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Introduction 

At the direction of Flood Control District of Maricopa County (District), WEST 
Consultants, Inc. (WEST) conducted a floodway encroachment analysis for 10'" Street 
Wash located in the City of Phoenix, Maricopa County, Arizona. The hydrology and 
hydraulics were previously developed under Contract FCD 96-12 that was submitted as a 
Letter of Map Revision (LOMR) to the Federal Emergency Management Agency 
(FEMA) in June 1997. No floodway district was delineated as part of the LOMR 
submittal due to the urbanized development of the floodplain. However, based upon the 
fact that there was a prior floodway district on the previous delineation, FEMA processed 
the LOMR for 1 oth Street Wash as the floodway equaling the floodplain. 

The purpose of this project was to perform a floodway analysis, utilizing the data 
generated within contract FCD 96-12 as the base data, to establish a floodway district for 
1 ot" Street Wash. 

The first task of the project was to review and make refinements to the existing loth 
Street Wash HEC-RAS model based on review of the model results by the District, the 
Arizona Department of Water Resources (ADWR), FEMA, and FEMA's Technical 
Evaluation Contractor. No major issues or concerns were identified in the review and the 
model was used in its original form for the encroachment analysis. 

Encroachment Analyses 

The encroachment analysis was performed with a standard equal conveyance reduction 
using first the HEC-RAS Method 4 encroachment followed by detailed refinement of 
encroachment stationing with Method 1. The results of this analysis identified issues 
near an island of high ground located between river stations 0.99 and 1.12. Figure 1 
depicts this island in plan view. It should be noted that Figure 1 is for illustrative 
purposes only - it is not intended to be an accurate rendering of either the shape or size of 
the channel or the island. 

The standard encroachment analysis effectively flooded the island. At the suggestion of 
the District, two additional analysis scenarios were evaluated. The second scenario 
attempted to force the entire flow along the east side of the island. The third scenario did 
not include encroachment, but considered the flow with no breakouts immediately 
upstream from the island. 
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Figure 1 - Plan View of Island 

Standard Encroachment Analysis 

The standard encroachment analysis in HEC-RAS involves two steps. The Method 4 
analysis computes encroachment stations such that the conveyance of the original cross 
section is maintained in the encroached cross section. A target water surface elevation 
increase is input and is maintained by the algorithm which calculates the water surface 
profile within HEC-RAS. Where possible, the program removes conveyance equally 
from either side of the channel overbanks as it moves the encroachment stations towards 
the channel bank stations. 

In the loth Street Wash analysis, several different profiles were established utilizing the 
same model geometry and run with different target values for the encroachment. The 
target values typically ranged between 0.8 and 1.1 feet. Starting at the downstream end, 
the target values were incremented until a value close to one foot was established. This 
procedure was repeated for the entire reach of the wash until each cross section had a 
surcharge close to one foot. Encroachments were not applied at cross sections with 
culverts (0.34, 1.39 and 1.509). 

Once the Method 4 analysis was complete, the results were exported to a Method 1 
encroachment analysis. With this method, the encroachment stations were manually 
adjusted and refined to bring all cross sections to the optimal encroachment without 
exceeding the maximum one-foot of surcharge. The results of the analysis are presented 
in Appendix A of this report. 

The standard encroachment method results in a final profile at an elevation above the 
island for cross sections 1.03 and 1.05 (see Appendix A). This means that the floodway 
is not contained within the lateral bounds of the existing 100-year floodplain as mapped 
by the June 1997 LOMR. Figures 2a and 2b are plots of cross sections 1.03 and 1.05, 
respectively. Two water surface elevations are plotted - one without encroachments 
(shown in blue) and one with encroachments (shown in red). 
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Figure 2a - River Station 1.03, Standard Encroachment Analysis 
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Figure 2b - River Station 1.05, Standard Encroachment Analysis 
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East Channel Analysis 

The second scenario was an attempt to avoid the flooding of the island between cross 
sections 0.99 and 1.12 in the standard encroachment analysis. Instead of removing 
conveyance equally fiom both overbanks in the portion of the reach around the island, an 
attempt was made to convey the entire flow along the east side of the island. 

Ut- the Method 4 results of the first scenario, the encroachment stations for cross 
sections at and surrounding the island were manually adjusted with Method 1 to convey 
all the flow along the east side of the island. At those cross sections that included the 
island, the right encroachment station was set at the right bank station. On the lee side, 
there was typically no encroachment included in order to maintain 'maximum 
conveyance. 

After repeated adjustments to the encroachment stationing, it became evident that this 
approach was not feasible. It was not possible to convey the entire flow along the east 
side of the island and still remain under the FEMA-mandated surcharge of one foot. 
Appendix A shows that at cross sections 1.05 and 1.06 it is not possible to obtain a 
surcharge of less than one foot. At these cross sections the lowest surcharges attainable 
were 1.29 feet and 1.63 feet, respectively. These two cross sections are shown in Figure 
3a and 3b. 

Encroachment Method 1 
River = Jobl Reach = Jobl RS = 1.05 
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Figure 3a - River Station 1.05, East Channel Analysis 
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Encroachment Method 1 
River = Jobl Reach = Jobl RS = 1 .OG 
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Figure 3b - River Station 1.06, East Channel Analysis 

Third Analysis -No Breakouts 

The third scenario was a condition with all conveyance maintained witbin the channel (no 
breakouts upstream of the island) and no encroachment. h the 1997 model, there were 
several locations where flow broke out fiom the main channel. This was accounted for in 
the model by reducing the flow in downstream cross sections. One breakout area was 
just upstream of the island where the flow was reduced fiom 960 cubic feet per second 
(cfs) to 380 cfs. For the third scenario, the flow of 960 cfk was maintained through cross 
section 0.57 where the discharge changed to 840 cfs, the same value as in the original 
model. 

Appendix A shows that the change in flow characteristics typically increased the 
computed water surface elevations. The greatest increase was 1.95 feet at cross section 
0.79 with the average increase just over 0.9 feet. At cross section 0.96, there was a slight 
decrease in the water surface as a result of the increased flow. For comparison purposes, 
Figure 4 shows cross section 1.05 with no breakouts or encroachments. 
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Encroachment Method 1 
Riwr = Job1 Reach = Job1 RS = 1.05 
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Figure 4 - River Station 1.05, No Breakouts Analysis 
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Summary 
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FEMA's decision to map the floodway equal to the floodplain is appropriate, based on 
the results of this study. While a floodway can be successllly defined at many cross 
sections, encroachment at the cross sections containing and bounding the island (cross 
sections 0.99 through 1.12) is not feasible. Delinition of a floodway in this reach is not 
possible due to split flow conditions around the island of high ground. 

The normal encroachment analysis, in which conveyance was removed fiom each 
overbank, resulted in flooding of the island. If water was allowed to cover the island, 
areas that were not initially included in the floodplain would then be included in the 
floodway. Conveying the entire flow along the east side of the island produced a flow 
constriction with a greater than one foot increase in water surface elevation. It was not 
possible to obtain less than one foot of increase by moditjing the encroachment stations. 
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Appendix A 



HECRAS Plan: Method 1 River: Job1 Reach: Jab1 
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