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NORTH GATEWAY TECHNICAL DATA NOTEBOOK 1 

I. INTRODUCTION 

This Technical Data Notebook (TDN) was prepared by Tetra Tech, Inc., in 
accordance with State Standard Attachment 1-97, "Instructions for Organizing and 
Submitting Technical Documentation for Flood Studies," adopted and effective 
November 1, 1997. The TDN was prepared by Tetra Tech, Inc., under contract as a 
subconsultant to Damon S. Williams, for the City of Phoenix. 

This TDN presents a summary of the hydraulic and scour analysis that was 
conducted for the proposed North Gateway Access Road crossing of Skunk Creek. The 
proposed access road will cross the Skunk Creek floodplain at a location approximately 
one-half mile north of the existing Central Arizona Project (CAP) overshoot. The 
roadway will be located along an east-west alignment, from Interstate 17 on the west, to 
the proposed North Gateway Water Reclamation Plant on the east (see Vicinity Map). 
The project is located within the City of Phoenix, Maricopa County, Arizona. 

Separate engineering plans provide details regarding the proposed access road 
and bridge crossings. The proposed roadway consists of a cement stabilized alluvium 
(CSA) elevated structure across the 100-year floodplain of Skunk Creek, with bridges 
to be installed at the three low-flow channels which are considered to be "Waters of the 
United States," as defined by Federal permitting criteria. The proposed access road 
will be elevated above ground elevation in the overbank areas of the 100-year 
floodplain, such that smaller flows will be diverted by the road to the bridge openings, 
and larger flow events will overtop and flood the road surface. 

A hydraulic analysis was conducted to determine bridge hydraulics, characterize 
the flow distributions across the width of the 100-year floodplain, and document the 
effect of the proposed roadway and bridges on the 100-year water surface elevation. 
Hydraulic parameters were used to predict scour along the roadway and at each 
individual bridge. 

Tetra Tech, Inc. 
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NORTH GATEWAY TECHNICAL DATA NOTEBOOK 

11. ADWRJFEMA FORMS 

A. Study Documentation Abstract (2.1) 

Subsection Information Requested Response 

2.1.1 Date Study Accepted: Not available at this time. 

2.1.2 Study Contractor: Tetra Tech,Inc. 
Contact: Larry K. Roberts, P.E. 
Address: 33 North Stone Avenue, Suite 1500 

Tucson, Arizona 85701- 14 13 
Phone: 520-623-7980 
Internal Reference Number: PDAMON4346.2 

2.1.3 FEMA Technical Review Contractor: Not available at this time. 

Contact: 
Address: 

Phone: 
Internal Reference Number: 

2.1.4 FEMA Regional Reviewer: Not available at this time. 

Phone: 
2.1.5 State Technical Reviewer: Not available at this time. 

Phone: 
2.1.6 Local Technical Reviewer: Hasan Mushtaq, P.E. 

Floodplain Manager, City of Phoenix 
Phone: 602-262-4026 

2.1.7 Reach Descriptions (approximate): Skunk Creek from 13.28 miles to 14.3 miles above 
contluence with New River 

2.1 .8 Topographic Maps 
200-scale FEMA Work Study Maps, plus new topography 
in the vicinity of the new bridges 

2.1.9 Unique Conditions and Problems: The North Transfer Station Access Road required three 
separate bridges spanning the low flow channels for 
Skunk Creek. 

2.1.10 Coordination of Peak Discharges: Not Applicable 

B. FEMA MT-2 Forms (2.2) 

FEMA MT-2 Forms 1, 2, and 3 are included on the following pages. 

I 

Tetra Tech, Inc. 



FEDERALEMERGENCYMANAGEMENTAGENCY 0.M.B No. 3067-0148 

OVERVIEW & CONCURRENCE FORM Expires September 30,2005 

PAPERWORK BURDEN DISCLOSURE NOTICE 
Publ~c 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 ~0mpleting. reviewing, and submitting the form. You are not required 
to respond to this collection of information unless a valid OM0 control number appears in the upper right corner of this form. Send comments regard~ng 
the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Federal Emergency 
Management Agency, 500 C Street. SW, Washington DC 20472. Papework Reduction Project (3067-0148). 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. 

F- 

A. REQUESTED RESPONSE FROM FEMA 

b 

This request is for a (check one): 

0 CLOMR: A letter from 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). 

LOMR: A letter from FEMA officially revising the current NFlP map to show the changes to floodplains, regulatory floodway or flood 
elevations. (See Parts 60 & 65 of the NFlP Regulations.) 

_I 

B. OVERVIEW 

1. The NFlP 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 00050 02/08/83 

480287 Harris County TX 48201C 0220G 09/28/90 
04005 1 C1.N OE ~ h ) o ~ d ) ) (  AZ 0401 3C 0790F 0711 9/01 

~ ~ O O S ]  - City of Phoenix AZ 04013C 0770E 0711 9/01 

2. Flooding Source: Skunk Creek 

3. Project Namelldentifier: North Gateway North Transfer Station 

4. FEMA zone designations affected: AE (choices: A, AH, AO. A1-A30, A99, AE. AR. V, V1-V30, VE. 0. C. D, X) 

5 Basis for Request and Type of Revislon: 

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

(XI Physical Change a Improved MethodologyIData 

Regulatory Floodway Revision 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 types of flooding and structures (check all that apply) 

Types of Flooding: (XI Riverine [ZI Coastal Shallow Flooding (e.g.. Zones A 0  and AH) 

[ZI Alluvial fan 0 Lakes Other (Attach Description) 

Structures: Channelization Levee/Floodwall BridgelCulvert 

C] Dam 0 Fill 0 Other, Attach Description 

FEMA Form 81-89, SEP 02 Overview & Concurrence Form MT-2 Form 1 Page I of 2 



C. REVIEW FEE 

as the review fee for the appropriate request category been included? a Yes Fee amount: $- 

a No, Attach Explanation 

Please see the FEMA Web site at http:/lwww.fema.gov/fhm/frm~fees.shtm for Fee Amounts and Exemptions. 

D. SIGNATURE 

FEMA Form 81-89, SEP 02 

L 
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. 

Overview & Concurrence Form MT-2 Form 1 Page 2 of 2 

Name: John H. Matta, P.E., Principal 

Mailing Address: 
3838 N. Central Ave., Suite 1700 
Phoenix, AZ 8501 2 

Company: Damon S. Williams, L.L.C. 

Daytime Telephone No.: 
602-265-5400 

Signature of Requester (required): 

PAn 4. M& 

Fax No.: 
602-265-5632 

Date: 09130/03 

E-Mail Address: johnmatta@dswa.net 

I 1 

As the community official responsible for floodplain management, I hereby acknowledge that we have received and reviewed this Letter of Map 
Revision (LOMR) or conditional LOMR request. Based upon the community's review, we find the completed or proposed project meets or is designed 
to meet all of the community floodplain management requirements, 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. 

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. 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. 

Reauired if ... 
KI Riverine Hydrology and Hydraulics Form (Form 2) New or revised discharges or water-surface elevations 

IX) Riverine Structures Form (Form 3) Channel is modified, additionlrevision of bridgelculverts, 
additionlrevision of leveelfloodwall, additionlrevision of dam 

Coastal Analysis Form (Form 4) New or revised coastal elevations 

Coastal Structures Form (Form 5) Additionlrevision of coastal structure 

Flood control measures on alluvial fans 



FEDERALEMERGENCYMANAGEMENTAGENCY 

RIVERINE HYDROLOGY & HYDRAULICS FORM I O.M.5 NO. 3067-0148 
Expires September 30,2005 1 

PAPERWORK REDUCTION ACT 
Public reporting burden for this form is estimated to average 3 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, 
Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction Project (3067-0148). 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 

Flooding Source: Skunk Creek 
Note: Fill out one form for each flooding source studied 

A. HYDROLOGY 

Revised (cfs) 

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

Not revised (skip to section 2) No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) 0 Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) 

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

Statistical Analysis of Gage Records PrecipitationIRunoff Model [TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations 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. The document, "Numerical Models Accepted by FEMA for NFlP Usage" lists the models accepted by FEMA. This document 
can be found at: http:llw.fema.aov/fhmlen modl.shtm. 

4. ReviewlApproval 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? Yes 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 

Description Cross Section Water-Surface Elevations (ft.) 

Effective Proposed/Revised 
Downstream Limit In miles above confluence with 13.28 1532.51 1532.5 

New River 

Upstream Limit In miles above confluence with 14.3 1573.99 1574.15 
New River 

2. Hydraulic Method Used 

Hydraulic Analysis HEC-2 [HEC-2 . HEC-RAS, Other (Attach description)] 

FEMA Form 81-89A. SEP 02 

- -- 

Rivefine Hydrology & Hydraulics Form MT-2 Form 2 Page I of 2 



B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hvdraulic Models 

FEMA has developed two review programs, CHECK9 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models, 
respectively. These review programs verify that the hydraulic estimates and assumptions in the model data are in accordance with NFlp 
requirements, and that the data are comparable with the assumptions and limitations of HEC-21HEC-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://w.fema.gov/fhm/frm~soft.shtm. We recommend that you review your HEC-2 and HEC-RAS models with CHECK-2 and CHECK-RAS. 
If you disagree with a message, please attach an explanation of why the message is not valid in this case. Review of your submittal and 
resolution of valid modeling discrepancies will result in reduced review time. 

I HEC-ZHEC-RAS models reviewed with CHECK-ZCHECK-RAS? BI Yes No 

4. Models Submitted 

Duplicate Effective Model' Natural File Name: skunkcreek.dat Floodway File Name: skunkcreek.dat 
Corrected Effective Model* Natural File Name: revisedexisting.dat Floodway File Name: revisedexisting.dat 
Existing or Pre-Project Conditions Model Natural File Name: revisedexisting.dat Floodway File Name: revisedexisting.dat 
Revised or Post-Project Conditions Model Natural File Name: newb.dat Floodway File Name: newb.dat 
Other - (attach description) Natural File Name: Floodway File Name: 

I 'Not required for revisions to approximate 1%-annual-chance floodplains (Zone A) - for details, refer to the corresponding section of the instructions. 

The document "Numerical Models Accepted by FEMA for NFlP Usage" lists the models accepted by FEMA. This document can be found at: 
http:l/www.fema.qovlfhmlen modl.shtm. 

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 0.2%-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM and/or FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor 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. I 

-- -- 

D. COMMON REGULATORY REQUIREMENTS 

1. For CLOMR requests, do Base Flood Elevations (BFEs) increase? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP 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 BFEs established and would result in increases above 1.00 foot. 

2. Does the request involve the placement or proposed placement of fill? Yes [XI 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 
NFlP 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? E l  Yes No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(1) of the NFlP Regulations, notification is required 
for requests involving revisions to the regulatory floodway. (Not required for revisions to approximate I %-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 requests, does this request require property owner notification and acceptance of BFE increases? [XI Yes 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. 

FEMA Form 81-89A. SEP 02 Riverine Hydrology & Hydraulics Form MT-2 Form 2 Page 2 of 2 



FEDERALEMERGENCYMANAGEMENTAGENCY 
RIVERINE STRUCTURES FORM I 0.M.B. NO. 3067-0148 

Expires September 30,2005 I 
- 

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, 
Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction Project (3067-0148). 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 

Flooding Source: Skunk Creek I Note: - Fill out one form for each floodina source studied 
- 

A. GENERAL 

BridgelCulvert 

0 BridgelCulvert 

Dam 

Dam 

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

Channelization ................ complete Section B 
Bridge/Cuivert ................. complete Section C 
Dam ............................... complete Section D 
LeveeIFioodwall ............. complete Section E 

........ Sediment Transpo rt complete Section F (if required) 

Descri~tion Of Structure 

1. Name of Structure: North Gateway North Transfer Station Access Road 

Type (check one): Channelization (XI BridgelCuivert Levee/Floodwall 

Location of Structure: Approximately 13.7 miles above confluence with New River 

Downstream LimiVCross Section: 13.28 

Upstream LimiffCross Section: 14.3 

2. Name of Structure: 

Type (check one): Channelization 

Location of Structure: 

Downstream LimiffCross Section: 

Upstream LimiVCross Section: 

3. Name of Structure: 

Type (check one) Channelization 

Location of Structure: 

Downstream LimiUCross Section: 

Upstream LimiVCross Section: 

L 

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

0 Dam 

4 
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B. CHANNELIZATION 
I 1 Flooding Source: 

The channelization includes (check one): 

Levees [Attach Section E (Levee/Floodwall)] 
Superelevated sections 
Debris basinldetention basin 
Other (Describe): 

Drop structures 
Transitions in cross sectional geometry 
Energy dissipator 

1 2.  Drawina Checklist 

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

1 3. Hydraulic Considerations 

I The channel was designed to carry (cfs) andlor the -year flood. 

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

I a Subcritical flow Critical flow a Supercritical flow Energy grade line 

I 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. 

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

1 4 Sediment Transoort Considerations 

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

Flooding Source: Skunk Creek 

Name of Structure: North Gateway North Transfer Station Access Road 

1. This revision reflects (check one): 

(XJ New bridgelculvert not modeled in the FIS 
Modified bridgelculvert previously modeled in the FIS 
New analysis of bridgelculvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-2 
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): 

Dimensions (height, width, span, radius, length) [F3 Erosion Protection 
Shape (culverts only) jX1 Low Chord Elevations - Upstream and Downstream 

a Material 5 Top of Road Elevations - Upstream and Downstream 
0 Beveling or Rounding Structure Invert Elevations - Upstream and Downstream 

Wing Wall Angle IE3 Stream Invert Elevations - Upstream and Downstream 
Skew Angle Cross-Section Locations 
Distances Between Cross Sections 

4. Sediment Transport Considerations 

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

FEMA Form 81-898, SEP 02 Riverine Structures Form MT-2 Form 3 Page 2 of 10 



D. DAM 

Flooding Source: 

J Name of Structure: 

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

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

I Private organization Name of the agency or organization: 

I 3. Does the project involve revised hydrology? Yes No 

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

1 4 Does the submitlal include debrishediment yield analysis? Yes No 

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

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

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

I Stillwater Elevation Behind the Dam 

I FREQUENCY (% annual chance) FIS REVISED 

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

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

FEMA Form 81-898, SEP 02 Riverine Structures Form MT-2 Form 3 Page 3 of 10 



a' a. This LeveelFloodwall analysis is based on (check one): 1 

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

earthen embankment, dike, berm, etc. I 

E. LEVEEIFLOODWALL 

1. Svstem Elements 

Cl upgrading of an existing levee/floodwall system 
a newly constructed levee/floodwall system 
reanalysis of an existing levee/floodwall system I 

I structural floodwall 
Other (describe): 

I c. Structural Type (check one): 

I monolithic cast-in place reinforced concrete 
n reinforced concrete masonrv block 

I 
- 

sheet piling 
Other (describe): 

Station to 
Station to 
Station to 

I d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood? I I 
Yes No 

Sheet Numbers: 

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). 

Yes Cl No 

FEMA Form 81-898, SEP 02 Riverine Structures Form MT-2 Form 3 Page 4 of 10 



E. LEVEEIFLOODWALL (CONTINUED) 

2. Freeboard (continued) 

Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested, attach documentation 
addressing Paragraph 65.10(b)(l)(ii) of the NFlP Regulations. 

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

I b Is there an indication from historical records that ice-jamming can affect the BFE? Yes 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): exists does not exist 

I If opening exists, list all closures: 

I I 1 I 

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

Channel Station 

I 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-1 110-2-1906 Form 2086.) 

Left or Right Bank 

4. Embankment Protection 

a. The maximum levee slope landside is: 

I b. The maximum levee slope floodside is: 

Opening Type 

I 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): 

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

Highest Elevation for 
Opening Invert 

Type of Closure Device 

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

I 

Reach 

Sta to 

Sta to 

Sta to 

Sta to 

Sta to 

Sta to 

FEMA Form 81-898, SEP 02 Riverine Structures Form 

Sideslope 
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Depth Velocity gg:: Depth of Stone Riprap 

Thickness Dl00 0 5 0  
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E. LEVEEIFLOODWALL (CONTINUED) 

4. Embankment Protection (continued) 

f. Is a beddingtfilter analysis and design attached? Yes 0 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 fl. 

Limiting foundation soil strength: 

Sta. , depth to 

strength 4 = degrees, c = Ps f 

slope: SS = (h) to (v) 

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

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

c. Summary of stability analysis results: 

Riverine Structures Form 

Case 

I 

I I 

111 

IV 

VI 

MT-2 Form 3 Page 6 of 10 

(Reference: USACE EM-? 110-2-1913 Table 6-1) 

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

If Yes, describe methodology used: 

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

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

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

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

Attach engineering analysis to support construction plans. 

Loading Conditions 

End of construction 

Sudden drawdown 

Critical flood stage 

Steady seepage at flood stage 

Earthquake (Case I )  

Critical Safety Factor Criteria (Min.) 
-- 

1.3 

1 .O 

1.4 

1.4 

1 .O 
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I 
E. LEVEEIFLOODWALL (CONTINUED) 

6. Floodwall And Foundation Stability 

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

0 UBC (1 988) or Other (specify): 

b. Stability analysis submitted provides for: 

17 Overturning Sliding If not, explain: 

c. Loading included in the analyses were: 

Lateral earth @ PA = psf; P, = PS f 

Surcharge-Slope @ , surface PS f 

Wind @ P, = psf 

Seepage (Uplift); 0 Earthquake @ P,, = %g 

1%-annual-chance significant wave height: fi. 

0 I %-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. 

MT-2 Form 3 Page 7 of 10 

Loading Condition 

Dead &Wind 

Dead & Soil 

Dead, Soil, Flood, & 
Impact 

Dead. Soil, & Seismic 

Criteria (Min) 

(Ref: FEMA 114 Sept 1986; USACE EM 11 10-2-2502) 

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

e. Foundation bearing strength for each soil type: 

Sta 

Overturn Overturn 

1.5 

1.5 

1.5 

I .3  

Bearing Pressure 

Computed design maximum 

Maximum allowable 

Sliding 

1.5 

1.5 

1.5 

1.3 

To 

Sliding 

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

Attach engineering analysis to support construction plans. 

_I 

Sustained Load (psf) Short Term Load (psfj 

Sta 

Overturn 

To 

Sliding 



I 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. Yes 0 No I I 
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E. LEVEElFLOODWALL (CONTINUED) 
I 

I 8. Interior Drainase [continued] I 
I .  Will pumplng plants be used for interior drainage? 

if Yes, lnclude the number of pumping plants: 
For each pumping plant, list: 

El Yes D No 

I Plant #t I Plant #2 

The number of pumps I I I 
The ponding storage capacity 

The maximum pumping rate 
I I I 

The maximum pumping head 
I I 

The pumping starting elevation 
I I 

The pumping stopping elevation I 
Is the discharge facility protected? I 
Is there a flood warning plan? 

I I 

How much time is available between warning 
and floodina? 1 
Will the operation be automatic? 

If the pumps are electric, are there backup power sources? 

Yes No 

Yes No 

(Reference: USAGE EM-1 110-2-3101,3102, 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 

I interior watersheds that result in flooding. 

9. Other Desiqn Criteria 

a. The following items have been addressed as stated: 

Liquefaction 0 is is not a problem 
Hydrocompaction 0 is is not a problem 
Heave differential movement due to soils of high shrinklswell a is 0 is not a problem 

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

Attach supporting documentation 

c. If the leveelfloodwall is new or enlarged, will the structure adversely impact flood levels andlor flow velocities floodside of the structure? 
Yes No 

Attach supporting documentation 

d. Sediment Transport Considerations: 

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

FEMA Form 81-898, SEP 02 Riverine Structures Form MT-2 Form 3 Page 9 of 10 



c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(~)(2) of the NFlP regulations? 
0 Yes 0 No 

E. LEVEEIFLOODWALL (CONTINUED) 

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

1 

11. Maintenance Plan 

10, O~erational Plan And Criteria 

a Are the planned6nstalled works in full compliance with Part 65.10 of the NFlP Regulations? Yes No 

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(l) of the NFlP regulations? 
Yes No 

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

12. O~erations and Maintenance Plan 

Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall. 

F. SEDIMENT TRANSPORT 

Flooding Source: Skunk Creek 

Name of Structure: North Gateway North Transfer Station Access Road 

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 acre-feet 
1 
Debris load associated with the base flood discharge: Volume acre-feet 

Sediment transport rate (percent concentration by volume) 

Method used to estimate sediment transport: Review of existing documentation and additional geomorphic assessment 

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: HEC-18 

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. 

Conservative structural toe-downs were used to account for hydraulic uncertainties 

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. 
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111. SURVEY AND MAPPING INFORMATION 

A. Flood Insurance Study 

The existing FEMA Flood Insurance Study (FIS) for the area (FEMA, 2001) 
provided the base topographic maps for floodplain modeling. The existing Work Study 
maps, dated July, 1997, were obtained from the Flood Control District of Maricopa 
County. The annotated maps, showing the existing floodplain, the revised floodplain, 
and cross section locations, are provided in Section VII of this report. 

B. Damon S. Williams and Aztec Engineering 

Engineering plans for the proposed roadway and bridges have been prepared by 
Damon S. Williams and Aztec Engineering. Three pages of the plan set are included in 
Appendix E. 1. These three pages provide plan and profile data for the section of the 
roadway that spans the Skunk Creek floodplain. The plans were used to obtain 
proposed bridge parameters, roadway elevations, and existing ground topography 
immediately adjacent to the proposed roadway and bridges. 

Tetra Tech, Inc. 
I 
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NORTH GATEWAY TECHNICAL DATA NOTEBOOK 

V. HYDRAULICS 

Tetra Tech performed a site-specific hydraulic analysis in order to (1) establish 
new water surface elevations for both existing and proposed conditions in the vicinity of 
the proposed roadway, (2) characterize the flow distribution across the width of the 
100-year floodplain, and (3) determine hydraulic parameters in the vicinity of the 
proposed bridges. The base hydraulic model (HEC-2 input file) for Skunk Creek was 
obtained from the Flood Control District of Maricopa County. The updated 100-year 
discharge for Skunk Creek was also used (FEMA, 2001). Hydraulic design criteria for 
the proposed access road and bridge crossings were determined using (1) the existing 
channel morphology, as defined by slope, cross sectional shape, and channel alignment; 
and (2) the proposed bridge and roadway configuration, as defined by engineering 
plans. 

A. Hydraulic Input Data 

The existing HEC-2 input file was revised in order to establish the existing, 
before-project hydraulic conditions. A new Cross Section (13.7), located along the 
proposed roadway alignment, was incorporated into the hydraulic model to replace 
Cross Section 13.66. Cross Section 13.7 is located 110 feet north (and upstream) of 
Cross Section 13 -66. 

Engineering plans for the proposed roadway and bridges have been prepared by 
Damon S. Williams and Aztec Engineering. Three pages of the plan set are included in 
Appendix E. 1. These three pages provide plan and profile data for the section of the 
roadway that spans the Skunk Creek floodplain. The plans were used to obtain 
proposed bridge parameters, roadway elevations, and existing ground topography 
immediately adjacent to the proposed roadway and bridges for use in the hydraulic 
modeling. 

The three proposed low-flow bridge crossings of Skunk Creek are located at the 
current locations of the three primary low-flow channels. Each bridge opening is about 
90 feet in width, with a single set of 5-foot-diameter piers at the midpoint of the 
opening. The existing invert of the channel bed was also used for proposed conditions, 

These data were then incorporated into the HEC-2 hydraulic model for proposed 
conditions. Stationing on the plan set, which increases from west to east, had to be 
converted to HEC-2 stationing, which requires increasing stationing from east 
(hydraulic left) to west (hydraulic right). Hydraulic left and hydraulic right are defined 
in terms of looking in a downstream direction. 

I Tetra Tech, Inc. 
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Because of the multiple bridge configurations, the Normal Bridge Routine was 
utilized to characterize bridge and channel geometry. Cross Sections 13.73, 13.74, and 
13.75 were added to the model to characterize physical properties at the location of the 
proposed bridges. Manning's roughness coefficients and expansion/contraction 
coefficients were adjusted per HEC-2 modeling guidelines. In addition, the pier widths 
were increased by 50% to account for debris. 

The proposed access road will be elevated above the ground elevation in the 
overbank areas of the 100-year floodplain, such that smaller flows will be diverted by 
the road to the bridge openings, and large flow events will overtop and flood the road 
surface. The roadway profile across the total width of the 100-year floodplain was 
incorporated into the HEC-2 model as a weir section for flow, acting in conjunction 
with the proposed bridges or independently in the overbank areas between the bridges. 

B. Hydraulic Modeling 

As discussed in the previous section of this report, the existing FEMA HEC-2 
input file formed the base model that was modified in the vicinity of the proposed 
roadway and bridges. The existing FEMA model was revised for (1) new topography 
in the vicinity of the bridge site, and (2) an updated FEMA 100-year discharge. 
Hydraulic modeling of the 100-year floodway and 100-year floodplain was performed 
using the HEC-2 program for (1) revised existing conditions, and (2) proposed 
conditions with the new bridges. In addition, the HEC-2 modeling was conducted in 
order to be consistent with the existing FEMA HEC-2 modeling for the area, 

Once existing and proposed conditions were defined and modeling completed 
using the HEC-2 program, the HEC-2 input files were imported into the HEC-RAS 
program. The HEC-RAS hydraulic modeling software was utilized to determine all of 
the existing and proposed hydraulic parameters for use in performing the scour 
analysis. The HEC-RAS was selected for use because of the superior editing and 
graphical capabilities for performing detailed bridge modeling. The HEC-RAS also 
provided excellent graphical capabilities for displaying cross sectional geometry and 
providing output data in a readily useable form. 

Three separate bridges along a single cross section location provided challenges 
both in defining modeling input parameters and in obtaining hydraulic output at each 
bridge location and at specific points along the width of the cross sections. The main 
channel bank was defined by designating bank stations at the west edge of the 
westernmost bridge, and at the eastern edge of the easternmost bridge. The use of flow 
distribution designations allowed for more specific hydraulic parameters to be reported. 
In order to properly calculate scour, velocity and depth were needed at each bridge 

I [RJ Tetra Tech, Inc. 
I 
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opening, at locations immediately adjacent to each bridge opening, and at other 
locations along the roadway profile. 

C. Results 

1. Water Surface Elevations 

Table 1 provides a summary of the HEC-2 100-year water surface elevations in 
the vicinity of the proposed access road. The HEC-2 input and output files have been 
provided in Appendix E.2 (hard copy) and Appendix G (digital files). The table 
provides a comparison of water surface elevations for (1) existing FEMA conditions, 
(2) revised existing conditions (updated topography at the bridge site and an updated 
discharge), and (3) conditions with the new bridges in place. 

n/a = not applicnble 

- 
Table 1: Comparison of 100-Year Water Surface Elevations 

2. Hydraulic Parameters 

Hydraulic parameters were obtained for the scour analysis using multiple 
summary tables from the HEC-RAS software. Standard HEC-RAS tables for (1) 
bridge hydraulics, (2) cross-section hydraulics, and (3) flow-distribution hydraulics 
were all necessary to obtain the necessary hydraulic variables for use in calculating the 
various scour depths. Theses tables are included in Appendix E.3. Three different 
types of output tables were necessary to accurately characterize the hydraulics along the 
length of the proposed roadway and the three individual bridges. 

I 

Section 

13.28 
13.4 
13.55 
13.66 
13.7 
13.73 

Existing FEMA 
WSEL 
1532.51 
1537.72 
1543.09 
1547.65 

n/a 
n/a 

Revised Existing 
WSEL 
1532.5 
1537.86 
1543.35 

n/a 
1548.18 

I ~ / R  

New Bridge 
WSEL 
1532.5 
1537.86 
1543.35 

II/R 

1548.19 
1547.87 
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VI. EROSION AND SEDIMENT TRANSPORT 

A. Scour Analysis I 
I A scour analysis was performed to determine scour depths along the proposed 

I 
roadway and bridges for the 100-year flow event. Hydraulic parameters from the 
HEC-RAS analysis, along with geometric data obtained from the Damon S. 
WilliarnsiAztec plans, were used to perform the analysis. Calculations were performed 
independently for each of the three proposed bridges because hydraulic conditions vary 
at each bridge. 

The state-of-knowledge and widely accepted methodology for predicting scour at 
highway bridges is presented within HEC No. 18, "Evaluating Scour at Bridges" 
(FHWA, 1995). The information presented within this report is the practical 
application of the HEC-18 methodology to the problem of predicting scour at the 
proposed North Gateway Access Road bridges. Some of the basic concepts and 
definitions from HEC-18 are summarized in the following sections of this report. 
Procedures and equations from HEC-18 are presented within Appendix F. A summary 
of results is presented both in the following sections and Appendix F. 

According to HEC-18, total scour at a roadway bridge crossing is comprised of 
three components: 

(1) Long-term aggradation or degradation, 
(2) Contraction scour, and 
(3) Local scour. 

1 Local scour is defined as scour at any obstruction to flow, including piers, abutments, 

I 
spurs, or embankments. Pressure-flow scour can increase contraction or local scour 

I when the water surface elevation exceeds the low chord elevation of the bridge 
superstructure. 

1. Aggradation and Degradation 

Aggradation and degradation are long-term streambed elevation changes due to 
natural or man-induced causes that can affect the reach of the river on which the bridge 

I is located. Aggradation involves the deposition of material eroded from the channel or 
watershed upstream of the bridge, where degradation involves the lowering or scouring 

I of the streambed due to a deficit in sediment supply from upstream. 

Long-term bed elevation changes may be the natural trend of the stream or may 
be the result of some modification to the stream or watershed. The streambed may be 

I 1-1 Tetra Tech, Inc. 
I 
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aggrading, degrading, or in relative equilibrium in the vicinity of the bridge crossing. 
Long-term aggradation and degradation do not include the localized cutting and filling 
of the streambed that might occur during a runoff event. A stream may cut and fill at 
specific locations during a runoff event and also have a long-term trend of an increase 
or decrease in bed elevation over a longer reach of a stream. 

Using the information in the Skunk Creek Watercourse Master Plan (SCWMP) 
as the primary source of data, site-specific information regarding long-term aggradation 
and degradation is available for the portion of Skunk Creek where the access road is 
proposed. Figure 4-84 of the SCWMP (see Appendix A.2) shows the existing 
longitudinal profile of the Skunk Creek. The profile is "concave up," where the slope 
is constantly decreasing in a downstream direction. In general, the decrease in slope 
decreases the sediment transport capacity of the creek, thus promoting sediment 
deposition. In addition, the overshoot for Skunk Creek at the Central Arizona Project 
(CAP) canal, located 3400 feet downstream of the proposed bridges, represents a fixed 
point in the long-term bed profile. According to the SCWMP, the overshoot is 
undersized and creates backwater conditions upstream of the overshoot. Consequently, 
velocities will decrease upstream of the CAP canal and will promote additional 
aggradation within Skunk Creek. 

I 
2.  Coiltraction Scour 

Contraction of flow, caused by bridge approach embankments encroaching onto 
the floodplain andlor into the main channel, is the most common cause of contraction 
scour. Contraction scour results from when the flow area of the approach channel is 
reduced through a bridge opening, with a resulting increase in velocity and shear stress 
on the bed of the channel. With an increase in erosive forces, more bed material can 
be removed which lowers the natural bed elevation. As the bed elevation is lowered, 
the flow area increases and the velocity and shear stress decrease until relative 
equilibrium is reached where the quantity of bed material that is transported into the 
reach is equal to that removed. 

Contraction scour was calculated for each of the three bridges. At each bridge, 
a low-flow channel approaches a 90-foot bridge opening. Flows in excess of the low- 
flow capacity of each approach channel, which are located outside of the 90-foot 
opening and below the top-of-road elevation, are blocked by the embankment. These 
blocked flows are diverted from the overbank area through the bridge opening. Using 
hydraulic parameters from both the approach channel and the contracted bridge section, 
contraction scour depths can be calculated at each bridge. Calculations, provided in 
Appendix E.3, are summarized in Table 2. Results reflect the larger amount of flow 

I blocked and diverted by the roadway embankment at the East Bridge. 

Tetra Tech, Inc. I 
I 
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3. Pressure-Flow Scour 

Table 2: Contraction Scour 

Pressure flow, which is also denoted as orifice flow, occurs when the water 
surface elevation at the upstream face of the bridge is greater than or equal to the low 
chord of the bridge superstructure. Pressure flow under the bridge results from a pile 
up of water on the upstream bridge face, and a plunging of the flow downward and 
under the bridge. At higher approach flow depths, the bridge can be entirely 
submerged with the resulting flow being a complex combination of the plunging flow 
under the bridge (orifice flow) and flow over the bridge (weir flow). In many cases, 
when a bridge is submerged, flow will also overtop adjacent approach embankments. 

Contraction Scour (ft) 

When bridges are overtopped, flow hydraulics at the bridge are dramatically 
altered, and contraction and local scour can increase. The hydraulic bridge routines of 
either HEC-2 or HEC-RAS can be used to determine the roadway embankment 
overflow, the bridge weir flow, and the orifice flow, provided that the top of the 
highway is properly included in the input data. These models will also provide average 
flow depths and velocities for the embankment overflows, bridge weir flows, and 
pressure flows. 

With pressure flow, the local scour depths at a pier or abutment are larger than 
for free surface flow with similar depths and approach velocities. The increase in local 
scour at a pier subjected to pressure flow results from the flow being directed 
downward towards the bed by the superstructure. 

West Bridge 
2.8 

As shown on the HEC-RAS Cross Section 13.735 (see Appendix E.3), the 100- 
year water surface elevation exceeds the low chord elevation of all three bridge 
superstructures. Following the procedures outlined in HEC-18, scour calculations were 
performed (see Appendix F). Results are presented in Table 3. 

Central Bridge 
2.1 

Tetra Tech, Inc. I 

East Bridge 
8.3 

Table 3: Pressure-Flow Scour 

Pressure-Flow Scour 
( ft 

West Bridge 

7.5 

Central Bridge 

8.5 

East Bridge 

8.0 
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4. Local Scour 

Local scour involves removal of material from around piers, abutments, spurs, 
and embankments. The scour is induced as the flow is accelerated around the nose of 
the obstruction. Factors that affect the magnitude of local scour at piers and abutments 
are: 

(1) width of the pier, 
(2) discharge intercepted by the abutment and returned to the main channel, 
(3) length of the pier if skewed to flow, 
(4) depth of flow, 
(5) velocity of the approach flow, 
(6) size and gradation of bed material, 
(7) angle of attack of the approach flow to a pier or abutment, 
(8) shape of a pier or abutment, 
(9) bed configuration, 
(10) ice formation or jams, and 
(1 1) debris. 

Local scour holes at piers and abutments may overlap one another in some 
instances. If local scour holes do overlap, the scour is indeterminate and is deeper. 
The topwidth of a local scour hole ranges from 1.0 to 2.8 times the depth of scour. A 
topwidth value of 2.0 times the depth of scour is recommended for practical 
applications. 

a. Abutment Scour 

Abutment scour was calculated at each the three bridges according to the HEC- 
18 methodology. Calculations are included in Appendix F. Results are presented in 
Table 4. 

b. Pier Scour 

Table 4: Abutment Scour 

Pier scour was calculated at each the three bridges according to the HEC-18 
1 methodology. Calculations are included in Appendix F. Results are presented in Table 

5. 

Abutment Scour (ft) 

1 1-1 Tetra Tech, Inc. 

West Bridge 
19 

I 

Central Bridge 
23 

East Bridge 
22 
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5. Total Scour 

Total scour at each pier is the sum of pier (local) scour, contraction scour, and 
pressure-flow scour. Similarly, total scour at each abutment pier is the sum of 
abutment (local) scour, contraction scour, and pressure-flow scour. Total scour at the 
piers for each bridge is summarized in Table 6. Total scour at the abutments for each 
bridge is summarized in Table 7. 

Table 5: Pier Scour 

Pier Scour (ft) 

Table 6: Total Scour at Piers 

The scour at each pier and abutment forms a predictable geometry that must be 
considered. The width of the scour hole, measured from the pier or abutment in one 
opposite direction, is equal to the depth of scour. At each location, the predicted scour 
hole at each pier and the predicted scour hole at each abutment are very large, and as a 
result, the scour holes overlap. According to guidelines in HEC-18, the total scour 
depths for this scenario become indeterminate, and a redesign to increase the spacing 
between piers and abutments is recommended. 

I 

West Bridge 
9 

Pier Scour (ft) 
Contraction Scour (ft) 
Pressure-Flow Scour (ft) 

Total Scour (ft) 

Table 7: Total Scour at Abutments 

1 1-J Tetra Tech, Inc. 
I 

Abutment Scour (ft) 
Contraction Scour (ft) 
Pressure-Flow Scour (ft) 

Total Scour (ft) 

Central Bridge 
8 

West Bridge 
8.6 
2.8 
7.5 

18.9 

East Bridge 
8 

West Bridge 
19.0 
2.8 
7.5 

29.3 

Central Bridge 
8 .O 
2.1 
8.5 

18.6 

East Bridge 
7.7 
8.3 
8.0 

24.0 

Central Bridge 
23.0 
2.1 
8.5 

33.6 

East Bridge 
22.0 
8.3 
8 .O 

38.3 i 



No~rir GATEWAY TECHNICAL DATA NOTEBOOK 

However, using graphical plots of the scour holes and engineering judgment, 
scour depths can be increased to safely account for the overlapping scour holes. 
Recommended combined scour depths are summarized in Table 8. 

6. Roadway Scour 

Table 8: Potential Combined Scour at Piers and Abutments 
7 

The proposed roadway will be elevated above the existing ground elevations 
across the width of the 100-year floodplain of Skunk Creek. During the 100-year flow 
event, most of the roadway wjll be submerged with flow depths of one to three feet. 
The roadway will act as a submerged weir section. Scour along the downstream edge 
of the proposed roadway embankment can be determined by using an equation for scour 
below channel drops (City of Tucson, 1988). Calculations, included in Appendix F, 
show scour depths of between two to five feet. To provide a safety factor and consider 
nonuniform flow, scour depths were recalculated after doubling the unit discharge. 
Eight feet was calculated as a more conservative estimate of scour depths along the 
downstream edge of the roadway embankment. 

Combined Scour (ft) 

The proposed roadway embankment will be protected by soil cement slope 
protection on both the upstream and downstream slopes. Based on the scour 
calculations, eight feet is the recommended toe-down along downstream edge of the 
proposed roadway embankment. To account for localized erosion along the upstream 
edge, it is recommended that a toe-down of four feet be used along the upstream edge. 
Toe-downs should be measured from the existing ground elevation adjacent to the toe of 
the roadway embankment. 

B, Engineering-Geomorphic Assessment 

West Bridge 
40 

1. Data Review and Site Evaluation 

The engineering and geomorphic analyses that were completed for the Skunk 
Creek Watercourse Master Plan (SCWMP) were reviewed as part of a site-specific 
evaluation of the reach of the river where the North Gateway Access Road is proposed 
to be located. The purpose of the review and evaluation was to (1) determine the 
stability of the river, both longitudinally and laterally; (2) evaluate the effectiveness of 
the proposed bridges and access road; and (3) identify potential long-term problems 
with the proposed bridges and access road. Included in this report as Appendix A.2 are 
the referenced materials from the SCWMP. 

Central Bridge 
40 
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East Bridge 
50 



As part of the SCWMP, detailed reach-by-reach engineering and geomorphic 
analyses were performed along Skunk Creek. These analyses included qualitative and 
semi-qualitative geomorphic assessments, hydraulic modeling, floodplain mapping, 
sediment transport modeling, and river stability assessments. Using the information in 
the SCWMP as the primary source of data, a more site-specific evaluation was 
performed for the portion of Skunk Creek where the access road is proposed. This site- 
specific engineering and geomorphic analyses included both historical conditions and 
current conditions along the project reach. The project reach, as defined in the Scope 
of Work, extends from approximately one-half mile upstream to one-half mile 
downstream of the proposed access road. 

The project reach generally corresponds to the limits of the "braided reach" as 
defined in the SCWMP. The project reach is one of the most dynamic, unstable 
renches of the entire Skunk Creek system. Channel characteristics can be characterized 
as follows: 

(1) Using two independent qualitative geornorphic channel classification systems, Skunk 
Creek (1) "exhibits many characteristics that indicate potential for frequent bank 
erosion and rapid lateral channel movement," and (2) "is characterized by high bank 
erosion rates, excessive deposition, and annual shifts of the bed locations." This 
general classification applies more specifically to the project reach as well. 

(2) The project reach was classified as "braided." A braided stream is characterized as 
"one flowing in several dividing and reuniting channels resembling the strands of a 
braid, the cause of division being the obstruction by sediment deposited by the stream" 
(Dictionary of Geological Terms, 1976). Obviously, braided streams tend to be 
laterally unstable. 

(3) The position of the channel thalweg, or the deepest point within the channel, was 
plotted for the years between 1953 and 1999 (SCWMP, Figure 3-1, Appendix A.2). 
The project reach appears to be the most active reach of Skunk Creek. According to 
the SCWMP, the thalweg location and channel width varied over 400 feet between the 
years 1962 and 1971. Further review of Figure 3-1 indicates that the location of the 
thalweg has varied over a 700 to 900-foot-wide band. 

(4) Plots of longitudinal profiles for the years between 1962 and 1999 are inconclusive, 
given uncertainties in mapping scale and accuracy. The profiles generally indicate 
channel bed movement of plus or minus 2 feet within the project reach. 

(5) Channel width measurements (SCWMP, Table 3.4, Appendix A.2) indicate that the 
channel has widened from 231 to 414 feet in the vicinity of the proposed access road. 
These widenings were believed to be the result of channel avulsion, where the existing 

Tetra Tech, Inc. 
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low-flow channel becomes overloaded with sediment and erodes a new low-flow 
channel at a different location. 

(6)  Figure 4-84 of the SCWMP (Appendix A.2) shows the existing longitudinal profile 
of the Skunk Creek. The profile is "concave up," where the slope is constantly 
decreasing in a downstream direction. In general, the decrease in slope decreases the 
sediment transport capacity of the creek, thus promoting sediment deposition. 

(7) The project reach of Skunk Creek is classified as a "braided" channel pattern 
according to equilibrium slope criteria (SCWMP, Table 4-9, Appendix A.2). 

(8) The overshoot for Skunk Creek at the Central Arizona Project (CAP) canal 
represents a fixed point in the system. According to the SCWMP, the overshoot is 
undersized and creates backwater conditions upstream of the overshoot. Consequently, 
velocities will decrease upstream of the CAP canal and will promote additional 
aggradation within Skunk Creek. The proposed access road is approximately 3400 feet 
upstream of the CAP canal. 

(9) The SCWMP noted that overall there has been a lack of substantial channel 
movement along Skunk Creek due to the lack of large flows in the last several decades. 
For the project reach, the maximum channel changes were observed during the period 
of 1962 to 1971. During that period, there was a 10-year flow event (1967), a 15-year 
flow event (1970), and a 25-year flow event (1964). More substantial channel 
movement may occur for larger flow events. 

2. Implications for Proposed Road and Bridge 

The three proposed bridge crossings of Skunk Creek are located at the current 
locations of three low-flow channels. The proposed access road will be elevated above 
ground elevation in the overbank areas of the 100-year floodplain, such that smaller 
flows will be diverted by the road to the bridge openings, and large flow events will 
overtop and flow across portions of the road surface. Hydraulic design criteria for the 
proposed access road and bridge crossings are based on the existing channel 
morphology, as defined by slope, cross-sectional shape, and channel alignment. 

Given the highly unstable nature of Skunk Creek along the project reach, it is 
very likely that the three existing low-flow channels will change their cross-sectional 
shape and migrate from their current alignment. Dramatic channel movement, through 
lateral migration, bank erosion, or channel avulsion, may occur over time as the 
channel shifts laterally in response to a wide range of flow events. Lateral movement 
may occur at locations both upstream and downstream of the proposed access road, 
may increase the scour potential along the access road and at the bridges, and may 
reduce the hydraulic efficiency of the bridge openings. 

Tetra Tech, Inc. 
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In addition, the proposed roadway will act as a fixed point along Skunk Creek 
that will cause backwater and sedimentation on the upstream side of the roadway. Any 
tlows that exceed that capacity of the low-flow channels will pond along the elevated 
roadway in the overbank floodplain area, depositing sediment in the process. Over 
time, sedimentation may quickly reach the top of portions of the upstream edge of 
elevated roadway. Once sedimentation reaches the upstream edge of the roadway, any 
flow in the overbank areas will either flow directly over the roadway, or will carve new 
channels toward the low-flow bridges. 

The proposed access road and bridges will not stabilize the potential lateral 
movement of Skunk Creek. During very large flow events, the potential exists for 
Skunk Creek to deposit large amounts of sediment along both the roadway and within 
the bridge openings. With the recommended toe-downs, the roadway and bridges will 
be stable from any erosion or sedimentation associated with the 100-year flood. 
However, the existing low-flow channels and corresponding bridge openings might 
completely fill with sediment, while the elevated portion of the roadway acts as a dam 
and causes sediment deposition to occur along the roadway. Under this scenario, the 
low-flow portion of the channel could completely shift to the eastern portion of the 
floodplain and create a new at-grade river crossing over the proposed access road. 

I Channel avulsion such as this has historically occurred along the project reach and may 
occur in the future. 

To help stabilize channel movement in the vicinity of the proposed roadway, 
and to minimize scour and help direct low flows to the proposed bridge openings, spur 
dikes were proposed. However, spur dikes were found to be unacceptable due to right- 
of-way and environmental concerns. Consequently, channel avulsion and lateral 
migration may impact the hydraulic efficiency and structural stability of the proposed 
roadway and bridges. 

Given these uncertainties relating to the potential lateral channel movement 
along this reach of Skunk Creek, bridge and roadway design parameters have been 
developed to maximize the long-term strzict~~ral stability and the hydraulic eficiency of 
the proposed structures. In addition to the proposed design parameters, periodic 
maintenance and visual inspection of the roadway, bridges, and associated soil cement 
slope protection are recommended. 

C. Design Parameters 

A memorandum, summarizing hydraulic and scour design parameters, was 
prepared for use by Damon S. Williams and Aztec Engineering to facilitate the 
preparation of the roadway and bridge plans. The memorandum is provided in 
Appendix E. 1. Additional narrative discussions are provided in the following sections. 

I m) Tetra Tech, Inc. 
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1. Proposed Bridge 

As shown in Table 8, 40 feet is potential scour depth at the west bridge and the 
central bridge, with 50 feet the potential scour depth at the east bridge. Accordingly, 
these potential scour depths are the toe-down depths for the piers and abutments at each 
bridge. 

Soil cement slope protection is proposed around the bridge abutments. The 
proposed abutment slope protection will be constructed with an eight-foot toe-down 
below the channel bed, then continue around the abutment on both the upstream and 
downstream side of each bridge. Along the downstream side of the abutment, the 
eight-foot toe-down will tie into the proposed eight-foot toe-down along the roadway 
embankment. Along the upstream side of the abutment, the eight-foot toe-down will 
transition to tie into the proposed four-foot toe-down along the roadway embankment. 
The transition from eight feet to four feet should occur at a 4H: 1V rate. 

Since potential scour depths at each bridge are either 40 or 50 feet, riprap 
blankets are proposed along the channel bed at each bridge to protect the abutment 
slope protection. The riprap blankets are designed to be twice the thickness of a 
calculated d50 rock diameter, with an underlying filter fabric. A schematic of the 
proposed riprap blanket is provided in Appendix F. The d50 calculations are also 
included in Appendix F. 

2. Proposed Roadway Embankment 

The proposed roadway embankment will be protected by soil cement slope 
protection on both the upstream and downstream slopes. Based on the scour 
calculations, eight feet is the recommended toe-down along downstream edge of the 
proposed roadway embankment, and four feet is the recommended toe-down along the 
upstream edge. The toe-downs should be measured from the existing ground elevation 
adjacent to the toe of the roadway embankment. 

Because portions of the proposed roadway embankment will be inundated by the 
larger, more infrequent flow events, maintenance of the roadway surface will be 
important. Maintenance of the roadway surface following flow events will serve to 
remove any sediment and debris that are deposited from floodwaters. In addition, 
periodic inspections of the roadway surface and soil cement side slopes are 
recommended to check for any damage that may need to be repaired. 

I Tetra Tech, Inc. 
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VII. DRAFT FIS REPORT DATA 

A. Summary of Discharges (7.1) 

The FEMA discharge of 26,700 cfs (FEMA, 2001) was used for modeling of 
the 100-year floodplain and floodway for (1) revised existing conditions and (2) new 
bridge conditions. The only exception was at the initial cross section of 13.28, where 
the FEMA discharge of 15,700 cfs was used. This was the downstream "match" 
section, and 15,700 cfs was used in the existing FEMA HEC-2 model. 

B. Floodway Data (7.2) 

Floodway data are presented in Appendix E.2, as part of the 100-year floodplain 
model. Increases in water surface elevations due to the floodway encroachment are 
consistent with the existing FEMA model, with all increases less than one foot. A 
complete Revised FEMA Floodway Table is provided on the following page. A 
Floodway Table, showing only the revised data, follows below. A photocopy of the 
original is also provided. 

C. Annotated Flood Insurance Rate Maps (7.3) 

Flood Insurance Rate Maps, Panels 0770E and 0790F, have been annotated with 
the proposed 100-year floodplain. These two panels are included on the following 
pages. The annotated Work Study map is included as well. 

FLOODING SOURCE 

D. Flood Profiles (7.4) 

SECTION 

AV (13.4) 
AW (13.86) 
AX(14.3)- 

A revised Flood Profile is included. 

DISTANCEI 

13.38 
13.84 
14.28 

FLOODWAY 

I ~ i l e s  above confluence with New River 
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WF;H 
932 
1524 

, 950 

BASE FLOOD 
WATER-SURFACE ELEVATION 

(feet NGVD) 

FEDERALEMERGENCYMANAGEMENTAGENCY 

MARICOPA COUNTY, AZ 
AND INCORPORATED AREAS 

REGULATORY 

1 537.9 
1555.3 

, 1574.1 

REVISED FLOODWAY DATA 
- 

SKUNK CREEK 

SECTION 
AREA 
(sq. f-t.) 
3855 
2981 

, 3049 , 

MEAN 
VELOCITY 

(Ws) 
6.9 
9 

8.8 

WITHOUT 
FLOODWAY 

1537.9 
1555.3 

, 1574.1 , 

FLOODWAY 
*ITH 

1538.8 
1555.5 
1575 

INCREASE 

0.9 
0.2 
0.9 
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FLOODING 

CROSS 
SECTION 

Skunk Creek 
(cont 'd)  

AV 
A W 
AX 
AY 
AZ 
B A 
BB 
BC 
BD 
BE 
BF 
BG 
BH 
BI 
BJ 
BK 
BL 
BM 
BN 
BO 
BP 
BQ 
BR 
B S  
BT 
BU 

l ~ i l e s  Above 

SOURCE 

D'S~~NCE'  

13.38 
13.84 
14.28 
14.72 
15.04 
15.39 
15.73 
16.05 
16.25 
16.66 
16.94 
17.16 
17.37 
17.63 
17.93 
18.21 
18.47 
18.72 
18.93 
19.24 
19.60 
19.90 
20.23 
20.60 
20.97 
21.24 

Confluence w i t h  

WIDTH 
(FEET) 

932 
1,524 
950 
356 
4 18 
374 
639 
300 
282 
650 
641 
953 
7 65 
757 
750 
700 
643 
745 
841 
635 
746 
683 
1,205 
885 
67 0 
745 

New River 

FEDERAL EMERGENCY MANAGEMENT AGENCY 

MARICOPA COUNTY, ARIZONA 
AND INCORPORATED AREAS 

\ 

BASE FLOOD i 

FLOODWAY DATA (REVISED) 

SKUNK CREEK 

FLOODWAY 

SECTION AREA 
(SQUARE FEET) 

(REVISED) 

3659 (3855) 
3993 (2981) 
2810 (3049) 

2,081 
2,352 
2,264 
3,750 
2,140 
1,666 
2,992 
2,211 
2,912 
3,086 
3,353 
3,439 
2,938 
2,780 
2,612 
3,403 
2,449 
3,467 
3,193 
4,249 
3, 712 
3,437 
3,219 

REGULATORY 

(REVISED) 

1537.7 (1537.9) 
1555.7 (1555.3) 
1574 (1574.1) 

1,591.1 
1,602.4 
1,616.9 
1,630.0 
1,643.8 
1,651.8 
1,668.2 - 
1,684.2 
1,694.4 
1,704.7 
1,717.2 
1,729.8 
1,741.7 
1,750.9 
1,760.6 
1,771.3 
1,784.8 
1,800.8 
1,814.8 
1,831.3 
1,848.8 
1,866.2 
1,880.9 

MEAN VELOCITY 
(FEET PER 
SECOND) 

(REVISED) 

6.4 (6.9)  
5.8 (9.0)  
8.3 (8.8)  

11.2 
9.9 
10.3 
6.2 
10.9 
14.0 
7.8 
12.3 
9.4 
8.8 
8.1 
7.9 
9.4 
10.0 
10.5 
8.0 
11.1 
7.9 
8.5 
6.4 
7.4 
7.9 
8.5 

WATER-SURFACE ELEVATION 

WITHOUT 
FLOODWAY 

WITH 
FLOODWAY 

, 
INCREI 

(REVISED) 

0.8 (0 .9)  
0.6 (0 .2)  
0.8 (0 .9)  

0.1 
0.1 
0.1 
1.0 
1.0 
0.5 
0.2 
0.3 
0.5 
0.8 
0.5 
0.5 
0.0 
0.1 
0.1 
0.5 
0.0 
0.0 
0.2 
0.1 
0.7 
0.7 
0.1 

FEET 

(REVISED) 

1537.7 (1537.9) 
1555.7 (1555.3) 
1574 (1574.1) 

1,591.1 
1,602.4 
1,616.9 
1,630.0 
1,643.8 
1,651.8 
1,668.2 
1,684.2 
1,694.4 
1,704.7 
1,717.2 
1,729.8 
1,741.7 
1,750.9 
1,760.6 
1,771.3 
1,784.8 
1,800.8 
1,814.8 
1,831.3 
1,848.8 
1,866.2 
1,880.9 

(NGVD) 

(REVISED) 

1538.5 (1538.8) 
1556.3 (1555.5) 
1574.8 (1575.0) 

1,591.2 
1,602.5 
1,617.0 
1,631.0 
1,644.8 
1,652.3 
1,668.4 
1,684.5 
1,694.9 
1,705.5 
1,717.7 
1,730.3 
1,741.7 
1,751.0 
1,760.7 
1,771.8 
1,784.8 
1,800.8 
1,815.0 
1,831.4 
1,849.5 
1,866.9 
1,881.0 
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measured channel change between years of coverage may be used as the upper limit of 
possible single event change during that period, as shown in Table 3-4. Comparison 
between multiple years of aerial photograph coverage (long-term changes) are discussed 
in more detail in the next section of this chapter. 

The August 1964 flood was the largest event during the 40-year period of record, and 
occurred during the period of greatest measured channel movement on Skunk Creek. The 
1964 flood had a recurrence interval e ual to about a 25-year flood (4%). In addition, the 1 floods of September 1970 (1 5-year; 2" largest in record) and December 1967 (lo-year, 
7th largest in record) also occurred during the 1962 to 197 1 period bracketed by dates of 
aerial coverage. The October 1959 event, the third largest flood during the period of 
record, occurred just prior to the period of coverage. During the 1962 to 197 1 period, the 
maximum change in total width as expressed by the distance between the furthest left and 
hrthest right banks or braids was 414 feet on Skunk Creek. This width change was due to 
development of an avulsion channel in what was an overbank floodplain prior to 1962. 
Therefore, the upper limit of single event erosion on Skunk Creek was taken to be about 
400 feet. 

Table 3-4. Skunk Creek Watercourse Master Plan 
Maximum Channel Width Change & Thalweg Movement - Skunk Creek & Sonoran Wash 

Given that the largest measured width change on Sonoran Wash occurred between 197 1 
and 1988, it may be assumed that the flood peaks and lateral channel movement are not 
typically coincident on Skunk Creek and Sonoran Wash. During this period, the 
maximum measured change in width was 32 feet, which is therefore the assumed upper 
limit of measured single event channel change. Field evidence suggests that larger 
avulsive channel changes have occurred in the recent past, but that those larger changes 
probably occurred prior to the period of coverage by historical aerial photographs. 

Skunk Creek Watercourse Master Plan 
JE Fuller1 Hydrology & Geomorphology, Inc. 

Time Period 
(Dates of 

Coverage) 
1962- 197 1 

1971-1988 

Time Period 
(Dates of 

Coverage) 
1962-1971 

Large Floods During Period Average' 
Width 

Change 
30 

3 

Sonoran Wash 

Stream 
Name 

Skunk Creek 

Sonoran Wash 

Measured thalweg movement within error of measurement. 

Maximum' 
Width 

Change (ft.) 
414' 

32 

Recurrence 
Interval 

25 Yr 
< 10 yr 

15 yr 

Date(s) 

1964 
1967 
1970 

Notes: 
I .  Average width change during period of maximum width change. 
2. Flood record available only for Skunk Creek. No gauge existed on Sonoran Wash. 
3. Width measured from furthest left bank to furthest right bank, includes widest braids. 
4. 414 ft. estimate width change for Skunk Creek represents - probable avulsion. - - -- 

Stream 
Name 

Skunk Creek 

Peak 
Discharge 
1 1,500 cfs 
5,900 cfs 
9,650 cfs 

Maximum 
Thaiweg 

Change (ft.) 
414 ' 

No records available for Sonoran 
No floods > 10-year on Skunk ~ k . '  

Large Floods During Period 
Recurrence 

Interval 
25 yr 

< lOyr  
15 yr 

Date(s) 

1964 
1967 
1970 

Peak 
Discharge 
1 1,500 cfs 
5,900cfs 
9,650 cfs 



Figure 4-84. Longitudinal Profile of Skunk Creek 

21 00 

Table 4-4. Skunk Creek Watercourse Master Plan 
Topographic Data Used for Skunk Creek Longitudinal Profile Analysis 

1500 
0 10000 20000 30000 40000 50000 60000 70000 80000 

Distance Above CAP (ft) 

Skunk Creek. The following conclusions about lateral stability and erosion hazards can 
be drawn from the longitudinal profile of Skunk Creek, as shown in Figure 4-84: 

Date 

1995 

1996 
1999 

Profile Shape. The longitudinal profile of Skunk Creek has a concave up shape, 
which is typical of most alluvial  stream^.^ The concave profile shape is due to the 
decrease in channel slope in the downstream direction. Channel slope ranges from 
0.0093 fi./fi. from New River Road to Desert Hills Drive, to 0.0089 fi./ft. from Desert 
Hills Drive to the Carefree Highway, to 0.0075 ft./ft. from Carefree Highway to the 
CAP overchute. The profile shape indicates that downstream reaches of Skunk Creek 
will tend to transport less sediment than upstream reaches, and will consequently be 
subject to deposition of coarse grained sediments during floods. 
Profile Irregularities. The longitudinal profile of Skunk Creek downstream of the 
Carefree Highway and at the Cline Creek confluence has a jagged, irregular shape 
which is in contrast to the relatively smooth profile elsewhere within the study reach. 
A stream which has achieved some level of equilibrium will have a smooth 
longitudinal profile that indicates water and sediment continuity between cross 

Extent 

CAP to Desert Hills Rd. 
Honda Bow Rd. to New River Rd. 
Desert Hills Rd. to Honda Bow Rd. 
CAP to study limit 

Some aggrading streams and channels on some alluvial fans have concave down profiles. 

Source 

FCDMC 

Erie 
Tetra Tech 

Skunk CreekJSonoran Wash Watercourse Master Plan 
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Stream 
Name 

Skunk Creek 

Skunk Creek 
Sonoran Wash 

Scale 

1:2,400 

1:1,200 
1:2,400 

Contour 
Interval 

2 ft. 

lft. 
2 ft. 



pattern was better adjusted to a less frequent flow event. Tables 4-9 and 4-10 compare 
the predicted channel pattern (braided, intermediate, meandering, single channel, etc.) 
with the channel pattern observed in the field and on aerial photographs. The predicted 
channel pattern was indicated by applying the equations described in the previous 
paragraphs. 

Skunk Creek. As shown in Table 4-9, the channel pattern equations generally predict a 
straight braided channel pattern for Skunk Creek, with a slight trend toward a less braided 
pattern with increasing discharge. The coarse bed material in Skunk Creek may inhibit 
the expression of classic braided channel characteristics. The channel pattern predictions 
for Skunk Creek are shown graphically in Figures 4-96 to 4-99. Based on the data shown 
in Table 4-9, slightly less braiding should be expected along Skunk Creek in the hture if 
peak discharges increase, and all other input parameters remain unchanged. 

Sonoran Wash. As shown in Table 4- 10, the channel pattern equations generally predict 
an intermediate or inconsistent channel pattern for Sonoran Wash, with no clear trend 
with recurrence interval. This prediction generally conforms to field observations of a 
relatively narrow single channel that is weakly braided at flow expansions and where 
overflow channels form. Although field observations suggest that Sonoran Wash 
becomes more strongly braided in the CAP backwater area (Reach l), the data in Table 4- 
10 indicate the long-term equilibrium channel pattern may be meandering for this reach 
because of the flatter slope. Slight changes in discharge and/or sediment supply could 
cause significant changes in channel pattern on Sonoran Wash. 

Skunk CreekISonoran Wash Watercourse Master Plan 
J E  Fuller1 Hydrology & Geomorphology, Inc. 



Reach 2. Net long-term degradation is predicted for reach 2. The average equilibrium 
slope computed using the 2-year discharge is approximately equal to the existing 
channel slope, a result which indicates overall stability. 

Reach 1. Aggradation during small floods and degradation during large floods is 
predicted by the equilibrium slope equations for Reach 1. Note that the equilibrium 
slope equations do not explicitly consider the effects of backwater at the CAP 
overchute, which is likely to induce deposition during the largest events. 

Sonoran Wash. As shown in Table 5-13, the predicted equilibrium slope trends for 
Sonoran Wash are generally consistent throughout all six study reaches. A strong trend 
toward aggradation during small and moderate floods is predicted, with a slightly less 
strong trend toward aggradation during the largest floods. The equilibrium slope 
equations which assume no sediment inflow uniformly predict long-term degradation, 
underscoring the importance of watershed management in maintaining channel stability. 

Summary. The scour and deposition caused by the channel's adjustment to its 
equilibrium slope will be limited to a reach length sufficient for the channel to regain a 
sediment transport balance. In general, long-term aggradation is predicted for the periods 
dominated by small floods, with long-term degradation more likely to occur during 
periods dominated by large floods. The greatest amount of expected slope adjustments 
will occur in the reaches disturbed by bridge construction. In the bridge reaches, the 
equilibrium slope equations predict long-term aggradation. The actual magnitude of the 
expected bed elevation changes will be based in part on the potential for armoring, 
sediment supply, and the magnitude and frequency of the flows experienced in the future. 

Skunk Creek Watercourse Master Plan 
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Sonoran Wash. As shown in Table 5-20, annoring would have no impact on long-term 
slope adjustments since aggradation (last column) is predicted for most of Sonoran Wash. 
In reach 2, where some long-term degradation is predicted for the 10- and 100-year 
events, armoring would not prevent the possible long-term bed elevation change. Short 
term scour will be prevented by armoring in reaches 2 to 6 during a 2-year event, in 

Table 5-19. Skunk Creek Watercourse Master Plan 
Comparison of Armoring, Scour, and Equilibrium Slope Estimates - Skunk Creek 

Skunk Creek Watercourse Master Plan 
JE Fuller1 Hydrology & Geomorphology, Inc. 

QlOO 
SR I 2.6 Yes 

5 
Slope Adjustments 
1000 ft. I 5000 ft. - 

1 - 
Reach 

3 
Scour 

Depth (ft) 

2 
Depth to 

Armor (ft) 

4 
Stable Slope 

Regime I Actual 

6 
Armor v. 

Scour 

7 
Armor v. 

Slope 





Appendix E: 

Hydraulic Analysis Supporting Documentation 

a 

Tetra Tech, Inc. 



Appendix E. 1 : 

Aztec Roadway Plans 



TAPER CONTROL POINTS 
.POINT NO. NORTHING EASnNG REMARKS . 

109 1003075.492 63681 4.065 BEGIN TAPER 
110 1003072.360 636843.785 END TAPER - 
11 1 1003077.832 636886.837 BEGIN TAPER 
1 12 1003080.335 636892.959 END TAPER 







Appendix E.2: 

HEC-2 InputlOutput Files 
1. Existing FEMA 
2. Revised Existing 

3. New Bridge 



* HEC-2 WATER SURFACE PROFILES * 
* * 
* Version 4.6.2; May 1991 * 
* * 
* RUN DATE 24SEP03 TIME 16:55:27 * 
........................................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET, SUITE D * 
* DAVIS, CALIFORNIA 95616-4687 * 
* (916) 756-1104 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ORIGINAL FEMA FLOOD INSURANCE STUDY INPUT AND OUTPUT FILE 
REPRINTED BY TETRA TECH, INC. ON 9/2/03 
9.29/03 PRINT FILE EDITED TO DELETE SECTIONS ABOVE 14.3 

-- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HEC-2 WATER SURFACE PROFILES 

X X xxxxxxx xxxxx XXXXX 
X X X X X X X 
X X X X X 
XXXXXXX XXXX X XXXXX XXXXX 
X X X X X 
X X X X X X 
X X XXXXXXX XXXXX XXXXXXX 

PAGE 1 

Version 4.6.2; May 1991 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FILE NAME: SKUNKCK.DAT 

COMPLETE HEC-2 MODEL FOR ENTIRE SKUNK CREEK FLOODPLAIN DELINEATION STUDY 
HEC ANALYSIS INCLUDES SECTIONS 13.00 TO 17.95 (FLOODPLAIN ANALYSIS ONLY) 
MONTGOMERY WATSON ANALYSIS INCLUDES SECTIONS 18.09 TO 20.62 AND 22.96 TO 
CASTRO FLEET ANALYSIS (DEL WEBB) INCLUDES SECTIONS 20.64 TO 22.95 

SPLIT FLOW BEING PERFORMED 

THIS RUN EXECUTED 24SEP03 16:55:27 

SF SPLIT FLOW FROM SECTIONS 13.02 TO 13.28 

TW 1-17 SPLIT FLOW 



WEIR FLOW OCCURS ALONG 1-17 BETWEEN CROSS-SECTIONS 13.02 & 13.28 
FLOW WEIRS OVER THE NORTH BOUND LANES OF 1-17 AND ALSO OVER THE 
EMBANKMENT INTO THE CENTRAL ARIZONA PROJECT CANAL 

WS 11 13.02 13.28 - 1 2.6 
WC 0 1527.2 490 1526.1 725 1526 780 1524.5 830 1526 
WC 855 1526.7 995 1528 1230 1530 1515 1532 1750 1534 
WC 1840 1534.5 
1 

24SEP03 16:55:27 

T1 SKUNK CREEK FLOODPLAIN AND FLOODWAY DELINEATION (METHOD 1) 
T2 100-YEAR FREQUENCY DATE: FEBRUARY 1998 
T2 RUN INCORPORATING FCDMC'S AND FEMA'S REVISIONS AT NEW RIVER ROAD BRIDGE 
T 3 MONT. WAT. AND HEC 

J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

2 1522.96 

J2 NPROF I PLOT PRFVS XSECV XSECH EN ALLDC I BW CHNIM ITRACE 

1 -1 

J3 VARIABLE CODES FOR SUMMARY PRINTOUT 

3 8 43 1 8 42 3 2 
53 4 54 110 115 150 200 

SPLIT FLOW ANALYSES AT CAP CANAL & CAREFREE HWY 
NO FLOODWAY ANALYSIS PERFORMED FOR CROSS SECTIONS 13.00 TO 13.28 
DUE TO WEIR FLOW AND PONDING OF WATER UPSTREAM OF THE CAP CANAL BERM. 
THE FLOODWAY CONCEPT IS NOT APPLICABLE FOR THIS REACH. 
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2 15700 15700 
.025 .025 .025 . 3  .5 

9.1 9.1 9820 10065 
DOWNSTREAM OF BRINK OF CAP OVERCHUTE NO.l (BOR STA 470+80) 
OVERFLOW DISCHARGE HAS BEEN ADJUSTED TO ACCOUNT FOR SPLIT FLOW TO CAP 
OVERCHUTE N0.2 (BOR STA 492+04) 

13.00 8 9820 10065 
1527.0 7780 1518.5 7780.5 1518.5 7939.5 1527.0 7940 1527.0 9820 
1518.5 9820.5 1518.5 10064.5 1527.0 10065 

9.1 9.1 9820 10065 
UPSTREAM ENTRANCE TO CAP OVERCUTE NO.l 

13.02 8 9820 10065 120 120 120 
1527.0 7780 1519 7780.5 1519 7939.5 1527.0 7940 1527.0 9820 
1519 9820.5 1519 10064.5 1527.0 10065 



NEW 
13.16 
1534 
1528 
152 6 

1526.5 
1526 
1528 
1522 
1524 

1523.2 
1525.8 

.042 .052 .1 .3 
9.1 9.1 

CROSS SECTION:  GR CARD DATA DEVELOPED FROM TOPOGRAPHIC MAPS 
53 9953 10288 420 425 

7863 1532 8128 1530 8316 
8791 1528.3 8868 1528 8888 
9169 1526.2 92 19 1526 9255 
9421 1526 9442 1525.5 9459 
9721 1525 9736 1526 9751 
9943 1526 9953 1524 9963 
10001 1524 10043 1524.5 10093 
10215 1523 10220 1524 10225 
10250 1524 10255 1526 10273 
10323 1526 10349 1528 10689 
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GR 1527.5 10784 1528 10793 1529.8 10816 
CROSS-SECTION AT WHICH FLOWS TO CAP OVERCHUTES 1 AND 2 RECOMBINE 
WSEL MATCHES AT THIS CROSS-SECTION 
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9 'ZSST 
9 'PSST 
9'TSST 
E'ESST 
P'ESST 
Z'ESST 
6-ESST 
8'6PST 
6' ZSST 
0' LSST 
1. LSST 
T.SSST 
T' ZSST 
P'ZSST 

6'OSST 
9 'TSST 
0'6PST 
T'TSST 
9'ESST 
P'ESST 
9'ESST 
Z'ESST 
P'TSST 
P'LSST 
6'9SS1 
6 ' SSST 
L'TSST 
6' ESST 
1.6601 

6PTOT 
OOOOT 
9166 
2686 
OLL6 
PE96 
ETS6 
6266 
6LE6 
E9Z6 
ZL06 
5688 
6SL8 
0098 
OSOT 

MOT3 NIY6N03 

E'bSST E800T 9'SSST ZPOOT L'SSST 
E'9PST I666 9'LPST 1866 P'OSST 
0'6PST 6166 8'TSST S886 E'ESST 
S'ZSST TE86 Z'TSS1 6186 8'TSST 
9 ' ZSST 6EL6 P'ESST LZL6 S. ZSST 
S'ESST ET96 E'ESST SO96 6 ' ZSST 
0 ' FSST 6666 8'6PST ZLP6 E'6PST 
E ' ESST OZP6 6'TSST 9T66 L' ZSST 
S'ZSS1 PPE6 S'ESST OEE6 1'9SST 
E'LSST ZPZ6 9'9SST EZZ6 E'LSST 
T'9SST ZZ06 S'SSST SL68 0' SSST 
T'SSST E988 E ' PSST LT88 S'TSST 
9 ' OSST 6PL8 S'TSST 80L8 9 ' TSST 
O'ESST OSS8 0'6SST ZTZ8 0'9SST 
0901 ZPOOT OEE6 06 98'ET 
06 a3M3XS X3ddW TVIX3Y A 8  a3aIAOXd NOI633S-SS083 

T.L T.6 ZEZOT 

9P80T S'6PST PEL01 P'6bST 83 
6'6PST Z6SOT 8'66ST LSSOT S'6PST 83 
9' ZPST ZbPOT 6 ' ZPST OEPOT 6'EPST 83 
L'9PST LSEOT E'LPST PZEOT E'LPST 83 
T'96ST E6T01 9'9PST LLTOT Z'9PST X3 
Z' LPST 61101: 0'9PST 80101 9'9PST X3 
O'EPGT ST001 6 'EPST 9000T EaZPST 83 

6'6PST 
9 '8657: 
9'SPST 
6 '9627: 
E'9PST 
S'EPST 

96901 
S9POT 
6LEOT 
LOZOT 
EETOT 
SSOOT 

EOd3SPZ 
T 

L'9PST 83 
E'SPST x3 
L'9PST 83 
E'EPST x3 
Z'ZPST a3 
P'SPST X3 
E S P  83 
T'9bST X3 
L'EPST 83 
8'SPST 83 
E'8PST 83 
P'86ST 83 
99'ET TX 

A 3  

T .ZPST 
S' LPST 
0'9PST 
9'9PST 
8' ZPST 
S'OPST 
T'PPST 
L' SPST 
E'SPST 
T'EPST 
0'9PST 
Z'86ST 

E660T 
Z080T 
P6POT 
08EOT 
OLZOT 
16101 
86001 
OTOOT 

E'SPST 
8'PPST 
O'EPST 
6. LEST 
T'TPST 
S'6EST 
Z'TPSS 
b'8EST 

58601 
EPLOT 
9SPOT 
OLEOT 
Z9ZOT 
9LTOT 
S900T 
OOOOT 

T'SPST 
Z'SPST 
9 ' ZPST 
&'LEST 
P'TPST 
T'TPST 
E'TPS1 
Z'SEST 

EL601 
08901 
ZEPOT 
6PEOT 
EEZOT 
OSTOT 
PSOO? 
8866 

T 'PPST 
O'SPST 
O'TPST 
P'TPST 
Z'6EST 
L' ZbST 
S'OPST 
8 ' SEST 

LO601 
EZ90T 
EObOT 
LOEOT 
6TZOT 
ZETOT 
SPOOT 
S966 

Z'PPST 
S'bPST 
9 '8EST 
E'ZPST 
L' LEST 
E-TPST 
6'OPST 
8'TPST 

9S80T 
OSSOT 
P6EOT 
€8201 
80ZOT 
EZTOT 
TEOOT 

9' PPST 
P'PPST 
0' LEST 
0 - ZPST 
L'8EST 
8'TPST 
8'06ST 



9.1 7.1 
CROSS-SECTION PROVIDED BY AERIAL MAPPER SKEWED TO CONTAIN FLOW 

14.07 6 5 9879 10059 1050 1100 
1565.4 8530 1564 8652 1562 8685 
1562 8920 1562.4 9043 1562.8 9116 

1562.8 9250 1563.3 9286 1563.7 9321 
1561.5 9417 1561.4 94 62 1562.3 9530 
1562.0 9614 1562.3 9680 1563.1 9746 
1564.3 9879 1560.9 9898 1561.4 9904 
1558.9 9959 1557.5 9972 1557.5 9978 
1562.6 10040 1564.5 10059 1564.0 10077 
1562.6 10166 1562.7 10176 1562.2 10201 
1563.1 10300 1563.0 10338 1563.2 10381 
1563.1 10408 1563.1 10454 1563.1 10499 
1566.0 10608 1565.9 10656 1565.8 10710 
1564.3 10848 1564.8 10873 1565.1 10923 

The following GR record has been modified as per discussion with the 
FEMA technical evaluator. From station 8450 to station 9500, the 
elevations are read from the topographic map. From station 9563 to 
station 11361, the elevations remain the same as provided by the 
Aerial Mapping Company, Inc (AMCI) (March 17, 1998) . 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV 
Q QLOB QCH QROB ALOB ACH AROB 
TIME VLOB VCH VROB XNL XNCH XNR 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT 

CCHV= .3 0 0 CEHV= .500 
*SECNO 13.000 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 9820.0 10065.0 TYPE= 1 TARGET= 
13.000 4.48 1522.98 1522.98 1522.98 1525.23 2.25 

13163.1 .O 13163.1 .O .O 1093.2 .O 
.OO .OO 12.04 .OO .OOO .025 .OOO 

.005829 0. 0. 0. 0 4 0 

3301 HV CHANGED MORE THAN HVINS 

3470 ENCROACHMENT STATIONS= 9820.0 10065.0 TYPE= 1 TARGET= 
13.020 5.39 1524.39 1523.47 1524.39 1525.94 1.55 
13163.1 .O 13163.1 .O .O 1316.1 .O 

.OO .OO 10.00 .OO .OOO .025 .OOO 
.003171 120. 120. 120. 19 5 0 

3301 HV CHANGED MORE THAN HVINS 

3470 ENCROACHMENT STATIONS= 9537.0 10350.0 TYPE= 1 TARGET= 
13.040 7.85 1525.95 .OO 1525.95 1526.53 .58 

13163.1 .O 13163.1 .O .O 2145.5 .O 
.O1 .OO 6.14 .OO .OOO .040 .OOO 

.002864 100. 100. 100. 5 0 0 

HL . OLOSS L-BANK ELEV 
VOL TWA R-BANK ELEV 
WTN ELMIN SSTA 
CORAR TOPWID ENDST 

3470 ENCROACHMENT STATIONS= 



PAGE 41 

SECNO DEPTH CWSEL CRIWS EG HV HL OLOSS L-BANK ELEV WSELK 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .64 

3470 ENCROACHMENT STATIONS= 9421.0 10816.0 TYPE= 1 TARGET= 1395.000 
13.160 6.64 1528.14 .OO 1528.14 1528.50 .36 1.32 .05 1526.00 

13163.1 3734.2 7775.9 1652.9 891.0 1437.7 529.6 55.2 17.0 1526.20 
.05 4.19 5.41 3.12 .038 .052 .042 .OOO 1521.50 9421.00 

.005155 420. 421. 425. 3 0 0 .OO 1310.31 10794.75 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 9537.0 10802.0 TYPE= 1 TARGET= 1265.000 
13.280 9.91 1532.51 1532.24 1532.51 1533.21 .70 4.61 .LO 1530.90 
15700.0 2428.2 8742.6 4529.2 306.9 1283.2 794.6 88.6 33.0 1531.20 

.07 7.91 6.81 5.70 .038 .052 .042 .OOO 1522.60 9537.00 
.013778 390. 600. 610. 11 12 0 .OO 1230.26 10801.64 

3265 DIVIDED FLOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.38 



SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 8335.0 10646.0 TYPE= 1 TARGET= 2311.000 
13.660 7.45 1547.65 .OO 1547.65 1548.17 .52 4.47 .01 1545.40 

23300.0 13742.7 9557.3 .O 2066.5 2253.0 .O 272.2 112.0 1548.60 
.17 6.65 4.24 .OO .038 .052 .OOO .OOO 1540.20 8570.05 

.007557 500. 549. 540. 3 0 0 .OO 1912.62 10482.67 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 8211.0 10433.0 TYPE= 1 TARGET= 2221.000 
13.860 9.43 1555.73 .OO 1555.73 1556.28 .55 8.10 .01 1556.10 

23300.0 8959.8 13139.5 1200.7 1371.1 2351.5 249.6 372.5 155.9 1555.70 
.22 6.53 5.59 4.81 .038 .052 .042 .000 1546.30 8257.22 

.007811 1060. 1049. 1050. 5 0 0 .OO 1715.14 10262.97 
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3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 



SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

14.300 14.39 1573.99 1573.99 1573.99 1574.90 .91 9.15 .09 1571.60 
23300.0 4606.0 9236.3 9457.8 1110.2 889.1 1723.4 567.5 251.5 1570.00 

.31 4.15 10.39 5.49 .038 .052 .042 .OOO 1559.60 8677.95 
.008053 1010. 1214. 1210. 10 22 0 .OO 2146.54 10865.72 

TW 1-17 SPLIT FLOW 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER DSWS USWS DSSNO USSNO 
2536.95 2538.56 .06 2536.95 2538.56 .06 5 1524.387 1532.511 13.020 13.280 

T1 Floodway Run - Method 1 
T2 Date: 4-25-97 
T 3 Floodway Run - Method 1 

J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 
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J2 NPROF I PLOT PRFVS XSECV XSECH EN ALLDC I BW CHNIM ITRACE 

2 - 1 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV 
Q QLOB QCH QROB ALOB ACH AROB 
TIME VLOB VCH VROB XNL XNCH XNR 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT 

CCHV= .3 00 CEHV= .500 
*SECNO 13.000 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 9820.0 10065.0 TYPE= 1 TARGET= 
13.000 4.48 1522.98 1522.98 1522.98 1525.23 2.25 

13163.1 .O 13163.1 .O .O 1093.2 .O 
.OO .OO 12.04 .OO .OOO .025 .OOO 

.005829 0. 0. 0. 0 4 0 

3301 HV CHANGED MORE THAN HVINS 

3470 ENCROACHMENT STATIONS= 9820.0 10065.0 TYPE= 1 TARGET= 
13.020 5.39 1524.39 1523.47 1524.39 1525.94 1.55 

13163.1 .O 13163.1 .O .O 1316.1 .O 
.OO .OO 10.00 .OO .OOO .025 .OOO 

-003171 120. 120. 120. 19 5 0 

3301 HV CHANGED MORE THAN HVINS 

3470 ENCROACHMENT STATIONS= 9537.0 10350.0 TYPE= 1 TARGET= 
13.040 7.85 1525.95 .OO 1525.95 1526.53 .58 
13163.1 .O 13163.1 .O .O 2145.5 .O 

.01 .OO 6.14 .OO .OOO .040 .OOO 
.002864 100. 100. 100. 5 0 0 

HL OLOSS L-BANK ELEV 
VOL TWA R-BANK ELEV 
WTN ELMIN SSTA 
CORAR TOPWID ENDST 



3470 ENCROACHMENT STATIONS= 9550.0 10679.0 TYPE= 1 TARGET= 1129.000 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .64 

3470 ENCROACHMENT STATIONS= 9421.0 10816.0 TYPE= 1 TARGET= 1395.000 
13.160 6.64 1528.14 .OO 1528.14 1528.50 .36 1.32 .05 1526.00 

13163.1 3734.2 7775.9 1652.9 891.0 1437.7 529.6 55.2 17.0 1526.20 
.05 4.19 5.41 3.12 .038 .052 .042 .OOO 1521.50 9421.00 

.005155 420. 421. 425. 3 0 0 .OO 1310.31 10794.75 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 9537.0 10802.0 TYPE= 1 TARGET= 1265.000 
13.280 9.91 1532.51 1532.24 1532.51 1533.21 .70 4.61 .10 1530.90 

15700.0 2428.2 8742.6 4529.2 306.9 1283.2 794.6 88.6 33.0 1531.20 
.07 7.91 6.81 5.70 .038 .052 .042 .OOO 1522.60 9537.00 

.013778 390. 600. 610. 11 12 0 .OO 1230.26 10801.64 

*SECNO 13.400 
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.06 
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3470 ENCROACHMENT STATIONS= 9670.0 10602.0 TYPE= 1 TARGET= 932.000 
13.400 11.73 1538.53 .OO 1538.53 1539.16 .63 5.94 .01 1537.60 



SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3470 ENCROACHMENT STATIONS= 9236.0 10494.0 TYPE= 1 TARGET= 1258.000 
13.550 11.86 1544.06 .OO 1544.06 1544.57 .51 5.40 .01 1543.10 

23300.0 6635.7 16664.3 .O 1070.2 3003.7 .O 203.8 68.6 100000.00 
.14 6.20 5.55 .OO .038 .052 .OOO .OOO 1532.20 9236.00 

.006590 740. 787. 850. 2 0 0 .OO 1258.00 10494.00 

3470 ENCROACHMENT STATIONS= 9055.0 10482.0 TYPE= 1 TARGET= 1427.000 
13.660 7.99 1548.19 .OO 1548.19 1548.78 .59 4.19 .02 1545.40 

23300.0 7899.8 15400.2 .O 1084.4 2801.5 .O 252.8 85.1 100000.00 
.16 7.28 5.50 .OO .038 .052 .OOO .OOO 1540.20 9055.00 

.009491 500. 549. 540. 4 0 0 .OO 1427.00 10482.00 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 8708.0 10232.0 TYPE= 1 TARGET= 1524.000 
13.860 10.01 1556.31 .OO 1556.31 1556.86 .55 8.07 .OO 1556.10 

23300.0 6204.5 15415.5 1680.1 889.7 2760.6 342.8 347.9 117.8 1555.70 
.21 6.97 5.58 4.90 .038 ,052 .042 .OOO 1546.30 8708 .OO 

.006323 1060. 1049. 1050. 6 0 0 .OO 1282.28 10232.00 
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3470 ENCROACHMENT STATIONS= 8805.0 10529.0 TYPE= 1 TARGET= 1724.000 
14.070 7.08 1564.58 .OO 1564.58 1565.25 .67 8.36 .04 1564.30 

23300.0 14668.2 5662.9 2968.8 2230.0 774.5 657.0 444.1 155.3 1564.50 
.26 6.58 7.31 4.52 .038 .052 .042 .OOO 1557.50 8805.00 

.009427 1050. 1134. 1100. 5 0 0 .OO 1724 .OO 10529.00 



*SECNO 14.300 

3301 HV CHANGED MORE THAN HVINS 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC I CONT CORAR TOPWID ENDST 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 9210.0 10160.0 TYPE= 1 TARGET= 950.000 
14.300 15.16 1574.76 1574.76 1574.76 1576.12 1.36 10.07 .21 1571.60 

23300.0 7609.7 11066.6 4623.8 1293.7 969.7 546.9 526.0 188.3 1570.00 
.29 5.88 11.41 8.46 .038 .052 .042 .OOO 1559.60 9210.00 

.008656 1010. 1214. 1210. 10 14 0 .OO 950.00 10160.00 

TW 1-17 SPLIT FLOW 

ASQ QCOMP ERRAC TASQ TCQ TABER NITER DSWS USWS DS SNO USSNO 
2536.95 2538.56 .06 2536.95 2538.56 .06 5 1524.387 1532.511 13.020 13.280 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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PAGE 116 

THIS RUN EXECUTED 24SEP03 16:55:32 

NOTE- ASTERISK ( * )  AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST 



MONT. WAT. AND HEC 

SUMMARY PRINTOUT 

SECNO Q CWSEL DEPTH ELMIN EG CRIWS VCH 10*KS XLCH SSTA TOPWID ENDST 

PAGE 117 

SECNO Q CWSEL DEPTH ELMIN EG CRIWS VCH 10*KS XLCH SSTA TOPWID ENDST 



2 4 S E P 0 3  1 6 : 5 5 : 2 7  PAGE 1 2 4  

MONT. WAT. AND HEC 

SUMMARY PRINTOUT TABLE 1 1 0  

SECNO CWSEL DIFKWS EG TOPWID QLOB QCH QROB PERENC STENCL STCHL STCHR STENCR 

2 4 S E P 0 3  1 6 : 5 5 : 2 7  PAGE 1 3 2  

MONT. WAT. AND HEC 

SUMMARY PRINTOUT TABLE 1 5 0  



SECNO XLCH ELTRD ELLC ELMIN CWSEL CRIWS VCH AREA .0 1K 

3722.61 2596.40 
2810.28 2504.38 

PAGE 140 

MONT. WAT. AND HEC 

SUMMARY PRINTOUT TABLE 150 

SECNO Q CWSEL I I I F W S P  DIFWSX DIFKWS TOPWID XLCH 



SUMMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO= 13.000 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 13.000 PROFILE= 2 CRITICAL DEPTH ASSUMED 

WARNING SECNO= 13.160 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 13.160 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 13.400 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 13.400 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

PAGE 148 

CAUTION SECNO= 14.300 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 14.300 PROFILE= 1 MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 14.300 PROFILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 14.300 PROFILE= 2 MINIMUM SPECIFIC ENERGY 



PAGE 155 

Floodway width summary: MONT. WAT. AND HEC 
Profile No. 2 

Left Sta 
Left Distance 

Section Elevation Top Encroach From 
Number Increase Width Station Center 

13.000 .OO 245.00 9820.00 122.50 
13.020 .OO 245.00 9820.00 122.50 
13.040 .OO 813.00 9537.00 388.50 
13.080 .OO 1129.00 9550.00 348.50 
13.160 .OO 1395.00 9421.00 699.50 
13.280 .OO 1265.00 9537.00 353.50 
13.400 .81 932.00 9670.00 324.50 
13.550 .97 1258.00 9236.00 855.00 
13.660 .54 1427.00 9055.00 926.50 
13.860 .58 1524.00 8708.00 978.00 
14.070 .16 1724.00 8805.00 1164.00 
14.300 .78 950.00 9210.00 765.00 

Right Sta 
Distance 

Center From 
Station Center 

9942.50 122.50 
9942.50 122.50 
9925.50 424.50 
9898.50 780.50 
10120.50 695.50 
9890.50 911.50 
9994.50 607.50 
10091.00 403.00 
9981.50 500.50 
9686.00 546.00 
9969.00 560.00 
9975.00 185.00 

FLOODWAY DATA, MONT. WAT. AND HEC 
PROFILE NO. 2 

- - - - - - - FLOODWAY ------- WATER SURFACE ELEVATION 
STATION WIDTH SECTION MEAN WITH WITHOUT DIFFERENCE 

AREA VELOCITY FLOODWAY FLOODWAY 

Right 
Encroach 
Station 

- - - - - - - - - 
10065.00 
10065.00 
10350.00 
10679.00 
10816.00 
10802.00 
10602.00 
10494.00 
10482.00 
10232.00 
10529.00 
10160.00 

PAGE 158 



* HEC-2 WATER SURFACE PROFILES 
* 
* Version 4.6.2; May 1991 * 
* * 
* RUN DATE 23SEP03 TIME 15:25:58 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X X XXXXXXX XXXXX 
X X X X X 
X X X X 
XXXXXXX XXXX X 
X X X X 
X X X X X 
X X XXXXXXX XXXXX 

REVISED EXISTING CONDITIONS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HEC-2 WATER SURFACE PROFILES 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER 
* 609 SECOND STREET, SUITE D * 
* DAVIS, CALIFORNIA 95616-4687 * 
t (916) 756-1104 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Version 4.6.2; May 1991 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * A * * *  

REVISED EXISTING CONDITIONS 
'SEPTEMBER 2003 SUBMITTAL TO FEMA FOR LOMR 

REVISE EXISTING CONDITIONS FOR 2001 DISCHARGE 
REVISE EXISTING CONDITIONS FOR NEW TOPOGRAPHY 
Replace section 13.66 with 13.7 (updated top0 at new bridge site) 
Adjust reach lengths (13.7 1s 129' more upstream than 13.66) 
fix starting water surface at 13.28 as downstream match sectlon 
use FIS HEC-2 discharge of 15,700 at 13.28 
starting at 13.4 use updated 100-year discharge of 26,700 
correct ET stationing for 13.7 (old-7400=new) 

T1 SKUNK CREEK HYDRAULIC ANALYSIS FOR PROPOSED NORTH GATEWAY ACCESS ROAD 
T2 100-YEAR FLOODPLAIN AND FLOODWAY 
T3 REVISED EXISTING CONDITIONS 

XXXXX 
X X 

X 
XXXXX XXXXX 

X 
X 
XXXXXXX 

PAGE 1 

J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q 

THIS RUN EXECUTED 23SEP03 15:25:58 

WSEL FQ 

1532.5 



OLOTT 
OT60T 
PPLOT 
6ESOT 
S6EOT 
69ZOT 
LLTOT 
E900T 
0866 
6686 
OLL6 
OL96 
L8Z6 
L6T6 

S90TT 
69601 
TLLOT 
PE90T 
TZPOT 
OSZOT 
OTTOT 
OOOOT 
TS86 
2896 
LOS6 
SSZ6 
ZT88 

8'8EST 
S'SEST 
E'PEST 
T'SEST 
E'SEST 
T'6ZST 
O'SEST 
T ' PEST 
Z'SEST 
6'PEST 
T 'ZEST 
9 'LEST 
S'9EST 
9EST 

6' SEST 
9'PEST 
Z'ZEST 
9 ' OEST 
T-TEST 
Z'ZEST 
Z'TEST 
9'ZZST 
L'6ZST 
Z'OEST 
L' SZST 
ZEST 
P EST 

LES6 

E6OTT 
PL80-i 
9ZLOT 
PTSOT 
6LEOT 
ZSZOT 
P9TOT 
EEOOT 
8966 
0686 
86L6 
Tb96 
LIZ6 
SST6 

Z090T 

SZOTT 
19607: 
LZLOT 
P6SOT 
68EOT 
ZZZOT 
L600T 
T666 
0686 
TL96 
68P6 
SOZ6 
LL98 

0'6EST 
S'SEST 
O'SEST 
8 ' SEST 
T ' SEST 
S'8ZST 
6'9EST 
S'PEST 
6'9EST 
E'SEST 
8'0EST 
S'LEST 
9EST 
SEST 
9'8L9 
OL96 

6'bEST 
E'EEST 
L'TEST 
E'OEST 
0' ZEST 
6 ' ZEST 
P'LZST 
6'ZZST 
P'OEST 
6'OEST 
T'OEST 
OEST 
E.PEST 
009 

ZbTTT 
LZOTT 
EE80T 
L890T 
S9POT 
T9EOT 
9bZOT 
EETO? 
OTOOT 
6E66 
0286 
?EL6 
6LP6 
S'PTZ6 
SOT6 
06s 

9 '6EST 
T'SEST 
L'PEST 
S'SEST 
L'SEST 
9'9EST 
8.9257: 
0'9EST 
L'6ZST 
T'LEST 
6'EEST 
P'LZST 
9EST 
6'SEST 
9EST 
0 S9 

S'EEST 
6'EEST 
6'6ZST 
L'GZST 
9 'TEST 
E' ZEST 
9'OEST 
9'OEST 
E'TEST 
T'OEST 
S'TEST 
E'6ZST 
Z'PEST 
06E 

OOZ OST ' STT 
9 z z E ZP 

TOTTT 
TOOT1 
L6LOT 
ES90T 
LPPOT 
6TEOT 
60ZOT 
ZOTOT 
OOOOT 
8066 
0086 
6TL6 
PT66 
ZTZ6 
OP68 
6TEOT 

ZOOTT 
68801 
L9907: 
6ZSOT 
LPEOT 
69101 
ZSOOT 
2966 
9ZL6 
LES6 
06E6 
LOT6 
L6Z8 
OTTOT 

T 'OPST 
L 'BEST 
T 'SEST 
P'SEST 
T ' SEST 
S'LEST 
Z'SEST 
€'VEST 
L' 8ZST 
5'9EST 
T 'PEST 
9 ' PEST 
S'SEST 
9EST 
8EST 
0 L96 
T*L 
00L9Z 

O'PEST 
S'EEST 
S'OEST 
T'TEST 
Z' ZEST 
Z'TEST 
D'OEST 
9 'TEST 
Z'TEST 
8'6ZST 
S'TEST 
OEST 
6'PEST 
T L96 
T.6 
ZSO ' 
OOLST 

08011 
P660T 
ZLLOT 
00901 
ZZtOT 
68201 
B6T0T 
68001 
6666 
9986 
Z8L6 
2696 
6SE6 
ZOZ6 
OZ58 
EL 

OOL9Z 

S660T 
OP80T 
PS90T 
SLPOT 
ZOEOT 
EPTOT 
PEOOT 
TO66 
60L6 
EZS6 
LEE6 
6L68 
LTZ8 
5 9 
T.6 
ZPO ' 
OOLST 

6 ' LEST 
T'SEST 
6 ' PEST 
0 'SEST 
0'9EST 
T 'LEST 
6'SEST 
E'PEST 
0'6ZST 
8 ' SEST 
0 ' OEST 
P'9EST 
9EST 
Z'9EST 
OPST 
OP'ET 

z 

EOd3SEZ 
1 

6'PEST H3 
6'ZEST X3 
O'OEST 83 
T'TEST X3 
Z'ZEST 83 
O'TEST H3 
6'ZZST X3 
6'0EST 83 
P'OEST H3 
0'9ZST X3 
Z'ZEST x3 
ZEST 83 
9EST 83 
8Z'ET T X  

13 
8EO' 3N 
z AT) 



LZOE 
1862 
S99Z 
sssz 
PEP2 
STZZ 
L9TZ 
EETZ 
OLOZ 
L06T 
TZST 

92801 
OSSOT 
P6EOT 
E8ZOT 
80ZOT 
EZTOT 
TEOOT 
OE66 
8286 
ZPL6 
Z6S6 
1566 
LST6 
S868 
L6L8 

Z'ESST 
6' ESST 
8'6PST 
6'ZSST 
O'LSST 
T'LSST 
T'SSST 
T ' ZSST 
P'ZSST 

96ST 
EPST 
EPST 
66ST 
9627. 
9PST 
ZPST 
PPST 
9PST 
9'9651 
PPST 

9'PPST 
P'PPST 
O'LEST 
0' ZbST 
L'8EST 
8.TPST 
8'0PST 
P'TPST 
L'OPST 
T'OPST 
T'EPST 
Z'OPST 
O'OPST 
9'6EST 
8'ZPST 

PTOE 
8962 
PT9Z 
OZSZ 
PZPZ 
80ZZ 
s9 z 
9ZTZ 
OEOZ 
08LT 
LTPT 

P'ESST 
9'ESST 
Z'ESST 
P'TSST 
6' LSST 
6'9SST 
P'SSST 
L'TSST 
P'ESST 
6E6 
80L8 

PPST 
6651 
EPST 
8PST 
LPST 
SPST 
9'TPST 
5651 
SPST 
9PST 
SPST 
6 59 
SS9T 

E'SPST 
8'bPST 
O'EPST 
6'LEST 
T-TPST 
5'6EST 
ZeT6ST 
b'8EST 
O'ZPST 
9'SEST 
8'6EST 
L'ZPST 
O'TPST 
P'OPST 
E'OPST 
S'EPST 
1.181 
9EZ6 

PE96 S'ESST ET96 E'ESST SO96 6 'ZSST 
ETS6 O'ESST P6b6 8.6821 ZLP6 E'6PST 
6266 E'ESST OZ66 6 'TSST 9166 L-ZSST 
6 LE6 S'ZSST PPE6 S'ESST OEE6 T.9SST 
E9 26 E'LSST ZPZ6 9 '9SST EZZ6 E'LSST 
ZL06 T'9SST 2206 SL68 O'SSST S'SSST 
S688 T'SSST €988 E' DSST LT88 S'TSST 
6SL8 9 'OSST 6PL8 S'TSST 80L8 9 'TSST 
0098 O'ESST 0558 O'PSST ZTZ8 0'9SST 
OP6 056 ZPOOT OEE6 06 98'ET 

T'L T.6 
MOT3 NIVLN03 06 a3MBXS N3ddW TFIIXSV AB a3CIIAONd NOIL33S-SSO83 

ZSO ' ZPO ' 8EO' 

SET€ 
Z66Z 
6162 
909Z 
TLPZ 
08ZZ 
oozz 
Z9TZ 
OZTZ 
LZOZ 
6Z9T 
EEET 
059 

S860T 
EPLOT 
9SPOT 
OLEOT 
Z9ZOT 
9LTOT 
S900T 
OOOOT 
LL86 
L8L6 
STL6 
OTS6 
9PE6 
1806 
0268 
8658 
058 

TSST 
PbST 
8651 
ZPST 
8PST 
LPST 
9PST 
ZPST 
66ST 
S'PPST 
SPST 
LPST 
019 

T'SPST 
Z'SPST 
9 ' ZPST 
E'LEST 
P'TPST 
T'TbST 
E'TPST 
Z'SEST 
9'TPST 
Z'ZEST 
6'TPST 
6'TPST 
S'OPST 
8'6EST 
E'TPST 
6'EPST 
OPL 

680E 
S86Z 
L69Z 
E09Z 
LPPZ 
TLZZ 
S8TZ 
OSTZ 
80TZ 
PZOZ 
EEST 
SSTT 
LZOE 

EL601 
08901 
ZEPOT 
6PEOT 
EEZOT 
OSTOT 
PSOOT 
8866 
5586 
9LL6 
8896 
LLD6 
TTE6 
OP06 
6Z68 
9668 
66POT 

0551 
EPST 
8PST 
€651 
96ST 
S6ST 
9PST 
EPST 
9PST 
SPST 
PPST 
8PST 
FETZ 
T-L 
SZO' 

T ' PPST 
O'SPST 
O'TPST 
P'TPST 
Z'6EST 
L'ZPST 
S'OPST 
8 ' SECT 
L' TPST 
6' LEST 
T'EPST 
0 ' 1651 
Z'TPST 
T'OPST 
6 'TPST 
S'PPST 
8896 
1.L 

090E 
E86Z 
EL92 
S8SZ 
TPPZ 
8ZZZ 
ELTZ 
LETZ 
L60Z 
TZOZ 
LZST 
0001 
8s 
T'6 
ZPO' 

L060T 
EZ90T 
EOPOT 
LOEOT 
6TZOT 
ZETOT 
SPOOT 
5966 
9E86 
LSL6 
2696 
P9P6 
TPZ6 
€668 
LL88 
9T68 
6L 

LPST 83 
9-ZPST 83 
6651 83 
8621 83 
L'SPST X3 
SPST 83 
EPST 83 
EPST 83 
SPST 83 
9PST 83 
E'EPST 83 
66ST 83 
L'ET T X 

&3 
8E0 ' 3N 

Z'PPST 83 
S'PPST 83 
9'8EST 83 
E'ZPST 83 
L'LEST 83 
E'TPST 83 
6'0PST 83 
8'TPST 83 
L-6EST 83 
Z'8EST X3 
E'EPST 83 
Z'TPST 83 
8'OPST 83 
T'OPST 83 
Z'ZPST 83 
9'PPST 83 
SS'ET TX 

LB 



1552.5 9727 1553.4 9739 1552.6 9770 
1551.8 9819 1551.2 9831 1552.5 9842 
1553.3 9885 1551.8 9919 1549.0 9936 
1550.4 9983 1547.6 9991 1546.3 10000 
1555.7 10042 1555.6 10083 1554.3 10149 
1554.4 10197 1554.7 10232 1556.0 10271 
1557.7 10433 1557.5 10477 1557.5 10546 
1557.4 10695 1557.1 10752 1556.8 10820 
1555.9 10962 1555.7 11006 1558.1 11035 

CROSS-SECTION PROVIDED BY AERIAL MAPPER SKEWED TO CONTAIN FLOW 

9.1 7.1 
14.07 65 9879 10059 1050 1100 
1565.4 8530 1564 8652 1562 8685 
1562 8920 1562.4 9043 1562.8 9116 

1562.8 9250 1563.3 9286 1563.7 9321 
1561.5 9417 1561.4 9462 1562.3 9530 
1562.0 9614 1562.3 9680 1563.1 9746 
1564.3 9879 1560.9 9898 1561.4 9904 
1558.9 9959 1557.5 9972 1557.5 9978 
1562.6 10040 1564.5 10059 1564.0 10077 
1562.6 10166 1562.7 10176 1562.2 10201 
1563.1 10300 1563.0 10338 1563.2 10381 
1563.1 10408 1563.1 10454 1563.1 10499 
1566.0 10608 1565.9 10656 1565.8 10710 
1564.3 10848 1564.8 10873 1565.1 10923 

The following GR record has been modified as per discussion with the 
FEMA technical evaluator. From station 8450 to station 9500, the 
elevations are read from the topographic map. From station 9563 to 
station 11361, the elevations remain the same as provided by the 
Aerial Mapping Company, Inc (AMCI) (March 17, 1998). 

PAGE 4 



SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 9537.0 10802.0 TYPE= 1 TARGET= 1265.000 
13.280 9.90 1532.50 .OO .OO 1533.21 .71 .OO .OO 1530.90 

15700.0 2428.8 8758.7 4512.5 305.4 1278.4 787.5 .O .O 1531.20 
.OO 7.95 6.85 5.73 .038 .052 .042 .OOO 1522.60 9537.00 

.014002 390. 600. 610. 0 0 0 .OO 1228.23 10800.57 

3265 DIVIDED FLOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.61 

PAGE 5 

3265 DIVIDED FLOW 



3470 ENCROACHMENT STATIONS= 935.0 3063.0 TYPE= 1 TARGET= 2128.000 
13.700 6.58 1548.18 .OO .OO 1548.90 .73 4.92 .OO 1544.00 
26700.0 14093.5 12374.1 232.4 2274.2 1640.0 58.4 203.1 85.7 1546.00 

.10 6.20 7.55 3.98 .038 .025 .042 .OOO 1541.60 1127.75 
.006640 610. 659. 650. 2 0 0 .OO 1881.67 3063.00 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT COPJAR TOPWID ENDST 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 8212.0 10433.0 TYPE= 1 TARGET= 
13.860 9.46 1555.76 .OO .OO 1556.46 .70 
26700.0 10294.4 15012.2 1393.4 1399.7 2377.3 257.6 

.14 7.35 6.31 5.41 .038 .052 .042 
.009837 950. 939. 940. 2 0 0 

3470 ENCROACHMENT STATIONS= 8530.0 10608.0 TYPE= 1 TARGET= 
14.070 7.26 1564.76 .OO .OO 1565.32 .57 
26700.0 18460.6 5176.5 3062.9 2977.9 806.4 742.6 

.19 6.20 6.42 4.12 .038 .052 .042 
.006883 1050. 1134. 1100. 2 0 0 

-3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

14.300 14.56 1574.16 1574.16 .OO 1575.11 .96 
26700.0 5911.9 9803.7 10984.5 1321.1 906.8 1866.4 

.23 4.47 10.81 5.89 .038 .052 ,042 
.008496 1010. 1214. 1210. 4 18 0 

PAGE 6 
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T1 Floodway Run - Method 1 
T2 Updated: 9-2-03 
T3 Floodway Run - Method 1 

J1 ICHECK INQ NINV IDIR STRT METRIC 

J2 NPROF I PLOT PRFVS XSECV XSECH FN 

SECNO DEPTH CWSEL CRIWS WSELK EG 
Q QLOB QCH QROB ALOB ACH 
TIME VLOB VCH VROB XNL XNCH 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 9537.0 10802.0 TYPE= 
13.280 9.90 1532.50 .OO 1532.50 1533.21 
15700.0 2428.8 8758.7 4512.5 305.4 1278.4 

.OO 7.95 6.85 5.73 .038 .052 
.014002 390. 600. 610. 0 0 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, 

3470 ENCROACHMENT STATIONS= 9670.0 10602.0 TYPE= 
13.400 11.94 1538.74 .OO 1537.86 1539.48 
26700.0 .O 20872.9 5827.1 .O 2991.6 

.03 .00 6.98 6.75 .OOO .052 
.007915 650. 679. 590. 5 0 

HVINS Q WSEL FQ 

1532.5 

ALLDC IBW CHNIM ITRACE 

PAGE 8 

HV HL OLOSS L-BANK ELEV 
AROB VOL TWA R-BANK ELEV 
XNR WTN ELMIN SSTA 
ICONT CORAR TOPWID ENDST 

KRATIO = 2.26 



3470 ENCROACHMENT STATIONS= 9236.0 10494.0 TYPE= 1 TARGET= 1258.000 
13.550 12.22 1544.42 .OO 1543.35 1544.97 .55 5.49 .OO 1543.10 

26700.0 7919.2 18780.8 .O 1230.3 3289.2 .O 122.4 35.6 100000.00 
.06 6.44 5.71 .OO .038 .052 .OOO .OOO 1532.20 9236.00 

.006188 740. 787. 850. 4 0 0 .OO 1258.00 10494.00 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3470 ENCROACHMENT STATIONS= 1655.0 3063.0 TYPE= 1 TARGET= 1408.000 
13.700 6.88 1548.48 1548.39 1548.18 1549.62 1.14 4.65 .OO 1544.00 

26700.0 8638.2 17710.8 351.0 1246.5 1902.4 69.5 179.5 55.0 1546.00 
.08 6.93 9.31 5.05 .038 .025 .042 .OOO 1541.60 1655.00 

.008557 610. 659. 650. 6 14 0 .OO 1374.48 3063.00 

*SECNO 13.860 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 8708.0 10232.0 TYPE= 1 TARGET= 1524.000 
13.860 10.13 1556.43 .OO 1555.76 1557.09 .66 7.47 .OO 1556.10 

26700.0 7145.3 17563.1 1991.6 939.2 2852.1 367.2 259.3 83.8 1555.70 
.12 7.61 6.16 5.42 .038 .052 .042 .OOO 1546.30 8708.00 

.007363 950. 939. 940. 4 0 0 .OO 1292.36 10232.00 
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3470 ENCROACHMENT STATIONS= 8805.0 10529.0 TYPE= 1 TARGET= 1724.000 
14.070 7.39 1564.89 .OO 1564.76 1565.55 .66 8.46 .OO 1564.30 

26700.0 16972.7 5922.9 3804.3 2567.4 831.0 804.6 364.3 121.4 1564.50 
.17 6.61 7.13 4.73 .038 .052 .042 .OOO 1557.50 8805.00 



3301 HV CHANGED MORE THAN HVINS 

7185 MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 9210.0 10160.0 TYPE= 1 TARGET= 950.000 
14.300 15.45 1575.05 1575.05 1574.16 1576.49 1.44 9.47 .OO 1571.60 
26700.0 9651.6 11807.3 5241.1 1498.7 999.6 585.1 456.2 154.5 1570.00 

.20 6.44 11.81 8.96 .038 .052 .042 .OOO 1559.60 9210.00 
.008905 1010. 1214. 1210. 3 14 0 .OO 950.00 10160.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HEC-2 WATER SURFACE P R O F I L E S  
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T H I S R U N E X E C U T E D 2 3 S E P 0 3  15:25:58 

Version 4.6.2; May1991 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE- ASTERISK ( * )  AT LEFT O F  CROSS-SECTION NUMBER INDICATES MESSAGE I N  SUMMARY OF ERRORS L I S T  

REVISED E X I S T I N G  C O N D I T I  

SUMMARY PRINTOUT 

SECNO Q CWSEL DEPTH ELMIN EG CRIWS VCH 10*KS XLCH SSTA TOPWID ENDST 



REVISED EXISTING CONDITI 

SUMMARY PRINTOUT TABLE 110 

SECNO 

13.280 
13.280 

* 13.400 
* 13.400 

13.550 
13.550 

13.700 
13.700 

13.860 
13.860 

14.070 
14.070 

* 14.300 
* 14.300 

CWSEL 

1532.50 
1532.50 

1537.86 
1538.74 

1543.35 
1544.42 

1548.18 
1548.48 

1555.76 
1556.43 

1564.76 
1564.89 

1574.16 
1575.05 

DIFKWS 

.oo 

.oo 

.oo 

.88 

.oo 
1.07 

.oo 

.31 

.oo 

.67 

.oo 

.14 

.oo 

.89 

TOPWID 

1228.23 
1228.23 

2093.56 
932.00 

1796.16 
1258.00 

1881.67 
1374.48 

1725.57 
1292.36 

1955.94 
1724.00 

2213.82 
950.00 

QLOB 

2428.84 
2428.84 

4486.06 
.oo 

12889.30 
7919.23 

14093.52 
8638.20 

10294.38 
7145.35 

18460.63 
16972.74 

5911.86 
9651.63 

QCH QROB 

4512.46 
4512.46 

9488.36 
5827.13 

2.63 
.oo 

232.40 
350.96 

1393.41 
1991.58 

3062.89 
3804.31 

10984.46 
5241.09 

PERENC 

1265.00 
1265.00 

.oo 
932.00 

.oo 
1258.00 

2128.00 
1408.00 

2221.00 
1524.00 

2078.00 
1724.00 

.00 
950.00 

REVISED EXISTING CONDITI 

SUMMARY PRINTOUT TABLE 150 

STENCL 

9537.00 
9537.00 

.oo 
9670.00 

.oo 
9236.00 

935.00 
1655.00 

8212.00 
8708.00 

8530.00 
8805.00 

.oo 
9210.00 

STCHL 

9671.00 
9671.00 

9670.00 
9670.00 

9688.00 
9688 .OO 

2133.00 
2133.00 

9330.00 
9330.00 

9879.00 
9879.00 

9923.00 
9923.00 

PAGE 11 

STCHR STENCR 

10110.00 10802.00 
10110.00 10802.00 

10319.00 .OO 
10319.00 10602.00 

10494.00 .OO 
10494.00 10494.00 

3027.00 3063.00 
3027.00 3063.00 

10042.00 10433.00 
10042.00 10232.00 

10059.00 10608.00 
10059.00 10529.00 

10027.00 .OO 
10027.00 10160.00 
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SECNO XLCH ELTRD ELLC ELMIN CWSEL CRIWS EG 10*KS VCH AREA .01K 



1 
23SEP03 15:25:58 PAGE 13 

REVISED EXISTING CONDITI 

SUMMARY PRINTOUT TABLE 150 

SECNO Q CWSEL DIFWSP DIFWSX DIFKWS TOPWID XLCH 



SUMMARY OF ERRORS AND SPECIAL NOTES 

WARNING SECNO= 13.400 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 13.400 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO= 14.300 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 14.300 PROFILE= 1 MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 14.300 PROFILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 14.300 PROFILE= 2 MINIMUM SPECIFIC ENERGY 

Floodway width summary: REVISED EXISTING CONDITI 
Profile No. 2 

Left Sta Right Sta 
Left Distance Distance Right 

Section Elevation Top Encroach From Center From Encroach 
Number Increase Width Station Center Station Center Station 

FLOODWAY DATA, REVISED EXISTING CONDITI 
PROFILE NO. 2 

PAGE 14 

PAGE 15 

PAGE 16 

- - - - - - - FLOODWAY ------- WATER SURFACE ELEVATION 
STATION WIDTH SECTION MEAN WITH WITHOUT DIFFERENCE 

AREA VELOCITY FLOODWAY FLOODWAY 





* HEC-2 WATER SURFACE PROFILES * 
* * 
* Version 4.6.2; May 1991 * 
* * 
* RUN DATE 24SEP03 TIME 17:29:52 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NEW BRIDGES 

X X XXXXXXX XXXXX XXXXX 
X X X X X X X 
X X X X X 
XXXXXXX XXXX X XXXXX XXXXX 
X X X X X 
X X X X X X 
X X XXXXXXX XXXXX XXXXXXX 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET, SUITE D * 
* DAVIS, CALIFORNIA 95616-4687 * 
* (916) 756-1104 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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THIS RUN EXECUTED 24SEP03 17:29:52 

HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

September 2003 Final Modifications for LOMR Submittal 
Proposed New Bridges along North Gateway Access Road 
Use Normal Bridge Routine to model low-flow bridges at section 13.7 

fix starting water surface at 13.28 as downstream match section 
use FIS HEC-2 discharge of 15,700 at 13.28 
starting at 13.4 use updated 100-year discharge of 26,700 
correct ET stationing for new sections at bridge (old-7400=new) 

TI SKUNK CREEK HYDRAULIC ANALYSIS FOR PROPOSED NORTH GATEWAY ACCESS ROAD 
T2 100-YEAR FLOODPLAIN AND FLOODWAY 
T 3 PROPOSED LOW FLOW BRIDGES AT SECTION 13.7 

J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 



33 VARIABLE CODES FOR SUMMARY PRINTOUT 

PAGE 2 



S'LPST 
8651 
2'9PST 
Z.9PST 
P'9PST 
6'8651 

LEPZ 
86 T Z 
S'SSTZ 
LOTZ 
LE6T 
Z9ZT 

L'9PST 
9PST 
Z.9PST 
Z'8bST 
E'bPST 
T'6bST 
T 
OSST 

LEEZ 
L6TZ 
86TZ 
90TZ 
ZTST 
ZTZT 
T 

S' LbST 
9P5T 
Z'9PST 
L ' LPST 
T'SPST 
S'OSST 
Z90E 

S'LDST 
8PST 
Z'86ST 
L'LPST 
T'SPST 
S'OSST 
LOTZ 
T'L 
PSOE 
ETTZ 

LEZZ 
T6TZ 
ETTZ 
LEO2 
ZTPT 
LE6 
6 6 
T-6 
SZO'O 
ZO'O 

L8 
Lff 
L8 
LB 
A€! 

LE- &a 
EL'ET TX 

L3 
9L6Z HN 
L HN ZO'O SZO'O 

5ETE TSST 680E 0551 090s LPST 83 
Z662 PbST 5862 EPST €862 9'ZPST 83 
6162 86ST L69Z 8PST EL92 66ST 83 
9092 ZbST E09Z EPST 5852 8651 83 
TLtZ 86ST LPPZ 9951 TPPZ L'SbST 83 
0822 LPST TLZZ SbST 8227. SP5T X3 

LZOE 
1862 
s99z 
sssz 
PEPZ 

96'51: 
EPST 
EPST 
6PST 
9PST 

PTOE 
8962 
bT92 
02s;: 
PZPZ 

PPST 
PPST 
EPST 
8651 
LPST 

EO63S6Z 
T 

EPST x3 
EPST 83 
SPST 83 
9PST X3 
E'EPST x3 
66ST X3 
L'ET 1 X 

63 
8EO' 3N 

STZZ 
L9TZ 
EETZ 
OLOZ 
L06T 
TZST 

96ST 
ZPST 
PPST 
9PST 
9'9PST 
6651 

8022 
S9T2 
9ZTZ 
OEOZ 
08LT 
LTPT 

SPST 
9'TPST 
SPST 
SPST 
9651 
SPST 
6S9 
OSST 

0022 9PST 
2912 ZPST 
OZTZ PPST 
LZOZ S'PPST 
629T SPST 
EEET LPST 
0 S9 OT9 

S8TZ 
OSTZ 
80TZ 
PZOZ 
€EST 
SSTT 
LZOE 

96ST 
EPST 
9651 
SPST 
PPST 
8PST 
EETZ 
1.L 
SZO ' 

ELTZ 
LETZ 
L60Z 
TZOZ 
LZST 
OOOT 
8 S 
1.6 
ZbO' 

sT14aP 103 sxa?d 22-5 02 ,S'Z PPV 
u a a ~ ~ a q  UT Le~peo? pue sTauueq3 ~ o y s  03 spxe3 HN asn 

suoT33as abpTIq 6 103 s ~ u a ~ 3 ~ 3 3 a o 3  u o ~ ~ ~ e x ~ u o ~ / u o ~ s u e d x a  asea13uI 
SL'ET '~L'ET 'EL'ET 'L'ET suo-gaas 'aurwox a 6 p ~ 1 8  TeuIxoN 

E'SPST 
8'66ST 
O'EPST 
6 ' LEST 
T'TPST 
5'6151 
Z' TbST 
P'BEST 
O'ZPST 
9'SEST 
8'6EST 
L'ZPST 
O'TbST 
b'0PST 
E'OPST 

58601 
EPLOT 
9SPOT 
OLEOT 
29207. 
9 LTOT 
S900T 
OOOOT 
LL86 
L8 L6 
STL6 
OTS6 
9PE6 
T806 
0268 

T.SPST 
Z'SPST 
9'ZPST 
€'LEST 
6' TbST 
T'TPST 
E' TPST 
Z'SEST 
9'TPST 
Z'ZEST 
6'TPST 
6'TPST 
S'OPST 
8'6EST 
E'TPST 

EL60T 
0890T 
ZEPOT 
6PEOT 
IEZOT 
OSTOT 
PSOOT 
8866 
4586 
9LL6 
8896 
LLP6 
TIE6 
0606 
6 26 8 

T'PPST 
0.SPST 
O'TPST 
P'TPST 
Z'6EST 
L'ZPST 
S' OPST 
8'SEST 
L.TPST 
P'LEST. 
T.EPST 
0-TPST 
z- TbST 
T' OPST 
6'TPST 

L060T 
€2901 
EOPOT 
LOEOT 
61201 
26101: 
SPOOT 
5966 
9686 
LSL6 
SP96 
6966 
TPZ6 
€668 
LL88 

Z'PPST 
S'PPGT 
9 ' 8EST 
E'ZPST 
L'LEST 
E' TbST 
6.06ST 
8-TPST 
L'6EST 
Z'8EST 
E'EPST 
Z' TPST 
8'0651 
T-OPST 
Z' ZPST 

95801 
OSSOT 
P6EOT 
E8ZOT 
80ZOT 
EZTOT 
TEOOT 
OE66 
8286 
ZPL6 
Z6S6 
IS66 
LST6 
5868 

9 ' PPST 
b'bbST 
O'LEST 
0' ZPST 
L'8EST 
8.1651 
8'0bST 
P'TPST 
L'OPST 
1-ObST 
T'EbST 
Z' ObSI 
O.ObS1 
9'6ESt 



BT 
BT 
BT 
BT 
BT 
BT 
BT 
GR 1550.5 
GR 1546.4 
GR 1541.6 
GR 1546 
GR 1548.2 
GR 1547.2 
GR 1549 
GR 1544 
GR 1544 

Repeat GR 
Repeat BT 

2487 1548.2 
2605 1549.2 
2680 1549 
2787 1548.2 
2971 1549.3 

3020.5 1550.2 
3063 1551.1 
937 1549.1 
1937 1547.7 
2148 1546.2 
2197 1548 
2487 1549.2 
2638 1547.2 
2688 1548.2 
2976 1544.0 
3054 1549.1 

cards for 13.74 
cards for 13.74 
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Adjust lengths to account for new sections 
Return n values to FIS values 

NC .038 .042 .052 
CROSS-SECTION PROVIDED BY AERIAL MAPPER SKEWED TO CONTAIN FLOW 

ET 9.1 7.1 
X1 13.86 90 9330 10042 910 900 
GR 1556.0 8212 1554.0 8550 1553.0 8600 
GR 1551.6 8708 1551.5 8749 1550.6 8759 



L'T9ST 
T'9SST 
9'LSST 
S'LSST 
9'ZSST 
9 ' PSST 
9 'TSST 
E' ESST 
P ' ESST 
Z'ESST 
6 ' ESST 
8'6PST 
6'ZSST 
0. LSST 
T'LSST 
T.SSST 

OS60T 
8SLOT 
9TSOT 
96EOT 
LTZOT 
SZTOT 
OOOOT 
PZ66 
PT86 
PSS6 
ESE6 
S816 
SOL8 

PSOTT 
EL80T 
96SO'I. 
LZEOT 
6STOT 
60001 
8866 
SS86 
P8L6 
9996 
SES6 
9PP6 
E6E6 
86Z6 
SZT6 
8068 

Z'PLST E9S6 8'ELST 0026 S'ELST OSP6 6'TLST X3 
S'ZLST OST6 S ' ZLST OS06 E'ELST 0268 P'ELST 85 
L'ELST OS98 T'PLST OSS8 6'SLST OSb8 Z'9LST x3 
9'ETZT OTZT OTOT LZOOT EZ66 EL OE'PT TX 
0126 1.L 3 3  

' (866'1 'LT ysxeb~)  (I3W) 3111 'Luedwo3 6 u ~ d d - e ~  IVTJSJV 
ayq Lq p a p ~ n o x d  s e  ames aqq uTeuraJ suorJeAaTa aqq ' ~ g & ~ 1  u o q e q s  

02 ~ 9 ~ 6  uoTqeqs moxd 'dew s ~ y d e x 6 o d o ~  aqq woxj peax axe suoTqenaTa 
aqq '00~6 uoTqeqs 07 0568 uoTJeJs woxd ' x o q e n p n a  TesTuyDaJ m3.3 

aqq Y ~ T M  uorssn2sTp l a d  s e  parjrpour uaaq s e y  pxoDax x3 6 ~ ~ ~ 0 ~ ~ 0 3  aq& 

O'T9ST 
S'9SST 
L' LSST 
0' LSST 
6 ' OSST 
9 'TSST 
0'6PST 
T'TSST 
9 'ESST 
6' ESST 
9 ' ESST 
Z'ESST 
P'TSST 
6' LSST 
6'9SST 
P'SSST 

EZ6OT 
OTLOT 
66601: 
T8EOT 
TOZOT 
LLOOT 
8L66 
PO66 
9PL6 
OES6 
TZE6 
9116 
S898 
OOTT 

T'S9ST 
8 'S9ST 
T'E9ST 
Z'E9ST 
Z'Z9ST 
O'P9ST 
S' LSST 
P'T9ST 
T'&9ST 
E'Z9ST 
L'E9ST 
8'ZgST 
Z9ST 
OSOT 

SCOTT 
02801 
9PSOT 
TLZOT 
6PTOT 
OOOOT 
9E66 
ZP86 
OLL6 
PE96 
ETS6 
6ZP6 
6LE6 
19 Z6 
ZL06 
$688 

T e u o u  
T'8SST 
8'9SST 
S'LSST 
0'9SST 
E'PSST 
E'9bST 
0'6PST 
S' ZSST 
9 ' ZSST 
S'ESST 
O'ESST 
E'ESST 
S'ZSST 
E'LSST 
T.9SST 
T'SSST 

EL801 8'PgST 8880T E'P9ST 
9S90T 6'59ST 8090T 0'99ST 
PSPOT T'E9ST 80POT T'E9ST 
8EEOT O'E9ST OOEOT T-E9ST 
9 LTOT L'Z9ST 99TOT 9 'Z9ST 
6SOOT S'P9ST OPOOT 9'Z9ST 
ZL66 S'LSST 6266 6'8SST 
8686 6'09ST 6L86 E'P9ST. 
0896 E'Z9ST PT96 O'Z9ST 
Z9t6 P'T9ST LT66 S'T9ST 
98Z6 E'E9ST OSZ6 8'ZgST 
E606 P'Z9ST 0268 Z9ST 
2298 69ST OES8 P'S9ST 
6SOOT 6L86 S 9 LO'PT 

T. L T.6 
83adm T V I ~ B V  AS a z a r ~ o x d  N O I J , ~ S S - S S O ~ ~  

1.0 

oq s JuaTsTj jao3  u o ~ q s e x q u o ~ / u o ~ s u e d x a  u l n a a x  
900TT L'SSST Z960T 6'SSST 
ZSLOT 1- LSST S690T P'LSST 
LLbOT S' LSST EEPOT L'LSST 
ZEZOT L' PSST L6TOT P'PSST 
E800T 9 'SSST ZPOOT L'SSST 
I666 9 ' LPST €866 P 'OSST 
6166 8'TSST S886 E 'ESST 
TE86 Z'TSST 6T86 8'TSST 
6EL6 P'ESST LZL6 S'ZSST 
€196 E'ESST SO96 6'ZSST 
P6P6 8'6PST ZLP6 1-6PST 
OZb6 6-TSST 9166 L' ZSST 
6 bE6 S'ESST OEE6 T'9SST 
ZPZ6 9'9SST EZZ6 E'LSST 
ZZ06 S'SSST SL68 O'SSST 
E988 E'PSST LT88 S-1SST 



SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 9537.0 10802.0 TYPE= 1 TARGET= 1265.000 
13.280 9.90 1532.50 .OO .OO 1533.21 .71 .OO .OO 1530.90 
15700.0 2428.8 8758.7 4512.5 305.4 1278.4 787.5 .O .O 1531.20 

.OO 7.95 6.85 5.73 .038 .052 .042 .OOO 1522.60 9537.00 
.014002 390. 600. 610. 0 0 0 .OO 1228.23 10800.57 

3265 DIVIDED FLOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.61 

PAGE 6 



3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 935.0 3063.0 TYPE= 1 TARGET= 
13.700 6.59 1548.19 .OO .OO 1548.91 .72 

26700.0 14080.3 12386.5 233.2 2285.6 1649.5 58.8 
.10 6.16 7.51 3.97 .038 .025 .042 

.006533 610. 659. 650. 2 0 0 

SECNO DEPTH CWSEL CRIWS WSELK EG HV 
Q QLOB QCH QROB ALOB ACH AROB 
TIME VLOB VCH VROB XNL XNCH XNR 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT 

1490 NH CARD USED 
*SECNO 13.730 
1530 MANNINGS N VALUES FOR CHANNEL COMPOSITED 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

3370 NORMAL BRIDGE, NRD= 37 MIN ELTRD= 1544.30 MAX ELLC= 1549.30 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 935.0 3063.0 TYPE= 1 TARGET= 
13.730 6.27 1547.87 1547.87 .OO 1549.36 1.50 
26700.0 17631.0 9069.0 .O 1644.8 1168.0 .O 

.10 10.72 7.76 .OO .020 .021 .OOO 
.006460 1. 1. 1. 3 12 0 

HL 
VOL 
WTN 
CORAR 

PAGE 7 

OLOSS L-BANK ELEV 
TWA R-BANK ELEV 
ELMIN SSTA 
TOPWID ENDST 

*SECNO 13.740 
1530 MANNINGS N VALUES FOR CHANNEL COMPOSITED 



3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, XRATIO = 1.82 

3370 NORMAL BRIDGE, NRD= 37 MIN ELTRD= 1544.30 MAX ELLC= 1549.30 

3470 ENCROACHMENT STATIONS= 935.0 3063.0 TYPE= 1 TARGET= 2128.000 
13.740 7.45 1549.05 .OO .OO 1549.73 .68 .12 .24 1546.20 

26700.0 19496.4 7203.6 .O 2645.6 1819.2 .O 206.5 87.1 1549.10 
.10 7.37 3.96 .OO .020 .021 .OOO .OOO 1541.60 1215.47 

.001956 38. 38. 38. 6 0 0 -433.79 1811.30 3061.92 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3470 ENCROACHMENT STATIONS= 935.0 3063.0 TYPE= 1 TARGET= 2128.000 
13.750 8.01 1549.61 .OO .OO 1549.86 .25 .OO .13 1544.00 

26700.0 13063.2 13351.3 285.4 3843.6 2897.8 109.9 206.6 87.1 1546.00 
.10 3.40 4.61 2.60 .038 .025 .042 ,000 1541.60 1000.00 

.001258 1. 1. 1. 3 0 0 .OO 2063.00 3063.00 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

PAGE 8 

3470 ENCROACHMENT STATIONS= 8212.0 10433.0 TYPE= 1 TARGET= 2221.000 
13.860 9.02 1555.32 1555.32 .OO 1556.37 1.04 2.80 .40 1556.10 



3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.83 

3470 ENCROACHMENT STATIONS= 8530.0 10608.0 TYPE= 1 TARGET= 2078.000 
14.070 7.52 1565.02 .OO .OO 1565.48 .45 9.05 .06 1564.30 

26700.0 18505.1 4848.6 3346.3 3323.9 854.2 872.0 416.3 167.9 1564.50 
.18 5.57 5.68 3.84 .038 .052 .042 .OOO 1557.50 8562.81 

.004985 1050. 1134. 1100. 6 0 0 .OO 1989.48 10552.28 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

14.300 14.55 1574.15 1574.15 .00 1575.12 .97 7.20 .15 1571.60 
26700.0 5872.7 9850.2 10977.1 1307.7 905.7 1857.4 532.4 220.3 1570.00 

.23 4.49 10.88 5.91 .038 .052 .042 .OOO 1559.60 8647.35 
.008612 1010. 1214. 1210. 5 12 0 .OO 2210.98 10868.50 
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T1 Floodway Run - Method 1 
T2 Updated: 9-2-03 



T 3 Floodway Run - Method 1 

J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

J2 NPROF IPLOT PRFVS XSECV XSECH EN ALLDC I BW CHNIM ITRACE 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 9537.0 10802.0 TYPE= 1 TARGET= 1265.000 
13.280 9.90 1532.50 .OO 1532.50 1533.21 .71 .OO .OO 1530.90 
15700.0 2428.8 8758.7 4512.5 305.4 1278.4 787.5 .O .O 1531.20 

.OO 7.95 6.85 5.73 .038 .052 .042 .OOO 1522.60 9537.00 
.014002 390. 600. 610. 0 0 0 .OO 1228.23 10800.57 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.26 

3470 ENCROACHMENT STATIONS= 9670.0 10602.0 TYPE= 1 TARGET= 932.000 
13.400 11.94 1538.74 .OO 1537.86 1539.48 .75 6.28 .OO 1537.60 

26700.0 .O 20872.9 5827.1 .O 2991.6 863.5 46.7 15.8 1537.50 
.03 .OO 6.98 6.75 .OOO .052 .042 .OOO 1526.80 9670.00 

.007915 650. 679. 590. 5 0 0 .OO 932.00 10602.00 
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3470 ENCROACHMENT STATIONS= 9150.0 10494.0 TYPE= 1 TARGET= 1344.000 
13.550 12.07 1544.27 .OO 1543.35 1544.79 .52 5.31 .OO 1543.10 

26700.0 9550.9 17149.1 .O 1500.8 3169.5 .O 123.6 36.3 100000.00 



3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 1550.0 3063.0 TYPE= 1 TARGET= 

SECNO DEPTH CWSEL CRIWS WSELK EG HV 
Q QLOB QCH QROB ALOB ACH AROB 
TIME VLOB VCH VROB XNL XNCH XNR 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT 

1490 NH CARD USED 
*SECNO 13.730 
1530 MANNINGS N VALUES FOR CHANNEL COMPOSITED 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

3370 NORMAL BRIDGE, NRD= 37 MIN ELTRD= 1544.30 MAX ELLC= 1549.30 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 1550.0 3063.0 TYPE= 1 TARGET= 
13.730 7.01 1548.61 1548.61 1547.87 1550.16 1.55 

26700.0 16493.5 10206.5 .O 1427.1 1514.5 . O  
.09 11.56 6.74 .OO .020 .021 .OOO 

.005993 1. 1. 1. 2 0 9 0 

HL OLOSS L-BANK ELEV 
VOL TWA R-BANK ELEV 
WTN ELMIN SSTA 
CORAR TOPWID ENDST 
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*SECNO 13.740 
1530 MANNINGS N VALUES FOR CHANNEL COMPOSITED 



3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.94 

3370 NORMAL BRIDGE, NRD= 37 MIN ELTRD= 1544.30 MAX ELLC= 1549.30 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3470 ENCROACHMENT STATIONS= 1550.0 3063.0 TYPE= 
1 

24SEP03 17:29:52 PAGE 13 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL 
Q QLOB QCH QROB ALOB ACH AROB VOL 
TIME VLOB VCH VROB XNL XNCH XNR WTN 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR 

3470 ENCROACHMENT STATIONS= 1655.0 3063.0 TYPE= 1 TARGET= 1408 
13.750 8.66 1550.26 .OO 1549.61 1550.62 .37 .OO 

26700.0 7886.9 18414.6 398.4 2097.8 3486.0 133.6 186.7 
.09 3.76 5.28 2.98 .038 .025 .042 .OOO 

.001293 1. 1. 1. 2 0 0 .OO 

"SECNO 13.860 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 8708.0 10232.0 TYPE= 1 TARGET= 1524 
13.860 9.19 1555.49 1555.49 1555.32 1556.82 1.33 2.94 

26700.0 6976.2 18241.7 1482.0 606.2 2180.4 194.5 276.8 
.12 11.51 8.37 7.62 .038 .052 .042 .OOO 

OLOSS L-BANK ELEV 
TWA R-BANK ELEV 
ELMIN SSTA 
TOPWID ENDST 



3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.06 

3470 ENCROACHMENT STATIONS= 8805.0 10529.0 TYPE= 1 TARGET= 1724.000 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3301 HV CHANGED MORE THAN HVINS 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 9210.0 10160.0 TYPE= 1 TARGET= 
14.300 15.41 1575.01 1575.01 1574.15 1576.49 1.47 

26700.0 9539.8 11911.5 5248.8 1472.8 995.8 580.3 
.21 6.48 11.96 9.05 .038 .052 .042 

.009178 1010. 1214. 1210. 2 0 12 0 
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THIS RUN EXECUTED 24SEP03 17:29:52 



HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE- ASTERISK ( * )  AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST 

PROPOSED LOW FLOW BRIDGE 

SUMMARY PRINTOUT 

SECNO Q CWSEL DEPTH ELMIN EG CRIWS VCH 10*KS XLCH SSTA TOPWID ENDST 
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PROPOSED I.~w FLOW BRIDGE 



SUMMARY PRINTOUT TABLE 110 

SECNO CWSEL DIFKWS EG TOPWID QLOB QCH QROB PERENC STENCL STCHL STCHR STENCR 

I 

24SEP03 17:29:52 PAGE 17 

PROPOSED LOW FLOW BRIDGE 

SUMMARY PRINTOUT TABLE 150 

SECNO XLCH ELTRD ELLC ELMIN Q CWSEL CRIWS EG 10*KS VCH AREA .01K 



TP'LZ6T 66'0862 LE'8 
19.6902 OS'ZTEE 6 s - L  

ZS-SO@& EP' LEbE L9 '8 
PE'EOEE E6'€66E T2.L 

00'8E OP'ZTST 98' OE'T 98' T6'66ST 00'00L9Z OPL'ET * 
00'8E OE'TT8T 00' 8T ' T 00' S0'6PST 00'00L92 OPL'ET * 

00.1 69'SbET bL' SZ. DL' T9'86ST 00'00L9Z OEL'ET * 
OO'T OP'E6ZT 00' ZE'- 00 ' L8'LPST 00'00L9Z OEL'ET * 

00'659 89'TLPT 81' 60'6 81. gE'8PST 00'00L9Z OOL'ET 
00'6S9 LT'P88T 00' €8'6 00' 6T'8PST 00'00L9Z OOL'ET 

OE'L8L OO'bbET Z6' 6S.S Z6 ' LZ'PPST 00'00L92 OSS'ET 
OE'L8L gT'96LT 00' 66's 00' SE'EPST 00'00L9Z OSS'ET 

09'8L9 OO'ZE6 88' bZ'9 88' PL'8EST 00'00L9Z OOP'ET Y 

09'8L9 9S'E60Z 00' 9E'S 00' 98'LEST 00'00L92 OOP'ET * 

H3TX a I M d 0 6  S M X 3 I a  XSMJICI d S M J I a  T 3 S M 3  b O N 3 3 S  

33CI188 MOT3 MOT a 3 S O d O 8 d  

66'9LST TO'SLST TO'SLST 00'00L92 09'6SST 00' 00' 09'ETZT OOE'6T z 

ZT'SLST S T  ST'bLST 00'00L9Z 09'6SST 00' 00' 09'FTZT OOE'PT z 

S8'SgST 00' 9 00'00L9Z OS'LSST 00' 00' OT'PETT OLO'PT Y 

8P'S9ST 00' ZO'S9ST 00'00L9Z OS'LSST 00' 00' OT'PETT OLO'PT Y 

Z8'9SST 66'SSST 6P'SSST 00'00L9Z OE'9bST 00' 00' 00'668 098'ET z 

LE'9SST ZE'SSST ZE'SSST 00'00L9Z OE'9bST 00' 00' 00'668 098'ET * 

Z9'OSST 00' 9Z'OSST OO'OOL9Z 09'TPST 00' 00' 00'1 OSL'ET 
98'6PST 00' T9'6PST 00'00L9Z 09'TPST 00' 00' OO'T OSL'ET 

PS'OSST T9'86ST T6'6bST 00'00L9Z 09'TbST OE'6bST OE'PPST 00'8E OPL' € 1  z 
EL'6PST 00' S0'6PST 00'00L9Z 09'TPST OE'6PST OE'PPST 00'82 OPL'ET Y 

9T'OSST T9'8PST T9'8PST 00'00L9Z 09'TPST 0E.6651 OE'PPST 00'T OEL'ET Y 

9E'6PST L8-LPST L8'LPST 00'00L9Z 09'TbST OE'66ST OE'6PST 00'T OEL-ET z 

PE'GPST 00- gE'8PST 00'00L9Z 09'TbST 00' 00' 00'6S9 OOL'ET 
T6'8PST 00' 6TA86ST 00'00L9Z 09'TPST 00' 00' 00'6S9 OOL'ET 

6L'DPST 00' LZ'66ST 00'00L9Z OZ'ZEST 00' 00. OE'L8L OSS'ET 
86'EPST 00' SE'EbST 00'00L9Z OZ'ZEST 00' 00' OE'L8L OSS'ET 
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SUMMARY OF ERRORS AND SPECIAL NOTES 

WARNING SECNO= 13.400 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 13.400 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO= 13.730 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 13.730 PROFILE= 1 MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 13.730 PROFILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 13.730 PROFILE= 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 13.730 PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

WARNING SECNO= 13.740 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
CAUTION SECNO= 13.740 PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 
WARNING SECNO= 13.740 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO= 13.860 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 13.860 PROFILE= 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 13.860 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 
CAUTION SECNO= 13.860 PROFILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 13.860 PROFILE= 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 13.860 PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 

WARNING SECNO= 14.070 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
WARNING SECNO= 14.070 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO= 14.300 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 14.300 PROFILE= 1 MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 14.300 PROFILE= 2 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 14.300 PROFILE= 2 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 14.300 PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE WSEL 
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Floodway width summary: PROPOSED LOW FLOW BRIDGE 
Profile No. 2 

Left Sta Right Sta 
Left Distance Distance Right 

Section Elevation Top Encroach From Center From Encroach 
Number Increase Width Station Center Station Center Station 

................................................................................ 
13.280 .OO 1265.00 9537.00 353.50 9890.50 911.50 10802.00 
13.400 .88 932.00 9670.00 324.50 9994.50 607.50 10602.00 
13.550 .92 1344.00 9150.00 941.00 10091.00 403.00 10494.00 
13.700 -18 1513.00 1550.00 1030.00 2580.00 483.00 3063.00 
13.730 .74 1513.00 1550.00 1034.50 2584.50 478.50 3063.00 
13.740 .86 1513.00 1550.00 1034.50 2584.50 478.50 3063.00 
13.750 .65 1408.00 1655.00 925.00 2580.00 483.00 3063.00 
13.860 .17 1524.00 8708.00 978.00 9686.00 546.00 10232.00 
14.070 .39 1724.00 8805.00 1164.00 9969.00 560.00 10529.00 
14.300 .87 950.00 9210.00 765.00 9975.00 185.00 10160.00 

1 
24SEP03 17:29:52 

FLOODWAY DATA, PROPOSED LOW FLOW BRIDGE 
PROFILE NO. 2 

------- FLOODWAY ------- WATER SURFACE ELEVATION 
STATION WIDTH SECTION MEAN WITH WITHOUT DIFFERENCE 

AREA VELOCITY FLOODWAY FLOODWAY 
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Appendix E.3: 

HEC-RAS Cross Sections and Hydraulic Tables 

Tetra Tech, Inc. n 



Existing Conditions 
RS = 13.7 

,038 f i  .052 -+.0421 

WS PF 1 

WS PF 2 

Bank Sta 

1 500 2500 3000 3500 

Station (ft) 



HEC-RAS Plan: lrnwrted River: RIVER-1 Reach: Reach-1 Profile: PF 1 

Reach-? 1 1 3 . ~  
.+ach-3 1 13-02 

Reach4 113.08 , , , , 26700 

26700 
26700 

151 8.20 
1518.80 

151 9.00 

1527.87 

R&&-1 113 151 8.50 

1527.971 0-00121 ::;I ;i;!l 
26700 

1527.13 
1525.14 

-- 
- 1527.59 0.0020 -- 

1524.14 1526.94 0.0032 10.8 2477 
. -- 

1523.64 1523.64 1526.21 0.0056 12.9 - 2076 404 



Proposed Access Road and Bridges 
RS = 13.735 BR U 1 

__CI 

WS PF 2 - 
Ground 

Bank Sta 

I Station (R) I 
1 in Horiz. = 400 ft 1 in Vert. = 2 R 



HEC-RAS Plan: Imported Pla River: RIVER-I Reach: Reach-1 Profile: PF 1 



Plan: lm~orted Pla RIVER-1 Reach-1 RS: 13.735 Profile: PF 1 O~eninn: Single BR - - . . --- - 
E.G. US. (ft) - 1549.93 1 Element 1 Inside BR US 1 Inside BR DS 
W.S. US. (ft) I 1549.62 1 E.G. Elev (fl) 
. 

I 549.83L --___-- 1549.44 -* 

I Coef of Q ! 1 Shear Total (Iblsq ft) 1 0.29 1 0.90 
-- - - - - - - -. . 

I Energy only Power Total (Ib/ft s) Br Sel Method- _ _ _ _ _  I. - .- - .- - 1.65 .- j - - - - 8.40 , - - -  -- - 



Plan: lmaorted Pla RIVER-1 Reach-I RS: 13.735 BR U Profile: PF 1 
"-- . 

Left Sta .Right07 , 'Area :, I 7 W.P. ' ' ' ' & " ~ o n v ;  ~ y d r  D. Velocity 

- [fi) ' @ I '  Lfl) (Ws) 
" 

18363.23 1691.95 785.15 68.78 2.16 10.85 

287.43 153.89 7.46 3.99 6.93 
_ _ _ I _  

29.72 22.04 0.78 2.85 6.97 1 
-1 



Plan: lm~orted Pla RIVER-1 Reach-I RS: 13.735 BR U Profile: PF 1 

Max Chl Dpth (ft) 1 7.16 - - - - - -- - - . - - 
Conv. Total (cfs) 568862.9 

-. - . -. - -. -, . - . .- . -. . -. . - 

Length Wtd. (ft) I 38.00 

Hydr. Depth (fi) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq"ft) 

Stream Fewer ablfi'sj 
Cum Volume [&re-ft), 
Cum SA [acres$' . ' 

Min Ch El (ft) 

Alpha 

Frctn Loss (ft) 
C & E Loss (ft) 

1542.00 

1.30 

0.14 

0.25 

- -I 

-, 
65.61 

32.19 

3.03 1 
- ,  

2.39 

426465 3 142397.7 +- 
907.10 

0.42 

3.03 

168.76 

69.87 

1 324.44 

0.20 

0.69 

171.58 

45.09 



Appendix F: 

Erosion and Sediment Transport Supporting Documentation 
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MEMORANDUM 

To: File 
From: Larry K. Roberts, P.E. 
Date: July 23,2002, revised April 17, 2003 

RE: Summary of Hydraulic and Scour Design Parameters 
North Gateway Water Reclamation Plant Access Road at Skunk Creek 

(1)  Water Surface Elevation at Proposed Bridges: 1549.16 
(2) Mean Velocity through bridges: varies, 7 to 10 ftls 

(3) Scour Elevations 

(4) Angle of Attack 

Invert Elev. (Aztec Plans) 
Total Scour at Piers and 
Abutments 
Total Scour Elevations at 
Piers and Abutments 

I Flow lines approaching bridge are approximately perpendicular to the bridges. 

( 5 )  Required Bank Protection 

West Bridge 
1544.0 
40 ft 

1504.0 

Bank protection at the abutments of each bridge will extend laterally in each 
direction for a distance of 30 feet on the upstream side, 15 feet on the downstream side. 
The bank protection at the abutments will tie into the slope protection along both the 
upstream and downstream side of the proposed access road. The slope protection along 
the access road will have an 8-foot toe-down along the downstream side of the road, and 
a 4-foot toe-down along the upstream side of the road. The depths of 8 feet and 4 feet 
will be measured below the existing ground elevation at the base of the proposed fill 
slope. 

(6) Special Drainage Considerations 

Central Bridge 
1542.0 
40 ft 

1502.0 

(a) Design discharge is the 100-year flow event (26,700 cfs) 
(b) The water surface elevation will rise an additional 0.49 ft. immediately 

upstream of the bridges 
(c) Abutment side slopes must be spill-through, and not vertical 
(d) The 8-foot toe-down for the abutment bank protection should gradually 

transition (4H: 1V) to the 4-foot toe-down for the upstream side of the 
roadway slope protection 

I 

East Bridge 
1542.0 
50 ft 

1492.0 

I 

Tetra Tech, Inc. 



TETRA TECH, INC. 
INFRASTRUCTURE SOUTHWEST GROUP 
33 N. Stone Avenue, Sce 1500 4801 E. Washington St.  Ste 260 270 West View Point Dr. 600 W Rex Allen Drive 43 1 S. Beeline Highway Tucson,AZ 8570 1-141 3 Phoenix,AZ 85034-2025 Nogales,AZ 8562 1-4 1 14 Willcox,AZ 85643- 1 14 1 Payson,AZ 85541 -4885 
phone 520.623.7980 phone 602.682.3300 phone 520.28 1.2705 phone 520.384.1486 
fax 520.884 5278 phone 520.474.4634 

fax 602.244.1 164 fax 520.28 1.2706 fax 520.384.1485 fax 520.474.4867 

&PC( G n f e ~ 4 ~  Actesl  Pd CKP 





Appendix G: 

HEC-2 Files on Diskette 


