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1.0 INTRODUCTION
1.1  Project Background

The Red Mountain Freeway (202L) is a major element of the Maricopa
Association of Governments (MAG) adopted Regional Freeway System in the
East Valley of Maricopa County. This freeway corridor is shown in Figure 1.

The 202L freeway in the project area is planned as a six-lane facility consisting
of three general purpose lanes in each direction of travel separated with a 46-
foot open median. High occupancy vehicle (HOV) lanes will be added in the
future within the median when traffic volumes warrant this improvement. Auxiliary
lanes are planned between successive local service interchange entrance and
exit ramps.

A half diamond traffic interchange is planned for local street access at McDowell
Road (south side). Full diamond interchanges are planned at McKellips Road,
Brown Road and University Drive. Each local arterial street will cross over the
freeway at the interchange location.

Between Power Road and University Drive, the freeway is planned to be located
immediately adjacent to the upstream side of the Spook Hill Floodwater
Retarding Structure (FRS), within the existing flood reservoir. A Project Vicinity
map is provided as Figure 2.

The freeway profile is elevated over Power Road, the Central Arizona Project
(CAP) Canal, the Spook Hill FRS, and the Spook Hill FRS emergency spillway.
The freeway transitions to an elevation above the 50-year water surface
elevation within the FRS. Approximately 5,000 feet southeast of Brown Road, the
freeway again passes over the Spook Hill FRS and the CAP Canal. The
feasibility of providing a freeway design above the 100-year water surface
elevation within the FRS will be investigated with this project.

The conceptual freeway section along the Spook Hill FRS is shown in Figure 3.
In addition to the freeway embankment, an earthen berm is planned along the
east side of the freeway to provide visual and noise mitigation for the adjacent
recreation area and residents.

The freeway embankment volume will be offset with replacement excavation
volume obtained within the current flood retention area immediately upstream of
the freeway, thereby maintaining the current volume of flood storage. The
existing Spook Hill FRS conveyance capacity will also be maintained in
accordance with the original design intent.

DMJM+HARRIS Page 1 October 2001
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1.2

The freeway design concept will require the relocation of portions of the Spook
Hill FRS embankment at McDowell Road, McKellips Road and Brown Road.
Therefore, coordination will be required with the Flood Control District of
Maricopa County (FCDMC), the Arizona Department of Water Resources
(ADWR), the National Resource Conservation Service (NRCS), and the City of
Mesa.

Previous Freeway Technical and Environmental Studies

The Red Mountain Freeway corridor was adopted into the MAG Regional
Freeway System in 1985, and was then included in the State Highway System by
approval of the State Transportation Board. In 1988, the Arizona Department of
Transportation (ADOT) prepared a Design Concept Report for the section of the
Red Mountain Freeway between Lindsay Road and Baseline Road. A State-
Level Environmental Assessment (EA) was also prepared for this freeway
segment. These early design and environmental studies were approved by
ADOT and the City of Mesa in 1989, which included the 202L freeway alignment
located immediately upstream of the Spook Hill FRS between Power Road and
University Drive.

The decisions resulting from the previous corridor studies were reviewed during
the completion of the Final Environmental Impact Statement (FEIS) for the Red
Mountain Freeway between SR87 (Country Club Drive) and Baseline Road south
of US60. With approval by ADOT and the Federal Highway Administration
(FHWA) in August 1999, the FEIS finalized the location of the Red Mountain
Freeway corridor.

Between Power Road and University Drive, three alignment alternatives were
considered during the EIS process (see Figure 4). Two of the alternative
alignments avoided the Spook Hill FRS, but encroached into existing and
planned development. The public conveyed strong support for the original 1988
alignment alternative along the FRS, and the City of Mesa recommended the
selection of the 1988 alignment to be consistent with the Mesa General Plan.

In response to the public and the City of Mesa requests, the alignment selected
for the 202L was the original 1988 alignment adjacent to the Spook Hill FRS.
The 202L alignment selection was finalized with the approval of the FEIS in
August 1999. Agencies supporting the selected alternative included the Flood
Control District of Maricopa County (FCDMC), the City of Mesa, and the US
Army Corps of Engineers (COE).
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1.3

Final Environmental Impact Statement (FEIS) Mitigation Measures

A partial list of measures recommended to avoid, reduce, or otherwise mitigate
environmental impacts associated with the Red Mountain Freeway project is
presented below. This partial list relates specifically to the segment of the Red
Mountain Freeway adjacent to the Spook Hill FRS. These recommendations will
be implemented as part of the project development, right-of-way acquisition, and
construction phases of the freeway project. The details of these mitigation
measures are referenced to specific sections of the FEIS.

ADOT will comply with the provisions set forth in Section 402 of the Clean
Water Act. ADOT will obtain a NPDES Permit from the EPA and prepare a
SWPPP (FEIS, p. 4-67).

The 100-year floodplain encroachments along the Spook Hill FRS will be
mitigated by excavating fill for the freeway from the flood retention basin, thus
creating replacement capacity equal to the embankment fill. A new low-flow
channel will also be constructed to replace the existing channel, which will be
filled by the proposed project (FEIS, p. 4-77, Appendix K).

If warranted, land will be acquired to be used to restore flood storage and
flow carrying capacity of the Spook Hill FRS in accordance with applicable
provisions set forth in the ADWR Rules and Regulations Pertaining to Dam
Safety Procedures [12 Arizona Adrpinistrative Code (AAC) 15].

During the final design of this segment, ADOT will coordinate with the
FCDMC to ensure all FCDMC design requirements are adhered to as
outlined in the FCDMC letter dated February 23, 1999, and documented in
Appendix K of the FEIS. A copy of these letters from the FCDMC and
documented in the FEIS is provided in Appendix F of this report.

ADOT will comply with the general and special conditions of the Section 404
individual permit obtained as part of the FEIS, including compensation for
habitat provided by the Spook Hill FRS detention basin and intermittent
washes. Compensation (mitigation plan) and permit conditions are presented
in Appendix B of the FEIS.

The Arizona Department of Environmental Quality (ADEQ) has determined
that the proposed project is in compliance with ADEQ policies and Section
401 of the Clean Water Act of 1977 (33 U.S.C. 1251). ADOT will comply with
the specific conditions of the Section 401 water quality certification included
in Appendix B of the FEIS.

The project will include a series of berms immediately east of the freeway to
effectively hide the freeway from view from adjacent recreational areas

DMJM+HARRIS Page 7 October 2001
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through the Red Mountain District Park. These berms will also reduce noise
impacts to adjacent recreational and residential areas. ADOT will coordinate
the location of these berms to be consistent with the concepts set forth in the
Spook Hill District Park Master Plan (FEIS, Appendix B and Appendix F

p. 5-47).

Study Purpose

This report is the first in a series of Technical Reports that will be developed by
ADOT in support of the design of the Red Mountain Freeway between Power
Road and University Drive. These Technical Reports will be developed to
address proposed modifications of the Spook Hill FRS in accordance with ADWR
Rules and Regulations Pertaining to Dam Safety Procedures (12 AAC 15).

ADWR rules apply to projects that reconstruct, repair, alter, enlarge, breach, or
remove an existing dam and reservoir. As defined in the Arizona Administrative
Code (AAC), “alteration or repair of an existing dam or appurtenant structure”
means to change the originally approved construction drawings and
specifications or current condition without changing the height or storage
capacity of the dam or reservoir, except for ordinary repairs and general
maintenance as prescribed in R12-15-1217. Since the FEIS approved concept
requires the relocation of the Spook Hill FRS dam embankment at McDowell
Road, McKellips Road and Brown Road to accommodate freeway traffic
interchanges, the freeway project will require approval from ADWR, the FCDMC
(owner of the structure) and other government agencies.

Using the guidelines in Sections R12-15-1203, Exempt Structures, and R12-15-
1206, Classification of Dams, the Spook Hill FRS is classified as a small, high
hazard jurisdictional dam. Section R12-15-1216, Design of a High, Significant,
or Low Hazard Potential Dam makes the following recommendation to establish
the inflow design flood requirements:

“For a high hazard potential dam, the applicant shall design the dam to
withstand an inflow design flood that varies from 0.5 PMF to the full
PMF, with size increasing based on persons at risk and potential for
downstream damage. The applicant shall consider foreseeable future
conditions.”

The PMF (Probable Maximum Flood) is the flood runoff expected from the most
severe combination of critical meteorological and hydrologic conditions that are
reasonably possible within a specific region.

SR
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The specific purpose of this first Technical Report is to define the existing inflow
design flood for the Spook Hill FRS as it relates to the ADWR dam safety rules
and regulations. Once the inflow design flood is established, the Red Mountain
Freeway hydrologic and hydraulic impacts can be quantified and mitigation
measures defined.

As required, subsequent Technical Reports may address the following issues:

Hydraulics

Alternatives Evaluation

Risk Analyses

Geotechnical Investigations
Surface Water Diversion Plan
Dewatering Plan

Materials Information

Grout Design

Reinforced Concrete Design
Stability Analysis

Seismicity

Cutoff Trench Design
Seepage

Internal Drainage

Erosion Protection

Dam Foundation Design

Post Construction Vertical and Horizontal Movement Systems
Foundation Conditions

1.5 Previous Hydrologic Studies
The Spook Hill FRS is located in the north central part of the Buckhorn-Mesa
watershed in Maricopa County, about 10 miles northeast of downtown Mesa,
Arizona. It was designed in 1977 as one element of the Buckhorn-Mesa Public
Law 566 Small Watershed Project that was developed by the Soil Conservation
Service (SCS). The SCS has recently been renamed the Natural Resource
Conservation Service (NRCS).

As shown in Figure 2, the Buckhorn-Mesa project facilities include three
floodwater-retarding structures, four floodways, and one diversion structure that
were designed to detain a 100-year flood event. The project features include:

e Apache Junction Dam and Floodway; includes 1.6 miles of earthen dam
and a 1500-foot floodway that diverts floodwater from a wash above the dam
into the reservoir area. The structure drains six square miles north of the
Town of Apache Junction. '
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e Bulldog Floodway; is 1.7 miles in length and transports stormwater
impounded behind the Apache Junction Dam into the reservoir behind the
Signal Butte Dam.

e Pass Mountain Diversion and Outlet; consists of a 1.2 mile long earth
embankment and a 2,800-foot long outlet channel that drains floodwaters
from a four square mile area to the Signal Butte Dam.

e Signal Butte Dam and Floodway; consists of a 1.3 mile long earthen dam
and a 2.7 mile long floodway that conveys floodwaters discharged from the
Signal Butte Dam to the Spook Hill Dam. The structure drains 16 square
miles above the Apache Trail near the Maricopa - Pinal County boarder.

e Spook Hill Dam and Floodway.

Evaluation of Preliminary Design Report

This report documents the review of the preliminary design hydrology for the
Spook Hill FRS performed by the Portland Section of the SCS, at the request of
the Phoenix Section. The computations for determining the required floodwater
retarding capacity, principal spillway size, and the emergency spillway crest were
found to be satisfactory. The subbasin delineation and TR-20 line diagram
developed by the SCS is presented as Plate 1.

Final Design Report
This report was finalized by the SCS in 1976 and documents the basis of the
hydrologic, hydraulic, structural, foundation and embankment designs for the

Spook Hill FRS.

The original TR-20 model was revised to represent a 260-foot wide reinforced
concrete drop emergency spiliway, instead of a concrete drop combined with an
earth auxiliary spillway as recommended by the Evaluation Report. Subbasin
delineations and the TR-20 line diagram schematic in this report are the same as
the Preliminary Design Report.

Phase | Inspection Report
Ertec Western, Inc. (1981) prepared the Inspection Report through a contract
with the ADWR, in accordance with the National Dam Inspection Act of 1972.
An assessment was performed to verify the structural integrity of the dam and
the hydraulic capabilities of the reservoir and outlet facilities to safely pass
expected hydrologic events.

The U.S. Army Corps of Engineers (USCOE) HEC-1 Dam Safety computer
program (1980) was used for hydrologic and hydraulic evaluations.
Computations for the general and local storm Probable Maximum Precipitation
(PMP) were also documented in this report.
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1.6 Current Studies

Spook Hill Area Drainage Master Plan Update

Wood Patel & Associates, Inc. (WPA) is currently under contract with the Flood
Control District of Maricopa County to update the existing Spook Hill Area
Drainage Master Plan (ADMP) originally performed in July 1987. The ADMP will
quantify the extent of flooding problems, incorporate existing drainage structures
into the hydrologic model, and develop alternative solutions to flooding problems
for the contributing watershed. The limits of this on-going study are depicted in
Plate 2.

The ADMP has two major objectives and one minor objective. The first major
objective is to develop a plan to control runoff to prevent flood damage within the
watershed. The second major objective is to mitigate the potential increase in
runoff due to development in order to preserve the ability of the Buckhorn-Mesa
Project to provide protection to lands downstream from future 100-year flood
damages. The minor objective is to identify alternatives to minimize risk and
liability associated with the FRS structures.

FCDMC Structures Assessment Program
The FCDMC has initiated a Structures Assessment Program to minimize risk and
liability associated with the District's flood control dams. The Structures
Assessment Program will be conducted in three phases. Phase | will primarily
involve:
e Collection of data and inspection of dams,
e Development of dam safety recommendations and priorities,
e Preliminary alternative analysis studies to modify existing projects to
address urbanization related issues, and,
e Evaluation of newly enacted ADWR rule changes and District policy
issues.

Phase Il will primarily involve:

e Detailed investigations and analyses as identified by need and priority in
Phase I,

e Project planning and authorization activities to correct identified distress
issues,

¢ Implementing changes to overall dam safety program and policies, and,

e Conceptual design studies and alternative analyses for modification of
projects to address urbanization and distress issues.

Phase Il will primarily involve:
e Implementing projects to correct any identified dam safety concerns,
e Implementing approved projects and land acquisitions to address
urbanization issues, and,
e Continue the long-term dam safety program.
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Kimley-Horn and Associates, Inc. (KHA) completed the Phase | Structures
Assessment for the Spook Hill FRS, Signal Butte FRS, and Apache Junction
FRS in April 2001. The Phase | Structures Assessment for the Spook Hill FRS
included a technical review of available studies and a field examination which
developed a list of recommended corrective actions. A summary of further
actions/investigations recommended in the Phase | assessment for the Spook
Hill FRS is summarized below:

Monitor longitudinal cracks on the crest of the dam,
e Repair erosion that has occurred on the slopes of the embankment,

e Perform a risk assessment based on breach failure by piping, or piping
along a transverse crack,

e Evaluate the need for a transition filter along the longitudinal centerline of
the embankment,

e Perform slope stability analyses of the embankment under various loading
conditions, ,

e Perform hydrologic/hydraulic and watershed sediment yield analyses to
confirm that the dam provides greater than 100-year flood protection,

e Perform an Incremental Damage Assessment (IDA) assuming failure of
the structure versus no structure,

e Prepare a utility database for the structure identifying measures used to
control piping and seepage.

The overall conclusion of the field examination is that the Spook Hill FRS and
appurtenant structures are in satisfactory operational condition.
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RED MOUNTAIN FREEWAY (202L)
(Power Road To University Drive)

2.0 ORIGINAL SPOOK HILL FRS HYDROLOGIC DESIGN

The SCS’s hydrologic design of the Spook Hill Dam’s three major structural elements:
dam embankment, spillways and crossroads were developed using the methodology
summarized below. Details of the hydrologic methods are documented in the
Evaluation of Preliminary Design and Final Design Reports. Pertinent segments of
these reports are provided in Appendix B for reference.

2.1 Hydrologic Methodology

The SCS hydrologically designed the Spookhill FRS using methods defined in
the National Engineering Handbook No. 4, Hydrology [NEH 4, (1972)]. During
the design process for the structure, the SCS developed the principal spillway,
emergency spillway and freeboard hydrographs. The purpose of these design

hydrographs is defined in Table 1.

Table 1 - FRS Design Hydrographs

FRS Structure Element | Design Hydrograph Design Feature Design Storm
Dam Embankment Freeboard Crest Elevation PMF’
Emergency Spillway Principal Spillway Crest Elevation 100-year
Emergency Spillway Freeboard Spillway Dimensions PMF
Emergency Spillway Emergency Spillway Outlet Channel N.A
Principal Spillway Principal Spillway Crest Elevation 100-year”
Crossroads Principal Spillway Cross-Culvert Size 10-year

! Probable Maximum Flood (PMF)
2 Not applicable to design storm frequency
® Supporting documentation could not be located

2.2 Design Rainfall

The Probable Maximum Precipitation (PMP) is the greatest depth of precipitation
for a given duration that is theoretically possible over a particular size storm area
at a particular geographical location at a particular time. The PMP presented in
Table 2 are based on procedures and guidelines provided in “Probable Maximum
Thunderstorm Precipitation Estimates Southwest States”. A copy of these

calculations is provided in Appendix B.

Table 2 - SCS Local Storm Probable Maximum Precipitation

4
12.2

5
12,6

2
10.7

3
11.5

1/4
5.9

1/2 | 1
7.5]9.0

Rainfall Duration (hrs.)
Rainfall Depth (in.)

13.0
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The precipitation depth for the Emergency Spillway Hydrograph (ESH) was
established using the following equation:

P = P4g0 + 0.26 (PMP - P4q0) = 5.67 inches
Where:

P00 = 100-year, 6-hour precipitation = 3.1 inches
PMP = 13.0 inches

Additional precipitation data documented in the SCS reports is presented in
Table 3.

Table 3 - SCS Additional Design Storm Precipitation Depths

. , Point Areal Areal

Design Precipitation Reduction Precipitation

Structure . Storm (inches) (inches)
requency 1”4 day | 10-day | 1-day | 10-day | 1-day | 10-day

S;’ﬂ’ﬁ;gegfgst 100-year | 3.90 | 6.10 | 0.978 | 0995 | 3.81 | 6.07
Crossroads - 10-year 2.33 3.73 0.978 | 0.991 2.28 3.70

2.3

24

Design Storm Distributions

The design rainfall distributions for the principal spillway and emergency spillway
hydrographs are presented in NEH 4. The TR-20 computer program provides
four options for the cumulative rainfall distribution. SCS used the distribution
with dimensionless rainfall and time increments to compute the emergency
spillway and freeboard hydrographs. A dimensionless rainfall amount of 1.0 and
time increment of 0.02 were used in computations. Since the rainfall duration is
6 hours, the dimensionless time increment of 0.02 is equal to a time increment of
7.2 minutes. The TR-20 rainfall distribution is presented in Appendix B and
Table C.1.

Physical Subbasin Characteristics

U. S. Geological Survey (USGS) 7.5-minute series topographic quadrangle maps
were utilized to define the subbasin boundaries. The TR-20 line diagram and
drainage area boundaries are provided as Plate 1. The SCS subbasin
parameters (i.e., the drainage area, length and average slope) along the Spook
Hill FRS, between the FRS inlet and the principal spillway outlet (Subbasins 18-
22) and along the Signal Butte Floodway (Subbasins 14-17), are summarized in
Table 4.
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2.5

2.6

2.7

Table 4 - SCS Subbasin Physical Characteristics

. Drainage Average
Sullaqk:asm (sArc:::i ) Lengt% Slopg Remarks

' i, (ft) (Ft/ft)
14 0.25 5,500 0.013 Start Signal Butte Floodway
15 0.68 5,500 0.010
16 1.22 12,200 0.020
17 1.44 14,300 0.024 End Signal Butte Floodway
18 0.92 13,000 0.021 Start Spook Hill FRS
19 4.08 25,800 0.036
20 1.28 15,800 0.028
21 1.91 18,000 0.038
22 1.79 14,500 0.030 End Spook Hill FRS

Soil Classifications

The soil types within the study limits were characterized as hydrologic Group B
and Group D soils.

Group B soils have moderate infiltration rates when thoroughly wetted and
consist mainly of moderately deep to deep, moderately well to well drained soils
with moderately fine to moderately coarse textures. The U.S. Department of
Agriculture (USDA) soil textures normally included in this group are silt loam and
loam.

Group D soils have high runoff potential. They have very low infiltration rates
when thoroughly wetted and consist mainly of clay soils with a high swelling
potential, soils with a permanent high water table, and soils over nearly
impervious material. The USDA soil textures normally included in this group are
clay loam, silty clay loam, sandy clay, silty clay, and clay. The distribution of
these two soil groups within each subbasin is provided in Appendix B.

Land Use

As documented in the SCS studies, the land use at the time in the contributing
watershed to the Buckhorn-Mesa structures was identified as either residential
(approximately 100-299 homes per square mile) or desert range land. The
runoff curve numbers associated with these land uses are presented in
Appendix B.

Rainfall Loss Methodology

The SCS runoff Curve Number (CN) method was used for computing
abstractions from storm rainfall. The CN values used in the final design for the
contributing watershed are provided in Table 5.
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2.8

Table 5 - SCS Curve Numbers

Subbasin No. Curve Number
14 75
15 75
16 75
17 75
18 75
19 76
20 75
21 76
22 79

Rainfall Excess to Runoff Transformation

Precipitation excess was transformed to direct runoff by using SCS unit
hydrograph methodology. The required input parameters, time of concentration
and time lag, were computed using the following equations:

Time of Concentration
Time of concentration was computed by using the following equation:

Te=L/V
Where:

T = time of concentration (seconds)
L = average drainage length (ft)
V = average velocity (ft/s)

Average velocity was related to the average basin slope as follows:

o |f the average slope within the subbasin was greater than 0.02 ft/ft, a velocity
of 6 ft/s was assumed, and

o [f the average slope within the subbasin was less than 0.02 ft/ft, a velocity of
4 ft/s was assumed.

Time Lag

Time lag, the lag (hours) between the center of mass of rainfall excess and the
peak of the unit hydrograph, was computed by using the standard relationship of
Time Lag is equal to 0.6 x T, The results of their analysis are summarized in

Table 6.
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2.9

2.10

Table 6 - Time of Concentration and Time Lag - SCS Methodology

Subbasin No. Time of Concentration | Time Lag

(hrs.) (hrs.)
14 0.38 0.23
15 0.38 0.23
16 0.56 0.34
17 0.66 0.40
18 0.60 0.36
19 1.19 0.71
20 0.73 0.44
21 0.83 0.50
22 0.67 0.40

Base Flow

The inflow hydrograph to the Spook Hill FRS from the Signal Butte Floodway

was computed using the following process:

e Use the 100-year flood principal spillway maximum outflow from Signal Butte
FRS as base flow to the Signal Butte Floodway,

¢ Route the 100-year, 24-hour storm down the Signal Butte Floodway from the
contributing watershed, '

e Increase the resulting inflow hydrograph from the Signal Butte Floodway by
30% to account for the freeboard design capacity of the floodway.

This approach resulted in a peak flow estimate of 2888 cfs at the inlet of the
Spook Hill FRS. Supporting documentation is provided in Appendix B.

Routing Parameters

Channel Routing

The flood hydrograph was routed through floodways using a Modified
Attenuation-Kinematic (Modified Att-Kin) method. This procedure is based on
the Att-Kin procedure described in TR-66 (1981). Channel routing was not
utilized along the flood retarding structures.

For each channel reach, the Att-Kin procedure routes the flood hydrograph
through the reach using a mathematical storage model. The procedure then
positions the peak in time and distorts the storage-routed hydrograph using the
kinematic model. The combined routing is done so the outflow hydrograph
satisfies the conservation of mass equation at the time to peak for the outflow
hydrograph. A detailed discussion of the Att-Kin procedure is presented in TR-
66.
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2.1

Reservoir Routing

The inflow flood hydrographs were routed through the Spook Hill FRS reservoir
using the Storage-Indication method. The starting water-surface elevation for
routing computations was 1,579.01 feet based on the National Geodetic Vertical

Datum of 1929 (NGVD 29).

The Storage-Indication method is based on the principles of level pool routing.
This procedure is used for calculating the outflow hydrograph from a reservoir
with a horizontal water surface, given its inflow hydrograph and storage-outflow
characteristics. The details of this methodology are presented in NEH 4. The
as-built stage-storage and stage-discharge relationships for the Spook Hill dam
and reservoir are presented in Appendix C. The stage-storage function was
computed using the USGS quadrangle maps.

Hydrology Summary

SCS developed the peak inflows to the Spook Hill FRS and the Signal Butte
Floodway for the PMP using the methodology described above. These design
inflows are summarized in Table 7, which were utilized to define the freeboard
hydrograph and top of the dam embankment.

Table 7 - Final Design Peak Flows and Volumes

Subbasin No. Peak Discharge | Peak Volume
(cfs) (acre-ft.)
14 1,590 130
15 4,325 353
16 6,913 632
17 7,610 745
18 5,125 477
19 15,675 2,142
20 6,492 662
21 9,124 1,002
22 - 9,945 980
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3.0 STRUCTURE DESIGN ELEVATIONS

Using the results of the hydrograph methodologies outlined in the previous section, the
SCS defined the Spook Hill FRS structure control elevations and dimensions. A
summary of these critical elevations is provided below.

3.1

3.2

3.3

3.4

Dam Embankment

The Spook Hill FRS is a compacted zoned earthfill structure with a total length of
21,712 feet. The maximum height of the structure is 23 feet and the width varies
from 14 feet at the crest to a maximum of about 125 feet at the base. The
embankment crest elevation is 1,591.0 feet (NGVD 29).

Principal Spillway

The principal spillway consists of a drop inlet structure cast into a 7.5 x 7-foot
reinforced concrete box culvert through the dam, with a Saint Anthony Falls
(SAF) energy dissipator at the outlet. The outlet leads to the Spook Hill
floodway, constructed to convey floodwaters northward to a point where the flood
waters discharge to a natural wash and ultimately into the Salt River just
upstream from the Granite Reef Dam. The uncontrolled overflow elevation of the
Principal Spillway intake is 1,577.5 feet (NGVD 29).

Emergency Spillway

The single emergency spillway for the dam is a 260-foot wide Type C, reinforced
concrete, straight drop spillway. The crest elevation is 1,582.0 (NGVD 29) and
the bottom elevation of the stilling basin is 1,568.0 feet (NGVD 29).

Summary of Critical Structure Elevations
The following conversion factor was developed for the Area Drainage Master

Plan (ADMP) Update to convert NGVD 29 elevations to the North American
Vertical Datum of 1988 (NAVD 88):
(NGVD 29 Elevation) + 1.86 feet = (NAVD 88 Elevation)

A summary of the critical structure elevations for the Spookhill FRS is provided in
Table 8.

Table 8 - Critical Structure Elevations

Structure NGVD 29 Elevation (ft) | NAVD 88 Elevation (ft)
Dam Crest 1,591.00 1,5692.86
* Principal Spillway Intake 1,577.50 1,679.36
Emergency Spillway Crest 1,582.00 1,583.86
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3.5 Crossroads

Principal Spillway Hydrograph (PSH) procedures were used to compute the
crossroad elevation and its impact on dam safety. A schematic of the multi-
reservoir system between Brown Road and the Principal Spillway, documented
in the Evaluation of Preliminary Design Report, is presented in Appendix B. The
PSH was developed using one and 10-day precipitation depths for the 10-year
flood. A copy of the PSH input parameters documented in the Final Design
Report is provided in Appendix B. The original design confirmed that the
proposed crossroad profiles did not impact the dam crest elevation when routing
the freeboard hydrograph. The peak inflow rates along the multi-reservoir
system are summarized in Table 9.

Table 9 - Crossroad Design Peak Inflows

Reservoir Location Peak Inflow

No. (cfs)

1 North of McDowell Rd. 106
McDowell Rd. to

. McKellips Rd. e
McKellips Rd. to

Brown Rd. 412

4 South of Brown Rd. 306
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4.0 PROBABLE MAXIMUM FLOOD HYDROLOGIC ANALYSIS

Based on ADWR recommendations, the hydrologic methodology presented herein
utilizes the procedures and guidelines presented in the Drainage Design Manual for
Maricopa County, Volume |, Hydrology (1995). The inflow hydrographs for the Spook
Hill FRS presented in this report utilize existing land use conditions based on current
zoning for the Probable Maximum Flood (PMF) and selected increments of the PMF.

The agency review comments to the draft Technical Report No. 1 identified a number of
issues that required resolution prior to finalizing the existing condition hydrology. The
project team decided the best approach to reaching consensus on these issues was to
develop a series of white papers addressing each issue individually. DMJM+HARRIS
produced a series of three white papers for the following subjects:

e Time of Concentration — A Modification to the TR-55 Methodology,
e Spook Hill FRS — Emergency Spillway Stage-Discharge Curve,
e Spook Hill FRS — Signal Butte Floodway Inflow Hydrograph.

The agencies approved the proposed methodologies and computational process
presented in these white papers at a consensus meeting held on August 7, 2001. The
white papers are provided in Appendix D in support of the approved methodology for
the existing condition hydrologic analyses. The calculations presented with this section
of the report supercede the white paper calculations in support of the recommended
design hydrologic analyses for the Red Mountain Freeway within the Spook Hill FRS.

4.1 Drainage Area Boundaries

The Spook Hill FRS and the Signal Butte Floodway are located on alluvial plains
and intermediate slopes of the Usery Mountains and Pass Mountain. As
documented in the Inspection Report (1981), topographic features range from
gently sloping to moderately sloping near the FRS, to low hills and steep
mountains with slopes ranging from 10 to 80 percent. Elevations range from
1,570 feet at the FRS, to over 3,300 feet at the peak of Pass Mountain. The
uppermost area in the Usery Mountains is part of the Tonto National Forest
administered by the U.S. Forest Service. '

USGS 7.5 Minute Series topographic quadrangle maps were utilized to define
the subbasin boundaries. The three USGS quadrangle maps used were Apache
Junction, Buckhorn, and Granite Reef Dam.

In general, the watershed boundaries and calculated areas match the original
final design. Special consideration was given to delineation of subbasins in
order to provide design inflow hydrographs at the major crossroads. The
guidelines presented in Table 10 were used to delineate the major contributing
boundaries to the Spook Hill watershed.
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Table 10 - Spook Hill Watershed Boundaries

Boundary Comments

The boundary is located along the crest of the Usery Mountains.
Northern | The portion of the Spook Hill watershed south of this boundary
drains into the Spook Hill FRS.

Separates the segment of the watershed that drains to the Pass
Eastern Mountain Diversion Channel and Signal Butte Floodway from the
segment that drains directly into the Spook Hill FRS.

Separates the segment of the watershed that drains into the Spook
Hill Floodway from the segment that drains directly into the Spook
Hill FRS.

Southern/
Western

Subbasin boundaries were established using internal topographic features in the
Spook Hill watershed. Since peak flows will be computed for the PMF event,
existing structural features including detention/retention facilities and conveyance
channels were not considered in this evaluation.

The entire uncontrolled drainage area between the Pass Mountain Diversion
channel and the Signal Butte FRS, upstream of the Spook Hill FRS, was
considered when defining the inflow hydrographs along the Signal Butte
Floodway.

The proposéd design subbasin delineation map is presented as Plate 3.

4.2 Subbasin Physical Characteristics
The physical subbasin characteristics were computed using the USGS 7.5-
minute series topographic quadrangle maps. These parameters are summarized
in Table 11.
Table 11 - Subbasin Physical Parameters
Subbasin Area Drainage Length | Average Slope Remarks
No. (sg. mi.) (ft.) (ft/ft)
F 0.15 3,970 0.016 Start Signal Butte Floodway
G 0.52 4,150 0.018
H 0.86 14,410 0.023
I 1.32 17,088 0.025 End Signal Butte Floodway
A1 0.96 12,277 0.036 Start Spook Hill FRS
B1 4.09 28,939 0.054
B2 1.36 17,781 0.032
C1 2.54 18,005 0.068
D1 1.15 13,902 0.065 " End Spook Hill FRS
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4.3

4.4

4.5

The Drainage Design Management System for Windows (DDMSW, 1999)
developed by the Flood Control District of Maricopa County was used to facilitate
data management and computational procedures required for the physical
parameters.

Rainfall Parameters

The inflow design flood hydrographs for the PMF and selected increments of the
PMF were computed based on the Probable Maximum Precipitation. Local and
general storm PMP rainfall depths were developed by using the procedures and
guidelines in the U.S. Army Corps of Engineers Hydrometeorological Report No.
49 [HMR 49 (1977)]. The local storm PMP was distributed utilizing procedures in
HMR 49. The general PMP was distributed (72-hour) using guidelines provided
by the ADWR (See Appendix C). Computations for the precipitation depth and
distribution for both the general and local storms are presented in Tables C.2-
C.5. The rainfall depths for these storm events are summarized in Tables 12
and 13.

Table 12 - PMP General Storm

Rainfall Duration (hrs.) 6 12 18 24 48 72
Rainfall Depth (in.) 10.2 | 128 | 14.3 | 154 | 18.3 | 194

Table 13 - PMP Local Storm

Rainfall Duration (hrs.) 1 2 3 4 5 6
Rainfall Depth (in.) 94 | 108 | 11.5| 120 | 124 | 12.8

Soils

The soil map developed by WPA (see Plate 4) for the Spook Hill ADMP was
utilized to quantify the areal distribution of the soil types within each subbasin.
The soil properties defined in the Aguila-Carefree Soil Survey were used in
DDMSW. The areal distribution of the soil parameters for each subbasin is
presented in Table C.6.

Land Use

Maricopa County and City of Mesa zoning maps, presented as Plates 5 and 6,
were used to establish the hydrologic parameters associated with different land
use types. Major land use characteristics identified for the Spook Hill watershed
are Desert, Very Low Density Residential (VLDR), Low Density Residential
(LDR), Medium Density Residential (MDR), Multiple Family Residential (MFR),
Forest and Mountain.
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4.6

The land use hydrologic variables presented in Table 14 were used in the
hydrologic analysis. The areal distribution of the land uses for each subbasin is
presented in Table C.7 in Appendix C.

Table 14 - Land Use Hydrologic Variables

Land Use Type vc' RTIMP? DTHE_T_A3 _ IA*
(%) (%) Condition (inches)

Desert 25 0 Dry 0.35
VLDR 20 B Normal 0.30
LDR 50 15 Normal 0.30
MDR 50 30 Normal 0.25

MFR 50 45 Normal 0.25
Forest 90 0 Normal 0.15
Mountain 85 0 Normal 0.50

! Vegetation cover

? Effective impervious area

3 Volumetric soil moisture deficit
* Initial abstraction

Rainfall Loss Parameters

Rainfall infiltration losses were computed using the Green and Ampt
methodology, which is an approximate mathematical model utilizing Darcy’s law.
The original model was developed for ponded infiltration into a deep
homogenous soil with a uniform water content. Water is assumed to infiltrate
into the soil through a wetting front, which separates the wetted and unwetted
zones of the soil.

The Green and Ampt method requires the definition of five parameters for each
subbasin: initial abstraction (IA), hydraulic conductivity at natural saturation
(XKSAT), wetting front capillary suction (PSIF), volumetric soil moisture deficit at
the start of rainfall (DTHETA), and effective impervious area (RTIMP).

Since subbasins within the Spook Hill watershed are composed of several
subareas containing soils of different textures, a composite value for the Green
and Ampt parameters was determined. The procedure for computing the
composite value of XKSAT is defined in the FCDMC Hydrology Manual as:

XKSAT = ALOG

T

T [ZAi log XKSAT, ]
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Where:
XKSAT = composite hydraulic conductivity (inches/hr)
XKSAT; = hydraulic conductivity of a soil type (inches/hr)
A, = size of subarea (mi2)
A, = size of the modeling subbasin (mi?)

DDMSW first computes XKSAT, and then selects values of PSIF and DTHETA
(normal or dry) by using the guidelines in the FCDMC Hydrology Manual (1995).

These parameters are estimated based on bare ground conditions. Since the
PSIF parameter is insensitive to ground cover in comparison with XKSAT, only
the hydraulic conductivity is adjusted for vegetative cover using the following

equation:

Where:

XKSAT.g =[

\Y, -10+1_0}
90

V. = Percentage of vegetative cover

The Green and Ampt infiltration parameters within the Spook Hill watershed are
summarized in Table 15 on the following page. Example hand computations are

provided in Appendix C.

XKSAT

4.7 Rainfall Excess to Runoff Transformation
Precipitation excess was transformed to direct runoff using the Clark unit
hydrograph. The Clark unit hydrograph method requires the use of three
parameters: time of concentration (Tc), storage coefficient (R), and a time area
relation.
Table 15 - Green and Ampt Infiltration Parameters
Subbasin PSIF 1A RTIMP
No. (inches) DTHERS, § Hisank (inches) (%)
F 4.50 0.25 0.37 0.30 9
G 5.70 0.25 0.24 0.30 15
H 4.40 0.25 0.41 0.32 14
| 4.50 0.25 0.39 0.30 15
A1l 4.25 0.26 0.47 0.30 16
B1 4.45 0.25 0.41 0.29 11
B2 4.35 0.26 0.46 0.31 15
C1 4.35 0.26 0.46 0.31 15
D1 3.64 0.27 0.67 0.30 17
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Time of Concentration

A new computational procedure was developed for the time of concentration
variable. The new methodology combines the procedures and guidelines
presented in the Soil Conservation Service (now the Natural Resource
Conservation Service, NRCS) Technical Release 55 (TR-55) with a
computational algorithm developed by DMJM+HARRIS. Using a unit width
approach, the algorithm iteratively defines the average channel flow parameters
to determine the channel element travel time and ultimately the time of
concentration for the contributing watershed. The details of the computational
algorithm are presented in a white paper in Appendix D.

The supporting time of concentration calculations for the hydrologic models
presented in this report are provided in Appendix C. For composite urban and
rural subbasins, an arithmetic average of the Manning’s “n” for each land use
was applied. The supporting calculations reevaluated the channel slopes and
effective downstream subbasin widths for the final hydrologic analyses. The
iterative solution for the final time of concentration converges at 0.01 hours.

Storage Coefficient
The storage coefficient (R) is computed by using the following equation:

R =0.37 ( T A 057 1080 )

Where:
R = storage coefficient (hours)
Te = time of concentration (hours)
A =drainage area (mi°)
L = length of flow path (miles)

Time of concentration (T¢) and storage (R) coefficients for the local storm PMP
are presented in Table 16 on the next page. The general storm PMP results in
larger values of time of concentration.

Time Area Relation

The dimensionless time area relation, presented in Table 17 on the next page,
reflects natural and urban watersheds. The predominant land use was used to
define the applicable time area relation for each subbasin. Where mixed
urban/natural land uses occur within a specific subbasin, the HEC-1 default time
area relation was applied.
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Table 16 - Clark Unit Hydrograph Parameters

Subbasin No. | T.(hrs.) R

F 1.04 0.908
G 1.03 0.456
H 2.03 1.977

I 2.01 1.752
A1 1.22 0.925
B1 1.86 1.290
B2 1.87 1.641
C1 1.07 0.626
D1 0.90 0.649

Table 17 - Synthetic Dimensionless Time-Area Values

Contributing Area
Time (Percent Total Area)
(percent of T,) Urban Natural
Watersheds Watersheds

0 0 0

10 5 3

20 16 o

30 30 8
40 65 12
50 [ 20
60 84 . 43
70 90 75
80 94 90
90 97 96
100 100 100

4.8 Hydrologic Routing

Channel Routing

For existing conditions, hydrologic routing processes were utilized to route the
infow hydrographs along the Signal Butte Floodway. These processes are
applicable to conditions where the backwater effects are negligible. Therefore,
they were not used to route the inflow hydrographs along the Spook Hill FRS.

For existing and proposed conditions, a hydraulic routing model will be
developed to route the inflow hydrographs along the Spook Hill FRS. The design
of the crossroads will be based on this hydraulic routing process. This type of
model is based on partial differential equations (the Saint Venant equation for
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one-dimensional flow) that allow the flow rate and water level to be computed as
functions of space and time, rather than of time alone as in hydrologic models.

Normal depth routing, a hydrologic routing method, was used to route the inflow
hydrographs along the floodway. Since there is no retarding structure along the
floodway, runoff volume in excess of the floodway capacity was diverted towards
the CAP Canal. Therefore, this excess flow volume was diverted prior to routing
the design inflow hydrographs through the floodway. Key parameters used for
the normal depth routing include:

e A representative 8-poin’t cross-section: The Signal Butte Floodway as-built
plans were used to establish the cross-section dimensions. These
dimensions are summarized in Table 18.

Table 18 - Normal Depth Routing Parameters

Channel Floodway Bottom Top Side
Type Station’ Width (ft) Width (ft) Slope
From To .
Trapezoid 23+00 32+00 16 53.2 21
Trapezoid 32+00 37+00 20 57.2 2:1
Trapezoid 37+00 70+00 20 58.8 2
Trapezoid 70+00 96+73 32 70.8 2:1
Rectangle® | 96+73 105+25 10 10 -
Rectangle® | 105+25 | 156+50 14 14 -

' Signal Butte Floodway stations are based on SCS as-builts.
% The depth of this section varies between 6.5 and 7 feet.
* The depth of this section averages 7.5 feet.

¢ Roughness values for channel and overbank areas: A field reconnaissance
was performed to establish roughness coefficients for the concrete and earth
sections of the Signal Butte Floodway. These roughness coefficients are
summarized below in Table 19.

Table 19 - Normal Depth Routing Manning’s Roughness Coefﬁcients

Channel Manning’s Roughness

Material Left Overbank Main Channel Right Overbank

Concrete 0.016 0.016 0.016
Earth 0.035 0.025 0.035

The hydrologic routing of the Signal Butte Floodway was simplified based on
slope and channel type for the final Spook Hill FRS hydrologic model.
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4.9

Reservoir Routing

The Modified-Puls method, a level-pool reservoir routing procedure, was used to
compute the outflow hydrograph from the Spook Hill FRS reservoir. The basic
methodology is similar to the Storage-Indication method used in TR-20 and
requires the use of an inflow hydrograph and the storage-outflow characteristics
of the reservoir.

WPA modified the stage-storage function (see Figure C.3) developed by the
SCS (see Figure C.1) for Spook Hill Dam and Reservoir. They modified the
stage-storage function to account for differences in available sediment storage
capacity based on and detailed mapping. The SCS and WPA used sediment
volumes of 200 acre-feet and 271 acre-feet, respectively.

Stage-Storage Function

As defined in the SCS as-builts, 4,070 acre-feet can be stored within the Spook
Hill reservoir at an elevation of 1,591.0 feet (top of dam elevation, NGVD 29).
SCS developed this stage-storage function using maps that were available
during the development of the Final Design Report.

In order to increase the accuracy of the stage-storage function, WPA used a
recent 2-foot contour interval map of the Spook Hill dam and reservoir. A
comparison of this function to the one developed by the SCS is provided as
Figure C.6 in Appendix C.

The function developed by WPA was used as the basis of the existing condition
hydrology model developed in this report. As shown in Appendix C, Figure C.4,
WPA'’s stage-storage function was modified by extending it up to the volume of
5,100 acre-feet, using the SCS stage-storage function. A comparison to the
SCS stage-storage function is also presented in Figure C.7 in Appendix C.

Stage-Discharge Function

The procedures and guidelines presented in the SCS Technical Release 39 (TR-
39) were used to compute the emergency spillway stage-discharge relationship
at the downstream end of the Spook Hill FRS. A combined stage-discharge
relationship was developed for the emergency and principal spillways. The
principal spillway relationship is based on the SCS as-builts.

A comparison between the SCS as-built emergency spillway rating curve and the
rating curve developed by DMJM+HARRIS is presented in the white paper in
Appendix D and Figure C.8. As shown in Figure C.8, both of these curves
present similar stage-discharge characteristics.

Signal Butte Inflow Hydrograph

The Signal Butte Floodway inflow hydrograph was developed to define the inflow
design flood for the Spook Hill FRS. The inflow hydrograph is required to model
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4.10

4.11

the contribution of the upper segments of the Buckhorn Mesa watershed, in
terms of the peak discharge and volume, into the Spook Hill FRS. The details of
this analysis are presented in a white paper in Appendix D.

The resulting peak inflow for the full and one-half PMF was 2,872 cfs at the inlet
to the Spook Hill FRS. The average flow volumes (6-hr storm) at the inlet of the
Spook Hill FRS are 1,034 ac-ft and 752 ac-ft for the full and one-half PMF
events, respectively.

Local Storm vs. General Storm PMF

The general and local storm PMF’'s were generated using the guidelines
described in Section 4. The impact of the local and general storm on
representative urban and rural subbasins is summarized in Table 20.

As illustrated below, the local PMF results in higher peak flow and volume
estimates than the general PMF. The difference is mainly due to the size of the
contributing watershed. In general, the local storm results in higher peak flows
than the general storm for watersheds smaller than 40-50 square miles.

Table 20 - Comparison of General and Local Storms

Subbasin Peak Discharge (cfs) Peak Volume (ac-ft)
No. General Local General Local
B1 3,254 11,044 1,889 2,051
C1 2,055 10,683 1,200 1,297
Results

The existing condition hydrologic models along the Spook Hill FRS was
developed using the parameters and procedures described in this section.
These models are recommended to be the basis of future hydrologic and
hydraulic analyses for the design of the Red Mountain Freeway. The results of
the hydrologic analyses for the full PMF and one-half PMF conditions are
summarized in Table 21 on the following page. The HEC-1 input and output files
for the design peak discharges presented in Table 21 are provided in Appendix
E.
Table 21 - Design Peak Discharges

. Peak Discharge (cfs)
Subbasin No. PMF Y, PMF
A1 3,197 1,598
B1 11,044 5522
B2 2,907 1,454
C1 10,683 5,341
D1 4,833 2,417
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The PMF hydrology is based on the Probable Maximum Precipitation. The PMP
was estimated for both a general and local storm using procedures in HMR 49.
The local storm was selected as the most critical for existing conditions. The
procedures and guidelines presented in the FCDMC Hydrology Manual were
used to develop the rainfall loss parameters and rainfall-excess to runoff
transformation functions.

The hydrologic characteristics of the Spook Hill FRS including the peak inflow,
outflow, maximum runoff volume and water-surface elevation are summarized
and compared with previous studies in the following section of this report. The
peak inflow for the full PMF and one-half PMF are 28,208 cfs and 15,540 cfs,
respectively. These inflow hydrographs result in maximum storage volumes of
3,139 acre-feet and 2,081 acre-feet and provide an estimated residual freeboard
of 2.5 feet and 5.5 feet for the full PMF and one-half PMF, respectively.
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5.0 SUMMARY

The peak flow estimates for existing conditions are lower than the peak flow estimates
developed for the original SCS design. This difference is mainly due to the methods
used to compute time of concentration (T;). As summarized in Section 2, an empirical
method was used by SCS to define the time of concentration. The methodology
developed in this report is based on the procedures defined in Section 4. The residual
freeboard documented in previous reports and the results of the current study are
summarized below in Table 22.

Table 22 - Hydrologic Summary

Recommended Inspection Report SCS Design
Hydrologic Variable Unit PME 1/2 PME PMF 1/2 PME :;:::;;:h
Storm Duration Hours 6 6 6 6 6
Storm Precipitation Inches 12.8 - 12.8 - 13.0
Peak Hour Inches 9.4 - 9.5 - -
Peak Inflow cfs 28,208 15,540 55,767 27,883 47,315
Peak Outflow cfs 14,478 5,920 27,681 10,367 21,286
Storage Volume Ac-ft 3,139 2,081 6,405 5,994
paxirsum W.S. Feet | 15885 | 1,585.5 | 1,593.08 | 1,580.25 | 1,589.38
Top of Dam Elevation' Feet 1,5691.0 1,591.0 1,591.0 1,591.0 1,591.0
Residual Freeboard Feet 2.5 55 -0.22 3.61 1.62

! Elevations are based on NGVD 29 datum.

The hydrologic variables and water-surface elevations presented in Table 22 are based
on hydrologic routing and will be refined with the hydraulic analysis and presented in
Technical Report No. 2.
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