated. The soil at the site is able to support more than 10,000 pounds per
square foot.

Other geotechnical issues involved at the site include settlement due to presence
of pockets of sandy soil and the scour of foundation soil during flood events and
subsequent sedimentation with loose deposits. Sand pockets may undergo
more settlement than the SGC due to difference in modulus values.

Groundwater or saturated conditions were not encountered during the
geotechnical exploration for this project. However, groundwater was
encountered during past drilling within the airport structures to be at
approximately 75 feet below surface grade and was measured to have stabilized
at approximately 55 feet below grade in wells located along the terminal
buildings which are more than half a mile away from the project site.

4.2 Settlement

Whenever additional loads are applied to soils, the soils compress and cause
settlement. Total and differential settlement that a structure will undergo
depends on the type of soil or rock, subsurface conditions, type of structures,
amount of loads, duration of loads, and infiltration of free moisture into the
foundation subgrade.

Based on the subsurface soil conditions, HA estimates that the· proposed
foundation may undergo a total settlement of little more than 1.5 inches for the
levees designed and constructed in compliance with the recommended
earthwork recommendations. The differential settlement is anticipated to be less
than 1/2 inch. As the soils are predominantly granular, the majority of the
settlements are anticipated to be completed immediately after the dead and live
loads are applied .
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The settlement estimates provided herein do not include the affect of the
presence of thick sand deposits within the zone of influence or the stress
imparted by footings.

•
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•

4.3 Slope Stability and Seepage Analysis

As discussed previously, gabion mattresses 12 to 18 inches thick have been
placed and will be placed along the levee structures. These gabion mattresses
will act as veneer slope surface due to possible slippage of the mattresses along
the contact point with the earthen levee. The classical analysis for a veneer
slope of finite length considers the stability of two blocks known as active and
passive blocks. The active block is the mass of the gabion mattresses on slope.
The passive block is the triangular area at the toe of the slope that will have to
shear horizontally for failure to occur. The basic steps for veneer slope stability
involve the following:

• Geometry of the slope;
• Material properties;
• Determining of active and passive pressure on active and passive blocks,

respectively;
• Including seepage pressure and determination of a factor of safety for the

equilibrium condition.

For this project, the geometry of the gabion mattresses was chosen based on
field data and measurements. The slope angle was calculated based on as-built
information created during 1980's by HNTB Consultants from Kansas. The soil
properties were chosen from field soil type encountered during soil investigation
and from the Arizona Department of Transportation Valley Wide Freeway
Construction and Design Manual prepared by De Leau Cather and Associates in
1987. The material properties are shown below:

• Soil Type:
• Unit Weight:
• Angle of Internal Friction:
• Interface Friction :

SGC
140 pounds per cubic foot
39 degrees
26 degrees

•
In addition, it was estimated that seepage force will act as full height of the
gabion mattresses even though gabion mattresses are very permeable.
Calculation of the slope stability is attached in appendix E. The calculation
indicates that slopes will have a factor of safety of more than 2.8 for normal
cases and more than 2.5 under full seepage forces .
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HA also performed slope using STABL for Windows® Version 2.0, an analytical
slope stability computer program developed by Purdue University. STABL can
analyze slopes using a variety of two-dimensional, limit equilibrium methods
including the Bishop Method, the Spencer Method, and the Janbu Method of
Slices. STABL uses a unique random technique for randomly generating
potential failure surfaces. A factor of safety is determined for each potential
failure surface, defined as the ratio of the available shear strength to the shear
strength that must be mobilized to maintain a condition of limiting equilibrium.
Three types of failure surfaces can be specified in STABL; circular, sliding block,
and general irregular surfaces of random shape. Specific trial failure surfaces
can also be specified. STABL can account for heterogeneous soil profiles,
anisotropic soil properties, excess pore water pressure due to shear, static
ground water, surface water, pseUdo-static loading from earthquakes, surcharge
loads, tieback loads, soil nailing, and geosynthetic reinforcement of soil slopes.

•
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•

•

STABL was utilized to perform slope stability analyses for two the following
cases:

• Critical Flood Stage (Full Flood Condition)
• Earthquake (Pseodostatic)

The STABL input and output are included in Appendix E. The analyses indicate
adequate factor of safety for these two cases of analyses.

Seepage analysis to determine the uplift pressure at the toe of the mattresses
and toe of the CSA was not necessary as the saturation line within the
embankment materials will cease in a short time and the flood events are only
for a few days. In addition, the toe on the other side will be built above flood
level and therefore will have more than 15 to 20 feet of soil or structures that will
impart more than water pressure even under flood level.

The slope stability of the CSA was not performed due to high shear strength of
the CSA compared to the surrounding soil. The CSA have more than a 750
pound per square inch strength, or more than 100,000 psf strength, and that is
considered high for failure due to slope stability to occur unless a catastrophic
event occurs at the site.

Gabion Mattress damage areas should be assessed to determine the reason of
the rip rap removal and subsequently repaired properly and as quickly as
possible before the next high flow event. It appeared that the excavated areas
may have seepage water flowed out of the depressed areas that receives storm
water run off from surrounding areas. Prior to repair of the damaged gabion, the
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depressed areas should be graded so that it does not retain water to seep into
the levee slope.•

•

•
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•

5.0 EARTHWORK CONSTRUCTION AND ENGINEERING FILL

The site of the proposed structure is developed and contains numerous above
and below ground features. These features will interfere and may cause
complications during excavation and site grading. Before site preparation
begins, all below ground and above ground utilities should be marked and
relocated away from the work areas. Site grading will require demolition and
removal of existing structures. All concrete or metal pipes or foundations or
other man-made features should be excavated and removed. After removal of
features, the site grading and excavation will begin and a representative of a
qualified geotechnical engineer should be at the site to observe and document fill
placement.

5.1 On-Site Materials

On-site soils consist of predominantly sand, gravel, and cobble soils. Sometimes
boulder-sized particles are present within the matrix of the SGC. These
materials make an excellent base for roadways and subgrade for building pads,
slabs or parking structures. Therefore, on-site sandy soils recovered from the
grading work and free of oversized and deleterious materials can be utilized as
fill. HA recommends that on-site soils are stockpiled for future use. In fact, the
gravel and cobbles can also be processed for aggregate materials to be used as
a mixture of concrete, asphalt or aggregate base course.

5.2 Fill Placement

Subgrade surfaces receiving fill should be scarified, moisture conditioned, and
compacted to at least 95 percent of its standard Proctor maximum density
placed at slightly below or above the optimum moisture content. On-site soil free
of debris or large rock (10 inches in any dimension) or concrete pieces may be
utilized as fill soil. Soils from the excavation of the river channels should be
suitable as fill soil. If necessary, import soils may also be utilized as fill. The
swell potential of the compacted import soil should be less than 1.5 percent
when tested under a vertical pressure of 100 psf in accordance with ASTM
04546 procedures.

Based on the site conditions and presence of SGC soil, it is likely that
compaction of fill materials may not be tested as testing is difficult, complicated,
and time consuming. During placement of SGC as fill material the following
minimum requirements must be complied with:
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•

• The soil should be on-site river run SGC material and should be screened
to be free of material larger than 10 inches. The material should
preferably not contain more than 10 percent fines.

• The SGC material meeting the above gradation should be placed in 18
inches maximum loose horizontal lifts. The loose lifts should be
compacted utilizing a vibratory compactor having a minimum weight of 20
tons. The compactor should have a speed of three to four miles per hour
(approximately 300 feet per minute or the speed of walking) using a
vibratory frequency of 80 to 120 hertz. A minimum of four passes should
be made.

• The granular soil such as the Salt River SGC does not provide effective
confinement during compaction. To alleviate this condition, HA
recommends that the uppermost lift forming the immediately adjacent
subgrade for foundations have a six inches thick aggregate base course
type material or materials with some binder before compaction added.

The fill surface should be adequately maintained during construction in order to
achieve acceptable compaction and interlift bonding. The surface should be
sloped properly to prevent ponding and provide drainage of runoff water. If
precipitation is anticipated, HA recommends that the fill surface be made smooth
by rolling with a smooth drum roller.

Pipe backfill materials will normally be taken from the pipe trench excavations
with plasticity indices less than 12, or alternatively, off-site granular import
materials could be utilized.

Backfill materials should not be dropped directly on the pipelines. Hard materials
larger than three inches in maximum dimensions should not be placed within six
inches of the pipes. For pipes with tar or coal-tar coatings, hard materials larger
than 1.5 inches in maximum dimension should not be used within six inches of
the pipes.

Backfill materials surrounding the pipes should be placed and compacted in such
a way that the elevations on two sides are even to ensure that the pipes are not
displaced. Backfill over the pipe extending to 12 inches above the pipes should
be placed and compacted slightly, carefully utilizing hand held devices such as
power tampers so that the pipes are not stressed .
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•

•

HA recommends that site preparation, subgrade preparation, backfill placement,
re-compaction, and foundation subgrade be observed and/or tested by a
qualified and experienced representative of the geotechnical engineer. This
representative should at least observe and document the following:

• All deleterious objects are removed from the foundation, slabs, and
pavement area subgrade;

• Foundations and other subgrade are compacted, firm, and do not
contain deleterious objects;

• All compaction and moisture contents of backfill soils meet the
specified minimum values;

• Footing excavations exposed the soil that was anticipated in the
design and meet the recommended bearing values of 6000 psf;

• Perform on-site density testing on engineered fill or placement of ABC
at every 2500 square feet in building areas and at every 5,000 square
feet in other areas; and

• Prepare a final report documenting all on-site activities, test results,
and conclusions.

The prepared fill, foundation excavations, and utility trenches should not be
exposed to the environment for long periods as this can affect the moisture
content and density of the fill. During unavoidable exposure to the environment,
moisture conditioning of these features should be maintained.

5.4 Construction Dewatering

During construction of the CSA or placing gabion mattresses in the river channel,
some construction dewatering may be required. For these types of water
sources, a pump and sump may not be sufficient and a dewatering system may
be required to be designed or installed. In the past if the contractor chose to do
the construction during dry months, water was not encountered during CSA
construction but it was a risky operation .
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Excavation at the site should be able to be accomplished using conventional
construction equipment. Soil disturbed during grading should be properly
recompacted and the areas should be backfilled with compacted engineered fill
in compliance with the earthwork construction procedures recommended herein.
All the excess soil generated from the grading work should be removed and
disposed of in an acceptable manner. Utility trenches or other confined
excavation extending more then 4 feet should conform to OSHA safety
regulations.

HA recommends that all excavation slopes should be maintained at 2:1
(horizontal to vertical) or flatter for the sand soils. If an excavation remains open
for a long time, to avoid raveling and spall off or localized caving, HA
recommends that all cut slopes be stabilized with application of shotcrete or
gunite or polymer based spray. If excavations are required to be steeper than
the recommended slope, HA recommends that a shoring system be designed
and installed at the site. Earth pressure parameters for shoring design will be
provided if requested. A shoring system may also have to be designed for
vehicular traffic and highway loadings in excavations located within the vicinity of
the roadways .
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DISCLAIMER

•

•

Due to the inherent natural variations of the soil stratification and the nature of
geotechnical exploration, there is always a possibility that conditions between
borings may be different from those encountered at the boring locations.
Additionally, our interpretation of subsurface conditions is derived from
observations made on the materials recovered, and these materials are
intermittent in nature and the micro or even macrostructures that would aid better
identification were clouded by the drilling process. Interpretation and observation
of soils recovered from the cyclone of the rig did not contain any information on
the size of particles larger than six inches. Therefore, the logs and laboratory
soil test results should be interpreted cautiously and should include the BHP
numbers and experiences of the field personnel. This could be more efficiently
done by drilling some large diameter test borings/shafts and by down-hole
geologic observation by entering a secured excavation.

The practice of geotechnical engineering is such that the risks involved in
building an efficient, functional, and economical structure cannot be assessed
with confidence until construction begins. Therefore, during the design of the
project, geotechnical input from the engineer on-record should be sought
continuously by the design professionals.
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• UNIFIED SOIL CLASSIFICATION SYSTEM

Soils are visually classified by the United Soil Classification System (USCS) on the boring logs
presented in this report. Grain size analysis and Atterberg limits tests are often performed on
selected samples to aid in classification. The classification system is briefly outlined on this chart.
For a more detailed description of the system, see "The Unified Soil Classification System" Corps of
Engineers, US Army Technical Memorandum No. 3-357 (Revised April 1960) or ASTM Designation:
D2487-66T.

MAJOR DIVISIONS GROUP
SYMBOL TYPICAL NAMES

:l - l! SILTS OF LOW PLASTICITY ML Inorganic silts, non-plastic or slightly
o g: ....... ~ ~;h~~ (Liquid Limit Less Than 50) plastic.
~ 8. ~ lil ~E :<.hi ~ 1----~S'""ILi-:T::::S::--:O::-:F=-:H""I""G"...H:-::P:7LA"7':S::::T""IC~ITY:;::-;':----+-----+-.:..--------------------i

- 0 Ii: ~ MH Inorganic silts, micaceous or diatomaceous
~ III ~'iii ai",N (Liquid Limit More Than 50) silty soils, elastic silts.
c..? 5 ~ 0 1-....!:.!!----+----~C:7L.A7y'""S=--"O="F;::--:'L-:O:7:W7""":p"'"LA"":"':ST:::I-=C=ITY~----+---+-~:....--.:..---------------l
I III 0 - 0: CL Inorganic clays of low to medium plasticity, gravelly

w 5 N ~~;I!i~~ (Liquid Limit Less Than 50) clays, sandy cloys, silty clays, lean clays.
~ ~ ~ ~ ~~!d 61----~C"...L.A7,y'""S:::--O=F---,-,H"'"'IG::-:H..,......,P=cLAS,.....,..,::::T::-IC=cI=TY~---~--C-H--+--ln-o-rg-a-n-ic-c-Ia-y-s-o-f-h-ig-h-pl-as-t-ic-it-y-,-fa-t-c-Ia-ys-,----i

I{") ~~ (liquid Limit More Than 50) sandy cloys of high plasticity.

CLEAN SANDS
(Less than 5% passes No. 200 sieve)

CLEAN GRAVELS
(Less than 5% passes No. 200 sieve)

Well graded sands, gravelly sands.

Clayey sands, sand-cloy mixtures.

Silty sands, sand-silt mixtures.

Clayey grovels, grovel-sand-clay mixtures.

Poorly graded sands, gravelly sands.

Silty grovels, grovel-sand-silt mixtures.

Well graded grovels, gravel-sand mixtures,
or sand-grovel-cobble mixtures.

Poorly graded grovels, gravel-sand mixtures,
or sand-gravel-cobble mixtures.

SC

SM

SP

GC

GP

GW

GM

SW

Limits plot below the "A" line &
hatched zone on plasticity chart

Limits plot above the "A" line &
hatched zone on plasticity chart

Limits plot below the "A" line &
hatched zone on plasticity chart

Limits plot above the "A" line &
hatched zone on plasticity chart

GRAVELS WITH
FINES

(More than 12X
passes No. 200

sieve)

SANDS WITH FINES
(More than 12X
passes No, 200
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NOTE:
Coarse grained soils with between 5% & 12% passing the No. 200 sieve and fine grained soils with
Atterberg limits plotting in the hatched zone on the plasticity chart shall have dual symbol. In
Arizona, local streams contain sand, gravel & cobble type material, which are locally known as SGC
or riverrun material. The USCS is not used to divide and symbolize this material.

DEFINITIONS OF SOIL FRACTIONS
PLASTICITY CHART
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Coarse
Medium
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Fines (silt & cloy)
Cloy
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Above 3 in.
3 in. to No. 4 sieve
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3/4 in. to No. 4 sieve
No. 4 to No. 200
No.4 to No. 10
No. 10 to No. 40
No. 40 to No. 200
Below No. 200 sieve
Smaller than 2 microns
Smaller than 5 microns
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Subsurface Investigation Methods

Subsurface investigation methods include displacement boring, wash boring,
percussion drilling, rotary drilling, auger boring and continuous sampling. For a
particular site exploration, the preference of the particular method and drilling
equipment are dependent upon various factors. These factors may include
equipment suitability, site accessibility, geological surroundings, environmental
factors and economic considerations.

Displacement Borings

This technique is often used in preliminary exploration where prevalent
subsurface information is required. Displacement borings are simple and most
cost effective for non-caving ground. Without any effort to brace the borehole,
sampling the soil at the desired depth is achieved by inserting samplers in the
closed position, such as cup, 'Piston or split tube samplers to the required depth.

Wash Borings

This procedure is advantageous in that the equipment is relatively inexpensive
and easily transferable. Wash borings entail the insertion of steel casing and
washing out the material to the bottom of the casing or a depth below the steel
casing. A re-circulating fluid that carries the cuttings to the surface accomplishes
this wash. The drill rod and chopping bits that are used in this procedure
alternately raise and drop with slight rotation to anatomize the material within the
casing.

Percussion Drilling

Also known as Churn or Cable Tool Drilling, this method is employed primarily in
the well drilling industry. Due to potential sample disturbance, percussion drilling
is not used extensively in geotechnical inquisitions. For this procedure, raising
and dropping a heavy drill bit and removing the loose soil by bailing creates a
borehole. Generally a traditional sampler is used in place of the drill bit to collect
the sample after the slurry is removed.



• Rotary Drilling

This technique is flexible and adaptable which may be used with different
equipment models and sampling apparatus. By advancing a cased or uncased
borehole by rapid rotation and pressure, grinded material or cuttings are created
at the bottom of the borehole. The removal of these cuttings are achieved by
pumping air, water or drilling mud from a reservoir on the surface through the drill
rods to the bottom of the borehole. After obtaining the desired depth, a sampling
mechanism is used.

Auger Boring

•

•

This method is popular because it is quick and economical in conducting
subsurface investigations. Most often, augers are mounted on large rigs for rapid
mobility. However, augers can be on track-mounted equipment as well. This
type of boring is subdivided into three categories depending on the type of
equipment used. These are construction augers, solid flight augers and hollow
stem augers. Construction augers are usually large in diameter and primarily
used for shallow inspection of soil. Although not designed for sampling,
construction augers can be used for bulk sampling. Solid flight augers,
sometimes called continuous flight augers are the most expedient of the augers
in obtaining a borehole. Samples are obtained from auger flights. An
improvement to the continuous auger is the hollow stem auger. A center plug
that is removed from the auger permits sampling tools to be used in the borehole
without the removal of the auger.

Continuous Sampling

This type of sampling may provide more infallible and detailed information about
subsurface conditions than any other sampling. This reliability is enhanced
because continuous sampling utilizes a variance of sampling tools and test
boring procedures.



•

•

•

Soil Sampling Methods

Split-Spoon

The most common method for obtaining representative samples are done with
the split-spoon. Associated with the Standard Penetration Test (SPT), split
spoon sampling is acquired immediately beneath the borehole near the ground
surface.

Ring Sampling

Ring sampling consists of using six rings that are driven beneath the borehole to
obtain an undisturbed sample. This type of representation is used in the
laboratory to obtain parameters for foundation analysis.

Bulk Sampling

Bulk sampling is performed when an undisturbed specimen is not required. This
type of sampling is less time consuming and thus more cost efficient, and is
desirable when a Proctor, gradation or plastic index is needed.



•

•
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Appendix 0

Laboratory Test Results
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Geometry and Boundary Conditions
Problem: Rio Salado CLOMR Full Flood Condition 2:1 Slope Static· FS Min -- 1.896

, , ,
___ L ~ l L _

, , I I

e---~:-~ ~=~'=~===

---~1-------------I----------------,----------------r----------------r------
I I I I I

,,
I I I I I , ,---I----------------,----------------j----------------1----------------1---------------,----------------1------------
, I , I I r I
I I , I I I___ L J ~ L L J ~ _

, I ' I I ,

I I I ,
I r tIt I ,

---~---------------~----------------~----------------~----------------~---------------~----------------~------------
I It' t I
I I I , , I

I I It' I

---~---------------~----------------1----------------~----------------~---------------~----------------~------------
I I I I
I I , ,

, I , I r , •
---r---------------,----------------,----------------r----------------r---------------,----------------,------------

, • , • I • •

• t 'I I
I I • I I r •---,----------------.----------------.----------------,----------------,--------------------------------,------------
I , I • I ,

I I • • I •___ L J ~ L ~ ~ ~ _

, I r , I I •

• I I '
I I I , I I I___ ~ ~ J L ~ J ~ _

I I • I I I

I I I I I I

I I • I I I I

---~---------------~----------------~----------------~----------------~--------------- ----------------~------------
I • I I I

• I I I

85-

40-

55

50-

75:

90~

80

35

30:

,,
,----------------,------------, ,,, ,

-----------~----------------7------------,, ,
_______ ~ J J _

, , ,
, , ,

I , I I I I I___ ~ I J L ~ I ~ _

I I I " I
, , ,
I I I I I I ,

---~---------------~----------------~----------------~----------------~---------------4----------------~------------

, I I I, , ,
I I I I I , ,---r---------------,----------------,----------------r----------------r---------------,----------------,------------

I I I I '
, , I , , I ,___ L I J L L ~ l _
I I I , I I ,

I , I I I I I

I I • I I___ L I J L L ~ J _

, , r I I • ,

I I I , I I •
I I I • I I___ L ~ J L L ~ ~ _

I I ., I I

I I " I
I I , I • I I15. ---~---------------,----------------~----------------~----------------~---------------~-----------------------------
I I I I • I •
I 'I r I

1O-"'-i'"-""l'---""''''''-i---------i'i--------oi'----'''''---ojo'-..,-_-_""'-;--_---_-+-_---...

45

105":

100-:

95

o 20 40 60
(Scale in Feet)

80 100 120



•
result.out

** PCSTABL6 **
by

purdue university

--Slope stability Analysis-
simplified Janbu, Simplified Bishop

or spencer's Method of slices

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
unit:
plotted output Filename:

run. in
result.out
ENGLISH
result.plt

PROBLEM DESCRIPTION Rio Salado CLOMR Full Flood condition 2:
1 slope static

BOUNDARY COORDINATES

6 TOp Boundaries
8 Total Boundaries

Boundary x-Left v-Left x-Right v-Right soil Type
NO. (ft) (ft) (ft) (ft) Below Bnd

1 0.00 50.00 30.00 50.00 1
2 30.00 50.00 30.01 51.50 2
3 30.01 51.50 70.00 51. 50 2
4 70.00 51.50 96.80 63.40 2

• 5 96.80 63.40 99.80 63.40 2
6 99.80 63.40 130.00 63.40 1
7 30.00 50.00 70.00 50.00 1
8 70.00 50.00 99.80 63.40 1

1

ISOTROPIC SOIL PARAMETERS

2 Type(s) of soil

1

soil
Type

NO.

1
2

Total saturated
unit Wt. unit Wt.

(pcf) (pcf)

130.0 140.0
145.0 145.0

cohesion
Intercept

(psf)

0.0
0.0

Friction
Angle
(deg)

39.0
42.0

Pore pressure piez.
Pressure Constant surface

Paramo (psf) No.

0.00 0.0 1
0.00 0.0 1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

unit weight of water = 65.20

piezometric surface No. 1 specified by 2 Coordinate points

1

point
NO.

1
2

x-Water
(ft)

0.00
95.40

v-water
(ft)

61.40
61.40

• A critical Failure surface searching Method, using A Random
Technique For Generating Circular surfaces, Has Been specified.

1000 Trial surfaces Have Been Generated.
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result.out
25 surfaces Inltlate From Each of 40 points Equally spaced

Along The Ground surface Between x = 20.00 ft.
and x = 80.00 ft.

Each surface Terminates Between X = 90.00 ft.
and x = 125.00 ft.

unless Further Limitations Were Imposed, The Minimum Elevation
At which A surface Extends Is Y = 0.00 ft.

2.00 ft. Line Segments Define Each Trial Failure surface.

Following Are Displayed The Ten Most Critical of The Trial
Failure surfaces Examined. They Are ordered - Most critical
Fi rst.

* * safety Factors Are calculated By The Modified Bishop Method * *

Failure surface specified By 15 coordinate points

point x-surf v-surf
NO. (ft) (ft)

1 73.85 53.21
2 75.84 53.41
3 77 .81 53.70
4 79.78 54.09
5 81.72 54.56
6 83.64 55.13
7 85.53 55.78
8 87.39 56.51
9 89.21 57.33

10 91.00 58.24
11 92.74 59.22
12 94.43 60.29
13 96.07 61.43
14 97.66 62.64
15 98.56 63.40

circle Center At x = 70.4 ; Y = 96.6 and Radius, 43.5

*** 1.896 ***

Individual data on the 19 slices

water water Earthquake
Force Force Force Force Force surcharge

slice width weight TOp Bot Norm Tan Hor ver Load
NO. (ft) (1 s) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs)
1 2.0 98.3 1100.1 1055.0 0.0 0.0 0.0 0.0 0.0
2 2.0 279.3 969.5 1022.7 0.0 0.0 0.0 0.0 0.0
3 0.7 147.5 334.6 379.2 0.0 0.0 0.0 0.0 0.0
4 1.2 281.2 504.8 599.3 0.0 0.0 0.0 0.0 0.0
5 1.9 543.7 710.7 922.5 0.0 0.0 0.0 0.0 0.0
6 1.9 628.0 584.6 854.9 0.0 0.0 0.0 0.0 0.0
7 1.9 682.2 461.9 775.8 0.0 0.0 0.0 0.0 0.0
8 1.9 706.8 343.7 685.4 0.0 0.0 0.0 0.0 0.0
9 1.8 702.9 230.7 583.8 0.0 0.0 0.0 0.0 0.0

10 1.8 672.0 123.8 471.3 0.0 0.0 0.0 0.0 0.0
11 1.7 616.0 23.6 348.0 0.0 0.0 0.0 0.0 0.0
12 1.7 537.0 0.0 214.4 0.0 0.0 0.0 0.0 0.0
13 0.9 257.0 0.0 57.9 0.0 0.0 0.0 0.0 0.0
14 0.0 12.5 0.0 1.7 0.0 0.0 0.0 0.0 0.0
15 0.7 166.9 0.0 11.0 0.0 0.0 0.0 0.0 0.0
16 0.7 159.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0eu 0.2 40.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.7 95.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.9 49.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Failure surface specified By 13 coordinate points

point x-surf v-surf
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*** 1.898 ***

Failure Surface specified By 16 coordinate points

point x-surf v-surf
NO. eft) eft)

1 70.77 51.84
2 72.76 52.01
3 74.75 52.28
4 76.71 52.63
5 78.66 53.07
6 80.59 53.60
7 82.49 54.22
8 84.37 54.92
9 86.20 55.71

10 88.00 56.59
11 89.76 57.54
12 91.47 58.57
13 93.14 59.69
14 94.75 60.87
15 96.30 62.13
16 97.73 63.40

circle Center At X = 68.0 ; Y = 95.5 and Radius, 43.7

*** 1.898 ***

Failure surface specified By 17 coordinate points

*** 1.947 ***

circle Center At X = 67.7; Y = 102.3 and Radius, 50.5•
1

point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

x-surf
eft)

70.77
72.76
74.75
76.72
78.68
80.63
82.55
84.45
86.32
88.17
89.98
91.76
93.50
95.20
96.85
98.46
99.98

v-surf
eft)

51.84
52.00
52.24
52.56
52.96
53.43
53.98
54.60
55.30
56.08
56.92
57.84
58.83
59.88
61.00
62.19
63.40
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Failure surface specified By 16 coordinate points

point x-surf v-surf
NO. eft) eft)

1 73.85 53.21
2 75.85 53.24
3 77 .84 53.38
4 79.83 53.63
5 81.79 53.98
6 83.74 54.45
7 85.65 55.02
8 87.54 55.70
9 89.38 56.48

10 91.17 57.36
11 92.92 58.34
12 94.61 59.41
13 96.23 60.58
14 97.79 61.83
15 99.28 63.17
16 99.51 63.40

circle Center At X = 74.3 ; v = 89.4 and Radius, 36.2

*** 1.964 ***

Failure surface specified By 11 coordinate points

point x-surf v-surf
NO. eft) eft)

1 76.92 54.57
2 78.85 55.11
3 80.76 55.72
4 82.64 56.38
5 84.51 57.11
6 86.35 57.89
7 88.16 58.74
8 89.94 59.65
9 91.69 60.61

10 93.41 61.63
11 94.77 62.50

circle Center At X = 61.5 ; v = 113.4 and Radius, 60.9

*** 2.021 ***

Failure surface specified By 12 coordinate points

point x-Surf v-surf
No. eft) eft)

1 73.85 53.21
2 75.84 53.29
3 77.83 53.54
4 79.79 53.94
5 81.71 54.50
6 83.58 55.20
7 85.39 56.06
8 87.12 57.06
9 88.77 58.19

10 90.32 59.45
11 91.77 60.83
12 92.28 61.39

Circle Center At X = 73.8 ; v = 78.2 and Radius, 24.9

• *** 2.029 ***

Failure surface specified By 13 coordinate points
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point x-surf v-surf
NO . eft) eft)• 1 75.39 53.89

2 77.33 54.36
3 79.26 54.89
4 81.16 55.50
5 83.05 56.17
6 84.90 56.92
7 86.73 57.73
8 88.53 58.60
9 90.29 59.54

10 92.02 60.55
11 93.72 61.61
12 95.37 62.74
13 95.44 62.80

circle Center AtX = 63.6 j Y = 107.5 and Radius, 54.9

*** 2.034 ***

1

Failure surface specified By 11 coordinate points

circle Center At X = 66.9 j Y = 100.9 and Radius, 47.4•

point
NO.

1
2
3
4
5
6
7
8
9

10
11

x-surf
eft)

76.92
78.87
80.79
82.69
84.56
86.40
88.20
89.97
91.70
93.38
94.41

v-surf
eft)

54.57
55.04
55.59
56.22
56.92
57.71
58.57
59.51
60.52
61.61
62.34

*** 2.040 ***

Failure surface specified By 13 coordinate points

point x-surf v-Surf
NO. eft) eft)

1 76.92 54.57
2 78.91 54.39
3 80.91 54.40
4 82.90 54.62
5 84.86 55.03
6 86.77 55.64
7 88.60 56.43
8 90.35 57.41
9 91.99 58.55

10 93.51 59.86
11 94.89 61.30
12 96.11 62.88
13 96.30 63.18

Circle Center At X = 79.8 ; Y = 74.3 and Radius, 20.0

*** 2.052 ***

• Y

0.00

A

16.25

x

32.50

I s

48.75

F

65.00

T

81.25

x 0.00 +-------~-+---------+---------+*------w-+---------+
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• 16.25 +

result.out

**
A 32.50 +

X 48.75 +

..
I 65.00 +

**
.31
.312
.12

5 81.25 + .31.
.16
.116

.126

.5136
.41w8

97.50 + .52*
*

• F 113.75 + ..

T 130.00 + *

•
page 6



Geometry and Boundary Conditions
Problem: Rio Salado CLOMR No Water Condition 2:1 Slope Pseodostatic - FS Min 1.636
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•
result.out

** PCSTABL6 **
by

purdue university

--slope stability Analysis-
simplified Janbu, simplified Bishop

or spencer's Method of slices

Run Date:
Time of Run:
Run By:
Input Data Filename:
output Filename:
unit:
plotted output Filename:

run.in
result.out
ENGLISH
result.plt

PROBLEM DESCRIPTION Rio salado CLOMR NO Water condition 2:1
slope pseodostatic

BOUNDARY COORDINATES

6 TOP Boundaries
8 Total Boundaries

Boundary x-Left Y-Left x-Right Y-Right soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 0.00 50.00 30.00 50.00 1
2 30.00 50.00 30.01 51.50 2
3 30.01 51. SO 70.00 51.50 2
4 70.00 51.50 96.80 63.40 2

• 5 96.80 63.40 99.80 63.40 2
6 99.80 63.40 130.00 63.40 1
7 30.00 50.00 70.00 50.00 1
8 70.00 50.00 99.80 63.40 1

1

ISOTROPIC SOIL PARAMETERS

2 Type(s) of soil

soil
Type

NO.

1
2

Total saturated
unit Wt. unit Wt.

(pcf) (pcf)

130.0 140.0
145.0 145.0

cohesion
Intercept

(psf)

0.0
0.0

Friction
Angle
(deg)

39.0
42.0

pore Pressure piez.
pressure Constant surface

Paramo (psf) NO.

0.00 0.0 1
0.00 0.0 1

A Horizontal Earthquake Loading coefficient
of0.070 Has Been Assigned

A vertical Earthquake Loading coefficient
of0.070 Has Been Assigned

1
cavitation pressure = 0.0 (psf)

•
A critical Failure surface searching Method, using A Random
Technique For Generating circular surfaces, Has Been specified.

1000 Trial surfaces Have Been Generated.

25 surfaces Initiate From Each of 40 points Equally spaced
Along The Ground surface Between X = 20.00 ft.

and x = 80.00 ft.

Each surface Terminates Between x = 90.00 ft.
and X = 125.00 ft.
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result.out

unless Further Limitations were Imposed, The Minimum Elevation
At which A surface Extends Is Y = 0.00 ft .

2.00 ft. Line segments Define Each Trial Failure surface.

Following Are Displayed The Ten Most critical of The Trial
Failure surfaces Examined. They Are ordered - Most critical
Fi rst.

* * safety Factors Are calculated By The Modified Bishop Method * *

Failure surface specified By 16 coordinate points

point x-surf v-surf
NO. (ft) (ft)

1 70.77 51.84
2 72.76 52.01
3 74.75 52.28
4 76.71 52.63
5 78.66 53.07
6 80.59 53.60
7 82.49 54.22
8 84.37 54.92
9 86.20 55.71

10 88.00 56.59
11 89.76 57.54
12 91.47 58.57
13 93.14 59.69
14 94.75 60.87
15 96.30 62.13
16 97.73 63.40

circle Center At X = 68.0 ; Y = 95.5 and Radius, 43.7

*** 1.636 ***

Individual data on the 18 slices

Water water Earthquake
Force Force Force Force Force surchar~e

slice width weight TOP Bot Norm Tan Hor Ver Loa
No. (ft) (1 s) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs)
1 2.0 103.1 0.0 0.0 0.0 0.0 7.2 7.2 0.0
2 2.0 294.0 0.0 0.0 0.0 0.0 20.6 20.6 0.0
3 0.5 106.3 0.0 0.0 0.0 0.0 7.4 7.4 0.0
4 1.4 344.1 0.0 0.0 0.0 0.0 24.1 24.1 0.0
5 2.0 566.3 0.0 0.0 0.0 0.0 39.6 39.6 0.0
6 1.9 653.4 0.0 0.0 0.0 0.0 45.7 45.7 0.0
7 1.9 712.4 0.0 0.0 0.0 0.0 49.9 49.9 0.0
8 1.9 743.6 0.0 0.0 0.0 0.0 52.1 52.1 0.0
9 1.8 747.9 0.0 0.0 0.0 0.0 52.4 52.4 0.0

10 1.8 726.6 0.0 0.0 0.0 0.0 50.9 50.9 0.0
11 1.8 681.2 0.0 0.0 0.0 0.0 47.7 47.7 0.0
12 1.7 613.6 0.0 0.0 0.0 0.0 43.0 43.0 0.0
13 1.7 526.0 0.0 0.0 0.0 0.0 36.8 36.8 0.0
14 1.6 420.9 0.0 0.0 0.0 0.0 29.5 29.5 0.0
15 0.7 152.8 0.0 0.0 0.0 0.0 10.7 10.7 0.0
16 0.8 146.5 0.0 0.0 0.0 0.0 10.3 10.3 0.0
17 0.5 67;9 0.0 0.0 0.0 0.0 4.8 4.8 0.0
18 0.9 56.1 0.0 0.0 0.0 0.0 3.9 3.9 0.0

Failure surface specified By 15 coordinate points

point x-surf v-surf

• NO . (ft) (ft)

1 73.85 53.21
2 75.84 53.41
3 77.81 53.70
4 79.78 54.09
5 81.72 54.56
6 83.64 55.13
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7 85.53 55.78
8 87.39 56.51
9 89.21 57.33

• 10 91.00 58.24
11 92.74 59.22
12 94.43 60.29
13 96.07 61.43
14 97.66 62.64
15 98.56 63.40

Circle Center At X = 70.4 ; Y = 96.6 and Radius, 43.5

*** 1.652 ***

1

Failure surface specified By 13 coordinate points

point x-surf v-surf
NO. eft) eft)

1 76.92 54.57
2 78.91 54.79
3 80.89 55.11
4 82.84 55.53
5 84.77 56.05
6 86.67 56.68
7 88.54 57.39
8 90.37 58.21
9 92.15 59.11

10 93.88 60.11
11 95.56 61.19
12 97.19 62.37
13 98.47 63.40

circle Center At x = 73.7 ; Y = 93.2 and Radius, 38.8

• *** 1.663 ***

Failure surface specified By 12 coordinate points

point
No.

1
2
3
4
5
6
7
8
9

10
11
12

x-surf
eft)

73.85
75.84
77 .83
79.79
81.71
83.58
85.39
87.12
88.77
90.32
91.77
92.28

v-surf
eft)

53.21
53.29
53.54
53.94
54.50
55.20
56.06
57.06
58.19
59.45
60.83
61.39

1

•

circle Center At x = 73.8; Y = 78.2 and Radius, 24.9

*** 1.683 ***

Failure surface specified By 17 coordinate points

point x-surf v-surf
NO . eft) eft)

1 70.77 51.84
2 72.76 52.00
3 74.75 52.24
4 76.72 52.56
5 78.68 52.96
6 80.63 53.43
7 82.55 53.98
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8 84.45 54.60
9 86.32 55.30

10 88.17 56.08
11 89.98 56.92• 12 91.76 57.84
13 93.50 58.83
14 95.20 59.88
15 96.85 61.00
16 98.46 62.19
17 99.98 63.40

circle Center At X = 67.7 ; Y = 102.3 and Radius, 50.5

*** 1.690 ***

Failure Surface specified By 11 Coordinate points

•

point x-surf v-surf
NO. eft) eft)

1 76.92 54.57
2 78.85 55.11
3 80.76 55.72
4 82.64 56.38
5 84.51 57.11
6 86.35 57.89
7 88.16 58.74
8 89.94 59.65
9 91.69 60.61

10 93.41 61.63
11 94.77 62.50

Circle Center At X = 61.5 ; Y = 113.4 and Radius, 60.9

*** 1.698 ***

Failure surface specified By 13 coordinate points

point
NO.

1
2
3
4
5
6
7
8
9

10
11
12
13

x-surf
eft)

75.39
77 .33
79.26
81.16
83.05
84.90
86.73
88.53
90.29
92.02
93.72
95.37
95.44

v-surf
eft)

53.89
54.36
54.89
55.50
56.17
56.92
57.73
58.60
59.54
60.55
61.61
62.74
62.80

Circle Center At X = 63.6; Y = 107.5 and Radius, 54.9

*** 1.711 ***

Failure surface specified By 11 coordinate points

•
point

NO.

1
2
3
4
5
6
7
8

x-surf
eft)

76.92
78.87
80.79
82.69
84.56
86.40
88.20
89.97

v-surf
eft)

54.57
55.04
55.59
56.22
56.92
57.71
58.57
59.51
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9
10
11

91.70
93.38
94.41

60.52
61.61
62.34

result.out

~ circle Center At X = 66.9; V = 100.9 and Radius, 47.4

*** 1.712 ***

1

Failure surface specified By 11 coordinate points

point
NO.

1
2
3
4
5
6
7
8
9

10
11

x-surf
eft)

73.85
75.80
77.73
79~63
81. 50
83.34
85.13
86.88
88.58
90.23
90.76

v-surf
eft)

53.21
53.64
54.17
54.79
55.49
56.29
57.17
58.14
59.19
60.32
60.72

Circle Center At x = 65.7; v = 94.4 and Radius, 42.0

*** 1.719 ***

Failure surface specified By 15 coordinate points

~ point x-surf v-surf
No. eft) eft)

1 66.15 51. 50
2 68.14 51.30
3 70.14 51.25
4 72.14 51.34
5 74.13 51.58
6 76.09 51.96
7 78.02 52.48
8 79.91 53.14
9 81.74 53.93

10 83.52 54.86
11 85.22 55.91
12 86.84 57.09
13 88.37 58.37
14 89.80 59.77
15 90.57 60.63

Circle Center At X = 69.9 ; v = 78.8 and Radius, 27.6

*** 1.720 ***

1

v A X I S F T

0.00 16.25 32.50 48.75 65.00 81.25

•
x

A

0.00 +-~-~-----+---------+---------+*--------+---------+

16.25 +

**
32.50 +
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•

x

I

5

F

T

48.75 +

65.00 +

81.25 +

97.50 +

113.75 +

130.00 +

result.out

............. 0

............. 0
**

............. 12

............. 123
............ 013
............. 12.
.............. 16
.............. 116
.............•134
.............• 114
.............. 5127
.....•.....•..• 1*

*

*
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Gabion Mattress As-Builts



3.3 GABION MATTRESS AS-BUlLTS

12"-18"

1--- 36' ---1

ESTES LANDFILL
,,~~~ ..I-..,-l

""-- ACCESS ROAD

. ""-- GABlON MATTRESS

FILLED WITH STONE

~ '"'(v vvv
,\0«, 1---- 46' _

SIZE #OF
(DIAMETER) STONES

1S" 4
12" 9
S" 67
6" 30
3" 10

dSO OF GABION =S"

AS-BUILT DETAILS AND STONE COUNT
FOR TP-1

~ ",\'/.i.-~~~~~~~
,\0«, I. 32' ----I

"'-- WASH-CUT AREA

1--- 37' ---I

12"-18"

""-- GABION MATTRESS
FILLED WITH STONE

ESTES LANDFILL

SIZE #OF
(DIAMETER) STONES

1S" 2
12" 7
S" 40
6" 30
3" 16

dSO OF GABION =8"

AS-BUILT DETAILS AND STONE COUNT
FOR TP-2

Hoque &Associates, Inc"
Geotechnical, Materials, and Environmental Engineers

4325 South 34th Street
Phoenix, Arizona 85040

Tel: (480) 921-1368 Fax: (480) 921-0194
Email: Support@HoqueAndAssociates.comPAGE 1 OF 309006

TEST·PIT DIAGRAM
RIVER PROTECTION WORK AT SALT RIVER CHANNEL

NEAR THIRD RUNWAY AT SKY-HARBOR
INTERNATIONAL AIRPORT

PHOENIX, ARIZONA
HA Pro ect



3.3 GABtON MATTRESS AS-BUlLTS

i A.)v vvv vvvv V v
,\Q~ ·11-.---- 31' ----

361~

15n TOE I

~ GABION MATTRESS
FILLED WITH STONE

SIZE #OF
(DIAMETER) STONES

18" 4
12" 17
8" 45
6" 40
3" 17

d50 OF GABION =8"

AS-BUILT DETAILS AND STONE COUNT
FOR TP-3

1----'-- 25' -~r---1

NO VISIBLE
CHAINLINK
GABION

36'~

'''·18' I

~ GABION MATTRESS
FILLED WITH STONE

SIZE #OF
(DIAMETER) STONES

18" -
12" 13
a" 50
6" 45
3" 20

d50 OF GABION =a"

AS-BUILT DETAILS AND STONE COUNT
FORTP-4

Hoque & Associates, Inc.
Geotechnical, Materials. and Environmental Engineers

4325 South 34th Street
Phoenix, Arizona 85040

Tel: (480) 921-1368 Fax: (480) 921-0194
Email: Support@HoqueAndAssociates.comPAGE 2 OF 309006

TEST·PIT DIAGRAM
RIVER PROTECTION WORK AT SALT RIVER CHANNEL

NEAR THIRD RUNWAY AT SKY-HARBOR
INTERNATIONAL AIRPORT

PHOENIX, ARIZONA
HA ProOecl



1---- 38' ----I

3,3 GABION MATTRESS AS·BUILTS

4z~:~l
(,_::~ t

v_"'---¥._~~..:z..'~-'f}""" "'- GABION MATTRESS

FILLED WITH STONE

SIZE #OF
(DIAMETER) STONES

18" -
12" 10
8" 40
6" 20
3" 14

d50 OF GABION =8"

AS-BUILT DETAILS AND STONE COUNT
FOR Tp·5

L25'---'

361~

14" I

"'- GABION MATTRESS
FILLED WITH STONE

SIZE #OF
(DIAMETER) STONES

18" 2
12" 4
8" 55
6" 40
3" 20

dSO OF GABION =8"

AS-BUILT DETAILS AND STONE COUNT
FORTP-6

Hoque &Associates, Inc.
Geotechnical, Materials, and Environmental Engineers

4325 South 34th Street
Phoenix, Arizona 85040

Tel: (480) 921-1368 Fax: (480) 921-0194
Email: Support@HoqueAndAssociates.comPAGE 3 OF 309006

TEST·PIT DIAGRAM
RIVER PROTECTION WORK AT SALT RIVER CHANNEL

NEAR THIRD RUNWAY AT SKY·HARBOR
INTERNATIONAL AIRPORT

PHOENIX, ARIZONA
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