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1.0 Introduction 

Kimley-Horn and Associates, Inc. (KHA) prepared an updated dambreak study for the Apache 
Junction Flood Retarding Structure (FRS) and the Signal Butte FRS in November 2005 (KHA 
Nov 2005). The updated dambreak study used revised 6-hour Probable Maximum Flood (PMF) 
hydrology for each dam (KHA Sept 2005). The dambreak study used the U.S. Army Corps of 
Engineers unsteady flow HEC-RAS model to simulate the breach of each dam and route the 
resulting dambreak floodwave through each downstream inundation area. The dambreak report 
provided inflow hydrographs to each dam, breach parameters, hydraulic results, and dambreak 
hydrographs, and summarized the results of the modeling scenarios (sunny day breach, empty 
pool breach, and full pool breach). The full KHA updated dambreak report and electronic 
models are on file with the Flood Control District of Maricopa County. 

2.0 Authority and Purpose 

The District has retained LTM Engineering, Inc. to develop emergency action plans (EAPs) for 
the Buckhorn-Mesa FRSs (Apache Junction, Signal Butte, and Spook Hill) under FCD Contract 
2005C016 - Work Assignment No 1. KHA is assisting LTM Engineering by preparing updated 
dambreak studies and analyses for the Apache Junction FRS and Signal Butte FRS. 

Development downstream of each structure has significantly increased since construction of the 
dams. The original dambreak analyses for each dam were prepared using simplified technical 
methods and United States Geological Survey (USGS) 7.5 minute topographic quadrangle 
mapping. The updated dambreak analyses conducted by KHA is based on new two-foot contour 
mapping, new stage-storage-discharge rating curves for each dam, use of the dynamic hydraulic 
model capability (USACE May 2005; HEC-RAS Version 3.1.3), and updated Probable 
Maximum Precipitation (PMP) and Probable Maximum Flood (PMF) for each structure (KHA, 
Sept 2005). Kimley-Horn evaluated potential dambreak scenarios for these two structures and 
developed downstream inundation mapping resulting fiom the routed dambreak floodwave from 
each dambreak scenario (empty pool, full pool, and sunny day pool). 

Kimley-Horn has prepared this addendum report to the November 2005 updated dambreak study 
and report. The purpose of this addendum is to add the Central Arizona Project (CAP) canal 
embankment to the downstream inundation area and examine the effects of the canal 
embankment on the routed dambreak floodwave. The CAP canal is located downstream of the 
Signal Butte FRS approximately mid-way in the downstream inundation area and approximately 
two-thirds of the way in the downstream inundation area for Apache Junction FRS. The CAP 
canal embankment is anticipated to provide attenuation of the dambreak floodwave for the area 
downstream of the CAP canal. The upstream embankment of the CAP canal will impound 
floodwater and this study will estimate the level of impoundment during the routing of the 
dambreak floodwave. 

This addendum to the dambreak report documents Kimley-Horn's analyses for Apache Junction 
and Signal Butte FRS. This report documents the approach, methodology, assumptions, results, 
conclusions, and provides recommendations for flood response as a result of the findings of this 
addendum. 
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This addendum to the dambreak study provides information that is required for emergency action 
planning. This data includes information on flood depths, flow velocities, and travel time for the 
discharge hydrographs associated with the dam breach and boundary conditions evaluated for 
Apache Junction FRS and Signal Butte FRS. The data will provide planning information for 
emergency management purposes, flood warning, and floodplain management. 

3.0 Scope of Work 

The objective of this addendum study is to revise the November 2005 dambreak study by adding 
the CAP canal embankment to the downstream inundation area in the unsteady flow hydraulic 
models for each dam. This addendum report will revise the downstream inundation mapping for 
inclusion to the updated emergency action plans for Apache Junction FRS and Signal Butte FRS. 
The scope of work included these elements and dambreak scenarios: 

Collection of CAP as-built plans within the study area. 
The study analysis flood is the inflow design flood (IDF) for the dams which is the 
Probable Maximum Flood. 
Add the CAP canal embankment profile as an in-line weir using the lateral structure 
option of the HEC-RAS computer program. 
Model Scenario No. 1 (Empty Pool): Route the IDF through each dam with initial 
conditions of an empty pool and breach the dams. 
Model Scenario No. 2 (Full Pool): Route the IDF through each dam with initial 
conditions of a full pool elevation at the emergency spillway crest and breach the 
dams. 
Model Scenario No. 3 (Sunny Dav): This scenario does not route the IDF through 
each dam. Instead the dams are breached with initial pool elevations at the 
emergency spillway crests (this scenario is referred to as the "sunny day failure"). 
Evaluate the inundation (i.e., flow depths, flow velocity) downstream for each dam 
fiom the breaches for each of the three model scenarios. 
Revise the November 2005 flood inundation area maps. 

4.0 Data Collection 

Existing studies and reports for each dam were collected by Kimley-Horn in previous works 
tasks (KHA, March 2005 and April 2005) as part of the updated dambreak studies (KHA 
November 2005). Kimley-Horn collected the as-built CAP canal plans fiom the Central Arizona 
Project as part of this addendum study. The as-built plans included a typical cross section of the 
CAP canal as well as the plan and profile of the canal within the study area. 

A record of the data collected by Kimley-Horn for this addendum report and the updated 
dambreak study is compiled in Appendix A. Appendix A also serves as the reference listing. 
Appendix B includes the CAP as-built plan and profile sheets. 
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5.0 Mapping and Aerial Photography 

The District provided aerial photography and topographic mapping for the updated dambreak 
study (NAVD88). The mapping was prepared by others under separate contract. The base 
mapping was flown in April 2005. 

6.0 Inflow Design Flood 

The Arizona Department of Water Resources has determined that the inflow design flood for the 
Apache Junction FRS and Signal Butte FRS is the probable maximum flood (PMF). Kimley- 
Horn developed updated PMF hydrology for each watershed for both the 6-hour and 72-hour 
duration events (KHA September 2005). The 6-hour storm was used for these dambreak studies. 
The peak inflow for the PMF for Apache Junction FRS and Signal Butte FRS was determined to 
be 23,400 cfs and 26,222 cfs, respectively in the KHA study. 

7.0 Description of Downstream Inundation Area 

The dambreak study limits are defined as beginning at the dams and traversing downstream to 
approximately US 60 (Superstition Freeway), a distance of approximately 6.8 miles for Apache 
Junction FRS and 5.5 miles for Signal Butte FRS. The downstream limits of the study area 
include the future alignment location of the Arizona Department of Transportation's (ADOT) 
Red Mountain Freeway (Loop 202). 

The downstream inundation study areas for both dams have the same land use type and 
characteristics. Within the pool area and immediately downstream of each dam the land use is 
primarily upland Sonoran desert. In less than '/z mile downstream ftom each dam the land use 
changes ftom desert to rural medium residential. Residential development consists of medium 
density mobile home trailers, trailer parks, and commercial activities. The density of  mobile 
homes and trailer parks increases moving in the downstream direction. The spillway inundation 
delineation studies for Apache Junction FRS (July 2000) and Signal Butte FRS (August 1999) 
provide a discussion of this downstream study area and correlates the Manning's roughness 
coefficients with land use type. 

The downstream study area includes local and residential drainage improvements as well as 
ADOT freeway drainage improvements. The local improvements include trailer park 
retentionldetention basins, roadside drainage channels and minor improved drainage channels. 
The ADOT freeway drainage facilities includes large regional detention basins located between 
the Central Arizona Project (CAP) canal and the bture Red Mountain Freeway on the north side 
of US 60 (Superstition Freeway). 

The Central Arizona Project canal is a large water supply canal that delivers Colorado River 
water from the Colorado River near the confluence with the Bill Williams River to the central 
Arizona municipalities including the City of Phoenix, Scottsdale, Tempe, Mesa, and City of 
Tucson. The canal through the study area is a concrete lined open channel that has a bottom 
width of 24-feet and an invert constructed at a mild slope of 0.00008 feetlfoot. The depth of the 
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canal ranges fiom 26-feet to 30-feet within the study area (fiom canal invert to top of canal 
bank). According to the as-built plans the hydraulic capacity of the canal is 2,750 cfs. The 
upstream CAP canal embankment ranges in height above existing adjacent ground 
approximately 8 to 10 feet. 

The CAP canal within the study reach includes eleven cross drainage structures. Each cross 
drainage structure is a group of multiple barrel culverts that convey local drainage over the canal 
fiom the upstream side (east side) to the downstream side (west side). The cross drainage 
structures, according to the Bureau of Reclamation drainage analysis, were designed to convey 
the 100-year storm event. Appendix B includes the as-built plans of the CAP canal and data 
regarding the CAP canal cross drainage structures. 

8.0 DambreaWHydraulic Analysis and Methodology 

The November 2005 KHA dambreak report provides a detailed discussion of the dambreak 
hydraulic analyses and methodology used to prepare the dambreak study. The report discusses 
the model requirements including cross section geometry, Manning's roughness coefficients, 
reach lengths, boundary conditions, and dam breach parameters. Cross section location maps 
were provided in the November 2005 report as well as a discussion of the determination of 
roughness coefficients based on land use type. 

The November 2005 hydraulics models for each dam were used as the base models for this 
addendum study. No changes were made to the hydraulic models from the November 2005 
study regarding the physical representation of the dam embankments and cross section geometry. 
Changes were made to the base models by adding the CAP embankment in the geometry files 
through the use of the in-line structure editor. The CAP embankment was located between cross 
sections 8.391 and 8.292 in the Apache Junction FRS models and between cross sections 8.965 
and 8.90 in the Signal Butte FRS models. Further discussion of the approach for modeling the 
CAP embankment is provided in Sections 8.1 and 8.2 below. 

8.1 CAP Embankment 

Kimley-Horn collected the as-built plans of the CAP canal for Reach 1B of the canal. For this 
addendum study this portion of the CAP system extends from University Drive to US 60 in the 
City of Mesa. The as-built plans were provided in the form of Tiff images by the CAP. Due to 
the nature of the quality of  the images it could not be determined if a canal bank profile was 
included on the plan and profile sheets. Therefore, KHA computed the canal embankment 
profile and elevations using the canal inverts, canal slope, canal lining height, and freeboard. A 
profile of the computed canal bank is provided in Appendix B. 

KHA also used the BOSS River Mechanics System (RMS) software to cut a profile of the crest 
of the upstream embankment to the canal. This profile is also plotted in Appendix B. Note that 
profile is oriented looking upstream fiom north to south (left to right). The plot also includes the 
canal invert profile fiom the as-built plans. The crest profiles fiom the as-built plans and the cut 
profile (using the two-foot contour mapping developed for this dambreak study) appear to 
generally be in agreement. 
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The CAP canal profile used in this addendum study was based on the RMS cut profile and 
smoothed by KHA to represent a gradual transition in elevations. Appendix B also includes the 
smoothed profile. The CAP embankment profile was added to the dambreak models for each 
dam using the in-line structure option of the geometry editor. The in-line structure editor 
requires designating a river mile where the canal embankment is located plus embankment 
geometry and weir coefficient data. The geometry data includes the weir profile as well as the 
top of weir width and embankment side slopes. The top of weir (or embankment) and 
embankment side slopes are used by the HEC-RAS program for graphical plotting purposes. 

A. Embankment Weir Coefficient. Kirnley-Horn reviewed the "Handbook of Hydraulics" by 
Brater and King which provides a discussion of weir coefficients for broad-crested weirs. Weir 
coefficients have been developed based on laboratory data which is used to relate the discharge 
over the weir to the hydraulic head acting on the weir. Laboratory results indicate that the weir 
coefficient ranges fiom 3.07 to 2.63 for broad-crested weirs. Brater and King provide a weir 
coefficient table which is based on the breadth of the weir crest and head acting over the weir. 
The breadth of the upstream CAP canal embankment fiom as-built drawings is on the order of 12 
- 15 feet. The results for the addendum for Apache Junction indicate the hydraulic head over 
the upstream CAP canal embankment to be on the order of 0.4 feet, 1.2 feet, and 1.5 feet for the 
sunny day, empty pool, and full pool scenarios (for a weir coefficient of 2.65). The hydraulic 
head over the upstream CAP canal embankment for Signal Butte is on the order of 1.7 feet, 2.1 
feet, and 2.5 feet for the sunny day, empty pool, and full pool scenarios. The Brater and King 
table indicates that a weir coefficient on the order of 2.63 to 2.67 is appropriate for a weir 
breadth of 15 feet and the above hydraulic heads. A review of ADWR discussion of weir 
coefficients in an unpublished paper prepared by John Linkswiler supports the use of this range 
of weir coefficients for the CAP embankment. KHA also reviewed the HEC-RAS hydraulics 
and user's manual for weir coefficients for broad-crested weirs. The manuals recommend a 
range of weir coefficients of 2.6 to 4.0 depending on the type of weir. The manual recommends 
a 2.6 coefficient for flow over bridge decks and 3.0 for flow over elevated roadway approach 
embankments. From review of the above literature a value of 3.0 would over estimate the 
hydraulic efficiency of the CAP canal embankment compared to a paved roadway embankment. 
The value used in the addendum study is 2.65 which is within the range of the 2.63 to 2.67 
recommended by Brater and King. 

Kimley-Horn also conducted a limited sensitivity analysis for the CAP embankment weir 
coefficient. Model runs were conducted for weir coefficients of 2.60, 2.65, and 3.0 for each dam 
and for each modeling scenario (full pool, empty pool, and sunny day). The 2005 dambreak and 
2006 dambreak addendum used a weir coefficient of 2.60. The results of the sensitivity analysis 
indicated that the change in flow over the CAP embankment increased approximately by 100 cfs 
or less in all cases. Therefore, the results indicate that the change in weir coefficient was not 
very sensitive. In order to be within the range recommended by Brater and King, KHA used for 
the addendum a weir coefficient of 2.65. 

8.2 CAP Embankment In-Line Gates 

An in-line flood gate was provided by KHA as part of the geometric description and modeling 
operations for the CAP embankment. The unsteady flow option of HEC-RAS requires flow at 
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all cross sections during the initial warm-up conditions. A structure, such as a dam or in-line 
structure, blocks channel flow and thus the requirement for maintaining a "wet" model in the 
initial condition cannot be met. HEC-RAS provides an option to allow flow "through" the 
embankment with very minor impact on the outcome of the study. An approach to satisfy this 
requirement is to add a gate in the canal embankment. An in-line gate was entered into the 
geometric description of the CAP embankment (in-line structure) using the geometric editor. 

The in-line gate for the CAP embankment was modeled as a 4-foot high by 150-foot wide 
rectangular gate for both the Apache Junction FRS and Signal Butte FRS HEC-RAS unsteady 
flow models. The gate was allowed to remain open during model initialization. The geometry 
(size) of the gate was determined initially to pass the initial condition flow without hydraulic 
impacts. The final gate size was determined through multiple iterations of the model and 
assurance of flow downstream of the CAP canal for model requirements. 

The unsteady flow option of HEC-RAS requires a time series in the unsteady flow editor to 
defme the operating conditions for the gate. The time series entered for the gate was to assume 
that the gate was open initially and closed over time as the dambreak floodwave approached the 
CAP canal embankment and began to fill the "impoundment" area upstream of the canal. The 
gate was gradually closed so that flow would continue in the downstream inundation area to 
satisfy the modeling conditions. The gate was closed at a time before the peak of the dambreak 
floodwave approached the CAP canal. The time series for the gate was dependent on the 
modeling scenario for each dambreak model. Appendix B provides a graph of the time series of 
the gate for each dam for each modeling scenario. 

8.3 Model Scenario No. 1 - Empty Pool 

The Empty Pool Model Scenario routes the 6-hour PMF through each dam under the conditions 
of an empty impoundment (no pool). This scenario follows the guidelines published by ADWR 
(ADWR, March 2004) which allow the analysis to start with initial conditions of an empty pool. 

8.3.1 Boundary and Initial Conditions 

The dynamic routing option of HEC-RAS requires the input of unsteady flow data (inflow 
hydrographs). The unsteady flow data may be entered as upstream and downstream boundary 
conditions as well as lateral inflow hydrographs. The model requires boundary conditions at all 
the external boundaries of the model system, as well as any desired internal locations, and setting 
the initial flow and storage area conditions at the beginning of simulation. 

A flow hydrograph was selected as the upstream boundary condition for both dams. The 
upstream hydrograph boundary condition for the dambreak analysis for the empty pool and full 
pool model scenarios was the 6-hr PMF hydrograph. For the sunny day model scenario, it is 
assumed that no inflow occurs into the reservoir pool; however, the pool is initially full to an 
elevation of the emergency spillway crest elevation. HEC-RAS requires an upstream boundary 
condition, thus a small low-flow steady hydrograph was selected for the sunny day scenario to 
satisfy model requirements and model stability. The upstream hydrographs for Apache Junction 
FRS was a steady 1000 cfs and for Signal Butte FRS was a steady 2000 cfs. In the 2005 
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dambreak study the upstream hydrograph for the sunny day scenario for Apache Junction FRS 
was 500 cfs. The flow was increased in this addendum study to 1000 cfs as the 1000 cfs appears 
to provide better model stability compared to the 500 cfs. 

The unsteady flow option of HEC-RAS requires that initial conditions also be specified. Initial 
conditions establish the flow and stage at all nodes in the model system at the beginning of the 
simulation. Initial conditions are used to "warm up" the model and to have the program perform 
a steady flow backwater run to compute corresponding stages at each cross section. The initial 
condition flow for Apache Junction FRS was increased fiom 500 cfs (in the 2005 dambreak 
study) to 1000 cfs for the same reasoning provided in the previous paragraph for the upstream 
boundary condition. For the Signal Butte FRS, the initial condition flow was reduced to 2000 cfs 
fkom 203 1 cfs (in the 2005 dambreak study) for the empty pool and full pool scenario. The drop 
was completed to round down the initial flow used and as a result the reduction in initial flow did 
not appear to cause any model instability. No other changes were made to the 2005 dambreak 
models regarding initial water surface elevations, water surfhce elevation for initiation of breach 
formation, and other breach parameters. 

8.4 Model Scenario No. 2 -Full Pool 

The Full Pool Model Scenario routes the 6-hour PMF through both dams under the conditions of 
an assumed initial conditions of a full impoundment. This scenario simulates "back-to-back" 
storm events. The same model conditions described for the Empty Pool were applied to the Full 
Pool Model Scenario except for the condition of an initial full impoundment. 

8.5 Model Scenario No. 3 - Sunny Day 

In the sunny day model scenario the initial pool elevation is set approximately at the emergency 
spillway crest for Signal Butte FRS and Apache Junction FRS. Breach parameters are the same 
as in the fust two model scenarios except the water surface elevation at the initiation of breach 
was set just above the emergency spillway elevations. This scenario assumes a full pool 
resulting fkom a previous flood event but no subsequent inflow event. There is no flood inflow, 
only a "static" full pool. This model scenario is known as the sunny day failure. The sunny day 
failure assumes a breach of the dam under non-hydrologic inflow conditions or after the 
hydrologic event has occurred. 

There was one minor change in the addendum model fkom the 2005 dambreak model for Apache 
Junction sunny day scenario. The time for triggering the breach initiation was changed from 2 
minutes into the simulation to 15 minutes into the simulation. 

9.0 Dambreak Results 

The cross section water surface elevations in the downstream inundation reach were computed 
and well as channel velocities and hydraulic depths for each modeling scenario for each dam. 
Arrival times were derived for the maximum stage based on time zero being the peak flow 
through the breach. Flow arrival times are included on the inundation exhibit maps in Appendix 
C. The time in hours for the peak of the floodwave to reach the downstream end of the 
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inundation reach for the Apache Junction FRS dambreak is 4.7 hours, 4.3 hours, and 8.1 hours 
for the Empty Pool, Full Pool, and Sunny Day scenarios, respectively. The time in hours for 
the peak of the floodwave to reach the downstream end of the inundation reach for the Signal 
Butte FRS dambreak is 3.1 hours, 2.4 hours, and 3.2 hours for the Empty Pool, Full Pool, and 
Sunny Day scenarios, respectively. 

The Apache Junction FRS dambreak flood elevations, flow velocities, and depths of channel 
flow are summarized in Tables 1,2, and 3 for the Empty Pool, Full Pool, and Sunny Day 
scenario, respectively. The Signal Butte FRS dambreak flood elevations, flow velocities, and 
depths of channel flow are summarized in Tables 4,5, and 6 for the Empty Pool, Full Pool, and 
Sunny Day scenario, respectively. Results are not reported in the following tables for 
interpolated cross sections. Detailed model output is provided as electronic format in the 
enclosed compact disk as part of this report (see pocket in back of report). A series of dambreak 
and downstream routing hydrographs are provided in Figures 1 through 4 for Apache Junction 
FRS and Figures 5 through 6 for Signal Butte FRS. 
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Table 1. Dambreak Summary Table Apache Junction FRS (Empty Pool - NAVD88). 
(CAP canal is located between section 8.391 and section 8.292; yellow highlight indicates maximum value for 
parameter in downstream reach) 
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Table 2. Dambreak Summary Table for Apache Junction FRS (Full Pool - NAVD88). 
(CAP canal is located between section 8.391 and section 8.292; yellow highlight indicates maximum value for 
parameter in downstream reach) 
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Table 3. Dambreak Summary Table for Apache Junction (Sunny Day - NAVD88 ). 
(CAP canal is located between section 8.391 and section 8.292; yellow highlight indicates maximum value for 
parameter in downstream reach) 
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Table 4. Dambreak Summary Table Signal Butte FRS (Empty Pool - NAVD88). 
(CAP canal is located between section 8.965 and section 8.90; yellow highlight indicates maximum value for 
parameter in downstream reach) 
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Table 5. Dambreak Summary Table Signal Butte FRS (Full Pool - NAVD88) 
(CAP canal is located between section 8.965 and section 8.90; yellow highlight indicates maximum value for 
parameter in downstream reach) 
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Table 6. Dambreak Summary Table Signal Butte FRS (Sunny Day - NAVD88). 
(CAP canal is located between section 8.965 and section 8.90; yellow highlight indicates maximum value for 
parameter in downstream reach) 
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Figure 1. Breach Hydrographs At First Downstream Cross Section (12.967) From Apache Junction FRS (Breach For All 
Three Scenarios). 
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Figure 2. Flow Hydrographs At First Downstream Cross Section (12.967) From Apache Junction FRS And Last Cross Section 
(5.000) In Downstream Inundation Reach (Breach For Full Pool). Travel Time For Floodwave Peak Is Approximately 4.3 
Hours. 
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Figure 3. Flow Hydrographs At First Downstream Cross Section (12.967) From Apache Junction FRS And Last Cross Section 
(5.000) In Downstream Inundation Reach preach For Empty Pool). Travel Time For Floodwave Peak Is Approximately 4.7 
Hours. 
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Figure 4. Flow Hydrographs At First Downstream Cross Section (12.967) From Apache Junction FRS And Last Cross Section 
(5.000) In Downstream Inundation Reach (Breach For Sunny Day). Travel Time For Floodwave Peak Is Approximately 8.1 
Hours. 
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Figure 5. Breach Hydrographs At First Downstream Cross Section (11.353) From Signal Butte FRS (Breach For All Three 
Scenarios). 
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Figure 6. Flow Hydrographs At First Downstream Cross Section (11.353) From Signal Butte FRS And Last Cross Section 
(5.000) In Downstream Inundation Reach (Breach For Full Pool). Travel Time For Floodwave Peak Is Approximately 2.4 
Hours. 
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Figure 7. Flow Hydrographs At F i s t  Downstream Cross Section (11.353) From Signal Butte FRS And Last Cross Section 
(5.000) In Downstream Inundation Reach (Breach For Empty Pool). Travel Time For Floodwave Peak Is Approximately 3.1 
Hours. 
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Figure 8. Flow Hydrographs At First Downstream Cross Section (11.353) From Signal Butte FRS And Last Cross Section 
(5.000) In Downstream Inundation Reach (Breach For Sunny Day). Travel Time For Floodwave Peak Is Approximately 3.2 
Hours. 
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10.0 Discussion of Assumptions 

This section of the report presents a discussion of the assumptions for the portions of the 
updated November 2005 dambreak study revised by this addendum study. A discussion 
of the dambreak assumptions is provided in Section 10 of the dambreak study of 
November 2005. Section 10 included discussion of the selection of breach parameters, 
lateral structure and in-line weir representation of the dams, selection of the appropriate 
failure mode, Manning's roughness coefficients, and the use of ineffective permanent 
areas, pilot channels, and in-line gates for the dams. 

10.1 Downstream Flood Inundation Delineation 

The delineation of the flooding limits in the downstream inundation areas as a result of 
the dambreak discharge hydrographs and the inclusion of the CAP embankment fiom the 
Empty Pool, Full Pool, and Sunny Day scenarios for both dams are provided in 
Appendix C (as Exhibit C-1, C-2, and C-3, for Apache Junction FRS and Exhibit C-4, 
C-5, and C-6 for Signal Butte FRS). The inundation exhibits include hydraulic summary 
tables to be incorporated as part of the EAP report. 

The downstream study limits for the dambreak and addendum study were determined 
during the scoping of a previous contract (FCD 2003C062. The limits were estimated by 
extending projections of the existing Natural Resources Conservation Service dambreak 
inundation limits for both Apache Junction FRS and Signal Butte FRS &om the studies 
downstream to US 60. 

A review of the routed floodwave hydrographs at the downstream limit of the study 
(HEC-RAS cross section 5.00) for Signal Butte FRS under all three scenarios indicates 
that the floodwaves could travel hrther downstream (west) past the downstream limits of 
the study. A review of the routed floodwave hydrograph at cross section 5.00 for Apache 
Junction for two of the three scenarios (full pool and empty pool) could extend further 
downstream as floodplain flow. The routed floodwave under the sunny day scenario for 
Apache Junction FRS appears to be contained in local drainage channels which includes 
the large ADOT channel on the north side of US 60. The inundation mapping in 
Appendix C provides a note indicating that the potential may occur for the dambreak 
floodwave to continue downstream beyond the current mapping limits. 

10.2 Central Arizona Project Canal 

The CAP canal traverses across the downstream inundation areas of both dams. The 
CAP canal location is shown on the map exhibits in Appendix C. The canal has eleven 
multi-barrel cross drainage structures within the study area. The structures convey 
stormwater flows ranging fiom local low flows to the 100-year local storm event Erom the 
east side of the canal and discharges into facilities on the west side of the canal. For the 
purposes of this addendum study the CAP cross drainage structures were not considered 
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due to the relatively small cumulative conveyance for flood magnitudes associated with a 
dambreak floodwave, especially under the full pool and empty pool scenarios. 

It was assumed in this addendum study that the dambreak floodwaves overtop the canal 
under all three modeling scenarios for both dams. The results of this study indicate that 
this potential does exist, more so for the empty pool and fill pool scenarios. The 
modeling approach assumed that the CAP embankment was a single earth structure (as 
compared to a three element facility: an upstream embankment, an excavated canal, and a 
downstream embankment). No accounting for storage by the canal was provided in this 
addendum study. It was assumed that the CAP canal prism would not provide substantial 
storage under the higher flood discharges for the full pool and empty pool scenarios. 
However, the CAP canal could provide storage for lower flood discharges such as the 
sunny day scenario for both dams. 

The crest of the CAP canal embankment ranges in elevation fi-om 1574 feet at the north 
end, 1572 feet within a middle portion, and then rises to 1578 feet at the south end. The 
higher canal embankment occurs at the downstream end of the CAP canal within the 
study area at the location of the canal's crossing of the US 60 freeway. If flows were to 
overtop the upstream canal embankment those flows would spill into the CAP canal and 
fill the available freeboard volume. The CAP canal could continue to fill under large 
inflows until flows would overtop the downstream embankment at an elevation of 
approximately 1572 feet (it was assumed that the upstream and downstream canal 
embankments have the same crest profile). The eleven cross drainage structures would 
be operating and conveying flood flows. 

11.0 Discussion and Comparison of Results 

A summary of the hydraulic results of the unsteady flow dambreak models was provided 
in tabular form in Tables 1 through 6 and in graphical form in Figures 1 through 8 in 
Section 9. The hydraulic summary tables have been highlighted to indicate maximum 
values for the represented hydraulic parameters. Maximum velocities and peak 
discharges are generally located just downstream of each dam for each scenario. 
Maximum flood widths are on the order of 10,900 feet wide for Signal Butte FRS and 
10,700 feet wide for Apache Junction FRS. Figure 1 and Figure 5 provide the breach 
hydrographs at the most adjacent downstream cross section of each dam for Apache 
Junction FRS and Signal Butte FRS, respectively. 

The floodplain at the CAP canal crossing increased for the Signal Butte FRS under this 
addendum study compared to the November 2005 study. This increase in floodplain 
width is reflective of the storage provided upstream of the embankment and the CAP 
embankment profile. The storage resulted in attenuation of the dambreak floodwave. 
The CAP canal embankment impounds (provides storage) the dambreak floodwave for 
both dams under all three modeling scenarios. This storage results in attenuation of the 
peak discharges downstream of the CAP compared to the November 2005 results 
(without the CAP canal embankment). The degree of attenuation is greatest for Apache 
Junction FRS under the full pool scenario. 
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For this addendum study, the depth of overtopping of the canal embankment is less than 
0.4 foot for the sunny day scenario for the Apache Junction FRS dambreak floodwave. 
The depth of overtopping for the empty pool and full pool scenario is 1.2 feet and 1.5 
feet, respectively. The depth of overtopping for the dambreak floodwaves fiom Signal 
Butte FRS under the sunny day, empty pool, and full pool scenarios is 1.7 feet, 2.1 feet, 
and 2.5 feet, respectively. The depths of overtopping for the Signal Butte FRS dambreak 
floodwaves are greater than the Apache Junction FRS dambreak floodwaves was due to 
the fact that the peak discharges from the Signal Butte FRS dambreak hydrographs are 
greater than the peak discharges fiom the Apache Junction FRS dambreak hydrographs. 
The Signal Butte FRS also has a larger flood storage volume than the Apache Junction 
FRS which under dambreak conditions would result in larger volumes of floodwater 
coursing in the downstream direction. Finally, the Apache Junction FRS is located 
further upstream than Signal Butte FRS. The Apache Junction dambreak floodwaves will 
have attenuated to a relatively greater degree than the Signal Butte floodwaves by the 
time the floodwaves approach the CAP canal. 

The flood inundation limits have been provided on the exhibits in Appendix C. The 
exhibits include hydraulic summary tables that include the arrival times for the 
floodwaves at various downstream locations. 

The modeling approach to the CAP canal was to evaluate the impacts of the CAP canal 
on the routed dambreak floodwave. The CAP canal is overtopped from the routed 
dambreak floodwaves fiom both dams for all three scenarios. The depths of overtopping 
of the CAP embankment are the greatest for the full pool scenarios and the lowest for the 
sunny day scenarios. The CAP canal does attenuate the peak of the routed floodwave for 
the inundation area downstream of the CAP canal. The CAP canal also impounds water 
on the upstream canal embankment to the height of the routed water surface elevation. 
The depth of impoundment is greatest for the full pool scenarios: approximately 10.6 feet 
for Apache Junction FRS dambreak and 1 0.5 feet for the Signal Butte FRS dambreak. 
Water will evacuate fiom the impounded area by overtopping of the canal and by gradual 
release through the eleven cross drainage structures. 

Study results (fiom the 2005 dambreak study and this addendum) for each dambreak 
scenario (empty pool, full pool, and sunny day) are compared using hydraulic summary 
tables that lists hydraulic variables for depths of flow at each reported cross section, 
dambreak routed maximum flow, floodwave time to peak, average cross section flow 
velocity, channel flow velocity, hydraulic depth of flow, and water surface elevations 
(NAVD88). The hydraulic summary tables are presented in Appendix D as Tables D-1 
through D-7. Tables D-2 through D-7 are a three part table listing the November 2005 
study results at the top of the table, the addendum study results in the middle of the table, 
and the difference in parameter values between the two studies listed in the bottom of the 
table. 
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11.1 Depths of Flow 

The November 2005 study reported dambreak floodwave depths of flow on the 
inundation exhibits based on the maximum depth in each cross section for each dambreak 
scenario. The maximum depth of flow in each cross section generally corresponded to 
flow in either local drainage channels or depth of water stored in detention basins. 
Maximum water depths were observed in the ADOT detention basins located along the 
north side of US 60 (Superstition Freeway). The reported depths of flow (from the HEC- 
RAS output as "maximum channel depth") in the November 2005 study were based on 
these local drainage facilities (which made the depths greater than those anticipated 
where development occurs on the floodplain). 

Several of the reported maximum channel depths in the November 2005 study were also 
associated with pilot channels. The use of the pilot channels are discussed and explained 
in the 2005 study. Basically the pilot channels are fictitious earth cuts of 2-fi wide and 4 
to 6-fi deep and implemented with the pilot channel editor of HEC-RAS. Pilot channels 
were used in the study for model stabilization during initial conditions warm-up. In the 
reaches where pilot channels are used, HEC-RAS reports channel depths based on the 
invert of the pilot channel (the invert of the pilot channel is lower than lowest existing 
grade). These reported depths are not the depths of flow on the floodplain where 
development exists. The correct depths of flow to report are discussed in the next 
paragraph. 

This addendum study has documented dambreak floodwave depths of flow based on the 
depth of flow over the floodplain surface across each cross section (as opposed to depths 
in local drainage channels or detention basins or pilot channels). Selected cross sections 
were plotted with the water surface elevation for each dambreak scenario. The selected 
cross section plots (which provide the basis of the floodplain flow depths in Tables D-2 
through D-7) are presented in Appendix D for each dambreak study (Apache Junction 
FRS and Signal Butte FRS). The floodplain ground elevation was observed to be the 
lowest ground elevation not associated with a local drainage channel or ADOT detention 
basin. The depth of flow was then determined as the difference between the maximum 
water surface elevation for each dambreak scenario and the floodplain ground elevation 
(the floodplain ground elevation was determined from the plots in Appendix D and 
summarize in Table D-1). This resulted in lower depths of flow reported for each 
selected cross section compared to the November 2005 study. These reported depths of 
flow are those depths that would occur where development exists as opposed to the local 
drainage channels and the detention basins. Table D-1A and D-1B presents the 
floodplain depths and floodplain ground elevations observed from the cross section plots 
for Apache Junction FRS and Signal Butte FRS, respectively. 

11.2 Routed Flows 

The dambreak routed peak flow remained approximately unchanged when comparing the 
November 2005 study and this addendum study fiom each dam downstream to the CAP 
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canal for each dambreak scenario. The Tables in Appendix D provide a summary of the 
routed flows. The flows fiom just upstream of the CAP canal and downstream to the 
study limits are reduced in this addendum study. The CAP canal embankment results in 
an attenuating effect by temporarily storing floodwaters on the upstream side of the canal 
embankment. Dambreak floodwave flow ponds on the upstream side of the canal 
embankment until ponding reaches the minimum elevation of the canal embankment 
(1572 ft) upon which flow overtops the canal embankment. It was assumed in the 
addendum study that the canal embankment was a very wide weir as such no storage was 
included within the canal prism and the downstream canal embankment has the same 
profile as the upstream canal embankment. 

11.3 Times to Peak 

The dambreak floodwave time to peak increased for each modeling scenario for Apache 
Junction FRS. The increase in time to peak is a result of the storage of floodwaters 
upstream of the CAP embankment and the attenuating impacts on flood peaks. Apache 
Junction FRS floodwave times to peak increased fiom 0.4 to 0.5 hours for the empty pool 
scenario and 0.3 to 0.4 hours and 1.4 to 2.0 hours for the full pool and sunny day 
scenarios, respectively. Signal Butte FRS floodwave times to peak increased to 0.1 hours 
for a cross section and decreased to 0.2 hours downstream of the CAP for the empty pool 
scenario and no change and an increase from 0.2 to 0.3 hours for the fill pool and sunny 
day scenarios, respectively. 

11.4 Flood Elevations 

Corresponding with a reduction in the flow and depths of flow in the addendum study 
(with CAP) compared to the November 2005 study (without CAP) downstream of the 
CAP was a reduction in flood elevations at the reported cross sections in Tables D-2 
through D-7. As anticipated, for each dambreak model, the water surface elevations 
increased at the CAP canal and just upstream of the CAP canal and decreased 
downstream of the CAP canal. An examination of the ponding depth on the upstream 
side of the CAP embankment £tom the fill pool scenario for each dambreak indicated a 
ponding depth of 10.5 to 10.6 feet. 

12.0 Recommendations for Local Flood Response 

The following are recommendations for local jurisdictions to monitor the CAP canal and 
embankment during flood flows and from potential dambreaks fiom either the Apache 
Junction FRS or the Signal Butte FRS. 

Note that the cross drainage structures will flow first. This is an early warning 
indicator that flows could be impounded upstream of the canal. 
The low portion on the crest of the upstream canal embankment is approximately 
at elevation 1572 feet. This occurs within the middle third ofthe CAP 
embankment within the study area. This area of the CAP embankment should be 
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monitored during high flooding events as this portion of the CAP embankment 
will be the location where overtopping would occur fust. 
Impounded water upstream of the CAP canal embankment will drain at a slower 
rate compared to the passage of the higher velocity dambreak floodwave. Access 
to the impounded area cannot occur until the floodwaters are drained through the 
CAP cross drainage structures. 

13.0 Conclusions 

The objective of this addendum was to evaluate the impacts of the CAP embankment on 
the dambreak floodwave for all three modeling scenarios for both dams and to estimate 
the upstream ponding levels due to the impoundment of floodwaters. The results of the 
modeling, based on the assumptions and modeling approach, indicate that the CAP 
embankment does attenuate the routed floodwave for both dams under all three scenarios. 
This was an anticipated observation. The results fiom the unsteadyldynamic models are 
reasonable for the downstream inundation reach and mapping. 
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IWRFORC~D CONCRETE LINING 5WWN) ~n area other thon rack formations, the 3" beduing moy be o m ~ t k d  

tf the inploce moteriol can be trimmed t o  +he equr valont smooth- 
ness and mmpocfness o f  the replaced selected bedding m t e r ~ o l .  

op splice t o  be in o Transverse contraction p in ts  around curves fo be on radial 

D E T A I L  A 
(Sirnilor t o  Longif udinol dolnt 

Detoil except # 4 @ l - 0 )  

SALT - GILA DIVISION - ARIZONA 

SA LT-GIL A AQUEDUCT 
REACH 18 

REINFORGED GONCRETE 
L I N I N G  D E T A I L S  
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CENTRAL ARIZONA M W S T  
SALT-GILA DIVISION-ARIZONA 

SALT- GlL A AQUEDUCT 
REACH I B  

STA. 4754-00 TO STA. 535400 

- -. -- enc o y r ~ - s ~ o w a ~ ~ ~ ; / ~  
- - - . . . - 



. . 

C h o ~ n  link fence 

$GALE OF FEET 
CONTOUR INTERVAL Z FEET 

For General Notes.  see (83591 
For u t i l i t y  croisings.see (84101. 





CROSS DRAINASE STRUCTURES 

DESIGN STORM 

. 

- . .... 



INPUT DATA FOR FLOOD ROUTING 
SALT- GILA AQUEDUCT REACH 1 

, STATION STRUCT. SIZE INVERT CREST STORAGE CAPACITY DATA 
TYPE ELEV. ELEV. ELEV. AC.FT ELEV. AC.FT. 

i 
-. -. 

14+95.07 
Protected by Spook Hill Flood Retarding Structure. 
Designed by Soil Conservation Service and Operated by 
Maricopa County Flood Control District. Emergency 
spillway located at Station 127 t62 .3 .  Principle spillway 
is on east side of the aqueduct and pumping plant.778 

331tOO 

3 4 5 t 3 0  Pipe OC 3-54"  1565.90 1575.0 No routing considered for 
this area, due to lack of 

374+00 Flume 40 ' -10"  1565.08 1571.83 Right-of-way available. 
e. _ / .  

396+00 Flume 40 ' -10"  1564.90 1571.65 a* 

4 2 7 t 1 5  Pipe OC 3-72"  1568.32 1577.9 ll 

429+20 Pipe OC 3-72" 1568.32 1577.9 \---. 11 

.- . . 

4 5 6 t 5 0  Pipe OC 2 i 6 0 "  1556.16 1574.0 ll 

Pipe OC 3-72"  1560.68 1573.9 1l 

i - 0 
-C 

- J ! ?  4 7 9 t 0 0  Pipe OC 5-72" 1562.20 1573.9 qrq00 l1 

r;t'_/$29+50 Pipe OC 5-72" 1562.59 1576.4 
, ( ~ v ~ n q  \ SD-m -2-c 

- J . - 
5 4 2 t 5 0  Pipe OC 5-72" 1562.59 1577.8 ,, v \ J Z . o . o ~ ~ a a  - 
552+50 Pipe OC 5-72'' 1563.76 1577.7 l1 FI/O i ~ u k r / L C  \ f i ( . o u - d . - %  

\ 5 6 3 t 5 0  Pipe OC 5-12" 1563.76 1577.6 l1 

\74+50 pipe oc 3-54" 1566.08 1577.5 1l 



Kimely-Horn and Associates, Inc. Buckhorn-Mesa 
Addendum to Dambreak Study 

Computed by: RAE 

CAP Embankment Profile 

Length (ft) 
_- .__ --_ _ _ _ - _ _ - _ _ _ - -  - 

[*canal Invert +Canal Embankment Computed +Centerline Profile UIS Ernbkrnt -- ppp -- -- ---- -- -- _ _______-__ __ 

CAP Top of Bank Elevations.xls/Sheet1 Chart 1 May 31 2006 



Kimley-Horn and Associates, Inc. Buckhorn-Mesa 
Addendum to Dambreak 

CAP Profile for In-Line Structure 

Computed by: RAE 

moo 8000 10000 

Station (ft) 

---- 
ECAP Profile +CAP Profile ~ r n o o t h d  -- 

CAP Top of Bank Elevations.xls/Sheet2 Chart 1 May 31 2006 



Gate 

Empty Pool D 

Gate Time Series for CAP.doc 



o-n =- .nh4m and Asso&km, Im, 

Gate Time Series for CAP - Signal Butte FRS (Full Pool, Empty Pool, and Sunny Day) 

Gate Time Series for CAP.doc 



Addendum to Dainbreak Study for 
Apache Junction FRS and Signal Butte FRS 















APPENDIX D 

Addendum to Dambreak Study for 
Apache Junction FRS and Signal Butte FRS 



Floodplain Depths of Flow and Ground Elevations 

Table D-I a 

Comparison No CAP v s  CAP.xls/Ground Elev 



Signal Butte FRS Dambreak Table D-2 

Comparison No CAP vs CAP.ds/SBEmptyPool 



Signal Butte FRS Dambreak Table D3 

Cornparism No CAP vs CAP.xlslSBFullPool 



Signal Butte FRS Dambreak Table 0-4 

Cwrparison No CAP vs CAP.xlslSBSunnyDay 



Apache Junction FRS Dambreak Table D-5 

Comparison No CAP vs CAP.xlslAJEmply Pool 



Apache Junction FRS Dadreak Table D 6  

Conparison No CAP vs CAP.dslklFull Pod 



Apache Junction FRS Dambreak 

Comparison No CAP w CAP.xlslNSunny Day 



Flood Control District 
of Maricopa County 

Signal Butte Plan: 1 )  CAP Full Pol 5/29/2006 2) Sunny CAP 5/29/2006 3) w CAP e m p y  5/29/2006 
RS = 11 353 Xsedion at Damstream toe d Signal Butte FFIS 

SB Cross Section Plots.doc 
KHA Project No. 091725006 
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Flood Control District 
of Mruicopa County 

Signal Butte Plan: 1) CAP Full Pol 5/29/2006 2) Sunny CAP 5/29/2006 3) w CAP empty 5/29/2006 
RS =11.178 
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m=n Kimley-Horn 
and Associates, Inc. 

Flood Control District 
of Maricopa County 

Signal Butte Plan: 1) CAP Full Pol 5/29/2006 2) Sumy CAP 5/29/2006 3) w CAP empy 5/29/2006 
RS =9.983 

SB Cross Section Plots.doc 
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m Kimley-Horn 
and Associates, Inc. 

Flood Control District 
of Maricopa County 

Signal Butte Plan: 1 )  CAP Full Pol 5/29/2006 2) Sunny CAP 5/29/2006 3) w CAP empty 5/29/2006 
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Flood Control District 
of Maricopa County 

Sianal Butte Plan: 1) CAP Full Pol 5/29/2006 2) Sunny CAP 5/29/2006 3) w CAP emmy 5/29/2006 

SB Cross Section Plots.doc 
KHA Project No. 091725006 
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r-9 Kimley-Horn 
and Associates, Inc. 

Rood Control District 
of Maricopa County 

SB Cross Section Plots.doc 
KHA Project No. 09 1725006 
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Kimley-Horn 
and Associates, Inc. 

Flood Control District 
of Maricopa County 

Signal Butte Plan: 1) CAP Full Pol 5/29/2006 2) Sunny CAP 5/29/2006 3) w CAP empty 5/29/2006 
RS = 7.602 
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= n Kimley-Horn 
- and Associates, lnc. Flood Control District 

of Maricopa County 

Signal Butte Plan: 1) CAP Full Pol 5/29/2006 2) Sunny CAP 5/29/2006 3) w CAP empty 5/29/2006 
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Kimley-Horn 
and Associates, Inc. 

Rood Control District 
of Maricopa County 

Signal Butte Plan: 1) CAP Full Pol 5/29/2006 2) Sunny CAP 5/29/2006 3) w CAP empty 5/29/2006 
RS = 5.71 6 
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Kimley-Horn 
and Associates, Inc. 

Flood Control District 
of Maricopa County 

Signal Butte Plan: 1) CAP Full Pol 5/29/2006 2) Sunny CAP 5/29/2006 3) w CAP empty 5/29/2006 
RS = 5.COO 
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KHA Project No. 09 1725006 

Page IOof I0 

Station (ft) 

FCD2005C016 
PCN 300.0 1.26 



and Associates, Inc. 
Flood Control District 
of Maricopa County 

AJ Plan: 1) FuII+CAP 92912006 2) Sunny w CAP 512W2006 3) Dry w CAP 5/29/2006 
RS = 12.932 Centeris roadmyow dam 
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Kimley-Horn 
and Associates, Inc. 

AJ Plan: 1 ) FulKAP Y 2912006 2) Sunny w CAP 5/29/2006 3) Dry w CAP 5/29/2006 
RS = 12.406 

Flood Control District 
of Maricopa County 
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Kimley Horn 
and Associates, Inc. Flood Control District 

of Maricopa County 
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o m  Kimley-Horn 
and Associates, Inc. 

AJ Plan: 1) FulkCAP 92912006 2) Sunny w CAP 512W2006 3) Dly w CAP 5/29/2006 
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Kimley-Horn 
and Associates, Inc. 

Flood Control District 
of Maricopa County 

Plan: I) FulkCAP 5/29/2006 2) Sunny w CAP 5129'2006 3) Dry w CAP 5/29/2006 
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Flood Control District 
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Kimley-Horn 
and Associates, Inc. 

AJ Plan: 1) FulkCAP Y2912006 2) Sunny w CAP 5/29'2006 3) Dry w CAP 5/29/2006 
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and Associates, Inc. 

AJ Plan: 1) FulkCAP Y2912006 2) Sunny w CAP 5/2W2J06 3) Dry w CAP 5/29/2006 
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Flood Control District 
of Maricopa County 
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Kimley-Horn 
and Associates, Inc. 

AJ Plan: 1) FulkCAP 5/29/2006 2) Sunny w CAP 5/2W2006 3) Dry w CAP 5/29/2006 
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n-n __ .nwHom and Associates, Inc. 

AJ Plan: I )  FulkCAP 5/29/2006 2) Sunny w CAP 512g2006 3) Dry w CAP 5/29/2006 
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