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RED MOUNTAIN FREEWAY (202L)
(Power Road To University Drive)

1.0 INTRODUCTION

1.1 Project Background

Spook Hill FRS Technical Report No.1
Existing Condition Hydrology

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 re'servoir. 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



Shea Blvd.

o
E

~
a
u
'"15o

Chandler Blvd.

Me onald Drive Q..

South Mountain

Baseline Rd.

Bell Rd.

ai C
~ 0
t; >-

C ai
;0 0 ~

0 f
0-
~

MAG REGIONAL FREEWAY SYSTEM
RED MOUNTAIN FREEWAY (202L)

POWER ROAD TO UNIVERSITY DRIVE

Deer Valley Rd.

Northern Ave.

McDowell Rd.

"-G')
c
;0
m
""""



'" IGlll' FIGURE 2
VICINITY IlAP

RED toIlUNTAIN FREEWAY



PRlJ'OSED FREEIlY SECTllJI ADJACENT TD sPOOItHlll FRS

DESIGNED BY
DRAIN BY
REVIEWED BY
PRDJ NO.

In

JRII
6S0B.0007

10/01

10/01
10/01

II..

....
'''0

151'0

""

FIGURE 3
TYPICAL CROSS SECTION

~o..torvornIH"'oIoQy"'eport/PrOf"-.cJon

DMJMIIHARRIS
2'" £. UW;J.1AC1 ROAO SUIt[ lOG

PHOE...X. AZ. 'SO"~430Z 1'02) 'il·,nl

REO MOUNTAIN FREEWAY 1202Ll



RED MOUNTAIN FREEWAY (202L)
(Power Road To University Drive)

Spook Hill FRS Technical Report No.1
Existing Condition Hydrology

)

)

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.

1.2 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).

DMJM+HARRIS Page 5 October 2001



f
e ..li e
E Gl-a

ora a.... a
l")

..... Z g
a aa N
II) a

aa....
alJa

Red Mountain
Freeway
(Loop 202)
SR 87 to US 60

Environmental
Impact Statement

, .:~ I"
;;1' .~.~.;,._.~ J~~!t_

\ <::" ,/
~::~~2;::.._.-.
~.\~~.~:'~

:>:Yt':;:
~'~t'; ~.~ .~-~ :~~.
1.1,,1"4i1:L.:,~,

e,
>'oc(

E !e'

= II.
::J:
0' Cu),

:8
;l

f
QI
C.
::J

U).
a
CD

U)
:::>

.:. ~

t. '.~

'tla:
e
.E
'i
"1'1m

~

!.
::J
ii
'tl
1'1
::J
Cl

Final Envlront"e'1'AIN FREEWAY FEIS ALTERNATIVE ALIGNMENTS
Red Mountain I

State Route Bi



RED MOUNTAIN FREEWAY (202L)
(Power Road To University Drive)

Spook Hill FRS Technical Report No.1
Existing Condition Hydrology

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 Administrative Code (AAC) 15].

I

• 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).

1.4 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.

DMJM+HARRIS Page 8 October 2001
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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
• Ge()t~chnicallnvestigations

• 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 f1oodways, and one diversion structure that
were designed to detain a 1OO-year flood event. The project features include:

• Apache Junction Dam and Floodway; includes 1.6 miles of earthen dam
and a 1500~foot f100dway 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.

DMJM+HARRIS Page 9 October 2001
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• 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.

• 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.

• Signal Butte Dam and Floodway; consists of a 1.3 mile long earthen dam
and a 2.7 mile long f100dway 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.

• 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 spillway, 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 De,sign Report.

Phase I 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.

DMJM+HARRIS Page 10 October 2001
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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 1DO-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 I will primarily
involve:

• Collection of data and inspection of dams,
• Development of dam safety recommendations and priorities,
• Preliminary alternative analysis studies to modify existing projects to

address urbanization related issues, and,
• Evaluation of newly enacted ADWR rule changes and District policy

issues.

Phase II will primarily involve:
• Detailed investigations and analyses as identified by need and priority in

Phase I,
• Project planning and authorization activities to correct identified distress

issues,
• Implementing changes to overall dam safety program and policies, and,
• Conceptual design studies and alternative analyses for modification of

projects to address urbanization and distress issues.

Phase III will primarily involve:
• Implementing projects to correct any identified dam safety concerns,
• Implementing approved projects and land acquisitions to address

urbanization issues, and,
• Continue the long-term dam safety program.
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Kimley-Horn and Associates, Inc. (KHA) completed the Phase I Structures
Assessment for the Spook Hill FRS, Signal Butte FRS, and Apache Junction
FRS in April 2001. The Phase I 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 I assessment for the Spook
Hill FRS is summarized below:

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

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

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

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

• Perform hydrologic/hydraulic and watershed sediment yield analyses to
confirm that the dam provides greater than 1DO-year flood protection,

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

• 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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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 PMF1

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

1 Probable Maximum Flood (PMF)
2 Not applicable to design storm frequency
3 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

Rainfall Duration (hrs.) 1/4 1/2 1 2 3 4 5 6
Rainfall Depth (in.) 5.9 7.5 9.0 10.7 11.5 12.2 12.6 13.0
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The precipitation depth for the Emergency Spillway Hydrograph (ESH) was
established using the following equation:

P = P100 + 0.26 (PMP - P100) = 5.67 inches

Where:

P100 = 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

Design
Point Areal Areal

Precipitation Reduction Precipitation
Structure Storm (inches) (inches)

Frequency
1-day 10-day 1~day 10-day 1-day 10-day

Emergency
100-year 3.90 6.10 0.978 0.995 3.81 6.07Spillway Crest

Crossroads 10-year 2.33 3.73 0.978 0.991 2.28 3.70

2.3 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 Band
Table C.1.

2.4 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 (Le., 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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Table 4 - SCS Subbasin Physical Characteristics

Subbasin Area
Drainage Average

No. (sq. mi.)
Length Slope Remarks

(ft) (ftIft)
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.

2.6 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.

2.7 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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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:

Tc =L / V

Where:

Tc =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:

• If the average slope within the subbasin was greater than 0.02 ft/ft, a velocity
of 6 ft/s was assumed, and

• If 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 Tc. The results of their analysis are summarized in
Table 6.
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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 0040
18 0.60 0.36
19 1.19 0.71
20 0.73 0.44
21 0.83 0.50
22 0.67 0040

2.9 Base Flow
The inflow hydrograph to the Spook Hill FRS from the Signal Butte Floodway
was computed using the following process:
• Use the 1OO-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,
• Increase the resulting inflow hydrograph from the Signal-Butte Floodway by

30% to account for the freeboard design capacity of the f1oodway.

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.

2.10 Routing Parameters

Channel Routing
The flood hydrograph was routed through f100dways using a Modified
Attenuation-Kinematic (Modified Att-Kin) method. This procedure is based on
the AU-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 AU-Kin procedure is presented in TR­
66.
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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.

2.11 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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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 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).

3.2 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).

3.3 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).

3.4 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 1,592.86

Principal Spillway Intake 1,577.50 1,579.36
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

2 McDowell Rd. to 222McKellips Rd.

3 McKellips Rd. to 412
Brown Rd.

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 I, 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:

• Time of Concentration - A Modification to the TR-55 Methodology,
• Spook Hill FRS - Emergency Spillway Stage-Discharge Curve,
• 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
seQment that drains directly into the Spook Hill FRS.

Southern/ Separates the segment of the watershed that drains into the Spook

Western Hill Floodway from the segment that drains directly into the Spook
Hill FRS.

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 proposed 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. (sq. 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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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.

4.3 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 12.8 14.3 15.4 18.3 19.4

Table 13 • PMP Local Storm

Rainfall Duration (hrs.) 1 2 3 4 5 6
Rainfall Depth (in.) 9.4 10.8 11.5 12.0 12.4 12.8

4.4 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.

4.5 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
(LOR), Medium Density Residential (MDR), Multiple Family Residential (MFR),
Forest and Mountain.
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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.? in Appendix C.

Table 14 - Land Use Hydrologic Variables

Land Use Type Vc1 RT1Mp2 DTHETA3 IA4

(%) (%) Condition (inches)
Desert 25 a Dry 0.35
VLDR 20 5 Normal 0.30
LOR 50 15 Normal 0.30
MDR 50 30 Normal 0.25
MFR 50 45 Normal 0.25

Forest 90 a Normal 0.15
Mountain 85 a Normal 0.50

1 Vegetation cover
2 Effective impervious area
3 Volumetric soil moisture deficit
4 Initial abstraction

4.6 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:

DMJM+HARRIS Page 24 October 2001



RED MOUNTAIN FREEWAY (202L)
(Power Road To University Drive)

Where:

Spook Hill FRS Technical Report No.1
Existing Condition Hydrology

= composite hydraulic conductivity (inches/hr)
= hydraulic conductivity of a soil type (inches/hr)
= size of subarea (mi2)

= size of the modeling subbasin (mi2)

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:

[
V -10 ]XKSATadj = c

90
+1.0 XKSAT.

Where:

Vc = 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.

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
DTHETA XKSAT

IA RTIMP
No. (inches) (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
I 4.50 0.25 0.39 0.30 15

A1 4.25 0.26 0.47 0.30 16
81 4.45 0.25 0.41 0.29 11
82 4.35 0.26 0.46 0.31 15
C1 4.35 0.26 0.46 0.31 15
01 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:

Where:

R = storage coefficient (hours)
Tc = time of concentration (hours)
A = drainage area (mi2)

L =length of flow path (miles)

Time of concentration (Tc) 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. Te (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
81 1.86 1.290
82 1.87 1.641
C1 1.07 0.626
01 0.90 0.649

Table 17 - Synthetic Dimensionless Time-Area Values

Contributing Area
Time (Percent Total Area)

(percent of Te) Urban Natural
Watersheds Watersheds

0 0 0
10 5 3
20 16 5
30 30 8
40 65 12
50 77 20
60 84 43
70 90 75
80 94 90
90 97 96
100 100 100

Hydrologic Routing
Channel Routing
For existing conditions, hydrologic routing processes were utilized to route the
inflow 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 f1oodway. Since there is no retarding structure along the
f1oodway, runoff volume in excess of the f100dway capacity was diverted towards
the CAP Canal. Therefore, this excess flow volume was diverted prior to routing
the design inflow hydrographs through the f1oodway. Key parameters used for
the normal depth routing include:

• A representative 8-point 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

Signal Butte Floodway statIons are based on SCS as-bUilts.
2 The depth of this section varies between 6.5 and 7 feet.
3 The depth of this section averages 7,.5 feet.

Channel Floodway Bottom Top Side
Type Station1 Width (ft) Width (ft) Slope

From To
Trapezoid 23+00 32+00 16 53.2 2:1
Trapezoid 32+00 37+00 20 57.2 2:1
Trapezoid 37+00 70+00 20 58.8 2:1
Trapezoid 70+00 96+73 32 70.8 2:1
Rectangle2 96+73 105+25 10 10 -
Rectangle3 105+25 156+50 14 14 -

1 .

• 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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Reservoir Routing
The Modified-Puis 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 CA,
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.B. As shown in Figure C.B, both of these curves
present similar stage-discharge characteristics.

4.9 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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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.

4.10 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
81 3,254 11,044 1,889 2,051
C1 2,055 10,683 1,200 1,297

4.11 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

Subbasin No.
Peak Discharge (cfs)
"PMF %PMF

A1 3,197 1,598
81 11,044 5,522
82 2,907 1,454"
C1 10,683 5,341
D1 4,833 2,417
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Spook Hill FRS Technical Report No.1
Existing Condition Hydrology

)

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 fuJI PMF and one-half PMF, respectively.
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RED MOUNTAIN FREEWAY (202L)
(Power Road To University Drive)

5.0 SUMMARY

Spook Hill FRS Technical Report No.1
Existing Condition Hydrology

)-

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 (Tc). 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

PMF 1/2 PMF
Freeboard

PMF 1/2 PMF
Hydrograph

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
Maximum W.S.

Feet 1,588.5 1,585.5 1,593.08 1,589.25 1,589.38Elevation1

Top of Dam Elevation1 Feet 1,591.0 1,591.0 1,591.0 1,591.0 1,591.0
Residual Freeboard Feet 2.5 5.5 -0.22 3.61 1.62

1 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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DEFINITIONS

Attenuation-Kinematic Method: A channel routing process based on the procedures
described in TR-66 (1981).

Classification of Dams: The placement of dams into categories based upon an
evaluation of the size and hazard potential, regardless of the condition of the dam.

Embankment Dam: A dam that is constructed of earth or rock material.

Emergency Spillway: A spillway designed to safely pass the inflow design flood routed
through the reservoir. If gates control the flow, it is a controlled spillway. If gates do not
control flow, it is an uncontrolled spillway.

Emergency Spillway Hydrograph (ESH): The hydrograph used in the design of the
emergency spillway. Procedures and guidelines presented in NEH 4 (Chapter 21) can
be used to construct the ESH. The method requires the use of dimensionless
hydrographs.

Flood Control Dam: A dam that uses all of its reservoir storage capacity for temporary
impoundment of floodwaters and collection of sediment and debris.

Freeboard Hydrograph (FH): The hydrograph used to define the minimum freeboard
of the emergency spillway and top of dam. Procedures and guidelines presented in
NEH 4 (Chapter 21) can be used to construct the FH.

Hazard Potential: A system that categorizes dams according to the degree of possible
incremental adverse consequences of failure or improper operation of a dam or
appurtenances. The hazard potential classification does not reflect the current
condition of the dam with regard to safety, structural integrity, or flood routing capacity.

Height: The vertical distance from the lowest elevation of the outside limit of the barrier
at its intersection with the natural ground surface to the spillway crest elevation. For the
purpose of determining jurisdictional status, the lowest elevation of the outside limit of
the barrier may be the outlet pipe invert elevation if the outlet is constructed below
natural ground.

Inflow Design Flood: The reservoir inflow magnitude selected on the basis of size and
hazard potential classification for emergency spillway design requirements of a dam.

Jurisdictional Dam: A barrier that meets the definition of a dam prescribed in A.R.S.
45-1201 that is not exempted by R12-15-1203 over which the Arizona Department of
Water Resources (ADWR) exercises jurisdiction.



License: A license of final approval issued by the Director of ADWR upon completion
or enlargement of a dam under A.R.S. 45-1209.

Maximum Water Surface: The maximum elevation of the reservoir water level attained
during routing of the inflow design flood.

Principal Spillway: A concrete or metal pipe or conduit used with a drop inlet dam or
floodwater retarding structure. It conveys, in a safe and non-erosive manner, all
ordinary discharges coming into a reservoir and all of an extreme amount that does not
pass through the emergency spillway.

Principal Spillway Hydrograph: The Soil Conservation Service (SCS) criteria require
principal spillway capacity and the associated floodwater retarding storage to be such
that project objectives are met and the frequency of the emergency spillway operation is
within specified limits. The criteria are met by use of a Principal Spillway Hydrograph
(PSH) or its mass curve, which are developed from tabulations given NEH 4 (Chapter
21 ).

Probable Maximum Flood (PMF): The flood runoff expected from the most severe
combination of critical meteorological and hydrologic conditions that are reasonably
possible in the region, including rain and snow where applicable. One-half PMF is that
flood represented by the flood hydrograph with ordinates equal to one-half the
corresponding ordinates of the PMF hydrograph.

Probable Maximum Precipitation (PMP): The greatest depth of precipitation for a
given duration that is theoretically physically possible over a particular size storm area
at a particular geographical location at a particular time of year.

Reservoir: Any basin that contains or is capable of containing water impounded by a
dam. .

Residual Freeboard: The vertical distance between the highest water surface
elevation during the inflow design flood and the lowest point at the top of the dam.

Spillway Crest: The highest elevation of the floor of the spillway along a centerline
profile through the spillway.

Storage Capacity: The maximum volume of water, sediment or debris that can be
impounded in the reservoir with no discharge of water, including the situation where an
uncontrolled outlet becomes plugged. The storage capacity is reached when the water
level is at the crest of the emergency spillway, or at the top of permanently mounted
emergency spillway gates in the closed position. Storage capacity excludes dead
storage below the natural ground surface.

Storage-Indication Method: A reservoir-routing method based on the principles of
level pool reservoir routing.



Total Freeboard: The vertical distance between the emergency spillway crest and the
top of the dam.

Unit Hydrograph: The direct runoff hydrograph resulting from unit depth of excess
rainfall produced by a storm of uniform intensity and specified duration.
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United States
Department of
Agriculture

Soil
Conservation
Service

West National Technical Center
511 NW Broadway, Room 248
Portland, Oregon 97209-3489

Sublect:
PDM - Spookhills Reservoir Hydrology,

Buckhorn Mesa Watershed, Ari~ona

January 7, 1988
Date:

t1
L..J

To: Robin McArthur, Hydraulic Engineer,
SCS, Phoenix, Arizona

File code:

f~.
~

(.I'
(.J
r·
:.- .

. . '. .

Enclosed is our review copy of the hydrology studies for the Spookhills Flood
Water Retarding Structure (FRS) in the Buckhorn Mesa Watershed. The file
contains some of the data that will be necessary if you reevaluate the
hydrology in conjunction with the Arizona Department of Transportations
request to locate an expressway in the FRS.

You may keep the file.

~~KU
LARRY BABICH
Planning Engineer

Enclosure

cc: ("1/0 encl.)
Clarence M. Maesner, Head, ESP, WNTC
Wendell Styner,Hydraulic Engineer, Engineering Staff, WNTC

I\.. The SoIl ConeervaUon servtc.U Is an agency of the
~ United Stat.. Department of A;rIcunure
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E:7G - Uyc1roloC)...nuckl1orn 1'leLia. Waterahad- ~tay 8, 1975
Spookh11lD Rosorvoir

P<1ul Uonville J Civil En~ineer

Dcnl&I1 Unit, Phoenix,. Ar1:ona
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'We bave cdrQfully re"iawd the deai~ hydrology for S~a!c.hill ROD~rvoir
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BUCKHORN MESA W/S ARl ZONA 02-2· .J

BOX CONDUIT DIMENSIONS ARE 9.00 BY 6.00 FEET

-------_._-

. TIME INFLOW AVE It~ OUTFLUW ELEV. STORAGE
... ,-6.00 160.81" 160.85 34.40 1578.04 70.69
12~00 161.11 161.09 66.16 '1576.35 124.67
18.00 161.38.' 161.36 95.53 1518.58 164.07
24.00 161.68 161.65 '117.37 157"8":-14- 191.04

.: _ _._ 3.Q.• OQ_ _.. -'.i.62.J)a__ ._.. 16.1.~_9 132.10. 1578.84 209.21
36.00 162.40 162.37 142.06 1578.91 221.51

. . _ _..__ 42.0.0 _~ 162.84......162.• 80 148~ .87 ).518.96 229.91
48.00 163.35 163.30 153.58 1578.99 235.12

_..~_ .. _ _. __ __,, ,_ 5.~_.QP_._._.l.63•.94__ .__ 163.89 157.38 _ .. ..l219J .02._.. 239. 11
60.00 164.65 164.58 160.00 1519.03 242.45

....... ,.... 66.00 .165.50 165.42 161.93 1519.04 244.46
12.00 166.56 166.46 163.49 1579.05 246.09

___._ _. 1Q...'l.(tC L6].•_a.9 .:_l£,1.,T~ ..__.1 £'4 •. ~.l __ 1.519.~ 06 241.57
84.00 169.64 169.48 166.38 1579.01 249.10

_____.___ 90.~O_O__._._1.12 .• 0.4_. ...111.• 8 L ._... l68. 08... .:._ ..1519.08. __. __ ..250.81
. 96.00 115.54 115.19 110.25 1519.09 253.13

__..._ . _ ... .._...... ..._10.2.00....._ ..18l•. 1.7 ...__ . l80 •.58.~. _ ..ll3._3..L ..... 1579.• 11_ .._.256.32.
108.00 191.19 190.60 178.21 1519.14 261.42

_-I-I_U!t.•_O.O.__.2.20.•.29.__._...216 •.!t3.._ ..._188 •.09 ..157.9.•.20 _... __ 211.72.
. . . /' 120.00 4..198.04 2599.58 401.45 ..J58Q .• ~.~ 491.23

_____.. -P..EAlL-<-._. L?2.00 U ,§5?,J6 19J].J? £108.b)· eJ582.0)) 865.22
. MAXI~UM STORAGE OBTAINED. DRAW-OOWN B~~NS;

__ _~ ..~._ ..,_. _. ._.__ .__ 1.•.0.Q. 156 •.0 5~~ .. ,1.56.0.5 _._.238.69 _1579 •.5L 324.21
2.00 156.05 ..156.05 168.32 .1519.08 251.12

-3_._0.o.__15.6... o.5~_._._156 .•.05...... __151 •. 88 ._.....1519.02 ..... 240.23
4.00 156.05 '156.05 156.32 1579.01 238.61
5.00 156.05 156.05 156.09 1579.01 238.37
6.00 IS6~05 156~05 156.06 1519.01 238.34

._.... 1.00 .156.05 156.05 156.05 1519.01 238.33'
7.62 156.0S 156.05 156.05' 1579.01 238.33

_.- -----_ __ __" PUJF.L.OW ..::=..1NFJ•.QW-:-ROUT I NG . COMP LE TE

< us

... MAXIMUM STORAGE. IS. 865_.9. ACRE fEET.(.,1 • .196 INCHES) AT ELEV. 1582.03 (CREST, EMER. SPW.J •

.:.. ,:.:.NET DETENTION STORAGE REQUJREO.. IS .. 866.0 ACRE FEET ( 1.196 INCHES).
, .

•,G.ROSS._S.l:08AG.E RE]MA.lN.I.N.G__ACl:I:K..lO..OA.YS... l S .._238....3.. ACRE FEEt:. J .0.329 _.I.NCHES)
AT ELEV. h519.01 (START EMER. ·SPW. AND FREEaOARD ROUTINGS).

----~

--'--NE-T-R'EHAiN'I-N'G-ST'(iRA'GE-YS-"2'38:4~A'CRE'-'FEEi"("'0-~3Z9-·iNC·HES·)·. - _ .
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UNITED STATES DEPARTMENT 'OF AGRICULTURE
SOn. CONSERVATION SERVICE

ARIZONA STATE OFFICE
PHOENIX, ARIZONA·
DECEMBER 22, 1976

DESIGN REPORT

.., .
;:...:.':

-- ",

Job:.
Project:
Location:
Authority:
Phase:

Summary:

Spook Hill Floodwater Retarding Structure
Buckhorn-Mesa WPP,
Maricopa County., Arizona
PI. 566
III - Final Design

" ,

The design is in accordance with the supplemented work plan or the
exceptions ~oted in the Preliminary Design Report submitted June 4,
1975 except that a reinforced concrete structure is 'designed to
pass the emergency spillway and freeboard hydrographs •.

The embankment is a routed fill using material from "the' Floodway
excavation," the principal spillway inlet c:hanne1 excavation and
the Sal t-Gi1a Aqueduct borrow area. The slopes, are designed
2 1/2 to 1.

..........,

The reinforced concrete appurtenances are designed in accordance
with NEH sections 6 and 11 and TR's' 5 and 20 excluding the computer
design for the conduit which was requested from. the Design Unit,
Washington, D. C.

The landscape features were designed by A. Wayne Smith.

Description of Job

The job consists' of 25' high. earth dam approximately 4 miles long .with a 'Type
C reinforced concrete drop emergency spillway, 260 feet wide and 12' high; a 7'
x 7.5' concrete box conduit with a drop inlet and SAF outlet as the principal
spillway and 3 earth road ramp crossings.

Layout,

a. The horizontal alinement of the' centerline of the dam is referenced to ,a
baseline. by stationing on the baseline and offset! distances from it. This
procedure is used to simplify the layout of the dam in a meandering pattern
for aesthetic purposes. The meandering patte1'n is as recommended in page
4' Design Assumptions and Philosophy prepared as a part of Contract for
Landscape Visual Resource Plan Contract Number AG04SCS-00045 by A. Wayne
Smith and Associates, Tempe, Arizona -.'"

The storage is unaffected by the meandering embaD1anent. Loss in storage
due to oiffseting the dam is made up in steepening the upstream slope and
in the excavation, of the principal spillway.inlet channel.

.' ',"
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Appendix B3

Inspection Report
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PHASE I INSPECTION REPORT

FOR

SPOOK HILL RETARDING DAM
I.D. NO. AZ00175

MARICOPA COUNTY, ARIZONA

NATIONAL PROGRAM

FOn INSPECTION OF DAMS

Prepared for

THE STATE OF ARIZONA
DEPARTMENT OF WATER RESOURCES

by

ERTEC WESTERN, INC.
Phoenix, Arizona

August 1981
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r-,. ,\

SPLED-DA

DEPARTMENT OF THE ARMY
L.OS ANGEL.ES DISTRICT. CORPS OF' ENGINEERS

P. O. BOX 2711
L.OS ANGEL.ES. CAL.IF'ORNIA 90053

10 September 1981

~, j

Mr. Wesley E. Steiner
Director
Arizona Department of Water Resources
99 East Virginia Avenue, Suite 150
Phoenix, Arizona 85004

Dear }~. Steiner:

...-,,~ . t1:'\-',-..,
.:.,

'J'
~

,",:;'~,j

:']
-~J

..

J
"J':
.. ? .

....

j

We have reviewed and approved the Phase I Inspection Report (dated

August 1981) for Spook Hill Retarding Dam. A copy of this letter and

the approved report should be provided to the owner.

Sincerely,

B~~·\+
Colonel, CE
Commanding

Copy Furnished:
Mr. Thomas G. Rockenbaugh
State Conservationist
U.S. Department of Agriculture
Soil Conservation Service
Federal Building, Room 3008
Phoenix, Arizona 85025
with copy of-report
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Table 6.1.--Gene=al-storm P}~ computatio~s for the Colorado Rive= anc Great
basin

4. Durationa1 variation
[figs. 2.25 to 2.27
and table 2. 7J. zr ~O :=,r.:. /a J.LL~%

5. Convergence P~P for indicated
durations [steps 3 X 4] E~/CJ.I !C~P L2./2.4-~!}in. .(-1&)

6. Incremental 10 mi2 (26 km2)
PM:? [successive subtractio~

in step 5] .£.£ b..6...~O.4..Lz. a".rin. (1llIIl')
(

7. Areal reduction [select from
figs. 2.28 and 2.29] ~~_ &a. J.M. .1IJI2 1llD.~%

8. Areally reduced PMP [step 6 X
step 7] 6.:1-_ .iLl. JJ::l D4 .u4£ in. (l:lIlt)

9. Drainage average P~~ [accumulate.d
values of step 8] a:r../P.2.. &.71J~1 Ix!./2.8 in. E==-).

B. Orographic ~1P

Are~_;",:;"",:::.",,:_::;,;,:__ mi2 ¥J

3A. .u A-~~'3~1£lJ.

U2...Q~~~4..2 in.

Duration (h~s)

6 12 18 24 4B 72

// ' .. !

.,,:- ';.::.,
Longitude'2 of basin. center

Month 4",,,,
.,J

Add stepsA9 and B6

P~~ for other durations from smooth curve fitted to plot of computed data •

COlllp.:trison with local-storm PHP (see sec. 6.3).

Drainage ~••., '" !/

~atitude ~::, .. - ..",'

1. Drainage average orographic index from figure 3.11a to d. .:?:..L in. {__)

2•.Areal reduction ~tigure 3.20]/17.Q..%

3. 'Adjustment for month [one of
figs. 3.12 to 3.17] ;~%

4. Areal1y and seasonally adjusted
P~ [steps 1 X 2 X 3] ..E._'in. {~)

6.

5. nuratienal variation [table
3:~j

Orographic PMP for given dur­
ations [steps 4 X 5]

Tot::ll P~1P

1.

2.

3.

A. Convergence l'MP

1. Drainage average value fro~

one of figures 2.5 to 2.16 L4.1o· ~

2. Reduction for barrier-
elevatien [fig. 2.18] B'-':

3. Barrier-elevation reduced
PHP [step 1 X step 2] /L..2...in. <-

c.

pi
~

...
~

.~

..
~
r..

~;..:~•...::
:·;r~ .'..
........

U

,



lao

_-.:.A.....e...6__ in. (.:::m.}.

_ .....1..(::..16 in. (15-)

Area mi2 (k:n
2)

t-:i. .... -imum Elevatior:. /fJ~r, ft. ~

1/4 1/2 3/4 1 2 3 4 5 6
Durational variation
for 6/l-hr ratio of
step 3 [tab1e 4. 4] • Z:1:-..B!J.. 9,:; Jat2. J1Z,. 1.1.8...12.L I"?;? I Z';:- %

? . 2
l-mi- (2.6-km ) PH? for
indicated durations
{step 2b X step 4]. d:.Q. 10.:: llfL 1biJ. l3.tJ~~ M,§. .M:.?- in. (~)

Areal reduction
[fig. 4.9J. ~ zti8:L8.2...~ ..~..IM-E.Z.Il.B. %

Areal reduced PMP
[steps 5 X 6]'. G.Z B..:.a.1LB 2,-~&9. II. 7 LZf2 }2,4.a..B in. ~)

Drainage $2 ~'7 ;", .~/: //

Latitude .?';07!~1 Lor.gi:ude ..·!i~_".~ '

Duration (hr)

b. Multiply step 1 by step 2a.

Steps correspond :0 those in sec. 6.3A.

1. Average l-hr l_mi2 (2.6-km2) PMP for
drainage [fig. 4.5].

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)]. .

Hourly increments
[t.:lble 4.7].

3. Average 6/l-hr ratio for drainage [fig. 4.7].

Four largest I5-min.
increments [table 4.8].

~.'--_.

4.

7.

6.

8. Incremental P~1P

[successive subtr~ction

in step 7]. 9.S-1.Jt~0..3 a:...~JJ:.# in. (mm1--
~ lJL~~} 15-min. incraments

9. Time sequence of incre- .
mental PHP according to:

Table 6.3A.-Local-stonn P!!P computation, Colorado River, Grea: Basin and
California drainages. For drainage average depth p~p. Go to
table 6.3B if areal variation is required.

"

J
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ApPENDIX C

Supporting Hydrologic Calculations



Appendix Cl

Probable Maximum Precipitation



Table C.l TR-20 Rainfall Distribution

Time Rainfall Time Rainfall
(min) (hr) Distribution (min) (hr) Distribution

0.0 0.0 0.000 180.0 3.0 0.815
7.2 0.1 0.002 187.2 3.1 0.837
14.4 0.2 0.005 194.4 3.2 0.853
21.6 0.4 0.008 201.6 3.4 0.867
28.8 0.5 0.011 208.8 3.5 0.880
36.0 0.6 O.ot5 216.0 3.6 0.892
43.2 0.7 0.019 223.2 3.7 0.903
50.4 0.8 0.024 230.4 3.8 0.913
57.6 1.0 0.030 237.6 4.0 0.922
64.8 1.1 0.036 244.8 4.1 0.930
72.0 1.2 0.042 252.0 4.2 0.938
79.2 1.3 0.050 259.2 4.3 0.945
86.4 1.4 0.058 266.4 4.4 0.951
93.6 1.6 0.068 273.6 4.6 0.957
100.8 1.7 0.078 280.8 4.7 0.962
108.0 1.8 0.088 288.0 4.8 0.967
115.2 1.9 0.100 295.2 4.9 0.972
122.4 2.0 0.125 302.4 5.0 0.975
129.6 2.2 0.175 309.6 5.2 0.978
136.8 2.3 0.235 316.8 5.3 0.982
144.0 2.4 0.300 324.0 5.4 0.985
151.2 2.5 0.380 331.2 5.5 0.987
158.4 2.6 0.470 338.4 5.6 0.991
165.6 2.8 0.575 345.6 5.8 0.994
172.8 2.9 0.695 352.8 5.9 0.997

360.0 6.0 1.000

Notes:

I. This data was presented in the Evaluation of Preliminary Design Report (1975) by using a dimensionless time increment of 0.02.
2. The RAINFL card, Table No.2, can be found in the Evaluation Report.

3. The storm duration (6 hr) is multiplied by the dimensionless time increment (0.02) to compute the actual time increment (7.2 min) of the rainfall distribution.
4. This is a typical application for Emergency Spillway and Freeboard Design (see TR-20 manual, Appendix G, Table #6).
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Table C.2 General PMP
Duration (hrs)

6 12 18 24 48 72

Steps:

A. Convergence PMP
1. Drainage average value (in) (Fig. 2.12) 14.1
2. Reduction for barrier elevation (Fig. 2.18) 83%
3. Barrier-Elevation reduced PMP (in) (Step 1 x Step 2) 11.7
4. Durational variation (Fig. 2.26 and Table 2.7) 76% 90% 96% 100% 111% 115%
5. Convergence PMP for indicated durations (Steps 3 x 4) 8.9 10.5 11.2 11.7 13.0 13.5
6. Incremental 10 rni"2 (26 km"2) PMP (successive subtraction in Step 5) 8.9 1.6 0.7 0.5 1.3 0.5
7. Area reduction (Fig. 2.29) 99% 100% 100% 100% 100% 100%
8. Areally reduced PMP (step 6 x step 7) 8.8 1.6 0.7 0.5 1.3 0.5
9. Drainage average PMP (accumulated values of step 8) 8.8 10.4 11.1 11.6 12.9 13.4

B. Oro2raphic PMP
1. Drainage Average orographic index (in) (Fig. 3.11d) 3.8
2. Area reduction (Fig. 3.20) 99%
3. Adjustment for month (Fig. 3.15) 100%
4. Areally and seasonally adiusted PMP (steps 1 x 2 x 3) 3.8
5. Durationa1 variation (Table 3.9) 36% 63% 84% 100% 141% 159%
6. Orographic PMP for given durations (steps 4 x 5) 1.4 2.4 3.2 3.8 5.4 6.0

C. Total PMP
1. Add steps A9 and B6 10.2 12.8 14.3 15.4 18.3 19.4
2. Incremental PMP 15.4 2.9 1.1

10.2 2.6 1.5 1.1

Notes:
1. Latitude: 33 27, Longitude: 111 38 of basin center
2. Area: 13.0 rni"2
3. Precipitation depths are computed by using the procedures and guidelines in HMR 49 (1977)
4. See Table C.4 for General PMP distribution

j:\rmo6\design\drn\hydrology\report\final report\Tables.xls(C.2) DMJM+HARRIS
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Our solution was to use generalized depth-area relations developed for PMP
estimates within bordering zones in the Central and Eastern United States
(Riedel et a1. 1956). The smoothed areal variations adopted for the South­
western States are shown in figures 2.28 and 2.29 for each month or a com­
bination of months where differences 'are insignificant.

For operational use, basin average values of convergence PMP are needed
rather than 10-mi2 (26-km2) values. Pre~erably, the method for reducing
10-mi2 (26-km2) values to basin average rainfalls should be derived from
depth-area relations of storms in the region. However, all general storms in'
the region include large proportions o~ orographic precipitation.

' ', ". -." -.. ·'---~'-"~"=~="~TCif'hr~Z"?f~;~~;;"'~~}~~.:;.l.·~~.·::~:;'.~\~,':::.,-, I'::••,/~., .:~. ',.::,'
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50

For the range of 6/24-hr ratios included in figures 2.25 to 2.27, depth-
dura tion values in per cent of 24-hr amounts are found in table 2.7,. The re-
gional ratio maps, and the depth-duration curves presented in figure 2.20 were
used in adjusting the major storm data to 24-hr amounts listed in table 2.1 •

Table 2.7.--Durationa1 variation of convergence PMP (in percent of 24-hr
amount) •

Duration (Rrs) Duration (Rrs)
6 12 18 24 48 72 6 12 18 24 48 72

50 76 90 100 129 150 66 84 93 100 116 124
51 77 90 100 128 148 67 85 94 100 116 123
52 77 90 100 127 146 68 85 94 100 115 122
53 77 91 100 127 144 69 86 94 100 115 121
54 78 91 100 126 142
55 78 91 100 125 140 70 87 94 100 114 120
56 79 91 100 124 138 71 87 95 100 114 119
57 79 92 100 123 137 72 88 95 100 113 118
5,8 80 92 100 122 135 73 88 95 100 113 118
59 80 92 100 121 134 74 89 95 100 112 117

75 89 96 100 112 116
60 81 92 100 120 132 (26 90 96 100 III llf]
61 81 92 100 120 131 77 90 96 100 110 114
62 82 93 100 119 129 78 91 96 100 110 114
63 82 93 100 118 128 79 92 97 100 109 113
64 83 93 100 117 126
65 84 93 100 117 125 80 92 97 100 109 113

Note: For use, enter first column (6 hr) with 6/24-hr ratio from figures
2.25 to 2.27.

2.5 Areal Reduction for Basin Size

Figures 2.28 and 2.29 give depth-area relations that reduce 1D-mi2 (26-km2)
convergence PMP for basin sizes up to 5,000 mi2 (12,950 km2) for each month.
Areal variations are given for the 4 greatest (1st to 4th) 6-hr PMP incre­
ments. After the 4th increment no reduction for basin size:is required.
Application of these figures will become clear through consideration of an
example of PMP computation in chapter 6.
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4.1 Introduction

4. LOCAL-STORM PMP FOR THE SOUTHWESTERN REGION AND CALIFORNIA

Percent of 24-hr value

6 hr 12 18 24 48 72

28 55 79 100 161 190
29 56 79 100 160 189
30 57 80 100 159 187
30 57 80 100 157 185
31 58 81 100 155 182
32 59 81 100 152 177
33 60 82 100 149 172
34 61 82 100 146 167
35 62 83. 100 143 162
36 63 84 100 139 i~E- 1381
37 64 84 100 135
39 66 85 100 132 146

42
41
40
39
38
37
36
35
34
ill

32
31

Latitude
oN

This chapter provides generalized estimates of local or thunderstorm prob­
able maximum precipitation. By "generalized" is meant that mapped values are
given from which' estimates of PMP may be determined for any selected drainage.

4.1.1 Region of Interest

Local-storm PMP was not included in the "Interim. Report, Probable Maximum
Precipitation in California" (HMR No. 36). During the formulation of the
present study, we decided that the local-storm part of the study should in­
clude California wes't of the Sierra Nevada. It was also noted that PMP for
summer thunderstorms was not considered west of the Cascade Divide in the
Northwestern Region (HMR No. 43). As stated in the latter report, "No swmner
thunderstorms have been reported there (west of the Divide) of an intensity
of those to the east, for which the moisture source is often the Gulf of
Mex:i..co or Gulf of California. The Cascade Divide offers an additional bar­
rier to such moisture inflows to coastal areas where, in addition, the"
Pacific Ocean to the west has a stabilizing influence on the air to hinder
the occurrence of :intense summer local storms." Therefore, it was necessary
to establish some continuation of the Cascade Divide into California so that
the local-storm PMP definition would have continuity between the two regions.

The stabilizing influence of the Pacific air is at times interrupted by the
warm moist tropical air from the south pushing into California, although it
is difficult to determine where the limit of southerly flow occurs. General
storms haVing the tropical characteristic of excessive thunderstorm rains are
observed as far north as the northern end of the Sacramento Valley. Thus, a
northern boundary has been selected for this study, excluding that portion of
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Table C.3 Local PMP

Steps:

1. Average I-hr l-mil\2 (2.6 km1\2) PMP for drainage (in) (Fig. 4.5) 11.6
2. a. Reduction for elevation. rNo adjustment for elevations

up to 5,000 feet 0,524 m): 5% decrease per
1,000 feet (305 m) above 5,000 feet 0,524 m) 1 100%

b. Multiply step 1 by step 2a 11.6
3. Average 6fl-hr ratio for drainage (Fig. 4.7) 1.25

Duration (hr)
1/4 1/2 3f4 1 2 3 4 5 6

4. Durational variation for 6fl-hr ratio of step 3 (Table 4.4) 74% 89% 95% 100% 112% 118% 121% 123% 125%
5. l-mil\2 (2.6 km1\2) PMP for indicated durations

(step 2b x step 4) 8.6 10.3 11.0 11.6 13.0 13.7 14.0 14.3 14.5
6. Areal reduction (Fig. 4.9) 70% 76% 79% 81% 83% 84% 86% 87% 88%
7. Areal reduced PMP (steps 5 x 6) 6.0 7.8 8.7 9.4 10.8 11.5 12.0 12.4 12.8
8. Incremental PMP (successive subtraction in step 7) 9.4 1.4 0.7 0.5 0.4 0.4

6.0 1.8 0.9 0.7

9. Time sequence of incremental PMP according to least 4th 2nd largest 3rd 5th
Hourly incerements (table 4.7) 0.4 0.5 1.4 9.4 0.7 0.4
Four largest I5-min incerements (table 4.8) 6.0 1.8 0.9 0.7

Notes:
1. Latitude: 33 27, Longitude: 111 38 of basin center
2. Area: 13.0 mil\2
3. Precipitation depths are computed by using the procedures and guidelines in HMR 49 (1977)
4. See Table C.5 for Local PMP distribution

\ '

j :\rm06\design\drn\hydrology\report\final report\Tables.xls(C.3) DMJM+HARRIS



i

~f?'

I.··· ···t<~;·
i>J . .~."••

,: ";~" :':~"
I

stu ri'l}f' PM P
·[t·:

't1t: '
.I

:::'1:!J ; , .
'. '.Il I.),
. ·I!'I ..

-:'i
':;:'ll~: .. .. .
~l ;. ';':..i;

'Ij:~~l:;
,·!1;.'l.'i~i.

'::.J.

;r~

iji.l!j
:~:n~

IK

300 1M,o
6

RAINFAll. CONVERSION SCAl!
4 6 8 10 12 IN

160 ' 2bo ' 3b~ tMMl

... ...

Figure 4.5.--Local-stoI'TTl PMP for 1 ~2 (2.6 kll) 1 hr. Directly
applicable for locations beween sea level, and 5000 ft (1524 m).
Elevation adjustment must be applied for locations above 5000 ft.

115

LOCAl

­.

events. In contrast to figure 4.4, figure 4.5 maintains a maximum between
these two locations. There is no known meteorological'basis for a different
sOlution. The analysis suggests that in the northern portion of the region
maximum. PMP occurs between the Sierra Nevada on the west and the Wasatch
range on the east.

A discrete maximum (> 10 inches, 254 mm) occurs at the north end of the
Sacramento Valley in northern California because the northward-flowing moist
air is increasingly channeled and forced upslope. Support for this PMP cen­
ter comes from the Newton, Kennett, and Red Bluff storms (fig. 4.1). Although
the analysis in this region appears to be an extension of the broad maximum
through the center of the Southwestern Region, it does not indicate the
direction of moist inflow. The pattern h~ evolved primarily as a result of
attempts to tie plotted maxima into a reasonable picture while considering
inflow directions, terrain effects, and moisture potential.
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Three sets of data were considered for obtaining a base relation (see
table 4.3 for depth-~uration data).

establish the basic depth-duration curve, then structure a variable set of
depth-duration curves to cover the range of 6/l-hr ratios that are needed.

a. An average of depth-duration relations from each of 17 greatest 3-hr
rains from summer storms (1940-49) in Utah (U. S. Weather Bureau 1951b) and
in unpublished tabulations for Nevada and Arizona (1940-63). The 3-hr
amounts ranged from 1 to 3 inches (25 to 76 mm) in these events.

b. An average depth-duration relation from 14 of the most extreme short­
duration storms listed in Storm Rainfall (U. S. Army, Corps of Engineers
1945-). These storms come from Eastern and Central States and have 3-hr
amounts of 5 to 22 inches (127 to 559 mm).
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Table 4.4 lists durational variations in percent of l-hr PMP for selected
6/1-hr rain ratios. These values were interpolated from figure 4.3.

To determine 6-hr PMP for a b'asin, use figure 4.3 (or table 4.4) and the
geographical distribution of 6/l-hr ratios given in figure 4.7.

6

123.0

5

121.0

4, 32

107 109 110 110 110
11Q 11'2,0 ll~ltg 11§rzLSl12.I'2.3.S12Q.. !Z5
114 121 125 12.1,0128 r':= (~30
118 126 132 137 ,0- 140
121 132 140 145 150
124 138147 154 160
130 149 161 171 180
137 161 175 188 200

97 100
95 q- 100 \.;"
95' ~:J 100 .J

93 100
93 100
87 100
87 100
87 100

Duration (hr)
3/4 1

Depth-Area Relation

93
89 ,..,',
89 t. :;
83
83
70
70
70

1/2

4.5

86
74 7"74 ~

63
63
43
43
43

1/4
6/l-hr
ratio

1.1

,":'i:; I,:S
1.4
1.5
1.6
1.8
2.0

Table 4.4.--Durational variation of l-mi2 (2.6-km2) local-storm PMP
in percent of l-hr PMP (see figure 4.3)

Depth-duration relations for durations less than 1 hour were then smoothed
to provide a family of curves consistent with the relations determined for 1
to 6 hours, as shown in figure 4.3. Adjustment was necessary to some of the
curves to provide smoother relations through the common point at 1 hour.

ratios than storms with high 3/l-hr ratios. The geographical distribution
of l5-min to l-hr ratios also were inversely correlated with magnitudes of
the 6/l-hr ratios of figure 4.7. For example, Los Angeles and San Diego
(high 6/l-hr ratios) have low l5-min to l-hr ratios (approximately 0.60)
whereas the l5-min to l-hr ratios in Arizona and Utah (low 6/l-hr ratios)
were generally higher (approximately 0.75).

We believe we were justified in reducing the number of the curves shown in
figure 4.3 for durations less than 1 hour, letting one curve apply to a
range of 6/l-hr ratios. The corresponding curves have been indicated by
letter designators, A-D, on figure 4.3. As an example, for any 6-hr amount
between 115% and 135% of l-hr, l-mi2 (2.6-km2) PMP, the associated values
for durations less than 1 hour are obtained from the curve designated as "B".

We have thus far developed local-storm PMP for an area of 1 mi2 (2.6 km2).
To apply PMP to a basin, we need to determine how 1-mi2 (2.6-km2) PMP should
decrease with increasing area. We have adopted depth-area r~lations based
on rainfalls in the Southwest and from consideration of a model thunderstorm.
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Table 4.9.--Seasonal distribution of thunderstorm rainfalls.

"'. '·i~, .
.• ~. j- Dr .'

W;'. ,11<:$'~~\~
::;/:1~~' ~i:;~~:~
:"II!!i'i';'i:;':

;~~II.'~ "I'i ~''';~~'t \"?

i~~~!~
I~'~'~
I~,I,.

First
Second
Third
Last

Sequence Position

If
incremental PMP within 1 hr.
~

Seasonal Distribution4.8

Increment

Largest l5-min amount
2nd largest
3rd largest
least

Month

M J .J A S 0 No • of Cases

Utah 1 5 9 14 5 34

Arizona 4 16 19 4 43

S. Calif. * 14 10 7 31

No. of cases/mo. 1 23 35 40 9 0
*South of 37°N and east of Sierra Nevada ridge1ine.

(The maximum event at each of 108 stations, period of record 1940-72.)

\\ 1/
Also of importance is the sequence of the four 15-min incremental PMP

values. We recommend a time distribution, table 4.8, giving the greatest
intensity in the first 15-min interval (U.S. Weather Bureau 1947). This
is based on data from a broad geographical region. Additional support for
this time distribution is found in the reports of specific storms by Keppell
(1963) and Osborn and Renard (1969).

\\

Table 4.8.--Time sequence for 15-min=-

'nle time of the year when local-storm PMP is most likely is of interest.
Guidance was obtained from analysis of the distribution of maxilnum 1-hr
thunderstorm events through the warm season at the recording stations in
Utah, Arizona, and in southern California (south of 3rN and east of the
Sierra Nevada ridge1ine). The period of record used was for 1940-72 with an
average record length for the stations considered of 27 years. The month
with the one greatest thunderstqrm rainfall for the period of record at each
station was noted. The totals of these events for each month, by States,
are shown in table 4.9.

.. ,

]

]

J
J

J



Table C.4 General PMP Distribution

Time PMP Incremental PMP Accumulated PMP Accumulated PMP
Distribution Distribution

(hr) (in) (in)
0 0.000 0.000 0.000
6 0.725 0.037 0.725 0.037
12 0.725 0.037 1.450 0.075
18 0.725 0.037 2.175 0.112
24 0.725 0.037 2.900 0.149
30 1.502 0.077 4.402 0.227
36 2.638 0.136 7.040 0.363
42 10.203 0.526 17.243 0.888
48 1.068 0.055 18.311 0.943
54 0.275 0.014 18.586 0.957
60 0.275 0.014 18.861 0.972
66 0.275 0.014 19.136 0.986
72 0.275 0.014 19.411 1.000

Note:
General PMP was distributed by using the guidance provided by Mr. Michael Greenslade and
Mr. John Linkswiler of ADWR on November 15, 2000.

The e-mail correspondance is provided on the following page.
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Tuncok,Kaan

From:
Sent:
To:
Cc:
Subject:

Mike Greenslade [mdgreenslade@ADWR.STATE.AZ.US]
Wednesday, November 15, 2000 8:45 AM
Tuncok,Kaan
John Linkswiler
Spook Hill Dam (07.50)

In response to your telephone call to John Linkswiler regarding Spook Hill Dam. John indicated that you were interested in
information contained in our files. We have an extensive file on this dam including as-built drawings and the original
design report. You are welcome to come to our office and request to review this information. If you need copies of reports
we will require that you arrange for a copy service to make the copies. We are requiring this because of problems in the
past with originals not being returned in a timely manner or damaged.

Also, John indicated to me that as part of his review of the PMP determination, he would accept an HMR 49 general storm
(3-day storm) distribution as follows:

1st Day - Use the 2nd largest day of the 3-day storm with equal 6-hr increments.

2nd Day - Use the largest day of the 3-day storm broken into unequal 6-hr increments as follows: (3rd largest 6-hr, 2nd
largest 6-hr, 1st largest 6-hr & 4th largest 6-hr)

3rd Day - Use the 3nd largest day of the 3-day storm with equal 6-hr increments.

Michael Greenslade, P.E.
ADWR, Dam Safety Section
500 North Third Street
Phoenix, Arizona 85004-3903

Phone: (602) 417-2400 x7188
Fax: (602) 417-2443
E-mail: mdgreenslade@adwLstate.az.us

1



Table C.S Local PMP Distribution

Time PMP Incremental PMP Accumulated PMP Accumulated PMP
Distribution Distribution

(hr) (in) (in)
0.000 0.000 0.000

0.3 0.100 0.008 0.100 0.008
0.5 0.100 0.008 0.200 0.016
0.8 0.100 0.008 0.300 0.023
1.0 0.100 0.008 0.400 0.Q31
1.3 0.125 0.010 0.525 0.041
1.5 0.125 0.010 0.650 0.051
1.8 0.125 0.010 0.775 0.061
2.0 0.125 0.010 0.900 0.070
2.3 0.350 0.027 1.250 0.098
2.5 0.350 0.027 1.600 0.125
2.8 0.350 0.027 1.950 0.152
3.0 0.350 0.027 2.300 0.180
3.3 6.000 0.469 8.300 0.648
3.5 1.800 0.141 10.100 0.789.
3.8 0.900 0.070 11.000 0.859
4.0 0.700 0.055 11.700 0.914
4.3 0.175 0.014 11.875 0.928
4.5 0.175 0.014 12.050 0.941
4.8 0.175 0.014 12.225 0.955
5.0 0.175 0.014 12.400 0.969
5.3 0.100 0.008 12.500 0.977
5.5 0.100 0.008 12.600 0.984
5.8 0.100 0.008 12.700 0.992
6.0 0.100 0.008 12.800 1.000

Note:
Local PMP was distributed by using the procedures and guidelines in EM111O-2-1411 (USCOE, 1952).
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PRECIPITATION COMPARISON
SPOOK HILL FLOODWATER RETARDING STRUCTURE

VARIABLE

Study Date
Drainage Area (sq. miles)

Local Storm:
PMP (1hr-1sq. Mile)
6hr/1 hr Ratio
Design Precipitation (inches)

General Storm:
Total PMP (24-hr, inches)

SCS/NRCS

22-Dec-76
13.57

11.50
1.30
13.0

NA

ERTEC
WESTERN, INC.

01-Aug-81
11.30

11.60
1.25
12.8

14.2

DMJM

01-Dec-00
13.00

11.60
1.25
12.8

15.4

j:\rm06\design\drn\hydrology\report\final report\Precipitation QA-QC.xls (Comparison) DMJM+HARRIS



Areal Reduced Probable Maximum Precipitation
Spook Hill Floodwater Retarding Structure, Mesa, Arizona
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Time Sequence of Incremental Probable Maximum Precipitation
Spook Hill Floodwater Retarding Structure, Mesa, Arizona

(Based on EM1110-2-1411, USCOE 1952)
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General Storm Probable Maximum Precipitation
Spook Hill Floodwater Retarding Structure, Mesa, Arizona
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Table C.6 Soil Distribution

Subbasin No. Soil
Area Map Unit Texture

(sq. mi.) (acres) (Aguila/Carefree)
Al 0.012 8 3 sandy loam

0.011 7 44 very gravelly clay
0.040 26 61 extremely gravelly sandy clay
0.112 71 63 extremely gravelly sandy clay
0.180 115 68 very gravelly sandy loam
0.392 251 98 very gravelly loam
0.191 122 115 sandy loam
0.026 17 118 gravelly sandy loam

Total 0.963 616

BI 0.005 3 3 sandy loam
0.417 267 61 extremely gravelly sandy clay
0.550 352 63 extremely gravelly sandy clay
0.301 192 68 very gravelly loam
0.552 353 90 gravelly sandy loam
1.121 718 98 very gravelly loam
0.156 100 101 loam
0.029 19 110 gravelly clay loam
0.133 85 113 gravelly sandy loam
0.172 110 115 sandy loam
0.653 418 118 gravelly sandy loam

Total 4.089 2617

B2 0.058 37 61 extremely gravelly sandy clay
0.072 46 63 extremely gravelly sandy clay
0.091 58 90 gravelly sandy loam
0.328 210 98 very gravelly loam
0.185 118 101 loam
0.036 23 110 gravelly clay loam
0.126 81 112 gravelly sandy loam
0.215 138 113 gravelly sandy loam
0.185 118 115 sandy loam
0.063 40 118 gravelly sandy loam

Total 1.359 870

Cl 0.195 125 61 extremely gravelly sandy clay
0.213 136 63 extremely gravelly sandy clay
0.405 259 68 very gravelly sandy loam
0.488 312 90 gravelly sandy loam
0.790 506 98 very gravelly loam
0.014 9 101
0.174 111 110 gravelly clay loam
0.036 23 112 gravelly sandy loam
0.037 24 113
0.032 20 115 sandy loam
0.154 98 118 gravelly sandy loam

Total 2.537 1624

j :\rm06\design\dm\hydrology\report\final report\Tables-mod.xls(C.6) DMJM+HARRIS



Table C.6 (continued)

Subbasin No. Soil
Area Map Unit Texture

(sq. mi.) (acres) (Aguila/Carefree)
Dl 0.015 9 44 very gravelly clay

0.051 33 63 extremely gravelly sandy clay
0.735 471 68 very gravelly sandy loam
0.075 48 90 gravelly sandy loam
0.016 10 98 very gravelly loam
0.254 163 115 sandy loam

Total 1.146 733

F 0.019 12 44 very gravelly clay
0.108 69 98 very gravelly loam
0.027 17 3 sandy loam

Total 0.154 99

G 0.164 105 44 very gravelly clay
0.355 227 98 very gravelly loam

Total 0.519 332

H 0.024 15 61 extremely gravelly sandy clay
0.152 97 63 extremely gravelly sandy clay
0.003 2 44 very gravelly clay
0.569 364 98 very gravelly loam
0.060 38 68 very gravelly sandy loam
0.005 3 115 sandy loam
0.045 28 118 gravelly sandy loam

Total 0.858 549

I 0.108 69 61 extremely gravelly sandy clay
0.138 88 63 extremely gravelly sandy clay
0.056 36 44 very gravelly clay
0.504 323 98 very gravelly loam
0.110 70 68 very gravelly sandy loam
0.162 104 115 sandy loam
0.237 152 118 gravelly sandy loam

Total 1.315 842

Note: DDMSW Soil Data is presented on the following page
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Flood Control District of Maricopa County
SPOOKHILL2.XLS - Spook Hill FRS

Soil Data
PaQe 1 10/26/01

Area Id Soil Map Unit Area AreaPcl XKSAT Rock Outcrop Effective
Survey (%) (%) (%)

F Aguila/Carefree 44 0.019 12.3 0.03
Aguila/Carefree 98 0.108 70.1 0.37

AgUila/Carefree 3 0.027 17.5 0.58

G AguilaiCarefree 44 0.164 31.6 0.03
Aguila/Carefree 98 0.355 68.4 0.37

H Aguila/Carefree 61 0.024 2.8 0.15

Aguila/Carefree 63 0.152 17.7 0.14 25.0 100
Aguila/Carefree 44 0.003 0.3 0.03
Aguila/Carefree 98 0.569 66.3 0.37

Aguila/Carefree 68 0.060 7.0 0.63
Aguila/Carefree 115 0.005 0.6 0.39

Aguila/Carefree 118 0.045 5.2 0.42

Aguila/Carefree 115 0.162 12.3 0.39

Aguila/Carefree 118 0.237 18.0 0.42

Aguila/Carefree 63 0.138 10.5 0.14 25.0 100

Aguila/Carefree 44 0.056 4.3 0.03
Aguila/Carefree 98 0.504 38.3 0.37
Aguila/Carefree 68 0.110 8.4 0.63

Aguila/Carefree 61 0.108 8.2 0.15

A1 Aguila/Carefree 3 0.012 1.2 0.58

Aguila/Carefree 44 0.011 1.1 0.03
Aguila/Carefree 61 0.040 4.1 0.15

Aguila/Carefree 63 0.112 11.6 0.14 25.0 100

AgUila/Carefree 68 0.180 18.7 0.63

Aguila/Carefree 98 0.392 40.7 0.37

Aguila/Carefree 115 0.191 19.8 0.39

Aguila/Carefree 118 0.026 2.7 0.42

81 Aguila/Carefree 3 0.005 0.1 0.58

Aguila/Carefree 61 0.417 10.2 0.15

Aguila/Carefree 63 0.550 13.5 0.14 25.0 100

Aguila/Carefree 68 0.301 7.4 0.63

Aguila/Carefree 90 0.552 13.5 0.39

Aguila/Carefree 98 1.121 27.4 0.37

AgUila/Carefree 101 0.156 3.8 0.28

Aguila/Carefree 110 0.029 0.7 0.13

AgUila/Carefree 113 0.133 3.3 0.39

Aguila/Carefree 115 0.172 4.2 0.39

AgUila/Carefree 118 0.653 16.0 0.42

82 Aguila/Carefree 61 0.058 4.3 0.15

Aguila/Carefree 63 0.072 5.3 0.14 25.0 100

Aguila/Carefree 90 0.091 6.7 0.39

AgUila/Carefree 98 0.328 24.1 0.37

Aguila/Carefree 101 0.185 13.6 0.28

Aguila/Carefree 110 0.036 2.6 0.13

Aguila/Carefree 112 0.126 9.3 0.39

Aguila/Carefree 113 0.215 15.8 0.39

Aguila/Carefree 115 0.185 13.6 0.39

Aguila/Carefree 118 0.063 4.6 0.42

C1 Aguila/Carefree 61 0.195 7.7 0.15

Joe HvdroiOllV' lsoildalal
* Custom Value (not default value)



Flood Control District of Maricopa County
SPOOKHILL2XLS - Spook Hill FRS

Soil Data
Paae 2 10/26/01

Area Id So~ Map Unit Area AreaPct XKSAT Rock Outcro p Effective
Survey (%) (%) (%)

C1 Aguila/Carefree 63 0.213 8.4 0.14 25.0 100
Aguila/Carefree 68 0.405 16.0 0.63
Aguila/Carefree 90 0.488 19.2 0.39
Aguila/Carefree 98 0.790 31.1 0.37
Aguila/Carefree 101 0.014 0.6 0.28
Aguila/Carefree 110 0.174 6.9 0.13

Aguila/Carefree 112 0.036 1.4 0.39
Aguila/Carefree 113 0.037 1.5 0.39
Aguila/Carefree 115 0.032 1.3 0.39
Aguila/Carefree 118 0.154 6.1 0.42

01 Aguila/Carefree 44 0.015 1.3 0.03
Aguila/Carefree 63 0.051 4.5 0.14 25.0 100
Aguila/Carefree 68 0.735 64.1 0.63

Aguila/Carefree 90 0.075 6.5 0.39
Aguila/Carefree 98 0.016 1.4 0.37

Aguila/Carefree 115 0.254 22.2 0.39

Joe H¥droIOQV
* Custom Value (not default value)
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Table C.7 Land Use Distribution

Subbasin No. Land Use
Area Type

(sq. mi.) (acres)
Al 0.033 21 MOUNTAIN

0.1 10 70 DESERT
0.472 302 LDR
0.170 109 MDR
0.177 113 VLDR

Total 0.963 616

BI 0.353 226 FOREST
0.118 76 DESERT
1.554 995 LDR
0.122 78 MOUNTAIN
1.942 1243 VLDR

Total 4.089 2617

B2 0.116 74 DESERT
1.194 764 LDR
0.028 18 MOUNTAIN
0.021 13 VLDR

Total 1.359 870

Cl 0.200 128 DESERT
1.854 1187 LDR
0.178 114 MDR
0.168 108 MOUNTAIN
0.137 88 VLDR

Total 2.537 1624

DI 0.069 44 DEs:BRT
0.609 390 LDR
0.063 40 MOUNTAIN
0.147 94 VLDR
0.229 147 MDR
0.029 19 MFR

Total 1.146 733

D2 0.235 150 MOUNTAIN
0.024 15 DESERT
0.167 107 LDR
0.288 184 MDR
0.184 118 VLDR

Total 0.897 574

Tables.xls DMJM



Table C.7 (continued)

Subbasin No. Land Use
Area Type

(sq. mi.) (acres)
F 0.066 42 LDR

0.088 56 VLDR
Total 0.154 99

G 0.504 323 LDR
0.016 10 VLDR

Total 0.519 333

H 0.412 264 LDR
0.382 245 VLDR
0.064 41 MOUNTAIN

Total 0.445 286

I 0.396 254 LDR
0.584 375 VLDR
0.022 14 DESERT
0.238 152 MDR
0.075 47 MOUNTAIN

Total 1.315 200

Note: DDMSW Land Use Data is presented on the following page
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Flood Control District of Maricopa County
SPOOKHILL2.XLS - Spook Hill FRS

Land Use Data 10/24/01
PaQe2

Area Id Land Use Code Area AreaPct DTHETA Vegetation RTIMP IA Kn Kb Kb
(%) Condition Cover (%) COlo) (In) Type

01 V.L.D.R. 0.147 12.8 Normal 20.0 5 0.30 0.050 Low 0.053

L.D.R. 0.609 53.1 Normal 50.0 15 0.30 0.050 Low 0.044

M.D.R. 0.229 20.0 Normal 50.0 30 0.25 0.050 Low 0.050

M.F.R. 0.029 2.5 Normal 50.0 45 0.25 0.050 Low 0.063

MOUNTAIN 0.063 5.5 Normal 85.0 0.50 0.100 Hi 0.110

Joe HvdroJOllV • Custom Value (not default value) (Ianddalal



PaQe1

Flood Control District of Maricopa County
SPOOKHILL2.XLS • Spook Hili FRS

Sub Basin Data

Rainfall Losses

Area IA DTHETA PSIF XKSAT RTIMP
ID (in) (in) (In/hr) (%)

F 0.30 0.25 4.50 0.37 9

G 0.30 0.25 5.70 0.24 15

H 0.32 0.25 4.40 0.41 14
,
I
I'

i 0.30 0.25 4.50 0.39 15 .
i

A1 0.30 0.26 4.25 0.47 16

81 0.29 0.25 4.45 0.41 11

82 0.31 0.26 '4.35 0.46 15

. C1 0.31 0.26 4.35 0.46 15

D1 0.30 0.27 3.64 0.67 17

..•

Joe HvdroloAV ~ Non default value
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Figure 4.3
Composite Values of PSIF and DTHETAas a functlonof XKSAT

(To be used for area-weighted averaging of Green and Ampt parameters.)
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Unit Hydrograph Procedures

Table 5.1
Equation for estimating Kb In the Tc equation

Kb= m logA+ b
Where A Is drainage area, In acres

Equation
'Typical Parameters

Type Description Applications m b

A Minimal roughness: Relatively smooth Commerclall ,-0.00625 0.04
and/or well graded and uniform land Industrial areas
surfaces. Surface runoff Is sheet flow. Residential area

Parks and golf
courses

B Moderately low roughness: Land Agricultural fields -0.01375 0.08
surfaces have irregularly spaced Pastures
roughness elements that protrude Desert rangelands
from the surface but the overall Undeveloped
character of the surface Is relatively urban lands
uniform. Surface runoff is
predominately sheet flow around the
rouohness elements.

C Moderately high roughness: Land Hillslopes -0.025 0.15
surfaces that have significant large- to Brushy alluvial
medJum-sized roughness elements' fans
andlor"poorly graded land surfa~ HDIy rangeland

I ~lat cause the flow to be diverted Disturbed land,
Iaround the roughness elements. mining, etc.
Surface runoff Is sheet flow for short Forests with
distances dralning into meandering underbrush
drainaae oaths.

D Maximum roughness: Rough land Moun1ains -0.030 0.20
surfaces with torturous now paths• Some weUands
Surface runoff is concentrated In
numerous short flow patAs that are
often oblique to the main flow
direction. .

Source: FCDMC Hydrology Manual

']

]

J

J i¥I "Wh. At.. A:m0,.9.... .. 'terrett·: on

June 1, 1992
T '1:: r uo" .'.; ¥'

5-13



Appendix C3
Time of Concentration



Time of Concentration· Subbasin 81 'General Storm}
Channel Flow Stament TravelTime Time 0' Subbasin Tolal Storage

lIeration Channel dis Channel uf. Averaae Channel Flow Parameters Channel Sheet and Concentration Area Basin Coefficient
No. Discharge Bottom Manning's Effective Basin Flow Flow Average Average Average Average Flow Shallow Concentrated Length

Slope n Width Depth Depth Depth Slope Velocity Length Flow
(ctsl IflIfll tltl (Ill 1ft) (Ill (filII) (fllsl (Ill (hr) (lvl (hr) (ml'2) 1ft) {hrl

1 34873 0.0153 0.052 3851 1.814 1.05 1.43 0.0234 5.55 22470 1.12 0.42 1.54 4.089 28939 1.044
2 3197 0.0153 0.052 3851 0.433 1.05 0.74 0.0234 3.58 22470 1.74 0.42 2.18 4.089 28939 1.519
3 3253 0.0153 0.052 3851 0.437 1.05 0.75 0.0234 3.59 22470 1.74 0.42 2.15 4.089 28939 1.516

NOTE·l:

~stl
~ 0.0153
1. Use the USGS quad map 10 compute the channel bottom slope dis

NOTE·2:
Sheet Flow

~ Elev2'~
~I 1575~
1. Use the USGS quad map to compute the channel bollom slope· channel flow

Surface Descootion Ranae
Mannina's rouahness coeffidenl 0.13
Flow Lenath L II 300
Two-vear 24-hour rainfall. 02 In 1.4 Elevl Elev2 L s
Land 51000. s filII 0.667 3150 2950 300 0.667
Travel Time. Tsheel Iv 0.13

. Shallow Concentrated Flow

( )0.8
0.007 \nL

TSheel = 0.5 0.4
P2 s

Surface doscriotion Uno.ved
Flowlenath L II 6169 Elev1 Elev2 L s
Watercourse slODe 6 filII 0.138 2950 2100 8169 0.138
Aver8lle velocity. V fils 8
Travel Time. Tshallow Iv 0.29
Total Travel Tome Iv 0.42
Sheet+5hallow Concentraled

j:Irm06ldeslgnldrnlhydrologylreportlfinal repof\\Tcl.xls(General.Bl)
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Time 01 Concentration· Subbasin C1 IGeneral Storml
Channel Flow Seament TravelTime Time 01 Subbasin Total Storage

lIeration Channel dis Channel ufs Averaae Channel Flow Parameters Channel Sheet and Concentration Area Basin Coefficient
No. Discharge Boltom Manning's Effective Basin Flow Flow Average Average Average Average Flow Shallow Concentrated length

Slope n Width Depth Depth Depth Slope Velocity Length Flow
1,ri·21Iclsl umn UtI UtI (ItI uil (lUltl (lUsl Uti (hrl Ihrl fhrl (ItI fhrl

1 24379 0.0163 0.034 6172 0.813 0.47 0.64 0.0355 6.13 16331 0.74 0.18 0.92 2.537 18005 0.527
2 2053 0.0163 0.034 6172 0.184 0.47 0.33 0.0355 3.91 16331 1.16 0.18 1.33 2.537 18005 0.800
3 2052 0.0163 0.034 6172 0.184 0.47 0.33 0.0355 3.91 16331 1.16 0.16 1.33 2.537 18005 0.800

NOTE·1:

~stl
~l 0.0163
1. Use Ihe USGS Quad map to compute the channel bottom slope dis

NOTE·2:
Sheet Flow

~ Elev2'~
t::::::ill!CI 1570~
1. Use the USGS Quad map to compule the channel boltom slope· channel flow

Surlace Descriotion Ranae
Mannino's rouohness coefficient 0.13
Flow Lenath L It 300
Two-vear 24-hour rainlall. 02 In 1.4 Elev1 Elev2 L S
Land S\ooQ. s IVft 0.620 2786 2600 300 0.620
Travel Time, Tsheel hr 0.13

Shallow Concentrated Flow

( )0.8
0.007 \nL

Tsheet ~ 0.5 0.4
P2 s

Surface descriotion loaved or unoaved Unoaved
Flow lenath. L It 1374 Elev1 Elev2 L S
Watercourse slooe. s IUIt 0.328 2600 2150 1374 0.328
Averaoe velocilv. V Ws 9.25
Travel Time. Tshallow hr 0.04
Total Travel Time hr 0.18
Sheel+Shallow Concenlrated

j:\rm06ldeslgnldmlhydrologylreportlfinal reportITcl.xls(General-C1)
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Time of Concentrallon - Subbasin F
Channel Flow Seament Travel Time Time of SubbasIn Total Storage

Iteration Channel dIs' Channel uls Averaae Channel Flow Parameters Channel Sheet and Concentration Area Basin Coefficient
No. Discharge Bottom Manning's Effeclive Basin Flow Flow Average Average Average Average Flow Shallow Concentrated length

Slope' n' Width Depth Depth Depth Slope' Velocity length Flow
Icfsl Ilt/ft) (ft) 1ft) (ftl (ft) (It/ft) (It/sl (ft) (hrl (hrl Ihrl Irri'21 (ftl (hrl

1 1590 0.0133 0.043 1650 0.43 0.45 0.44 0.0159 2.51 2510 0.28 0.71 0.99 0.15 3,970 0.856
2 551 0.0133 0.043 1650 0.23 0.45 0.34 0.0159 2.11 2510 0.33 0.71 1.04 0.15 3,970 0.907
3 529 0.0133 0.043 1650 0.22 0.45 0.33 0.0159 2.10 2510 0.33 0.71 1.04 0.15 3,970 0.908

1. Downstream segmenl of the channel now segment.
2. Upslream segment of the channel flow segment. See Note-2 for now depth at the upslream boundary.
3. Average slope althe downslream segment of the channel. See Note-l.
4. Average slope along the channel now segment. See Note-I.
5. For composite urban-rurat areas, an average of the rural Manning's n (n=0.052, see Appendix 0.1) and urban Manning's n (n=O.034, see Appendix 0.1) were used.

NOTE-l:
Sheet Flow
Surface Oescriol1on Ranoe
Mannina's rouohness coefficient 0.13
Aowleooth l ft 300
Two-vear 24-hoUr rainfall, 02 In 1.4 Elevl Elev2 l s
land Siooe s It/ft 0.017 1760 1755 300 0.0167
Travel Time Tsheet hr 0.57

Shallow Concentrated Flow

( )0.8
0.007 \nL

Tsheet = 0.5 0.4
P2 s

Surface descriolion Unoaved
Flow lenalh l If 1000 Elevl Elev2 L s
Watercourse slooe s It/ft 0.015 1755 1740 1000 0.015
Averaae velocitv, V It/s 2

..
Travel Time Tshallow hr 0.14
Total Travel Time hr 0.71
Sheet and Shallow Concentrated)

j:lrm06ldeslgnldmlhydrologylreportlfinal reportlTcl.xts(F)
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5 bb I GI tIfCTImea oncen ra on· u as n
Channel Flow Seomenl TravelTIme TIme of Subbasin Total Storage

Iteration Channel dis Channel uts Averaae Channel Flow Paramelers Channel Sheeland Concentration Area BasIn Coefficient
No. Discharge Bollom Manning's Effective Basin Flow Flow Average Average Average Average Flow Shallow Concentrated Length

Slope n Width Depth Depth Depth Slope Velocity Length Flow
Iclsl Iftlftl Iftl Iftl Iftl Iftl Iftlftl l(fIsl 1ft) Ihrl fhrl Ihrl Imi'21 Iftl (hrl

I 4,324 0.0143 0.043 3230 0.51 0.44 0.47 0.0175 2.76 2650 0.29 0.71 0.99 0.52 4150 0.440
2 2,636 0.0143 0.043 3230 0.36 0.44 0.41 0.0175 2.51 2650 0.31 0.71 1.02 0.52 4150 0.455
3 2560 0.0143 0.043 3230 0.37 0.44 0.40 0.0175 2.50 2650 0.32 0.71 1.03 0.52 4150 0.456

NOTE·1:
SheelFlow

( )
0.6

0.007 nL

Tsheel = 0.5 0.4
P2 s

Surtace Description Ranoe
Mannina's rouohness coefficient 0.13
Ftow Lenoth L ft 300
Two-vear 24-hour rainfall, p2 in 1.4 Elevl Elev2 L 5

Land SIoDe. s ftIft 0.017 1770 1765 300 0.0167
TravelTIme Tsheet hr 0.57

Shallow Concentrated Flow
Surtace descriotion Unpaved
Flow lenoth, L It 1000 Elevl Elev2 L s
Watercourse slope,s (flit 0.015 1765 1750 1000 0.015
Averaae velocitv. V (fIs 2
Travel Time Tshallow hr 0.14
Tolal TravelTIme hr 0.71
IISheet and Shallow Concentrated

Tshallow
L

3600 V

j:\rm06'.deslgnldmlhydrology,reportllinai reportlTcl.xls(GI DMlM+HARRIS



Time of Concentration· Subba.ln H
Channel Flow Seoment TravelTime Time of Subbasin Total Storage

Iteralion ChanneldJ. Channel uJI Averaoe Channel Flow Parameter. Channel Sheet and Concentration Area Bailn Coefficient
No. Discharge Boltom Mannlng's Effective Basin Flow Flow Average Average Average Average Flow Shallow Concentrated Length

Slope n Width Depth Depth Depth Slope Velocity Lenglh Flow
(c(sl (ftlftl Iftl {til (til {til (ftIft) (flIs) (tI) {hrl (hr) (hrl (mi'21 (til

1 6,913 00173 0.043 2755 0.70 0.33 0.52 0.0227 3.35 12770 1.06 0.56 1.61 0.86 14410 1.531
2 2155 0.0173 0.043 2755 0.35 0.33 0.34 0.0227 2.54 12770 1.40 0.56 1.95 0.66 14410 1.892
3 1,812 0.0173 0.043 2755 0.31 0.33 0.32 0.0227 2.46 12770 1.44 0.56 2.00 0.86 14410 1.944
4 1626 0.0173 0.043 2755 0.29 0.33 0.31 0.0227 2.41 12770 1.47 0.56 2.03 0.66 14,410 1.977

NDTE·i:
Sheet Flow
Surface DescOplion Ranoe
Mannino's rouohness coefficient 0.13
Flow Lenoth L ft 300
Two-vear 24-hour rainfal', 02 In 1.4 Elevl Elev2 L s
Land SlOPe. s ftIft 0.033 2045 2035 300 0.0333
Travel Time, Tsheel hr 0.43

Shallow Concentroted Flow
Surface descOption Unpaved
Flow lenoth L tI 1340 Elevl Elev2 L s
Watercourse slooe. s flIlt 0.034 2035 1990 1340 0.0336
Averaoe velocllv. V flIs 3
Travel nme Tshallow hr 0.12
Total Travel Time hr 0.56
Sheet and Shallow Concentrated

j:\rm06\deslgnldm\hydroiogylreporllfJnal reporl\Tc1.xls(H)

Tsheet

Tshallow

( )
0.8

0.007 nL
0.5 0.4

P2 s

L
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Time of Concentration SubbasIn I.
Channel Flow Seament TravelTime TIme of Subbasin Total Storage

lIeration Channel dIs Channel uls Averaae Channel Flow Parameters Channel Sheet and Concentration Area Basin Coefficient
No. Discharge Bollom Manning's Effective Basin Flow Flow Average Average Average Average Flow Shallow Concentrated Length

Slope n Width Depth Depth Depth Slope Velocity Length Flow
Iclsl (fVltl (ItI (ItI (ItI Iltl (MIl (fllsl (It) (hrl (hrl (hrl ImlA21 (ItI Ihrl

1 7610 0.0250 0.043 3410 0.56 0.49 0.54 0.0250 3.62 12166 0.93 0.87 1.81 1.32 17,088 1.561
2 2972 0.0250 0.043 3410 0.33 0.49 0.41 0.0250 3.03 12166 1.12 0.87 1.99 1.32 17,088 1.736
3 2715 0.0250 0.043 3410 0.31 0.49 0.40 0.0250 2.98 12168 1.13 0.87 2.01 1.32 17,088 1.752
4 2,706 0.0250 0.043 3410 0.31 0.49 0.40 0.0250 2.98 12186 1.13 0.87 2.01 1.32 17,088 1.752

NOTE-i:
Sheet Flow
Surface Descriotion Ranae
Mannino's rouohness coefficient 0.13
Ftow Lenath L It 300
Two-vear 2~our rainlall, 02 In 1.4 Elevl Elev2 L s
Land SloDe. s MI 0.033 2110 2100 300 0.0333
Travel Time, Tsheel hr 0.43

( )
0.8

0.007 nL

0.5 0.4
P2 s

3600 V

L
Tshallow

Shallow C ncenlr.led Flow0

Surface descriotion Unoaved
Flow lenath L ft 4620 Elevl Elev2 L s
Watercourse slooe s MI 0.032 2100 1950 4620 0.0325
Averaoe velocltv, V fils 2.9
Travel Time, Tshaliow hr 0.44
Tolal Travel Time hr 0.87
Sheel and Shallow Concentrated)

j:1m106\designldmlhydrologylrepor1lfinal repOr1ITcl.XI5(1) DMJM+HARRIS



Time of Concentrallon Subbasin Al.
Channel Flow Seament Travel Time Time of Subbasin Total Storage

lteraUon Channel dIs Channel uts Averaae Channel Flow Parameter. Channel Sheet and Concentrallon Area Basin Coefficient
No. Discharge Bottom Manning's EffecUve Basin Flow Flow Average Average Average Average Flow Shallow Concentrated Length

Stope n Width Depth Depth Depth Slope Velocily Length Flow
Icfsl Iftlftl Iftl Iftl Iftl Iftl Iftlftl Ift/sl Iftl Ihrl Ihrl Ihrl Iml'21 Iftl Ihrl

t 9,727 0.0163 0.043 3345 0.75 0.56 0.66 0.0204 3.76 11021 0.61 0.21 1.02 0.963 12277 0.763
2 3,697 0.0163 0.043 3345 0.42 0.58 0.50 0.0204 3.11 11021 0.99 0.21 1.20 0.963 12,277 0.905
3 3244 0.0183 0.043 3345 0.39 0.58 0.48 0.0204 3.04 11021 101 0.21 1.22 0.963 12,277 0.923
4 3,197 0.0183 0.043 3345 0.39 0.58 0.46 0.0204 3.03 11021 1.01 0.21 1.22 0.963 12,277 0.925

NOTE·l:

~s31
~ 0.0183
3. Average slope at the downstream segment of the channel.
5. Use Ihe USGS quad map 10 compule the channel bottom slope at the downslream end.

I ~':~~. I E;:;~· I 11~21 I 0.;;04
4. Average slope along the channel flow segment.
6. Use the USGS quad map to compute the channel bottom slope along lhe channel flow segment.

NOTE·2:
Sheet Flow

0.5 0.4
P2 s

( )
0.8

0.007 nl

PreCIPItatIon deplh, p2
Latilude: 3327 North, Longilude: 111 38 West
From NOAA Atlas, P2 = 1.4 in

Surface Descriotion Ranoe
Mannlno'sn 0.13
Flow Lenolh L If 300
2-vr 24-hr preclp, p2' In 1.4 Elevl Elev2 L s
Land Siooe s ftIft 0.400 2020 1900 300 0.400
Travel Time Tsheet hr 0.16..

Shallow Concentrated Flow

3600 V

L
Tshaltow

Average land slope along shallow concentrated flow segment
.. UseTR-55
.., Sheet and Shallow Concentrated Ftow

Surface descriotion Unpaved
Flow Ienath L If 956 Elevl Elev2 L s
Walercourse sloPe 5 ftIft 0.105 1900 1800 956 0.105
Averaoe velocilv, V fils 5.25
Travel Time TshaUow hr 0.05
Total Travel Tl/lle'" hr 0.21,

Average velocJly along.shaDow concentrated flow
.. Average bottom slope allhe downslream end of the shallow concenlraled Row
.., Flow Depth was compuled using the Manning's equation

Upstream Boundary' Flow Depthl

I
Velocity' BoUom" Manning's Flow·"

Slope n Depth
Ift/sl Iftlftl 1111
5.25 0.0415 0.040 0.58,

1:\rm06ldeslgnldmlhydrologWeportlfinal repartlTcl.xts(A1) DMJM+HARRIS



TIme of Concentration· Subbasin Bl

-
Channel Flow Seoment TravelTime Time of Subbasin Total Storage

lIeralion Channel dis Channel ws Averaae Channel Flow Parameters Channel Sheet and Concentration Area Basin Coefficient
No. Discharge Bollom Manning's Effective Basin Flow Flow Average Average Average Average Flow Shallow Concentrated Length

Slope n Widlh Depth Depth Depth Slope Velocity Length Flow
lefs} (ftItI} (ft} 1ft} (ft} (ft} (ftItI} (IVs} 1ft} Ihr} (hr) (hr) (mi"2) (ft) (hr)

1 34873 0.0153 0.052 3651 1.81 1.05 1.43 0.0234 5.55 22470 1.12 0.42 1.54 4.089 28,939 1.044
2 13,025 0.0153 0.052 3651 1.00 1.05 1.03 0.0234 4.45 22470 1.40 0.42 1.62 4.069 28,939 1.256
3 11273 0.0153 0.052 3651 0.92 1.05 0.99 0.0234 4.33 22470 1.44 0.42 1.66 4.089 28939 1.266
4 11,044 0.0153 0.052 3651 0.91 1.05 0.98 0.0234 4.31 22470 1.45 0.42 1.86 4.089 28,939 1.290

NOTE·i:

~stl
~ 0.0153
1. Use the USGS Quad map 10 compute Ihe channel bollom slope dis

NOTE-2:
Sheet Flow

~ Elev2'~
D!QLI 1575~
1. Use the USGS quad map 10 compute the channel bollom slope - channel flow

Surface Descriplion Ran e
Mannino's rouohness coefficient 0.13
Flow Lenoth, L ft 300
Two-vear 24-hour rainfall. p2 in 1.4 EJev1 Elev2 L s
Land Slooe, s ftItI 0.667 3150 2950 300 0.667
Travel Time, Tsheel hr 0.13

Shallow Concentrated Flow

( )
0.8

0.007 nL
Tsheet = 0.5 0.4

P2 s

Surface description Unpaved
Flow lenoth L ft 6169 Elev1 Elev2 L s
Watercourse sloPe. s IVft 0.136 2950 2100 6169 0.138
AveraGe velocilv, V IVs 6
Travel Time. Tshallow hr 0.29
Tolal Travel Time hr 0.42
Sheel+Shaliow Concenlrate(j)

Uostream Boundarv (Flow Deoth!
Velocity Bollom Manning's Flow

Slope n Depth
(IVs) (ftItI) (ft)
6.00 0.0412 0.052 1.05

):1rm06Ideslgn\dmlhydrologylreportlfinal report\Tc1.xls(B1)
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Time of Concentration Subbasin B2.
Channel Flow Sagment Travel Time Time of Subbasin Total Storage

Ileration Channel dIs Channel uls Averaae Channel Flow Parameters Channel Sheet and Concentration Area Basin Coefficient
No. Discharge Bollom Manning's Effective Basin Flow Flow Average Average Average Average Flow Shallow Concentrated Length

Slope n Width Depth Depth Depth Stope Velocity Length Flaw
Icts\ IftIfI\ fin (ft) (ft) (ft) (ftIfI) (fils) 1ft) (hr) (hrl (hr\ ImiA2\ (ftl Ihrl

1 18689 0.0171 0.043 3643 1.08 0.40 0.74 0.0281 4.75 15231 0.89 0.47 1.36 1.359 17.781 1.157
2 3,872 0.0171 0.043 3843 0.42 0.40 0.41 0.0281 3.20 15231 1.32 0.47 1.79 1.359 17.781 1.567
3 3,010 0.0171 0.043 3643 0.38 0.40 0.38 0.0281 3.05 15231 1.39 0.47 1.86 1.359 17781 1.632
4 2.907 0.0171 0.043 3643 0.35 0.40 0.38 0.0281 3.03 15231 1.40 0.47 1.87 1.359 17781 1.641

NOTE-I:

~sll
~0.0171
1. Use Ihe USGS quad map 10 compule the channel bollom slope dIs

~ Elev2' I 1"71
C]QQ[J 1572 15231~
1. Use the USGS quad map to compule the channel bollom slope - channel flow

NOTE-2:
Sheet Flow
Surface Descriotion Ranae
Mannino's rouohness coeffICient 0.13
Flow Lenath L ft 300
Two-vear 24-hour rain!all, 0 in 1.4 Elevl Elev2 L s
Land Slope. s ftIfI 0.083 2145 2120 300 0.083
Travel Time. Tsheel hr 0.30

(
\0.8

0.007 nlJ
Tshee! = 0.5 0.4

P2 s

Shallow Concentrated Flow
Surface descriollon Unoaved
Flow lenolh, L ft 2250 Elevl EIev2 L s
Walercourse slope. s fIIlt 0.053 2120 2000 2250 0.053
Averaoe velocilv, V fils 3.65
Travel Time, Tshallow hr 0.17
Tolal Travel Time hr 0.47
Sheet and Shallow Concenlrated

Tshallow
l

3600 V

Uostrum Boundarv (Flow Oeathl
Velocity Bollom Manning' Flow

Slope n Depth
(ft/sl (ft/It) (ft)
3.65 0.0548 0.052 0.40

1:Irm06ldeslgnldmlhydrologylreportlfinal repor1\Tcl.xls(B2) DMJM+HARRIS



Time of Concentration Subbasin C1
Channel Flow Seoment TravelTime Time of Subbasin Total Storage

Iteration Channel dIs Channel uls Averaae Channel Flow Parameters Channel Sheet and Concentration Area Basin Coefficient
No. Discharge Bottom Manning's Effeclive Basin Flow Flow Average Average Average Average Flow Shallow Concentrated Length

Siope n Widlh Depth Depth Depth Slope Velocity Length Flow
Icfsl Iftlftl Ifl\ Iftl Ifll Iftl Iftlftl Ift/sl Iltl Ihrl Ihrl (hrl (miA2) (It) (hr)

1 24379 0.0163 0.034 6172 0.81 0.47 0.64 0.0355 6.13 16331 0.74 0.18 0.92 2.537 18,005 0.527
2 12,130 0.0163 0.034 6172 0.53 0.47 0.50 0.0355 5.21 16331 0.87 0.18 1.05 2.537 18,005 0.611
3 10,954 0.0163 0.034 6172 0.50 0.47 0.49 0.0355 5.10 16331 0.89 0.18 1.07 2.537 18005 0.623
4 10683 0.0163 0.034 6172 0.50 0.47 0.48 0.0355 5.07 16331 0.89 0.18 1.07 2.537 18005 0.626

NOTE-1:

~s'l
~ 0.0163
1. Use Ihe USGS quad map 10 compute Ihe channel boltom slope dis

NOTE-2:
Sheet Flow

rEieVi'l Elev2'~
~ 1570~
1. Use the USGS quad map to compule the channel bottom slope - channel flow

Surface DescrioUon Range
Mannino's muahness coefficienl 0.13
Flow Lenalh L It 300
Two-vear 24-hour rainfall, D2 in 1.4 Elevl Elev2 L S
Land SkJIle s ftIft 0.820 2786 2600 300 0.620
Travel Time, Tsheet hr 0.13

Shallow Concentrated Flow
Surface descnolion Unoaved
Flow tength, L It 1374 Elevl Elev2 L S
Walercourse slooe, s ftJft 0.326 2600 2150 1374 0.32ft·
Averaoe velocitv, V IVs 9.25
Travel Ttme Tshallow hr 0.04
Total Travel Time hr 0.18
Sheet.Shallow Concentrated

1:1rm06Idesignldmlhydrotogylrepor\llInal repor\ITcl.xls(Cl)

( )
0.8

0.007 nL
Tsheel = 0.5 0.4

P2 s

L

3600V
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Time 01 Concentration Subbasin D1
Channel Flow Segment TravelTime Time 01 Subbasin Total Storage

Ileration Channel dis Channel uls Averalle Channel Flow Parameters Channel Sheet and Concentration Area Basin Coefficient
No. Discharge Bottom Manning's Effeclive Basin Flow Flow Average Average Average Average Flow Shallow Concentrated Length

Slope n Width Depth Depth Depth Slope Velocity Lenglh Flow
Icfsl tf1Jfll Iftl Iftl Iftl fltl If1JfIl fft/sl till thrl Ihrl thrl ImiA21 1111 Ihrl

1 12,072 0.0204 0.043 2130 1.09 0.75 0.92 0.0337 6.00 12694 0.59 0.16 0.77 1.171 13902 0.551
2 5524 0.0204 0.043 2130 0.66 0.75 0.72 0.0337 5.08 12694 0.69 0.18 0.88 1.171 13902 0.635
3 4633 0.0204 0.043 2130 0.63 0.75 0.69 0.0337 4.96 12694 0.71 0.18 0.90 1.171 13,902 0.649

NOTE·1:

~s\1
~ 0.0204
1. Use Ihe USGS quad map 10 compule the channel bollom slope dis

00 E~~;r I 12~94 I 0;~7 I
1. Use Ihe USGS quad map to compute the channel bottom slope· channel flow

NOTE·2:
Sheet Flow

(
\0.8

0.007 nL J
Tsheel = 0.5 0.4

P2' s

Surface Descriotion Ranoe
Mannlnll's rouohness coefficient 0.13
Flow Lenoth, L ft 300
Two-year 24-hour rainfall. 021 in 1.4 Elevl EIev2 L s
Land 51009. s f1JfI 0.400 2470 2350 300 0.400
Travel Time, Tsheel hr 0.16

Shallow Concentrated Flow
Surface description (paved or unpaved Unpaved
Flow lenolh L II 908 Elevl Elev2 L s
Watercourse slooe, s f1JfI 0.365 2350 2000 906 0.385
Averaoe velocllv. V ftls 10.1
Travel Tone Tshallow hr 0.02
Total Travel Time hr 0.16
IISheel.Shaliow Concentrated

Tshallow
L

3600 V

j:1nn06ldeslgnldmlhydrologylreportlfinal reportITcl.xls(Dl ) DMJM.HARRIS



Appendix C4
Stage-Storage and Stage....Discharge Functions
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SCS Stage-Storage Function

600050004000300020001000

Storage (ac-ft)

Figure C.1 SCS Stage-Storage Function

1570.00 .-----,---,.-----,-------.---..,------1

o

1575.00 +{-----------------------1

1595.00 ,----------------------------,

1590.00 +--------------k~-------1

g 1585.00 +------~'-------------------l
(1)
C)

m1580.00 -j-~~---------------------{

Storage Stage
NGVD 29

(ac-ft) (ft)
0 1570.00

25 1572.00
50 1574.00
150 1576.00
200 1577.00
280 1578.00
360 1579.00
500 1580.00
700 1581.00
980 1582.00
1210 1583.00
1500 1584.00
1850 1585.00
2220 1586.00
2490 1587.00
2930 1588.00
3400 1589.00
3660 1590.00
3930 1590.60
4070 1591.00
4550 1592.00
5100 1593.00

Source: SCS As-bUilt plans (1983).
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F0' hscsstage- ISC arge unction
Principal Spillway· EmerQenc J Spillway· Combined Spillway

Stage
Q Stage Q Stage Q NGVD 29

(cfs) (ft) (cfs) (ft) (cfs) (ft)
0 1577.5 0 1577.5

250 1578 250 1578
500 1578.8 500 1578.8
750 1580 750 1580
990 1582 0 1582 990 1582
1000 1584 2250 1584 3250 1584
1050 1585 4100 1585 5150 1585
1100 1586 6150 1586 7250 1586
1150 1588 11000 1588 12150 1588
1240 1590 17850 1590 19090 1590
1250 1591 21000 1591 22250 1591

• SCS as-bUilt plans (1983)

Figure C.2 SCS Stage-Discharge Function

.. + .. Principal

-e-- Emergency

---.- Combined

250002000010000 15000

Q (ets)

5000

1578 _._-----------------j

1576 ~----r----r__--...,._--___._----1

o

1592,..--------------------,

1590 +-•.-----------------=-~~--__l

1588 -1~.------_::_B~"'--------___I

g 1586

& 1584 -t-.>--:B';J£----------------j
J!!
rn 1582 EfI-iIr-----------------j

1580 +A-----------------j
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WPA Stage-Storage Function

50004000300020001000

Storage (ac-ft)

Figure C.3 WPA Stage-5torage Function

1570 t------------------------;

1565 +--"----,------,-------,-------,.------1

o

1595 -r------------------------,

1590 +--------------~_==__'......~----'-----__I

~ 1585 +-------~......=------------__I

!S
:g, 1580 +---=...,::-'-------------------/
.B
tn 1575 ~-------------------___I

Storage Stage Stage Remarks
NAVD 88 NGVD 29

(ac-ft) (ft) (ft)

0 1567.86 1566.00
0 1570.00 1568.14
0 1571.00 1569.14
0 1572.00 1570.14
0 1573.00 1571.14
0 1574.00 1572.14
0 1575.00 1573.14
0 1576.00 1574.14
0 1577.00 1575.14
81 1578.00 1576.14

211 1579.00 1577.14
363 1580.00 1578.14
533 1581.00 1579.14
719 1582.00 1580.14
925 1583.00 1581.14
1120 1583.86 1582.00 Spillway Crest
1152 1584.00 1582.14
1399 1585.00 1583.14
1668 1586.00 1584.14
1960 1587.00 1585.14
2275 1588.00 1586.14
2615 1589.00 1587.14
2978 1590.00 1588.14
3366 1591.00 1589.14
3780 1592.00 1590.14
4000 1592.50 1590.64 Minimum Top of Dam
4220 1593.00 1591.14
4687 1594.00 1592.14
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DMJM+HARRIS Stage Storage Data-
Storage Stage Remarks Figure C.4 DMJM+HARRIS Stage-5torage Function

NGVD 29
(ac-fl) (ft)

1595
0 1566.0
0 1568.1 1593

~
0 1569.1 1591

~0 1570.1 1589
~0 1571.1 1587

0 1572.1 1585 ~
0 1573.1 E' 1583

."
0 1574.1 ./
0 1575.1

';' 1581
/g' 157981 1576.1 - J

211 1577.1 rn 1577 ,r
287 1577.5 1575
346 1578.0 1573
363 1578.1 1571
475 1578.8 1569 ..
509 1579.0

1567
533 1579.1
693 1580.0 1565

719 1580.1 0 1000 2000 3000 4000 5000 6000
925 1581.1 Storage (ac-ft)
1120 1582.0 Spillway Crest
1152 1582.1
1399 1583.1
1631 1584.0
1668 1584.1
1919 1585.0
1960 1585.1
2231 1586.0
2275 1586.1
2615 1587.1
2927 1588.0
2978 1588.1
3366 1589.1
3722 1590.0
3780 1590.1
4000 1590.6 Minimum Top of Dam
4158 1591.0
4220 1591.1
4622 1592.0
4687 1592.1
5100 1593.0
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F0' hOMJM HARRIS St+ age- ISC arge unction
Principal Spillway* Emergene Spillway** Combined Spillway

Stage
Q Stage Q Stage Q NGVD29

(cfs) (ft) (efs) (ft) (efs) (ft)
0 1577.5 0 1577.5

250 1578 250 1578
500 1578.8 500 1578.8
750 1580 750 1580
990 1582 0 1582 990 1582
1000 1584 1860 1584 2860 1584
1050 1585 3700 1585 4750 1585
1100 1586 5900 1586 7000 1586
1150 1588 11600 1588 12750 1588
1240 1590 18000 1590 19240 1590
1250 1591 21800 1591 23050 1591

* SCS as-bUilt plans
** See Section 4.8

Figure C.S DMJM+HARRIS Stage-Discharge Function
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250002000010000 15000
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j:\rm06\design\drn\hydrology\report\final report\Figures.xls(DMJM-Fig C.5) DMJM+HARRIS



Figure C.G Stage-Storage Comparison
SCSvsWPA

Figure C.7 Stage-Storage Comparison
SCS vs DMJM+HARRIS
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Tuncok,Kaan

From:
Sent:
To:
Cc:
Subject:

Kaan,

Rick Hiner [RHiner@woodpatel.com]
Tuesday, August 21, 2001 5:12 PM
'Kaan Tuncok @ DMJM+Harris'
'Jeff Minch @ DMJM+Harris'
Questions about Spook Hill

I will now attempt to answer several of the questions you have asked over
the past few weeks. I apologize for the delay in responding.

* Principal Spillway Rating Curve (computational basis and the rating
curve).
Please refer to the Excel spreadsheet files I emailed to you on 8/9/01 (I
think I had to resend it on 8/14/01 because you had trouble receiving it).

* The basis of your sediment elevation. (I would appreciate if you can
provide a brief description for our files).
The sediment volume from the original design was 271 acre-feet. Using the
new 2' contour information, it was determined that this would fill the basin
to elevation 1577.2.

The basis of the stage-storage relationship developed for the Spook Hill
FRS.
The stage-storage relation ship was based on the new 2' contour data which
was developed for the Spook Hill ADMP project. This data matched almost
exactly with data developed by McLain-Harbors in 1995 for another FCD
contract (their survey was limited to the FRS structures).

* In relation to the Signal Butte Floodway capacity at its downstream end,
you have indicated in your most recent e-mail that as-built plans show a
0.0156 ft/ft channel bottom slope. In your most recent HEC-1 model that you
have sent us on May 24th you have used the old slope of 0.0146 ftlft. I
would like to know if you have revised your HEC-1 or not? Also whether or
not the other segments of the Floodway have been revised using the as-built
plans? And finally I would appreciate if we can get a copy of the as-built
plans along the Signal Butte Floodway.
As we discussed when I visited yqur office last week, there is a relatively
short segment of the Signal Butte Floodway just upstream of the outfall into
the Spook Hill FRS that is at a slope of 0.0156 ftlft. Upstream of this
segment is a longer segment which is at a slope of 0.0146 ft/ft. In our
HEC-1 model, we did not attempt to break all of our routings at each small
change in longitudinal slope, especially if the change was relatively
insignificant.
The HEC-1 model that I sent you is the most recent existing condition model.
I would be happy to supply you with a set of the as-built plans for the
Signal Butte Floodway but I think I remember you saying that you have
already obtained them from another source. If you still need them, let me
know and I will send them over to you immediately so you can have them
duplicated.

* Land Use upstream of the Spook Hill FRS, between Signal Butte Floodway
outlet and Bulldog Floodway outlet. For the existing conditions hydrology
report, we have used the City of Mesa Zoning Plans, and the Landiscor Maps
within the Maricopa County Limits. There are certain segments upstream of
the Spook Hill FRS, that are not clearly zoned. I would like to know if you
have a hard copy or electronic zoning map that you have used for your HEC-1
model.
We also used the City of Mesa zoning plans and the Landiscor Maps within

1



Maricopa County. We also have the Apache Junction General Plan for the
Pinal County areas. All of our zoning information is hard copy, we did not
use any electronic zoning information for our model.

I hope that this answers all of your questions. Please email me if you have
any additional questions and I should be able to respond much more quickly
this time.

Sincerely,

Richard L Hiner, P.E.
Project Engineer/Manager
Wood, Patel & Associates, Inc.
2051 West Northern Avenue, Suite 100
Phoenix, Arizona 85021
Voice: (602) 335-8500 fax: (602) 335-8580
email: rhiner@woodpatel.com
web page: www.woodpatel.com

This electronic communication and its attachments may contain confidential
information. They are forwarded to you without passing through our standard
review process. Design data and recommendations included herein should not
be used for final design, they are preliminary - NOT FOR CONSTRUCTION.
If you have received this information in error, please notify the sender immediately.

2



Spook Hill FRS Stage-Storage-Area Data

Elevation Gage Height Surface Area Storage Sediment Storage
(ft NAVD 1988) (feet) (acres) (ac-ft) (ac-ft) (act. ac-ft)

1567.86 0.00 0 0 I 271 0 Invert of P.O.
1570 2.14 1 0.44 271 0
1571 3.14 6 4 271 0
1572 4.14 11 13 271 I 0i

1573 5.14 20 I 29 271 0
1574 6.14 34 55 271 0 I
1575 7.14 51 98 271 0
1576 8.14 73 160 I 271 0
1577 9.14 I 96 245 271 0
1578 10.14 119 352 271 81
1579 11.14 141 482 271 211
1580 12.14 161 634 271 363
1581 13.14 178 804 271 533
1582 14.14 195 990 271 719
1583 15.14 216 1196 271 925

1583.86 16.00 234 1391 271 1120 spillway crest
1584 16.14 237 1423 271 1152
1585 17.14 258 1670 271 1399
1586 18.14 281 1939 271 1668
1587 19.14 303 2231 271 1960
1588 20.14 327 2546 271 2275
1589 21.14 351 2886 271 2615
1590 22.14 376 3249 271 2978
1591 23.14 401 3637 271 3366
1592 24.14 427 4051 271 3780

1592.5 24.64 440 4271 271 4000 minimum top of dam
1593 25.14 453 4491 271 4220
1594 26.14 481 4958 271 4687

Prepared by T. W. Lehman
March 24, 1997 Source: McClain Harbors topography and DTM from FCD Contract No. 93-51
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DMJMllHARRIS REGIONAL FREEWAY SYSTEM
ADOT GENERAL CONSULTANT

TIME OF CONCENTRATION
A MODIFICATION OF THE TR-55 METHODOLOGY

ABSTRACT: A new numerical procedure is presented for computing the time of
concentration hydrologic variable. The proposed 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+HARRlS. 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
proposed methodology should only be applied to extreme flood events where the natural
watercotn"se does not have capacity to contain the flood flows and wide shallow flooding
would occur. Numerical examples are provided for representative urban and rural
watersheds.

INTRODUCTION

While developing probable maximum flood (PMF) hydrology for the Spook Hill Floodwater Retarding
Structure (FRS) in support of the Red Mountain Freeway design between Power Road and University
Drive, it became apparent that the time of concentration variable had the most significant impact on peak
flow estimates. The original design by the NRCS used an empirical relationship that defined average
velocity as a function of channel slope. The draft PMF hydrology developed by DMJM+HARRIS used
an empirical equation, with some procedural modifications from Papadakis and Kazan as defined in the
Flood Control District of Maricopa County's (FCDMC) Hydrology Manual. The PMF peak flow
estimates resulting from the two empirical methods differed significantly.

-Subsequent to the review of the draft PMF hydrology by the Arizona Department of Water Resources
(ADWR), NRCS, FCDMC, and the Arizona Department of Transportation (ADOT), the agencies agreed
to utilize the TR-55 methodology to define the time of concentration since the parameters are more easily
documented based on field conditions. DMJM+HARRIS performed a field reconnaissance on July 11,
2001 with ADWR and NRCS representatives to review the contributing watershed and the proposed
methodology presented in this white paper. Both agencies agreed the proposed methodologywould be an
acceptable approach for defining the time of concentration for the Spook Hill FRS inflow design flood.

This paper is the :first in a series of white papers which will be developed in support of the design of the
Red Mountain Freeway from Power Road to University Drive. Additional white papers will be
developed to resolve specific technical issues as the need arises. The purpose of this first paper is to
define the procedures and guidelines that will be used to compute the PMF time of concentration for the
Spook Hill FRS watershed.

FORMULATION OF COMPUTATIONAL ALGORITBIM

The TR-55 time of concentration methodology is applied by adding the computed travel times for sheet,
shallow concentrated and channel flow segments for a subbasin or contributing watershed. An example
subbasin delineation for the Spook Hill FRS is presented as Figure 1. The procedures and guidelines
provided in TR-55 were used to compute the travel time for the sheet and shallow concentrated flow
components of the subbasin. .

Page 1 of6



o Sheet Flow

Length= 300 ft

Slope= 0.667 ft/ft

n= 0.13

® Shallow Concentrated Flow

Length= 6,075 ft

Slope= 0.132 ft1ft

© Channel Flow

Length=22,475 ft

Slope= 0.0231 ft1ft

n= 0.052

Effective Basin Width

FIGURE 1. PLAN VIEW OF SUBBASIN 81

[
upstream]

y u/s .. Boundary

t[
DOwnstream] y dis
Boundary c

Y uls = Flow depth at the upstream end of the channel flow segment.

y dis = Flow depth at the downstream end of the channel flow segment.

FIGURE 2. CHANNel FLOW SEGMENT OF SUBBASIN B1 (PROFILE)
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A new computational process was developed by DMJM+HARRIS to define the travel time along the
channel flow segment. The key parameters in this process are the upstream and downstream boundary
conditions, which are expressed in terms of the flow depth (see Figure 2). Once these flow depths are
established, an average flow depth is computed for the channel flow segment. The associated flow
velocity, computed using Manning's equation, is then used to compute the travel time through the channel
segment. This algorithm, summarized in Figure 3, is repeated until the time of concentration converges.
A step-by-step process to compute the time of concentration is outlined below.

Step 1- Upstream Boundary Condition
• Compute the average velocity (V) along the shallow concentrated flow segment using the

procedures outlined in TR-55 (Figure 3.1).
• Compute the travel time for shallow concentrated flow (T shallow) using the procedures

outlined in TR-55.
• Compute the associated flow depth using the Manning's equation. Assume a hydraulically

wide channel (hydraulic radius is equal to the flow depth).
• Use this flow depth (y u/s) as the upstream boundary condition for the channel flow segment.
• Compute the travel time for the sheet flow (T sheet) using the procedures outlined in TR-55.
• Set i=l (iteration counter for time ofconcentration computations).

Step 2 - Downstream Boundary Condition
• Assume an initial discharge (Q) at the downstream boundary of the subbasin or watershed.
• Compute the associated flow depth using the Manning's equ~tion. Assume a hydraulically

wide channel.
• Use this flow depth (y dis) as the downstream boundary· condition of the channel flow

segment.

Step 3 - Average Channel Flow Parameters
• Compute the average flow depth (y avg) along the channel flow segment using the upstream

and downstream boundary depths in Steps 1 and 2, respectively.
• Compute the average flow velocity (V avg) using the Manning's equation.

Step 4 - Travel Time-Channel
• Compute the travel time (T channel) along the channel flow segment using the following

equation:

T = L
channel 3600 V

avg

L = length of the channel flow segment, feet

Step 5 - Time of Concentration
• Compute the time of concentration for the subbasin;

Tci = T sheet + T shallow + T channel i=1 to N
Where, N is equal to the number of iterations required for the convergence criteria in Step 6.

• Compute the storage coefficient for the Clark Unit Hydrograph, R, using the guidelines in the
FCDMC Hydrology Manual (1995).

Page 3 of6



STEP 1 Upstream Boundary Condition
(i=l)

STEP 2 Downstream Boundary Condition

STEP 3 Average Channel Flow Parameters

STEP 4 Travel Time

STEPS Time of Concentration (Tci) (i=l, ... , N)
Storage Coefficient (R)

Yes

Use Tci+l for peak discharge computations

HEC-l

Yes

No

FIGURE 3. TIME OF CONCENTRATION COMPUTATION ALGORITHM
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Step 6 - Iterative Process for Tc convergence
• If i=1 Compute the associated peak discharge using BEC-1 and go to Step 2. Set i = i + 1
• If i is greater than 1 check the following criteria:

If(Tci+1)-(Tci) :::; 0.01 hr.
Set i = i + 1. Use Tci+1 and corresponding R in BEC-1.

If (Tci+1) - (Tci) > 0.01 hr.
Set i = i + 1. Repeat Steps 2-6 until Tc convergence.
(Tci+1 = time of concentration computed at the i+1 iteration, hours)

Example calculations for this procedure are provided in Appendix A.

RESULTS AND RECOMMENDATIONS

As documented in the DMJM+HARRIS draft hydrology report, the time of concentration variable has the
greatest impact on the peak flow estimates. The major limitation of the FCDMC time of concentration
methodology is that the relationship was expressed as a function of rainfall intensity. In an application
such as the PMF analysis for the Spook Hill watershed, this methodology results in unrealistically low
times of concentration.

The original design by the SCS used an empirical relationship in which the average velocity was
expressed as a function of average channel slope. The time of concentration was computed by dividing
the total subbasin length by this average velocity. The SCS empirical approach is simplified and
conservatively defmes the lumped physical parameters within the watershed.

The proposed method presented in this paper uses a more detailed approach to compute the time of
concentration. The key parameters in this proposed methodology are:

• the upstream and downstream boundary conditions, and
• effective basin width at the downstream end of the channel flow segment.

The results of these three different methodologies for time of concentration and peak flow estimates for
the P:MF event are summarized in the following table. For ruraI subbasins the base Manning's roughness
coefficient along the channel flow segment of the subbasins was adjusted for factors such as the
irregularity, variation in channel cross section, obstructions, vegetation and meandering. For urban
subbasins the base Manning's roughness coefficient was adjusted using the procedures and guidelines
recommended in the' FCDMC Hydraulics Manual.

Summary ofResults

Subbasin Time of Concentration (hr) Peak Flow Rate cfs)
No.* FCDMC SCS Proposed FCDMC** SCS*** Proposed**
B1 0.314 1.190 1.980 41,849 15,675 10,523
Cl 0.249 0.830 0.960 29,594 9,124 12,970

* Subbasins Bland Clare labeled as 19 and 21 in the original design report by the SCS.
** Green-Ampt Infiltration and Clark Unit Hydrograph.
*** SCS methods for Infiltration and Unit Hydrograph.

Page 5 of6
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Since the proposed methodology is based on the physical hydrologic and hydraulic parameters within the
watershed, it results in the most realistic estimates of time of concentration. It is recommended that the
proposed procedure presented in this white paper be used to define the inflow design flood for the
contributing Spook Hill FRS watershed.
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SCS Design
In the original design report by the Soil Conservation Service (NRCS), an empirical approach was used to
compute the time of concentration (Tc). Tc was expressed as a function of average basin length and
velocity.

Where:
Tc =time of concentration, seconds
L =average drainage length, ft
V =average velocity, fils

An empirical relationship was established to express the average velocity as a function of average channel
bottom slope as follows:
• If the average slope within the subbasin is greater than 0.02 ft/ft, a velocity of 6 ft/s was assumed.
• If the average slope within the subbasin is less than 0.02 ft/ft, a velocity of 4 ft/s was assumed.

Proposed Design
The numerical results for representative rural (subbasin B1) and urban (subbasin C1) subbasins are
summarized in Tables 1-3. Following the results, a hand computation for subbasin B 1 is provided.

The Manning's n values used in the channel flow segment are summarized in the table below. The
following resources were used to Identify the representative roughness values:

• Field reconnaissance completed on July 11,2001 (see Appendix B);
• Aerial photo dated January 13,2000,
• Open-Channel Hydraulics (Chow, 1959), and
• USGS 7.5 Minute Series topographic quadrangle map.

Adjusted Manning's n Values

Subbasin No. n b n t n 2 n3 n4
m n

Bl 0.040 0.0025 0.000 0.004 0.005 1.0 0.052

C1 n b WT Wo L T L o n

(ft) (ft) (ft) (ft)

0.030 6,472 5,537 2,072 1,616 0.034

For subbasin B1, the guidelines in the USGS Water-Supply Paper 2339 (1989) were used to adjust the
base Manning's n as follows:

n =(nb + nl +n2 + n3 +n4) m

Where:
nb =a base value ofn for a straight, uniform, smooth channel in natural materials,
n1 =a correction factor for the effect of surface irregularities,
n2 =a value for variations in shape and size of the channel cross-section,
n3 =a value for obstructions,
n4 =a value for vegetation and flow conditions, and
m =a correction factor for meandering of the channel.



For subbasin Cl, guidelines in the Flood Control District ofMaricopa County (FCDMC) Hydraulics
Manual were used to adjust the base Manning's n. In the urban setting the following equation is
recormnended for use:

Where:
n b = base Manning's n for the area between the buildings'

WT =total width of the channel including the floodplains, ft

Wo =clear width between buildings, measured perpendicular to flow, ft

L T =Total length of the channel, including buildings, ft

L o = individual length between buildings measured parallel to flow, ft



Table 1 Time of Concentration for Subbasin 81
Iteration Upstream Downstream Boundary Average Channel Flow Parameters Travel Tlmo Time of Storago

No. Boundarv Channel Sheet and Concentration Coelnclent
Flow DIscharge Bottom Manning's Effective BasIn Flow Average Average Average Averago Flow Shallow Concontrated

Depth Slope n Width Depth Depth Slope Velocity Length Flow Tc R
Iftl Ictsl Ift/ftl Iftl 1ft) Iftl Ift/ftl Ift/s) Iftl Ihrl Ihrl Ihrl Ihrl

1 0.90 34873 0.0160 0.052 3,600 1.81 1.35 0.0231 5.32 22,475 1.17 0.42 1.60 1.066
2 0.90 12631 0.0160 0.052 3600 0.98. 0.94 0.0231 4.17 22,475 1.50 0.42 1.92 1.331
3 0.90 10762 0.0160 0.052 3600 0.89 0.90 0.0231 4.04 22,475 1.55 0.42 1.97 1.369
4 0.90 10,523 0.0160 0.052 3600 0.88 0.89 0.0231 4.02 22475 1.55 0.42 1.98 1.374

Table 2 Time of Concentration for Subbasin C1
Itoratlon Upstream Downstream Boundary Avorago Channel Flow Parameters TravelTlmo Time of Storage

No. Boundarv Channel Sheet and Concentration Coelnctent
Flow Discharge Bottom Manning's Effective.Basin Row Averago Average Averago Average Flow Shallow Concentrated
Depth Slope n Width Depth Depth Slope Velocity Length Flow Tc R

(ft) Ictsl (ft/ftl (ftl Iftl Iftl Ift/ftl (IUs) (ItI (hrl Ihrl Ihrl Ihrl
1 0.60 24379 0.0163 0.034 6,250 0.81 0.60 0.0309 6.64 13,937 0.58 0.30 0.89 0.383
2 0.80 13679 0.0163 0.034 6250 0.57 Q61L 0.0309 5.97 13.937 0.65 0.30 0.95 0.414
3 0.80 12970 0.0163 0.034 6250 0.65 0.68 0.0309 6.91 13,937 0.65 0.30 0.96 0.417

Table 3. Sheet and Shallow Concentrated Flow Computations
Sheet Flow (Subbasin C1)
Surface Description Raooe
Manning's n 0.13
Flow Lenoth. L ft 300
2-vr 24-hr oreclo. 02 In 1.4
Land Slope, s ft/ft 0.500
Travel Time, Tsheet hr 0.15

( )0.6
0.007 \n L

Tsheet = 0.5 0.4
P2 s

Precipitation depth, p2
Latnude: 33 27 Norlh, Longitude: 111 38 West
From NOM Alias, p2 = 1.4 In

Sheet Flow (Subbasin 811
Surface Descrlollon Ranoo
Manning's n 0.13
Flow Length L ft 300
2-vr 24-hr preclp, p2' In 1.4
Land Slope. s ft/ft 0.667
Travel Time Tsheet hr 0.13,

Shallow Concentrated Flow (Subbasin C1)
Surface description Unpaved
Row leO!lth, L II 3,530
Land slope, s lUll 0.153
Average velocity, V ft/s 6.25
Travel Time, TshallD\\ hr 0.16
Total Travel Tlmo hr 0.30

L

3600Y

Average land slope along shallow concentrated flow segment
"Uso TR-55
'" Sheet and Shallow Concentrated Flow

Shallow Concentrated Flow (SubbasIn 81)
Surface description Unpaved
Flow leooth, L ft 6075
Land slope, s' ft/ll 0.132
Avera!le velocltv. V " ft/s 5.75
Traveltime TshaDow hr 0.29
Total Travel Time'" hr 0.42,

Upstream Boundarv Flow Depthl
Velocity Bollom Manning's Flow

Slope n Depth
(Ills) Ift/fl.\ Iftl
6.25 0.0597 0.05 0.80

Average veloclly along shallow concentrated flow
.. Average bottom slope at the downstream end of the shallow concentrated flow
, .. Flow Depth was computed using the Manning's equallon

Upstream Boundarv IFlow Depthl
Velocity' Bollom" Manning's Flow·"

Slope n Depth
IlIIsl IlUltl Iftl
5.75 0.0430 0.05 0.90,
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1 10 RED MOUNTAIN FREEWAY EXISTING HYDROLOGY ANALYSIS

2 10 POWER ROAD TO UNIVERSITY DRIVE
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4 ID FILENAME: HEC1-C1.DAT

5 10

6 10 THIS MODEL REPRESENTS THE EXISTING CONDITION OF SUBBASIN B1

7 10 BY USING THE PROCEDURES AND GUIDELINES IN HMR 49 AND FCOMC HYDROLOGY

8 10 MANUAL.

_9 _10 DRAINAGE-AREA IS APPROX1MATELY 2.537 SQ.-HI. -

10 10

11 10 HEC-1 MODEL PARAMETERS:

12 10 DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS

13 ID WERE USED TO IDENTI FY THE SUBBASIN BOUNDARIES AND MEASURE

14 10 SUBBASIN LENGTH, SLOPE AND AREA.

15 10 HYDROGRAPH: PROBABLE MAXIMUM FLOOD (PHF)

16 10 PRECIPITATION DEPTH: LOCAL PROBABLE MAXIMUM PRECIPITATION.
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20 10 LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC

21 10 HYDROLOGY MANUAL (1995).

22 10 RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYOROGRAPK AS

23 10 RECOMMENDED IN THE FCDMC HYDROLOGY MANUAL (1995).

24 IT 2 200

25 10 3

26 KK S-C1

27 KM Runoff frOlll Sub-basin C1

28 BA 2.537

29 IN 15

30 PB 12.76

31 KM HMR 49 (1977) was used to distribute the LocaL

32 PC.OOO .008 .016 .023 .031 .041

33 PC .125 .152 .180 .648 .7B9 .859

34 PC .969 .977 .984 .992 1.000 .000

35 LG .310 .260 . 4.350 .460 15.000

36 UC 0.95 0.414

37 UA ~O 4.5 12.6 23.2 35;8 50

38 UA 100

39 zz
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WERE USEO TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
SUBBASIN LENGTH, SLOPE AND AREA.
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LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC

HYDROLOGY MANUAL (1995).
RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH AS

RECOMMENDED IN THE FCDMC HYDROLOGY MANUAL (1995).
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IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE
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STARTING DATE
STARTING TIME
NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME
CENTURY MARK

2
o

0000
2000

3 0
1838

19

HYDROGRAPH TIME DATA
NMIN

IDATE
ITIME

NQ
NDDATE
NDTIME
ICENT

IT

COMPUTATION INTERVAL
TOTAL TI ME BASE

.03 HOURS
66.63 HOURS

ENGLISH UNITS
DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOW

SQUARE MILES
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26 KK
*
*
*

*
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*

29 IN

28 BA

31 PB

31 PI

35 LG

**************

Runoff from Sub-basin C1
HMR 49 (1977) was used to distribute the local PMP

TIME DATA FOR INPUT TIME SERIES
JXMIN 15 TIME INTERVAL IN MINUTES

JXDATE 0 STARTING DATE
JXTIME 0 STARTING TIME

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA 2.54 SUBBASIN AREA

PRECIPITATION DATA

STORM 12.76 BASIN TOTAL PRECIPITATION

INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .lJO .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.06 ..06 .06 .06 .06 .06 .06 .04 .02
.02 .02 .02 .02 .02 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00

GREEN AND AMPT LOSS RATE
STRTL .31 STARTING LOSS

DTH .26 MOISTURE DEFICIT
PSIF 4.35 WETTING FRONT SUCTION

XKSAT .46 HYDRAULIC CONDUCTIVITY
RTIMP 15.00 PERCENT IMPERVIOUS AREA

.00

.00

.00

.00

.00

.00

.00

.00

.00

.02

.01

.01

.00

.00

.00

.00

.00

.00

36 UC CLARK UNITGRAPH
TC .95 TIME OF CONCENTRATION



37 UA

R .41 STORAGE COEFFICIENT

ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 4.5 12.6 23.2

100.0
35.8 50.0 64.2 76.8 87.4 95.5

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .95 HR, R= .41 HR

SNYDER TP= .77 HR, CP= .77

UNIT HYDROGRAPH
82 END-OF-PERIOD ORDINATES

145. 221. 312. 401. 500. 602. 703. 809.
1125. 1227. 1322. 1409. 1489. 1554. 1603. 1646.
1692. 1683. 1660. 1632. 1581. 1519. 1446. 1349.
1059. 977. 902. 832. 768. 708. 653. 603.
473. 437. 403. 372. 343. 316. 292. 269.
212. 195. 180. 166. 153. 141. 130. 120.
95. 87. 80. 74. 68. 63. 58. 54.
42. 39. 36. 33. 3" 28. 26. 24.

30. 88.
915. 1018.

1673. 1684.
124'5. 1148.
556. 513.
249. 229.
111. 102.
50. 46.
22. 20.

*** *** *** ***

HYDROGRAPH AT STATION S-C1

TOTAL RAINFALL = 12.76, TOTAL LOSS = 3.10, TOTAL EXCESS = 9.66

PEAK FLOW
(CFS)
12970.

TIME
(HR)
3.93 (CFS)

(INCHES)
(AC-FT)

6-HR
2617.
9.591
1298.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
656. 236.

9.612 9.612
1301. 1301.

66.63-HR
236.

9.612
1301.

CUMULATIVE AREA = 2.54 SQ HI



RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

OPERATION STATION
PEAK
FLOW

TIME OF
PEAK

AVERAGE FLOW FOR MAXIMUM PERIOD
6-HOUR 24-HOUR 72-HOUR

BASIN
AREA

MAXIMUM
STAGE

TIME OF
MAX STAGE

HYDROGRAPH AT S-C1 12970. 3.93 2617. 656. 236. 2.54

*** NORMAL END OF HEC-' ***



***************************************** ***************************************

* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 29JUL01 TIME 17:15:06 * * (916) 756-1104 *
* * * *
***************************************** ***************************************

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB; AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



PMP
.051 .061 .070 .098
.914 .928 .941 .955
.000 .000 .000 .000

43.0 75.0 90.0 96.0

LINE

1

2

3
4
5

6

7
8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31
32
33
34
35
36
37
38
39

HEC-1 INPUT

[D •.•.••• 1••.•••.2......•3.•..•..4••••.••5...•.••6.•••...7••••••. 8•.....•9•••••. 10

10 RED MOUNTAIN FREEWAY EXISTING HYDROLOGY ANALYSIS
10 POWER ROAD TO UNIVERSITY DRIVE
ID
10 FILENAME: HEC1·B1.DAT
10
10 THIS MODEL REPRESENTS THE EXISTING CONDITION OF SUBBASIN B1
10 BY USING THE PROCEDURES AND GU[DELINES IN HMR 49 AND FCDMC HYDROLOGY
10 MANUAL.
10 DRAINAGE AREA IS APPROXIMATELY 4.089 SQ. MI.
10
10 HEC-1 MODEL PARAMETERS:
10 DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS
10 WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
10 SUBBASIN LENGTH, SLOPE AND AREA.
10 HYDROGRAPH: PROBABLE MAXIMUM FLOOD (PMF)
10 PRECIPITATION DEPTH: LOCAL PROBABLE MAXIMUM PRECIPITATION.
10 COMPUTED BY USING THE PROCEDURES AND GUIDELINES IN HMR 49.
10 RAINFALL DURATION: 6 HRS
10 RAINFALL DISTRIBUTION: USED THE GUIDELINES IN HMR 49.
10 LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC
10 HYDROLOGY MANUAL (1995).
10 RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH AS
ID RECOMMENDED IN THE FCDMC HYDROLOGY MANUAL (1995).
IT 2 200
10 3

KK S-B1
KM Runoff from Sub-basin B1
BA 4.089
IN 15
PB 12.76
KM HHR 49 (1977) was used to distribute the local
PC .000 .008 .016 .02~ .031 .041
PC .125 .152 .180 .648 .789 .859
PC .969 .977 .984 .992 1.000 .000
LG .290 .•250 4.450 .410 11.000
UC 1.97 1.369
UA ~O 3.0 5.0 8.0 12.0 20
UA 100
ZZ

PAGE 1



*****************************************

* *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* JUN 1998 *
* VERSION 4.1 *
* *
* RUN DATE 29JUL01 TIME 17:15:06 *
* *

***************************************

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

*****************************************

RED MOUNTAIN FREE~AY EXISTING HYDROLOGY ANALYSIS
POWER ROAD TO UNIVERSITY DRIVE

FILENAME: HEC1-B1.DAT

THIS MODEL REPRESENTS THE EXISTING CONDITION OF SUBBASIN B1
BY USING THE PROCEDURES AND GUIDELINES IN HMR 49 AND FCDMC HYDROLOGY
MANUAL.
DRAINAGE AREA IS APPROXIMATELY 4.089 SQ. MI.

HEC-1 MODEL PARAMETERS:
DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS

WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
SUBBASIN LENGTH, SLOPE AND AREA.

HYDROGRAPH: PROBABLE MAXIMUM FLOOD (PMF)
PRECIPITATION DEPTH: LOCAL PROBABLE MAXIMUM PRECIPITATION.

COMPUTED BY USING THE PROCEDURES AND GUIDELINES IN HMR 49.
RAINFALL DURATION: 6 HRS
RAINFALL DISTRIBUTION: USED THE GUIDELINES IN HMR 49.
LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC

HYDROLOGY MANUAL (1995).
RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH AS

RECOMMENDED IN THE FCDMC HYDROLOGY MANUAL (1995).

25 10 OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE
STARTING TIME
NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME
CENTURY MARK

2

o
0000
2000

3 0
1838

19

HYDROGRAPH TIME DATA
NMIN

IDATE
ITIME

NQ
NDDATE
NDTIME
ICENT

IT

COMPUTATION INTERVAL
TOTAL TIME BASE

.03 HOURS
66.63 HOURS

ENGLISH UNITS
DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOW

SQUARE MILES
INCHES
FEET
CUBIC FEET PER SECOND



STORAGE VOLUME
SURFACE AREA
TEMPERATURE

ACRE-FEET
ACRES
DEGREES FAHRENHEIT

*** *** *** *** *** *** --** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *
26 KK * S-B1 *

* *
**************

Runoff from Sub-basin B1
HMR 49 (1977) was used to distribute the locaL PMP

29 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 15 TIME INTERVAL IN MINUTES

JXDATE 0 STARTING DATE
JXTlME 0 STARTING TIME

SUBBASIN RUNOFF DATA

28 BA SUBBASIN CHARACTERISTICS
TAREA 4.09 SUBBASIN AREA

PRECIPITATION DATA

31 PB STORM 12.76 BASIN TOTAL PRECIPITATION

31 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

35 LG GREEN AND AMPT LOSS RATE
STRTL .29 STARTING LOSS

DTH .25 MOISTURE DEFICIT
PSIF 4.45 WETTING FRONT SUCTION

XKSAT .41 HYDRAULIC CONDUCTIVITY

RTiMP 11.00 PERCENT IMPERVIOUS AREA

36 UC CLARK UNITGRAPH
TC 1.97 TIME OF CONCENTRATION



R 1.37 STORAGE COEFFICIENT

37 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0

100.0

***

UNIT HYDROGRAPH PARAMETERS
CLARK Te= 1.97 HR, R= 1.37 HR

SNYDER TP= 1.65 HR, CP= .76

UNIT HYDROGRAPH
255 END-OF-PERIOD ORDINATES

5. 14. 24. 33. 42. 50. 57. 62 •. 67. 72.
76. 81. 88. 95. 103. 110. 117. 124. 133. 143.

152. 161. 170. 181. 199. 220. 240. 260. 280. 310.
363. 428. 492. 554. 615. 682. 762. 847. 930. 1011.

1089. 1149. 1180. 1200. 1219. 1238. 1257. 1265. 1258. 1247.
1236. 1226. 1215. 1203. 1187. 1172. 1156. 1142. 1127. 1107.
1081. 1055. 1030. 1005. 981. 957. 934. 912. 890. 868.
847. 827. 807. 788. 769. 750. 732. 715. 697. 681.
664. 648. 633. 617. 603. 588. 574. 560. 547. 534.
521. 508. 496. 484. 472. 461. 450. 439. 429. 418.
408. 398. 389. 379. 370. 361. 353. 344. 336. 328.
320. 312. 305. 297. 290. 283. 276. 270. 263. 257.
251. 245. 239. 233. 228. 222. 217. 211. 206. 201.
197. 192. 187. 183. 178. 174. 170. 166. 162. 158.
154. 150. 147. 143. 140. 136. 133. 130. 127. 124.

) 121. 118. 115. 112. 110. 107. 104. 102. 99. 97.
95. 92. 90. 88. 86. 84. 82. 80. 78. 76.
74. 72. 71. 69. 67. 66. 64. 63. 61. 60.
58. 57. 55. 54. 53. 52. 50. 49. 48. 47.
46. 45. 43. 42. 41. 40. 39. 38. 38. 37.
36. 35. 34. 33. 32. 32. 31. 30. 29. 29.
28. 27. 27. 26. 25. 25. 24. 24. 23. 23.
22. 21. 21. 20. 20. 19. 19. 19. 18. 18.
17. 17. 16. 16. 16. 15. 15. 15. 14. 14.
13. 13. 13. 13. 12. 12. 12. 11. 11. 11.
11. 10. 10. 10. 10.

*** *** *** *** ***

HYDROGRAPH AT STATION S-81

TOTAL RAINFALL ;:: 12.76, TOTAL LOSS = 3.04, TOTAL EXCESS = 9.72

PEAK FLOY TIME MAXIMUM AVERAGE FLO\J
(CFS) (HR) 6-HR 24-HR 72-HR 66.63-HR
10523. 4.93 (CFS) 4109. 1063. 383. 383.

CINCHES) 9.343 9.672 9.672 9.672
(AC-FT) 2038. 2109. 2109. 2109.

CUMULATIVE AREA = 4.09 SQ MI



RUNOFF SUMMARY
FLOY IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

OPERATION STATION
PEAK
FLOW

TIME OF
PEAK

AVERAGE FLOW FOR MAXIMUM PERIOD
6-HOUR 24-HOUR 72-HOUR

BASIN
AREA

MAXIMUM
STAGE

TIME OF
MAX STAGE

HYDROGRAPH AT S-B1 10523. 4.93 4109. 1063. 383. 4.09

*** NORMAL END OF HEC-1 ***



APPENDIXB

FIELD RECONNAISSANCE



SOBBASIN In Downstream cnd of the Channel Flow Segnwnt
(pictures tnlwn from the inh~rsct,tion of Urown Rd and lhrwcs Rd)

Looking northwest

Looking northwest

Looking northwest

Looking west

-



sunnASIN In Channel Flow Segment
(pictures taken from approximately 0.25 mi northwest of MeDowcll Rei and EJlswol'thRd intt~l'sccUon)

Looking northeast

Looking southeast

l~·
Looking llorlhwcst

Looking southwest



sunBASIN III Downstream end of the Shnllow Coneentnded ]t'low Segment
(pictures taken from approximately 0.75 mi north~east of Thomas ReI and Itl1sworth Rd)

Looking southwest

Looking northeast

Looking southeast

Looking northwest



sunnASIN CI Downstream end of the Channel Flow Segment
(pictures taken from npproximately 0.25 mi cast of McDowell Rd. nnd Ilower Rd intersection)

Lookiilg northwest Looking west



SUHllASIN C1 Channel Flow S(~gnwnt

(pictures tak(~n from approximately 0.50 lui cast of lYkDowcll Rd and Sossaman Rd intersection)

Looking southwest

Looking northeast I,ooking northwest



SlJUnASIN C1 Downstream end of the Shnllow Conecntratcd Flow Segment
(pictures taken from approximately 0.25 mi northeast of Thornas Rd and Hawes Rd intersection)

Looking northeast

Looking cast

Looking northeast

Looking southeast



AppendixD2

Spook Hill Floodwater Retarding Structure (FRS)
Emergency Spillway Stage-Discharge Curve



DMJMIIHt\RRIS REGIONAL FREEWAY SYSTEM
ADOT GENERAL CONSULTANT

SPOOK HILL FLOODWATER RETARDING STRUCTURE (FRS)
E:M:ERGENCY SPILLWAY STAGE-DISCHARGE CURVE

ABSTRACT: A numerical procedure is presented for computing the emergency spillway
stage-discharge relationship at the downstream end of the Spook Hill Floodwater
Retarding Structure (FRS). The procedures and guidelines presented in the Soil
Conservation Service (now the Natural Resource Conservation Service, NRCS)
Technical Release 39 (TR-39) were used in the computations. A numerical example is
provided.

INTRODUCTION

The purpose of this paper is to define the procedures and guidelines that will be used to compute the
emergency spillway stage-discharge curve at the downstream end of the Spook Hill FRS. The emergency
spillway rating curve will be used in the existing and proposed conditions hydrologic and hydraulic
models.

This rating curve, together with the stage-storage relationship for the reservoir, is required in the
hydrologic model (HEC-l) to route the inflow design flood hydrograph through the emergency spillway
structure.

The emergency spillway rating curve will also be used in the hydraulic analysis. FLDWAV, a generalized
flood routing (unsteady flow simulation) model developed by the National Weather Service (NWS), will
be used to develop the hydraulic models for the existing conditions along with the proposed Red
Mountain Freeway improvements within the Spook Hill FRS. The emergency spillway rating curve will
be used as the downstream boundary condition in the FLDWAV model.

FORMULATION OF COMPUTATIONAL ALGORITHIM

TR-39 pertains to the hydraulics of broad-crestedspillways, both trapezoidal and rectangular. Even
though broad-crested spillways mayor may not have a hydraulic control section, TR-39 is primarily
directed toward the evaluationof spillways having a control section.

In order to use the procedures and guidelines in TR-39, the hydraulic and geometric properties (i.e,
length, width and siqe slope) of the emergency spillway must be identified. The following data was
obtained from the as-built drawings and were used in the computations:

• The single emergency spillway for the Spook Hill FRS is a 260 feet (ft) wide Type C, reinforced
concrete, straight drop spillway. The crest length of the spillway is approximately 29.5 feet.

• The crest elevation is 1,582.0 feet and the bottom elevation of the stilling basin is 1,568.0 feet.
• Side slopes along the spillway crest and at the exit channel are 2: 1 (Horizontal to Vertical).

Additional data related to the design of the Emergency Spillway was taken from the "Evaluation of the
Preliminary Design Report (1975)," as follows:

• The emergency spillway was assumed to have a control section at the downstream end of the
broad-crested weir segment.

• The inlet channel of the spillway was assumed to have a horizontal slope extending from the
control section to the reservoir (Case 1 spillway in TR-39).

• The spillway was assumed to have the same bottom width and side slopes throughout its length.

Page 1 of4



SPOOK HILL FLOODWATER RETARDING STRUCTURE (FRS)
EMERGENCY SPILLWAY STAGE-DISCHARGE CURVE
White Paper

• The Manning's roughness coefficient (n) along the spillway crest was assumed to be equal to
0.04.

TR-39 considers spil~ways with a wide range of values for the following variables:

• Spillway bottom widths, b (25 ft ~ b ~ 400 ft),

• Side slopes of the spillway, z (0 ~ z ~ 4),

• Manning's roughness n (0.02 ~ n ~ 0.08), and

• Inlet channel length, L (10ft ~ L ~ 1000 ft) .

The as-built dimensions that were used to develop the existing Spook Hill FRS emergency spillway stage­
discharge curve can be summarized as follows:

.' Spillway bottom width, b = 260 feet,
• Side slope 'ofthe spillway, z ~ 2,
• Manning's roughness n = 0.04,
• Inlet channel length, L = 29.5 feet.

The emergency spillway rating curve is based on the following assumptions:
• The emergency spillway is assumed to have a control section (see Figure 1) at the downstream

end of the broad-crested weir segment. Therefore, the depth of flow and the specific energy head
at the control section for a discharge (Q) are equal to the critical depth and the critical specific
energy head corresponding to Q, respectively.

• The flow velocities at the inlet of the emergency spillway are relatively low. Therefore, the
energy grade line elevation is equal to the water surface elevation..

• The emergency spillway is assumed to operate as a broad-crested weir.
• All of the elevations reference the NGVD '29.datum.

Many of the parameters used in spillway design in TR-39 are evaluated for a preselected cross section,
called the "reference section", by using the four principle drawings (ES-170, ES-17l, ES-l72, ES-173,
and ES-174). The reference section for the Spook Hill FRS emergency spillway is assumed to have the
following dimensions; b=100 feet, z=2 and n=O.04.

Reservoir
Wo1er
Surfoce

L Control
Section

Figure 1. Emergency Spillway Section

Page 2 of4



SPOOK HILL FLOODWATER RETARDING STRUCTURE (FRS)
EMERGENCY SPILLWAY STAGE-DISCHARGE CURVE
White Paper

The following two drawings were used in this white paper for emergency spillway rating computations:
.• Hp vs Hee with a family of spillway length, L-curves, for selected bottom profiles (ES-171).

• Q vs Hee with families of spillway bottom widths, b, and critical depths, dc,q (ES-174).

Bee =critical specific energy head at the control section, feet
Hp =energy head of the water in the reservoir above the spillway crest, feet
Q = discharge, cfs
dc,q = critical depth corresponding to a discharge, Q, feet
ht;b = friction head loss in a spillway of length, L, and bottom width, b, feet

The only geometric difference between the Spook Hill FRS emergency spillway and the reference section
in TR-39 is the spillway bottom width dimension. Therefore, an additional graph (ES-176) was included
to evaluate the impact of the bottom width on the emergency spillway hydraulics.

The following step-by-step process was used to compute the emergency spillway stage-discharge curve.
The upstream and downstream sections mentioned in the following paragraphs refer to the inlet and outlet
of the broad-crested segment of the emergency spillway, respectively. Example calculations are provided
in Appendix A.

Step 1 - Upstream water-surface elevation, Hp

• Establish water-surface elevations between the emergency spillway crest (1,582.0 feet) and top of
the Spook Hill Dam (1,591.0 feet).

Step 2 - Downstream water-surface elevation, Hee
• Use ES-171 (Sheet 1 of 10) to compute the corresponding water-surface elevation at the

control section.

Step 3 - Effect of bottom width on friction head loss
• Compute the friction head loss for the reference section using the following equation:

ht;loo =Hp - Bee
Where:

ht;l00 =friction head loss in a spillway length, L, and bottom width of 100 feet

•

•

Adjust the friction head loss for the Spook Hill emergency spillway bottom width (260 feet) using
the guideline~in TR-39 (ES-176, Sheet 4 of 13).

Compute the corresponding Bee using the following equation:

Step 4 - Discharge, Q
• Compute the discharge through the emergency spillway using the guidelines in TR-39 (ES-174,

Sheets 6 of 9 and 9 of 9).
• Use the flow depth in Step 3 and the spillway bottom width of260 feet.

Page 3 of4



SPOOK HILL FLOODWATER RETARDING STRUCTURE (FRS)
EMERGENCY SPILLWAY STAGE-DISCHARGE CURVE
White Paper

) RESULTS AND RECOMMENDATIONS

An emergency spillway stage-discharge curve is required for the existing and proposed condition
hydrologic and hydraulic models for the Spook Hill FRS. The stage-discharge curve developed by the
SCS was presented on the original spillway as-built plans, but the supporting calculations could not be
located for this analysis.

The proposed methodology presented in this white paper uses the procedures and guidelines provided in
TR-39 to compute the Spook Hill FRS emergency spillway stage-discharge relationship. As shown in the
summary tables in Appendix A, the change in the emergency spillway width, from the Reference Section
in TR-39, has a minor effect on the friction head loss.

A comparison between the SCS as-built emergency rating curve and the rating curve developed by
DMJM+HARRIS is provided in the following table. As shown in the table, both of the curves present
similar stage-discharge characteristics. Therefore, it is recommended that the emergency spillway stage­
discharge rating curve presented in this white paper be used for the Spook Hill FRS hydrologic and
hydraulic analyses.

S fR Iummarvo esu ts
Stage Discharge

Recommended SCS*
(feet) (cfs) (cfs)
1582 0 0
1584 1,860 2,250
1585 3,700 4,100
1586 5,900 6,150
1588 11,600 11,000
1590 18,000 17,850
1591 21,800 21,000

*Based on the as-built drawings

REFERENCES

Ertec Western, Inc., "Phase I Inspection Report for Spook Hill Retarding Darn, I.D. No. AZOOI75,"
August 1981. ~

Soil Conservation Service, "National Engineering Handbook, Section4, Hydrology," August 1972.

Soil Conservation Service, "Hydrology Buckhorn Mesa Watershed Spook Hill Reservoir," (Evaluation of
Preliminary Design Report), May 1975.

Soil Conservation Service, "Buckhorn-MesaWPP, AZ, Spook Hill FRS, Final Design," December 1976.

Soil Conservation Service, "Hydraulics of Broad Crested Spillways," Technical Release No: 39 (TR-39),
1968.
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EXAMPLE CALCULATIONS



Spook Hili FRS
Emergency Spillway

Stage·Dlscharge Curve

R I I hi01 hSS III

Emergency Spillway Crest Elevation
.. Use ES-171 , Sheet 1 of 10
... Use Table 2

.... Hec =Hp - ~'.260

..... Use ES-174 (Sheets 6 of 9 and 9 of 9)

T bl 1 Ea e . mer(lencv j( wav til e- sc arae eat ons ID

Slage Elevation· Hp H .. h'.IOO
h ... H .... Discharge..•••ec 1,260 ec

(ft) (ft) lit) (ft) lit) (ft) (ft) (cfs)

1582 1582 0 0 0.00 0 0
1584 1582 2 1.75 0.25 0.25 1.75 1860
1585 1582 3 2.74 0.26 0.27 2.73 3700
1586 1582 4 3.73 0.27 0.27 3.73 5,900
1588 1582 6 5.8 0.20 0.20 5.80 11,600
1590 1582 8 7.75 0.25 0.25 7.75 18000
1591 1582 9 8.75 0.25 0.25 8.75 21,800

·

Table 2. Friction Head Loss AdJust
Hec h'.IOO h',260

.
(ft) lit) lit)

1.75 0.2500 0.2510
2.74 0.2600 0.2715
3.73 0.2700 0.2724 I
5.8 0.2000 0.2021
7.75 0.2500 0.2527 .
8.75 0.2500 0.2527

ment

• Use Tables 3 and 4

Table 4. Friction Head Loss Ad ustment
Hec L b (h,.•oo / h,.100)" h,.lOO h,.•oo h,.•oo

..
(ft) (ft) (ft) lit) (ft) lit)

1.75 10 400 0.9920 0.25 0.2480
300 400 0.9945 0.2486 0.2480

2.74 10 400 0.9875 0.26 0.2666
300 400 0.9912 0.2676 0.2667

3.73 10 400 0.9882 0.27 0.2668
300 400 0.9838 0.2656 0.2667

5.8 10 400 0.9822 0.20 0.1964
300 400 0.9758 0.1952 0.1964

7.75 10 400 0.9768 0.25 0.2442
300 400 0.9688 0.2422 0.2441

8.75 10 400 0.9744 0.25 0.2436
300 400 0.9655 0.2414 0.2434.Use ES-176, Sheet 4 of 13

.. Length = 29.5 ft, Interpolate between L=10 ft and L=300 ft
• Use ES-176, Sheet 4 of 13
.. Length = 29.5 ft, Interpolate between L=10 ft and L=50 ft

Table 3. Friction Head Loss Adjustment
Hec L b (h',25/ h'.IOO)" h"IOO h

'
,25 h

'
,25..

lit) (ft) (ft) (ft) (ft) (ft)

1.75 10 25 1.0268 0.25 0.2567
50 25 1.0215 0.2554 0.2561

2.74 10 25 1.0390 0.26 0.2805
50 25 1.0315 0.2785 0.2795

3.73 10 25 1.0485 0.27 0.2831
50 25 1.0395 0.2807 0.2819

5.8 10 25 1.0652 0.20 0.2130
50 25 1.0524 0.2105 0.2118

7.75 10 25 1.0760 0.25 0.2690
50 25 1.0612 0.2653 0.2672

8.75 10 25 1.0820 0.25 0.2705
50 25 1.0645 0.2661 0.2683

):\rm06\deslgn\drn\hydrology\lecnlcal papers\tp2\EmergencLH-Q·TR39.xls(Tables) DMJM+HARRIS



Spook Hili FRS
Emergency Spillway

Stage-Discharge Curve
D' h SStage- ISC arge ummarv

Stage Discharae
Recommended SCS*

(ft) (cfs) (efs)
1582 0 0
1584 1,860 2,250
1585 3,700 4,100
1586 5,900 6,150
1588 11,600 11,000
1590 18,000 17,850
1591 21,800 21,000

* Based on the as-built drawings

Emergency Spillway Stage-Discharge Comparison
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~ 1586>
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~ 1585

1584

1583

1582

1581

o 5,000 10,000 15,000 20,000 25,000

•• <> •• SCS-As-Built
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Discharge (cfs)
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Appendix D3

Spook Hill Floodwater Retarding Structure (FRS)
Signal Butte Floodway Inflow Hydrograph



DMJMllHARRIS REGIONAL FREEWAY SYSTEM
ADOT GENERAL CONSULTANT

SPOOK HILL FLOODWATER RETARDING STRUCTURE (FRS)
SIGNAL BUTTE FLOODWAY INFLOW HYDROGRAPH

ABSTRACT: The purpose of this white paper is to present a recommended approach to
derme the inflow hydrograph to the Spook Hill Floodwater Retarding Structure (FRS)
from the Signal Butte Floodway. The inflow hydrograph is computed using the
uncontrolled drainage area contributing to the Signal Butte Floodway, and the area below
the Pass Mountain Diversion Structure and the Signal Butte FRS. Supporting
calculations defining the inflow hydrograph to the Spook Hill FRS from the Signal Butte
Floodway are provided.

INTRODUCTION

The Signal Butte FIoodway inflow hydrograph presented in this white paper is recommended to be used
to define the inflow design flood for the Spook Hill FRS; The inflow hydrograph is required to model 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 inflow hydrograph. will also be used to defme the upstream boundary condition in the hydraulic
analysis of the Spook Hill FRS. FLDWAV, a generalized flood routing model developed by the National
Weather Service (NWS), will be used to define the hydraulics of the Spook Hill FRS for existing and
proposed conditions with the Red Mountain Freeway constructed within the flood pool.

APPROACH

Key factors to the development of the Signal Butte inflow hydrograph are summarized as follows:
• Contributing area upstream of the Spook Hill FRS (subbasins F-I in Figure 1),
• Hydrologic parameters for the contributing area,
• Diversion of flow hydrographs in excess ofthe Signal Butte Floodway capacity, and
• Routing parameters along the Signal Butte Floodway.

Contributing Area
As recommended in the original design, the entire uncontrolled drainage area below the Pass Mountain
Diversion Structure and Signal Butte FRS was considered to be the contributing drainage area (see Figure
1). The proposed sugbasin boundaries are similar those established with the original design. The outflow
from the Signal Butte FRS principal spillway was modeled using a direct input hydrograph in the
hydrologic model (HEC-I).

Hydrologic Parameters
The methodology presented in the Flood Control District of Maricopa County (FCDMC) Hydrology
Manual (1995) was used to define the hydrologic parameters for the contributing subbasins along the
Signal Butte Floodway. The parameters used in the hydrologic model are summarized as follows:

• The Probable Maximum Flood (PMF) event was used for the hydrologic analysis. The depth and
distribution of the PMF event documented in Technical Report No. I (Draft, January 2001) were
used in the hydrologic model;

• Infiltration losses were determined using Green and Ampt methodology;
• Rainfall excess was transformed into direct runoff using the Clark Unit Hydrograph

methodology;

Page 1 of4



SPOOK IDLL FLOODWATER RETARDING STRUCTURE (FRS)
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SPOOK HILL FLOODWATER RETARDING STRUCTURE (FRS)
SIGNAL BUTTE FLOODWAY INFLOW HYDROGRAPH
White Paper

• Time of concentration was computed using the new numerical procedure presented in the first
DMJM+HARRIS white paper, "Time of Concentration, A Modification of the TR-55
methodology"; and

• HEC-I default values were used for the time-area relationship.

Diversions
The geometric and roughness characteristics along the Signal Butte Floodway, documented by as-built
plans, were used to compute the floodway capacity. Flows in excess of this capacity were diverted out of
the hydrologic model (HEC-I).

Routing Parameters
The Signal Butte Floodway was hydrologically routed using normal depth methods. Routing parameters
were' developed using as-built plans for the floodway and methodologies presented in the FCDMC
Hydrology Manual. Figure 2 presents a routing schematic for the area contributing to the Signal Butte
Floodway.

Flow-I

!Combine
~ ~-----

Spook Hill FRS i Route
Inflow V

Divert

Flow-H

1 Combine
~ ~-----
~ Route

V
Divert

Flow-G Flow-F
Signal Butte FRS

Principal Spillway Outflow.

Figure 2. Signal Butte Floodway Routing Schematic

It should be noted that the outflow from the Signal Butte FRS was conservatively assumed to be a
constant 157 cfs as presented in the "Evaluation of Preliminary Design Report". An inflow hydrograph
from the Signal Butte Floodway was not documented. The peak flow estimate~'at the inlet of the Spook
Hill FRS, computed by the SCS was determined using the following process:

• Use the maximum principal spillway outflow from Signal Butte FRS as a base flow into the
Signal Butte Floodway;

• Route the 100-year 24-hour storm down the Signal Butte Floodway using TR-20
methodology; and

• Add 30% to thisIOO-year, 24-hour design discharge to obtain the freeboard design capacity
of the floodway.

This approach resulted in a peak flow estimate of 2,888 cfs at the inlet of the Spook Hill FRS and does
not reflect the as-built Signal Butte Floodway capacity.

RESULTS AND RECOMMENDATIONS

Using the approach presented in this white paper, the resulting peak flow at the inlet of the Spook Hill
FRS is estimated to be 2,872 cfs. The proposed inflow hydrograph is based on channel geometry and
roughness characteristics for the as-built Signal Butte Floodway. Therefore, it is recommended that the
inflow hydrograph presented in this white paper be used for the Spook Hill FRS hydrologic and hydraulic
analyses.
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SPOOK HILL FRS
Signal Butte Floodway Inflow Hydrograph

6,000,--------------------------------------------,

Peak Flow =5,215 cfs

Flow Hydrograph at the inlet of Spook Hill FRS
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Table 1. Time of Concentration for Subbasin F

SPOOK HILL FRS
SIgnal Butte Floodway Inflow Hydrograph

iteration Upstream Downstream Boundary Average Channel Flow Parameters Travel Time Time of Storage
No. Boundary Channel. Sheet and Concentration Coefficient

Flow Discharge Bottom Manning's Effective Basin Flow Average Average Average Average Flow Shallow Concentrated
Depth Slope n Width Depth Depth Slope Velocity Length Flow Tc R

(ft) (c(s) (fUft) (ft) (ft) (ft) (fUft) (fUs) (ft) (hr) (hr) (hr) (hr)
1 0.45 1590 0.0133 0.052 1,650 0.48 0.46 0.0159 2.16 2,510 0.32 0.71 1.03 0.900
2 0.45 531 0.0133 0.052 1,650 0.25 0.35 0.0159 1.78 2,510 0.39 0.71 1.10 0.966
3 0.45 504 0.0133 0.052 1650 0.24 0.34 0.0159 1.77 2,510 0.39 0.71 1.10 0.969

Table 2 Time of Concentration for Subbasin G
iteration Upstream Downstream Boundary Average Channel Flow Parameters Travel Time Time of Storage

No. Boundarv Channel Sheet and Concentrallon Coefficient
Flow Discharge Bottom Manning's Effective Basin Flow Average Average Average Average Flow Shallow Concentrated

Depth Slope n Width Depth Depth Slope Velocity Length Flow Tc R
(ft) (cfs) (fUft) (ft) (fl) (ft) (fUlt) (fUs) (ft) (hr) (hr) (hr) (hr)

1 0.44 4,324 0.0143 0.052 3,230 0.57 0.50 0.0175 2.39 2850 0.33 0.71 1.04 0.463
2 0.44 2,546 0.0143 0.052 3230 0.41 0.43 0.0175 2.14 2,850 0.37 0.71 1.08 0.482
3 0.44 2,474 0.0143 0.052 3230 0.41 0.42 0.0175 2.13 2850 0.37 0.71 1.08 0.483

Table 3 Time of Concentration for Subbasin H
iteration Upstream Downstream Boundary Average Channel Flow Parameters TravelTime Time of Storage

No. Boundarv Channel Sheet and Concentration Coefficient
Flow Discharge Bottom Manning's Effective Basin Flow Average Average Average Average Flow Shallow Concentrated
Depth Slope n Width Depth Depth Slope Velocity Length Flow Tc R

(ti) (cIs) (fUft) (ft) {til {til (it/ft) (fUs) (ft) . (hrl (hr) (hr) (hr)
1 0.33 6913 0.0173 0.052 2,755 0.78 0.58 0.0227 2.92 12,770 1.21 0.56 1.77 1.697
2 0.33 1982 0.0173 0.052 2,755 0.37 0.35 0.0227 2.15 12,770 1.65 0.56 2.21 2.168
3 0.33 1617 0.0173 0.052 2,755 0.33 0.33 0.0227 2.06 12,770 1.72 0.56 2.28 2.245
4 0.33 1570 0.0173 0.052 2755 0.32 0.33 0.0227 2.05 12770 1.73 0.56 2.29 2.256

Table 4 Time of Concentration for Subbasin I
Iteration Upstream Downstream Boundary Average Channel Flow Parameters Travel Time Time of Storage

No. Boundarv Channel Sheet and Concentration Coefficient
Flow Discharge Bollom Manning's Effective Basin Flow Average Average Average Average Flow Shallow Concentrated

Depth Slope n Width Depth Depth Slope Velocity Length Flow Tc R
(ft) (cfs) (fUft) (fl) (ft) 1ft) (fUft) (fUs) (ft) (hr) (hr) (hr) (hrl

1 0.49 7,610 0.0250 0.052 3,410 0.65 0.57 0.0250 3.12 12168 1.08 0.87 1.96 1.704
2 0.49 2,758 0.0250 0.052 3,410 0.36 0.42 0.0250 2.55 12,168 1.32 0.67 2.20 1.939
3 0.49 2467 0.0250 0.052 3410 0.33 0.41 0.0250 2.50 12,168 1.35 0.87 2.22 1.963
4 0.49 2443 0.0250 0.052 3,410 0.33 0.41 0.0250 2.50 12168 1.35 0.87 2.23 1.965

j;\rm06Ideslgnldrnlhydrology\technlcal papersltp2ITables.xlsl(Tables 1-4) DMJM+HARRIS



SPOOK HILL FRS
Signal Butte Floodway Inflow Hydrograph

Average velocity along shallow concentrated flow
.. Average bottom slope at the downstream end of the shallow concentrate
_. Flow Depth was computed using the Manning's equation

Upstream Boundary Flow DeD1hl
Velocity" Bottom"" Manning's Flow-

Slope n Depth
(ft/s) (ft/ft) (ftl
2.00 0.0132 0.05 0.45.

PreCIpitation depth. p2
latitude: 33 27 North
longitude: 111 38 West
From NOAA Atlas, p2 =1.4 in

Table 5. Sheet and Shallow Concentrated Flow Computations for Subbasin F
Sheet Flow
Surface Description Ranoe
ManninQ's rouohness coefficient (n) 0.13
Flow lenQth, l ft 300
Two-year 24-hour rainfall. p2" in 1.4
land Slooo. s ft/ft 0.017
Travel Time, Tsheet ·hr 0.57
"

..

Shallow Concentrated Flow

Average land slope along shallow concentrated flow segment
.. Use TR-55 (Figure 3.1)
- Sheet and Shallow Concentrated Flow

Surface description (paved or unpaved Unpaved
Flow lenoth. l ft 1.000
land slooo, s" ftfft 0.015
Average velocitv, V "" ft/s 2
Travel TIme, Tshallow hr 0.14
Total Travel Time- hr 0.71
"

Table 6. Sheet and Shallow Concentrated Flow Computations for Subbasin G
Sheet Flow Upstream Boundary (Flow Depth)
Surface Descriction Ranoe
Mannino's rouohness coefficient (nl 0.13
Flow lenoth. l ft 300
Two-vear 24-hour rainfall, c2 in 1.4
land Slooo, s ft/ft 0.017
Travel Time. Tsheet hr 0.57

Velocity Bottom Manning's Flow
Slope n Depth

(ft/sl (ft/ftl (ftl
2.00 0.0137 0.05 0.44

Shallow Concentrated Flow
Surface descriction (oaved or unpaved Unpaved
Flow lenoth, l ft 1,000
land slooo, s ft/ft 0.015
Averaoe velodtv, V ft/s 2
Travel TIme. Tshallow hr 0.14
Total Travel Time hr 0.71

Velocity Bottom Manning'S Flow
Slope n Depth

(ft/sl (ftfftl (ft)
3.00 0.0440 0.05 0.33

Table 7. Sheet and Shallow Concentrated Flow Computations for Subbasin H.
Sheet Flow Upstream Boundary (Flow Depth)
Surface Description Ranoe
Manning's roughness coefficient (nl 0.13
Flow lenoth. l ft 300
Two-year 24-hour rainfall. 02 in 1.4
land Slooo. s ft/ft 0.033
Travel Time, Tsheet hr 0.43

Shallow Concentrated Flow
Surface descriction (caved or unpaved Unpaved
Flow lenoth. l ft 1.340
land slope, s ftIft 0.034
Averaoe velocitv. V ft/s 3
Travel Time. Tshallow hr 0.12
Total Travel Time hr 0.56

Velocity Bottom Manning's Flow
Slope n Depth

(ft/sl (ftfftl (ft)
2.90 0.0245 0.05 0.49

Table 8. Sheet and Shallow Concentrated Flow Computations for Subbasin I
Sheet Flow Upstream Boundary (Flow Depth)
Surface Description Ranqe
Mannina's rouahness coefficient (n) 0.13
Flow lenath. l ft 300
Two-year 24-hour rainfall, c2 in 1.4
land Slooo. s ft/ft 0.033
Travel Time, Tsheet hr 0.43

Shallow Concentrated Flow
Surface description (paved or unpaved Unpaved
Flow lenoth. l ft 4.620
land slooo. s ft/ft 0.032
Averaoe velocitv, V ft/s 2.9
Travel Time. Tshallow hr 0.44
Total Travel Time hr 0.87

j:1rm06\designldmlhydrology\tecnical papers\tp2\Tables.xls(Tables 5-8) DMJM+HARRIS



SPOOK HILL FRS
Signal Butte Floodway Inflow Hydrograph

T bl 9 I flit tI P Sa e n ra on arame er Ummar)
Subbasin Subbasin Kb IA OTHETA PSIF AdJusled RTIMP

10 Area XKSAT
lin\ IIn\ IInlhr\ (%)

F 0.15 0.057 0.30 0.25 4.5 0.37 9
G 0.52 0.047 0.30 0.25 5.7 0.24 15
H 0.66 0.052 0.32 0.23 6.2 0.18 31
I 1.32 0.050 0.30 0.25 4.5 0.39 15

IA. Initial abstraction
XKSAT: Hydraulic conducllvily at natural saturation
PSIF: Welting front capillary suction
DTHETA: Volumetric soil moisture deficit at the start of rainfall
RTIMP: Effective impervious area o·
Nole: Infiltration parameters were computed using the ODMSW computer program by the FCDMC.

Table 10. Tvplcal Sections along the Signal Butte Floodwav
Subbasin' Channel Channel Channel Reach Slatlon" Reach BoUom Manning's BoUom Top Side Depth Area Hydrautic Discharge"· Velocity

10 Section Type From To length Slope roughness Width Width Slope Radius
No. (m ' (fUlIl (Ill (Ill em (11'\ fm (cis) (fVs\

F 1 Trapezoid 12+50 23+00 1,050 0.00030
FG 2 23+00 32+00 900 0.00030 0.025 16 53.2 2:1 9.3 322 5.59 1043 3.2
G 3 32+00 37+00 500 0.00030 0.025 20 57.2 2:1 9.3 359 5.83 1197 3.3

G,H 4 37+00 70+00 3300 0.00030 0.D25 20 58.8 2:1 9.7 382 6.03 1304 3.4
H 5 70+00 90+00 2,000 0.00030 0.025 32 70.8 2:1 9.7 499 6.61 1809 3.6
H 6 90+00 96+73 673 0.00027 0.025 32 70.8 2:1 9.7 499 6.61 1716 3.4

H 7 Rectanole 96+73 101+53 480 0.01300 0.016 10 10 6.5 65 2.83 1376 21.2
H 8 101+53 105+25 372 0.01300 0.G16 10 10 7.0 70 2.92 1513 21.6
H 9 105+25 106+45 120 0.03330 0.016 14 14 7.3 102 3.57 4049 39.6
H 10 106+45 108+40 195 0.01380 0.016 14 14 7.3 102 3.57 2606 25.5
H 11 108+40 109+04 64 0.01459 0.016 14 14 7.3 102 3.57 2680 26.2

H,I 12 109+04 134+06 2,502 0.01459 0.G16 14 14 7.5 105 3.62 2777 26.5
I 13 134+06 156+50 2,244 0.01560 0.016 14 14 7.5 105 3.62 2672 27.4

Subbasins Wllhln the channel reach hmls.
.. Reach stations were documented by the SCS (As·bullt plans, 1963).
... Channel capacity was compuled using Manning's equation.

T b Ha Ie 11. iYdro oglc Routing Parameters
Typicat Routlnll Reaches NSTPS

Section No. No. Velocity' length NMIN" Compute'" Model"'"
(IVs) (Ill (min)

2 1 3.2 560 2 1.46 2
3 2 3.3 500 2 1.26 2
4 3 3.4 2030 2 4.96 5
4 4 3.4 1270 2 3.11 4
5 5 3.6 2000 2 4.63 5
6 6 3.4 673 2 1.65 2
7 7 21.2 480 2 0.19 1
8 8 21.6 372 2 0.14 1
9 9 39.6 120 2 0.03 1
10 10 25.5 195 2 0.06 1
11 11 26.2 64 2 0.02 1
12 12 26.5 808 2 0.25 1
12 13 26.5 1694 2 0.53 1
13 14 27.4 2244 2 0.68 1

Use Table 10.
•• Compulatlonal time Interval In HEC-1 model.
... Use the guidelines and procedures In FCDMC Hydrology Manual .
.... Number of sleps used In the routing process In the HEC·1 model.

j:\rrn06ldesignldrnlhydrologyllecnlcal papersltp2\roullng.xls(summary) DMJM+HARRIS
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* *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) *

* JUN 1998 *
* VERSION 4.1 *
* *
* RUN DATE 260CT01 TIME 11:45:52 *
* *
*************************~***************

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

***************************************

* *
* u.s. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *
***************************************

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



LINE

1

2
3
4
5
6
7
8

9
10
11

12
13
14
15
16
17
18
19
20
21
22
23
24

HEC-1 INPUT

10 •.•.••• 1••••••• 2...••••3.••.•..4...•••.5.••••••6•••••.. 7.••.•••8••••••.9••••.. 10

10 RED MOUNTAIN FREEWAY EXISTING HYDROLOGY ANALYSIS
10 POWER ROAD TO UNIVERSITY DRIVE
10

10 FILENAME: GENERAL.DAT
10

10 THIS MODEL REPRESENTS THE EXISTING CONDITION OF TWO REPRESENTATIVE SUBBASINS
ID BY USING THE PROCEDURES AND GUIDELINES IN HMR 49 AND FCDMC HYDROLOGY
10 MANUAL.
ID
10 HEC-1 MODEL PARAMETERS:
10 DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS
10 WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
10 SUBBASIN LENGTH, SLOPE AND AREA.
10 HYDROGRAPH: PROBABLE MAXIMUM FLOOD (PMF)
10 PRECIPITATION DEPTH: GENERAL PROBABLE MAXIMUM PRECIPITATION.
10 COMPUTED BY USING THE PROCEDURES AND GUIDELINES IN HMR 49.
10 RAINFAll DURATION: 72 HRS
10 RAINFAll DISTRIBUTION: USED THE GUIDELINES PROVIDED BY THE ADWR.
10 lOSS PARAMETERS: GREEN. AND AMPT AS RECOMMENDED IN THE FCDMC
10 HYDROLOGY MANUAL (1995).
10 RAINFAll EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH AS
10 RECOMMENDED IN THE FCDMC HYDROLOGY MANUAL (1995).
IT 15 500
10 3

PAGE 1

25
26
27
28
29
30
31
32
33
34
35
36

KK S-B1
KM Runoff from Sub-basin B1
BA 4.09
IN 360
PB 19.40
KM ADWR Guidelines were used to distribute the general PMP
PC .000 .037 .075 .112 .149 .227 .363 .888

PC .972 .986 1.000
lG .290 .250 4.450 .410 11.000
UC 2.15 1.516
UA 0 3.0 5.0 8.0 12.0 20 43.0 75.0
UA 100

.943

90.0

.957

96.0

.460 15.000

30.0 65.0

37
38
39
40
41
42
43
44

KK
KM
BA
lG
UC
UA
UA
ZZ

S-C1
Runoff from Sub-basin C1
2.54
.310 .260 4.350
1.33 .800

o 5.0 16.0
100

77 84.0 90.0 94.0 97.0



*****************************************.. ..
'!' FLOOD HYDROGRAPH PACKAGE (HEC-1) ..
.. JUN 1998 ..
.. VERSION 4.1 ..
.. ..
.. RUN DATE 260CT01 TIME 11:45:52 ..
.. ..

**************************.************
.. ..
.. u.s. ARMY CORPS OF ENGINEERS ..
.. HYDROLOGIC ENGINEERING CENTER ..
.. 609 SECOND STREET ..
.. DAVIS, CALIFORNIA 95616 ..
.. (916) 756-1104 ..
.. ..

***************************************** ***************************************

RED MOUNTAIN FREEWAY EXISTING HYDROLOGY ANALYSIS
POWER ROAD TO UNIVERSITY DRIVE

FILENAME: GENERAL.DAT

THIS MODEL REPRESENTS THE EXISTING CONDITION OF TWO REPRESENTATIVE SUBBASINS
BY USING THE PROCEDURES AND GUIDELINES IN HMR 49 AND FCDMC HYDROLOGY
MANUAL.

HEC-1 MODEL PARAMETERS:
DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS

WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
SUBBASIN LENGTH, SLOPE AND AREA.

HYDROGRAPH: PROBABLE MAXIMUM FLOOD (PMF)
PRECIPITATION DEPTH: GENERAL PROBABLE MAXIMUM PRECIPITATION.

COMPUTED BY USING THE PROCEDURES AND GUIDELINES IN HMR 49.
RAINFALL DURATION: 72 HRS
RAINFALL DISTRIBUTION: USED THE GUIDELINES PROVIDED BY THE ADWR.
LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC

HYDROLOGY MANUAL (1995).
RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH AS

RECOMMENDED IN THE FCDMC HYDROLOGY MANUAL (1995).

24 10 OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE
STARTING TIME
NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME
CENTURY MARK

15
o

0000
500

6 0
0445

19

HYDROGRAPH TIME DATA
NMIN

IDATE
!TIME

NQ
NDDATE
NDTIME
ICENT

!T

COMPUTATION INTERVAL .25 HOURS
TOTAL TIME BASE 124.75 HOURS

ENGLISH UNITS
DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOW
STORAGE VOLUME

SQUARE MILES
INCHES
FEET
CUBIC FEET PER SECOND
ACRE-FEET



SURFACE AREA
TEMPERATURE

ACRES
DEGREES FAHRENHEIT

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************
* *

25 KK * S-B1 *
* *
**************

Runoff from Sub-basin B1
ADWR Guidelines were used to distribute the general PMP

28 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 360 TIME INTERVAL IN MINUTES

JXDATE 0 STARTING DATE
JXTIME 0 STARTING TIME

SUBBASIN RUNOFF DATA

27 BA SUBBASIN CHARACTERISTICS
TAREA 4.09 SUBBASIN AREA

PRECIPITATION DATA

30 PB STORM 19.40 BASIN TOTAL PREC IPITATI ON

30 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .02 .02 .02 .02 .02 .02

.02 .02 .02 .02 .02 .02 .02 .02 .02 .02

.02 .02 .02 .02 .02 .02 .02 .02 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00



33 LG

34 UC

GREEN AND AMPT
STRTL

DTH
PSIF

XKSAT
RTIMP

CLARK UN ITGRAPH
TC

R

LOSS RATE
.29 STARTING LOSS
.25 MOISTURE DEFICIT

4.45 WETTING FRONT SUCTION
.41 HYDRAULIC CONDUCTIVITY

11.00 PERCENT IMPERVIOUS AREA

2.15 TIME OF CONCENTRATION
1.52 STORAGE COEFFICIENT

35 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0

100.0
12.0

***

20.0 43.0 75.0 90.0 96.0

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 2.15 HR, R= 1.52 HR

SNYDER TP= 1.79 HR, CP= .74

27.
746.
143.
27.

71.
632.
121.
23.

113.

536.
103.
20.

186.

454.
87.
17.

UNIT HYDROGRAPH
38 END-OF-PERIOD ORDINATES

389. 789. 1088.
385. 326. 277.

74. 63. 53.
14. 12. 10.

1107.
235.
45.
9.

1012.
199.

38.

880.
169.
32.

*** *** *** *** ***

HYDROGRAPH AT STATION S-B1

TOTAL RAINFALL = 19.40, TOTAL LOSS = 10.69, TOTAL EXCESS = 8.71

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 124.75-HR
3254. 42.25 (CFS) 2785. 903. 318. 183.

( INCHES) 6.331 8.215 8.661 8.668
(AC- FT) 1381. 1792. 1889. 1891.

CUMULATLVE AREA = 4.09 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

37 KK
*
*
*

*
S-C1 *

*

39 BA

**************

Runoff from Sub-basin C1

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA 2.54 SUBBASIN AREA



PRECIPITATION DATA

30 PB STORM 19.40 BASIN TOTAL PRECIPITATION

30 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .02 .02 .02 .02 .02 .02

.02 .02 .02 .02 .02 .02 .02 .02 .02 .02

.02 .02 ..02 .02 .02 .02 .02 .02 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00

40 LG GREEN AND AMPT LOSS RATE
STRTL .31 STARTING LOSS

DTH .26 MOISTURE DEFICIT

PSIF 4.35 WETTING FRONT SUCTION

XKSAT .46 HYDRAULIC CONDUCTIVITY

RTiMP 15.00 PERCENT IMPERVIOUS AREA

41 UC CLARK UNITGRAPH
TC 1.33 TIME OF CONCENTRATION

R .80 STORAGE COEFFICIENT

42 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES

.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0

100.0

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.33 HR, R= .80 HR

SNYDER TP= .76 HR, cp= .51

UNIT HYDROGRAPH
20 END-OF-PERIOD ORDINATES

130. 596. 1027. 1064. 924. 745. 560. 408. 298. 217.



***

159. 116.

***

84.

***

62. 45.

***

33.

***

24. 17. 13. 9.

HYDROGRAPH AT STATION S-C1

TOTAL RAINFALL = 19.40, TOTAL LOSS = 10.50, TOTAL EXCESS 8.90

PEAK FLOII
(CFS)
2055.

TIME
(HR)

42.00 (CFS)
(INCHES)

(AC- FT)

6-HR
1847.

6.761
916.

MAXIMUM AVERAGE FLOU
24-HR 72-HR
564. 202.

8.260 8.859
1119. 1200.

124.75-HR
116.

8.864

1201.

CUMULATIVE AREA = 2.54 SQ MI



RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD
OPERATION STATION FLOW PEAK 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT S-B1 3254. 42.25 2785. 903. 318.

HYDROGRAPH AT S-C1 2055. 42.00 1847. 564. 202.

*** NORMAL END OF HEC-1 ***

BASIN
AREA

4.09

2.54

MAXIMUM
STAGE

TIME OF
MAX STAGE



Appendix E2

Probable Maximulll Precipitation
Local Storm
(LocaI.dat)



*****************************************

* *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* JUN 1998 *
* VERSION 4.1 *
* *
* RUN DATE 250CT01 TIME 10:31: 10 *
* *
*****************************************

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

***************************************

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

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



HEC-1 INPUT PAGE 1

LINE 10 ..•..•• 1 2•••••••3••...•.4 5..••...6...•...7•...•.•8..•..•.9 10

1

2
3

4

5

6

7

8

9

10
11
12
13

14
15
16
17
18
19
20
21
22
23
24

10 RED MOUNTAIN FREEWAY EXISTING HYDROLOGY ANALYSIS
10 POWER ROAD TO UNIVERSITY DRIVE
10
10 FILENAME: LOCAL.DAT
10
10 THIS MODEL REPRESENTS THE EXISTING CONDITION OF TWO REPRESENTATIVE SUBBASINS
10 BY USING THE PROCEDURES AND GUIDELINES IN HMR 49 AND FCDMC HYDROLOGY
ID MANUAL.
10
10 HEC-1 MODEL PARAMETERS:
10 DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS
ID WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
10 SUBBASIN LENGTH, SLOPE AND AREA.
10 HYDROGRAPH: PROBABLE MAXIMUM FLOOD (PMF)
10 PRECIPITATION DEPTH: LOCAL PROBABLE MAXIMUM PRECIPITATION.
10 COMPUTED BY USING THE PROCEDURES AND GUIDELINES IN HMR 49.
10 RAINFALL DURATION: 6 HRS
10 RAINFALL DISTRIBUTION: USED THE GUIDELINES IN HMR 49.
10 LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC
10 HYDROLOGY MANUAL (1995).
10 RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDR<>GRAPH AS
10 RECOMMENDED IN THE FCDMC HYDROLOGY MANUAL (1995).
IT 2 500
10 3

was used to distribute the local
.098
.955
.000

96.0

.070

.941

.000

90.075.0

.061

.928

.000

43.0

PMP
.051
.914
.000

20

.041

.859

.000

8.0 12.0

.023 .031

.648 .789

.992 1.000

.410 11.0

5.0

.016

.180

.984
4.450

S-B1
Runoff from Sub-basin B1
4.09

15
12.76

HMR 49 (1977)
.000 .008
.125 .152
.969 .977
.290 .250

1.860 1.290
o 3.0

100

KK
KM

BA
IN
PB
KM

PC
PC
PC
LG
UC
UA
UA

25
26
27
28
29
30
31
32
33
34
35
36
37

38
39
40
41
42
43
44
45

KK
KM
BA
LG
UC
UA
UA
ZZ

S-C1
Runoff
2.54
.310

1.070
o

100

from Sub-basin C1

.260 4.350 .460
0.626

5.0 16.0 30.0

15.0

65.0 77 84.0 90.0 94.0 97.0



*****************************************

'* '*
'* FLOOD HYDROGRAPH PACKAGE (HEC-1) '*
'* JUN 1998 '*
'* VERSION 4.1 '*
'* '*
'* RUN DATE 250CT01 TIME 10:31:10 '*
'* '*

***************************************

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

***************************************** ***************************************

RED MOUNTAIN FREEWAY EXISTING HYDROLOGY ANALYSIS
POWER ROAD TO UNIVERSITY DRIVE

FILENAME: LOCAL.DAT

THIS MODEL REPRESENTS THE EXISTING CONDITION OF TWO REPRESENTATIVE SUBBASINS
BY USING THE PROCEDURES AND GUIDELINES IN HMR 49 AND FCDMC HYDROLOGY
MANUAL.

HEC-1 MODEL PARAMETERS:
DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS

WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
SUBBASIN LENGTH, SLOPE AND AREA.

HYDROGRAPH: PROBABLE MAXIMUM FLOOD (PMF)
PRECIPITATION DEPTH: LOCAL PROBABLE MAXIMUM PRECIPITATION.

COMPUTED BY USING THE PROCEDURES AND GUIDELINES IN HMR 49.
RAINFALL DURATION: 6 HRS
RAINFALL DISTRIBUTION: USED THE GUIDELINES IN HMR 49.
LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC

HYDROLOGY MANUAL (1995).
RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH AS

RECOMMENDED IN THE FCDMC HYDROLOGY MANUAL (1995).

24 10 OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE
STARTING TIME
NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME
CENTURY MARK

2
o

0000
500

o
1638

19

HYDROGRAPH TIME DATA
NMIN

IDATE
ITIME

NQ
NDDATE
NDTIME
ICENT

IT

COMPUTATION INTERVAL
TOTAL TIME BASE

.03 HOURS
16.63 HOURS

ENGLISH UNITS
DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOW
STORAGE VOLUME

SQUARE MILES
INCHES
FEET
CUBIC FEET PER SECOND
ACRE-FEET



SURFACE AREA
TEMPERATURE

ACRES
DEGREES FAHRENHEIT

*** *** *** *** *** *** *** *** *** *** *** ."ltT *** *** .*. *** *** *** *"It. *** *** *** *** ••• *** *** *** **. .** *** .""* *** ."It.

**************

* *
25 KK * S-B1 *

* *
**************

Runoff from Sub-basin B1
HMR 49 (1977) was used to distribute the LocaL PMP

28 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 15 TIME INTERVAL IN MINUTES

JXDATE 0 STARTING DATE
JXTIME 0 STARTING TIME

SUBBASIN RUNOFF DATA

27 BA SUBBASIN CHARACTERISTICS
TAREA 4.09 SUBBASIN AREA

PRECIPITATION DATA

30 PB STORM 12.76 BASIN TOTAL PRECIPITATION

30 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 ,00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.06 .06 .06 .06 .06 .06 .06 .04 .02 .02
.02 .02 .02 .02 .02 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

34 LG GREEN AND AMPT LOSS RATE
STRTL .29 STARTING LOSS

DTH .25 MOISTURE DEFICIT
PSIF 4.45· WETTING FRONT SUCTION

XKSAT .41 HYDRAULIC CONDUCTIVITY
RTIMP 11.00 PERCENT IMPERVIOUS AREA

35 UC CLARK UNITGRAPH
TC 1.86 TIME OF CONCENTRATION
R 1.29 STORAGE COEFFICIENT



36 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0

100.0

***

UNIT HYOROGRAPH PARAMETERS
CLARK TC= 1.86 HR, R= 1.29 HR

SNYDER TP= 1.56 HR, CP= .76

UNIT HYDROGRAPH
240 END-OF-PERIOD ORDINATES

5. 16. 27. 37. 47. 56. 62. 68. 74. 79.
84. 91. 99. 107. 116. 123. 132. 141. 152. 163.

173. 183. 198. 220. 243. 266. 288. 312. 363. 437.
509. 579. 648. 723. 813. 908. 1000. 1091. 1179. 1236.

1260. 1282. 1304. 1325. 1340. 1338. 1325. 1313. 1301. 1290.
1276. 1259. 1241. 1224. 1207. 1189. 1165. 1135. 1106. 1078.
1050. 1024. 997. 972. 947. 923. 900. 877. 854. 832.
811. 791. 770. 751. 732. 713. 695. 677. 660. 643.
626. 610. 595. 580. 565. 551. 536. 523. 509. 496.
484. 471. 459. 448. 436. 425. 414. 404. 393. 383.
374. 364. 355. 346. 337. 328. 320. 312. 304. 296.
289. 281. 274. 267. 260. 254. 247. 241. 235. 229.
223. 217. 212. 206. 201. 196. 191. 186. 181. 177.
172. 168. 163. 159. 155. 151. 147. 144. 140. 136.
133. 130. 126. 123. 120. 117. 114. 111. 108. 105.
103. 100. 97. 95. 93. 90. 88. 86. 83. 81.
79. 77. 75. 73. 71. 70. 68. 66. 64. 63.
61. 60. 58. 57. 55. 54. 52. 51. 50. 49.
47. 46. 45. 44. 43. 42. 40. 39. 38. 37,.
37. 36. 35. 34. 33. 32. 31. 30. 30. 29.
28. 27. 27. 26. 25. 25. 24. 24. 23. 22.
22. 21. 21. 20. 20. 19. 19. 18. 18. 17.
17. 16. 16. 16. 15. 15. 14. 14. 14. 13.
13. 13. 12. 12. 12. 11. 11. 11. 11. 10.

*** *** *** *** ***

HYDROGRAPH AT STATION S-B1

TOTAL RAINFALL = 12.76, TOTAL LOSS = 3.04, TOTAL EXCESS = 9.72

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
11044. 4.83 (CFS) 4137. 1535. 1535. 1535.

(INCHES) 9.403 9.672 9.672 9.672
(AC-FT) 2051. 2110. 2110. 2110.

CUMULATIVE AREA = 4.09 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *



38 KK * S-C1 *
* *
****'**********

) Runoff from Sub-basin C1

SUBBASIN RUNOFF DATA

40 BA SUBBASIN CHARACTERISTICS
TAREA 2.54 SUBBASIN AREA

PRECIPITATION DATA

30 PB STORM 12.76 BASIN TOTAL PRECIPITATION

30 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

41 LG GREEN AND AMPT LOSS RATE
STRTL .31 STARTING LOSS

DTH .26 MOISTURE DEFICIT
PSIF 4.35 WETTING FRONT SUCTION

XKSAT .46 HYDRAULIC CONDUCTIVITY
RTIMP 15.00 PERCENT IMPERVIOUS AREA

42 UC CLARK UNITGRAPH
TC 1.07 TIME OF CONCENTRATION

R .63 STORAGE COEFFICIENT

43 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES

.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0

100.0

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.07 HR, R= .63 HR

SNYDER TP= .55 HR, CP= .47

UNIT HYDROGRAPH
114 END-OF-PERIOD ORDINATES

20. 59. 95. 149. 224. 299. 378. 465. 552. 665.

856. 1090. 1297. 1402. 1424. 1446. 1447. 1429. 1410. 1390.

1367. 1343. 1317. 1284. 1250. 1215. 1179. 1141. 1106. 1073.



1041. 1011. 971. 922. 874. 829. 786. 745. 707. 670.
635. 602. 571. 541. 513. 487. 461. 437. 415. 393.
373. 354. 335. 318. 301. 286. 271. 257. 244. 231.
219. 208. 197. 187. 177. 168. 159. 151. 143. 136.
129. 122. 116. 110. 104. 98. 93. 89. 84. 80.
75. 72. 68. 64. 61. 58. 55. 52. 49. 47.
44. 42. 40. 38. 36. 34. 32. 31. 29. 27.
26. 25. 23. 22. 21. 20. 19. 18. 17. 16.
15. 14. 14. 13.

*** *** *** *** ***

HYDROGRAPH AT STATION S-C1

TOTAL RAINFAll = 12.76, TOTAL lOSS = 3.10, TOTAL EXCESS = 9.66

PEAK FlOlJ TIME MAXIMUM AVERAGE FLOIJ
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
10683. 3.87 (CFS) 2616. 947. 947. 947.

(INCHES) 9.575 9.613 9.613 9.613
(AC-FT) 1297. 1302. 1302. 1302.

CUMULATIVE AREA = 2.54 SQ MI



RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK 6-HOUR 24-HOUR 72-HOUR AREA STAGE MAX STAGE

HYDROGRAPH AT S-B1 11044. 4.83 4137. 1535. 1535. 4.09

HYDROGRAPH AT S-C1 10683. 3.87 2616. 947. 947. 2.54

*** NORMAL END OF HEC-1 ***



Appendix E3

Recommended Existing Hydrologic Conditions Model
FullPMF

(Spkfpmf.dat)



*************************************~*** ***************************************

* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 250CT01 TIME 11:12:30 * * (916) 756-1104 *
* * * *
***************************************** ***************************************

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN ~S HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN?? VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

/

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



HEC-1 INPUT PAGE 1

LINE 10 •••..•. 1.••.••.2.•..•..3..•••..4..•••.•5.••..•.6.....•• 7..•••••8•••..•. 9•••.•• 10

1 ID RED MOUNTAIN FREEYAY EXISTING HYDROLOGY ANALYSIS
2 ID POWER ROAD TO UNIVERSITY DRIVE
3 10
4 10 FILENAME: SPKFPMF.DAT
5 10
6 10 THIS MODEL REPRESENTS EXISTING CONDITIONS FOR THE CONTRIBUTING YATERSHED
7 10 TO THE SPOOK HILL FRS AND THE UNCONTROLLED DRAINAGE AREA BETYEEN THE PASS
8 10 MOUNTAIN DIVERSION AND THE SIGNAL BUTTE FLOOOYAY. THE PROCEDURES AND
9 10 GUIDELINES IN HMR 49 AND THE FCDMC HYDROLOGY MANUAL YERE USED.

10 10
11 10 HEC-1 MODEL PARAMETERS:
12 10 DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS
13 10 WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
14 10 SUBBASIN LENGTH, SLOPE AND AREA.
15 10 HYDROGRAPH: PROBABLE MAXIMUM FLOOD (PMF)
16 10 INFLOW HYDROGRAPH: THE MAXIMUM 100-YEAR, 24-HOUR STORM SIGNAL BUTTE FRS
17 10 PRINCIPAL SPILLWAY OUTFLOW (157 cfs) WAS ASSUMED
18 10 FOR THE UPPER CONTRIBUTING WATERSHED.
19 10 PRECIPITATION DEPTH: LOCAL PROBABLE MAXIMUM PRECIPITATION COMPUTED
20 10 USING THE PROCEDURES AND GUIDELINES IN HMR 49.
21 10 RAINFALL DURATION: 6 HRS
22 10 RAINFALL DISTRIBUTION: USED THE GUIDELINES IN HMR 49.
23 10 LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC
24 10 HYDROLOGY MANUAL (1995).
25 10 RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH
26 10 CHANNEL ROUTING: NORMAL DEPTH CHANNEL ROUTING
27 10 RESERVOIR ROUTING: MODIFIED PULS RESERVOIR ROUTING

*DIAGRAM
28 IT 2 500
29 10 3

30 KK S-IN
31 KM SIGNAL BUTTE FRS INFLOW,
32 BA 0.001
33 QI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
34 QI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
35 QI 0.0 0.0 0.0 0.0 157.0 157.0 157.0 157.0 157.0 157.0
36 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
37 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
38 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
39 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
40 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
41 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
42 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
43 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
44 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
45 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
46 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
47 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
48 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
49 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
50 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
51 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
52 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
53 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0



HEC-1 INPUT PAGE 2

LINE 10 .•••..• 1.••..••2•••.... 3•••.•.•4•..•••• 5•••••.•6...•••. 7..•••••8•••••.. 9•••... 10

54 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

55 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

56 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

57 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

58 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

59 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

60 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

61 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

62 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

63 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

64 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

65 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

66 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

67 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

68 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

69 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
70 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

71 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

72 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

73 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

74 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

75 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0
76 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

77 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

78 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

79 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

80 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

81 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

82 QI 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0 157.0

83 KK S-F
84 KM Runoff from Sub-basin F
85 BA 0.15
86 IN 15
87 PB 12.76
88 KM HMR 49 (1977) was used to distribute the local PMP

89 PC .000 .008 .016 .023 .031 .041 .051 .061 .070 .098

90 PC .125 .152 .180 .648 .789 .859 .914 .928 .941 .955

91 PC .969 .977 .984 .992 1.000
92 LG .300 .250 4.500 .370 9.0
93 UC 1.040 0.908

94 KK C-C1
95 KM Combine S-IN and S-F
96 HC 2

97 KK DIVF
98 KM Divert flows in excess of the Signal Butte Floodway capacity

99 DT DV-F
100 01 0 1043 1044
101 DQ 0 0 1



HEC-1 INPUT PAGE 3

LINE !D ••••••• 1••.•.••2••...••3•..••..4•••••.•5..••.•.6••••••. 7•••••••8•••••••9.••.•. 10

102
103
104
105
106
107

108
109
110
111
112

113
114
115

116
117
118
119
120

121
122
123
124
125
126

127
128
129
130
131
132

KK R-F
KM Route DIVF to G
RS 7 FLO\I -1
RC .035 .025 .035 3090 0.0003

RX 0 1 2 21.4 41.4 60.8 61 62
RY 9.7 9.7 9.7 0 0 9.7 9.7 9.7

KK S-G
KM Runoff from Sub-basin G
BA 0.52
LG .300 .250 5.700 .240 15.0
UC 1.030 .456

KK C-C2
KH Combine R-F and S-G
HC 2

KK DIVG
KM Divert flows in excess of the Signal Butte Floodway capacity

DT DV-G
DI 0 1304 1305
DQ 0 0 1

KK R-G-1
KM Route DIVG to G1 - EARTHEN
RS 14 FLO\I -1
RC .035 .025 .035 3943 0.00029
RX 0 1 2 21.4 53.4 72.8 73 74

RY 9.7 9.7 9.7 0 0 9.7 9.7 9.7

KK R-G-2
KH Route G1 to H - CONCRETE
RS 2 FLO\I -,
RC .016 .016 .016 2039 0.01495
RX 0 1 2 2.1 16.1 16.2 17 18

RY 7.5 7.5 7.5 0 0 7.5 7.5 7.5

133
134
135
136
137

KK
KM
BA
LG
UC

SoH
Runoff
0.86
'-320

2.030

from Sub-basin H

.250 4.400
1.977

.410 14.0

138
139
140

KK
KH
HC

C-C3
Combine R-G-2 and SoH

2

2778
1

2m
o

DIVH
Divert flows in excess of the Signal Butte Floodway capacity
DV-H

o
o

KK
KM
DT
DI
DQ

141
142
143
144
145



HEC-1 INPUT PAGE 4

LINE 10 ..•..•• 1. ..•••• 2.••••.•3•.••.•• 4..•..•.5•.•••••6.•••..•7...•..•8•••••••9•••••. 10

146 KK R-H
147 KM Route OIVH to S-I
148 RS 2 FLOW -1
149 RC .016 .016 .016 3938 0.0152

150 RX 0 1 2 2.1 16.1 16.2 17 18

151 RY 7.5 7.5 7.5 0 0 7.5 7.5 7.5

152 KK S-I
153 KM Runoff from Sub-basin
154 BA 1.32
155 LG .300 .250 4.500 .390 15.0

156 UC 2.010 1.752

157 KK C-C4
158 KM Combine R-H and S-I
159 HC 2

160 KK OIVI
161 KM Divert flows in excess of the Signal Butte Floodway capacity

162 DT DV-I
163 01 0 2872 2873
164 DQ 0 0 1

165 KK S-A1
166 KM Runoff from Sub-basin A1
167 BA 0.96
168 LG .300 .260 4.250 .470 16.0

169 UC 1.220 0.925

170 KK C-C5
171 KH Combine S-A1 and OIVI
172 HC 2

173 KK S-B1
174 KM Runoff trom Sub-basin B1
175 BA 4.09
176 LG .290 .250 4.450 .410 11.0

177 UC 1.860 1.290
178 UA 0 3.0 5.0 8.0 12.0 20 43.0 75.0 90.0 96.0

179 UA 100

180 KK C-C6
181 KM Combine C-C5 and S-B1
182 HC 2

183 KK S·B2
184 KH Runoff from Sub-basin B2
185 BA 1.36
186 LG .310 .260 4.350 .460 15.0

187 UC 1.870 1.641



LINE

188
189
190

191
192
193
194
195
196
197

HEC-1 INPUT

10 .•.•••• 1.••.•••2...••..3••••••• 4•••••••5•••••••6...•••• 7..•••••8•.•••••9••••.• 10

KK C-C7
KM Combine C-C6 and S-B2
HC 2

KK S-C1
KM Runoff from Sub-basin C1
BA 2.54
LG .310 .260 4.350 .460 15.0
UC 1.070 0.626
UA 0 5.0 16.0 30.0 65.0 77 84.0 90.0 94.0 97.0
UA 100

PAGE 5

198
199
200

KK
KM
He

C-C8
Combine C-C7 and S-C1

2

201
202
203
204
205

KK
KM
BA
LG
UC

S-01
Runoff
1.15
.300
.900

from Sub-basin 01

.270 3.640 .670

.649
17.0

206
207
208

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224

KK
KM
HC

KK
KM
KM

KM

KM
KM
KM
KM

RS
SV
SV
SQ

SQ

SE
SE
ZZ

C-C9
Combine C-C8 and 5-01

2

RES
Spook Hill Reservoir Routing
See OMJM+HARRIS Technical Report No.1 for supporting details
behind rating curves.

NGVD 29 elevations used in the computations.

Sediment Storage VoLume Below Principle Spillway = 271 Ac-Ft (Elev=1577.5')
1 STOR 0
0 287 346 474.9 693 1120 1631 1919 2231 2927

3722 4158
0 0 250 500 750 990 2860 4750 7000 12750

19240 23050
1575.1 1577.5 1578 1578.8 1580 1582 1584 1585 1586 1588

1590 1591



SCHEMATIC DIAGRAM OF STREAM NETWORK-
INPUT
LINE

NO.

(V) ROUTING

(.) CONNECTOR

(---» DIVERSION OR PUMP FLOW

«---) RETURN OF DIVERTED OR PUMPED FLOW

30 S- IN

83 S-F

94 C-C1 ••••••••.•.•

99 .-------> DV-F
97 DIVF

V

V

102 R-F

108 S-G

113 C-C2•••.•.•••••.

118 .-------> DV-G
116 DIVG

V

V

121 R-G-1
V

V

127 R-G-2

133 SoH

138 C-C3 •••••.•••••.

143 .-------> DV-H
141 DIVH

V

V

146 R-H

152 S-I

157 C-C4 •••••••••••.

162 .-------> DV-I
160 DIVI



165 S-A1

170 C-C5 ••.••.•.••••

173 S-81

180 C-C6 ..•••.••••••

183 S-82

188 C-C7•••.•.••.•••

191 S-C1

198 C-C8...•••.•••••

201 S-D1

206 C-C9•••.•.•••••.
V

V

209 RES

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION



*****************************************

* *
* FLOOO HYDROGRAPH PACKAGE (HEC-1) *
* JUN 1998 *
* VERSION 4.1 *
* *
* RUN DATE 250CT01 TIME 11:12:30 *
* *

***************************************

* *
* u.s. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *

***************************************** ***************************************

RED MOUNTAIN FREEWAY EXISTING HYDROLOGY ANALYSIS
POWER ROAD TO UNIVERSITY DRIVE

FILENAME: SPKFPMF.DAT

THIS MODEL REPRESENTS EXISTING CONDITIONS FOR THE CONTRIBUTING WATERSHED
TO THE SPOOK HILL FRS AND THE UNCONTROLLED DRAINAGE AREA BETWEEN THE PASS
MOUNTAIN DIVERSION AND THE SIGNAL BUTTE FLOODWAY. THE PROCEDURES AND
GUIDELINES IN HMR.49 AND THE FCDMC HYDROLOGY MANUAL WERE USED.

HEC-1 MODEL PARAMETERS:
DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS

WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
SUBBASIN LENGTH, SLOPE AND AREA.

HYDROGRAPH: PROBABLE MAXIMUM FLOOD (PMF)
INFLOW HYDROGRAPH: THE MAXIMUM 100-YEAR, 24-HOUR STORM SIGNAL BUTTE FRS

PRINCIPAL SPILLWAY OUTFLOW (157 cfs) WAS ASSUMED
FOR THE UPPER CONTRIBUTING WATERSHED.

PRECIPITATION DEPTH: LOCAL PROBABLE MAXIMUM PRECIPITATION COMPUTED
USING THE PROCEDURES AND GUIDELINES IN HMR 49.

RAINFALL DURATION: 6 HRS
RAINFALL DISTRIBUTION: USED THE GUIDELINES IN HMR 49.
LOSS PARAMETERS: GREEN,AND AMPT AS RECOMMENDED IN THE FCDMC

HYDROLOGY MANUAL (1995).
RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH
CHANNEL ROUTING: NORMAL DEPTH CHANNEL ROUTING
RESERVOIR ROUTING: MODIFIED PULS RESERVOIR ROUTING

29 10 OUTPUT CONTROL VARIABLES
IPRNT 3
IPLOT 0
QSCAL o.

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALE

2 MINUTES IN COMPUTATION INTERVAL
o STARTING DATE

0000 STARTING TIME
500 NUMBER OF HYDROGRAPH ORDINATES

o ENDING DATE
1638 . ENDING TIME

19 CENTURY MARK

HYDROGRAPH TIME DATA
NMIN

IDATE
!TIME

NQ
NDDATE
NDTIME
ICENT

IT

COMPUTATION INTERVAL
TOTAL TIME BASE

.03 HOURS
16.63 HOURS

ENGLISH UNITS



DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOW
STORAGE VOLUME
SURFACE AREA
TEMPERATURE

SQUARE MILES
INCHES
FEET
CUBIC FEET PER SECOND
ACRE-FEET
ACRES
DEGREES FAHRENHEIT

*** *** *** *** *** *** *** *** *** *** ••* *** *** *** *** *** *** *** 'It** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

30 KK
*
*
*

*
S-IN *

*

32 BA

**************

SIGNAL BUTTE FRS INFLOW

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA .00 SUBBASIN AREA

***

*** *** *** *** ***

HYDROGRAPH AT STATION S-IN

PEAK FLOW
(CFS)

157.

TIME
(HR)

.80 (CFS)
(INCHES)

(AC- FT)

6-HR
157.

1459.712
78.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
150. 150.

3856.072 3856.072
206. 206.

16.63-HR
150.

3856.072
206.

CUMULATIVE AREA = .00 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

83 KK
*
*
*

*
S-F *

*
**************

Runoff from Sub-basin F
HMR 49 (1977) was used to distribute the local PMP

86 IN TIME DATA FOR
JXMIN

JXDATE
JXTIME

INPUT TIME
15
o
o

SERIES
TIME INTERVAL
STARTING DATE
STARTING TIME

IN MINUTES

SUBBASIN RUNOFF DATA



85 BA SUBBASIN CHARACTERISTICS
TAREA .15 SUBBASIN AREA

.PRECIPITATION DATA

88 PB STORM 12.76 BASIN TOTAL PRECIPITATION

88 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

92 LG GREEN AND AMPT LOSS RATE
STRTL .30 STARTING LOSS

DTH .25 MOISTURE DEFICIT
PSIF 4.50 WETTING FRONT SUCTION

XKSAT .37 HYDRAULIC CONDUCTIVITY,.
RTIMP 9.00 PERCENT IMPERVIOUS AREA

93 UC CLARK UN ITGRAPH
TC 1.04 TIME OF CONCENTRATION

R .91 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.04HR, R= .91 HR

SNYDER TP= .96 HR, CP= .62

UN IT HYDROGRAPH
161 END-OF-PERIOO ORDINATES

O. 2. 3. 5. 8. 10. 13. 16. 19. 22.

25. 29. 32. 35. 39. 42. 46. 49. 52. 54.

57. 59. 61. 62. 63. 64. 65. 65. 65. 64.

63. 62. 60. 57. 55. 53. 51. 50. 48. 46.

44. 43. 41. 40. 38. 37. 36. 34. 33. 32.

31. 30. 29. 28. 27. 26. 25. 24. 23. 22.

21. 21. 20. 19. 18. 18. 17. 16. 16. 15.

15. 14. 14. 13. 13. 12. 12. 11. 11. 11.

10. 10. 9. 9. 9. 9. 8. 8. 8. 7.

7. 7. 7. 6. 6. 6. 6. 5. 5. 5.

5. 5. 5. 4. 4. 4. 4. 4. 4. 4.

3. 3. 3. 3. 3. 3. 3. 3. 3. 2.



2. 2. 2. 2. 2. 2. 2.
2. 2. 2. 1. 1. 1. 1.
1. 1. 1. 1. 1. 1. 1.
1. 1. 1. 1. 1. 1. 1.
1.

*** *** *** *** ***

HYDROGRAPH AT STATION S-F

2.
1.

1.

1.

2.
1.

1.

1.

2.
1.

1.

1.

TOTAL RAINFALL = 12.76, TOTAL LOSS = 2.96, TOTAL EXCESS 9.80

PEAK FLO\J
(CFS)

529.

TIME
(HR)
4.13 (CFS)

(INCHES)
(AC- FT)

6-HR
156.

9.679
77.

MAXIMUM AVERAGE FLOW
24-HR 72-HR

57. 57.
9.747 9.747

78. 78.

16.63-HR
57.

9.747
78.

CUMULATIVE AREA = .15 SQ HI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

94 KK
*
*
*

*
C-C1 *

*

96 HC

**************

Combine S-IN and S-F

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C-C1

PEAK FLOW
(CFS)

686.

TIME
(HR)
4.13 (CFS)

(INCHES)
(AC-FT)

6-HR
313.

19.282
155.

.HAXIMUM AVERAGE FLOW
24-HR 72-HR
206. 206.

35.219 35.219
284. 284.

16.63-HR
206.

35.219
284.

CUMULATIVE AREA = .15 SQ HI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

97 KK
*
*
*

*
DIVF *

*



**************

Divert flows in excess of the Signal Butte Floodway capacity

DT

01

DQ

DIVERSION
ISTAD

INFLOW

DIVERTED FLOII

DV-F DIVERSION HYDROGRAPH IDENTIFICATION

.00 1043.00 1044.00

.00 .00 1.00

***

*** *** *** *** ***

DIVERSION HYDROGRAPH DV-F

PEAK FLOII TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR

o. .00 (CFS) o. o. o. o.
(INCHES) .000 .000 .000 .000
(AC-FT) o. o. O• o.

CUMULATIVE AREA = •15 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION DIVF

PEAK FLOII TIME MAXIMUM AVERAGE FLOII
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR

686. 4.13 (CFS) 313. 206. 206. 206.
(INCHES) 19.282 35.219 35.219 35.219

(AC- FT) 155. 284. 284. 284.

CUMULATIVE AREA = .15 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** .** *** *** *** *** ***

**************

102 KK
*
*
*

*
R-F *

*
**************

Route DIVF to G

HYDROGRAPH ROUTING DATA

104 RS STORAGE ROUTING
NSTPS

ITYP
RSVRIC

X

7 NUMBER OF SUBREACHES
FLOII TYPE OF INITIAL CONDITION

-1.00 INITIAL CONDITION
.00 WORKING RAND D COEFFICIENT

105 RC NORMAL DEPTH CHANNEL
ANL .035 LEFT OVERBA~K N-VALUE



ANCH .025 MAIN CHANNEL N-VALUE
ANR .035 RIGHT OVERBANK N-VALUE

RLNTH 3090. REACH LENGTH
SEL .0003 ENERGY SLOPE

ELMAX .0 MAX. ELEV. FOR STORAGE/OUTFLOY CALCULATION

CROSS-SECTION DATA
--- LEFT OVERBANK + ------ MAIN CHANNEL ------- + --- RIGHT OVERBANK ---

107 RY ELEVATION 9.70 9.70 9.70 .00 .00 9.70 9.70 9.70
106 RX DISTANCE .00 1.00 2.00 21.40 41.40 60.80 61.00 62.00

***

COMPUTED STORAGE-OUT FLOW-ELEVATION DATA

STORAGE .00 .76 1.60 2.51 3.49 4.55 5.68 6.88 8.16 9.51
OUTFLOW .00 6.81 21.92 43.78 71.98 106.41 147.05 194.01 247.39 307.35

ELEVATION .00 .51 1.02 1.53 2.04 2.55 3.06 3.57 4.08 4.59

STORAGE 10.94 12.44 14.02 15.67 17.39 19.18 21.06 23.00 25.02 27.11
OUTFLOW 374.05 447.65 528.33 616.29 711.70 814.74 925.61 1044.49 1171.57 1307.03

ELEVATION 5.11 5.62 6.13 6.64 7.15 7.66 8.17 8.68 9.19 9.70

*** *** *** *** ***

HYDROGRAPH AT STATION R-F

PEAK FLOY TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR

679. 4.37 (CFS) 313. 202. 202. 202.
(INCHES) 19.280 34.482 34.482 34.482
(AC-FT) 155. 278. 278. 278.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
(AC- FT) (HR) 6-HR 24-HR 72-HR 16.63-HR

2. 4.33 1. 1. 1. 1.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) 6-HR 24-HR 72-HR 16.63-HR

6.97 4.37 4.48 3.42 3.42 3.42

CUMULATIVE AREA = .15 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

108 KK
*
*
*

*
S-G *

*

110 BA

**************

Runoff from Sub-basin G

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS



TAREA .52 SUBBASIN AREA

PRECIPITATION DATA

88 PB STORM 12.76 BASIN TOTAL PRECIPITATION

88 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

111 LG GREEN AND AMPT LOSS RATE
STRTL .30 STARTI NG LOSS

DTH .25 MOISTURE" DEFICIT
PSIF 5.70 WETTING FRONT SUCTION

XKSAT .24 HYDRAULIC CONDUCTIVITY
RTIMP 15.00 PERCENT IMPERVIOUS AREA

112 UC CLARK UNITGRAPH
TC 1-03 TIME OF CONCENTRATION

R .46 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1-03 HR. R= .46 HR

SNYDER TP= .84 HR. CP= .77

UNIT HYDROGRAPH
90 END-OF-PERIOO ORDINATES

3. 11- 22. 36. 51. 67. 84. 101. 119. 137.

155. 173. 191- 209. 227. 245. 261- 276. 288. 298.

306. 312. 316. 318. 319. 317. 314. 310. 303. 293.

280. 263. 244. 227. 211- 196. 182. 170. 158. 146.

136. 127. 118. 109. 102. 94. 88. 82. 76. 70.

66. 61. 57. 53. 49. 45. 42. 39. 36. 34.

32. 29. 27. 25. 24. 22. 20. 19. 18. 16.

15. 14. 13. 12. 11- 11. 10. 9. 8. 8.

7. 7. 6. 6. 5. 5. 5. 4. 4. 4.

*** *** *** *** ***

HYDROGRAPH AT STATION S-G



TOTAL RAINFALL = 12.76, TOTAL LOSS 2.37, TOTAL EXCESS = 10.39

PEAK FLOW
(CFS)
2580.

TIME
(HR)
4.03 (CFS)

( INCHES)
(AC- FT)

6-HR
576.

10.305
286.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
208. 208.

10.334 10.334
287. 287.

16.63-HR
208.

10.334
287.

CUMULATIVE AREA = .52 SQ HI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

113 KK
*
*
*

*
C-C2 *

*

115 HC

**************

Combine R-F and S-G

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C.-C2

PEAK FLOW
(CFS)
3161.

TIME
(HR)
4.07 (CFS)

( INCHES)
(AC-FT)

6-HR
887.

12.285
440.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
410. 410.

15.768 15.768
564. 564.

16.63-HR
410.

15.768
564.

CUMULATIVE AREA = .67 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

116 KK
*
*
*

*
DIVG *

*
**************

Divert flows in excess of the Signal Butte Floodway capacity

DT DIVERSION
ISTAD DV-G DIVERSION HYDROGRAPH IDENTIFICATION

01

DQ

INFLOW

DIVERTED FLOW

.00 1304.00

.00 .00

1305.00

1.00



*** *** *** ***

***

***

DIVERSION HYDROGRAPH DV-G

PEAK FLOW
(CFS)
1857.

TIME
(HR)
4.07 (CFS)

(INCHES)
(AC-FT>

6-HR
259.

3.594
129.

MAXIMUM AVERAGE FLOY
24-HR 72-HR

94. 94.
3.594 3.594

129. 129.

16.63-HR
94.

3.594
129.

CUMULATIVE AREA = .67 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION DIVG

PEAK FLOIJ
(CFS)
1304.

TIME
(HR)
3.47 (CFS)

(INCHES)
(AC-FT>

6-HR
627.

8.691
311.

MAXIMUM AVERAGE FLOY
24-HR 72-HR
317. 317.

12.174 12.174
436. 436.

16.63-HR
317.

12.174
436.

CUMULATIVE AREA = .67 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

. 121 KK
*
*
*

*
R-G-1 *

*
**************

Route DIVG to G1 - EARTHEN

HYDROGRAPH ROUTING DATA

123 RS STORAGE ROUTI NG
NSTPS

ITYP
RSVRIC

X

14 NUMBER OF SUBREACHES
FLOW TYPE OF INITIAL CONDITION

-1.00 INITIAL CONDITION
.00 WORKING RAND D COEFFICIENT

124 RC NORMAL DEPTH CHANNEL
ANL .035 LEFT OVERBANK N-VALUE

ANCH .025 MAIN CHANNEL N-VALUE
ANR .035 RIGHT OVERBANK N-VALUE

RLNTH 3943. REACH LENGTH
SEL .0003 ENERGY SLOPE

ELMAX .0 MAX. ELEV. FOR STORAGE/OUTFLOIJ CALCULATION

126 RY ELEVATION

CROSS-SECTION DATA
LEFT OVERBANK + ------ MAIN CHANNEL

9.70 9.70 9.70 .00 .00
+ --- RIGHT OVERBANK --­
9.70 9.70 9.70



125 RX DISTANCE .00 1.00 2.00 21.40 53.40 72.80 73.00 74.00

***

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

STORAGE .00 1.53 3.15 4.86 6.67 8.57 10.57 12.66 14.85 17.13
OUTFLOW .00 10.66 34.11 67.64 110.32 161.70 221.56 289.79 366.37 451.32

ELEVATION .00 .51 1.02 1.53 2.04 2.55 3.06 3.57 4.08 4.59

STORAGE 19.51 21.98 24.54 27.20 29.95 32.80 35.74 38.78 41.91 45.13
OUTFLOW 544.70 646.60 757.12 876.38 1004.50 1141.63 1287.91 1443.47 1608.47 1783.06

ELEVATION 5.11 5.62 6.13 6.64 7.15 7.66 8.17 8.68 9.19 9.70

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 1443. TO 1783.
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS.
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.)

*** *** *** *** ***

HYDROGRAPH AT STATION R-G-1

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1304. 3.93 (CFS) 627. 311. 311. 311.

(INCHES) 8.691 11.940 11.940 11.940
(AC- FT) 311. 427. 427. 427.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
(AC-FT) (HR) 6-HR 24-HR 72-HR 16.63-HR

3. 3.87 1. 1. 1. 1.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) 6-HR 24-HR 72-HR 16.63-HR

8.22 3.97 5.12 3.19 3.19 3.19

CUMULATIVE AREA = .67 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** .*. *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

127 KK
*
*
*

*
R-G-2 *

*
**************

Route G1 to H - CONCRETE

HYDROGRAPH ROUTING DATA

129 RS STORAGE ROUTING
NSTPS

ITYP
RSVRIC

X

2 NUMBER OF SUBREACHES
FLOW TYPE OF INITIAL CONDITION

-1.00 INITIAL CONDITION
.00 WORKING RAND D COEFFICIENT



130 RC NORMAL DEPTH
ANL

ANCH
ANR

RLNTH
SEL

ELMAX

CHANNEL
.016
.016
.016

2039.
.0149

.0

LEFT OVERBANK N-VALUE
MAIN CHANNEL N-VALUE
RIGHT OVERBANK N-VALUE
REACH LENGTH
ENERGY SLOPE
MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION

132 RY
131 RX

ELEVATION
DISTANCE

CROSS-SECTION DATA
LEFT OVERBANK + ------ MAIN CHANNEL ------- + ---

7.50 7.50 7.50 .00 .00 7.50
.00 1.00 2.00 2.10 16.10 16.20

RIGHT OVERBANK ---
7.50 7.50

17.00 18.00

***

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

STORAGE .00 .26 .52 .78 1.04 1.30 1.56 1.82 2.08 2.34
OUTFLOW .00 32.66 100.23 190.75 298.76 420.81 554.45 697.84 849.58 1008.54

ELEVATION .00 .39 .79 1.18 1.58 1.97 2.37 2.76 3.16 3.55

STORAGE 2.60 2.86 3.12 3.38 3.64 3.90 4.16 4.43 4.69 4.95
OUTFLOW 1173.80 1344.61 1520.34 1700.48 1884.57 2072.23 2263.13 2456.99 2653.56 2852.61

ELEVATION 3.95 4.34 4.74 5.13 5.53 5.92 6.32 6.71 7.11 7.50

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 191. TO 2853.
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS.
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.)

*** *** *** *** ***

HYDROGRAPH AT STATION R-G-2

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1304. 4.00 (CFS) 627. 310. 310. 310.

(INCHES) 8.691 11.921 11.921 11 .921
(AC- FT) 311. 427. 427. 427.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
(AC- FT) (HR) 6-HR 24-HR 72-HR 16.63-HR

1. 3.87 1. O. O. O.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
( FEET) (HR) 6-HR 24-HR 72-HR 16.63-HR

4.25 4.00 2.44 1.44 1.44 1.44

CUMULATIVE AREA = .67 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

133 KK
*
*
*

*
SOH *

*



**************

Runoff from Sub-basin H

SUBBASIN RUNOFF DATA

135 BA SUBBASIN CHARACTERISTICS
TAREA .86 SUBBASIN AREA

PRECIPITATION DATA

88 PB STORM 12.76 BASIN TOTAL PRECIPITATION

88 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.06 .06 .06 .06 .06 .06 .06 .04 .02 .02
.02 .02 .02 .02 .02 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

136 LG GREEN AND AMPT LOSS RATE
STRTL .32 STARTING LOSS

DTH .25 MOISTURE DEFICIT
PSIF 4.40 WETTING FRONT SUCTION

XKSAT .41 HYDRAULIC CONDUCTIVITY
RTIMP 14.00 PERCENT IMPERVIOUS AREA

137 UC CLARK UNITGRAPH
TC 2.03 TIME OF CONCENTRATION
R 1.98 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 2.03 HR, R= 1.98 HR

SNYDER TP= 1.91 HR, CP= .59

UN IT HYDROGRAPH
300 END-OF-PERIOD ORDINATES

VOLUME = .99
o. 2. 3. 5. 8. 10. 13. 16. 20. 23.

27. 30. 34. 38. 42. 46. 50. 55. 59. 63.
68. 72. 77. 82. 86. 91. 96. 101. 106. 111.

116. 120. 125. 130. 134. 138. 142. 146. 149. 152.
155. 158. 161. 164. 166. 168. 170. 172. 174. 175.
176. 177. 178. 178. 179. 179. 178. 178. 177. 176.



174. 171. 169. 166. 163. 160. 158. 155. 152. 150.
147. 145. 142. 140. 138. 135. 133. 131. 129. 127.
124. 122. 120. 118. 116. 114. 112. 111. 109. 107.
105. 103. 102. 100. 98. 97. 95. 93. 92. 90.
89. 87. 86. 84. 83. 82. 80. 79. 78. 76.
75. 74. 73. 71. 70. 69. 68. 67. 66. 64.
63. 62. 61. 60. 59. 58. 57. 56. 55. 54.
54. 53. 52. 51. 50. 49. 48. 48. 47. 46.
45. 44. 44. 43. 42. 42. 41. 40. 40. 39.
38. 38. 37. 36. 36. 35. 35. 34. 33. 33.
32. 32. 31. 31. 30. 30. 29. 29. 28. 28.
27. 27. 26. 26. 25. 25. 25. 24. 24. 23.
23. 23. 22. 22. 22. 21. 21. 20. 20. 20.
19. 19. 19. 19. 18. 18. 18. 17. 17. 17.
16. 16. 16. 16. 15. 15. 15. 15. 14. 14.
14. 14. 13. 13. 13. 13. 13. 12. 12. 12.
12. 12. 11. 11. 11. 11. 11. 10. 10. 10.
10. 10. 10. 9. 9. 9. 9. 9. 9. 9.
8. 8. 8. 8. 8. 8. 8. 7. 7. 7.
7. 7. 7. 7. 7. 7. 6. 6. 6. 6.
6. 6. 6. 6. 6. 5. 5. 5. 5. 5.
5. 5. 5. 5. 5. 5. 5. 4. 4. 4.
4. 4. 4. 4. 4. 4. 4. 4. 4. 4.
4. 4. 3. 3. 3. 3. 3. 3. 3. 3.

*** *** *** *** ***

HYDROGRAPH AT STATION SoH

TOTAL RAINFALL = 12.76, TOTAL LOSS = 2.94, TOTAL EXCESS = 9.82

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
CCFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1626. 5.03 CCFS) 825. 324. 324. 324.

CINCHES) 8.924 9.709 9.709 9.709
CAC- FT) 409. 445. 445. 445.

CUMULATIVE AREA = .86 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** .*. *** *** *** *** *** *** *** *** *** *** *** *** .*. *** *** *** *** *** *** ***

**************

138 leK
*
*
*

*
C-C3 *

*

140 HC

******.********

Combine R-G-2 and SoH

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C-C3



PEAK FLail
(CFS)
2930.

TIME
(HR)
5.03 (CFS)

( INCHES)
(AC-FT)

6-HR
1443.
8.762
715.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
634. 634.

10.678 10.678
872. 872.

16.63-HR
634.

10.678
872.

CUMULATIVE AREA = 1.53 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

141 KK
*
*
*

*
DIVH *

*
**************

Divert flows in excess of the Signal Butte Floodway capacity

DT

01

DQ

DIVERSION
ISTAD

INFLOII

DIVERTED FLO\J

DV-H DIVERSION HYDROGRAPH IDENTIFICATION

.00 2777.00 2778.00

.00 .00 1.00

***

-* *** *** *** ***

DIVERSION HYDROGRAPH DV-H

PEAK FLail
(CFS)

153.

TIME
(HR)
5.03 (CFS)

(I NCHES)
(AC-H)

6-HR
11.

.064
5.

MAXIMUM AVERAGE FLail
24-HR 72-HR

4. 4.

.064 .064
5. 5.

16.63-HR
4.

.064
5.

CUMULATIVE AREA = 1.53 SQ MI

*** *** *** *- ***

HYDROGRAPH AT STATION DIVH

PEAK FLail
(CFS)
2777.

TIME
(HR)
4.67 (CFS)

(INCHES)
(AC-FT)

6-HR
1432.
8.698
710.

MAXIMUM AVERAGE FLail
24-HR 72-HR
630. 630.

10.614 10.614
867. 867.

16.63-HR
630.

10.614
867.

CUMULATIVE AREA = 1.53 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***



**************

146 KK
*
*
*

*
R-H *

*
**************

Route DIVH to S-I

HYDROGRAPH ROUTING DATA

148 RS STORAGE ROUT! NG
NSTPS

ITYP
RSVRIC

X

2 NUMBER OF SUBREACHES
FLOW TYPE OF INITIAL CONDITION

-1.00 INITIAL CONDITION
.00 WORKING RAND D COEFFICIENT

149 RC NORMAL DEPTH CHANNEL
ANl .016 lEFT OVERBANK N-VALUE

ANCH .016 MAIN CHANNEL N-VALUE
ANR .016 RIGHT OVERBANK N-VAlUE

RlNTH 3938. REACH LENGTH
SEl .0152 ENERGY SLOPE

ElMAX .0 MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION

151 RY
150 RX

ELEVATION
DISTANCE

CROSS-SECTION DATA
LEFT OVERBANK + ------ MAIN CHANNEL -------

7.50 7.50 7.50 .00 .00
.00 1.00 2.00 2.10 16.10

+ ---

7.50
16.20

RIGHT OVERBANK .--
7.50 7.50

17.00 18.00

***

COMPUTED STORAGE-OUT FLOW-ELEVATION DATA

STORAGE .00 .50 1.00 1.50 2.00 2.50 3.00 3.51 4.01 4.51
OUTFLOW .00 32.94 101.07 192.33 301.25 424.31 559.06 703.65 856.66 1016.94

ELEVATION .00 .39 .79 1.18 1.58 1.97 2.37 2.76 3.16 3.55

STORAGE 5.01 5.52 6.02 6.53 7.03 7.54 8.04 8.55 9.05 9.56
OUTFLOW 1183.57 1355.80 1533.00 1714.64 1900.26 2089.49 2281.98 2477.45 2675.65 2876.36

ELEVATION 3.95 4.34 4.74 5.13 5.53 5.92 6.32 6.71 7.11 7.50

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 1715. TO 2876.
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS.
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.)

*** *** *** *** ***

HYDROGRAPH AT STATION R-H

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72·HR 16.63-HR
2m. 4.73 (CFS) 1432. 630. 630. 630.

(INCHES) 8.698 10.598 10.598 10.598
(AC- FT) 710. 865. 865. 865.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
(AC-FT) (HR) 6-HR 24-HR 72-HR 16.63-HR

5. 4.73 3. 1. 1. 1.



PEAK STAGE
(FEET)

7.30

TIME
(HR)
4.73

6-HR
4.39

CUMULATIVE AREA =

MAXIMUM AVERAGE STAGE
24-HR 72-HR
2.24 2.24

1.53 SQ MI

16.63-HR
2.24

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *
152 KK * S-I *

* *
**************

Runoff from Sub-basin

SUBBASIN RUNOFF DATA

154 BA SUBBASIN CHARACTERISTICS
TAREA 1.32 SUBBASIN AREA

PRECIPITATION DATA

88 PB STORM 12.76 BASIN TOTAL PRECIPITATION

88 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.06 .06 .06 .06 .06 .06 .06 .04 .02 .02
.02 .02 .02 .02 .02 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

155 LG GREEN AND AMPT LOSS RATE
STRTL .30 START! NG LOSS

DTH .25 MOISTURE DEFICIT
PSIF 4.50 WETTING ·FRONT SUCTION

XKSAT .39 HYDRAULIC CONDUCTIVITY
RTIMP 15.00 PERCENT IMPERVIOUS AREA

156 UC CLARK UNITGRAPH
TC 2.01 TIME OF CONCENTRATION
R 1.75 STORAGE COEFFICIENT



SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE YILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 2.01 HR. R= 1.75 HR

SNYDER TP= 1.87 HR. CP= .62

UN IT HYDROGRAPH
300 END-OF-PERIOD ORDINATES

VOLUME = .99
1. 3. 6. 9. 14. 18. 23. 29. 34. 40.

46. 53. 59. 66. 73. 80. 87. 94. 102. 110.
117. 125. 133. 141. 149. 157. 165. 173. 182. 190.
198. 206. 214. 221. 228. 235. 241. 247. 253. 258.
263. 268. 272. 276. 280. 283. 286. 289. 291. 293.
294. 295. 296. 296. 296. 296. 294. 293. 291. 288.
283. 278. 273. 268. 263. 258. 253. 248. 243. 239.
234. 230. 226. 221. 217. 213. 209. 205. 201. 197.
194. 190. 186. 183. 179. 176. 173. 170. 166. 163.
160. 157. 154. 151. 148. 146. 143. 140. 138. 135.
132. 130. 127. 125. 123. 120. 118. 116. 114. 112.
109. 107. 105. 103. 101. 100. 98. 96. 94. 92.
90. 89. 87. 85. 84. 82. 81. 79. 78. 76.
75. 73. 72. 71. 69. 68. 67. 65. 64. 63.
62. 61. 60. 58. 57. 56. 55. 54. 53. 52.
51. 50. 49. 48. 47. 46. 46. 45. 44. 43.
42. 41. 41. 40. 39. 38. 38. 37. 36. 36.
35. 34. 34. 33. 32. 32. 31. 31. 30. 29.
29. 28. 28. 27. 27. 26. 26. 25. 25. 24.
24. 23. 23. 23. 22. 22. 21. 21. 21. 20.
20. 19. 19. 19. 18. 18. 18. 17. 17. 17.
16. 16. 16. 15. 15. 15. 15. 14. 14. 14.
13. 13. 13. 13. 13. 12. 12. 12. 12. 11.
11. 11. 11. 11. 10. 10. 10. 10. 10. 9.
9. 9. 9. 9. 9. 8. 8. 8. 8. 8.
8. 7. 7. 7. 7. 7. 7. 7. 7. 6.
6. 6. 6. 6. 6. 6. 6. 6. 5. 5.
5. 5. 5. 5. 5. 5. 5. 5. 4. 4.
4. 4. 4. 4. 4. 4. 4. 4. 4. 4.
4. 3. 3. 3. 3. 3. 3. 3. 3. 3.

*** *** *** *** ***

HYDROGRAPH AT STATION S-I

TOTAL RAINFALL = 12.76. TOTAL LOSS = 2.84. TOTAL EXCESS = 9.92

PEAK FLOY TIME MAXIMUM AVERAGE FLOW
CCFS) CHR) 6-HR 24-HR 72-HR 16.63-HR
2706. 5.00 CCFS) 1308. 505. 505. 505.

(INCHES) 9.211 9.857 9.857 9.857
CAC- FT) 648. 694. 694. 694.

CUMULATIVE AREA = 1.32 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***



**************

157 KK
*
*
*

*
C-C4 *

*

159 HC

**************

Combine R-H and S-I

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C-C4

PEAK FL()\,/
(CFS)
5483.

TIME
(HR)
5.00 (CFS)

(INCHES)
(AC-FT)

6-HR
2740.
8.935
1359.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
1134. 1134.

10.255 10.255
1559. 1559.

16.63-HR
1134.

10.255
1559.

CUMULATIVE AREA = 2.85 SQ MI

*.. *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ••• *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

160 KK
*
*
*

*
DIVI *

*
**************

Divert flows in excess of the Signal Butte Floodway capacity

DT

01

DQ

DIVERSION
ISTAD

INFL()\,/

DIVERTED FL()\,/

DV-I DIVERSION HYDROGRAPH IDENTIFICATION

.00 2872.00 2873.00

.00 .00 1.00

***

*** *** *** *** ***

DIVERSION HYDROGRAPH DV-I

PEAK FLOW
(CFS)
2611.

TIME
(HR)
5.00 (CFS)

(INCHES)
(AC- FT)

6-HR
655.

2.137
325.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
236. 236.

2.137 2.137
325. 325.

16.63-HR
236.

2.137
325.

CUMULATIVE AREA = 2.85 SQ MI



*** *** *** *** ***

HYDROGRAPH AT STATION DIVI

PEAK FLOW
(CFS)
2872.

TIME
(HR)
3.83 (CFS)

(INCHES)
(AC- FT)

6-HR
2084.
6.797
1034.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
898. 898.

8.118 8.118
1234. 1234.

16.63-HR
898.

8.118
1234.

CUMULATIVE AREA = 2.85 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *
165 KK * S-A1 *

* *
**************

Runoff from Sub-basin A1

SUBBASIN RUNOFF DATA

167 BA SUBBASIN CHARACTERISTICS
TAREA .96 SUBBASIN AREA

PRECIPITATION DATA

88 PB STORM 12.76 BASIN TOTAL PRECIPITATION

88 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 ·90 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.06 .06 .06 .06 .06 .06 .06 .04 .02 .02
.02 .02 .02 .02 .02 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .0.0 .00 .00 .00 .00 .00 .00 .00

168 LG GREEN AND AMPT LOSS RATE
STRTL .30 STARTING LOSS

DTH .26 MOISTURE DEFICIT
PSIF 4.25 WETTING FRONT SUCTION

XKSAT .47 HYDRAULIC CONDUCTIVITY



169 UC

RTIMP

CLARK UNITGRAPH
TC
R

16.00 PERCENT IMPERVIOUS AREA

1.22 TIME OF CONCENTRATION
.93 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATEO-AREA VS. TIME CURVE WILL BE USED

***

UN IT HYDROGRAPH
167 END-OF-PERIOD ORDINATES

27. 38. 51. 65. 79. 94. 110.
176. 193. 211. 229. 247. 264. 281.
336. 347. 356. 364. 371. 376. 380.
382. 379. 373. 364. 352. 340. 328.
284. 274. 264. 255. 246. 237. 229.
198. 191. 184. 178. 171. 165. 159.
138. 133. 128. 124. 120. 115. 111.
96. 93. 90. 86. 83. 80. 78.
67. 65. 62. 60. 58. 56. 54.
47. 45. 44. 42. 41. 39. 38.
33. 32. 30. 29. 28. 27. 26.
23. 22. 21. 20. 20. 19. 18.
16. 15. 15. 14. 14. 13. 13.
11. 11. 10. 10. 10. 9. 9.
8. 7. 7. 7. 7. 6. 6.
5. 5. 5. 5. 5. 4. 4.
4. 4. 3. 3.

2. 8. 17.
126. 142. 159.
297. 312. 325.
383. 384. 384.
316. 305. 294.
221. 213. 205.
154. 148. 143.
107. 103. 100.
75. 72. 70.
52. 50. 49.
36. 35. 34.
25. 24. 24.
18. 17. 16.
12. 12. 11.
9. 8. 8.
6. 6. 6.
4. 4. 4.

*** *** ***

UN IT HYDROGRAPH
CLARK TC= 1.22 HR.

SNYDER TP= 1.11 HR.

***

PARAMETERS
R=

CP=

***

.93 HR

.66

HYDROGRAPH AT STATION S-A1

TOTAL RAINFALL = 12.76. TOTAL LOSS = 3.08. TOTAL EXCESS = 9.68

PEAK FLOW
(CFS)
3197.

TIME
(HR)
4.27 (CFS)

(INCHES)
(AC-FT)

6-HR
984.

9.527
488.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
359. 359.

9.634 9.634
493. 493.

16.63-HR
359.

9.634
493.

CUMULATIVE AREA = .96 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

170 KK
*
*
*

*
C-C5 *

*
**************

Combine S-A1 and DIVI



172 HC HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C-C5

PEAK FLOW
(CFS)
6069.

TIME
(HR)
4.27 (CFS)

(INCHES)
(AC-FT)

6-HR
3055.
7.453
1515.

MAXIMUM AVERAGE FLO~

24-HR 72-HR
1257. 1257.
8.500 8.500
1728. 1728.

16.63-HR
1257.
8.500
1728.

CUMULATIVE AREA = 3.81 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *
173 KK * S-B1 *

* *
**'************

Runoff from Sub-basin B1

SUBBASIN RUNOFF DATA

175 BA SUBBASIN CHARACTERISTICS
TAREA 4.09 SUBBASIN AREA

PRECIPITATION DATA

88 PB STORM 12.76 BASIN TOTAL PRECIPITATION

88 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.06 .06 .06 .06 .06 .06 .06 .04 .02 .02
.02 .02 .02 .02 .02 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00



176 LG GREEN AND AMPT LOSS RATE
STRTL .29 STARTING LOSS

DTH .25 MOISTURE DEFICIT
) PSIF 4.45 WETTING FRONT SUCTION

XKSAT .41 HYORAULIC CONDUCTIVITY
RTIMP 11.00 PERCENT IMPERVIOUS AREA

177 UC CLARK UNITGRAPH
TC 1.86 TIME OF CONCENTRATION
R 1.29 STORAGE COEFFICIENT

178 UA ACCUMULATED·AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0

100.0

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.86 HR, R= 1.29 HR

SNYDER TP= 1.56 HR, CP= .76

UN IT HYDROGRAPH
240 END-Of-PERIOD ORDINATES

5. 16. 27. 37. 47. 56. 62. 68. 74. 79.
84. 91. 99. 107. 116. 123. 132. 141. 152. 163.

173. 183. 198. 220. 243. 266. 288. 312. 363. 437.
509. 579. 648. 723. 813. 908. 1000. 1091. 1179. 1236.

1260. 1282. 1304. 1325. 1340. 1338. 1325. 1313. 1301. 1290.
1276. 1259. 1241. 1224. 1207. 1189. 1165. 1135. 1106. 1078.
1050. 1024. 997. 9n. 947. 923. 900. 877. 854. 832.
81L 791. 770. 751. 732. 713. 695. 677. 660. 643.
626. 610. 595. 580. 565. 551. 536. 523. 509. 496.
484. 471. 459. 448. 436. 425. 414. 404. 393. 383.
374. 364. 355. 346. 337. 328. 320. 312. 304. 296.
289. 281. 274. 267. 260. 254. 247. 241. 235. 229.
223. 217. 212. 206. 201. 196. 191. 186. 181. 177.
172. 168. 163. 159. I 155. 151. 147. 144. 140. 136.
133. 130. 126. 123. 120. 117. 114. 111. 108. 105.
103. 100. 97. 95. 93. 90. 88. 86. 83. 81.
79. 77. 75. 73. 71. 70. 68. 66. 64. 63.
61. 60. 58. 57. 55. 54. 52. 51. 50. 49.
47. 46. 45. 44. 43. 42. 40. 39. 38. 37.
37. 36. 35. 34. 33. 32. 31. 30. 30. 29.
28. 27. 27. 26. 25. 25. 24. 24. 23. 22.
22. 21. 21. 20. 20. 19. 19. 18. 18. 17.
17. 16. 16. 16. 15. 15. 14. 14. 14. 13.
13. 13. 12. 12. 12. 11. 11. 11. 11. 10.

*** *** *** *** ***

HYDROGRAPH AT STATION S-B1

TOTAL RAINFALL = 12.76, TOTAL LOSS = 3.04, TOTAL EXCESS = 9.n

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
11044. 4.83 (CfS) 4137. 1535. 1535. 1535.

(INCHES) 9.403 9.672 9.672 9.672
(AC-FT) 2051. 2110. 2110. 2110.



CUMULATIVE AREA 4.09 SO MI

'It** *** *** *** *** *** *** *** *** *** *** *** *** *** *** **. *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

180 KK
*
*
*

*
C-C6 *

*

182 HC

**************

Combine C-C5 and S-B1

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C-C6

PEAK FLOII
(CFS)
16321.

TIME
(HR)
4.73 (CFS)

( INCHES)
(AC-FT)

6-HR
7191.
8.462
3566.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
2791. 2791.
9.106 9.106
3837. 3837.

16.63-HR
2791.
9.106
3837.

CUMULATIVE AREA = 7.90 SO MI

*.* *** *** *** *** *** *** *** *** *** *** *** *** *** *.. *** *** *** *** *** *** *** *** *** *** *** *** *** *** *.* *** *.. ***

**************

183 KK
*
*
*

*
S-B2 *

*

185 BA

**************

Runoff from Sub-basin B2

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA 1.36 SUBBASIN AREA

PRECIPITATION DATA

88 PB STORM 12.76 BASIN TOTAL PRECIPITATION

88 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00



.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

186 LG GREEN AND AMPT LOSS RATE
STRTL .31 STARTING LOSS

DTH .26 MOISTURE DEFICIT
PSIF 4.35 WETTING FRONT SUCTION

XKSAT .46 HYDRAULIC CONDUCTIVITY
RTIMP i5.00 PERCENT IMPERVIOUS AREA

187 UC CLARK UNITGRAPH
TC 1.87 TIME OF CONCENTRATION
R 1.64 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.87 HR, R= 1.64 HR

SNYDER TP= 1.74 HR, CP= .62

UNIT HYDROGRAPH
291 END-OF-PERIOD ORDINATES

1. 3. 7. 12. 17. 22. 28. 35. 42. 49.
56. 64. 72. 80. 89. 97. 106. 115. 124. 133.

142. 152. 161. 171. 180. 190. 200. 210. 220. 229.
238. 247. 255. 263. 270. 2n. 283. 289. 295. 300.
305. 309. 313. 316. 319. 321. 323. 325. 326. 327.
327. 326. 325. 323. 320. 317. 311. 305. 299. 293.
287. 281. 276. 270. 265. 259. 254. 249. 244. 239.
234. 230. 225. 220. 216. 212. 207. 203. 199. 195.
191. 187. 184. 180. 176. 173. 169. 166. 163. 159.
156. 153. 150. 147. 144. 141. 138. 135. 133. 130.
127. 125. 122. 120. 117. 115. 113. 111. 108. 106.
104. 102. 100. 98. 96. 94. 92. 90. 88. 87.
85. 83. 81. 80. 78. n. 75. 74. 72. 71.
69. 68. 67. 65. 64. 63. 61. 60. 59. 58.
57. 55. 54. 53. 52. 51. 50. 49. 48. 47.
46. 45. 44. 43. 43. 42. 41. 40. 39. 38.
38. 37. 36. 35. 35. 34. 33. 33. 32. 31.
31. 30. 30. 29. 28. 28. 27. 27. 26. 26.
25. 25. 24. 24. 23. 23. 22. 22. 21. 21.
20. 20. 20. 19. 19. 18. 18. 18. 17. 17.
17. 16. 16. 16. 15. 15. 15. 14. 14. 14.
14. 13. 13. 13. 13. 12. 12. 12. 12. 11.
11. 11. 11. 10. 10. 10. 10. 10. 9. 9.
9. 9. 9. 9. 8. 8. 8. 8. 8. 8.
7. 7. 7. 7. 7. 7. 7. 6. 6. 6.



6. 6. 6. 6. 6. 5. 5. 5. 5.
5. 5. 5. 5. 5. 4. 4. 4. 4.
4. 4. 4. 4. 4. 4. 4. 3. 3.
3. 3. 3. 3. 3. 3. 3. 3. 3.
3.

*** *** *** *** ***

HYDROGRAPH AT STATION S-B2

5.
4.
3.
3.

TOTAL RAINFALL = 12.76, TOTAL LOSS = 3.10, TOTAL EXCESS = 9.66

PEAK FLOW
(CFS)
2907.

TIME
(HR)
4.87 (CFS)

(INCHES)
(AC- FT)

6-HR
1329.
9.085
659.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
507. 507.

9.612 9.612
697. 697.

16.63-HR
507.

9.612
697.

CUMULATIVE AREA = 1.36 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

188 KK
*
*
*

*
C-C7 *

*

190 HC

**************

Combine C-C6 and S-B2

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO CCJolBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C-C7

PEAK FLOW
(CFS)
19180.

TIME
(HR)
4.73 (CFS)

(INCHES)
(AC-FT)

6-HR
8519.
8.553
4225.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
3299. 3299.
9.181 9.181
4535. 4535.

16.63-HR
3299.
9.181
4535.

CUMULATIVE AREA = 9.26 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

191 KK
*
*
*

*
S-C1 *

*



**************

Runoff from Sub-basin C1

SUBBASIN RUNOFF DATA

193 BA SUBBASIN CHARACTERISTICS
TAREA 2.54 SUBBASIN AREA

PRECIPITATION DATA

88 PB STORM 12.76 BASIN TOTAL PRECIPITATION

88 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

194 LG GREEN AND AMPT LOSS RATE
STRTL .31 STARTING LOSS

DTH .26 MOISTURE DEFICIT
PSIF 4.35 ~ETTING FRONT SUCTION

XKSAT .46 "HYDRAULIC CONDUCTIVITY

RTIMP 15.00 PERCENT IMPERVIOUS AREA

195 UC CLARK UNITGRAPH
TC 1.07 TIME OF CONCENTRATION

R .63 STORAGE COEFFICIENT

196 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES

.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0

100.0

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.07 HR, R= .63 HR

SNYDER TP= .55 HR, CP= .47

UN IT HYDROGRAPH
114 END-OF-PERIOD ORDINATES

20. 59. 95. 149. 224. 299. 378. 465. 552. 665.

856. 1090. 1297. 1402. 1424. 1446. 1447. 1429. 1410. 1390.

1367. 1343. 1317. 1284. 1250. 1215. 1179. 1141. 1106. 1073.

1041. 1011. 971. 922. 874. 829. 786. 745. 707. 670.

635. 602. 571. 541. 513. 487. 461- 437. 415. 393.



373. 354. 335. 318. 301. 286. 271. 257. 244. 231.
219. 208. 197. 187. 1n. 168. 159. 151. 143. 136.
129. 122. 116. 110. 104. 98. 93. 89. 84. 80.
7S. 72. 68. 64. 61. 58. 55. 52. 49. 47.
44. 42. 40. 38. 36. 34. 32. 31. 29. 27.
26. 25. 23. 22. 21. 20. 19. 18. 17. 16.
15. 14. 14. 13.

*** *** "'** *** ***

HYDROGRAPH AT STATION S-C1

TOTAL RAINFALL = 12.76, TOTAL LOSS = 3.10, TOTAL EXCESS = 9.66

PEAK FLOW
(CFS)
10683.

TIME
(HR)
3.87 (CFS)

( INCHES)
(AC- FT)

6-HR
2616.
9.575
1297.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
947. 947.

9.613 9.613
1302. 1302.

16.63-HR
947.

9.613
1302.

CUMULATIVE AREA = 2.54 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

*
198 KK *

*
C-C8 *

*

200 HC

**************

Combine C-C7 and S-C1

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C-C8

PEAK FLOIl
(CFS)
25000.

TIME
(HR)
4.53 (CFS)

(INCHES)
(AC- FT)

6-HR
11067.
8.720
5488.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
4246. 4246.
9.274 9.274
5837. 5837.

16.63-HR
4246.
9.274
5837.

CUMULATIVE AREA = 11.80 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *



201 KK * S-D1 *
* *
**************

Runoff from Sub-basin 01

SUBBASIN RUNOFF DATA

203 BA SUBBASIN CHARACTERISTICS
TAREA 1.15 SUBBASIN AREA

PRECIPITATION DATA

88 PB STORM 12.76 BASIN TOTAL PRECIPITATION

88 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

204 LG GREEN AND AMPT LOSS RATE
STRTL .30 STARTING LOSS

DTH .27 MOISTURE DEFICIT

PSIF 3.64 WETTING FRONT SUCTION

XKSAT .67 HYDRAULIC CONDUCTIVITY

RTIMP 17.00 PERCENT IMPERVIOUS AREA

205 UC CLARK UNITGRAPH
TC .90 TIME OF CONCENTRATION

R .65 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED·AREA VS. TIME CURVE WILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .90 HR, R= .65 HR

SNYDER TP= .80 HR, CP= .67

UNIT HYDROGRAPH
118 END-OF-PERIOD ORDINATES

6. 21. 44. 71. 101. 133. 168. 204. 241. 280.

319. ·359. 399. 440. 478. 513. 543. 569. 591. 609.

623. 633. 639. 641. 638. 629. 614. 589. 559. 531.

50S. 479. 455. 433. 411. 390. 371. 352. 335. 318.

302. 287. 272. 259. 246. 234. 222. 211. 200. 190.



181. 172. 163. 155. 147. 140. 133. 126. 120. 114.
108. 103. 98. 93. 88. 84. 79. 75. 72. 68.
65. 61- 58. 55. 53. 50. 47. 45. 43. 41-
39. 37. 35. 33. 31. 30. 28. 27. 26. 24.
23. 22. 21. 20. 19. 18. 17. 16. 15. 15.
14. 13. 12. 12. 11. 11. 10. 10. 9. 9.
8. 8. 7. 7. 7. 6. 6. 6.

*** *** *** *** ***

HYDROGRAPH AT STATION S-D1

TOTAL RAINFALL = 12.76, TOTAL LOSS = 3.46, TOTAL EXCESS = 9.30

PEAK FLOW
(CFS)
4833.

TIME
(HR)
3.97 (CFS)

(INCHES)
(Ae- FT)

6-HR
1139.
9.207
565.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
413. 413.

9.251 9.251
567. 567.

16.63-HR
413.

9.251
567.

CUMULATIVE AREA = 1.15 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

206 KK
'*
*
*

'*
C-C9 *

*

208 HC

**************

Combine C-C8 and S-D1

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HY,DROGRAPHS TO COMBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C-C9

PEAK FLOW
(CFS)
28208.

TIME
(HR)
4.43 (CFS)

( INCHES)
(AC- FT)

6-HR
12187.
8.749
6043.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
4659. 4659.
9.272 9.272
6404. 6404.

16.63-HR
4659.
9.272
6404.

CUMULATIVE AREA = 12.95 SQ MI

*** *** *** ***, *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *



209 KK *
*

RES *
*

**************

Spook Hill Reservoir Routing
See DMJM+HARRIS Technical Report No.1 for supporting details
behind rating curves.

NGVD 29 elevations used in the computations.

Sediment Storage Volume Below Principle Spillway = 271 Ac-Ft (Elev=1577.5')

HYDROGRAPH ROUTING DATA

217 RS STORAGE ROUTING
NSTPS

ITYP
RSVRIC

X

1 NUMBER OF SUBREACHES
STOR TYPE OF INITIAL CONDITION

.00 INITIAL CONDITION

.00 YORKING RAND D COEFFICIENT

218 SV STORAGE .0 287.0 346.0 474.9 693.0 1120.0 1631.0 1919.0 2231.0 2927.0
3722.0 4158.0

220 SQ DISCHARGE O. O. 250. 500. 750. 990. 2860. 4750. 7000. 12750.
19240. 23050.

222 SE ELEVATION 1575.10 1577.50 1578.00 1578.80 1580.00 1582.00 1584.00 1585.00 1586.00 1588.00
1590.00 1591.00

***

*** *** *** *** ***

HYDROGRAPH AT STATION RES

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
14478. 5.73 (CFS) 9068. 3934. 3934. 3934.

(INCHES) 6.510 7.830 7.830 7.830
(AC- FT) 4496. 5408. 5408. 5408.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
CAC-FT) (HR) 6-HR 24-HR 72-HR 16.63-HR

3139. 5.73 2466. 1427. 1427. 1427.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) 6-HR 24-HR 72-HR 16.63-HR

1588.53 5.73 1586.62 1582.45 1582.45 1582.45

CUMULATIVE AREA = 12.95 SQ MI



RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS. AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOIJ PEAK 6-HOUR 24-HOUR 72-HOUR AREA STAGE MAX STAGE

HYDROGRAPH AT S-IN 157. .80 157. 150. 150. .00

HYDROGRAPH AT S-F 529. 4.13 156. 57. 57. .15

2 COMBINED AT C-C1 686. 4.13 313. 206. 206. .15

DIVERSION TO DV-F o. 4.13 o. o. o. .15

HYDROGRAPH AT DIVF 686. 4.13 313. 206. 206. .15

ROUTED TO R-F 679. 4.37 313. 202. 202. .15 6.97 4.37

HYDROGRAPH AT S-G 2580. 4.03 576. 208. 208. .52

2 COMBINED AT C-C2 3161. 4.07 887. 410. 410. .67

DIVERSION TO DV-G 1857. 3.47 259. 94. 94. .67

HYDROGRAPH AT DIVG 1304. 3.47 627. 317. 317. .67

ROUTED TO R-G-1 1304. 3.93 627. 311. 311. .67 8.22 3.97

ROUTED TO R-G-2 1304. 4.00 627. 310. 310. .67 4.25 4.00

HYDROGRAPH AT SoH 1626. 5.03 825. 324. 324. .86

2 COMBINED AT C-C3 2930. 5.03 1443. 634. 634. 1.53

DIVERSION TO DV-H 153. 4.67 11 . 4. 4. 1.53

HYDROGRAPH AT DIVH 2777. 4.67 1432. 630. 630. 1.53

ROUTED TO R-H 2777. 4.73 1432. 630. 630. 1.53 7.30 4.73

HYDROGRAPH AT S-I 2706. 5.00 1308. 505. 505. 1.32

2 COMBINED AT C-C4 5483. 5.00 2740. 1134. 1134. 2.85

DIVERSION TO DV-I 2611. 3.83 655. 236. 236. 2.85

HYDROGRAPH AT DIVI 2872. 3.83 2084. 898. 898. 2.85

HYDROGRAPH AT S-A1 3197. 4.27 984. 359. 359. .96

2 COMBINED AT C-C5 6069. 4.27 3055. 1257. 1257. 3.81

HYDROGRAPH AT S-B1 11044. 4.83 4137. 1535. 1535. 4.09

2 COMBINED AT C-C6 16321. 4.73 7191. 2791. 2791. 7.90

HYDROGRAPH AT S-B2 2907. 4.87 1329. 507. 507. 1.36



2 COMBINED AT C-C7 19180. 4.73 8519. 3299. 3299. 9.26

HYDROGRAPH AT S-C1 10683. 3.87 2616. 947. 947. 2.54

2 COMBINED AT C-C8 25000. 4.53 11067. 4246. 4246. 11.80

HYDROGRAPH AT S-D1 4833. 3.97 1139. 413. 413. 1.15

2 COMBINED AT C-C9 28208. 4.43 12187. 4659. 4659. 12.95

ROUTED TO RES 14478. 5.73 9068. 3934. 3934. 12.95 1588.53 5.73

*** NORMAL END OF HEC-1 ***



Appendix E4

Recommended Existing Hydrologic Conditions Model
One-Half PMF
(Spkhpmf.dat)



*****************************************

* *
* FLOOO HYDROGRAPH PACKAGE (HEC-1) *
* JUN 1998 *
* VERSION 4.1 *
* *
* RUN DATE 250CT01 TIME 11 :13:39 *
* *
*****************************************

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

***************************************

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

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



)

LINE

1

2

3
4

5
6

7

8

9

10
11

12
13
14
15
16

17
18

19
20
21
22
23
24
25
26

27

28
29
30

HEC-1 INPUT

10 .•...•. 1..•••.• 2..•....3•••..•. 4 5 6..•....7 8...•... 9 10

10 RED MOUNTAIN FREEWAY EXISTING HYDROLOGY ANALYSIS
10 POWER ROAD TO UNIVERSITY DRIVE
10
10 FILENAME: SPKHPMF.DAT
10
10 THIS MODEL REPRESENTS EXISTING CONDITIONS FOR THE CONTRIBUTING WATERSHED
10 TO THE SPOOK HILL FRS AND THE UNCONTROLLED DRAINAGE AREA BETWEEN THE PASS
10 MOUNTAIN DIVERSION AND THE SIGNAL BUTTE FLOODWAY. THE PROCEDURES AND
10 GUIDELINES IN HMR 49 AND THE FCDMC HYDROLOGY MANUAL WERE USED.
10
10 HEC-1 MODEL PARAMETERS:
10 DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS
10 WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
10 SUBBASIN LENGTH, SLOPE AND AREA.
ID HYDROGRAPH: HALF OF THE PROBABLE MAXIMUM FLOOD (0.5 PMF)
10 INFLOW HYDROGRAPH: THE MAXIMUM 100-YEAR, 24-HOUR STORM SIGNAL BUTTE FRS
10 PRINCIPAL SPILLWAY OUTFLOW (157 cfs) WAS ASSUMED
10 FOR THE UPPER CONTRIBUTING WATERSHED.
10 PRECIPITATION DEPTH: LOCAL PROBABLE MAXIMUM PRECIPITATION COMPUTED
10 USING THE PROCEDURES AND GUIDELINES IN HMR 49.
10 RAINFALL DURATION: 6 HRS
10 RAINFALL DISTRIBUTION: USED THE GUIDELINES IN HMR 49.
10 LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC
10 HYDROLOGY MANUAL (1995).
10 RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH
10 CHANNEL ROUTING: NORMAL DEPTH CHANNEL ROUTING
10 RESERVOIR ROUTING: MODIFIED PULS RESERVOIR ROUTING
*DIAGRAM
IT 2 500
10 3
JR FLOW 0.5

PAGE 1

31
32
33
34
35
36
37
38

39
40
41
42
43
44
45
46
47
48

49
50
51
52
53

KK S- IN
KM SIGNAL BUTTE FRS INFLOW
BA 0.001
KM SIGNAL BUTTE FRS INFLOW
KM PEAK DISCHARGE DOUBLED TO ACCOUNT FOR HALF FLOW RATIO OF JR RECORD
BA 0.001
QI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
QI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
QI 0.0 0.0 0.0 0.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0
QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

0.0
0.0

314.0
314.0
314.0
314.0
314.0
314.0
314.0
314.0
314.0
314.0
314.0
314.0
314.0
314.0
314.0



HEC-1 JNPUT PAGE 2

LINE 10 .••..•. 1....... 2.......3.•.....4.......5....•..6 ......•7.•....•8....... 9.....• 10

54 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

55 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

56 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

57 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

58 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

59 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

60 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

61 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

62 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

63 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

64 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

65 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

66 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

67 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

68 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

69 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

70 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

71 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

72 QJ 314.0 314.0 . 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

73 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

74 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

75 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

76 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

77 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

78 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

79 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

80 QI 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

81 QJ 314.0 314.0 314.0 ~14.0 314.0 314.0 314.0 314.0 314.0 314.0

82 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

83 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

84 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

85 QJ 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0 314.0

86 QJ 314.0 314.0 314.0 ,314.0 314.0 314.0 314.0 314.0 314.0 314.0

87 KK S'F
88 KM Runoff from Sub-basin F
89 BA 0.15
90 IN 15
91 PB 12.76
92 KM HMR 49 (1977) was used to distribute the local PMP

93 PC .000 .008 .016 .023 .031 .041 .051 .061 .070 .098

94 PC .125 .152 .180 .648 .789 .859 .914 .928 .941 .955

95 PC .969 .977 .984 .992 1.000

96 LG .300 .250 4.500 .370 9.0

97 UC 1.040 0.908

98 KK C-C1
99 KM Combine S'JN and S-F

100 HC 2



LINE

101
102
103
104
105

106
107
108
109
110
111

112
113
114
115
116

117
118
119

120
121
122
123

124

HEC-1 INPUT

10 ..•.•.• 1•.•..•. 2••••..• 3.•.•••.4....•.• 5•....••6.••••.•7••..... 8..•....9.•.... 10

KK DIVF
KM Divert flows in excess of the Signal Butte Floodway capacity

DT DV-F
01 0 1043 1044
DQ 0 0 1

KK R-F
KM Route DIVF to G
RS 7 FLOII -1
RC .035 .025 .035 3090 0.0003
RX 0 1 2 21.4 41.4 60.8 61 62

RY 9.7 9.7 9.7 0 0 9.7 9.7 9.7

KK S-G
KM Runoff from Sub-basin G
BA 0.52
LG .300 .250 5.700 .240 15.0
UC 1.030 .456

KK C-C2
KM Combine R-F and S-G
HC 2

KK DIVG
KM Divert flows in excess of the Signal Butte Floodway capacity

DT DV-G
Dr 0 130~ 1305
DQ 0 0 1

PAGE 3

125
126
127
128
129
130

131
132
133
134
135
136

137
138
139
140
141

KK R-G-1
KM Route OrVG to G1 - EARTHEN
RS 14 FLOW -1
RC .035 .025 .035 3943 0.00029

RX 0 1 2 21.4 53.4 72.8

RY 9.7 9.7 9.7 0 0 9.7

KK R-G-2
KM Route G1 to H - CONCRETE
RS 2 FLOW -1
RC .016 .016 .016 2039 0.01495

RX 0 1 2 2.1 16.1 16.2

RY 7.5 7.5 7.5 0 0 7.5

KK SoH

KM Runoff from Sub-basin H
BA 0.86
LG .320 .250 4.400 .410 14.0

UC 2.030 1.977

73

9.7

17
7.5

74
9.7

18
7.5



HEC-l INPUT PAGE 4

LINE ID ......• 1••..••• 2..•••••3•••••.•4•••.•••5.••.••.6..•••.. 7..••..•8..•••••9.•.•.. 10

142
143
144

KK
KM

HC

C-C3
Combine R-G-2 and SoH

2

2778
1

2777

o

DIVH
Divert flows in excess of the Signal Butte Floodway capacity
DV-H

o
o

KK
KM

DT
DI
DQ

145
146
147
148
149

150
151
152
153
154
155

156
157
158
159
160

161
162
163

164

165
166

167
168

169
170
171
172
173

174

175
176

177
178
179

180
181
182
183

KK R-H
KM Route DIVH to S-I
RS 2 FLOW -1
RC .016 .016 .016 3938 0.0152
RX 0 1 2 2.1 16.1 16.2 17 18

RY 7.5 7.5 7.5 0 0 7.5 7.5 7.5

KK S-I
KM Runoff from Sub-basin
BA 1.32
LG .300 .250 4.500 .390 15.0
UC 2.010 1.752

KK C-C4
KM Combine R-H and S-I
HC 2

KK DIVI
KM Divert flows in excess of the Signal Butte Floodway capacity

DT DV-I
DI 0 2872 2873
DQ 0 0 1

KK S-A1
KM Runoff from Sub-basin A1
BA 0.96
LG .300 .260 4.250 .470 16.0
UC 1.220 0.925

KK C-C5
KM Combine S-A1 and DIVI

HC 2

KK S-B1
KM Runoff from Sub-basin B1

BA 4.09
LG .290 .250 4.450 .410 11.0

UC 1.860 1.290
UA 0 3.0 5.0 8.0 12.0 20 43.0 75.0 90.0 96.0

UA 100



LINE

184
185
186

187
188
189
190
191

192
193
194

195
196
197
198
199
200
201

202
203
204

205
206
207
208
209

210
211
212

HEC-1 INPUT

10 ••.•••. 1..••••• 2...••••3••••••. 4••...•. 5.•••.••6••.••••7...•.•• 8•••.... 9•.•••. 10

KK C-C6
KM Combine C-C5 and S-B1
HC 2

KK S-B2
KM Runoff from Sub-basin B2
BA 1.36
LG .310 .260 4.350 .460 15.0
UC 1.870 1.641

KK C-C7
KM Combine C-C6 and S-B2
HC 2

KK S-C1
KM Runoff from Sub-basin C1
BA 2.54
LG .310 .260 4.350 .460 15.0
UC 1.070 0.626
UA 0 5.0 16.0 30.0 65.0 77 84.0 90.0 94.0 97.0
UA 100

KK C-C8
KM Combine C-C7 and S-C1
HC 2

KK S-01
KM Runoff from Sub-basin 01
BA 1. 15
LG .300 .270 3.640 .670 17.0
UC .900 .649

KK C-C9
KM Combine C-C8 and S-01
HC 2

PAGE 5

213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

KK
KM

KM
KM
KM

KM

KM
KM

RS
SV
SV
SQ

SQ

SE
SE
ZZ

RES
Spook Hill Reservoir Routing
See DMJM+HARRIS Technical Report No.1 for supporting details
behind rating curves.

NGVD 29 elevations used in the computations.

Sediment Storage Volume Belo~ Principle Spill~ay =271 Ac-Ft (Elev=1577.5')
1 STOR 0
0 287 346 474.9 693 1120 1631 1919 2231 2927

3722 4158
0 0 250 500 750 990 2860 4750 7000 12750

19240 23050
1575.1 1577.5 1578 1578.8 1580 1582 1584 1585 1586 1588

1590 1591



SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE

NO.

CV) ROUTING

c.) CONNECTOR

c---» DIVERSION OR PUMP FLOW

«---) RETURN OF DIVERTED OR PUMPED FLOW

31 S-IN

87 S-F

98 C-C1. ...•.•••.••

103 .-------> DV-F
101 DIVF

V
V

106 R-F

112 S-G

117 C-C2 ••••••.•••••

) 122 .-------> DV-G
120 DIVG

V
V

125 R-G-1
V
V

131 R-G-2

137 SoH

142 C-C3 ••.••••••.••

147 .-------> DV-H
145 DIVH

V
V

150 R-H

156 S-I

161 C-C4 •.•.••••••••

166 .-------> DV-I
164 DIVI



169 S-A1

174 C-C5 ...•..•.•••.

177 S-B1

184 C-C6•...•..••.••

187 S-B2

192 C-C7•••••..•••••

195 S-C1

202 C-C8 •.••.•••••••

205 S-D1

210 C-C9•••••••..•.•
V

V

213 RES

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION



*****************************************

* *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* JUN 1998 *
* VERSION 4.1 *

* *
* RUN DATE 250CT01 TIME 11:13:39 *
* *

***************************************

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

***************************************** ***************************************

RED MOUNTAIN FREEWAY EXISTING HYDROLOGY ANALYSIS
POWER ROAD TO UNIVERSITY DRIVE

FILENAME: SPKHPMF.DAT

THIS MODEL REPRESENTS EXISTING CONDITIONS FOR THE CONTRIBUTING WATERSHED
TO THE SPOOK HILL FRS AND THE UNCONTROLLED DRAINAGE AREA BETWEEN THE PASS
MOUNTAIN DIVERSION AND THE SIGNAL BUTTE FLOOOWAY. THE PROCEDURES AND
GUIDELINES IN HMR 49 AND THE FCDMC HYDROLOGY MANUAL WERE USED.

HEC-1 MODEL PARAMETERS:
DRAINAGE AREA: USGS QUAD MAPS AND LANDISCOR AERIAL SURVEYS

WERE USED TO IDENTIFY THE SUBBASIN BOUNDARIES AND MEASURE
SUBBASIN LENGTH, SLOPE AND AREA.

HYDROGRAPH: HALF OF THE PROBABLE MAXIMUM FLOOD (0.5 PMF)
INFLOW HYDROGRAPH: THE MAXIMUM 100-YEAR, 24-HOUR STORM SIGNAL BUTTE FRS

PRINCIPAL SPILLWAY OUTFLOW (157 cfs) WAS ASSUMED
FOR THE UPPER CONTRIBUTING WATERSHED.

PRECIPITATION DEPTH: LOCAL PROBABLE MAXIMUM PRECIPITATION COMPUTED
USING THE PROCEDURES AND GUIDELINES IN HMR 49.

RAINFALL DURATION: 6 HRS
RAINFALL DISTRIBUTION: USED THE GUIDELINES IN HMR 49.
LOSS PARAMETERS: GREEN AND AMPT AS RECOMMENDED IN THE FCDMC

HYDROLOGY MANUAL (1995).
RAINFALL EXCESS TO RUNOFF TRANSFORMATION: CLARK UNIT HYDROGRAPH
CHANNEL ROUTING: NORMAL DEPTH CHANNEL ROUTING
RESERVOIR ROUTING: MODIFIED PULS RESERVOIR ROUTING

29 10 OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE
STARTING TIME
NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME
CENTURY MARK

2
o

0000
500

o
1638

19

HYDROGRAPH TIME DATA
NMIN

IDATE
ITIME

NQ
NDDATE
NDTIME
ICENT

IT

COMPUTATION INTERVAL
TOTAL TIME BASE

.03 HOURS
16.63 HOURS

ENGLISH UNITS



JP

JR

DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOII
STORAGE VOLUME
SURFACE AREA
TEMPERATURE

MULTI-PLAN OPTION
NPLAN

MULTI-RATIO OPTION
RATIOS OF RUNOFF
.50

SQUARE MILES
INCHES
FEET
CUBIC FEET PER SECOND
ACRE-FEET
ACRES
DEGREES FAHRENHEIT

NUMBER OF PLANS

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

31 KK
*
*
*

*
S-IN *

*

36 BA

**************

SIGNAL BUTTE FRS INFLOW
SIGNAL BUTTE FRS INFLOW
PEAK DISCHARGE DOUBLED TO ACCOUNT FOR HALF FLOW RATIO OF JR RECORD

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA .00 SUBBASIN AREA

***

****** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

***

S-IN
.00

***

PEAK FLOW
(CFS)

314.

TIME
(HR)

.80 (CFS)
(INCHES)

(AC- FT)

6-HR
314.

2919.423
156.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
299. 299.

7712.143 7712.143
411. 411.

16.63-HR
299 .

7712.143
411.

CUMULATIVE AREA = .00 SQ HI

*** *** *** *** ***

HYDROGRAPH AT STATION S-IN
FOR PLAN 1, RATIO = .50

PEAK FLOW TlHE MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR

157. .80 (CFS) 157. 150. 150. 150.
(INCHES) 1459.712 3856.072 3856.072 3856.072
(AC-FT) 78. 206. 206. 206.



CUMULATIVE AREA = .00 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *
87 KK * S-F *

* *
**************

Runoff from Sub-basin F
HMR 49 (1977) was used to distribute the local PMP

90 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 15 TIME INTERVAL IN MINUTES

JXDATE 0 STARTING DATE
JXTIME 0 STARTING TIME

SUBBASIN RUNOFF DATA

89 BA SUBBASIN CHARACTERISTICS
TAREA .15 SUBBASIN AREA

PRECIPITATION DATA

92 PB STORM 12.76 BASIN TOTAL PRECIPITATION

92 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.06 .06 .06 .06 .06 .06 .06 .04 .02 .02
.02 .02 .02 .02 .02 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

96 LG GREEN AND AMPT LOSS RATE
STRTL .30 STARTING LOSS

DTH .25 MOISTURE DEFICIT
PSIF 4.50 WETTING FRONT SUCTION

XKSAT .37 HYDRAULIC CONDUCTIVITY
RTIMP 9.00 PERCENT IMPERVIOUS AREA

97 UC CLARK UNITGRAPH
TC 1.04 TIME· OF CONCENTRATION



R .91 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE ~ILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.04 HR, R= .91 HR

SNYDER TP= .96 HR, CP= .62

UNIT HYDROGRAPH
161 END-OF-PERIOO ORDINATES

O. 2. 3. 5. 8. 10. 13. 16. 19. 22.
25. 29. 32. 35. 39. 42. 46. 49. 52. 54.
57. 59. 61. 62. 63. 64. 65. 65. 65. 64.
63. 62. 60. 57. 55. 53. 51. 50. 48. 46.
44. 43. 41. 40. 38. 37. 36. 34. 33. 32.
31. 30. 29. 28. 27. 26. 25. 24. 23. 22.
21. 21. 20. 19. 18. 18. 17. 16. 16. 15.
15. 14. 14. 13. 13. 12. 12. 11. 11. 11.
10. 10. 9. 9. 9. 9. 8. 8. 8. 7.
7. 7. 7. 6. 6. 6. 6. 5. 5. 5.
5. 5. 5. 4. 4. 4. 4. 4. 4. 4.
3. 3. 3. 3. 3. 3. 3. 3. 3. 2.
2. 2. 2. 2. 2. 2. 2. 2. 2. 2.
2. 2. 2. 1. 1. 1. 1. 1. 1. 1.
1. 1. 1. 1. 1. 1. 1. 1. 1. 1.

1. 1. 1. 1. 1. 1. 1. 1. 1. 1.
1.

*** *** *** *** ***

HYDROGRAPH AT STATION S-F
FOR PLAN 1, RATIO = .50

TOTAL RAINFALL = 12.76, TOTAL LOSS = 2.96, TOTAL EXCESS = 9.80

PEAK FLOW
(CFS)

529.

TIME
(HR)
4.13 (CFS)

(INCHES)
(AC- FT>

6-HR
156.

9.679
77.

MAXIMUM AVERAGE FLO~

24-HR 72-HR
57. 57.

9.747 9.747
78. 78.

16.63-HR
57.

9.747
78.

CUMULATIVE AREA = .15 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION S-F
FOR PLAN 1, RATIO = .50

PEAK FLOW
(CFS)

265.

TIME
(HR)
4.13 (CFS)

(INCHES)
(AC- FT)

6-HR
78.

4.840
39.

MAXIMUM AVERAGE FLOW
24-HR 72-HR

28. 28.
4.873 4.873

39. 39.

16.63-HR
28.

4.873
39.

CUMULATIVE AREA = .15 SQ MI



*** **. *** *** *** *** *** *** *** *** *** **. *.* *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

98 KK
*
*
*

*
C-C' *

*

100 HC

***••••****.*.

Combine S-IN and S-F

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

****** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

***

C-C1
.50

***

PEAK FLOW
(CFS)
·422.

TIME
(HR)
4.13 (CFS)

(INCHES)
(AC-FT>

6-HR
235.

14.475
117.

MAXIMUM AVERAGE FLOW
24-HR 72-HR

178. 178.
30.378 30.378

245. 245.

16.63-HR
178.

30.378
245.

CUMULATIVE AREA = .15 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** **. *** *** *** *** *** **. *** *** *** *** *** *** *** *** ***

**************

101 KK
*
*
*

*
DIVF *

*
**************

Divert flows in excess of the Signal Butte Floodway capacity

DT DIVERSION
ISTAD DV-F DIVERSION HYDROGRAPH IDENTIFICATION

01

DQ

INFLOW

DIVERTED FLOW

.00

.00

1043.00

.00

1044.00

1.00

***

*** *** *** *** ***

DIVERSION HYDROGRAPH
FOR PLAN 1, RATIO =

DV-F
.50

PEAK FLOW
(CFS)

O.

TIME
(HR)

•00 (CFS)
6-HR

O•

MAXIMUM AVERAGE FLOW
24-HR 72-HR

O. O.

16.63-HR
O.



(INCHES)
(AC-FT>

.000
o.

.000
O.

.000
O.

.000
O.

CUMULATIVE AREA = .15 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION DIVF
FOR PLAN 1, RATIO = .50

PEAK FLOII
(CFS)

422.

TIME
(HR)
4.13 (CFS)

(INCHES)
(AC-FT>

6-HR
235.

14.475
117.

MAXIMUM AVERAGE FLOII
24-HR 72-HR
178. 178.

30.378 30.378
245. 245.

16.63-HR
178.

30.378
245.

CUMULATIVE AREA = .15 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

106 KK
*
*
*

*
R-F *

*
**************

Route DIVF to G

HYDROGRAPH ROUTING DATA

108 RS STORAGE ROUTING
NSTPS

ITYP
RSVRIC

X

7 NUMBER OF SUBREACHES
FLOII TYPE OF INITIAL CONDITION

-1.00 INITIAL CONDITION
.00 IIORKING RAND D COEFFICIENT

109 RC NORMAL DEPTH
ANL

ANCH
ANR

RLNTH
SEL

ELMAX

CHANNEL
.035
.025
.035

3090.
.0003

.0

LEFT OVERBANK N-VALUE
MAIN CHANNEL N-VALUE
RIGHT OVERBANK N-VALUE
REACH LENGTH
ENERGY SLOPE
MAX. ELEV. FOR STORAGE/OUTFLOII CALCULATION

111 RY
110 RX

ELEVATION
DISTANCE

CROSS-SECTION DATA
LEFT OVERBANK + ------ MAIN CHANNEL

9.70 9.70 9.70 .00 .00
.00 1.00 2.00 21.40 41.40

***

+ ---

9.70
60.80

RIGHT OVERBANK ---
9.70 9.70

61.00 62.00

COMPUTED STORAGE-OUTFLOII-ELEVATION DATA

STORAGE
OUTFLOW

ELEVATION

.00

.00

.00

.76
6.81

.51

1.60
21.92
1.02

2.51
43.78

1.53

3.49
71.98

2.04

4.55
106.41

2.55

5.68
147.05

.3.06

6.88
194.01

3.57

8.16
247.39

4.08

9.51
307.35

4.59



***

STORAGE
OUTFLO\I

ELEVATION

10.94
374.05

5.11

***

12.44
447.65

5.62

***

14.02
528.33

6.13

15.67
616.29

6.64

***

17.39
711. 70

7.15

***

19.18
814.74

7.66

21.06
925.61

8.17

23.00
1044.49

8.68

25.02
1171.57

9.19

27.11
1307.03

9.70

HYDROGRAPH AT STATION R-F
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR

417. 4.37 (CFS) 235. 174. 174. 174.
(INCHES) 14.474 29.641 29.641 29.641

(AC-FT) 117. 239. 239. 239.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
(AC-FT) (HR) 6-HR 24-HR 72-HR 16.63-HR

2. 4.37 1. 1. 1. 1.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) 6-HR 24-HR 72-HR 16.63-HR

5.40 4.37 3.90 3.21 3.21 3.21

CUMULATIVE AREA = .15 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

112 KK
*
*
*

*
S-G *

*

114 BA

**************

Runoff from Sub-basin G

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA .52 SUBBASIN AREA

PRECIPITATION DATA

92 PB STORM 12.76 BASIN TOTAL PRECIPITATION

92 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.06 .06 .06 .06 .06 .06 .06 .04 .02 .02



115 LG

116 UC

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

GREEN AND AMPT LOSS RATE
STRTL .30 STARTING LOSS

DTH .25 MOISTURE DEFICIT
PSIF 5.70 WETTING FRONT SUCTION

XKSAT .24 HYDRAULIC CONDUCTIVITY
RTiMP 15.00 PERCENT IMPERVIOUS AREA

CLARK UNITGRAPH
TC 1.03 TIME OF CONCENTRATION
R .46 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE ~ILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.03 HR, R= .46 HR

SNYDER TP= .84 HR, CP= .77

UNIT HYDROGRAPH
90 END-OF-PERIOD ORDINATES

3. 11. 22. 36. 51. 67. 84. 101. 119. 137.
155. 173. 191. 209. 227. 245. 261. 276. 288. 298.
306. 312. 316. 318. 319. 317. 314. 310. 303. 293.
280. 263. 244. 227. 211. 196. 182. 170. 158. 146.
136. 127. 118. 109. 102. 94. 88. 82. 76. 70.
66. 61. 57. 53. 49. 45. 42. 39. 36. 34.
32. 29. 27. 25. 24. 22. 20. 19. 18. 16.
15. 14. 13. 12. 11. 11. 10. 9. 8. 8.
7. 7. 6. 6. 5. 5. 5. 4. 4. 4.

*** *** *** *** ***

HYDROGRAPH AT STATION S-G
FOR PLAN 1, RATIO = .50

TOTAL RAINFALL = 12.76, TOTAL LOSS = 2.37, TOTAL EXCESS = 10.39

PEAK FL~ TIME MAXIMUM AVERAGE FLO~

(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
2580. 4.03 (CFS) 576. 208. 208. 208.

(INCHES) 10.305 10.334 10.334 10.334
(AC- FT) 286. 287. 287. 287.

CUMULATIVE AREA = .52 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION S-G
FOR PLAN 1, RATIO = .50



PEAK FLCJ\,/
(CFS)
1290.

TIME
(HR)
4.03 (CFS)

(INCHES)
(AC- FT)

6-HR
288.

5.152
143.

MAXIMUM AVERAGE FLCJ\,/
24-HR 72-HR
104. 104.

5.167 5.167
143. 143.

16~63-HR

104.
5.167
143.

CUMULATIVE AREA = .52 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** .*. *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

117 KK

...
•
...

...

C-C2 •
...

119 HC

**************

Combine R-F and S-G

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

•••

.............. .........

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

.........

C-C2
.50

.......

PEAK FLCJ\,/
(CFS)
1650.

TIME
(HR)
4.07 (CFS)

(INCHES)
(AC- FT)

6-HR
522.

7.230
259.

MAXIMUM AVERAGE FLCJ\,/
24-HR 72-HR
278. 278.

10.675 10.675
382. , 382.

16.63-HR
278.

10.675
382.

CUMULATIVE AREA = .67 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

120 KK

...
•
•

•
DIVG ...

•

DT

01

DQ

**************

DIVERSION
ISTAD

INFLCJ\,/

DIVERTED FLCJ\,/

Divert flows in excess of the Signal Butte Floodway capacity

DV-G DIVERSION HYDROGRAPH IDENTIFICATION

.00 1304.00 1305.00

.00 .00 1.00



****** ***

DIVERSION HYDROGRAPH
FOR PLAN 1, RATIO =

DV-G
.50

***

***

***

PEAK FLOII
(CFS)

346.

TIME
(HR)
4.07 (CFS)

(INCHES)
(AC-FT)

6-HR
25.

.351
13.

MAXIMUM AVERAGE FLOII
24-HR 72-HR

9. 9.
.351 .351
13. 13.

16.63-HR
9.

.351
13.

CUMULATIVE AREA = .67 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

DIVG
.50

.67 SQ MI

PEAK FLO\J TIME MAXIMUM AVERAGE FLO\J
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1304. 3.73 (CFS) 496. 269. 269. 269.

(INCHES) 6.879 10.323 10.323 10.323
(AC-FT) 246. 369. 369. 369.

CUMULATIVE AREA =

*** *** *** *** *** *** ***.*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

125 KK
*
*
*

*
R-G-1 *

*
**************

Route DIVG to G1 - EARTHEN

HYDROGRAPH ROUTING DATA

127 RS STORAGE ROUTING
NSTPS

ITYP
RSVRIC

X

14 NUMBER OF SUBREACHES
FLO\J TYPE OF INITIAL CONDITION

-1.00 INITIAL CONDITION
.00 WORKING RAND D COEFFICIENT

128 RC NORMAL DEPTH
ANL

ANCH
ANR

RLNTH
SEL

ELMAX

CHANNEL
.035
.025
.035

3943.
.0003

.0

LEFT OVERBANK N-VALUE
MAIN CHANNEL N-VALUE
RIGHT OVERBANK N-VALUE
REACH LENGTH
ENERGY SLOPE
MAX. ELEV. FOR STORAGE/OUTFLO\J CALCULATION

CROSS-SECTION DATA
LEFT OVERBANK --- + ------ MAIN CHANNEL ------- + --- RIGHT OVERBANK ---



130 RY ELEVATION 9.70 9.70 9.70 .00 .00 9.70 9.70 9.70
129 RX DISTANCE .00 1.00 2.00 21.40 53.40 72.80 73.00 74.00

***

COMPUTED STORAGE-OUT FLOW-ELEVATION DATA

STORAGE .00 1.53 3.15 4.86 6.67 8.57 10.57 12.66 14.85 17.13
OUTFLOII .00 10.66 34.11 67.64 110.32 161. 70 221.56 289.79 366.37 451.32

ELEVATION .00 .51 1.02 1.53 2.04 2.55 3.06 3.57 4.08 4.59

STORAGE 19.51 21.98 24.54 27.20 29.95 32.80 35.74 38.78 41.91 45.13
OUTFLOW 544.70 646.60 757.12 876.38 1004.50 1141.63 1287.91 1443.47 1608.47 1783.06

ELEVATION 5.11 5.62 6.13 6.64 7.15 7.66 8.17 8.68 9.19 9.70

*** IIARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOIIS BETIIEEN 1443. TO 1783.
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOIIS GREATER THAN PEAK INFLOIIS.
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.)

*** *** *** *** ***

HYDROGRAPH AT STATION R-G-1
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1304. 4.20 (CFS) 496. 263. 263. 263.

(I NCHES) 6.879 10.089 10.089 10.089
(AC- FT) 246. 361. 361. 361.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
(AC-FT) (HR) 6-HR 24-HR 72-HR 16.63-HR

3. 4.17 1. 1. 1. 1.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) 6-HR 24-HR 72-HR 16.63-HR

8.22 4.23 4.47 2.95 2.95 2.95

CUMULATIVE AREA = .67 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

131 KK
*
*
*

*
R-G-2 *

*
**************

Route.G1 to H - CONCRETE

HYDROGRAPH ROUTING DATA

133 RS STORAGE ROUTI NG
NSTPS

lTYP
RSVRIC

2 NUMBER OF SUBREACHES
FLOW TYPE OF INITIAL CONDITION

-1.00 INITIAL CONDITION



x .00 WORKING RAND D COEFFICIENT

134 RC NORMAL DEPTH
ANL

ANCH
ANR

RLNTH
SEL

ELMAX

CHANNEL
.016
.016
.016

2039.
.0149

.0

LEFT OVERBANK N-VALUE
MAIN CHANNEL N-VALUE
RIGHT OVERBANK N-VALUE
REACH LENGTH
ENERGY SLOPE
MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION

136 RY
135 RX

ELEVATION
DISTANCE

CROSS-SECTION DATA
LEFT OVERBANK + ------ MAIN CHANNEL ------- + ---

7.50 7.50 7.50 .00 .00 7.50
.00 1.00 2.00 2.10 16.10 16.20

RIGHT OVERBANK ---
7.50 7.50

17.00 18.00

***

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

STORAGE .00 .26 .52 .78 1.04 1.30 1.56 1.82 2.08 2.34
OUTFLOW .00 32.66 100.23 190.75 298.76 420.81 554.45 697.84 849.58 1008.54

ELEVATION .00 .39 .79 1.18 1.58 1.97 2.37 2.76 3.16 3.55

STORAGE 2.60 2.86 3.12 3.38 3.64 3.90 4.16 4.43 4.69 4.95
OUTFLOW 1173.80 1344.61 1520.34 1700.48 1884.57 2072.23 2263.13 2456.99 2653.56 2852.61

ELEVATION 3.95 4.34 4.74 5.13 5.53 5.92 6.32 6.71 7.11 7.50

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 191. TO 2853.
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS.
THIS CAN BE CORRECTED BY OECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.)

*** *** *** *** ***

HYDROGRAPH AT STATION R-G-2
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1304. 4.20 (CFS) 496. 262. 262. 262.

( INCHES) 6.879 10.070 10.070 10.070
(AC- FT) 246. 360. 360. 360.

PEAK STORAGE TIME MAX IMUM AVERAGE STORAGE
(AC-FT> (HR) 6-HR 24-HR 72-HR 16.63-HR

1. 4.13 1. O. O. O.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) 6-HR 24-HR 72-HR 16.63-HR

4.25 4.27 2.08 1.30 1.30 1.30

CUMULATIVE AREA = .67 SQ HI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************



.. ..
137 KK .. S-H ..

.. ..
**************

Runoff from Sub-basin H

SUBBASIN RUNOFF DATA

139 BA SUBBASIN CHARACTERISTICS
TAREA .86 SUBBASIN AREA

PRECIPITATION DATA

92 PB STORM 12.76 BASIN TOTAL PRECIPITATION

92 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

140 LG GREEN AND AMPT LOSS RATE
STRTL .32 STARTING LOSS

DTH .25 MOISTURE DEFICIT
PSIF 4.40 YETTING FRONT SUCTION

XKSAT .41 HYDRAULIC CONDUCTIVITY

RTIMP 14.00 PERCENT IMPERVIOUS AREA

141 UC CLARK UNITGRAPH
TC 2.03 TIME OF CONCENTRATION

R 1.98 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE YI LL BE USED

....*

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 2.03 HR, R= 1.98 HR

SNYDER TP= 1.91 HR, CP= .59

UN IT HYDROGRAPH
300 END-OF-PERIOD ORDINATES

VOLUME = .99

O. 2. 3. 5. 8. 10. 13. 16. 20. 23.

27. 30. 34. 38. 42. 46. 50. 55. 59. 63.

68. 72. n. 82. 86. 91. 96. .101. 106. 111.



116. 120. 125. 130. 134. 138. 142. 146. 149. 152.
155. 158. 161. 164. 166. 168. 170. 172. 174. 175.
176. 177. 178. 178. 179. 179. 178. 178. 177. 176.
174. 171. 169. 166. 163. 160. 158. 155. 152. 150.
147. 145. 142. 140. 138. 135. 133. 131. 129. 127.
124. 122. 120. 118. 116. 114. 112. 111. 109. 107.
105. 103. 102. 100. 98. 97. 95. 93. 92. 90.
89. 87. 86. 84. 83. 82. 80. 79. 78. 76.
75. 74. 73. 71. 70. 69. 68. 67. 66. 64.
63. 62. 61. 60. 59. 58. 57. 56. 55. 54.
54. 53. 52. 51. 50. 49. 48. 48. 47. 46.
45. 44. 44. 43. 42. 42. 41. 40. 40. 39.
38. 38. 37. 36. 36. 35. 35. 34. 33. 33.
32. 32. 31. 31. 30. 30. 29. 29. 28. 28.
27. 27. 26. 26. 25. 25. 25. 24. 24. 23.
23. 23. 22. 22. 22. 21. 21. 20. 2p. 20.
19. 19. 19. 19. 18. 18. 18. 17. 17. 17.
16. 16. 16. 16. 15. 15. 15. 15. 14. 14.
14. 14. 13. 13. 13. 13. 13. 12. 12. 12.
12. 12. 11. 11. 11. 11. 11. 10. 10. 10.
10. 10. 10. 9. 9. 9. 9. 9. 9. 9.
8. 8. 8. 8. 8. 8. 8. 7. 7. 7.
7. 7. 7. 7. 7. 7. 6. 6. 6. 6.
6. 6. 6. 6. 6. 5. 5. 5. 5. 5.
5. 5. 5. 5. 5. 5. 5. 4. 4. 4.
4. 4. 4. 4. 4. 4. 4. 4. 4. 4.
4. 4. 3. 3. 3. 3. 3. 3. 3. 3.

*** *** *** *** ***

HYDROGRAPH AT STATION SoH

FOR PLAN 1, RATIO = .50

TOTAL RAINFALL = 12.76, TOTAL LOSS = 2.94, TOTAL EXCESS = 9.82

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1626. 5.03 (CFS) 825. 324. 324. 324.

( INCHES) 8.924 9.709 9.709 9.709
(AC-FT> 409. 445. 445. 445.

CUMULATIVE AREA = .86 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION SoH

FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR

813. 5.03 (CFS) 413. 162. 162. 162.
(INCHES) 4.462 4.854 4.854 4.854

(AC-FT> 205. 223. 223. 223.

CUMULATIVE AREA = .86 SQ MI



*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

142 KK
*
*
*

*
C-C3 *

*

144 HC

**************

Combine R-G-2 and SoH

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

****** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

***

C-C3
.50

***

PEAK FLOW
(CFS)
2030.

TIME
(HR)
4.67 (CFS)

(INCHES)
(AC-FT)

6-HR
904.

5.493
449.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
424. 424.

7.140 7.140
583. 583.

16.63-HR
424.

7.140
583.

CUMULATIVE AREA = 1.53 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

145 KK
*
*
*

*
DIVH *

*
**************

Divert flows in excess of the Signal Butte Floodway capacity

DT

01

DQ

DIVERSION
ISTAD

INFLOW

DIVERTED FLOW

DV-H DIVERSION HYDROGRAPH IDENTIFICATION

.00 2777.00 2778.00

.00 .00 1.00

***

*** *** *** *** ***

DIVERSION HYDROGRAPH
FOR PLAN 1, RATIO =

DV-H
.50

PEAK FLOW
(CFS)

O.

TIME
(HR)

•00 (CFS)
(INCHES)

(AC- FT)

6-HR
O.

.000
O.

MAXIMUM AVERAGE FLOW
24-HR 72-HR

O. O.
.000 .000

O. O.

16.63-KR
O.

.000
O.



CUMULATIVE AREA 1.53 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

DIVH
.50

PEAK FLOW
(CFS)
2030.

TIME
(HR)
4.67 (CFS)

(INCHES)
(AC-FT)

6-HR
904.

5.493
449.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
424. 424.

7.140 7.140
583. 583.

16.63-HR
424.

7.140
583.

CUMULATIVE AREA = 1.53 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

150 KK
*
*
*

*
R-H *

*
**************

Route DIVH to S-I

HYDROGRAPH ROUTING DATA

152 RS STORAGE ROUTING
NSTPS

ITYP
RSVRIC

X

2 NUMBER OF SUBREACHES
FLOW TYPE OF INITIAL CONDITION

-1.00 INITIAL CONDITION
.00 WORKING R ANq D COEFFICIENT

153 RC NORMAL DEPTH
ANL

ANCH
ANR

RLNTH
SEL

ELMAX

CHANNEL
.016
.016
.016

3938.
.0152

.0

LEFT OVERBANK N-VALUE
MAIN CHANNEL N-VALUE
RIGHT OVERBANK N-VALUE
REACH LENGTH
ENERGY SLOPE
MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION

155 RY
154 RX

ELEVATION
DISTANCE

CROSS-SECTION DATA
LEFT OVERBANK + ------ MAIN CHANNEL ------- + ---

7.50 7.50 7.50 .00 .00 7.50
.00 1.00 2.00 2.10 16.10 16.20

RIGHT OVERBANK ---
7.50 7.50

17.00 18.00

***

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

STORAGE .00 .50 1.00 1.50 2.00 2.50 3.00 3.51 4.01 4.51
OUTFLOW .00 32.94 101.07 192.33 301.25 424.31 559.06 703.65 856.66 1016.94

ELEVATION .00 .39 .79 1.18 1.58 1.97 2.37 2.76 3.16 3.55

STORAGE 5.01 5.52 6.02 6.53 7~03 7.54 8.04 8.55 9.05 9.56



OUTFLOW
ELEVATION

1183.57
3.95

1355.80
4.34

1533.00
4.74

1714.64
5.13

1900.26
5.53

2089.49
5.92

2281.98
6.32

2477.45
6.71

2675.65
7.11

2876.36
7.50

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 1715. TO 2876.
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS.
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.)

*** *** *** *** ***

HYDROGRAPH AT STATION R-H
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
2028. 4.70 (CFS) 904. 423. 423. 423.

(INCHES) 5.492 7.124 7.124 7.124
(AC-FT) 448. 582. 582. 582.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
(AC- FT) (HR) 6-HR 24-HR 72-HR 16.63-HR

4. 4.67 2. 1. 1. 1.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) 6-HR 24-HR 72-HR 16.63-HR

5.79 4.70 3.16 1.74 1. 74 1.74

CUMULATIVE AREA = 1.53 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

156 KK
*
*
*

*
S- I *

*

158 BA

**************

Runoff from Sub-basin

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA 1.32 SUBBASIN AREA

PRECIPITATION DATA

92 PB STORM 12.76 BASIN TOTAL PRECIPITATION

92 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00



.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00. .00 .00 .00 .00 .00 .00 .00 .00

159 LG GREEN AND AMPT LOSS RATE
STRTL .30 STARTING LOSS

DTH .25 MOISTURE DEFICIT
PSIF 4.50 WETTING FRONT SUCTION

XKSAT .39 HYDRAULIC CONDUCTIVITY
RTIMP 15.00 PERCENT IMPERVIOUS AREA

160 UC CLARK UN ITGRAPH
TC 2.01 TIME OF CONCENTRATION
R 1.75 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 2.01 HR, R= 1.75 HR

SNYDER TP= 1.87 HR, CP= .62

UNIT HYDROGRAPH
300 END-Of-PERIOD ORDINATES

VOLUME = .99
1. 3. 6. 9. 14. 18. 23. 29. 34. 40.

46. 53. 59. 66. 73. 80. 87. 94. 102. 110.
117. 125. 133. 141. 149. 157. 165. 173. 182. 190.
198. 206. 214. 221. 228. 235. 241. 247. 253. 258.
263. 268. 272. 276. 280. 283. 286. 289. 291. 293.
294. 295. 296. 296. 296. 296. 294. 293. 291. 288.
283. 278. 273. 268. 263. 258. 253. 248. 243. 239.
234. 230. 226. 221. 217. 213. 209. 205. 201. 197.
194. 190. 186. 183. 179. 176. 173. 170. 166. 163.
160. 157. 154. 151. 148. 146. 143. 140. 138. 135.
132. 130. 127. 125. 123. 120. 118. 116. 114. 112.
109. 107. 105. 103. 101. 100. 98. 96. 94. 92.
90. 89. 87. 85. 84. 82. 81. 79. 78. 76.

75. 73. 72. 71. 69. 68. 67. 65. 64. 63.
62. 61. 60. 58. 57. 56. 55. 54. 53. 52.
51. 50. 49. 48. 47. 46. 46. 45. 44. 43.
42. 41. 41. 40. 39. 38. 38. 37. 36. 36.
35. 34. 34. 33. 32. 32. 31. 31. 30. 29.
29. 28. 28. 27. 27. 26. 26. 25. 25. 24.
24. 23. 23. 23. 22. 22. 21. 21. 21. 20.
20. 19. 19. 19. 18. 18. 18. 17. 17. 17.
16. 16. 16. 15. 15. 15. 15. 14. 14. 14.
13. 13. 13. 13. 13. 12. 12. 12. 12. 11.
11. 11. 11. 11. 10. 10. 10. 10. 10. 9.
9. 9. 9. 9. 9. 8. 8. 8. 8. 8.

8. 7. 7. 7. 7. 7. 7. 7. 7. 6.
6. 6. 6. 6. 6. 6. 6. 6. 5. 5.



5. 5. 5. 5. 5. 5. 5. 5. 4. 4.
4. 4. 4. 4. 4. 4. 4. 4. 4. 4.
4. 3. 3. 3. 3. 3. 3. 3. 3. 3.

*** *** *** *** ***

HYDROGRAPH AT STATION S-I
FOR PLAN 1, RATIO .50

TOTAL RAINFALL = 12.76, TOTAL LOSS 2.84, TOTAL EXCESS = 9.92

PEAK FLOY TIME MAXIMUM AVERAGE FLOIJ
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
2706. 5.00 (CFS) 1308. 505. 505. 505.

(INCHES) 9.211 9.857 9.857 9.857
(AC-FT) 648. 694. 694. 694.

CUMULATIVE AREA = 1.32 SO MI

*** *** *** *** ***

HYDROGRAPH AT STATION S-I
FOR PLAN 1, RATIO = .50

PEAK FLOIJ TIME MAXIMUM AVERAGE FLOY
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1353. 5.00 (CFS) 654. 252. 252. 252.

(INCHES) 4.606 4.929 4.929 4.929
(AC-FT) 324. 347. 347. 347.

CUMULATIVE AREA = 1.32 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

161 KK
*
*
*

*
C-C4 *

*

163 HC

**************

Combine R-H and S-I

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

****** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

***

C-C4
.50

***

PEAK FLOIJ
(CFS)
3311.

TIME
(HR)
4.73 (CFS)

(INCHES)

6-HR
1558.
5.082

MAXIMUM AVERAGE FLOIJ
24-HR 72-HR
676. 676.

6.108 6.108

16.63-HR
676.

6.108



(AC- FT) m. 929. 929. 929.

CUMULATIVE AREA = 2.85 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

164 KK
*
*
*

*
DIVI *

*
**************

Divert flows in excess of the Signal Butte Floodway capacity

DT

01

DQ

DIVERSION
ISTAD

INFLOW

DIVERTED FLOW

DV-I DIVERSION HYDROGRAPH IDENTIFICATION

.00 2872.00 2873.00

.00 .00 1.00

***

*** *** *** *** ***

DIVERSION HYDROGRAPH
FOR PLAN 1, RATIO =

DV-I
.50

PEAK FLOW
(CFS)

439.

TIME
(HR)
4.73 (CFS)

(INCHES)
(AC-FT)

6-HR
41.

.134
20.

MAXIMUM AVERAGE FLOW
24-HR 72-HR

15. 15.
.134 .134
20. 20.

16.63-HR
15.

.134
20.

CUMULATIVE AREA = 2.85 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

DIVI
.50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
2872. 4.33 (CFS) 1517. 661. 661. 661.

(INCHES) 4.948 5.974 5.974 5.974
(AC- FT) 752. 908. 908. 908.

CUMULATIVE AREA = 2.85 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************



* *
169 KK * S-A1 *

* *
**************

Runoff from Sub-basin A1

SUBBASIN RUNOFF DATA

171 BA SUBBASIN CHARACTERISTICS
TAREA .96 SUBBASIN AREA

PRECIPITATION DATA

92 PB STORM 12.76 BASIN TOTAL PRECIPITATION

92 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

172 LG GREEN AND AMPT LOSS RATE
STRTL .30 STARTING LOSS

DTH .26 MOISTURE DEFICIT
PSIF 4.25 WETTING FRONT SUCTION

XKSAT .47 HYDRAULIC CONDUCTIVITY
RTIMP 16.00 PERCENT IMPERVIOUS AREA

173 UC CLARK UNITGRAPH
TC 1.22 TIME OF CONCENTRATION

R .93 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.22 HR, R= .93 HR

SNYDER TP= 1.11 HR, CP= .66

UNIT HYDROGRAPH
167 END-OF-PERIOD ORDINATES

2. 8. 17. 27. 38. 51. 65. 79. 94. 110.

126. 142. 159. 176. 193. 211. 229, 247. 264. 281.

297. 312. 325. 336. 347. 356. 364. 371. 376. 380.

383. 384. 384. 382. 379. 373. 364. 352. 340. 328.



316. 305. 294. 284. 274. 264. 255. 246. 237. 229.
221. 213. 205. 198. 191. 184. 178. 171. 165. 159.
154. 148. 143. 138. 133. 128. 124. 120. 115. 111.
107. 103. 100. 96. 93. 90. 86. 83. 80. 78.
75. 72. 70. 67. 65. 62. 60. 58. 56. 54.
52. 50. 49. 47. 45. 44. 42. 41. 39. 38.
36. 35. 34. 33. 32. 30. 29. 28. 27. 26.
25. 24. 24. 23. 22. 21. 20. 20. 19. 18.
18. 17. 16. 16. 15. 15. 14. 14. 13. 13.
12. 12. 11. 11. 11. 10. 10. 10. 9. 9.
9. 8. 8. 8. 7. 7. 7. 7. 6. 6.
6. 6. 6. 5. 5. 5. 5. 5. 4. 4.
4. 4. 4. 4. 4. 3. 3.

*** *** *** *** ***

HYDROGRAPH AT STATION S-A1
FOR PLAN 1, RATIO = .50

TOTAL RAINFALL 12.76, TOTAL LOSS = 3.08, TOTAL EXCESS = 9.68

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
3197. 4.27 (CFS) 984. 359. 359. 359.

(INCHES) 9.527 9.634 9.634 9.634
(AC- FT) 488. 493. 493. 493.

CUMULATIVE AREA = .96 SQ MI

*** *** *** *** ***

HYOROGRAPH AT STATION S-A1
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1598. 4.27 (CFS) 492. 179. 179. 179.

(INCHES) 4.763 4.817 4.817 4.817
(AC- FT) 244. 247. 247. 247.

CUMULATIVE AREA = .96 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *-* *** *** *** *** ***

**************

174 KK
*
*
*

*
c-e5 *

*

176 HC

**************

Combine S-A1 and OIVI

HYOROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***



****** ***

HYOROGRAPH AT STATION
FOR PLAN 1, RATIO =

***

C-C5
.50

***

PEAK FLOIoI
(CFS)
4457.

TIME
(HR)
4.33 (CFS)

(INCHES)
(AC-FT)

6-HR
2002.
4.885
993.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
840. 840.

5.682 5.682
1155. 1155.

16.63-HR
840.

5.682
1155.

CUMULATIVE AREA = 3.81 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *
177 KK * S-B1 *

* *
**************

Runoff from Sub-basin Bl

SUBBASIN RUNOFF DATA

179 BA SUBBASIN CHARACTERISTICS
TAREA 4.09 SUBBASIN AREA

PRECIPITATION DATA

92 PB STORM 12.76 BASIN TOTAL PRECIPITATION

92 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.06 .06 .06 .06 .06 .06 .06 .04 .02 .02
.02 .02 .02 .02 .02 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

180 LG GREEN AND AMPT LOSS RATE
STRTL .29 STARTING LOSS

DTH .25 MOISTURE DEFICIT
PSIF 4.45 WETTING FRONT SUCTION



XKSAT .41 HYDRAULIC CONDUCTIVITY
RTIMP 11.00 PERCENT IMPERVIOUS AREA

181 UC CLARK UN ITGRAPH
TC 1.86 TIME OF CONCENTRATION

R 1.29 STORAGE COEFFICIENT

182 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0

100.0

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.86 HR, R= 1.29 HR

SNYDER TP= 1.56 HR, CP= .76

UN IT HYDROGRAPH
240 END-OF-PERIOD ORDINATES

5. 16. 27. 37. 47. 56. 62. 68. 74. 79.
84. 91. 99. 107. 116. 123. 132. 141. 152. 163.

173. 183. 198. 220. 243. 266. 288. 312. 363. 437.
509. 579. 648. 723. 813. 908. 1000. 1091. 1179. 1236.

1260. 1282. 1304. 1325. 1340. 1338. 1325. 1313. 1301. 1290.
1276. 1259. 1241. 1224. 1207. 1189. 1165. 1135. 1106. 1078.
1050. 1024. 997. 972. 947. 923. 900. 8n. 854. 832.
811. 791. no. 751. 732. 713. 695. 6n. 660. 643.
626. 610. 595. 580. 565. 551. 536. 523. 509. 496.
484. 471. 459. 448. 436. 425. 414. 404. 393. 383.
374. 364. 355. 346. 337. 328. 320. 312. 304. 296.
289. 281. 274. 267. 260. 254. 247. 241. 235. 229.
223. 217. 212. 206. 201. 196. 191. 186. 181. 1n.
172. 168. 163. 159. 155. 151. 147. 144. 140. 136.
133. 130. 126. 123. 120. 117. 114. 111. 108. 105.
103. 100. 97. 95. 93. 90. 88. 86. 83. 81.
79. n. 75. 73. 71. 70. 68. 66. 64. 63.
61. 60. 58. 57. 55. 54. 52. 51. 50. 49.
47. 46. 45. 44. 43. 42. 40. 39. 38. 37.
37. 36. 35. 34. 33. 32. 31. 30. 30. 29.
28. 27. 27. 26. 25. 25. 24. 24. 23. 22.
22. 21. 21. 20. 20. 19. 19. 18. 18. 17.
17. 16. 16. 16. 15. 15. 14. 14. 14. 13.
13. 13. 12. 12. 12. 11. 11. 11. 11. 10.

*** *** *** *** ***

HYDROGRAPH AT STATION S-B1
FOR PLAN 1, RATIO = .50

TOTAL RAINFALL = 12.76, TOTAL LOSS = 3.04, TOTAL EXCESS = 9.72

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6·HR 24-HR 72-HR 16.63-HR
11044. 4.83 (CFS) 4137. 1535. 1535. 1535.

(INCHES) 9.403 9.672 9.672 9.672
(AC-FT) 2051. 2110. 2110. 2110.

CUMULATIVE AREA = 4.09 SQ MI



****** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

***

S-B1
.50

***

PEAK FLOW
(CFS)
5522.

TIME
(HR)
4.83 (CFS)

(INCHES)
(AC-FT)

6-HR
2068.
4.702
1026.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
767. 767.

4.836 4.836
1055: 1055.

16.63-HR
767.

4.836
1055.

CUMULATIVE AREA = 4.09 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

184 KK
*
*
*

*
C-C6 *

*

186 HC

**************

Combine C-CS and S-B1

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

***

****** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

***

C-C6
.50

***

PEAK FLOW
(CFS)
9597.

TIME
(HR)
4.73 (CFS)

(INCHES)
(AC-FT)

6-HR
4070.
4.790
2018.

MAXIMUM AVERAGE FLOW
24-HR 72-HR
1608. 1608.
5.244 5.244
2210. 2210.

16.63-HR
1608.
5.244
2210.

CUMULATIVE AREA = 7.90 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

187 KK
*
*
*

..
S-B2 ....

189 BA

**************

Runoff from Sub-basin B2

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS



TAREA 1.36 SUBBASIN AREA

PRECIPITATION DATA

92 PB STORM 12.76 BASIN TOTAL PRECIPITATION

92 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

190 LG GREEN AND AMPT LOSS RATE
STRTL .31 STARTI NG LOSS

DTH .26 MOISTURE DEFICIT
PSIF 4.35 WETTING FRONT SUCTION

XKSAT .46 HYDRAULIC CONDUCTIVITY

RTiMP 15.00 PERCENT IMPERVIOUS AREA

191 UC CLARK UN ITGRAPH
TC 1.87 TIME OF CONCENTRATION

R 1.64 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.87 HR, R= 1.64 HR

SNYDER TP= 1.74 HR, CP= .62

UN IT HYDROGRAPH
291 END-OF-PERIOD ORDINATES

1. 3. 7. 12. 17. 22. 28. 35. 42. 49.

56. 64. 72. 80. 89. 97. 106. 115. 124. 133.

142. 152. 161. 171. 180. 190. 200. 210. 220. 229.

238. 247. 255. 263. 270. 277. 283. 289. 295. 300.

305. 309. 313. 316. 319. 321. 323. 325. 326. 327.

327. 326. 325. 323. 320. 317. 311. 305. 299. 293.

287. 281. 276. 270. 265. 259. 254. 249. 244. 239.

234. 230. 225. 220. 216. 212. 207. 203. 199. 195.

191. 187. 184. 180. 176. 173. 169. 166. 163. 159.

156. 153. 150. 147. 144. 141. 138. 135. 133. 130.

127. 125. 122. 120. 117. 115. 113. 111. 108. 106.

104. 102. 100. 98. 96. 94. 92. 90. 88. 87.

85. 83. 81. 80. 78. 77. 75. 74. 72. 71.



69. 68. 67. 65. 64. 63. 61. 60. 59. 58.
57. 55. 54. 53. 52. 51. 50. 49. 48. 47.
46. 45. 44. 43. 43. 42. 41. 40. 39. 38.
38. 37. 36. 35. 35. 34. 33. 33. 32. 31.
31. 30. 30. 29. 28. 28. 27. 27. 26. 26.
25. 25. 24. 24. 23. 23. 22. 22. 21. 21.
20. 20. 20. 19. 19. 18. 18. 18. 17. 17.
17. 16. 16. 16. 15. 15. 15. 14. 14. 14.
14. 13. 13. 13. 13. 12. 12. 12. 12. 11.
11. 11. 11. 10. 10. 10. 10. 10. 9. 9.
9. 9. 9. 9. 8. 8. 8. 8. 8. 8.
7. 7. 7. 7. 7. 7. 7. 6. 6. 6.
6. 6. 6. 6. 6. 5. 5. 5. 5. 5.
5. 5. 5. 5. 5. 4. 4. 4. 4. 4.
4. 4. 4. 4. 4. 4. 4. 3. 3. 3.
3. 3. 3. 3. 3. 3. 3. 3. 3. 3.
3.

*** *** *** *** ***

HYDROGRAPH AT STATION S-82
FOR PLAN 1, RATIO = .50

TOTAL RAINFALL = 12.76, TOTAL LOSS = 3.10, TOTAL EXCESS = 9.66

PEAK FLO\I TIME MAXIMUM AVERAGE FLO\I
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
2907. 4.87 (CFS) 1329. 507. 507. 507.

(INCHES) 9.085 9.612 9.612 9.612
(AC-FT) 659. 697. 697. 697.

CUMULATIVE AREA = 1.36 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION S-62
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
1454. 4.87 (CFS) 664. 254. 254. 254.

(INCHES) 4.542 4.806 4.806 4.806
(AC-FT) 329. 349. 349. 349.

CUMULATIVE AREA = 1.36 SQ HI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

192 KK
*
*
*

*
C-C7 *

*
******"********

Combine C-C6 and S-62



194 HC HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS, TO COMBINE

***

*** *** *** *** ***

HYDROGRAPH AT STATION C-C7
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
11026. 4.73 (CFS) 4735. 1861. 1861. 1861.

(INCHES) 4.753 5.180 5.180 5.180
(AC-FT> 2348. 2558. 2558. 2558.

CUMULATIVE AREA = 9.26 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *
195 KK * S-C1 *

* *
**************

Runoff from Sub-basin C1

SUBBASIN RUNOFF DATA

197 BA SUBBASIN CHARACTERISTICS
TAREA 2.54 SUBBASIN AREA

PRECIPITATION DATA

92 PB STORM 12.76 BASIN TOTAL PRECIPITATION

92 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 _00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.06 .06 .06 .06 .06 .06 .06 .04 .02 .02
.02 .02 .02 .02 .02 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00



198 lG GREEN AND AMPT lOSS RATE
STRTl .31 STARTING lOSS

DTH .26 MOISTURE DEFICIT
PSIF 4.35 WETTING FRONT SUCTION

XKSAT .46 HYDRAULIC CONDUCTIVITY
RTIMP 15.00 PERCENT IMPERVIOUS AREA

199 UC CLARK UNITGRAPH
TC

R

1.07 TIME OF CONCENTRATION
.63 STORAGE COEFFICIENT

200 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 5.0 16.0 30.0

100.0
65.0

***

77.0 84.0 90.0 94.0 97.0

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.07 HR, R=

SNYDER TP= .55 HR, CP=
.63 HR
.47

UNIT HYDROGRAPH
114 END-OF-PERlOO ORDINATES

20. 59. 95. 149. 224. 299. 378. 465. 552. 665.
856. 1090. 1297. 1402. 1424. 1446. 1447. 1429. 1410. 1390.

1367. 1343. 1317. 1284. 1250. 1215. 1179. 1141. 1106. 1073.
1041. 1011. 971. 922. 874. 829. 786. 745. 707. 670.
635. 602. 571. 541. 513. 487. 461. 437. 415. 393.
373. 354. 335. 318. 301. 286. 271. 257. 244. 231.
219. 208. 197. 187. 177. 168. 159. 151. 143. 136.
129. 122. 116. 110. 104. 98. 93. 89. 84. 80.
75. 72. 68. 64. 61. 58. 55. 52. 49. 47.
44. 42. 40. 38. 36. 34. 32. 31. 29. 27.
26. 25. 23. 22. 21. 20. 19. 18. 17. 16.
15. 14. 14. 13.

*** *** *** *** ***

HYDROGRAPH AT STATION S-Cl
FOR PLAN 1, RATIO = .50

TOTAL RAINFALL = 12~76, TOTAL LOSS = 3.10, TOTAL EXCESS = 9.66

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
10683. 3.87 (CFS) 2616. 947. 947. 947.

(INCHES) 9.575 9.613 9.613 9.613
(AC-FT) 1297. 1302. 1302. 1302.

CUMULATIVE AREA = 2.54 SQ MI

*** *** *** *** ***

HYDROGRAPH AT STATION S-Cl
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
5341. 3.87 (CFS) 1308. 474. 474. 474.



(INCHES)
(AC-FT>

4.787
649.

4.807
651.

4.807
651.

4.807
651.

CUMULATIVE AREA = 2.54 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

202 KK
*
*
*

*
C-C8 *

*

204 HC

**************

Combine C-C7 and S-C1

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYPROGRAPHS TO COMBINE

***

****** ***

HYDROGRAPH AT STATION
FOR PLAN 1, RATIO =

***

C-C8
.50

***

PEAK FLOW TIME MAXIMUM AVERAGE FLOIJ
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
13936. 4.53 (CFS) 6008. 2335. 2335. 2335.

(INCHES) 4.734 5.100 5.100 5.100
(AC- FT) 2979. 3210. 3210. 3210.

CUMULATIVE AREA = 11.80 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

205 KK
*
*
*

*
S-P1 *

*

207 BA

**************

Runoff from sub-basin D1

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA 1.15 SUBBASIN AREA

PRECIPITATION DATA

92 PB STORM 12.76 BASIN TOTAL PRECIPITATION

92 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00



.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.06 .06 .06 .06 .06 .06 .06 .04 .02 .02

.02 .02 .02 .02 .02 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

208 LG GREEN AND AMPT LOSS RATE
STRTL .30 STARTING LOSS

DTH .27 MOISTURE DEFICIT
PSIF 3.64 WETTING FRONT SUCTION

XKSAT .67 HYDRAULIC CONDUCTIVITY
RTIMP 17.00 PERCENT IMPERVIOUS AREA

209 UC CLARK UN ITGRAPH
TC .90 TIME OF CONCENTRATION
R .65 STORAGE COEFFICIENT

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

***

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .90 HR. R= .65 HR

SNYDER TP= .80 HR. CP= .67

UNIT HYDROGRAPH
118 END-Of-PERIOD ORDINATES

6. 21 .. 44. 71. 101. 133. 168. 204. 241. 280.
319. 359. 399. 440. 478. 513. 543. 569. 591. 609.
623. 633. 639. 641. 638. 629. 614. 589. 559. 531.
505. 479. 455. 433. 411. 390. 371. 352. 335. 318.
302. 287. 272. 259. 246. 234. 222. 211. 200. 190.
181. 172. 163. 155. 147. 140. 133. 126. 120. 114.
108. 103. 98. 93. 88. 84. 79. 75. 72. 68.
65. 61. 58. 55. 53. 50. 47. 45. 43. 41.
39. 37. 35. 33. 31. 30. 28. 27. 26. 24.
23. 22. 21. 20. 19. 18. 17. 16. 15. 15.
14. 13. 12. 12. 11. 11. 10. 10. 9. 9.
8. 8. 7. 7. 7. 6. 6. 6.

*** *** *** *** ***

HYDROGRAPH AT STATION S-D1
FOR PLAN 1. RATIO = .50

TOTAL RAINFALL = 12.76. TOTAL LOSS = 3.46. TOTAL EXCESS = 9.30

PEAK FLOW TIME MAXIMUM AVERAGE fLOW



(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
4833. 3.97 (CFS) 1139. 413. 413. 413.

( INCHES) 9.207 9.251 9.251 9.251
(AC- FT) 565. 567. 567. 567.

CUMULATIVE AREA = 1.15 SQ MI

*** *** *** *** ***

HYOROGRAPH AT STATION S-01
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
2417. 3.97 (CFS) 569. 206. 206. 206.

(INCHES) 4.603 4.625 4.625 4.625
(AC- FT) 282. 284. 284. 284.

CUMULATIVE 'AREA = 1.15 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

210 KK
*
*
*

*
C-C9 *

*

212 HC

**************

Combine C-C8 and 5-01

HYOROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYOROGRAPHS TO COMBINE

***

****** ***

HYOROGRAPH AT STATION
FOR PLAN 1, RATIO =

***

C-C9
.50

***

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
15540. 4.43 (CF5) 6568. 2541. 2541. 2541.

(INCHES) 4.715 5.057 5.057 5.057
(AC-FT) 3257. 3493. 3493. 3493.

CUMULATIVE AREA = 12.95 SQ MI

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************

* *



213 KK *
*

RES *
*

**************

Spook Hill Reservoir Routing
See DMJM+HARRIS Technical Report No.1 for supporting details
behind rating curves.

NGVD 29 elevations used in the computations.

Sediment Storage Volume Below Principle Spillway =271 Ac-Ft (Elev=1577.5')

HYDROGRAPH ROUTING DATA

221 RS STORAGE ROUTI NG
NSTPS

ITYP
RSVRIC

X

1 NUMBER OF SUBREACHES
STOR TYPE OF INITIAL CONDITION

.00 INITIAL CONDITION

.00 WORKING RAND D COEFFICIENT

222 SV STORAGE .0 287.0 346.0 474.9 693.0 1120.0 1631.0 1919.0 2231.0 2927.0
3722.0 4158.0

224 SQ DISCHARGE o. o. 250. 500. 750. 990. 2860. 4750. 7000. 12750.
19240. 23050.

226 SE ELEVATION 1575.10 1577.50 1578.00 1578.80 1580.00 1582.00 1584.00 1585.00 1586.00 1588.00
1590.00 1591.00

***

*** *** *** *** ***

HYDROGRAPH AT STATION RES
FOR PLAN 1, RATIO = .50

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
(CFS) (HR) 6-HR 24-HR 72-HR 16.63-HR
5920. 6.17 (CFS) 3918. 1876. 1876. 1876.

(INCHES) 2.813 3.734 3.734 3.734
(AC- FT) 19.43. 2579. 2579. 2579.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
(AC-FT) (HR) 6-HR 24-HR 72-HR 16.63-HR

2081. 6.17 1770. 1093. 1093. 1093.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE
(FEET) (HR) 6-HR 24-HR 72-HR 16.63-HR

1585.52 6.17 1584.45 1581.30 1581.30 1581.30

CUMULATIVE AREA = 12.95 SQ MI



PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES

TIME TO PEAK IN HOURS

RATIOS APPLIED TO FLOWS
OPERATION STATION AREA PLAN RATIO 1

.50

HYDROGRAPH AT S-IN . 00 FLOW 157•
TIME .80

HYDROGRAPH AT S-F .15 FLOW 265.
TIME 4.13

2 COMBINED AT C-C1 •15 FLOW 422 •
TIME 4.13

DIVERSION TO DV-F .15 FLOW o.
TIME .00

HYDROGRAPH AT OIVF •15 FLOW 422 •
TIME 4.13

ROUTED TO R-F •15 FLOW 417 .
TIME 4.37

** PEAK STAGES IN FEET **
1 STAGE 5.40

TIME 4.37

HYDROGRAPH AT S-G •52 FLOW 1290 .
TIME 4.03

2 COMBINED AT C-C2 •67 FLOW 1650 .
TIME 4.07

DIVERSION TO DV-G •67 FLOW 346•
TIME 4.07

HYDROGRAPH AT DIVG •67 FLOW 1304 •
TIME 3.73

ROUTED TO R-G-1 . 67 FLOW 1304 •
TIME 4.20

** PEAK STAGES IN FEET **
1 STAGE 8.22

TIME 4.23

ROUTED TO R-G-2 .67 FLOW 1304.
TIME 4.20

** PEAK STAGES IN FEET **
1 STAGE 4.25

TIME 4.27

HYDROGRAPH AT S-H .86 FLOW 813.



TIME 5.03

2 COMBINED AT C-C3 1.53 FLO\J 2030.
TIME 4.67

DIVERSION TO DV-H 1.53 FLOI' O.
TIME .00

HYDROGRAPH AT DIVH 1.53 FLOI' 2030.
TIME 4.67

ROUTED TO R-H 1.53 FLOI' 2028.
TIME 4.70

** PEAK STAGES IN FEET **
STAGE 5.79
TIME 4.70

HYDROGRAPH AT S-I 1.32 FLOI' 1353.
TIME 5.00

2 COMBINED AT C-C4 2.85 FLO\J 3311.
TIME 4.73

DIVERSION TO DV-I 2.85 FLOI' 439.
TIME 4.73

HYDROGRAPH AT DIVI 2.85 FLO\J 2872.
TIME 4.33

HYDROGRAPH AT S-A1 .96 FLO\J 1598.
TIME 4.27

2 COMBINED AT C-C5 3.81 FLO\J 4457.
TIME 4.33

HYDROGRAPH AT S-B1 4.09 FLO\J 5522.
TIME 4.83

2 COMBINED AT C-C6 7.90 FLO\J 9597.
TIME 4.73

HYDROGRAPH AT S-B2 1.36 FLO\J 1454.
TIME 4.87

2 COMBINED AT C-C7 9.26 FLOI' 11026.
TIME 4.73

HYDROGRAPH AT S-C1 2.54 FLOI' 5341.
TIME 3.87

2 CClolBINED AT C-C8 11.80 FLOIJ 13936.
TIME 4.53

HYDROGRAPH AT S-D1 1.15 FLOIJ 2417.
TIME 3.97

2 CClolBINED AT C-C9 12.95 FLOIJ 15540.
TIME 4.43



ROUTED TO RES 12.95 FLOW
TIME

5920.
6.17

*** NORMAL END OF HEC-1 ***

** PEAK STAGES IN FEET **

1 STAGE 1585.52
TIME 6.17
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APPENDIX K COMMENTS & RESPONSES TO COMMENTS

(
)

Mr. Terry Tlourland
Project Manager
ADOT Valley Project Management
Arizona Department of Transportation
205 South 17'" Avenue
Room 295, MD 614£
Plu>enix, Arizona 85007-3212

RE: Spook Hill Flood Retarding Structure
Red Mountain Frccwa)'; SR 117 10 US 60 EIS

Dear Mr. Bourland:

Thc purpose of tit is letter is 10 respond to your letler dated October 22, 1998, regarding the
impacts of the "Iwo-<!am" concept as defined in the Red Moul/tain Freeway. Lindsay Road to
Ba.H!/iI/f! Road Df!.~ign Concept Report (ADOT. 1988). Subject to approval by lite Ooard of
Diredl1rs, the District docs not objecl to the construction of Ihe Red Mountain Freeway as
defined in the nCR if the following conditions are mel:

I. ADOl will provide funding for costs of all administralion, project management,
necessary permits. investigations. studies, engineering, design, right-of-way. utility
relocations and construction of modifications to the e.xisting dam slructure.

2. Flood detention vulume will remain as currently designed. An)' addilionaL necessary
right-or-way to maintain the im!X)unt.lment arc;; wiil be pru\iucd h) ADOT.

3. The District would assist ADOl with obtaining thc applicable land rights for lands
currently controlled by the Dislrict lor the freeway structures and interchange ramps.
The District will retain remaining land rights for the flood retarding structure and
impoundment area. ADOT will transfer applicable land rights obtained to maintain
the impoundment area to the District. A joint-use agreement will be prepared to
pennit AOOT to construcl and maintain landscaping and fcncing applicable 10 the
freeway. .

4. ADOT must provide operation and mainlcnance access to each end of each segment
of Ihe diUn as bisected by roadway crossings at McDowell Road, McKellips Road
and Brown Road. The District will be responsiblc for operation and maintenance of
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the modlffCd- dam 8fld impoundment area. ADOT will be responsiblc for
maintenance oflhe freeway and associated inlerchanges.

5. ADOT will be responsible for the costs of preparing and/or updating cx;sling dam­
break analysis, overflow spillway delinealion analysis and spillway inundalion
sludies as prepared or caused to be prepared by the District. Impact of the freeway
conslruetion as defined in these sludies will have to be evaluated and miligaled.

6. ADOT v. ill he resp'lnsible for the COSIS of Ihe District 10 prcpare or cause to be
prepared all designs for lhe modification ofth.: dam. Dam modifications will havc to
mcel all CUITetll technical sland<lrds to include approval by lhe Arizona Departmenl
ur Water Resources and any other applknble agency.

7. I\DOT will be responsible for lhe cosls oflhe Distrielto review and n:-delineate any

floodplains affeeled by the freeway.

H. ADOT will be responsible for allY other cosb associated with required sludics and/or
investigatiuns pertaining to modifications 10 the dam structure or the impoundmcnt

area.

9. All existing intergovemmcnlal agreements associated with eltisting features of the
Spook Ilill FRS, the Signal Bulle lloodway and rclated slruclures must bc complied
with and/or negative impacts mitigated.

10. ADOT will ohtain or cause to he obtained or updated lIny required 404 Permits
and/or r.nvironmental Assessments.

[ hope this letler will assist you with funhering the Rcd Mountain Freeway as it impacts the
Spook Hill FRS and rclated facilities. If you have any questions. please do not hesitate to
COlllllel me or Tim Phillips at 506-47 ilL

Michael S. Ellegood. r.E.
Chief Engineer and General Manager
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APPENDIX K COMMENTS & RESPONSES TO COMMENTS

MAR 2 4 f:}98
Mr. Richard M. Duarte, Manager
Environmental Planning Section
Arizona Department ofTransportalion
205 Soutb 17"' Avenne, Mail Drop 619E
Phoenix, Ari7.ona 85007

Subject: Red Mountain Freeway (Loop 202), 8R87 10 U860, Draft Environmental Impact SlaI.emenl

De."If Mr. Duarte:

TIle Flood Control Dislrict (District) has reviewed Ihe subject report dated December 30, 1997, and I1JS Ihe
foUowiog comments:

General Comments:

1- The lhree proposed allemati\'e alignments ror Loop 202 impact two structures owned and operated by
the Dislrict, the Spookbill Flood Retarding Structure (FRS) and the Signal Bulle Floodway. BOlh
structures were designed and construcled by Ihe Natural Resources Conservatioo Service. Based on
Figure 5-4, the 1988-1989 and Ihe Red Mounlaio Bypass alteOl:llives cross over the Emergency
Spillway for Ihe Spookhill FRS. l11c Spookhill FRS is subject to rules and regulations relevant to IIle
Safely of Dams as set forth by the Slate Department ofllie Water Resources (ADWR). Therefore, the
report as a whole must address impacts on Ihe function and operation of the FRS beyond the l00-year
lev~l. 1bis includes concerns such as operation or the emergency spillway, conveyance of the flows
dnnng lhe Probable MaximulII Flood, emergency repairs and access during emergency operations.

2- All three alternatives will require 404 Pennits as they cross the Spookhill FRS and the Signal Bulte
Floodway. Furthennore, any changes to the structure or 1I1e reservoir area ofSpookhiU may require an
updale of the Environmeulal Assessment report for Spookhill FRS.

3- The foUowing conunenl will apply to all of the following sections; 5-21,5-25, and 5-28 (Land
Ownership on SpookhiU FRS): from IIle District's standpoin~ as long as the BLM continues 10 allow
the Dislricllo use the land ror flood conleol purposes as originally developed, then perhaps multiple or
joinl uses could be acceptable. TIle District would strongly resist any attempts 10 delcle from the
Di~trict's authority any property rigills which would make the continued construction, operation or
~Ienancc of the dislrict levees, 5tormwaler structures or ponding areas impossible. Any future
adJOIIS 10 modify or change Ihe character of the existing land rights in this area must be subject 10
existing righls and easemenls in order 10 minimize any impacts 10 flood conlrol structl\fCS. Fin.,lIy. ir
the past FCD rights are not grandfathercd in, or additional uses being subject 10 prior rights, the health
and safely of downstream citizens would be jeopardized. The district must retain I1le ability to access
the flood control facilities to mailJl.,in IIle stnlctuml integrity and operatiml of the facilities.

Specific Comments:

1- Pg. 5-5, Fig. S-2, NOTES: include IIle Spookhill FRS and Signal Butte Floodway.

2- Pg. S-7,lhird paragraph, line 8: ...would cross the CAP and (add) Spookhill FRS...
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AG35

IAG36
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AG33 - Both lhe 1988-1989 Alignment Alternative (Eastern Section) and the Red Mountain District
Park Bypass Alignment Allernative would be designed to span the Signal Butte Iloodway and not
aHeel the function and operation of the facili\y, (including operation of the emergency spillway,
emergency repairs and access during emergency operations) in accordance with Rules and
Regulatio:1s Pertaining {o OClnl Safety Procedures (ADWR, 1998). Both alternatives will span the
Emergency .spillway for (he Spookhill Flood Retarding Structure (FRS), thus, avoiding impacts as

well.

AG34 - A Section 404 individual permit will be obtained upon the Record of Decision for the
proposed action (see Section 4.7, Jurisdictional Waters Of The United States, and Appendix B,
Sections 401 and 4(4).

AG35 - Tlw proposed action will not preclude the FCDMC from retaining the ability to access the
flood control facilities to maintain the structural integrity and operation of the facilities, as
identified in Section 4.6.5, MirigaUoll. Any transfer of property rights will be conducted in a
manner that would not jeopardize the health and safety of downstream citizens and would be done
with full involvement with the FCDMC. See Appendix A. Agency Letters, RespollScs and Scoping
Comments, which df'picts correspondence between the City of Mesa and I3LM regarding this

matter.

AG36 - Text has been modified.

AG37 - Text has been modified.
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3- Pg: 5-7, third paragraph, line II: ... follow the I-lawcs Road alignmenl (add) crossing Spookhl/l FRS.

4- Pg. 5-9, Fig. 5-4: show alignments for Spookhill FRS and Signal Butte Floodway.

5- Pg. SolO, first paragrapl~ line 4: ... thc alignment would (add) cross CAP and the Spookhlll FRS and
Iwn southeast...

6- Pg. S-IO. first paragraph, linc 8: ...twn southeasterly (add) crossing Signal Bulle Floodway...

7- Pg. 5-14, Fig. 5-7: show Spookhill and Signal Bulle AlignmC!lts.

8- Pg. S-25. pamgraph I: per ADWR criteria, both conveyance capacity and the stomge capacily within
UIC FRS ponding area must be maintained for all flows up to and including Ule Probable Maximwn
Flood (PMf'). All altematives must address flows above laO-year frequency.

9- Pg.2-15: sec corruneots 12, 3, 5 and 6.

10- Pg. 2-19. Fig. 2-6: show location of SpooklliU FRS on all profiles.

II- Pg. 2-2l,pamgraph 1,Iine I: ...but below the maximum flood elevation ~O-yeaHlood~ (probable
Maximwn Flood).

12- Pg. 2-21. paragraph I,line 2: elevated to cross the (add) SpookJJiII FRS and...

13- Pg. 2-21, pamgraph 2,Iine 9: cross UIC roadway and Ule CAP canal (add) anti/he Spookhil/ FRS...

14- Pg. 2-21, paragraph 3,Iine 6: be elevated as required for cross drainage (add) and liJe operations of
the Spookhill emergency spillway...

15- Pg. 2-22. Table 2-1: add a nole on Ule impacts of the Half Diamond Interchange for Power Road OQ
the Emergency Spillway operations.

16- Pg. 2-26, paragraph 1. line 5: add NRCS to the coordinatioQ list

17- Pg. 2-26, paragraph l,line 7: •..along the Spookhill FRS (add) and the Signal Bune FToodway.

18- Figures 3-4. 3-6, 3-8.3-24 and 3-25: include and label alignment for !he Signal Butte Floodway.

19- Pg. 3-7.lasl paragraph: discuss eJrccts on the Signal Butte Floodway..

20- Pg. 3-46. Section 3.6.1: newest maps and Zone definitions by FEMA wen: published Seplember 1995.

21- Pg. 3-46. second paragraph: see General Comments and specific comments 8 and 11 above.

22- Pg. 3-46. paragmph 4. line 1: The (add) principal spillway for Spookhill FRS ...

23- Pg. 3-50, Section 3.6.3: During July 17·18, 1984. a major storm in the area caused flooding and
damage to residences and the CAP (IJlIdcr construction al thaI time). This flooding effected the
southern reach of the proposed eligrnnenll;.

Additionally. the 1993 floods In Sall River eroded part of the Tri-eily Landfill in the vicinily of Ille
projecL

24- Pg. 3·51, Section 3.7: include impacts on the Signal Butte Floodway.

25- Pg. 4-54. SeclioQ 4.5.3: see General CommenlS, opemtioQ of the FRS must include all flows up to and
including the PMF.

26- Pg. 4-55, first paragraph: address issues concerning the opemtion of Ule FRS. including Ictal storage.
conveyance. access. function, emergency operations, emergency spillway, etc.

27- Pg. 4-55, Sections 4.5.3.2 and 4.5.3.3: lateral and cross drainage must addn:ss the Safely of UIC Dam
criteria, including Ihe operalion of the Dam al PMF level.

28- Pg. 4-57, Section 4.6.1: see comments 25-27.

29- Pg. 4-63. Section 4.6.1.7: based on the above comments,the proposed alignments will have significant
impacts on the operation of the FRS unless mitigation efforts are undertaken.
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APPENDIX K COMMENTS & RESPONSES TO COMMENTS

AG38 - Text has been modified.

AG39 - Spookhill and Signal Butte alignments have been added to the figure.

AG40 - Text has been modified.

AG41 - Figure has been modified.

AG42 - Text has been modified.

AG43 - Text has been modified.

AG44 - Figure has been modified.

AG45 - Text has been modified.

AG46 - The suggested change will not be made in Table 2-1. Table 2-1 is intended to describe the
traffic interchange configuration at each of the locations; a footnote will be added to reference
Section 4.6, Floodplains. Impacts resulting from any of the proposed traffic interchanges are
described throughout Chapter 4, Environmental Consequences.

AG47 - Text has been modified.

AG48 - Figures have been modified.

AG49 - Text has been modified.

AGSO - The text referenced and Figures 3-19, 20, and 21 are correct as shown.

AGS 1 - Text has been modified.

AG52 - The text referenced is correct as shown.

AG53 - Text has been modified.

AG54 - Text has been revised to indicate that both alternatives will span the Emergency Spillway
for the Spookhill Flood Retarding Structure (FRS), thus, avoiding impacts. Chapter 3, Affected
Environment, discusses affected environment. The impacts on the Signal Butte Floodway are
presented in Section 4.6, Floodplains.
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30- Pg. 4~4. Section 4.6.3: see CODUtJent 29 above.

31- Pg. 4~5: see comments 29 above. This section should be revised to include mitigation for all flows
up to the PMF level.

32- Appendix A, Pg. A-2: all correspondence to the flood Control District of Maricopa County should be
addressed to Mr. Michael S. Ellegood, P.E., CbiefEngineerand General Manager.

Please feel free to contact Amir Molamedi at 506-481 I ifyou have any questions.

;7!&7J//
Michael S. Ellegood, P.E.
Chief Engineer and Gencral Manager

Copy 10: Jack Allen, Entranco
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AG55 AG55 - Text has been modified.
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