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Cave Buttes Dam
No action is planned at this time on alternatives evaluated for Cave Buttes Dam.
Future studies are pending project prioritization at the completion of Phase | Assessments for all

22 dams.

Powerline FRS, Vineyard FRS, Rittenhouse FRS

While ADWR has not identified dam safety deficiencies for.these dams, it is generally recognized
that significant dam rehabs or dam replacements are likely to be needed for the 3 dams to meet
the goals of the Structures Assessment Program. .

The Individual Structures Assessment (ISA) Report (dlstrlbuted previously) for these dams
provides an overall assessment of the dams as well as recommendations for more immediate site
specific investigations and repairs required for the dams. The more immediate issues identified in
the ISA report will be addressed under the Phase Ii investigation-and repair contracts.

These three dams are currently classified as significant and with anticipated downstream
development they will become high hazard, possible in the near future.

In addition urbanization encroachment is upon us at the dams. You may recall we had a meeting
last year with State Land Dept. to discuss a developers plans at Powerline FRS. The state has
asked for a copy of the Alternative Analysis report. Suggest you take a look at exhibit 5 of the
report which indicates current District flowage easements for the Apache Junction-Gilbert
Watershed Project.

Mike Wilson will be setting up an internai District meeting in two or three weeks to discuss
the issues and to formulate the District’s approach with the state and the developer. At
the meeting I’d also like to discuss the long term plans for these three dams.

Thanks
Tom R.

Powerline FRS, Vineyard FRS and Rittenhouse FRS'
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STRUCTURES ASSESSMENT PROGRAM - PHASE I
FLOOD CONTROL DISTRICT OF
MARICOPA COUNTY
ALTERNATIVES ANALYSIS REPORT

EXECUTIVE SUMMARY

1.0 Introduction

This Alternatives Analysis Report documents the results of an alternatives analyses for
four of the twenty-two Flood Control District of Maricopa County (District) flood control
dams. The Alternatives Analysis report is part of Phase I of the Structures Assessment
Program, as outlined below.

The purpose of the Alternatives Analysis is to evaluate structural and nonstructural flood
control alternatives/measures or solutions: the objective, which is to reduce the District's
risk and liability, associated with dam ownership. The structural alternatives evaluated
include repair of dams, modification of dams to improve performance, replacement of
dams with some other form of structural flood control measure or, modification of the
pool so as to eliminate the need for the dam embankment. Nonstructural alternatives
include mitigation through flood insurance, acquisition of flowage easements/properties,
development of emergency action plans, or some combination of two or more
nonstructural solution elements.

The Alternatives Assessment Report is the culmination of a concept investigation and
cost estimate for structural and nonstructural measures and alternatives for four District
dams — Cave Buttes Dam, Powerline Flood Retarding Structure (FRS), Vineyard Road
FRS, and Rittenhouse FRS. These alternatives are primarily conceptually designed to
reduce the risk of dam ownership to the District. The following structural and
nonstructural measures were used as the basis to develop the project alternatives for each
of the dams evaluated as part of this study.

Structural Measures:

a. Repair of currently identified dam safety deficiencies.

b. Upgrade dams to meet future ADWR standards.

c. Modify dams to improve performance.

d. Replace dams with structural features such as basins, floodways, or dams
modified to convey flows that provide the same flood control function as the dam.
Qualitatively evaluate the protection afforded by the dam to be able to contrast
recommendations with a no-dam alternative.

Kimley-Horn and Associates, Inc. Executive Summary Page 1 FCD 98-41
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f.  All structural solution alternatives shall identify opportunities for multi-use
functions, improved aesthetics, environmental enhancement, and potential for
partnering with others to accomplish project objectives.

g. One alternative shall consider modifying the pool so as to eliminate the need for
the dam embankment.

Non-Structural Downstream Measures (Cave Buttes Dam Only; not included for
Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structures because
emergency spillway inundation mapping was not available at the time of the study.
Evaluation of non-structural downstream measures should be completed after the
mapping is available.)

Potential Inundation Areas Downstream of Emergency Spillways and Principal
Outlets shall be conducted below Cave Buttes Dam. Measures are:

Mitigate Through Flood Insurance

Acquire Properties/Flowage Easements

Upgrade EAP's

Combination of two or more non-structural solution elements

Non-Structural Impoundment Area Measures:

Non-Structural Measures for Impoundment Areas will be conducted for the four
dams:

Mitigate Through Flood Insurance

Acquire Properties/Flowage Easements

Develop EAP's

Combination of two or more non-structural solution elements

The set of alternatives for each dam were evaluated based on criteria from which to rank
the alternatives and determine a "preferred" dam alternative. The alternative that ranks
the highest based on assignment of point values from a range of values for each
evaluation criteria is the preferred dam alternative for the dam being evaluated. The
preferred dam alternative as derived by this analysis is identified only for the purposes of
the Phase I Assessments and in no way indicates that this would be the final selection of a
project for implementation. Prior to identification of a final preferred alternative detailed
Phase II studies and coordination with project stakeholders would be completed. Prior to
selection and implementation of a final alternative authorizing processes, documents and
agreements would be required.

This Executive Summary of the Alternatives Analysis Report provides a summary of the
project features for each of the four District dams examined as part of the Phase I study.
The report also summarizes the results of the alternatives analysis for each dam, and
provides a concept level evaluation and preliminary costs for each alternative considered.

With the exception of downstream emergency action plans to FEMA standards, the Flood
Control District is under no regulatory mandate or otherwise required to implement

Kimley-Homn and Associates, Inc. Executive Summary Page 2 FCD 98-41
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structural and/or non-structural alternatives evaluated in this report. These alternatives
are being evaluated are part of the Structures Assessment Phase I Program to determine
feasible measures that may be implemented by the District to accomplish the stated goals
of the program

2.0 Structures Assessment Program

In recognition and realization of the changes occurring and associated with flood control

dams both on the national and local level, the Flood Control District of Maricopa County

(District) has embarked on the Structures Assessment Program, the purpose of which is

to minimize the risk and liability associated with the District’s flood control dams. Since

many of the District dams were built, there have been a number of changes, which now

need to be addressed. These changes are:

¢ District dams have aged and some are showing signs of distress,

e Significant urbanization within Maricopa County and adjacent to District dams has
occurred and continues at a rapid pace,

e Changes in dam technology and design practices,

e Changes in methodology for determining inflow design flood,

¢ Significant increase in permit requests for utility and roadway crossings of dams,

e Newly enacted rule changes by the Arizona Department of Water Resources, and,

e Subsidence impacts on District dams due to groundwater pumping.

The Structures Assessment Program will address and assess the District’s dam safety
program on several fronts including:

e Dam safety inspections/evaluations,

e Emergency Action plans,

e Impoundment areas and spillway channels,

Improvements to the overall dam safety program,

Impacts of future dam safety rules and regulation changes,

Planning studies to evaluate project options, and

Flood Control District policy evaluation.

The Structures Assessment Program will be conducted in three phases. Phase I will

primarily involve:

e C(Collection of data and inspection of dams,

e Develop dam safety recommendations and priorities, considering changes listed
above,

e Perform preliminary alternative analysis studies to modify existing projects to address
urbanization related issues, and,

e Evaluate newly enacted ADWR rule changes and District policy issues.

Phase II will primarily involve:
e Perform detailed investigations and analyses as identified by need and priority in
Phase I,

Kimley-Horn and Associates, Inc. Executive Summary Page 3 FCD 98-41
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e Initiate project planning and authorization activities to correct identified distress
issues,

Implement changes to overall dam safety program and policies, and,

Perform conceptual design studies and alternative analyses for modification of
projects to address urbanization and distress issues.

Phase III will primarily involve:

e Implement projects to correct any identified dam safety concerns. These could
include but are not limited to structural modifications, land acquisitions below
spillways, and alternative, lower risk solutions,

Implement approved projects and land acquisitions to address urbanization issues,
and,
Continue long-term dam safety program.

Phase I of the Structures Assessment Program will primarily be an evaluation and study
phase. The District has retained Kimley-Horn and Associates to provide services to
conduct Phase I evaluations and studies. The first work assignment will focus on four
District dams. Evaluations and studies performed for these dams will initiate the Phase I
process. It is intended that the first work assignment will be a pilot study from which to
establish initial District dam safety policy and programs, and from which to refine
engineering and planning methods for the Structures Assessment Program. The dams
evaluated in the first work assignment were the Powerline Flood Retarding Structure
(FRS), the Vineyard Road Flood Retarding Structure, the Rittenhouse Flood Retarding
Structure, and Cave Buttes Dam. This separate Alternatives Analysis report documents
the alternatives analysis of these four dams.

A Steering Committee was formed at the inception of Phase I to serve in a dam safety
program advisory capacity to the District’s project manager concerning the major
findings and recommendations of Phase I of the program. The committee consisted of
representatives of the District’s planning, engineering, and operations functions, Arizona
Department of Water Resources Dam Safety Section, Natural Resources Conservation
Service, Corps of Engineers, and Bureau of Reclamation. The Steering Committee will
review the findings and recommendations of this Summary and provide their input,
guidance, and experience to advise and steer the course for enhancing the District’s dam
safety program.

A Technical Committee also was formed at the inception of Phase I and served in a
technical advisory capacity to the District’s project manager concerning the major
findings and recommendations of Phase I of the program. The technical committee
consists of representatives of the District’s planning, engineering, and operations
functions, Arizona Department of Water Resources Dam Safety Section, Natural
Resources Conservation Service, Corps of Engineers, and Bureau of Reclamation. The
technical committee will review the full Policy & Program report and provide their input,
technical comments, guidance, and experience to enhance dam safety program elements.

Kimley-Horn and Associates, Inc. Executive Summary Page 4 FCD 98-41
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3.0 Cave Buttes Dam Alternatives Analysis

The structural concept alternatives for Cave Buttes Dam were primarily formulated to
provide a greater degree of operational flexibility of the dam during normal flood and
emergency flood operations. The structural alternatives include the following concept
measures:

Structural Alternatives:

* No. 1: Low Level Outlet — Dike No. 2. Examine the feasibility at a concept level
for providing a low-level outlet in Dike No. 2.
No. 2 Divert Emergency Spillway Flow to Central Arizona Project (CAP) canal.
Utilize CAP canal to carry discharged waters from emergency spillway up to
capacity of CAP canal.
No. 3: Low Level Outlet — Dike No. 3. Divert stormwater from the reservoir pool
through low level outlet in Dike No 3.

The nonstructural alternatives include the following concept measures:

Below Dam - Nonstructural Measures:
= No. 4: Mitigate through Flood Insurance
= No. 5: Downstream Flowage Easements
* No. 6 Update Emergency Action Plan

Pool Area - Nonstructural Measures:
* No. 7: Mitigate through Flood Insurance
= No. 8: Acquire Properties/Flowage Easements
= No. 9: Develop Emergency Action Plan for Pool area

4.0 Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structure
Alternatives Analysis

The structural concept alternatives for Powerline, Vineyard Road, and Rittenhouse Flood
Retarding Structures were formulated to upgrade, modify or enhance performance or
operations, or replace the dam with some other structural flood control measure. The
structural alternatives include the following concept measures:

Structural Alternatives:

No. 1: Segmentation: Examine segmenting each dam into two dams each.

No. 2: Upgrade to high hazard dam: Examine upgrading dams to high hazard dam.
. 3: Modifications to improve performance

No. 4: Basins: Replace the dam with a basin
. 5: Levee/floodway system: Link dams to function as a levee/floodway system
. 6: Discharge into Central Arizona Project
. 7: Upsize Powerline Floodway

Kimley-Horn and Associates, Inc. Executive Summary Page 5 FCD 98-41
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The nonstructural concept alternatives for Powerline, Vineyard Road, and Rittenhouse
FRS were primarily formulated to reduce the risk and liability associated with ownership
of the dam. The nonstructural alternatives include the following concept measures:

Nonstructural Measures for Pool Area:

* No. 8: Mitigate through Flood Insurance

* No. 9: Acquire Properties/Flowage Easements

* No. 10: Emergency Action Plan: Develop EAP to include pool inundation areas.

5.0 Evaluation and Ranking

To assist in evaluating and comparing project alternatives, an evaluation and ranking
matrix consisting of eight criteria with a range of point values was developed. The
development of the matrix criteria was formulated with the input from both the District
and the KHA project team. The matrix was developed with assistance from the District
in an attempt to objectively evaluate alternatives for a range of flood control and non-
flood control criteria while still emphasizing that the primary purpose of each alternative
is to reduce the risk and liability of dam ownership. The matrix is used to rank the
alternatives presented and also to use as a guideline for future Phase I dam alternative
evaluations.

Table 1. Evaluation Criteria Matrix

Evaluation Criteria Range Of Point Values

Jurisdictional 1to8
Cost 1to 10

Implementation 1to8

Environmental 1to8

Multi-Use 1to5
Risk And Liability 1to15
Compatibility With 1to8
District Plans
Flood Control 1to 8

(see Section 5.3 of the main report for further discussion)

6.0 Closing

Table 2 and Table 3 (below) provide the results of the ranking of the set of alternatives
for Cave Buttes Dam and the set of alternatives for Powerline, Vineyard Road, and
Rittenhouse FRS, respectively. The ranking was based on the criteria and range of point
values provided in Table 1 above.

Three structural alternatives for Cave Buttes Dam were developed, evaluated, and
rankings assigned based on point values from a set of eight evaluation criteria. The
preferred alternative is to construct a low-level outlet in Dike No.2 which when operated

Kimley-Horn and Associates, Inc. Executive Summary Page 6 FCD 98-41
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would discharge ultimately to the Reach 11 detention dike east of Cave Creek Road.
This structural alternative will provide the District operational flexibility in the
management of the Cave Buttes Dam reservoir impoundment. In the event of a large
storm on the Cave Creek watershed that produces a high volume of runoff to Cave Buttes
Dam, the District would be able to discharge impounded floodwaters from the Cave
Buttes Dam impoundment and direct the discharges to the Reach 11 reservoir. This
alternative works if volume is available in the Reach 11 reservoir, little to no inflow is
coming into the Reach 11 dam, and agreements are reached between the District, Bureau,
and the CAP.

Table 2. Cave Buttes Dam Alternatives Ranking.

Alternative No. Total Point Score Rank

1. Low-level outlet Dike No. 2 37 1 -Structural

2. Floodway from spillway to CAP 33
canal

3. Low-level outlet Dike No. 3 32

4. Flood Insurance - Downstream 20

5. Acquire Properties/Flowage 34
Easements Downstream

6. Develop Emergency Action Plan 4 1-Nonstructural
Downstream Downstream

7. Flood Insurance - Pool Area 22

8. Acquire Properties/Flowage 30
Easements Pool Area
9. Develop Emergency Action Plan 47 1-Nonstructural
Pool Area Pool Area

Six nonstructural alternatives for below and above Cave Buttes Dam were developed,
evaluated, and rankings assigned based on point values from a set of eight evaluation
criteria. The preferred nonstructural alternative for both downstream and upstream is to
develop a site specific emergency action plan. This alternative could be combined with
limited purchase of properties and/or easements within floodprone areas for the full PMF.
In this manner, the District would regulate development within the inundation limits for
the full PMF both upstream and downstream.

The investigation of the purchase of flood insurance for the Cave Buttes Dam pool area
and downstream area included a review FEMA's Flood Insurance Manual (May 2000)
and discussions with the Flood Insurance Administration regarding flood insurance
coverage. The review of the Manual and discussions with FEMA indicates that FEMA
offers flood insurance coverage on a property by property basis. Area coverage is not
available through the FIA flood insurance program. One concept recently discussed in
Washington, D.C. is the idea of residual risk flood insurance for areas protected by flood
control structures. In concept this would lead to low insurance rates, perhaps allowing
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for group verses individual policies. KHA urges that the District promote this concept
with the FIA and professional associations to gain support for legislative initiatives.

Seven structural alternatives for Powerline, Vineyard Road, and Rittenhouse FRS were
developed, evaluated, and rankings assigned based on point values from a set of eight
evaluation criteria. The seven alternatives were applied to the three dams as a set since
the dams are operationally and functionally linked. The preferred structural alternative is
to upgrade the three dams to high hazard dams capable of safely passing the full PMF.
The second preferred alternative, construction of detention basins, was not preferred due
to the high cost of land acquisition and construction costs. Several structural alternatives
are not compatible with current District planning studies for the East Maricopa
Floodway, Powerline Floodway, and Queen Creek wash.

Table 3. Powerline, Vineyard Road, and Rittenhouse FRS Alternatives Ranking.

Alternative No. Total Point Score Rank

1. Segmentation 36

2. Upgrade to high hazard dam 48 1-Structural

3. Modifications to improve 43
performance
4. Basins 46 2-Structural

5. Levee/floodway system: 33

6. Discharge into Central Arizona
Project

7. Upsize Powerline Floodway

8. Flood Insurance - Pool Area

9. Acquire Properties/Flowage
Easements Pool Area

10. Develop Emergency Action 1-Nonstructural
Plan Pool Area

Three nonstructural alternatives for the pool areas of Powerline, Vineyard Road, and
Rittenhouse FRS were developed, evaluated, and rankings assigned based on point values
from a set of eight evaluation criteria. The preferred nonstructural alternative for the pool
area is to develop a site specific emergency action plan. This alternative could be
combined with limited purchase of properties and/or easements within floodprone areas
for the full PMF (in the event that the upgrade to high hazard dam is promulgated). In
this manner, the District would regulate development within the inundation limits for the
full PMF around the impoundment area.

Although the preferred alternative for Powerline, Vineyard Road, and Rittenhouse FRS is
to upgrade to a high hazard dam, in any case, structural alternative No. 3 - Modifications
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- should be implemented regardless of the structural alternative selected for rehabilitation,
modifications, or upgrading the three dams.

The preferred structural and nonstructural flood control alternatives evaluated and
examined as part of this study should assist the District in the management of their risk
and liability associated with the dams under consideration. The goal of the alternatives
study was to identify a set of flood control measures, both structural and nonstructural,
that could potentially reduce risk and liability associated with dam ownership. The
preferred alternatives, based on the assignment of point values and ranking, should meet
this important District goal.

Table 4 (following page) provides a summary of the structural and nonstructural flood
control alternatives for Cave Buttes Dam. Table 5 provides a summary of the structural
flood control alternatives for Powerline, Vineyard Road, and Rittenhouse flood retarding
structures. Table 6 provides a summary of the nonstructural flood control alternatives for
Powerline, Vineyard Road, and Rittenhouse flood retarding structures.

Kimley-Horn and Associates, Inc. Executive Summary Page 9 FCD 98-41
KHA Project No. 091131003 PCN PLAN.01.00




Structures Assessment Program — Phase |

Alternatives Analysis Report

Executive Summary

Table 4. Cave Buttes Dam Summary of Structural and Nonstructural

Flood Control District of
Maricopa County

Alternatives.
Structural Alternative Elements Of Alternative Estimate Of Alternative | Alternative
Description Cost Ranking
Low Level Outlet RCB 10-ft by 6-ft gated (1)
In Dike No. 2 Capacity 750 cfs
Trap Channel 12-ft btm $2.1m
Concrete lined @0.005 ft/ft
13,360 feet long
Divert to Central Concrete Trap Channel (2 2)
Arizona Project segments) Capacity 3,000 cfs
Canal from Emergency | 1. Upstream Btm width 24 ft
Spillway 3000-ft
Depth 6-ft $19m
2. Downstream Btm width 24
ft 3300-ft
Junction Structure with twin
steel leaf gates
12-ft by 12-ft ea.
Divert from Reservoir Twin 8-ft x 4-ft RCB gated 3)
Pool through Capacity 100 cfs
Low Level Outlet Trap earth-lined channel $132k
In Dike No. 3 500-ft long 10-ft bottom
Non-Structural Elements of Alternative Estimate of Alternative
Alternative Cost
Description
Below Dam Prepare Emergency Action Plan | $20k - $30k (1)
Update Emergency per FEMA 64 guidelines and
Action Plan requirements of ADWR
Below Dam Acquire easements for PMF $9m 2)
Acquire Properties/ limits outside 100-year
Downstream Flowage No. acres = 200
Easements
Below Dam Coverage $100,000/dwelling unit | Annual Premium = $298k 3)
Mitigate Through Flood | No. of acres = 644 30-year Premium = $8.9m
Insurance
Pool Area Prepare Emergency Action Plan | $20k - $30k (1)
Develop Emergency per FEMA 64 guidelines and
Action Plan requirements of ADWR
Pool Area Acquire easements up to PMF $32m 2)
Acquire ponding limits
Properties/Flowage No. of acres = 720
Easements
Pool Area Coverage $100,000/dwelling unit | Annual Premium = $482k (3)
Mitigate Through Flood | No. of acres = 1000 30-year Premium =
Insurance $14.5m
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Flood Control District of

Maricopa County

Table 5. Powerline (P), Vineyard Road (V), and Rittenhouse (R) FRS
Summary of Structural Alternatives.

Structural Alternative
Description

Elements Of Alternative

Estimate Of
Alternative Cost

Alternative
Ranking

Upgrade to High
Hazard
Dams.

Raise dam 4.5 ft and
increase emergency
spillway to 900-ft

$3.05m

Raise dam 4.9 ft and
increase emergency
spillway to 900-ft

$5.75m

Raise dam 4.3 ft and
increase each (2)
emergency spillway to 450-
ft

$2.69m

(1

Total cost
$11.5m

Basins. Replace dams
with Basins.

5-ft deep; 8,000-ft long;
4.400-ft wide

5-ft deep; 26,00-ft long;
1,400-ft wide

5-ft deep; 14,000-ft long;
2,400-ft wide

(2

Total cost
$127.5m

Modify Dam to improve
Performance (add sills;
Erosion control)

Concrete Control sill (4 to
4.5-ft deep)
Abutment Slope Protection
(Dso 1.0 to 1.6-ft)
Trashrack Modification

€)

Total cost
$0.66 m

Segmentation. Segment
Structures into smaller
"dams" segments or
cells

Segment = 6,000 ft with 6-
ft dia equalization culvert
and 6-ft by 6-ft floodgate

Segment = 2,000 ft with 6-
ft dia equalization culvert
and 6-ft by 6-ft floodgate

Segment = 2,900 ft with 6-
ft dia equalization culvert
and 6-ft by 6-ft floodgate

(4)

Total cost
$4.04m

Increase Capacity of
Powerline Floodway

Channel Capacity 4,000 to

6,000-cfs; Concrete lined

rectangular, 52-ft bottom width;

de

th = 5-t, length = 9.1 miles

©)

Total cost
$13.2m

Discharge into the
Central Arizona Project
canal. Provide low-level
outlets for each dam to
CAP canal.

P

Twin 7-ft dia RCP gated
outlet; length = 210-ft.
Discharge = 900 cfs

Twin 7-ft dia RCP gated
outlet; length = 210-ft.
Discharge = 900 cfs

Twin 7-ft dia RCP gated
outlet; length = 210-ft.
Discharge = 900 cfs.
Floodway channel = 310-ft

(6)

Total cost
$0.67 m

Levee/Floodway
System. Replace dams
with levees and
floodways.

Modify the dams into a

contiguous levee system with
upstream floodway. Discharge
to Sonoqui Detention dike.

(7

Total Cost
$88.3m
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Table 6. Powerline (P), Vineyard Road (V), and Rittenhouse (R) FRS

Summary of Non-Structural Alternatives.

Flood Control District of
Maricopa County

Non-Structural
Alternative
Description

Elements Of Alternative

Estimate Of Alternative
Cost

Alternative
Ranking

Develop Emergency
Action Plan to FEMA
64 guidelines

EAP for both pool area and
downstream area

$20k - $30k

EAP for both pool area and
downstream area

$20k - $30k

EAP for both pool area and
downstream area

$20k - $30k

(1)

Total Cost
$ 60k -90 k

Mitigate through Flood
Insurance

610 acres (uninhabitable
structures only)

Annual Premium $1,500
30-year Premium $45,000

Vv

637 acres (uninhabitable
structures only)

Annual Premium $1,500
30-year Premium $45,000

R

660 acres (uninhabitable
structures only)

Annual Premium $1,500
30-year Premium $45,000

(2)

Total cost
$135k

Acquire
Properties/Flowage
Easements

FCD already owns or leases
sufficient lands. Option to
purchase pool areas (total 2,000
acres)

$100 m

N/A
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Section 1.0 Introduction
1.1 Authorization

The Alternatives Analysis Report was prepared by Kimley-Horn and Associates, Inc.
(KHA) under authorization by the Flood Control District of Maricopa County (District)
through the scope of work for the Structures Assessment Program-Phase I, Work
Assignment No. 1 (Contract FCD 98-41). Kimley-Horn and Associates retained URS
Greiner Woodward-Clyde, and Geological Consultants to assist with the preparation of
the elements of Work Assignment No. 1.

1.2 Purpose

The Alternatives Analysis Report documents an alternatives study for each of the Work
Assignment No. 1 structures. The purpose of the Alternatives Analysis is to evaluate
structural and nonstructural flood control alternatives that could potentially reduce
District risk and liability associated with dam ownership. The structural alternatives
evaluated include repair of dams, modification of dams to improve performance
(including operational performance), replacement of dams with some other form of
structural flood control measure(s) and, modification of the pool so as to eliminate the
need for the dam embankment. Nonstructural alternatives include mitigation through
flood insurance, acquisition of flowage easements/properties, development of emergency
action plans, or some combination of two or more nonstructural solution elements.

With the exception of downstream emergency action plans to FEMA standards, the Flood
Control District is under no regulatory mandate or otherwise required to implement
structural and/or non-structural alternatives evaluated in this report. These alternatives
are being evaluated are part of the Structures Assessment Phase I Program to determine
feasible measures that may be implemented by the District to accomplish the stated goals
of the program

The Alternatives Analysis Report is a companion report to two other major reports under
FCD 98-41. These two other reports are the Policy and Program Report and the
Individual Structures Assessment Report.

The purpose of the Program and Policy Report is threefold: (1) to document and discuss
the present status of the District’s dam safety program and policies; (2) benchmark the
District’s dam safety program and policies against other established dam safety
programs; and (3) to recommend changes and revisions to the District’s dam safety
program and policies to bring the District up to current state of practice and set a
framework/direction for future District needs and requirements.

The purpose of the Individual Structures Assessment Report is twofold: (1) to assess the

existing condition of Cave Buttes Dam, Powerline, Vineyard Road, and Rittenhouse

Kimley-Horn and Associates, Inc. FCD 98-41
KHA Project No. 091131003 PCN PLAN.01.00




Structures Assessment Program — Phase | Flood Control District of
Alternatives Analysis Report Maricopa County
Section 1.0

Flood Retarding Structures; and (2) to recommend actions for further
investigations/monitoring of the structures and develop work plans to repair signs of
distress in the structures.

1.3 Scope

The Alternatives Assessment Report is the culmination of a concept investigation and
opinion of probable costs for structural and nonstructural measures and alternatives for
four District dams — Cave Buttes Dam, Powerline Flood Retarding Structure (FRS),
Vineyard Road FRS, and Rittenhouse FRS. These alternatives are primarily conceptually
designed to reduce the risk of dam ownership to the District. The alternatives analysis
was founded in the scope of work for Work Assignment No. 1, Task 5.0 — Alternatives
Analysis. Under Task 5.0, Kimley-Horn and Associates evaluated at a concept level the
following potential alternative measures:

Structural Measures:

Repair of currently identified dam safety deficiencies.

Upgrade dams to meet future ADWR standards.

Modify dams to improve performance.

Replace dams with structural features such as basins, floodways, or dams
modified to convey flows that provide the same flood control function as the dam.
Qualitatively evaluate the protection afforded by the dam to be able to contrast
recommendations with a no-dam alternative.

All structural solution alternatives shall identify opportunities for multi-use
functions, improved aesthetics, environmental enhancement, and potential for
partnering with others to accomplish project objectives.

One alternative shall consider modifying the pool so as to eliminate the need for
the dam embankment.

Non-Structural Downstream Measures (Cave Buttes Dam Only; not included for
Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structures because
emergency spillway inundation mapping was not available at the time of the study.
Evaluation of non-structural downstream measures should be completed after the
mapping is available.)

Potential Inundation Areas Downstream of Emergency Spillways and Principal
Outlets shall be conducted below Cave Buttes Dam. Measures are:

Mitigate Through Flood Insurance

Acquire Properties/Flowage Easements

Upgrade EAP's

Combination of two or more non-structural solution elements
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Non-Structural Impoundment Area Measures

Non-Structural Measures for Impoundment Areas will be conducted for the four
dams:

Mitigate Through Flood Insurance

Acquire Properties/Flowage Easements

Develop EAP's

Combination of two or more non-structural solution elements

The concept alternative measures considered for development and evaluation for each
dam was formulated in an Alternatives Analysis concept development meeting held
between the District and KHA on February 16, 2000. The concept measures or
alternatives were documented in a KHA memorandum dated March 16, 2000 to the
District.

1.4 Report Organization
The Alternatives Analysis Report is organized into seven sections plus appendices.

Section 1.0 — Introduction: Provides the project authorization, purpose, scope, and report
organization.

Section 2.0 — Structures Assessment Program Background: Provides a general discussion
of the Structures Assessment Program and the three phases of the program.

Section 3.0 - Alternatives Analysis for Cave Buttes Dam

Section 4.0 — Alternatives Analysis for Powerline, Vineyard Road, and Rittenhouse Flood
Retarding Structures.

Section 5.0 — Evaluation and Ranking
Section 6.0 — Closing: Provides closing comments for the Alternatives Analysis Report

Section 7.0 - References
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Section 2.0 Structures Assessment Program Background
2.1 General

The Flood Control District of Maricopa County (District) recently celebrated their
fortieth anniversary by renewing their mission and commitment to continued excellence
in reducing flood risks for the people of Maricopa County by providing comprehensive
flood and stormwater management services. As part of their continued mission, the
District has embarked on a Structures Assessment Program, the primary objective of
which is to minimize the risk and liability associated with District flood control dams.

The District owns, operates and maintains twenty-two dry flood control dams and is
mandated by state and federal law to assure the safety of these structures. The District has
initiated a program called the Structures Assessment Program to assess and evaluate these
structures (or dams — used interchangeably) and related features due to an ever-increasing
urbanized environment and to assure continued compliance with current standards and
guidelines. The situation faced by the District is that the same population protected by
the dams can be at risk in the unlikely event of dam failure. The District is seeking
measures that provide flood control and that properly manage long term risk. The
Structures Assessment Program is intended to address issues related to urbanization and
dam safety as well as to enhance and improve the District’s ongoing Dam Safety
Program.

The purpose of the Structures Assessment Program is to minimize risk and liability
associated with the District’s flood control dams. Since many of the District dams were
built, there have been a number of changes, which now need to be addressed. These
changes are:
e Structures have aged and some are showing signs of distress,
e Significant urbanization has occurred and continues at a rapid pace,
e Changes in dam technology and design practices,
e Changes in methodology for determining inflow design flood,
Significant increase in permit requests for utility and roadway crossings of dams,
Newly enacted rule changes by the Arizona Department of Water Resources
(ADWR), and,
Subsidence impacts due to groundwater pumping.

The Structures Assessment Program will address and assess the District’s dam safety
program on several fronts including:

e Dam safety inspections/evaluations,

e Emergency Action plans,

e Impoundment areas and spillway channels,

e Improvements to the overall dam safety program,

e Future rules and regulation changes,
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e Planning studies to evaluate project options, and
e Flood Control District policy evaluation.

The Structures Assessment Program will be conducted in three phases. Phase I will

primarily involve:

e Collection of data and inspection of dams,

e Develop dam safety recommendations and priorities, considering changes listed
above,

e Perform preliminary alternative analysis studies to modify existing projects to address
urbanization related issues, and,

e Evaluate newly enacted ADWR rule changes and District policy issues.

Phase II will primarily involve:

e Perform detailed investigations and analyses as identified by need and priority in
Phase I,
Initiate project planning and authorization activities to correct identified distress
1Ssues,

Implement changes to overall dam safety program and policies, and,

Perform conceptual design studies and alternative analyses for modification of
projects to address urbanization and distress issues.

Phase III will primarily involve:

e [mplement projects to correct any identified dam safety concerns. These could
include things like structural modifications, land acquisitions below spillways, and
alternative, lower risk solutions,

Implement approved projects and land acquisitions to address urbanization issues,
and,
Continue long-term dam safety program.

Phase I of the Structures Assessment Program is primarily an evaluation and study phase.
The District has retained Kimley-Horn and Associates to provide services to conduct
Phase I evaluations and studies. The first work assignment focussed on four District
dams. Evaluations and studies performed for these dams will initiate the Phase I process.
It is intended that the first work assignment will be a pilot study from which to establish
initial District dam safety policy and programs, and from which to refine engineering and
planning methods for the Structures Assessment Program. The dams evaluated in the
first work assignment were the Powerline Flood Retarding Structure (FRS), the Vineyard
Road Flood Retarding Structure, the Rittenhouse Flood Retarding Structure, and Cave
Buttes Dam.

A steering committee serves in an advisory capacity to the District’s project manager
concerning the major findings and recommendations of Phase I of the program. The
committee consists of representatives of the District’s planning, engineering, and
operations functions, Arizona Department of Water Resources Dam Safety Section,
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Natural Resources Conservation Service (NRCS), Corps of Engineers, and Bureau of
Reclamation (USBR).

2.2 Structures Opportunities and Challenges

The Flood Control District owns, operates, and maintains twenty-two flood control dams.
The dam impoundments are normally dry and only experience reservoir ponding in
response to rainfall/runoff within their respective watersheds. Figure 2-1 illustrates the

number of District flood control dams constructed year by year.

Figure 2-1. District Dams Constructed by Year.

1954 1956 19%7 1968 1969 1974 1975 1976 1980 1982 1987 1988

Year

The conditions under which the District dams were originally designed and constructed
are somewhat different from the conditions experienced today. Many structures were
originally built to protect rural, small watersheds and agricultural farmlands from
flooding. Today, these same structures are now providing flood control benefits to an
urban environment. Urbanization has been and is continuing to encroach upon the
downstream areas of the structures as well as into and around the impoundment area
reserved for the pool reservoir. The increased urbanization increases the chances for loss
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of life or significant economic damages in the event of a dam failure. An example of
encroachment of urbanization is provided in Figures 2-2 and 2-3 for Adobe Dam.

In addition to the aging of dams and urbanization challenges, the dam safety regulatory
environment has undergone changes as well. Dam safety rules, regulations, and design
criteria and requirements, through changes in dam technology and dam safety experience,
have been strengthened since the time the structures were originally planned and
constructed. Many of the changes in dam safety regulations were retroactive and
sometimes conflict with the original design of the existing dam. Changes in dam safety
regulations may increase the hazard classifications of some dams from the original
classification.

The existing small watershed dams were planned and constructed originally to provide,
as the primary purpose, flood control benefits. In today’s environmentally sensitive
awareness, the structures, reservoir areas, and downstream conveyance corridors are
being looked upon for further and expanded multi-use opportunities. These opportunities
include recreation corridors, riparian and wildlife habitat enhancement, groundwater
recharge, and educational opportunities.

The local situation and conditions appear to mirror national trends, however there are
some local challenges as well. The District is faced with the same challenges experienced
at the national level, but on a localized level. These include aging of dams, urbanization,
and, changing dam safety regulations. Figure 2-2 provides an illustration of the
encroaching urbanization at Adobe Dam. Figure 2-3 shows a ground level photograph
immediately downstream of Adobe Dam.

Some of the District dams within the next 10 to 15 years will be reaching the end of their
original design life. This does not necessarily mean that the dams have reached the end
of their useful life, but it does point to the need for increased major maintenance activities
and the need to initiate planning for the potential replacement of function. Many of these
structures are showing the effects of aging and changes from the environment such as
subsidence due to groundwater. Typical effects included increased sedimentation,
deterioration of concrete structures, and settlement and cracking of earthen embankments.

Recent inspections of several District dams have revealed transverse and/or longitudinal
cracks on the dams slopes or crests. Examination of dam safety records indicate that
these same structures have had a history of cracking, crack investigations, and crack
repairs. Earth fissures associated with ground subsidence have been documented in the
vicinity of several District dams.
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Figure 2-2. Aerial photograph of Adobe Dam showing urbanization encroachment
on the downstream toe and reservoir pool area.
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Figure 2-3. Ground level photograph downstream of Adobe Dam showing homes
built adjacent to downstream toe of dam.
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Opportunities facing the District now and in the near future will be the development of a
strong dam safety program and a commitment of District resources to the goals of the
Structures Assessment Program, commitment of qualified personnel with the capabilities
to carry out the Structures Assessment Program and enhanced dam safety program,
application of new dam technologies including incorporating the results of research and
development from the Corps, Bureau of Reclamation, FEMA, and NRCS, and application
of risk-based methodologies to dam safety.

One of the more important opportunities for the District, as part of their Structures
Assessment Program, is the evaluation and assessment of each of their twenty-two flood
control dams and associated features. The assessment of each structure will be conducted
based upon a technical review of each structure’s dam safety documentation and upon an
extensive examination of the existing field conditions found at each dam. Ultimately,
recommendations will be developed for further actions and investigations in regards to
dam safety for each of the District’s dams.
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Section 3.0 Alternatives Analysis for Cave Buttes Dam

This section of the Report documents the concept structural and nonstructural
measures/alternatives evaluated as part of the Cave Buttes Dam alternatives analysis.
The purpose of the alternatives analysis for Cave Buttes Dam is to examine measures,
alternatives, or actions that may be taken by the District to reduce the risk and liability
associated with ownership of the dam. The concept alternatives for Cave Buttes Dam
were formulated in a meeting between the District and KHA on February 16, 2000 and
documented in the meeting minutes and in a KHA memorandum dated March 16, 2000.

The structural concept alternatives for Cave Buttes Dam were primarily formulated to
provide a greater degree of operational flexibility of the dam during normal flood and
emergency flood operations. A full description of the structural alternatives is provided
in Section 3.2. The structural alternatives include the following concept measures:

Structural Alternatives: (Reservoir Operations during flooding event)

= Low Level Outlet — Dike No. 2. Examine the feasibility at a concept level for
providing a new principal spillway or a low-level outlet in Dike No. 2.

» Divert Emergency Spillway Flow to Central Arizona Project (CAP) canal.
Utilize CAP canal to carry discharged waters from emergency spillway up to
capacity of CAP canal.

* Low Level Outlet — Dike No. 3. Divert stormwater from the reservoir pool
through low level outlet in Dike No 3.

The nonstructural concept alternatives for Cave Buttes Dam were primarily formulated to
reduce the risk and liability associated with ownership of the dam. A full description of
the nonstructural alternatives is provided in Section 3.3. The nonstructural alternatives
include the following concept measures:

Below Dam - Nonstructural Measures:
= Mitigate through Flood Insurance
= Downstream Flowage Easements
= Update Emergency Action Plan

Pool Area - Nonstructural Measures:
»  Mitigate through Flood Insurance
= Acquire Properties/Flowage Easements
= Develop Emergency Action Plan for Pool area

The formulation, discussion, evaluation, and presentation of the Cave Buttes Dam
alternatives are presented later in this section. The following discussion provides a brief
description, purpose, and physical characteristics of the dam and associated features.
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3.1 Description of Cave Buttes Dam

The Cave Buttes Dam is part of the U.S. Army Corps of Engineers “New River and
Phoenix City Streams” regional flood control project. The project included construction
of four earthfill dams designed to provide standard project flood protection (Dreamy
Draw Dam, Cave Buttes Dam, Adobe Dam, and New River Dam); the construction of
17.3 miles of channelization along the Arizona Canal (Arizona Canal Diversion Channel
— ACDC) designed to intercept 100-year frequency flood flows; acquisition of flowage
easements; and floodplain management below the dams.

3.1.1 Purpose of Dam

The purpose of Cave Buttes Dam is to provide flood and erosion control protection for
Cave Creek Wash. Cave Buttes Dam was designed to retain the Standard Project Flood
and the emergency spillway inflow design flood is the probable maximum flood.

The reservoir behind the dam is 1,820 acres with a capacity of 46,600 acre-feet. A
permanent pool will not be retained in the reservoir, instead, the dam and reservoir are
designed to trap floodwater and store it only for as long as it takes to release it slowly and
safely downstream. Reservoir capacity is then restored to handle a future flood.

The emergency spillway is located 2,000 feet west of the west abutment of the main dam.
Construction of the dam and appurtenant structures was completed in October 1979.

3.1.2 Dam Location

Cave Buttes Dam is located on Cave Creek Wash in Maricopa County, Arizona. Cave
Buttes Dam 1s located on Cave Creek Road about 17 miles north of downtown Phoenix
and less than a mile downstream of the existing Cave Creek Dam. The project consists of
the main dam structure, a detached emergency spillway, three dikes, and an overlook
structure. Figure 3-1 provides a location map of Cave Buttes Dam.

Located upstream of the dam is the non-operational Cave Creek Dam. This dam is within
the impoundment pool reserved for Cave Buttes Dam. Cave Creek Dam is a concrete
multi-arched dam. One of the three gates for the principle spillway has been removed.
The other two gates have been permanently raised in the full open position.

Cave Buttes Dam is classified as a large, high hazard dam. The U.S. Army Corps of
Engineers completed construction of the dam and dikes in October 1979. The drainage
area for Cave Buttes Dam is 191 square miles.
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3.1.3 Physical Features

Cave Buttes dam is a rolled earth-filled zoned structure. The length of the dam is 2,275
feet with a maximum height of 190 feet and a crest width of 20 feet. The reservoir
capacity is 46,600 acre-feet with a maximum water surface elevation of 1678.1 feet. The
dam was designed with 5 feet of freeboard. The peak design inflow is 54,000 cfs and the
design outflow is 500 cfs from the principal spillway. The slopes of the dam are protected
with cobble riprap both upstream and downstream. The main dam is accessible by using
Cave Creek Dam Road off of Cave Creek Road. Access is controlled by a padlocked
gate. The maximum recorded impoundment for Cave Buttes reservoir is 17,592 acre-feet
with a stage of 75.9 feet at the dam (January 11, 1993). The upstream and downstream
slopes are lined with riprap cobbles and stone.

Dike No. 1 is located just east of the main dam between a saddle created by two rock
outcrops. The length of the dike is 935 feet and is also a rolled earthfilled zoned
structure. The slopes are protected with cobble riprap both upstream and downstream.
The crest width 1s 20 feet. The dike is designed to contain the full pool reservoir.

Dike No. 2 is located east of the main dam. Primary access to Dike No. 2 is off of Cave
Creek Road, one-quarter mile south of Jomax Road. Access is by a padlocked gate. Dike
No. 2 is also a zoned earthfilled rolled structure. The length of Dike No. 2 is 9,005 feet
and has a crest with of 20 feet. The slopes are protected with cobble riprap both upstream
and downstream. Cave Creek Road ramps up and over Dike No. 2. The road essentially
bisects the dike.

Dike No. 3 is located approximately 2.6 miles north of the main dam. Primary access to
Dike No. 3 is by an existing dirt road that skirts east of the Old Cave Creek Dam. Dike
No. 3 is an earthfilled structure. The length of Dike No. 3 is approximately 3,200 feet
and has a crest with of 20 feet. The slopes are protected with cobble riprap both upstream
and downstream.

The principal spillway in an ungated concrete structure 7.5 ft by 7.5 ft square with a 45-
inch concrete outlet pipe approximately 548 feet long. The trash rack is located on the
upstream inlet. The structure has several square orifice opening in the walls and is open
on the top (with a debris screen). The outlet of the principal spillway discharges into a
constructed channel through a outlet structure. An energy dissipater is located on the
downstream end of the concrete outlet structure. A pedestrian/inspection bridge spans
the outlet channel.

The detached emergency spillway was excavated into rock and is located 2,000 feet west
of the main dam. The spillway is approximately 540 feet wide. A concrete sill spans the
width of the spillway and is located approximately one-third of the way into the spillway.
The sill crest elevation is 1657.1 feet (MSL).
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Station monuments are located along the crest of the main dam and training dikes. A
series of staff gages are located on the upstream east groin of the main dam. A water
level recorder house is located on the east end crest of the main dam. The gage well is
located in the proximity of the toe of the east upstream groin and the inlet of the principal
spillway. Settlement monuments are located along the crest of the dam, Dike No. 1, and
dike no 2. Reference monuments are located at the rock outcrops at the abutments for the
main dam, Dike No. 1, and Dike No. 2. A review of the as-built drawings indicate that
Dike No. 3 has neither settlement monuments or reference monuments.

Table 3-1 provides a summary of the physical structure data for Cave Buttes Dam.

Table 3-1. Cave Buttes Dam Structure Physical Data.

ITEM NATDAM ID AZ1007 STATE ID 07.58 PHYSICAL DATA
Drainage Area 191 sq mi
Dam (rolled earthfill)
Crest elevation 1679.1 ft
Maximum height above streambed 109
Crest length 2,260 ft
Freeboard 50ft
Emergency Spillway (detached)
Crest elevation 1657.1 ft
Crest length 510
Elevation of max water surface 1674.1
Principal Outlet Works (ungated conduit)
Diameter of conduit 3.75 ft (45 in)
Length 528 ft
Intake Elevation 1560.7 ft
Saddle Dike No. |
Crest Length 930 ft
Maximum height above existing ground 39 ft
Saddle Dike No. 2
Crest Length 9,035 ft
Maximum height above existing ground 551t
Saddle Dike No. 3
Crest Length 3,245 ft
Maximum height above existing ground 10
Reservoir Area at spillway crest 1,820 ac
Capacity (gross) at spillway crest 46,600 af
Storage allocation below spillway crest
Flood control (net) 40,900 af
Sedimentation 5,700 af
Standard Project Flood (Reservoir Design Flood)
Total volume 42,200 af
Peak inflow 54,000 cfs
Peak outflow 486 cfs
Drawdown time 48 days
Probable Maximum Flood (PMF = IDF)
Total volume 122,000 af
Peak inflow 172,000 cfs
Peak outflow 100,600 cfs
Drawdown time 61 days
Hazard Classification High
Size of Dam Large
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Figure 3-1. Cave Buttes Dam Location Map.
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3.1.4 Cave Buttes Dam Operations

In the event of a forecast for measurable rainfall that may produce significant runoff on
the Cave Creek Wash watershed and hence potentially an impoundment at the dam, the
Flood Control District initiates the flood response actions outlined in their “Flood
Emergency Response Manual”. The manual is the District’s standard operating
procedure, the purpose of which is to provide an outline of the duties and responsibilities
for District personnel to act upon during significant rainfall events and/or flood
emergencies. The procedure provides an overview of how the District as a whole will
respond to significant rainfall events and floods emergencies, and therefore does not
outline procedures for specific personal tasks and responsibilities. According to the
manual, the District division managers will assign personal tasks and responsibilities as
necessary.

The manual outlines the tasks and required response actions, both in summary and in
detailed format, for the Chief Engineer, Operations and Maintenance Division,
Engineering Division, Planning and Project Management Division, Land Management
Division, and Information Technology Division in response to a flood emergency. It
should be noted that the flood emergency response manual is geared for all of the District
structures including drains, floodways, major river corridors (Salt, Verde, Gila, and the
Agua Fria Rivers), District dams, and for non-District dams (Town of Fountain Hills
structures).

The manual contains a list of District emergency telephone and cellular numbers of

District personnel. This list was last updated on July 1, 1999. Also included in the
manual are selected bridge capacities and closure data on major rivers, Salt River and
Gila River flow travel time tables, District dam and detention basin rating curves, and a
listing of USGS stream gages with names and locations at pertinent sites.

Maricopa County has been divided into twelve observation areas for purposes of flood
monitoring. Each of the twelve areas has specific instructions for observations so that
District staff members who may not have been trained on a specific structure will know
what to look for at each site in their area. Primary and secondary observation points have
been identified, and team members are to proceed to these sites in the order noted in the
manual or as dictated by local flooding. Area staff assignments require teams to observe
these areas on two twelve-hour shifts during an emergency. Table 1 of the Flood
Emergency Response Manual contains a listing of the flood observation points (primary
points) for each of the twelve areas. The manual provides detailed observation
instructions for each team assigned to each of the twelve areas of the County.

Initial emergency flood response is based on radar and rainfall information as it provides
the most lead-time and is the best available data. The District’s real-time telemetry
system consists of a network of rain and stream gages. The system has the capability of
sounding alarms when preset rainfall intensity levels are exceeded.
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Once rainfall alarms are activated and a thunderstorm or flash flood warning/watch has
been issued the rainfall and runoff from the event is monitored and evaluated. The
sources of information used for this purpose come from telemetry staff gages, field
observations of staff gages, and stage/discharge rating curves.

The District maintains and operates a number of flood control structures, including dams,
throughout the County. The Flood Warning/Data Collection Branch monitors water
depths behind the dams and through the principal outlet throughout an event. All of the
dams have telemetered stage gages, which measure impoundment depth. ALERT alarm,
O&M notification levels, and Emergency Operations Center notification levels are set for
each dam. Table 4 of the manual lists the emergency notification elevations at each of
the District dams (as of July, 1999).

The District’s flood emergency response is linked and coordinated with the Maricopa
County Department of Emergency Management (DEM). The Department has prepared
an Emergency Operation Plan (EOP) for Maricopa County that not only includes
response and actions in the event of flooding and dam failures, but also covers
catastrophes due to aircraft crashes, earthquakes, fires and explosions, hazardous
materials incidents, and national security emergencies. Annex G of the EOP specifically
addresses storms and floods. The annex includes a discussion on the dissemination of
weather data and information, water release warning procedures, dam failure scenarios
for the major dams in the vicinity of the Phoenix metropolitan area (e.g. Salt and Verde
River dams; Aqua Fria River), and for each major District dam. The appendices to
Annex G provide individual information and descriptions for each of the District dams.
This information includes the location of the dam, a physical description of the structure,
and the purpose of the dam (i.e., provide flood protection). Included with each appendix
is gross inundation mapping that shows what areas of Maricopa County that could
experience flooding due to failure of a specific dam. The appendices outline the specific
tasks and actions that the District will follow in the event of a dam failure, the actions and
responses of the DEM, and the notification procedures. The appendices provide a written
description of the area to evacuate in the event of a dam failure.

The U.S. Army Corps of Engineers has prepared an “Operation, Maintenance, Repair,
Replacement, and Rehabilitation Manual” (OMRRR) for the Phoenix, Arizona and
Vicinity (including New River) flood control project that includes Cave Buttes Dam.
Part IV of the manual addresses flood operation procedures for Corps structures that are
an element of the Phoenix, Arizona and Vicinity flood control project. The operation
program, which specifies flood-operation procedures, consists of four phases: pre-
stormflow, initial stormflow, final stormflow, and post stormflow. Each phase is
characterized by a degree of mobilization or demobilization — a patrol procedure which
includes inspection, operation of field facilities such as gates and staff gages, and any
immediate maintenance, and a reporting requirement. Part IV outlines the pertinent
information for each of the four phases.

During a flooding event when an impoundment occurs at the Cave Buttes Dam, the dam

operates in a passive manner. In other words the principal spillway discharges
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impounded floodwater behind the dam at a rate that depends on the stage of
impoundment. There is no operating gate on the 45-inch concrete pipe principal
spillway. Minimal District operations and maintenance intervention is required for the
operation of the dam and spillways during an event. Operations during a flooding event
is mainly a monitoring mode activity.

The emergency spillway is also ungated due to the nature of the dam being a dry flood
control dam. The discharge rate from the emergency spillway will depend on the
impoundment stage and depth of flow within the spillway channel.

During a standard project flood (SPF), the reservoir would be fully impounded to an
elevation of approximately the spillway crest elevation (1657.1-ft). As water recedes
within the reservoir, water detained behind Dike No. 2 flows toward the main dam via a
constructed drainage channel that connects the Dike 2 impoundment area with the main
dam impoundment pool. Dike No. 3 was constructed at a topographic saddle. This dike
functions to contain the IDF pool and prevents discharge out of the pool during the IDF
and into an adjacent watershed.

There are no other passive facilities or methods in-place to withdraw impounded water
stored within the reservoir area for Cave Buttes Dam. No permanent water storage or
pool is allowed within the impoundment area according to the ADWR operating license
issued to the District for the dam.

3.2 Structural Alternatives

The structural alternatives for Cave Buttes Dam were developed and formulated in a
planning meeting held between the District and KHA. The structural alternatives were
developed to examine the feasibility of expanding or increasing the operational flexibility
of the dam and associated facilities during flooding events. The primary purpose of
increasing the operational flexibility of Cave Buttes Dam and reservoir is to evacuate the
impoundment as quickly (and safely) as possible, utilize secondary spillway outlets to
direct impounded water to other regional adjacent flood control structures, and gain
flexibility in the management of flows from the contributing upstream watershed. The
structural flood control alternatives that were formulated for concept development and
analysis for Cave Buttes Dam are listed below and are described in detail in the following
subsections.

= Low Level Outlet in Dike No. 2.

= Divert to Central Arizona Project Canal from Emergency Spillway.

= Divert Stormwater from Reservoir Pool through Low-Level Outlet in Dike
No. 3.

3.2.1 Low Level Outlet in Dike No. 2

This structural alternative examines the feasibility at a concept level for providing a low-
level outlet in Dike No. 2. The operational flexibility with this alternative is the
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alternative would allow the District to directly discharge impounded water from behind
Dike No. 2 instead of waiting for the impoundment behind Dike No. 2 to reach a depth
sufficient to flow over to the main dam and hence add to the filling of the main reservoir.
In this fashion flood pool volume in the main reservoir would not be filled and volume
could be available for potential follow-up storms. With a low-level outlet in Dike No. 2,
the District would have the flexibility to either continue operations as normal under flood
conditions or divert flows out from Dike No. 2. Conceptually, the low-level outlet in
Dike No. 2 would discharge into a newly constructed channel that would then outlet
flows to the Bureau of Reclamation CAP Reach 11 embankment dam and reservoir
(Paradise Valley Detention Dikes).

Under present conditions, floodwaters impounded by Dike No. 2 are conveyed to the
main impoundment area directly north of the main dam through a drainage bypass
channel (see Figure 3-1). Installation of new low-level outlet structure in Dike No. 2
would reduce the amount of floodwaters released through the principal and the
emergency spillways of the main dam during a major flood event. Floodwaters would be
directed to the Reach 11 embankment dams. A benefit to the CAP canal is that this
alternative may reduce the potential of damage to the CAP from flood flows released
through the Cave Buttes Dam emergency and principal spillways.

The location of the proposed outlet structure is provided in Appendix A, Exhibit A, and
Exhibit B and is shown to be located near the right abutment of Dike No. 2. The
location of the outlet structure was selected on what appears as a historical drainage
channel that existed prior to the construction of Dike No. 2. This was confirmed after

reviewing the USGS quad map (Union Hills, photo-revised 1981). A review of the as-
built profile of Dike No. 2 indicates that the low point of the existing ground is at the
right abutment for Dike No. 2.

The capacity of the new outlet structure was selected to match the outlet capacity of a
Bureau of Reclamation Reach 11 outlet structure. The Bureau of Reclamation Reach 11
dams have a total of four 750-cfs gated outlets that serve as the primary spillways for the
Reach 11 dams. These dams do not have emergency spillways. In the event of a storm
event of such a magnitude that would warrant a release from any of the Bureau outlets,
the outlets would discharge into the CAP canal.

A gated box culvert outlet structure approximately 10-ft span by 6-ft high would need to
be constructed to have a design discharge capacity of 750-cfs. The flows released from
the new outlet structure would be conveyed in a newly constructed flood channel.
Exhibit B shows the proposed alignment of the channel. The channel would be
constructed along or replace the existing natural drainage wash and cross under Cave
Creek Road near Pinnacle Peak Road. The flood channel would parallel the east side of
Cave Creek Road to terminate at Reach 11. The flood channel would be trapezoidal in
shape, concrete-lined, with a 12-foot bottom width, and 1.5 (H) to 1 (V) side slopes. The
slope of the channel from the USGS maps was determined to be approximately 0.005 ft
per foot. The depth of flow in the channel for 750-cfs is 3.2-ft.
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The estimated cost of a low-level outlet in Dike No. 2 is approximately $2.1 million.
Cost estimate data is provided in Appendix A.

The addition of Cave Buttes Dam floodwaters to the Reach 11 impoundment area (Dike
No. 1) would need to be approved the Bureau of Reclamation and the Central Arizona
Project (CAP). A regional flood control operations plan would most likely need to be
formulated between the District, the Bureau, and the CAP. Discussions with the Bureau
of Reclamation on the design event for Dike No. 1 and Dike No. 2 of the Reach 11 dams
indicate that the two Dikes provide flood protection in excess of the 200-year storm. The
remaining two dikes (Dikes No. 3 and No. 4) were sized to retain the full PMF volume
from the respective watersheds.

3.2.2 Divert Emergency Spillway Flows to Central Arizona Project Canal

This structural alternative examines the feasibility at a conceptual level of discharging
floodwaters from the Cave Buttes Dam emergency spillway to the CAP canal. The CAP
canal is located approximately 1.5 miles south of the dam. Under this alternative the
CAP canal would be utilized to carry floodwaters up to the capacity of the canal. The
capacity of the CAP canal according to the Bureau of Reclamation is 3,000 cfs.

At the present time there is no constructed channel downstream of the emergency
spillway that has the capacity to handle the full PMF outflow from the dam. There is a
CAP canal overchute structure at the Cave Creek crossing, but this structure was
designed with a capacity for passing the 100-year discharge from the principal spillway

of the dam. This structure is severely undersized to handle a PMF discharge from the
emergency spillway. The study “Delineation of Spillway Flows for Cave Buttes Dam”
conducted by Michael Baker Jr. Engineers in October 1996 indicates that severe ponding
will occur on the upstream side of the CAP canal as a result of PMF discharge from the
emergency spillway. The study concluded that overtopping of the canal from the PMF
event will most likely occur (although this condition was not investigated as part of the
study).

This alternative was formulated to allow the partial diversion of floodwaters from
emergency spillway into an already constructed conveyance facility instead of
overtopping the canal and potentially discharging into the downstream urbanized areas.
Discharging into the (evacuated) CAP canal for a least some of the spillway flows may
allow more time for emergency action response and reduce the probability of overtopping
the CAP canal. It is not the purpose of this analysis neither to evaluate the potential
lessened overtopping of the canal from emergency spillway discharges nor to
quantitatively evaluate diverting up to 3,000 cfs into the CAP canal on inundation limits,
flow, and ponding depths. It is assumed that once flows are diverted into the CAP up to
3,000 cfs, no additional flows can enter the canal, from either from District or Bureau
facilities (Reach 11), and flows above this quantity from the dam continue in an
inundation manner such as depicted in the Baker study.
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Under this alternative, for Cave Buttes Dam emergency spillway flows of 3,000 cfs or
less would outlet to the CAP. This is not to say that any event that produces a discharge
in the emergency spillway would discharge 3,000 cfs to the canal. The alternative
provides the District the option of delivering discharges up to the capacity of the CAP
canal. Several constraints regarding the operation of the CAP under flooding conditions
at Cave Buttes Dam and the Reach 11 dams must be identified and resolved before this
alternative could be realized institutionally.

A similar discharge operation currently exists that is utilized by the Bureau of
Reclamation for their Reach 11 dams. The Bureau of Reclamation owns the Reach 11
dams (also known as the Paradise Valley Detention Dikes) that are just on the north side
of the CAP. Reach 11 of the CAP extends from Cave Creek Road to east of Pima Road.
The Reach 11 dams were constructed to protect the CAP from floodwaters generated
from the upstream watershed.

The Reach 11 dams were constructed with a total of four-gated outlet structures and no
emergency spillways. The outlet structures were each sized to convey 750-cfs through
the gates. The flows from the outlet structures are discharged directly into the CAP
canal. The standard operating procedures of the outlets under flooding conditions in the
impoundments of Reach 11 were established by the Bureau and are published in the
standard operations plan for Reach 11. The canal requires to be drained in order for the
Reach 11 outlets to discharge to the canal. Briefly, this plan includes:

» The CAP canal is drained by diverting inflow at the upstream Aqua Fria River
diversion outfall. The remaining water in the Reach 11 canal downstream of the
Aqua Fria River outfall is drained to the Salt River/CAP interconnect..

* Once the canal is drained (or relatively drained), the Reach 11 dam outlet gates are
opened, based on depth of water in the reservoirs,

= The outlet structures discharge 750-cfs each to the canal for a total discharge of
3,000-cfs. The CAP canal design capacity is 3,000-cfs.

= The CAP canal serves as the primary outfall for the Reach 11 dams. The dams have
no other outfall.

This structural alternative for the Cave Buttes Dam would essentially require the same
CAP canal evacuation steps to occur in order for emergency spillway flows to be
discharged into the CAP canal. The procedure is already in place to drain the CAP canal
in order for the canal to accept floodwaters from the Reach 11 dams. What remains to be
constructed under this alternative is a floodway channel with a capacity of 3,000-cfs from
the emergency spillway to the CAP canal and a confluence structure at the canal for
flows from the channel to enter the CAP canal.

Initial hydraulic analysis indicates that for a capacity of 3,000-cfs, a trapezoidal concrete-
lined channel would have to be constructed with a bottom width of approximately 12-ft
for a flow depth of 4.6-ft. The slope of the channel used for the analysis was 0.02 ft per
foot. This is a fairly steep channel that results in a high flow velocity. A stepped channel
may be required upon additional detailed analysis to break the channel grade between a
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relatively steep upper reach to a relatively flatter lower reach. An alignment was
assumed to allow the channel to discharge into the CAP just east of the 7" Street crossing
of the CAP canal. The invert of the CAP at the 7™ Street bridge is approximately 1494-ft.
A check of datums used between the Bureau as-builts of the CAP canal and the aerial
mapping for the Baker study should be conducted. It appears that both sets of mapping
agree fairly well.

A confluence structure would be required to join the trapezoidal channel with the CAP
canal. Two types of structures appear to be feasible — either closed (pipe or box culvert
types) and open (open channel types). The CAP canal north embankment is higher than
natural ground at the canal. An open type confluence structure would require breaking
through the embankment and the CAP canal lining. Floodgates would replace the CAP
canal lining at the point of confluence and would be closed under normal operating
conditions in the CAP canal. When the canal is drained under emergency conditions, the
floodgates on the confluence structure would be opened to allow floodwaters from the
Cave Buttes emergency spillway to enter the CAP canal.

The estimated construction cost for diverting emergency spillway flows to the CAP canal
is approximately $1.9 million. Cost estimation data is provided in Appendix B.

The concept of addition of Cave Buttes Dam floodwaters to the CAP canal would need to
be approved the Bureau of Reclamation and the Central Arizona Project, who are
responsible for the operation and maintenance of the Reach 11 dams and the canal. A
regional standard operations and flood control emergency operations plan would most
likely need to be formulated between the District, the Bureau, and the Central Arizona
Project in order to institute this alternative.

There may not be a conflict, for localized storms, for allowing floodwaters to enter the
CAP canal at the 7" Street location. However, for larger regional storms which cover
both the Cave Buttes Dam watershed and the Reach 11 watershed, capacity in the CAP
canal would be an issue and most likely the Bureau would have priority over the District.

3.2.3 Low-Level Outlet in Dike No. 3

This structural alternative examines the feasibility at a conceptual level of discharging
floodwaters from the Cave Buttes Dam reservoir through a proposed new low-level outlet
located in Dike No. 3. The operational flexibility with this alternative is that it allows the
District to directly discharge impounded water from the Cave Buttes reservoir through
Dike No. 3 and into the watershed for Skunk Creek. As stated above, Dike No. 3 lies in a
topographic saddle that delineates the Cave Creek watershed from the Skunk Creek
watershed. Skunk Creek is impounded by another District earth embankment dam —
Adobe Dam.

This alternative could allow the District the flexibility to manage the reservoir pool(s) for
Cave Buttes Dam (and Adobe Dam). Diverting flows to Skunk Creek and hence to
Adobe Dam allows the District to have flood storage volume available in Cave Buttes
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Dam in the event of extremely large flood events on the Cave Creek watershed and not

on the Skunk Creek watershed.

The disadvantage of this alternative is operational. The low-level outlet in Dike No. 3
would be used only in very extreme flooding events (such as the PMF). The flood pool
inundation limits for the SPF do not reach Dike No. 3, only the PMF limits. The cost of
this alternative, given the low probability that the low-level outlet may never be used,
may make this structural alternative unfeasible.

Dike No. 3 is located approximately 2.6 miles north of the main dam (see Figure 3-1).
This structure was designed and constructed to detain the full PMF flood pool and not to
spill impounded water into the adjacent Skunk Creek watershed.

A gated twin concrete box culvert outlet structure approximately 8-ft span by 4-ft high
would need to be constructed to have a design discharge capacity of 100-cfs. The
design constraint at this location is that the maximum water surface in the Cave Buttes
reservoir pool associated with the PMF is 1671.1-ft. The invert of the twin box culverts
was estimated to be 1669.5-ft. The maximum headwater is therefore 1.6-ft. The SPF
flood pool elevation (1657.1-ft) is below the invert of the outlet culverts. The top of the
Dike is at elevation 1679.1-ft.

The estimated construction cost for a low-level outlet in Dike No. 3 is approximately
$132 thousand. Cost estimation data is provided in Appendix C.

The flows released from the new outlet structure would be conveyed in a newly
constructed short segment of earth flood channel. Exhibit A shows the proposed location
and alignment of the channel. The channel would be constructed to allow released
floodwaters from Cave Buttes reservoir to drain toward Skunk Creek. The channel
would transition to eventually reduce flow depths such that flows would spread out and
become overland flow.

As a modification of this alternative the District may consider a fuse-plug in Dike No. 3
instead of a gated outlet structure. Or, as another modification, the District may simply
breach the Dike. The downstream flood channel would still be constructed under these
modifications. No further evaluation of the fuse-plug or breach concepts are provided in
this report.

3.3 Nonstructural Alternatives

The nonstructural alternatives for Cave Buttes Dam were developed and formulated in a
planning meeting held between the District and KHA. The nonstructural alternatives were
developed to reduce the risk and liability associated with the operations of the dam during
a flooding event at the dam. The nonstructural alternatives or measures were formulated
to address risk exposure to the District at a dam for the area immediately downstream of
the dam and the impoundment area at a dam. Descriptions of the concept nonstructural
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measures/alternatives are provided below and are grouped into measures downstream of
Cave Buttes Dam and measures at the reservoir pool area.

A. Below Dam - Nonstructural Measures

The area south of the CAP canal downstream of Cave Buttes Dam is highly urbanized.
However, the area between the Cave Buttes Dam to the CAP canal is presently somewhat
vacant. Light industrial land use occurs west of Cave Creek Wash and north of the CAP
canal. Residences have been constructed along Cave Creek Dam Road, Cave Creek
Road, and Pinnacle Peak Road. The "below dam" nonstructural flood control alternatives
that were formulated for concept development and analysis for Cave Buttes Dam are
listed below and are described in detail in the following subsections.

= Mitigate Through Flood Insurance
»  Downstream Flowage Easements

= Update the Emergency Action Plan

B. Pool Area - Nonstructural Measures

The pool area of Cave Buttes Dam is presently vacant land. One structure exists within
the pool area. This structure is the Old Cave Creek Dam. A model airplane recreational
facility is located north of Dike No. 2 within the pool area limits. The "pool area"
nonstructural flood control alternatives that were formulated for concept development
and analysis for Cave Buttes Dam are listed below and are described in detail in the

following subsections.

= Mitigate Through Flood Insurance
= Downstream Flowage Easements
= Develop Emergency Action Plan

3.3.1 Below Dam - Mitigate Through Flood Insurance

This nonstructural alternative examines the feasibility at a concept level of obtaining
flood insurance for the area between Cave Buttes Dam and the CAP canal. The concept
is the District would obtain flood insurance on a property by property basis for structures
within the area inundated by the full PMF downstream of the emergency spillway to the
CAP canal. The report titled “Delineation of Spillway Flows for Cave Buttes Dam”
conducted by Michael Baker Jr. Engineers in October 1996 provides the full PMF
inundation limits downstream of the emergency spillway to the CAP canal.

The FEMA flood insurance rate map (FIRM Map No. 04013C1210 F September 30,
1995) indicates the limits of the 100-year floodplain and floodway for Cave Creek Wash
downstream of Cave Buttes Dam to the CAP. This panel was based on the 100-year
floodplain/floodway delineation of Cave Creek Wash conducted by Burgess & Niple in
March 1991 for the District. The 100-year discharge for this segment of Cave Creek
Wash is based on the outflow from the principal spillway of Cave Buttes Dam.
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FEMA flood insurance rates are based on FIRM map zones and zone designations. The
zones indicate which premium rates would be applicable for the structure(s) in question.
The area between Cave Buttes Dam and the CAP canal falls within two zone
designations. These zones include Zone AE — which includes the 100-year floodplain for
Cave Creek Wash and Zone X.

From review FEMA's Flood Insurance Manual (May 2000) and from discussions with the
Flood Insurance Administration regarding flood insurance coverage indicates that FEMA
offers flood insurance coverage on a property by property basis. Area coverage is not
available through the FIA flood insurance program. One concept recently discussed in
Washington, D.C. is the idea of residual risk flood insurance for areas protected by flood
control structures. In concept this would lead to low insurance rates, perhaps allowing
for group verses individual policies. We would urge that the District promote this
concept with the FTA and professional associations to gain support for legislative
initiatives.

Limits of flood insurance coverage for residential structures is $250,000 and for
commercial properties is limited to $500,000. The FIA did indicate that private sector
flood insurance can provide flood insurance coverage on an area basis as well as a
schedule of structures basis (can have a variety of structures covered under the same
policy). Many commercial interests purchase private sector flood insurance as opposed
to FEMA/FIA insurance flood insurance due to the coverage limits of the FEMA
program.

A number of factors are considered in determining the premium for flood insurance
coverage. These factors include:
e Amount of coverage purchased
e Location (Flood Zone)
e Age of the structure/building
e Building occupancy
Design of the building
For buildings in Special Flood Hazard Areas, elevation of the building
Buildings eligible for special low-cost coverage at a pre-determined, reduced
premium rate are single-family and 1 — 4 family dwellings located in zones B,
C, and X.

The average coverage and premium data as of May 1, 2000 for flood insurance is
provided in Table 3-2.
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Table 3-2. Average Flood Insurance Coverage and Premium.

Regular Program

Occupancy Type
b Coverage Premium*

Single Family $124,300 $570

Two to four family $101,700 $524

Other residential $85,900 $665

Non-residential $218,600 $1,514

* Premium values are based on Pre-FIRM Special Flood Hazard Area rates and includes
Federal Policy Fee & Expense Constant. Date as of May 2000.

If a building or structure is located in a low-risk area, which is a B, C, or X zone on the
current flood insurance rate map for the area, the building may be eligible for the
Preferred Risk Policy. The policy covers both the building (residence and contents) with
one premium, which can be as little as $106 per year. The savings are about 30% of the
standard application premium costs if a Preferred Risk Policy is purchased. For example,
the premium rate under the Preferred Risk Policy for $100,000 coverage and $25,000 for
contents (without basement on a residential building) is $221 per year. Under the
standard application the premium rate for $100,000 coverage is $351 per year.

The Michael Baker Jr. report titled “Delineation of Spillway Flows for Cave Buttes Dam”
(October 1996) delineated the flooding inundation limits for the 1/3, 2/3, and full PMF
discharge downstream of the emergency spillway to the CAP canal. The limits of the full
PMF discharge downstream of the emergency spillway delineated by Baker covers an
area of approximately 644 acres.

The FEMA flood insurance rate map (FIRM Map No. 04013C1210 F September 30,
1995) provides the 100-year floodplain inundation limits for Cave Creek Wash below
Cave Buttes Dam to the Central Arizona Project canal. FIRM designation Zone AE
inundation area is fairly small compared to the inundation limits for the full PMF from
the dam to the CAP canal. The 100-year Cave Creek Wash floodplain covers an area of
approximately 85 acres. The other zone designation within the PMF limits includes Zone
X. The approximate number of acres within Zone X is 559acres.

Table 3-3 provides the approximate costs of flood insurance for the area downstream of
the Cave Buttes Dam emergency spillway to the CAP canal. The annual premiums
assume $100,000 of flood insurance coverage for a single family residence and two
dwelling units per acre.
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Table 3-3. Approximate Flood Insurance Costs Downstream of Cave Buttes

Dam.

Zone

No.

Dwelling
Units

Unit
Premium

Annual
Premium

30-Year
Premium

AE

85

170

$301

$51,170

$1,535,100

X

559

1,118

$221

$247,078

$7,412,340

3.3.2 Below Dam - Downstream Flowage Easements

This nonstructural alternative examines the feasibility at a concept level of obtaining
flowage easements downstream of the emergency spillway to the CAP canal. As stated
previously in the description of the structural alternatives for Cave Buttes Dam, there is
no floodway downstream of the Cave Buttes Dam emergency spillway to handle
emergency spillway discharges. The inundation limits for the full PMF spillway
discharge have been delineated in the report titled “Delineation of Spillway Flows for
Cave Buttes Dam” conducted by Michael Baker Jr. Engineers in October 1996.

The District is required through a cooperative agreement with the Corps of Engineers to
maintain the 100-year floodway and flood fringes for Cave Creek from downstream of
Cave Buttes Dam to the Arizona Canal Diversion Channel (ACDC).

The District owns or leases lands downstream of Cave Buttes Dam and the CAP canal.
The District owns these lands by fee title or leases land from the State of Arizona (State
Lands Department). Land ownership between Cave Buttes Dam and the CAP canal was
reviewed in comparison to the full PMF inundation limits.

Exhibits A and B illustrates the FCD land ownership/leased land between Cave Buttes
Dam and the CAP canal and the limits of the full PMF inundation. Exhibit

B indicates that the District owns or leases some of the lands that are inundated by the
full PMF spillway discharge. As aresult, it appears that the District does not need to
purchase flowage/ponding easements for lands which are owned or leased by the District.
However, there are lands inundated by the full PMF that are outside FCD ownership.
These lands are primarily along the north bank of the CAP canal from 6,000 feet west of
the 7™ Street crossing of the canal to approximately 4,000 feet east of the Cave Creek
Wash overchute structure.

In order to limit the type of structures within the ponding limits of the full PMF that are
outside FCD lands, the District may consider purchasing ponding easements along the
north bank of the CAP canal. The easement would be written to stipulate that habitable
structures would not be allowed within the limits of the easement. The approximate
number of PMF ponding acres outside FCD lands along the north bank of the CAP canal
is approximately 200 acres. The purchase of ponding easements would be a one-time
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expenditure and was assumed to cost $45,000 per acre. The cost of the ponding easement
would be approximately $9 million.

3.3.3 Below Dam — Update Emergency Action Plan

This nonstructural alternative examines the feasibility at a concept level of updating the
existing flood response action plan that was developed by the District. The District does
not have an individual emergency action plan for Cave Buttes Dam and reservoir area
that meets FEMA dam safety guidelines and requirements. The District utilizes their
“Flood Emergency Response Manual” developed for all District structures, floodways,
and levees to provide standard operating procedures for flood response.

The District has prepared a “Delineation of Spillway Flows for Cave Buttes Dam”
(October 1996) that delineates the downstream flooding inundation limits for the 1/3, 2/3,
and full PMF discharge from the spillway. The limits of this study, however, stopped at
the north embankment of the CAP. Several conclusions regarding the results of the
spillway inundation study indicate that the CAP would be overtopped for the various
flows investigated. Notes prepared on the exhibits that accompany the spillway
delineation report state that “flows crossing the CAP will cause flooding downstream of
the CAP”. The notes further state that “no attempt was made under this (October 1996)
study to determine the flood limits downstream of the CAP”.

The District also conducted a dambreak analysis and delineated the limits of the
dambreak inundation area downstream of the dam. The study is documented in the report
titled “Dambreak Analysis of Cave Buttes Dam™ (April 1990). The results of the study
have delineated the dambreak floodwave inundation limits from Cave Buttes Dam to the
Arizona Canal Diversion Channel (ACDC) approximately 11.6 miles.

An individual emergency action plan needs to be prepared for the Cave Buttes Dam,
reservoir area, and appurtenant structures (Dikes No. 1, 2, and 3; emergency spillway,
and principal spillway). The plan would be inclusive: all elements of the dam and
reservoir area would be incorporated as part of the plan. An estimate of the approximate
costs to prepare an EAP for Cave Buttes Dam ranges from $20,000 to $35,000.

The report titled “Policy and Program Report” (April 2000) prepared by Kimley-Horn
and Associates, Inc. recommended that the District prepare individual emergency action
plans for each of the District dams in their inventory. The "Policy and Program Report"
(Section 5.5) provided guidelines of what to include as part of the emergency action plans
in order to meet minimum standard of care and FEMA dam safety guidelines. ADWR
requires that all jurisdictional dams have an emergency action plan on file with the
Department. The plan may be prepared in-house by District staff or the District may use
outside engineering consultant services for this task.

The “Policy and Program Report” not only provided recommended elements to include in
the emergency action plan but also provided a schedule for updating the plan and the
conditions triggering an update. The Report also discussed different levels of exercising
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the emergency action plan such as orientation seminars, drills, tabletop exercises,
functional exercises, and full-scale exercises.

The plan needs to identify the potential of overtopping of the CAP canal by discharges
from the emergency spillway. An inundation map downstream of the CAP from
overtopping may be similar to the dambreak inundation limits for Cave Buttes Dam.
However, this condition needs to be examined and is beyond the scope of this report.

3.3.4 Pool Area — Mitigate Through Flood Insurance

This nonstructural alternative examines the feasibility at a concept level of obtaining
flood insurance for the area between the PMF ponding limits and the SPF ponding limits.
The District currently owns the property upstream of the dam to the elevation of the SPF.
The concept is the District would obtain on a property by property basis flood insurance
policy for the area inundated by the full PMF above the elevation of the SPF.

The FEMA flood insurance rate map (FIRM Map No. 04013C1210 F September 30,
1995) indicates the limits of inundation upstream of the Cave Buttes Dam and Dike No.
2. These limits are for the SPF event and are set to the elevation of the emergency
spillway crest (1657.1-ft). The full PMF ponding limits are based on a maximum water
surface elevation of 1671.1-ft.

The SPF inundation pool (Cave Buttes Dam reservoir pool) depicted on the FIRM panel
is designated as Zone A. The zones outside the SPF inundation pool are designated
Zones X and A. The PMF limits are incorporated within these map zones.

Section 3.3.1 provided a brief review of the premium rates for flood insurance for a
typical coverage amount of $100,000 for a single-family residence. The area between the
SPF ponding limits and the full PMF ponding limits is approximately 1,000 acres. This
area is delineated on the FIRM panel as consisting of Zone A and Zone X flood zones.
The approximate split between the Zone A and Zone X is 25% and 75%, respectively.
Given the previous rates and dwelling (potential) units per acre provided in Section 3.3.1,
the amount of flood insurance premiums required to insure the lands outside the SPF and
within the PMF limits is provided in Table 3-4.

Table 3-4. Approximate Flood Insurance Costs for Pool Area of Cave Buttes
Dam.

Zone No. Dwelling Unit Annual 30-Year
Units Premium Premium Premium

500 $301 $150,500 $4,515,000

1,500 $221 $331,500 $9,945,500
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3.3.5 Pool Area — Acquire Properties/Flowage Easements

This nonstructural alternative examines the feasibility at a concept level of acquiring
lands or properties that the District does not currently own or lease that is between the
elevation of the SPF and the PMF. The District owns the lands upstream of the Cave
Buttes Dam to the limits of the elevation of the standard project flood (SPF). The Corps
of Engineers required the District to purchase necessary lands for the construction of
Cave Buttes Dam and the inundation limits for the SPF. The ponding limits of the SPF is
the area upstream of the dam covered by the area delineated by the SPF full pool
elevation. This elevation is also the elevation of the crest of the emergency spillway
(1657.1-ft). The SPF inundation limits are depicted on FEMA flood insurance rate map
FIRM Map No. 04013C1210 F (September 30, 1995). The District, however, does not
own all lands up to the inundation limits of the PMF (or elevation 1671.1-ft). The PMF
ponding limits are depicted on Exhibit A and B (including the SPF ponding limits).

The other option under this nonstructural alternative is for the District to obtain ponding
easements for the area between the full PMF limits and the full SPF limits. Costs are
prepared that indicated the costs of land purchase versus costs for ponding easements.

The PMF ponding limits extends beyond the current FCD land boundaries as depicted in
Exhibit A. New FCD land limits were conceptually delineated to incorporate the full
PMF ponding limits. The amount of new lands that the District would need to acquire
beyond the lands the District already owns is approximately 720 acres. At a unit cost of
$50,000 per acre, the total land cost to purchase lands to completely include the full PMF
pool is $36,000,000. The cost of a ponding easement is approximately ninety percent of
the full purchase cost or approximately $32.4 million (or $45,000 per acre).

3.3.5 Pool Area — Develop Emergency Action Plan

This nonstructural alternative examines the feasibility at a concept level of preparing an
emergency action plan for the pool area. The pool area for the purposes of this
alternative includes the full PMF ponding limits.

As stated above, the District does not have an individual emergency action plan for Cave
Buttes Dam and reservoir meeting FEMA dam safety guidelines. This includes the
impoundment area for the SPF and the PMF (IDF). Presently, the District is considering
providing recreational and landscaping elements within the limits of the impoundment
area. There already exists a model airplane facility just north of Dike No. 2 as well as
casual hiking and biking trails. The City of Phoenix is master planning recreational
elements in the area of the Cave Buttes Recreational Area.

As stated above, an individual emergency action plan needs to be prepared for the Cave
Buttes Dam, reservoir area, and appurtenant structures (Dikes No. 1, 2, and 3; emergency
spillway, and principal spillway). The plan would be inclusive: all elements of the dam
and reservoir area would be incorporated as part of the plan.
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The report titled “Policy and Program Report” (April 2000) prepared by Kimley-Horn
and Associates, Inc. recommended that the District prepare individual emergency action
plans for each of the District dams in their inventory. The Report (Section 5.5) provided
guidelines of what to include as part of the emergency action plans in order to meet
minimum standard of care and FEMA dam safety guidelines. ADWR requires that all
jurisdictional dams have an emergency action plan on file with the Department. The
plan may be prepared in-house by District staff or the District may use outside
engineering consultant services for this task.

The “Policy and Program Report” not only provided recommended elements to include in
the emergency action plan but also provided a schedule for updating the plan and the
conditions triggering an update. The Report also discussed different levels of exercising
the emergency action plan such as orientation seminars, drills, tabletop exercises,
functional exercises, and full-scale exercises.

Specific elements to include as part of the section of the emergency action plan covering
the pool area are warning signs within and around the pool area explaining to the public
of what to do in the event of inflows into the reservoir area. Evacuation routes should be
displayed on the warning signs. This is a particularly important element because of the
anticipated level of recreational facilities being planned for the Cave Buttes Recreational
Area and the potential of Old Cave Creek Dam becoming a national historical landmark.

3.3.6 Evaluation and Ranking

The evaluation and ranking of the structural and nonstructural flood control alternatives
for Cave Buttes Dam is presented in Section 5.0 of this report.
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Section 4.0 Alternatives Analysis for Powerline, Vineyard Road, and Rittenhouse
Flood Retarding Structures

This section of the Report documents the concept structural and nonstructural
measures/alternatives evaluated as part of the Powerline, Vineyard Road, and Rittenhouse
Flood Retarding Structures alternatives analysis. The purpose of the alternatives analysis
for Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structures is to examine
measures, alternatives, or actions that may be taken by the District to potentially reduce
the risk and liability associated with ownership of the dams. The concept alternatives for
Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structures were formulated
in a meeting between the District and KHA on February 16, 2000, documented in
meeting minutes, and a KHA memorandum dated March 16, 2000.

The structural concept alternatives for Powerline, Vineyard Road, and Rittenhouse Flood
Retarding Structures were formulated to reduce the risk and liability associated with
ownership of the dams and to upgrade, modify or enhance performance or operations, or
replace the dam with some other structural flood control measure. The structural
alternatives include the following concept measures:

Structural Alternatives:

* Segmentation: Examine segmenting each dam into two dams each. Segmentation of
the dam will follow roadway alignments for east/west crossings.
Upgrade to high hazard dam: Examine upgrading dams to high hazard dams.

Modifications to improve performance

Basins: Replace the dam with a basin

Levee/floodway system: Link dams to function as a levee/floodway system
Discharge into Central Arizona Project

Upsize Powerline Floodway/East Maricopa Floodway

Alternatives to include multi-use opportunities

The nonstructural concept alternatives for Powerline, Vineyard Road, and Rittenhouse
FRS were primarily formulated to reduce the risk and liability associated with ownership
of the dam. The nonstructural alternatives include the following concept measures:

Nonstructural Measures for Pool Area:

= Mitigate through Flood Insurance

=  Acquire Properties/Flowage Easements

» Emergency Action Plan: Develop EAP to include pool inundation areas.

The formulation, discussion, evaluation, and presentation for Powerline, Vineyard Road,
and Rittenhouse FRS alternatives are presented later in this section. The following
discussions provides a brief description, purpose, and physical characteristics of the flood
retarding structures and associated features.
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4.1 Description of Powerline FRS

The Powerline FRS is a structural plan element of the Watershed Work Plan for the
Apache Junction — Gilbert Watershed, Maricopa and Pinal Counties, Arizona. The
Watershed Work Plan was prepared by the Natural Resources Conservation Service
(NRCS; formerly the Soil Conservation Service, SCS) in January 1963. The watershed
heads in the southwest-facing slopes of the Superstition Mountains and drains onto a
wide alluvial fan on which valuable agricultural, urban and commercial developments
have been constructed. The total Apache Junction — Gilbert Watershed watershed is
approximately 140 square miles in area. The watershed is one of three for which
concurrent planning efforts were conducted by the NRCS at the request of the District.
The northernmost watershed is the “Buckhorn-Mesa”, the central watershed is the
“Apache Junction — Gilbert”, and the southern watershed is the “Williams-Chandler”.

4.1.1 Purpose of Dam

The Powerline FRS is one of two structural measures designed and constructed under the
Apache Junction-Gilbert Watershed Work Plan. The other structural measure is the
Powerline Floodway. The purpose of the Powerline FRS is to provide flood and erosion
control benefits for downstream developments (agriculture, commercial and urban areas).
The design function of the Powerline FRS will control runoff from floods up to and
including the 100-year event.

4.1.2 Dam Location

Powerline FRS is located off Ironwood Road, south of Baseline Road, about 35 miles
east of downtown Phoenix and approximately five miles south of the town of Apache
Junction. Figure 4-1 provides a location map of Powerline FRS. The project consists of
the FRS structure and an emergency spillway. The project is part of the Apache Junction-
gilbert Watershed Protection and Flood Prevention Project, which includes the
Rittenhouse and Vineyard flood retarding structures. The Flood Prevention Project was
prepared, designed, and constructed by the U.S. Department of Agriculture, Natural
Resources Conservation Service.

The reservoir behind the FRS is 456 acres with a capacity of 4,194 acre-feet (according to
the as-built construction plans). A permanent pool will not be retained in the reservoir,
instead, the FRS and reservoir are designed to trap floodwater and store it only for as
long as 1t takes to release it slowly and safely downstream. Reservoir capacity is then
restored to handle a future flood.

The emergency spillway is located adjacent to the south abutment of the FRS.
Construction of the FRS and appurtenant structures was completed in March 1967.
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4.1.3 Physical Features

Powerline FRS is a rolled earthfill structure. The length of the FRS is 13,398 feet with a
maximum height of 21 feet and a crest width of 14 feet. The reservoir capacity is 4,194
acre-feet with a maximum water surface elevation of 1583.3 feet. The FRS was designed
with 4.8 feet of freeboard and 175 acre-feet of sediment storage (50-year). Powerline
FRS is accessible off I[ronwood Road with access controlled by a padlocked gate. The
maximum recorded impoundment for Powerline reservoir is 952 acre-feet with a stage of
11.0 feet at the FRS (January 11, 1993).

The principal spillway is an ungated 36-inch diameter concrete pipe approximately 156
feet long. The design outflow is 203 cfs from the principal spillway. The trash rack is
located on the upstream inlet. The outlet of the principal spillway discharges into a
constructed channel through a outlet structure. An energy dissipator is located on the
downstream end of the concrete outlet structure.

The emergency spillway was excavated into earth and is located adjacent to the south
abutment of the FRS. The spillway is approximately 600 feet wide with a capacity of
16,600 cfs. The spillway crest elevation is 1583.8 feet.

The inflow design flood under ADWR rules and regulations is the %2 PMF.

Station markers are located along the downstream crest of the FRS. A series of staff
gages is located on the upstream slope adjacent to the principal spillway. Settlement
monuments are located along the crest and downstream toe of the FRS.

A central filter drain was constructed in the Powerline FRS embankment in June 1991.

Table 4-1 provides a summary of the physical structure data for Powerline FRS. The
following are definitions of the terms emergency spillway hydrograph (ESH) and
freeboard hydrograph (FBH). These terms are identified in Table 4-1. The terms are
derived from the NRCS document "TR-60: Earth Dams and Reservoirs" (October 1985).

= Emergency Spillway Hydrograph - is the hydrograph used to establish the
dimensions of the emergency spillway

» Freeboard Hydrograph - is the hydrograph used to establish the minimum
settled elevation of the top of the dam. It is also used to evaluate the structural
integrity of the spillway system.
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Table 4-1. Powerline Flood Retarding Structure Physical Data.
ITEM NATDAM ID AZ00082 PHYSICAL DATA
STATE ID 11.02
Drainage Area 47.1 sqmi
Storage Capacity
Sediment 175 af
Floodwater 4019 af
Total 4194 af
Surface Area
Sediment Pool 88 ac
Floodwater Pool 456 ac
Volume of Fill 936,000 cy
Elevation Top of Dam 1589.1 ft
Maximum Height of Dam 21.0 ft
Length of Dam 2.54 mi
Freeboard 4.8 ft
Emergency Spillway
Inflow Design Flood (ADWR) ¥ PMF
Crest Elevation 1583.3 ft
Bottom Width 600 ft
Type Earth-lined
Percent Chance of Use 1
Av. Curve No. Condition II 81.9
Emergency Spillway Hydrograph
Storm Rainfall (6 hr) 3.51n
Storm Runoff 0.68 in
Spillway Capacity 16,600 cfs
Freeboard Hydrograph
Storm Rainfall (6 hr) 7.0 in
Storm Runoff 2.29 in
Principal Spillway
Diameter of Conduit 36-in rcp
Length of Conduit 156 ft
Capacity at Elev Emergency 203 cfs
Time to release 10 days
Capacity Equivalents
Sediment Volume 0.07 in
Detention Volume 1.49 in
Spillway Storage 1.77 in
Class of Structure B (NRCS)
Hazard Classification (ADWR) Significant
Size of Dam (ADWR) Medium
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4.1.4 Powerline, Vineyard Road, and Rittenhouse FRS Operations

The operation of Powerline, Vineyard Road, and Rittenhouse flood retarding structures
are similar and are therefore presented and discussed in this subsection for Powerline
FRS. All three dams have a principal and emergency spillway except that Vineyard Road
FRS has two emergency spillways. The principal spillways for both Powerline and
Vineyard Road FRS discharge into a common channel called the Powerline Floodway.
The floodway is located near the outlet of the principal spillway for Powerline FRS (see
Figure 4-1). The floodway crosses over the Central Arizona Project (CAP) through a
structure called an overchute. The principal spillway for Rittenhouse FRS discharges
into the impoundment reservoir area behind Vineyard Road FRS. Rittenhouse FRS
functions as a cascading reservoir (see Figure 4-1). Therefore, discharges from all three
principal spillways will eventually flow into the Powerline Floodway. The Powerline
FRS emergency spillway and Vineyard Road FRS right emergency spillway are located
adjacent to each other as depicted on Figure 4-1. There are no defined downstream
watercourses for which to discharge emergency spillway flows from each structure.
Should a discharge occur of any significant flow in any of the four emergency spillways,
floodwaters would flow overland toward the CAP. The potential exists for ponding to
occur on the upstream embankment of the CAP and if discharge flows are great enough,
flows could enter the CAP, and/or flood over the CAP potentially breaching the CAP
canal.

In the event of a forecast for measurable rainfall that may produce significant runoff on
the watersheds and hence potentially an impoundment at the dam, the Flood Control
District initiates the flood response actions outlined in their “Flood Emergency Response
Manual”. The manual is the District’s standard operating procedure the purpose of which
is to provide an outline of the duties and responsibilities for District personnel to act upon
during significant rainfall events and/or flood emergencies. The procedure provides an
overview of how the District as a whole will respond to significant rainfall events and
floods emergencies, and therefore does not outline procedures for specific personal tasks
and responsibilities. According to the manual, the District division managers will assign
personal tasks and responsibilities are necessary.

The manual outlines the tasks and required response actions, both in summary and in
detailed format, for the Chief Engineer, Operations and Maintenance Division,
Engineering Division, Planning and Project Management Division, Land Management
Division, and Information Technology Division in response to a flood emergency. It
should be noted that the flood emergency response manual is geared for all of the District
structures including drains, floodways, major river corridors (Salt, Verde, Gila, and the
Agua Fria Rivers), District dams, and for non-District dams (Town of Fountain Hills
structures).

The manual contains a list of District emergency telephone and cellular numbers of
District personnel. This list was last updated on July 1, 1999. Also included in the
manual are selected bridge capacities and closure data on major rivers, Salt River and
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Gila River flow travel time tables, District dam and detention basin rating curves, and a
listing of USGS stream gages with names and locations at pertinent sites.

Maricopa County has been divided into twelve observation areas for purposes of flood
monitoring. Each of the twelve areas has specific instructions for observations so that
District staff members who may not have been trained on a specific structure will know
what to look for at each site in their area. Primary and secondary observation points have
been identified, and team members are to proceed to these sites in the order noted in the
manual or as dictated by local flooding. Area staff assignments require teams to observe
these areas on two twelve-hour shifts during an emergency. Table 1 of the Flood
Emergency Response Manual contains a listing of the flood observation points (primary
points) for each of the twelve areas. The manual provides detailed observation
instructions for each team assigned to each of the twelve areas of the County.

Initial emergency flood response is based on radar and rainfall information as it provides
the most lead-time and is the best available data. The District’s real-time telemetry
system consists of a network of rain and stream gages. The system has the capability of
sounding alarms when preset rainfall intensity levels are exceeded.

Once rainfall alarms are activated and a thunderstorm or flash flood warning/watch has
been issued the rainfall and runoff from the event is monitored and evaluated. The
sources of information used for this purpose come from telemetry stage gages, field
observations of staff gages, and stage/discharge rating curves.

The District maintains and operates a number of flood control structures, including dams,
throughout the County. The Flood Warning/Data Collection Branch monitors water
depths behind the dams and through the principal outlet throughout an event. All of the
dams have telemetered stage gages, which measure impoundment depth. ALERT alarm,
O&M notification levels, and Emergency Operations Center notification levels are set for
each dam. Table 4 of the manual lists the emergency notification elevations at each of
the District dams (as of July, 1999).

The District’s flood emergency response is linked and coordinated with the Maricopa
County Department of Emergency Management (DEM). The Department has prepared
an Emergency Operation Plan (EOP) for Maricopa County that not only includes
response and actions in the event of flooding and dam failures, but also covers
catastrophes due to aircraft crashes, earthquakes, fires and explosions, hazardous
materials incidents, and national security emergencies. Annex G of the EOP specifically
addresses storms and floods. The annex includes a discussion on the dissemination of
weather data and information, water release warning procedures, dam failure scenarios
for the major dams in the vicinity of the Phoenix metropolitan area (e.g. Salt and Verde
River dams; Aqua Fria River), and for each major District dam. The appendices to
Annex G provide individual information and descriptions for each of the District dams.
This information includes the location of the dam, a physical description of the structure,
and the purpose of the dam (i.e., provide flood protection). Included with each appendix
is gross inundation mapping that shows what areas of Maricopa County that could

Kimley-Horn and Associates, Inc. FCD 98-41
KHA Project No. 091131003 PCN PLAN.01.00




Structures Assessment Program — Phase [ Flood Control District of
Alternatives Analysis Report Maricopa County
Section 4.0 Powerline/Vineyard Road/Rittenhouse FRS

experience flooding due failure of a specific dam. The appendices outline the specific
tasks and actions that the District will follow in the event of a dam failure, the actions and
responses of the DEM, and the notification procedures. The appendices provide a written
description of the area to evacuate in the event of a dam failure.

During a flooding event where an impoundment occurs at Powerline FRS, the dam will
operate in a passive manner. In other words the principal spillway discharges impounded
floodwater behind the dam at a rate that depends on the stage of impoundment. There is
no operating gate on the concrete pipe principal spillway. Very little District operations
and maintenance intervention is required for the operation of the dam and spillways
during an event. District site operations during a flooding event is usually a monitoring
mode activity.

The emergency spillway is also ungated due to the nature of the dam being a dry flood
control dam. The discharge rate from the emergency spillway will depend on the depth
of flow within the control section of spillway channel. During a 100-year flood, the
reservoir would be fully impounded to an elevation of approximately the spillway crest
elevation. Previous hydrologic studies for Powerline FRS indicate that there will be a
spill from the emergency spillway as a result of the 100-year event. The operations for
Vineyard Road FRS and Rittenhouse FRS during a flooding event as similar as just
described for Powerline FRS except during a 100-year event no spills occur in their
respective emergency spillways.

There are no other passive facilities or methods in-place to withdraw impounded water
stored within the reservoir area for Powerline, Vineyard Road, and Rittenhouse FRS. No
permanent water storage or pool is allowed within the impoundment areas according to
the ADWR operating license issued to the District for each of the dams.

4.2 Description of Vineyard Road FRS

The Vineyard Road FRS is a structural plan element of the Watershed Work Plan for the
Williams-Chandler Watershed Protection and Flood Prevention Project, Maricopa and
Pinal Counties, Arizona. The Watershed Work Plan was prepared by the Natural
Resources Conservation Service (NRCS; formerly the Soil Conservation Service, SCS) in
January 1963. The watershed heads in the southwest-facing slopes of the Superstition
Mountains and drains onto a wide alluvial fan on which valuable agricultural, urban and
commercial developments have been constructed. The total watershed is approximately
52.1 square miles in area. The watershed is one of three for which concurrent planning
efforts were conducted by the NRCS at the request of the District. The northernmost
watershed is the “Buckhorn-Mesa”, the central watershed is the “Apache Junction —
Gilbert”, and the southern watershed is the “Williams-Chandler”.

4.2.1 Purpose of Dam

The purpose of the Vineyard Road FRS is to provide flood and erosion control benefits
for downstream developments (agriculture, commercial and urban areas). The Vineyard
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Road FRS was designed to control runoff from floods up to and including the 100-year
event.

4.2.2 Dam Location

Vineyard Road FRS is located about 35 miles east of downtown Phoenix and seven miles
southeast of the town of Apache Junction. Figure 4-2 provides a location map of
Vineyard Road FRS. The project consists of the FRS embankment structure, two
emergency spillways, and a principal spillway. The project is part of the Williams-
Chandler Watershed Protection and Flood Prevention Project, which includes the
Rittenhouse and Vineyard Road flood retarding structures. The Flood Prevention Project
was prepared, designed, and constructed by the U.S. Department of Agriculture, Natural
Resources Conservation Service.

The spillway crest reservoir behind the FRS is 840 acres with a capacity of 4,310 acre-
feet (according to the as-built construction plans). A permanent pool will not be retained
in the reservoir, instead, the FRS and reservoir are designed to trap floodwater and store
it only for as long as it takes to release it slowly and safely downstream. Reservoir
capacity is then restored to handle a future flood. The sediment pool capacity is 178
acre-feet at an elevation of 1566.2.

The emergency spillways are located adjacent to the left and right abutments.
Construction of the FRS and appurtenant structures was completed in July 1968.

4.2.3 Physical Features

Vineyard Road FRS is a rolled earthfill structure. The length of the FRS is 28,829 feet
with a maximum height of 16.5 feet and a crest width of 14 feet. The reservoir capacity
1s 4,310 acre-feet at a water surface elevation of 1574.8 feet. The FRS was designed with
4.7 feet of freeboard. The FRS is accessible by using Ironwood Road to an access control
gate south of Baseline Road. The maximum recent recorded impoundment for Vineyard
Road reservoir is 897 acre-feet with a stage of 5.9 feet at the FRS (January 16, 1993).

The principal spillway is an ungated 56-inch diameter concrete pipe approximately 100
feet long. The design outflow is 368 cfs from the principal spillway. The trash rack is
located on the upstream inlet. The outlet of the principal spillway discharges into a
constructed channel through an outlet structure. An energy dissipator is located on the
downstream end of the concrete outlet structure.

The two emergency spillways are excavated into earth and are located adjacent to the left
and right abutments. Each spillway is 300 feet wide. The spillway crest elevation is
1574.8 feet (MSL).

Station markers are located along the downstream crest of the FRS. A series of staff
gages is located on the upstream slope adjacent to the principal spillway. Settlement
monuments are located along the crest and downstream toe of the FRS.
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The as-built plans for the Vineyard Road FRS indicate that five irrigation outlets were
constructed. These outlets are located at Stations 129+90 (24-inch rcp), 152+40 (18-inch
rcp), 251+00 (24-inch rep), 276+80 (18-inch rep), and Station 321+40 (24-inch rcp). The
outlets included inlet and outlet structures, gates, stem guides, operator wheels on the
crest, and trash racks on the inlet. These irrigation outlets were subsequently abandoned.
None of the five irrigation outlets were found in the field as depicted in the as-built
drawings of Vineyard FRS. The inlet and outlet structures appear to have been removed
and the conduit left in-place. The inlets of the conduits were filled with grout.

A central filter drain, without finger drain outlets, was constructed in the Vineyard Road
FRS embankment in July 1983.

Table 4-2 provides a summary of the physical structure data for Vineyard Road FRS. The
following are definitions of the terms emergency spillway hydrograph (ESH) and
freeboard hydrograph (FBH). These terms are identified in Table 4-2. The terms are
derived from the NRCS document "TR-60: Earth Dams and Reservoirs" (October 1985).

=  Emergency Spillway Hydrograph - is the hydrograph used to establish the
dimensions of the emergency spillway
Freeboard Hydrograph - is the hydrograph used to establish the minimum
settled elevation of the top of the dam. It is also used to evaluate the structural
integrity of the spillway system.
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Flood Control District of

Maricopa County

Table 4-2. Vineyard Road Flood Retarding Structure Physical Data.

ITEM NATDAM ID AZ 00084 PHYSICAL DATA
STATEID 11.11
Drainage Area 52.1 sqmu
Storage Capacity
Sediment 178 af
Floodwater 4132 af
Total 4310 af
Surface Area
Sediment Pool 150 ac
Floodwater Pool 840 ac
Volume of Fill 1,154,400 cy
Elevation Top of Dam 1579.5 ft
Maximum Height of Dam 16.50 ft
Length of Dam 5.46 mi
Freeboard 4.7 ft
Emergency Spillway
Inflow Design Flood (ADWR) 72 PMF
Crest Elevation 1574.8 ft
Bottom Width 600 ft*
Type Earth-lined
Percent Chance of Use 1
Av. Curve No. Condition II 82
Emergency Spillway Hydrograph
Storm Rainfall (6 hr) 35in
Storm Runoff 0.67 in
Spillway Capacity 12,800 cfs
Freeboard Hydrograph
Storm Rainfall (6 hr) 7.51n
Storm Runoff 2.511in
Principal Spillway
Diameter of conduit 56-in rcp
Length of conduit 100 ft
Capacity at Elev Emergency 368 cfs
Time to release 10 days
Capacity Equivalents
Sediment Volume 0.07 in
Detention Volume 1.45 in
Spillway Storage 1.30 in
Class of Structure B (NRCS)
Hazard Classification (ADWR) Significant
Size of Dam (ADWR) Medium

*Two 300-ft spillways
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4.3 Description of Rittenhouse FRS

The Rittenhouse FRS is a structural plan element of the Watershed Work Plan for the
Williams-Chandler Watershed Protection and Flood Prevention, Maricopa and Pinal
Counties, Arizona. The Watershed Work Plan was prepared by the Natural Resources
Conservation Service (NRCS; formerly the Soil Conservation Service, SCS) in January
1963. The watershed heads in the southwest-facing slopes of the Superstition Mountains
and drains onto a wide alluvial fan on which valuable agricultural, urban and commercial
developments have been constructed. The total watershed is approximately 47.7 square
miles in area. The watershed is one of three for which concurrent planning efforts were
conducted by the NRCS at the request of the District. The northernmost watershed is the
“Buckhorn-Mesa”, the central watershed is the “Apache Junction — Gilbert”, and the
southern watershed is the “Williams-Chandler”.

4.3.1 Purpose of Dam

The purpose of the Rittenhouse FRS is to provide flood and erosion control benefits for
downstream developments (agriculture, commercial and urban areas). The Rittenhouse
FRS was designed to control runoff from floods up to and including the 100-year event.

4.3.2 Dam Location

Rittenhouse FRS is located about 35 miles east of downtown Phoenix and five miles
south of the town of Apache Junction. Figure 4-2 provides a location map of Rittenhouse
FRS. The project consists of the FRS structure and an emergency spillway. The project
is part of the Williams-Chandler Watershed Protection and Flood Prevention Project,
which includes the Powerline and Vineyard flood retarding structures. The Flood
Prevention Project was prepared, designed, and constructed by the U.S. Department of
Agriculture, Natural Resources Conservation Service.

The reservoir behind the FRS is 660 acres with a capacity of 4,060 acre-feet. A
permanent pool will not be retained in the reservoir, instead, the FRS and reservoir are
designed to trap floodwater and store it only for as long as it takes to release it slowly and
safely downstream. Reservoir capacity is then restored to handle a future flood. The
sediment pool capacity is 175 acre-feet at an elevation of 1587.5.

The emergency spillway is located adjacent to the south abutment of the main FRS.
Construction of the FRS and appurtenant structures was completed in 1969.

4.3.3 Physical Features

Rittenhouse FRS is a rolled earth-filled structure. The length of the FRS is 19,008 feet
with a maximum height of 24.3 feet and a crest width of 14 feet. The reservoir capacity
1s 4,060 acre-feet with a maximum water surface elevation of 1597.6 feet. The FRS was
designed with 4.7 feet of freeboard. The FRS is accessible by using Ocotillo Road east of
Vineyard Road. A padlocked gate controls access. The maximum recorded
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impoundment for Rittenhouse reservoir is 359 acre-feet with a stage of 11.0 feet at the

. FRS (January 11, 1993).

The principal spillway is an ungated 33-inch concrete pipe approximately 145 feet long.
The design outflow is 143 cfs from the principal spillway. The trash rack is located on
the upstream inlet structure. The outlet of the principal spillway discharges into a
constructed channel through a outlet structure. The outlet structure includes an energy
dissipator.

The emergency spillway was excavated into earth and is located adjacent to the left
abutment. The spillway is approximately 600 feet wide and has a capacity of 12,800 cfs.
The spillway crest elevation is 1597.6 feet (MSL).

Station markers are located along the downstream crest of the FRS. A series of staff
gages is located on the upstream slope adjacent to the principal spillway. Settlement
monuments are located along the crest and downstream toe of the FRS.

Two irrigation outlets were constructed as part the Rittenhouse FRS. The outlets are
located at Stations 69+50 and 156+00 and include inlet and outlet structures. The inlet
structure includes a gate and trash rack. The operator wheel is located at the crest with
the stem of the gate cradled on the upstream slope. The conduits are both 24-inch
reinforced concrete pipes. The irrigation outlets discharge into downstream washes.

. A central filter drain with rock/gravel finger drains was constructed in Rittenhouse FRS
in May 1979.

Table 4-3 provides a summary of the physical structure data for Rittenhouse FRS. The
following are definitions of the terms emergency spillway hydrograph (ESH) and
freeboard hydrograph (FBH). These terms are identified in Table 4-3. The terms are
derived from the NRCS document "TR-60: Earth Dams and Reservoirs" (October 1985).

* Emergency Spillway Hydrograph - is the hydrograph used to establish the
dimensions of the emergency spillway

* Freeboard Hydrograph - is the hydrograph used to establish the minimum
settled elevation of the top of the dam. It is also used to evaluate the structural
integrity of the spillway system.
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Table 4-3. Rittenhouse Flood Retarding Structure Physical Data.
PHYSICAL DATA

ITEM NATDAM ID AZ0085

STATE ID 11.12

Drainage Area

47.7 sqmi

Storage Capacity
Sediment
Floodwater
Total

175 af
3875 af
4060 af

Surface Area
Sediment Pool
Floodwater Pool

118 ac
660 ac

Volume of Fill

798,800 cy

Elevation Top of Dam

1602.3 ft

Maximum Height of Dam
Length of Dam

243 ft
3.6 mi

Freeboard

4.7 ft

Emergency Spillway

Crest Elevation

Bottom Width

Type

Percent Chance of Use

Av. Curve No. Condition II

Storm Rainfall (6 hr)
Storm Runoff
Spillway Capacity

Freeboard Hydrograph
Storm Rainfall (6 hr)
Storm Runoff

Inflow Design Flood (ADWR)

Emergency Spillway Hydrograph

Yo PMF
1597.6 ft
600 ft
Earth-lined
1
80

3.51n
0.66 in
12,800 cfs

7.5 1n
2.511in

Principal Spillway
Diameter of Conduit
Length of Conduit
Capacity at Elev Emergency
Time to release

33-in rcp
145 ft
143 cfs
30 days

Capacity Equivalents
Sediment Volume
Detention Volume
Spillway Storage

0.07 in
1.47 in
1.04 in

Class of Structure

B (NRCS)

Hazard Classification

Significant

Size of Dam

Medium

Kimley-Horn and Associates, Inc.
KHA Project No. 091131003

FCD 98-41
PCN PLAN.01.00




Structures Assessment Program — Phase [ Flood Control District of
Alternatives Analysis Report Maricopa County
Section 4.0 Powerline/Vineyard Road/Rittenhouse FRS

4.4 Structural Alternatives

The flood control structural alternatives for the Powerline, Vineyard Road, and
Rittenhouse FRSs were developed in a planning meeting held between the District and
KHA. The structural alternatives were formulated to upgrade, modify or enhance the
performance and/or operations, or replace the dam with some other structural flood
control measure. The structural flood control alternatives that were formulated for
concept development and analysis for the Powerline, Vineyard Road, and Rittenhouse
FRSs are listed below and are described in detail in the following subsections.

* Segmentation

» Upgrade To High Hazard Dam

* Modifications to Improve Performance

= Replace Dams With Detention Basins

= Levee/Floodway System

= Utilization of Central Arizona Project Canal
» Increase the Capacity of Powerline Floodway

A. Previous and On-going District Studies

Several District studies and plans have been completed and other District investigations
and studies are on-going which may have a direct impact and impose planning constraints
on the structural alternatives developed as part of this alternatives analysis for Powerline,
Vineyard Road, and Rittenhouse FRS. The study area for the previous and on-going
studies includes the region of east Mesa from the CAP canal to the EMF. This area
includes major drainageways such as the EMF, Queen Creek, Sanoki Wash, Rittenhouse
Channel, Powerline Floodway, and others. A brief outline of these studies is provided as
follows:

East Maricopa Floodway Capacity Assessment Study (HNTB 1999) - This
study evaluated the conveyance capacity of the entire EMF for the existing
conditions 100-year 24-hour SCS design discharge and the 100-year 24-hour
future conditions. The study also determined the conveyance capacity of the
EMF under bank-full conditions. The study indicates that the existing capacity of
the EMF does not meet the design capacity. As a matter of fact, under existing
conditions, the EMF is substantially overtaxed. The design capacity of the EMF
downstream of the Powerline Floodway confluence is 6,500-cfs. Under existing
conditions, the total flow to the EMF downstream of the Powerline Floodway
confluence i1s 11,456-cfs.

East Mesa Area Drainage Master Plan (Dibble and Assoc. 1998) - This study
was initiated in order to provide flood protection to the east Mesa area. The study
determined the existing and future conditions hydrology for the east Mesa area for
planning purposed, identified drainage problems, and proposed drainage factilites
to address current and future flooding problems. The study provided structural
flood control recommendations for drainage improvements. One of the
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perimeter of Williams Gateway Airport. The relocated floodway would extend to
the proposed Elliot Channel adjacent to the proposed SanTan Freeway. The
capacity of the relocated Powerline Floodway is 3,731-cfs at the freeway and
2,932-cfs along the north perimeter of the airport.

. recommendations was to re-align the Powerline Floodway along the north

Queen Creek Area Drainage Master Study (Wood and Assoc. 1991) - This
study was implemented to identify stormwater problems in the Queen Creek area
and provide a master drainage plan to alleviate these problems. The study's limits
are bound by Goldmine and San Tan Mountains to the south, the EMF to the
west, the CAP canal to the east, and the Powerline Freeway to the north.

Queen Creek/Sanoki Wash Hydraulic Master Plan (Huitt-Zollars March
2000) - This study is formulating drainage improvements for use by local
municipalities as a guide for future development in the area. The study is
evaluating alternative drainage improvements to Queen Creek wash from the
county border with Pinal County to the EMF. Under existing conditions, the
study indicates that the 100-year flood in Queen Creek wash at the county line is
3,150-cfs. Under the "no-detention" alternative, the 100-year flow in the wash is
3,240-cfs at Power Road. Several "detention" alternatives were investigated as
part of the study. These alternatives examined several off-line and on-line
detention basins. The 100-year flow is reduced under the detention alternatives to
2,750-cfs at Power Road.

East Maricopa Floodway Capacity Mitigation Study Report (Huitt-Zollars
February 2000) - This study integrates the above studies into both a hydrologic
model and a hydraulic model for the EMF. The study proposes several
alternatives for structural improvements to the EMF and for watershed and EMF
detention basins. The preferred structural flood control alternative for EMF
improvements included an off-line detention basin along the Powerline Floodway
west of Ellsworth Road. The existing conditions 100-year 24-hour flows getting
to the Powerline Floodway at the EMF confluence is, according to this study,
7,340-cfs. Under the preferred alternative (with detention basin of 892 acre-feet
along Powerline Floodway), the 100-year flow getting to the Powerline Floodway
1s reduced to 4,710-cfs.

Preliminary East Maricopa Capacity Mitigation and Multi-Use Corridor
Study (Alternative 1) (Collins/Pina May 2000) - The purpose of this study was
to provide three alternatives on a design/concept level for infrastructure
improvements to the EMF. These alternatives include channel improvements and
potential areas for inline and offline detention basins. Each alternative has been
formulated so that the EMF can convey the 100-year peak design discharge with
the required freeboard. According to this study, as a matter of note, the Powerline
Floodway has a 100-year design discharge of approximately 3,000-cfs.
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4.4.1 Segmentation

This structural alternative examines the feasibility at a concept level for segmenting the
Powerline, Vineyard Road, and Rittenhouse dams. Segmentation basically divides the
dam impoundment area of each dam into two semi-separate pools or cells. Segmentation
of the structures is an alternative that will allow for a reduction in flood damages in the
case of a potential dam breach. Under this alternative, only a portion of the
impoundment is released as compared to an unsegmented impoundment.

For all three structures, segmentation will be along section lines or where potential future
roadway crossings may be constructed. The concept for the dividing “segment” (in the
case of a roadway crossing) would be an earthfill embankment that would begin at grade
on the downstream side, rise up and over to match the top of the dam, and then drop on
the upstream side such that the end of the segment is located beyond the delineated pool
area. However, for this alternative only the upstream portion of the segment will
considered.

A major constraint associated with this alternative includes assuring that the original
design detention volume for the dam is maintained among the two pool/cell segments.
An equalization culvert would need to be constructed in the earth embankment of the
segment. The equalization culvert would require a gate structure to isolate one pool/cell
segment of a dam from the other pool segment under emergency situations. A second
constraint is the proposed method of draining the “isolated” pool. If it becomes
necessary to close the gate on the equalization culvert, and if the emergency or breach
occurs in the portion of the dam with the principal spillway and that pool is rapidly
emptied, then question remains of how to discharge water from the isolated pool
segment. The answer to this question depends on the nature, location, and extent of the
breach in the other pool segment. ADWR may require that each pool segment be
provided with an individual principal spillway in order to meet licensing requirements.
However, for the purposes of this alternative it is assumed that the gated equalization
culvert would regulate flows discharged from the isolated pool by incrementation of the
gate opening. In this fashion, no new principal spillways would be required.

The inflow design flood (IDF) for Powerline, Vineyard Road, and Rittenhouse FRS
currently is the 1/2 PMF. Hydrologic analysis and design of the segmentation for each of
the dams would require that the equalization culverts be sized correctly to handle the
IDF. This analysis would be based on a time-variant tailwater condition for each dam
(i.e., the equalization culverts would be sized based on the differential head between the
two pool segments under two conditions - filling and draining). The approach to the
hydrologic analysis would be to delineate the contributing watersheds to each pool
segment. The analysis would be required to investigate the operation of the "split" pool
system in safely passing the IDF through the principal and emergency spillway.

The equalization culverts would be constructed with a floodgate. The gate would only
operate during an urgent or emergency condition where the stability and integrity of the
dam embankment is threatened. The gate is only to be used in the event it is necessary to
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isolate the reservoir into two pools. Otherwise the gate stays open. The urgent or
emergency condition would be associated with impoundment of stormwater and
(underlining added for emphasis) observation of piping from the main embankment.

Previous investigations downstream of the Powerline FRS area, in the vicinity of Hawk
Rock, have discovered the presence of earth fissures. The Bureau of Reclamation has
repaired one of these earth fissures. This earth fissure, called the Junkers Fissure, is on
alignment, if the fissure were to break through the repair, to intersect the CAP and
possibly the west end of the Powerline FRS. While earth fissure prediction (location,
extent, alignment, rate of progression) methods are somewhat subjective the potential
exists that the fissure in question could someday intersect and breach the Powerline
structure. Segmentation for the Powerline FRS would be one proactive method of fissure
intervention. The embankment segment would be on an east-west alignment, for the
purposes of this alternative, with Guadalupe Road. Guadalupe Road is a major mile
arterial in several east Valley cities and someday may extend into Pinal County. The
upstream embankment segmentation would extend beyond the ponding limits at an
elevation higher than the pool elevation. Modifications under this segmentation
alternative include adding an earth segment and a gated culvert. These modifications are
graphically illustrated in planform in Exhibit C (located in the map pockets in the back of
this report).

Segmentation for the Vineyard Road FRS would occur on alignment with the extension
of Ray Road. This location would essentially divide the structure in half. The same
constraints exist for Vineyard FRS as discussed above for Powerline FRS. The upstream
embankment segmentation would extend beyond the ponding limits at an elevation
higher than the pool elevation. Modifications under this segmentation alternative include
adding an earth segment and a gated equalization culvert. These modifications are
graphically illustrated in planform in Exhibit C.

Segmentation for the Rittenhouse FRS could potentially occur on alignment with either
the extension of German Road or Queen Creek Road. There is no mile street that divides
the Rittenhouse embankment basically in half. For the purposes of this discussion, the
segmentation alignment will follow German Road. The reason for selecting German
Road as the alignment for the embankment segment is that this divides the reservoir pool
into a 1/3 north pool and a 2/3 south pool. The 2/3 south pool could potentially be
drained to discharge to Queen Creek. Allowing this volume to drain to Queen Creek
instead of to the Vineyard Road FRS reduces the volume of floodwaters to the Powerline
Floodway. The reduction of floodwaters to the Powerline Floodway will assist in alleviating
capacity problems in the Powerline Floodway and the East Maricopa Floodway.

The same constraints exist for Rittenhouse FRS as discussed above for both Powerline
and Vineyard Road FRS. The upstream embankment segmentation would extend beyond
the ponding limits at an elevation higher than the pool elevation. Modifications under this
segmentation alternative include adding an earth segment and a gated equalization
culvert. These modifications are graphically illustrated in planform in Exhibit C.
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The length of earth embankment segment for Powerline, Vineyard Road, and Rittenhouse
FRS was determined from examination of USGS quadrangle maps and plotting the
impoundment ponding limits to the elevation of the emergency spillway. The segment
starts at the elevation of the top of the dam at the dam itself. A minimum of three feet of
freeboard was utilized from the ponding elevation (emergency spillway crest) to the top
of the segment. Table 4-4 summarizes the elevations of the top of dam and emergency
spillway with the approximate length of segment for each structure.

A review of the as-built plans for the three dams indicates the each structure was
constructed with an upstream "borrow" channel. The channel was used to obtain borrow
material to construct the dam embankment and to act as a low flow channel to direct
water to the principal spillways. The minimum channel bottom width is 50-ft with 3:1
side slopes. The equalization culvert in the earth segment was sized based on this low
flow channel configuration. After the size of the equalization culvert was determined for
each dam, a floodgate was selected that would be constructed on the upstream side of the
culvert. When the gate is closed, the gate would block water from flowing from one pool
segment into the other pool segment. Table 4-5 provides the volume of earth
embankment material estimated to constructed the segment, the size and configuration of
the low-flow culvert, and size of floodgates. The table also provides an estimate of the
construction costs for each segment alternative. Appendix E provides back-up data for
the cost estimate of this structural alternative.

Table 4-4. Top of Dam and Emergency Spillway Elevations.

Structure

Elevation Of
Top Of Dam (ft)

Elevation Of
Emergency
Spillway (ft)

Difference

(ft)

Length Of
Segment

(ft)

Powerline

1589.1

1583.3

5.8

6,600

Vineyard
Road

1579.5

1574.8

4.7

2,000

Rittenhouse

2,900

Table 4-5. Segmentation Structural Alternative Approximate Cost.

Structure

Volume
of
Embankment

(cy)

Size Of
Culvert

Floodgate
Size

Approximate
Cost

®)

Powerline

212,000

6-ft dia
RCP

6-ft by 6-ft

$25m

Vineyard
Road

40,000

6-ft dia
RCP

6-ft by 6-ft

$0.54 m

Rittenhouse

81,000

6-ft dia
RCP

6-ft by 6-ft

$1.0m
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4.4.2 Upgrade To High Hazard Dam

Under the newly enacted ADWR rules and regulations, all three dams would be classified
as intermediate size, significant hazard dams. The inflow design flood (IDF) for all three
structures is the 1/2 PMF. It is anticipated that the downstream hazard rating of the three
structures may change from significant to high hazard due to encroaching urbanization.
The new rules state that future conditions must be considered when evaluating the
downstream hazard potential. In the case of future land use conditions, for a high hazard
dam, the IDF may vary between the 1/2 PMF and the full PMF due to the projected
growth of urbanization in Maricopa and Pinal Counties downstream of the dams. At the
present time the District is considering upgrading the structures to high hazard. The
upgrade to high hazard classification will require additional evaluation by the District
beyond what is presented in this study.

In a previous District hydrologic study of Powerline FRS, the District concluded that the
Powerline FRS emergency spillway would spill from the 100-year event. The District
study recommended that as a remedy and as a future District action, to upgrade the
Powerline FRS to a high hazard dam that would safely pass the full PMF. In another
study conducted to determine the inundation limits from a dambreak analysis, for all
three structures in their existing condition, the study concluded that all three dams would
be overtopped by the PMF event. For the purposes of this structural alternative, all three
dams were evaluated against the full PMF, following in line with the District
recommendation for Powerline FRS to be upgraded to a high hazard dam. However, at
the present time, the 1/2 PMF may be sufficient as the IDF through the structures.

Under the new rules, since these are existing dams that would potentially undergo major
alterations and modifications, ADWR would require that the new rules and regulations be
applied as though the dams were new dams. Therefore, the requirements for new
significant and high hazard dams regarding embankment stability factors and seismic
criteria would apply (although not evaluated as part of this study). The ADWR design
requirements for new significant and high hazard potential dams is found in Arizona
Administrative Code Title 12, Chapter 15, Article 12, specially, R12-15-1216 “Dam
Design Requirements for New High, Significant, and Low Hazard Potential Dams”.

The upgrade of the three dams would require either:

1. Raising the dam embankment, or

2. Enlarging the reservoir impoundment pool volume, or

3. Upsizing the principal and/or emergency spillways, and

4. Examination of downstream constraints (Powerline Floodway capacity) and hazard
potential, or

5. A combination of the above first three items with item no. 4.

There are many possible combinations of structural measures that could be investigated
that would provide reasonable dam performance for a high hazard structure. However, it
is not the scope of this alternative analysis to optimize the configuration of the dam and
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spillways based the many possible iterations of principal and emergency spillway
configurations, dam height, and reservoir volumes. In order to keep the analysis for
upgrading to a high hazard dam as simple as possible, it is assumed th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>