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PHASE IV - FINAL DESIGN REPORT
BUCKHORN - MESA WATERSHED

APACHE JUNCTION FRS AND FLOODWAY
USDA Soil Conservation Service

Phoenix, Arizona

I. SUMMARY

On April 8, 1985, Ebasco Services Incorporated was awarded contract Number
53-9457-5-00475 by the Phoenix, Arizona office of USDA Soil Conservation
Service for design of the Bulldog Floodway and Apache Junction Floodway,
Floodwater Retarding Structure, and Outlet. The "Notice to Proceed" was
issued May 7, 1985. The Contracting Officer for SCS is David O. Lambson,
and the Government Representative is Donald E. Paulus.

The features to be designed are a part of the Buckhorn-Mesa Watershed Flood
Control Project in Arizona. The Buckhorn-Mesa Watershed is located in
eastern Maricopa and northwestern Pinal Counties, about 25 miles due east of
Phoenix, and has a total watershed area of approximately 108 square miles.
The drainage area of the Apache Junction Floodway and FRS portion is 5.72
square miles.

Ebasco's contract consists of five phases as follows:

a. Phase 1 - Site Characterization and Comparative Design Studies:

Review and evaluate all supporting data furnished by the SCS and
assess its suitability for design. Complete design hydrology and
review existing hydrology for the works specified. Complete
comparative design studies of the project feature alternatives
specified. Final project features shall be determined in this phase.

I-I
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b. Phase 2 - Soil Mechanics Report:

Prepare the required Soil Mechanics Report for the selected project
features.

.•
c. Phase 3 - Preliminary Design

Develop a preliminary design for the selected project features.

d. Phase 4 - Final Design:

Make all corrections to the preliminary design work and complete the

final design work in accordance with specifications. The final
construction drawings and specifications shall be prepared in
contract form for use in construction contracts.

e. Phase 5 - Service During Construction:

Make changes in design, drawings and specifications; provide
interpretations of the plans and speicifications, review shop
drawings; and provide consultation services as requested in writing

by the Contracting Officer during construction of the structures
designed.

This Design Report covers the work completed under the first four
phases.

1-2
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II. DESCRIPTION OF JOB•
The City of Apache Junction and new development northwest of Apache Trail in
Pinal County, Arizona are subject to damage from the flash floods in the

."
local washes (natural drainages) which flow in a southwesterly direction.
The entire area is located in the foothills south of the Goldfield
Mountains. Apache Junction Floodway, Apache Junction Flood Retarding
Structure and Bulldog Floodway, which run in a northwesterly direction from
the Apache Trail, are proposed to intercept the floodwater in the local
washes and lead it to the Signal Butte Dam.

The Apache Junction Flood Retarding structure (FRS) will mitigate the flood
peak by storing water behind the embankment and releasing it slowly over aD
period of 10 days or less as required by TR-60. The FRS will release the
stored water into the Apache Junction Outlet Channel, which connects
directly to the Bulldog Floodway.

~ From the consideration of height of the embankment, drainage area and the
maximum storage, this structure falls in the category of low dams. However,
the failure of the embankment could cause loss of human life. The FRS has,
therefore, been classified as a Class C structure - NE Manual Section 520.21.

The project is comprised of the following components:

Apache Junction Floodway

The Apache Junction floodway starts at station 12+00 near the west side of
the Apache Trail. It will drain the storm water running along the west side
of the road and will also intercept two washes.

The floodway is a concrete lined channel with a length of approximately 1540
fe~t and terminates at station 27+37.5 into an energy dissipator and earth
channel behind the FRS. The earth channel is approximately 1250 feet long.

~
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The floodway will have a concrete drop inlet at the beginning, and two side
inlets for the washes it intercepts. Local runoff along the length of the
channel will be directed to the inlets or to scupper drains which 'pass
through the channel wall.

,"
The concrete lined channel will terminate into a plunge pool type energy
dissipator which will be protected by grouted riprap. The earthen portion
of the floodway will start from this plunge pool at station 28+70 and end at
approximately station 40+90.

Apache Junction Flood-Retarding structure (FRS)

The Apache Junction Flood-Retarding Structure is an earth embankment with a
maximum height of approximately 22 feet above ground. The embankment is
approximately 8600 feet long running generally in the northwesterly
direction.

The storm water from the Apache Junction floodway and the drainage area
above the embankment is temporarily stored behind the embankment and
released slowly through the principal spillway. The principal spillway is
located near the west end of the embankment.

The embankment has an emergency spillway to safely pass excess storm water
without over topping the embankment.

Apache Junction FRS Outlet Structure (Principal Spillway)

The Apache Junction FRS outlet structure (principal spillway) is located at
Sta. 100 + 76.99 of the embankment. The structure consists of one baffle
riser inlet and a 3D-inch diameter reinforced concrete pipe buried in the
embankment. The inlet has an ungated opening at the base to provide
complete drainage of the reservoir .

11-2
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Apache Junction FRS Emergency Spillway

A concrete baffle block overflow spillway is provided to allow uncontrolled
release of large flood flows which exceed the 100-year flood. The spillway is
located near the west end of the embankment, with its centerline at station

~

97+50.

idaho and Brown Roads

Idaho and Brown Roads cross the Apache Junction FRS and pass through the
storage area. The roads intersect each other a small distance downstream of
the center line of the FRS embankment. The roads will be raised to cross the
embankment with the maximum elevation at 1812.00 feet, two feet higher than
the crest of the FRS, to accommodate burial of utilities without disturbing
the dam. A culvert is provided under each road fill to equalize water levels
and allow for reservoir drainage.

11-3
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III. DESIGN

A. DESIGN OBJECTIVES

.-
The design objective is to intercept flood flows in natural channels in
the project area, direct them into a constructed floodway, convey them
safely and economically to the floodwater retarding structure (FRS),
hold the flood water long enough to significantly reduce flood peak
flows, release normal flows into a downstream floodway and provide
emergency release of extreme floods to prevent overtopping of the FRS.
The purpose of this is to reduce flooding damage to irrigated cropland
and urban land downstream from the floodway and FRS .

III-1
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B. BASIS FOR DESIGN

B.l General Parameters

The following documents and references were used as a basis for design:
."

1. HYdraulics
NEH - 5
TR - 25
TR - 29

TR - 39

TR - 48

TR - 70

Computer Program Dams2
"A Baffled Apron as an Energency Dissipator," T.J. Rhone.
U.S. Department of Transportation, Hydraulic Engineering
Circular No. 14 .

"Addition of Sideflow from a Broad Crested Wein to Flow in an
Open Channel at Superctitical Flow" - SCS Paper.

2. Structure
NEH - 6

NEH - 11

NEH - 14

TR - 5

TR - 18
TR - 30

TR - 46

TR - 49

TR - 50

TR - 63

TR - 67

Eng. Monograph No. 25 (USSR)
USDA Design Note 21

III B-1
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3. Soils/Layout
ENG - PO - 18
ICES Lease - 11
SMN - 1

SMN - 3
TR - 2 0"

TR - 25

TR - 52

Emillo-2-1902, US Army COE

Sedimentation, 1974 Supplement, Buckhorn Mesa
Soil Test Results

4. Hydrology
NEH - 4
NOAA - Atlas 2
TR - 16
TR - 20
TR - 61
TR - 66
Curve

Hydrology - P04
Hydrology - PO-6 (Rev. 2)
Hydrometeoro1ogica1 Report NO. 49
Number Reduction Factors

5. Other

NEH - 2
NEH - 20
TR - 60

Buckhorn - Mesa Watershed

Catalog of National Engineering Standard Drawings
Design of Small Dams (USOR)
HRD 108

National Engineering Manual
USDA Design Note 22

III B-2
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Workplan w/Supplement

Geological Investigation Report
SCS Drawings and Reports

Engineering Hydraulics - Ed. by H. Rouse
Phase 1 - Feasibility Study (Ebasco)
Phase II -~Soil Mechanics Report (Ebasco)

8.2 Design Criteria

Design criteria are included in the Design Criteria Specification
which is included on the following pages:

8.3 Detailed Design

Detailed design parameters and calculations are included in
subsections as follows:

III C Hydrology

III 0 Hydraulic Design

III E Foundation and Embankment Design

III F Structural Design

III B-3
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B. 2 DESIGN CRITERIA

.-

USDA SOIL CONSERVATION SERVICE

BULLDOG FLOODWAY AND APACHE JUNCTION

FLOOD CONTROL

EBASCO SPECIFICATION

DESIGN CRITERIA

EBASCO SERVICES INCORPORATED

CIVIL DEPARTMENT

•

Revision

o
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1.0 SCOPE

1.1 This specification covers the design criteria for the various

components of the Bulldog Floodway and Apache Junction Flood Control project.

Only the basic criteria are stated herein. For detailed design criteria and

design procedure the r~ferenced material should be consulted.

2.0 PROJECT DESCRIPTION

2.1 Purpose

2.1.1 The City of Apache Junction and new development northwest of Apache

Trail in Pinal County. Arizona are subject to damage from the flash floods in

the local washes (natural drainages) which flow in a southwesterly direction.

The entire area is located in the foothill south of the Goldfield Mountains.

Apache Junction floodway. Apache Junction flood-retarding structure and

Bulldog floodway. which run in a northwesterly direction from the Apache

Trail. are proposed to intercept the floodwater in the local washes and lead

it to the Signal Butte Dam.

2.1.2 The Apache Junction flood-retarding structure (FRS) will mitigate the

flood peak by storing water behind the embankment and releasing it slowly over

a period of 10 days or less as required by TR-60. The structure is required

for flood protection only.

2.1.3 From the considerations of height of the embankment. drainage area

and the maximum storage. this structure falls in the category of low dams.

However, the failure of the embankment will cause loss of human life. The FRS

has. therefore. been classified as Class C structure - NE Manual Section

520.21 •

IIIB-7
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2.2.1

Layout

The project 1s comprised of the following components:

a) Apache Junction floodway

b) Apache Junction flood-retarding structure

c) Apache Junction FRS outlet structure

d) Apache Junction FRS outlet channel

e) Bulldog floodway

•

•

Each item is briefly described below.

2.3 Apache Junction Floodway

2.3.1 The Apache Junction floodway starts from the west side of the Apache

Trail. It will drain the storm water running along the west side of the trail

and will also intercept two washes •

2.3.2 The floodway 1s a concrete lined channel 1n a length of approximately

1538 feet and terminates into an earth channel behind the FRS. The earth

channel is approximately 1508 feet long.

2.3.3 The floodway will have a concrete ~rop inle~ at the beginning, and

two side inlets for the washes it intercepts. A number of pipe inlets will be

prOVided in the concrete lined channel to drain the local runoff along the

length of the channel.

2.3.4 The concrete lined channel will terminate into a plunge pool type

energy dissipator which will be protected by grouted riprap. The earthen

portion of the floodway will start from this plunge pool.

2.4 Apache Junction Flood-Retarding Structure (FRS)

2.4.1 The Apache Junction Flood-Retarding Structure is an earth embankment

with a maximum height of approximately 22 feet above ground. The embankment

is approximately 8600 feet long running generally in the northwesterly

direction.

1088v
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2.4.2 The storm water from the Apache Junction floodway and the drainage

area above the embankment is stored behind the embankment and released slowly

through the principal spillway. The principal spillway is located near the

west end of the embankment.

2.4.3 The embankment has an emergency spillway to safely pass excess storm

water without topping the embankment.

2.5 Apache Junction FRS Outlet Structure (Principal Spillway)

2.5.1 The Apache Junction FRS outlet structure (principal spillway) is

located at Sta. 100 + 92.50 of the embankment. The structure consists of one

~ffle riser inlet and a 3D-inch diameter reinforced concrete pipe buried in

the embankment.

2.6 Apache Junction FRS Outlet Channel

2.6.1 The principal spillway conduit discharges into the Apache Junction

FRS outlet channel. This is a concrete lined channel approximately 2826 feet

long running in the southwesterly direction before ending into the Bulldog

floodway.

2.6.2 The outlet channel intercepts one major wash for which a concrete

lined side channel with drop inle~ ~ill be provided. A number of pipe inlets

will be provided in the channel to drain the local runoff along the length of

the channel.

2.7 Bulldog Floodway

2.7.1 The Bulldog Floodway starts from the end of the Apache Junction FRS

outlet channel and ends behind the Signal Butte Dam. The floodway is a

con~rete lined channel for an approximate length of 7324 feet and terminates

into an earth channel which is approximately 400 feet long. The earth

channel empties into the Signal Butte FRS Borrow Area•

IIIB-9·
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• 2.7.2 The floodway intercepts a number of small and big washes. For the

.mall washes grouted riprap side inlets will be provided, wber.eas f;oncrete

lined side channels with drop inlets will be provided for the big vashes. The

wash intercepted by the earth channel will be provided with grouted riprapped

side inlet. ."

2.7.3 At the junction of the concrete lined channel and the earth channel a
grouted riprapped plunge pool-type energy dissipator will be provided.

2.8 Idaho and Brown Roads

2.8.1 Idaho and Brown Roads cross the Apache Junction FRS and pass through

the storage area. The roads intersect each other a small distance downstream

of the center line of the FRS embankment.

3.0 HYDROLOGIC STUDIES

• 3.1

3.1.1

General

The drainage area for this project is divided into two parts, namely:

a) the northeast area which contributes storm water to the Apache

Junction flood-retarding structure;

b) the northwest area which contributes storm water to the Apache

Junction FRS outlet channel and the Bulldog Floodway.

•

3.1.2 The hydrological studies for the northeast area will be performed by

Ebasco, whereas the hydrological studies for the northwest area will be

performed by Soil Conservation Service, Phoenix, Arizona. The peak discharge

data furnished by SCS Phoenix will be used for the design of Apache Junction

FRS outlet channel and the Bulldog Floodway •

IIlB-lO
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3.1.3 Ebasco will perform the hydrological atudies in accordance with the

available up-to-date version of DAMS2. Stream cross-section ,data, and a soil

survey map furnished by SCS Phoenix, and the aerial photographs supplied by

Landis Aerial Surveys, Phoenix, for delineation of the drainage basin will be

utilized for the hydrological studies.,-

3.2 Floodways and Channels

3.2.1 The floodways and channels will be designed to safely carry the

PlOD-year hydrograph storm flows.

3.2.2 The earth channels will be designed to safely carry the PlOO-year

hydrograph storm without exceeding the permissible velocity in the soil.
Tractive stress analysis will be performed when necessary to determine an

economical section of the channel. Procedures outlined in TR-25 will be

followed.

3.2.3 The PIOO-year discharge data developed by Ebasco will be used for

the design of Apache Junction floodway.

3.2.4 The Apache Junction FRS outlet channel and the Bulldog Floodway will

be designed for the FRS principal spillway discharges and the PlOD-year

inflows from the drainage area as furnished by SCS Phoenix.

3.2.5 Due to overlapping drainage sub-areas or uncertainties of runoff

paths, the side inlets will be designed for the flow corresponding to the

larger sub-area as established in the hydrological studies.

3.2.6 The floodway or the channel will be designed for the cumulative flow

at that reach of the channel.

3.3 Flood-Retarding Structure

3.3.1 The principal spillway will be sized for PlOD hydrograph storm

routed through the spillway such that the maximum pool is dra1ned in 10 days

or less (at least 85 percent of the maximum storage 1s drained 1n 10 days or

less - TR 60).

lIIB-II
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3.3.2 The principal spillway crest will be located at the sediment pool

elevation. (TR-60)

3.3.3 The emergency spillway will be sized to safely pass the emergency

spillway, P100 + .026 (PMP-P100)' hydrograpb storm witb sufficient

freeboard for the sett!ed top of the dam. (TR-60)

3.3.4 The freeboard over the maximum water level attained during passage of

tbe emergency spillway hydrograpb storm will be adequate for wave action or

frost. The freeboard will not be less than 3 feet. (TR-60)

3.3.5 The emergency spillway will have suff1c1ent capacity to pass the

freeboard, PMP, hydrograph storm without topping the embankment. (TR-60)

3.3.6 In the flood routing studies increase in the storage capacity due to

borrow areas and reduction in the capacity due to the embankment will be

accounted for. For this purpose the upstream slope of the embankment will be

assumed to be 3 horizontal to 1 vertical. The effect of road embankments on

the storage capacity will be neglected because the fill for the embankment

will be taken from the storage area.

3.4 Idaho and Brown Roads

3.4.1 The profile of the road embankment will be determined sucb that the \

road is not submerged in P25-year hydrograph storm routed througb the

spillway.

3.4.2 For performing the flood routing studies no obstruction due to the

road embankments will be assumed. The culverts under the embankments will be

sized to pass the P25-year hydrograpb flood with a differential head of 0.25

feet or less across the road embankment.

3.4.3 The profile of the road emtankment will be sufficiently low to pass

the P100 hydrograph storm over the road without causing significant head

across the road (for this condition the culvert under the road embankment will

be assumed to be blocked by debris, etc.) •

IIIB-12
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3.4.4 Differential head across the road embankments will be accounted for

while determining the aaximum water level due to the emergency spillway or the

freeboard hydrograph storms. The top of the FRS embankment will be fized for

the required freeboard over the mazimum water level determined .s stated above.

4.0 SEDIME~~ATION

4.1 The quantity of sedimentation inside the FRS storage area will be

taken as 95 acre feet based upon the report -Sedimentation - 1974 Supplement,

Buckhorn - Mesa Watershed".

5.0 HYDRAULIC DESIGN

5.1 F100dways and Channels

5.1.1 All floodways and channels will be designed in accordance with TR-25

and NEB-5. The various assumptions made for the design of the concrete lined

channels and the earth channels are discussed below.

5.1.2 For the design of concrete lined channels the following assumptions

are made:

a) The coefficient of friction 'n' in the Manning's equation is

taken as 0.015. NEH-5 Table 5.4.1 recommends 'n' • .014 to

.016. A value of n • .015 is assumed because of infrequent use

of the channels.

b) The concrete lined channels will be designed for 8upercritical

flow for economy if the channel alignment permits supercritical

slope in the channel.

•
10SSv

c) The mazimum velocity in concrete will be about 20 feet per

second •
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5.1.3 For small inflows in the channel the side inlets will be designed in

accordance with the study performed by SCS for addition of 8ideflow from a

broad crested weir to a flow in an open channel at 8upercritieal velocities.
The same approach will be used for 8mall pipe inlets •

.-
5.1.4 For large inflows concrete lined side channels with drop inlets will

be designed in accordance with Figure 5-1 Hydraulic Junction Structures -
TR 25.

5.1.5 For stability of supercritica1 flow and the design of side inlets the
Froude No. F, for the flow will be maintained above 1.2.

5.1.6 The flow over the side weir inlets will be computed for a broad

crested weir:

Q • CL H
3

/ 2 where c • 3.1

5.1.7 The box inlet at the beginning of the channel or for the side channel

inlet will be designed as a flat rectangular weir box inlet in accordance with

NEH-14, page 2-31.

5.1.8 For the subcritical flow condition a freeboard of O.ld will be

provided for rectangular channels and 0.2d for trapezoidal channels. For the

supercritical flow condition a freeboard of 0.2d will be provided for

rectangular channels and 0.25d for trapezoidal channels. The minimum

freeboard will be 1.0 foot. Additional depth will be provided for ~stable

flow conditions as required in TR-25.

5.1.9 Supere1evation will be prOVided in the channel at the curves in

accordance with the following equation for supercritical flow conditions:

where R. • Radius of curve •

IIIB-14
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5.1.10 Pipe inlets. as required, will be provided in the concrete lined
channel to drain the flow in the ditch along the channel. if .such a ditch

cannot be connected to the natural wash. Corrugated .etal pipe will be used

for these inlets. for which the coefficient of friction 'n' in the Manning's
equation will be takeq as 0.025 (Table 5.4.1 in-NEH-5).

5.1.11 The design of earth channels will be based on the following:

a) the requirements of Engineering Standard 582, Open Channel's

b) the coefficient of friction 'n' in the Manning's equation will

be computed using NEH-5. Supplement h

c) the average velocity of flow will not esceed the permissible

velocity in accordance with TR-25.

5.2 Principal Spillway

5.2.1 The hydraulic design of the principal spillway will be in accordance

with SCS computer program DAMS 2.

The value of 'n' in the Manning's equation equal to 0.013 will be used for the

concrete pipe. Table 5.4.1 NEH-5 recommends n • .012 to .017. Design of

Small Dams by Bureau of Reclamation recommends n • .014 (a&%imum). Due to

infrequent use of the spillway a value of n • .013 will be assumed.

5.2.2 The concrete pipe will discharge directly into the Apache Junction

•

FRS outlet channel.

5.3 Emergency Spillway

5.3.1 The emergency spillway will either be an earth spillway escavated in

the abutment of the FRS embankment at the location shown as Alternate #2 in

the SCS drawings. or a concrete spillway. The concrete spillway asy be either

a baffled block type channel or a drop spillway - Type C•

IIIB~15
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5.3.2 The earth spillway will be designed in accordance with T.R2, T.R52 and

T.R60. Since the channel will be protected by riprap the value of. 'n' in the

Manning's equation equal to 0.035 will be used. The channel will be straight

for a minimum distance of 30 feet upstream of the control aection and for a

distance of half the ~ase width of the embankment downstream of the control

aection. This portion of the channel will be horizontal and the same width as

the control section.

5.3.3 The exit channel of the emergency earth spillway will have sufficient

capacity such that the flow downstream of the control section is supercritical

for a discharge greater than 25 percent of the freeboard hydrograph storm

outflow - T.R52.

5.3.4 Baffle Block Spillway will be designed in accordance with Engineeri~

Monograph No. 25, Bureau of Reclamation. The maximum intensity of flow

recommended in the Monograph is 60 cubic feet per second per foot. Higher

intensity of flow can be permitted, if required, as recommended by T J Rhone

in, "A Baffled Apron as a Spillway Energy Dissipator". However, in the

absence of hydraulic model studies, the maximum intensity of flow for the

freeboard hydrograph storm will be limited to 100 cfs/foot. The Type C Drop

Structure will be designed in accordance with NEH-ll.

5.3.5 The hydraulic design of the structural concrete spillway will be

based upon 2/3 of the freeboard hydrograph storm outflow. The spillway Will,

however, be capable of safely passing the freeboard hydrograph storm outflow 

T.R60.

5.4 Energy Dissipators

5.4.1 Plunge pool type energy dissipator will be prOVided at the junction

of the concrete lined channel and the earth channel. The hydraulic design

will be in accordance with Hydraulic Design of Energy Dissipators for Culverts

and Channels, Hydraulic Engineering Circul&r No. 14, U.S. Department of

Transportation•

I11B-16 .
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• 6.0

6.1

6.1.1

project:

STRUCTURAL DESIGN

Materials

The following basic materials will be used in the conatruction of the

a) Concrete

b) Reinforcing steel

c) Reinforced concrete pipe

d) Corrugated metal pipe

e) Structural steel

• f) Earthfill for the embankment

g) Soil backfill against concrete structures

h) Riprap

i) Bedding for riprap

j) Drainfill in the embankment

6.1.2 Concrete - Concrete having minimum 28-day compressive strength of

4000 psi will be used for all reinforced concrete structures.

6.1.3 Reinforcing Steel - Grade 40 reinforcing steel conforming to ASTM

A615 will be used for design. During construction Grade 60 reinforcing steel

conforming to ASTM A615 can be substituted for Grade 40 reinforcing steel.

However, the substitution will be in accordance with SCS Technical Note 21.

• 6.1.4 Reinforced Concrete Pipe - The reinforced concrete pipe for the
principal spillway will be Steel Cylinder Type Prestressed, meeting

Specification AWWA C 301 - TR60.
lIIB-17
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6.1.5 Corrugated Metal Pipe - Corrugated metal pipes for pipe inlets will

conform to AASHO M36, ·Zinc Coated (Galvanized) Corrugated Iron or Steel

Culverts and Underdrains". Corrosion protection will be provided in

accordance with SCS Specification NEH-20 Chapter 2.

·"
6.1.6

A36.

Structural Steel - Structural steel, if used, will conform to ASTM

6.1.7 Earthfill for the Embankment - Suitable soil as excavated from the

borrow areas after clearing, grubbing and stripping of the top soil, will be

used for the construction of the FRS embankment.

6.1.8 Soil Backfill Against Concrete Structures - The backfill agaiust the
concrete channel walls and other structures except for the concrete structures

in the FRS, will be random fill as available. The backfill agaiust the

concrete structures in the FRS will be the same material as used in the FRS.

6.1.9 Riprap - Riprap material as designated on the drawings will be used

for protection of soil against erosion in levees or dikes for the emergency

spillway, inlet structures and emergency spillway outlet channel. Grouted

riprap will be used at the inlets and the plunge pools.

6.1.10 Bedding Material - Bedding material compatible with the riprap size

and the soil will be provided under the riprap to avoid movement of soil into

the riprap material.

6.1.11 Filter Material - Filter material as designated on the drawings will

be used in the embankment for crack control, toe drain, if necessary, and for

the seepage control diaphragm around the principal spillway conduit. Material

will be designed in accordance witb SCS Soil Mechanics Note 1.

•
6.2

1088v

Embankment

The following parameters will be assumed for the FRS embankment:

a) The top width to be 8 minimum of 14 feet for service road. No

public road is assumed on the top of the embankment.

rIlB-18 .



• b) The upstream slope of the embankment to be a minimum of 2.5

horizontal to 1 vertical. The slope may be flatter if required

by stability analysis.

•

c) The downstream slope of the embankment to be 2 horizontal to 1
vertical.

d) A seismic coefficient of O.lg for Zone 2 (Figure 4-1 TR60) will

be assumed for the stability analysis of the embankment.

6.2.2 The properties of soil used for the construction of the embankment

will be as determined from the geotechnical investigations. The lateral earth

pressures will be determined in accordance with "Engineering Design Standards

for Far West States".

6.2.3 The embankment section will be analyzed for stability against sliding

and sloughing. Settlement of the embankment will also be determined. Since

the function of the embankment is flood retardation, and has uncontrolled

principal and emergency spillways, water will not be standing against the

embankment for any long duration. For the fairly low permeability of the soil

to be used for the construction of the embankment no steady state phreatic

line is expected to be established. Therefore, the steady state seepage for a

reservoir elevation at the principal spillway crest as stated in Table 5-2 TR

60 will not be applicable. The stability of the embankment will be

investigated for the following conditions:

Condition

1. Reservoir at crest of emergency spillway:

a) without seismic forces

Factor of Safety

1.5

• 2.

b) with seismic forces

Reservoir at freeboard storm elevation

1.1

a) without seismic forces

IIIB-19
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• The stability of the upstream face of the embankment will be investigated for

the rapid drawdown with partial staturation.

6.3 Floodways and Channels

6.3.1 The concrete channels will be designed in accordance with TR 50.

•

•

6.3.2 Since the groundwater table is very low no water will be assumed

outside the walls for the channel flowing condition, whereas water will be

assumed outside the wall for the channel empty condition which may occur

immediately after the passage of the storm flows. The water level will be

assumed up to the top of weep holes, if provided.

6.4 Principal Spillway

6.4.1 The two-way covered riser inlet for the principal spillway will be

located just upstream of the upstream toe of the dam. SCS standard details

will be used for detailing the structure •

6.4.2 The reinforced concrete pipe will extend at least 14 feet downstream

of the downstream toe of the embankment to prOVide space for a service road.

6.4.3 The pipe will be supported on a concrete cradle founded directly on

caliche. The pipe will be laid horizontal at the inlet riser and will then

approximately follow the slope of the caliche. It will exit at the same slope

as the FRS outlet channel.

6.4.4 The concrete pipe will be designed in accordance with TR 5. Since

the pipe is supported on an unyielding foundation, no computations for pipe

joint extensibility will be made.

6.4.5 A piping and seepage control diaphragm will be provided around the
conduit in accordance with TR-60 •

IIIB-20
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6.5 Channel Inlet Structures

6.5.1 The channel inlet at the beginning of Apache Junction floodway and at

all side channel inlets will be designed in accordance with NEH-6 and TR 67.

6.6 Emergency Spillway

6.6.1 Evaluation of emergency spillway alternatives will consider an earth

spillway and a concrete spillway.

6.6.2 For the earth emergency spillway alternative, the excavated slope will

be no steeper than 2 horizontal to 1 vertical. Levees, if provided, will have a

top width of at least 12 feet and the side slopes/of a minimum 3 horizontal

to 1 vertical. The stability of slope will be investigated. The Oe/b analysis

will be performed for the earth emergency spillway for the freeboard hydrograph

flow to provide safety against breaching - TR 52.

6.6.3 A concrete emergency spillway will be designed in accordance with

NEH-6 and TR 67.

6.7 Erosion Protection

6.7.1 Erosion protection by riprap and bedding will be provided at the bed

of the channel inlets, inlet dikes, plunge pools, levees and emergency

spillway outlet channel if required. The size of riprap will be determined in

accordance with NEB-ll, page 2.6 or USDA Design Note 22 or HRP 108 as

applicable. Grouted riprap may be used in high turbulance or high velocity

areas. A cutoff will be provided on the upstream end of the riprap. No loose

riprep and bedding material will be placed upstream of the grouted riprap.

6.8 Drainage

6.8.1 Drainage provisions for the following areas will be studied, if

required:

•
10BBv

a) Drainage along the principal spillway conduit
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b) Toe drain for the FRS embankment

c) Filter zone and its drainage in the FRS embankment

d) Drainage for the walls of the concrete channels, inlets and
. ..

spillway'

e) Drainage for the bottom slab of concrete channels and spillway
floors.

f) Drainage for the AT &T conduit crossing the embankment

6.9 Joints

6.9.1 Expansion and contraction joints will be provided in the channel as

recommended in TR 50. The joints will be prOVided with premolded joint filler.

6.9.2 A half-inch deep by 6-inch beveled offset will be prOVided in the

downstream concrete at each joint to avoid impingment of high velocity flow
against the downstream concrete edge.

6.9.3 Expansion and contraction joints will be prOVided in the concrete

spillway structure. The joints will be prOVided with a key and premolded

joint filler. Water stops will be prOVided where required.

6.10 Miscellaneous

6.10.1 Fencing and Guard Rails - Fencing and guard rails will be prOVided

where required according to SCS standard details.

6.10.2 Culverts Under Idaho and Brown Roads - The culverts under Idaho and

Brown Roads Upstream of the FRS will be constructed either of renforced

concrete or cor~ugated metal. If corrugated metal is used, it v1ll be coated

only on the outside. The culverts will be designed in accordance with county

criteria and SCS criteria, whichever is more stringent.

IIIB-22
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III C Hydrology
C.l General Parameters

The Apache Junction Floodway and Flood Retention Structure will control a

drainage area of 5.72 square miles. The basin is roughly two ailes in width

from Apache Trail On the east to the Bulldog Floodway Basin on the west. and

roughly three miles in length from the Goldfield Mountains in the north to the

noodway and FRS. The slope of the basin increases gradually from Elevation

1790 feet Mean Sea Level (MSL) at the FRS to about El. 2000. and then rises

rapidly to mountain peaks ranging from 2307 to 2685 feet MSL. Plant cover is

classified as Desert Brush; most of the basin is undeveloped but there is some

10w-dens1ty residential development in the central part of the basin.

The drainage basin is divided into five main flow paths which enter either the

FRS or the F1oodway. The sub-basins corresponding to each flow path are shown

in Figure C.1. The flow paths were determined from aerial photographs. and

the topographic divides from the USGS 1:24,000 scale Apache Junction

quadrangle sheet. From the photographs, several locations are evident where

channels diverge in the downstream direction. These are of minor importance

when both routes enter the flood pool. but are more important when one route

goes to the pool and the other goes to the floodway, where a design inflow is

needed. This is the case with Sub-basin lA. from which the runoff may pass

into either Sub-basin lB or lC. For the design of the inlet of lB to the

f1oodway, it is estimated that it may carry a maximum of 70% of the runoff

from Sub-basin lAo

Sub-basin 3A, a part of the Bulldog Floodway drainage basin with an area of

0.17 square miles, may similarly contribute up to 40% of its runoff to the

Apache Junction FRS via Sub-basin 3. Therefore the effective area of

Sub-basin 3 is increased by 0.07 square miles, and the total area of the

project basin is taken as 5.79 square miles.

Precipi ta t1 on

The Principal Spillway is to be designed for the 10Q-year return period. l

and 10-day rainfall. as required by T.R.60 (Reference 1). Since the FRS is a

Class C structure, the emergency spillway is to have the capability to

.:zzrC-l
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discharge the Probable Maximum Flood (PMF). which results from the Probable

Maximum Precipitation (PMP). without overtopping the dam. The· .ergency

Spillway Hydrograph (ESH) is also provided. which results froll the following

precipitation depth. as defined by T.R.60. Table 2-5:

."

The PMP is determined using Hydrometerorological Report No. 49 (Reference 2).

Two types of storms were developed following the procedure in Chapter 6. For

local-type storms with a maximum duration of 6 hours. the PMP depth was found

to be 13.7 inches for the site. For a general-type storm. the PMP depth is

15.7 inches for 24 hours. but only 10.1 inches in the IIOSt intense 6-hour

period. Both types of storm were applied to the site; the critical storm is

defined by T.R.60 as that which produces the maximum reservoir stage.

The tim~ distribution of the precipitation was developed according to

Reference 2. The sequence for the increments of the 6-hour precipitation is

given in Tables 4.7 (HMR No.5) and 4.8. For the 24-hour PMP. no guidance for

time distribution is given in Reference 2. The 24-hour Type II distribution

cannot be used because it would give 11.1 inches of rain in the 1I0st intense

6-hour period. when Reference 2 gives only 10.1. Consequently s distribution.

similar to the 24-hour Type II in that the period of 1I0st intense

precipitation is centered. was drawn to fit the 6-hour increments determined.

The most intense period was preceded by the third most intense. and followed

by the second most intense. The least intense 6-hour period was divided in

half and placed at the beginning and the end. Both the 6- and 24-hour

distributions are shown in Figure C .2.

The 10o-year precipitation is determined from NOAA Atlas 2 (Reference 3) for

durations up to 24 hours and from TSC Note P0-6 (Reference 4) for durations

from 2 to 10 days. An additional case provided is the 2S-year return period

precipitation. which is used in the design of Idaho and Brown Roads. which

cross the flood retention basin. Precipitation depths are summarized in

Table C.l.

_/.// C-2
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Times of Concentration

Times of concentration (Tc) for the several different flow paths were

determined on the basis of surveyed channel sections and estiaated roughness

coefficients provided by the SCS in the Signal Butte F.R.S. Design Hydrology

book. The Manning Equation was used to calculate flow velocities along three

__ to seven segments characterized by slope, Manning's n, and hydraulic radius.

Adjustments to the present condition Tc's were made to reflect future

development within the basin. A factor ranging from 92% to 94% for channel

modification was determined from T.R.55 Figure 3.4 (Reference 5), based on an

assumption of 15% of the channel lengths being improved. An additional factor

of 95% for increased imperviousness was determined from T.R.55, Figure 3.5,

assuming 10% imperviousness. The resulting times of concentration are given

in Table C.l.

Curve Numbers

Curve numbers for determining runoff depths were developed using a 80il survey

map provided by SCS. Soil Groups B, C, and Dwere present. From field

observations, soil cover was characterized as "desert brush" with a cover

density of 151. The corresponding short duration curve numbers were

determined from Figure 10 of Reference 6, and ranged from 83 to 88.

Modifications for future development were made according to T.R.55, based on

101 imperviousness. The 6-hour and 24-hour curve numbers were determined from

Figure 4 of Reference 7, and 10-day curve numbers from T.R.60, Table 2-3. The

results are presented in Table C.l.

Channel Loss Factors

The losses of flood runoff due to absorption into stream beds and overbanks,

characteristic of arid areas, were evaluated from Chapter 21 of NEE-4

(Reference 8) and TSC Technical Note PO-4 (Reference 9). The Cl1aat1c Index

for the Phoenix area was found to be the minimum value of 0.4. Sub-basins 1

and 3 are the only ones over a square mile in area and hence are the only ones

having significant channel losses. Since all sub-basins flow directly into

the reservoir, it is the sub-basin areas and not the total drainage area that

J.U C-3
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determines the e%tent of channel infiltration. The re8pective channel 108s

factors from NEH-4 are .8882 and .9038. Adjusting for 80i1 aroupa according

to the equations of P0-4, the final channel 10s8 factors are .943 and .949.

%be8e coefficients are applied to the PSH, but not to the ESH and FBH, in

accordance with Cbapter~21 of NEH-4.

Runoff Depth and Inflow Hydrograph Computations

Inflow hydrographs to the FloodwBy and the Flood Retention Structure were

calculated using the SCS DAMS2 computer program (Reference 10). The program

uses the SCS dimensionless unit hydrograph (peak factor 484) to develop runoff

hydrographs, and uses the Convex Method for channel routing. There 1s only

one short channel routing involved (through the Floodway). Routings were

performed for the Principal Spillway (lOo-year) Flood, the Emergency Spillway

Flood, the Freeboard (Probable Maximum) flood, and the 25-year flood. The

10o-year rainfall was also routed using the 24-hour Type II distribution, but

the standard 10-day PSH distribution produced greater peak outflow, stage, and

dra~down time •

Because of two limitations of the program, it was nece8sary to convert

rainfall depths to runoff and use runoff as input to the program with the

"QDIRECT" option for the PSH routing. First, the program w111 automatically

use channel loss factors from Chapter 21 of NEH-4, without adjustment

according to Note PO-4, if a climatic index less than one is input. Second,

the program computes the 10-day curve number based on the 6-hour CN instead of

the 24-hour CN, if a 6-hour value is input. If QDIRECT is used, all curve

numbers are assumed to be 100 and the above difficulties are avoided. There

is a slight distortion in the hydrograph shape because initial 10s8es are not

accounted for (the time distribution of runoff is assumed to be the same as

that of rainfall, Figure C.2). However, the effect on peak flow values and

storage requirements is expected to be negligible. The runoff depths are

th08e given in Table C.l, as determined from Reference 11.

1'he 6-hour PMP was found to produce higher re8ervoir stages in all eases than
the 24-hour PMPj the 24-hour case is not considered further. The re8ulting

peak inflows from each sub-basin, times of peaks, and the combined peak

.:IiZ C-4

1088v



'.

•

•

inflows to the FRS are .hOWD in Table 42. The combined inflow hydrographs

from the DAMS2 runs for the various flood events are sbown in J'1gures C.3. 4.
S. 6 and 7.

."
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TABLE C.l. HYDROLOGIC SUMMARY• Precipitation Sub-basins
Depth,
Inches 1 lA+lB lA+1C 2 3

Drainage Area, SQ. mi. ." 1.86 0.77 0.75 0.67 1.74

Concentration Time, hr. 0.82 0.63 0.65 0.38 0.69
Chsnne1 Loss Factor .943 1 1 1 .949

Short-Duration CN 88 86 85 83 87

Future SDCN 89 87 86 84 88

6-Hour CN 84 81 80 77 82

PMP 13.7

Runoff, ESH 4.20 3.88 3.78 3.48 3.98

Runoff, FBH 11.66 11.23 11.11 10.67 11.37

24-Hour CN 80 78 77 74 79

• 100-Year Rainfall 4.1

Runoff, PSH 2.00 1.97 1.89 1.68 1.94

25-Year Rainfall 3.2

Runoff 1.32 1.27 1.21 1.04 1.27

PMP 15.7

Runoff, ESH 4.79 4.58 4.45 4.14 4.68

Runoff, FBH 13.06 12.77 12.61 12.16 12.90

ID-Day CN 65 62 61 57 64

10D-Year Rainfall 7.3

Runoff, PSH 3.14 3.02 2.91 2.51 3.07

25-Year Rainfall 5.8

Runoff 2.07 1.95 1.87 1.55 2.01

•
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(
\ Table 6.l.--General-storm P.HP eomput.tiens for the Colorado liver and Crea~

basin
."

J)r.iDag. ,APA QJ G" ;IUN..aJ.O..&-ERS
t ):007' • ,LaUtude 33 d I • 1.ong1tude llL2J of bu:ln Cellter

Month~

Area 'I IS 1IU2 (b~)
("d I &.col.)

J)urat1on (hrs)
6 12 18 24 48 72

A. Convergence PMP

1. J)ra1n.g••verage value from
one of figures 2.5 to 2.16 12.'~ :In. (~)

2. ~educt1on for barr1er-
elevation (fig. 2.18] ~O %

3. Barrier-elevaUon reduced
PMP (nep 1 X atep 2] 1~,Jl_:ln. (~)

(D)

CD)

100 %------

71L '1Q. !l!e.. 8!2. llL 1& %

-z-'1. !fJ1. $1l~ J1jJ J.1M 1n.

'3!Lil-Bf.mlJ1l51%

IMill 3.L3. m.sJ! W:ln·

". J)uraUonal v.riation
(figs. 2.25 to 2.27
~d table 2.7].

5. Convergence PMP for indicated
durations (steps 3 X it]

6. Incremental 10 11112 C26 b 2)
PMP {successive subtraction
1n step 5]

7. Areal reduction {select from
figs. 2.28 .nd 2.29]

8. Areally reduced PMP (nep 6 X
nep 7] l,;.: --.; --==:. _ -: 1%1. CD)

9. J)raiDage .veuge PMP (.ccumulu"d
values of nep 8] 1" .!!! W l1JJl JilJ1JJ-~. CD)

B. Orogr.phic PMP

1. J)ra:lnage aver.ge orogr.phic !Ddex frOll! f1zure 3.11& to d. " it£. in. (D)

2: - Areal reducUon' (f1sure 3.20] l()tJ % R£;"';~:,

3. Adjustllent for ~nth [one of
f1,s. 3.12 to 3.17] Si.%

4. Areally and ....onally adjuned
PKP {ateps 1 X 2 X 3] 3.zi.1n. (~)

5. J)uraUonal ...nation (t.ble 391
~

6. Orosr.ph1c PM!' for liven dur
.tions {ateps 4 X 5]

C. Total PM!'

1. j,dd .teps A9 and 16

2. PM!' for other dur.UoDl frOlll S1DOOtb curve fitted to plot of computed dau.

3. Compullon v1th local-atorm PMP (aeesec. 6.3).\

•
~
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Table 6.1.--General-storm PMP computations for the Col,orado River and Grea~

basin

150

•
Duration ChTS)

12 18 24 48 72

DraiDage APNMe: 1uNc.n oN EIZS
Latitude ·;}3°1." • I.ongitude l.JrJ.i~f basin center

HOnth~

6

Area 'II ~ 1112 O=~)
(prel'\~l)

B&.L LS1 JrJ.&. ill& in. Cm)

(1IIlD)

(1Ill)

I DO 'I.----------

~ .u M.1JJQ...1J1. J£l..'1.

JJ,2 ZMIIM~1Jipin.

I~ 1M .M:S1SJJJJJtj in.

Jl,2 :Ln. Cmm)

A. Convergence PMP

1. Drainage average value from .
one of figures 2.5 to 2.16 '~in. Cmm)

2. leduction for barrier
elevation [fig. 2.18]

3. Barrier-elevation reduced
PMP [step 1 X atep 2]

4. Durat10nal variation
[figs. 2.25 to 2.27
and table 2.7].

S. Convergence PMP for indieated
durations [steps 3 X 4]

6. Incremental 10 1112 (26 km2)
PMP {auccessive aubtr.ction
in step 5]

7. Areal reduction {aelect from
figs. 2.28 and 2.29]

8. Areally reduced PMP {atep 6 X
step 7] f..:..:-.~ ---=-~~-1n. Cm)

9. DraiDage average PMP [accUlDUl.ti.d
...&lues of atep 8] !,SI/M1~.J1J.lJ,&~. Cm)

B. Orographic PMP

1. Drainage average orographic index from figure 3.11. to d. " 1'- 'in. Cm)
2'- - Areal reduction [fil\lre 3.20] Ii£.: . R£vi'.5[:.
3. Adjustment for ~th [Olle of

fig•• 3.12 to 3.17] ~'1. .

4. Are.lly and ee..OIlally adjuated
. PMP [atep. 1 X 2 X 3] ~1D. C~)

5. Durat10llal ....rt.tion [table 39J
~

6. Grocraphic 1'KP for liven dur
ationa [stepa 4 X 5]

c. total PKP

1. .Add stepa A9 ad S6

2. I'HP for other durations from .-ooth curve fitted to plot of computed dau•

3. Co1llparuOIl with loeal-atom PMP Caee aec. 6.3),

~.

•
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Table 6.l.--General-Itorm PMP computations for the Colorado liver and Great
basin

Dra1Daae Af?A-U.\E :IYNCTlON...£RS . Area ','5 .12 (1=2)

Latitude 33°;'1. • Lonaitude/tl:31'of bu:1n center (ptel(I4o\.)

1l0nth~o- .

SteP Duration (hrs)
6 12 18 24 48 72

%

(m)

(m)

in. (111m)------

______ in. (111m)

:Ln. (111m)------

______ 1n. (111m)

______ :Ln. (m)

-----_%

------

3. Barrier-elevation reduced
PMP [step 1 X Itep 2)

4. Durational variation
[figs. 2.25 to 2.27
and table 2.7].

5. Convergence PMP for indicated
durations [steps 3 X 4]

6. 'Incremental 10 &12 (26 £=2)
PMP [successive aubtraction
:Ln step 5]

7. Areal reduction [select from
figs. 2.28 and 2.29]

8. Areally reduced PMP [step 6 X
step 7]

9. Drainage average PMP [accumulatLd
values of Itep 8]

B. Orographic PMP

1. Drainage average orographic index from figure 3.1la

2: - Areal reduction [figure 3.20] IM-%
3. Adjustment for .cnth [one of,

figs. 3.12 to 3.17] I~%

4. Arully and ausonally adju8te~

PMi' [steps 1 X 2 X 3) "f..L:Ln. (all)

5. Durational variation [table 39)
~ -----_%

6. 'Orographic PMP for liVeD dur-
ations [Iteps 4 1 5]

c. 'fotal 1'HP
1. ~d .teps A9 aDd 16 in. (111m)

2. PKP for other durations from .-oath curve fitted to plot of computed data.

3. Comparison with local-stora PMP (lee aec. 6.3).

A. Convergence 1'HP

1. Drainage average value from
one of figures 2.5 to 2.16 I~in.

2. 1eduction for barrier-
elevation [fig. 2.18) ~%

11.&.10.

•

•
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"I {P ':In. (an)

',3D

_..r.oUL",;,,'...."_ :In. (111m)

b. Multiply step 1 by step 2a.

3. Average 6/1-hr ratio for drainage [fig. 4.7].

2. a. leduction 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)].

Steps correspond to those in sec. 6.3A.

2 6- 2·1. Average l-hr 1-=1 (2. 1cm) PMP for
drainage (fig. 4.5].

Table 6.3A.-Local-storm PMP computation. Colorado liver, Great Basin and
California drainages. For drainage average depth PMP. Go to
table 6.3B if areal variation is required.

Drainage APACKc -o-uNcTIDN ~l<.S Area ~,,5(p.'e'I....)mi2 (km
2

)
Latitude 33'2..2' Longitude tll"3/' MinimumuevatioL (7£0 ft tm)

,
i
I,
I

1
~

Pdt ~/30/&f

152
' -.

~: ... - . /

8. Incremental PMP
[successive subtraction .
in step 7]. . ltlil ~,~ II U ~ in. (:an)

~!JJ.. O,S ~,~ } 15-=1n. increments

. .. . . .
~~ 1M1J.M. QJ. in. (lID)

.... ..

Duration (hr)

.
~ tt 13b H fi. .!a.. !&. !& jL %

1/4 1/2 3/4 1 2 3 4 5 6

Four largest 15-min.
increments [table 4.8].

Bourly increments
[table 4.7].

9. Time sequence of incre
.ental PMP according to:

7. Areal reduced PMP
[steps 5 X 6].

6. Areal reduction
(fig. 4.9].

4.' Durational variation
for 6/1-hr ratio of
step 3 [table 4.4]. 1i.-ati£~1.l±..aLlll.aa~%

5. l-mi2 (2.6-km2) PMP for
indicated durations
.[step 2b X step 4]. SMIMlMlU,IJJ~~& 1i85~' in. 6=)
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Runoff Calculations



•
c

c DAMS2 lEO 07l2U8~ STRUCTURE S11E' ANALYSIS COMPUTER PROGItA"
REV 1~/O~/62 StS TECHhltAL RELEASE 48, DAlEO OCl.1982 (USER MANUALt

........................... 80-80 lIST Of INPUT DATA .

APACHE ~tT. fRS J~FLDW l IOUJl~

6. 6-HR PMP IN 15-MIN. INtREMENTS
O. .005 .011 .•016" .0219

_.036 .051 066 .. 08 .S8"
.1015 .77" .818 .848 .88
.911 .9"2 .951 ••6 .969
.978 _98" ...89 '9.5_ __-1..

------ --- -----
180~.8 O. O.
1806.8 59. 20.
1807.8 .117. to. .. _
180S.S 329. 60.
1809.8 506. 80.
ISI0.8 _ 701. 100. __ _ _
1811.S 909. 120.
1812.8 1130. 140.
l813.S 1360. 160. _
181".8 1570. 182.
181~.8 1812. 206.

AOJUSTEO FOR SEDIMENT.BORROW

10000900
00000910
00000'J20
ooooono
00000'J"0
00000'J50
00000'J60
00000970
00001010
00001015
oo1020סס

oo1030סס

oo1040סס _
00001050
00001060
00001070 _
00001080
000010'J0
00001100
00001110
00001120
00001130
00001Ul
00001132
00001135
000011"0
00001150
00001155
00001160
00001170
0000118C
0000 11 'JO
0OOOll'J~

00001200
00001210
00001220
00001230
00001235
000012"0
000012~C

00001260
00001310
00001315
0000132C
0000132~

000013~0

0OO0133~

00001340
0000134~

O.
18.3
12".2
299.3
529.8
791.6
1085.2

13.7

.63
6.

.65
6.

.38
6.

.82
-b. '1.:3.... 1 _

3.02

.75

1200.
.77

2.91

.67

1.6t>
HIoII<5

12
RESHVDIR
1792.
179" •
179b.
1798.
1800.
1802.
180" •

1.~7

""R5
UEi

80.

C UBI
1 81.

J.89
""R5

18t
1 77.

~A"S2 12/03/82
Ul ..THLE HMR~

ENOlAHE
WSOATA C 1

-fOfliff C"T 1
GOIRECl
'O,OU.l CO" P
UEClh _.--l-

ENOTA8LE
'O.II.EACf; 0
WSOllll C
POl"ECl 1
GOIREtT
GO,LiESIC" P

_ 'O.AOOHY[' 0
.SO.l.lIl C
POJRECT
QOIHC T
GO,LiESIC"
GC,AOLiHYLJ 0
WSOAU C
POIREtT
GOIHC- T
GO,CilSIGh
GO,ADD"'Y!: 2
STi(UCTURl ".lFRS

c

c

...
•

e

(

•

•
•

•'.
.--------------------------

................................................................................

__ , ~U02.8

1755.3
21"1.6

.6'J
6.

00001350
000013~~

ooOOUc>O
00001370
00001372
000013H
0000U7"
0000U80
00001390
00001"00
00001"10
00001"20
0000100
00001""0
00001""1
00001450
00001"60
00001"70
00001480
00001481
00001482
00001"13
00001"85
00001490
00001~00

n.6•

1792.
1792.
ll'jo~.

180••

•013

.025
I "(312)

)4.66
113.1
100.

2 •
FOR 3.1

24.8
98.03
150.

FRS DJ" CENTERLINE
1796. 1110.
1788, 591C.
ll90. 7450.
1.04. • ...0.

• 025
UlING
16.11
83.7
200.

2.
30._
15.

3.07
1793.5
"PAC-HE
920.
5710.
1000.
1150.

500.
1.
6.77
70.1'
2~0.

"HR!>

1808.
1788.
1790.
1800.

2.5
135.
1.

1806.
1808.
ISI0.

82.

O.
1"80.
6210.
6050.

EHOTULE
TE"PLA TE H.
PSO"'A 1
PSlhLET
EseRE S1 '£lEV
ESOA'" 41
ESIlA11hCO "1
ESIlATlN" 3.1
ESIU UN" ~7.H
ITMW!tTH FEET
GO.DES1GN L PtE
ENOJOb

ENOTAbLE
WSOATA C
POIREtT 1
GOIRECl
PODLOA TA £lEV
CLPl\OFILE

•

•
•

•
•
•
•

• •
•
•

DAMS2 INPUT FOR
BAFFLE CHUTE AND

PRINCIPAL SPILLWAY DESIGN RUNS

:m.c-~



r 3't
OAtiS': ItO 0C./n/8~

STIUCT~E SITE ANALYSIS t~PUTE' P.O'll~

lEV lZ10)/82 SCS TECHNICAL IELEASE "t DATED OtT.l'll IUSE' MANUlL)

........................... 10••0 LIST OF I.PUT DATA ...........................

DAtlS2 12/0)112 "tACHE ~T. 'IS INFLo- lIDUTIN' 00000.00

• "1~1AaLE ""U 6. ,.H' PH' IN lS... IH. INCREMENTS 00000910

O. .OO~ .011 •Cl.' .0ZI • 00000 Ci2 0

•0)6 .O~I .01>' .Ol! .,.. OOOOO'i)t'

.'a .n• .111 .... ..1 eoooo..o

•• 11 •"Z ••51 ••• •••• eoooono
••7e •••• .... •..s I • eoooo••o

ENOTULE
,eoooO'70

WSO"lA C I '4. 1.1" .12 eoool0l0

CDlf<ECT 1.32 '.01 oooolOZO

C.O.OES1C.N P "'R~
eoool030

lSEtT~ 1 .~
000010-0

1105.e O. 0. eooDl0StI

1106.8 S9. ZOo 00001060

110'7.8 Ill. .0. 00001010

nOI.e sn. 60. eooDl010

1109.1 ~06. '0. 00001090

1110.8 '01. 100. 00001100

l.l1.e '09. no. eoDOl110

1812.8 1130. 1.0. 00001120

IIU.8 UtlO. lt10. oooOIUO

lU- .1 1510. 18l. 00(10 11 J1

1115.6 1112. ZO•• 000011J2

ENOlA6LE
00001 us

'C.l<HCM 0 C lASl 1200. 000011.0

wso"" C 1 U. .1'7 ..) 0000 11so

COIHel 1.2'7 1.'S 00001160

CoO.OHlr... H"R~
00001170

C.O.lOOHlLi 0 ue 00001110

WSO& 'A C 1 eo. .,s .65 000011.0

GOlkEtl 1.21 1.81 00001200

C.O.['fSl'~ ""R~
00001210

CoO.AOCHlO 0 lie
00001220

• SOAlA C 1 71 • ••1 .)1 0000123"

C:i:llkECl 1.0- 1.SS 000012.0

C.O.[,fSHf; ""1<5
0000lZS0

CoO.AOCHlO Z 12
OOOOlZ.C

STKUCTUIlE AJFI!S RESERVOIR ADJUSTED FOR SEDI"ENT.loaROW 00001:ue

1793.5 o. 0000131S

119' • 18.3 0000 13Z tI

1190. U4.2 00001325

• 1798. "9.3 000Olno

180e. 529.8 0000133~

1802. "91 •• 000013'0

180' • 1015.Z 00001345

180b. 1.0Z.e OOOOUSt

1106. 1755.3 000013S5

1810. ZI41 •• OOOOUtlO

ENOl AHE
00001370

Dl~S4: lEO O.l2b/e~
STRUCTURE SITE ANlLTS1S COMPUTER PROGRl~

uv 12.10)162 SCS TECHNICAL RELEASE .e. DATED OCT.l.e2 IUSER MANUAL»

........................... lo·eo LIST OF INPUT DAU ...........................
WSOAU C IZ. 1.14 .69 0000U12

GOIREtT 1.27 2.0J 00001314

PCOLCllA LLEV 1793 .~
0000U60

CLPriOF lLE APACHE FRS OA" CENTERLINE 00001390

O. 1806. .lO. 179C.. 1110. 1"2. 00001.00

1410. 178e. 5110. 1718. "10. 179Z. 00001.10

• Zle. U90. .,000. 1790. ,.50. Inz • 00001420

10SO. liDO. '1~0. 1104. "80. 1I0a. 00001430

ENOTAbLE
00001••0

TE."FL11E 1•• 2.5 ,. 0(1001.41

P5D.,A 1 135. SO. .013 ..,e•• 0000100

PSJHLE T I. Ie. 000014.0

EStlEST £LEv
00001470

lSDA" 41 SOOt .ell5 2. .025 00001 ..0

• ESlATlN' .1 1. a.,u., FOR 3.1 1 "un) 00001.12

ESRnl'" 3.1 1.17 lC..J1 24.8 »•••• .5.56 00001'1!

ESUllN' 51 •• J .,0. I. 13.1 .1.03 lU.l UI.Be. 00001'8'

1'".IDl" FEET 100.
OOoOI,e~

'OtDESl'N L P C E ...R5 00001490

lNDJOb
00001500

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

•
• DAM~1 IN\,Ul ~oR 2..S"'1EAR

:IlL C-SO

RA\NFALL



I .1s-
DAP!S2 lEe 06/10185 STRUCTURE SITE ANALYSIS COMPUTER PRD'RA"

C REV 12103/82 SCS TECHNICAL RELEASE 4', DATED oCT.I.82 (USER MANUAL)

........................... 10-10 LIST Df I..UT DATA ...........................

• DA~S2 12/03/82 APACHE JCT. FRS INfLOW' RoUtiNG 00000.00

wsr.ATA C 1 e,. 1.86 .12 00001010

IDIRECT z. ).1~ 4.52 . 12.:12 00001020

RAlHTA6lE "R49 z•• ,.-HOUR PKP IN I-HOUR INCREMENTS 00001022
o. .012 .025 .038 .053 00001023

( .069 .086 .103 .121 .14 : ooOO10H
.11 .22 ."5 ••• .6' 00001025
.183 • 13 .165 .897 ••21 00001026
.9" ._ .962 .'77 • '89 1 • 00001027

(NOTABLE
00001028

GO ,DE 51 GN P "R49 00001030, ISEctN 1 000010'0
1805.8 o. o. 00001050
1806.8 59. 20. 00001060

( 1807.8 177. 40. 00001070
1808.8 329. 60. 00001080
1809.8 506. 10. 00001090
1810.6 101. 100. 00001100
1811.8 ,o9. 120. 00001110
1812.8 1130. 140. 00001120

L lS13.8 1)60. 160. 00001130
1814.8 1570. 182. 00001131

181S.8 1812. Z06. 00001132

( ENOUBLE
00001135

GCi,REACH 0 C lUI 1200. 000011.0

~ SUAU C 1 81. .17 .63 00001150

otJkHT 1.97 3.02 4.58 12.77 00001160

Gt.[,ESJC" HR"9
00001170

'C.ADDHYO 0 UB 00001180

I WSOAlA C 1 80. .75 .65 00001190

o OIRE CT 1.89 2.91 4••5 12.61 00001200

'C.OESJ"" "Rlt9
00001210

GO.AOOHYO 0 16C
00001220

• WSOATA C 1 77. .67 .J8 00001230

'[)l~ECT 1.68 2.51 4.1' 12.16 000012.0

GC .DE 51(,," "R"9
00001250

GC.AOOHYO 2 12
00001260

SlRuCTURE AJFRS RESERVOIR ADJUSTED FOR SEDIMENT ,IORRt.. 00001310

1793.5 O. 00001315

179". 18.3 00001320

17.6. IH.2 00001325

1196. Z.9.3 00001330

1800. 529.8 00001335

1802. 791.6 000013'0

180". 1085.2 00001345

1806. 1402.8 00001350

1808. 1755.3 00001355

1810. 21U.6 00001)60

EhOlABLE
00001370

.. SOATA t 12 • 1.71l .69 00001372

QDIR~CT 1.9ft 3.07 4._' 12.2' 0000137"

PCOLDAU £lEV 17Ci3.5 00001380

CLP~OFILE APACHE FRS DAM CENTERLINE 00001390

O. 1808. 920. 1796. 1110. 1192. 00001'00

1"80. 1786. S710. 1788. 5910. 1792. 00OOIUO

6210. 1790. 1000. 1790. 7.50. 1792. 00001'20

6050. 1800. 8150. lao_. e.80. 1108. 00001'30

EfolttABLE
00001'_0

TEMPLATE 1_. 2.5 2. 00 001' il1

PSDUA 1 us. 36. • 013 1116• 00001450

PSINLET 1. Ii.
00001"60

ESeREST ELEV
00001UO

f SDATA 42 eoo. .025 2. .025 00001UO

£ SPROF1LE ~2 aoo. o. 1000. 4. 00001482

• IT".. IDT~ FEET JOO. 275. 250. 00001485

",DESIGN L PtE "R" 00001-90

ENCJOB
DOOO1~OO

IN\)uT ~of< 2-4\-liOU« PMF (c1\itn\ S{>\LLWAi)

..:zzr (!. - S-/

................................................................................





•



•.. a4'.61 19 19 a199.3 4".1 0.0 .IP
a49 ••2 If- 19 1199.2 _'0.- 0.0 .IP
..l~0.63 27 19 119~.2 436.1 0.0 .• IP -_._-- --- - .. - - ---------
a~l ••" 27 19 1199.1 .U.7 0.0 .IP• 1S2 ••S 16 79 1199.1 .21.3 0.0 .IP
1S).66 2S 19 1199.1 .22.9 0.0 .IP --- ---------- ----- .. _.
U".61 25 19 1199.0 .1£.) 0.0 · P• 1~S.68 24 n 1199.0 .U.8 0.0 • P:. 1St.6e; 2" n 1199.0 .09.2 0.0 • P -- -'.- ----- -- - - .- ._- - --
157.71 n 18 1798.9 .0".6 0.0 · ,• U8.72 n 18 1198.9 400.0 0.0 ·,159.'73 22 78 I7U.8 )95.3 0.0 • ,

". ---- ---- ----
160.7" 22 n 1198.8 )90•• 0.0 ,

• 161.75 21 n 1798.8 )8~.8 0.0 · ,U2.76 21 n 1198.7 _'81.1 0.0 ·P._--- .._----- . ------_ .•.._.- ---
lU.77 10 18 1198.7 '76.3 0.0 ·,• UIt.78 20 78 1198 •• 371.5 0.0 · ,U5.79 10 n Il9S ••

~{t:
0.0 · p.____ ... ---_.- .-_ ... - --- ---- _.-. '.

• 16•• 80 19 77 1198.5 0.0 ·,
U7.81 19 77 11'8.5 )57.0 0.0 ·,1.6 ••) 19 77 1196.5 352.1 __ 0.0 ., ,. - ._----- ------ _._ ..
U9.8. 18 17 1198. " "'.2 0.0 ·,• no.8S IS 17 1l98." .,,~.3 0.0 ·,
171.86 Ie 17 1196.3 ."." . 0.0 • ,.- ------ --- - .__.. . _----_. ----.

• 172.87 17 16 1196.3 n~.5 0.0 • ,
11).1$6 17 16 1196.2 "'.5 0.0 ·,17".8e; J7 76 17910.2 322.6 _..J).O .0_' ______ ---- ---_._- . -.-._- --.

• 175.90 17 16 1798.2 '11.7 0.0 · ,171>.91 16 76 1198.1 '12.1 0.0 ·,171.92 16 '1> 1196.1 307.8 _ .0.0 .0 P____.__________ .. ---
1l6.9) It> 1~ 1'796.0 ,OZ •• 0.0 · P• 17'9.9~ 16 75 17'96.0 297.8 0.0 P·leo.9e. It> 15 1'797.9 29;.9 0.0 · P ------ _._---- - ----

• 181.97 IS 75 1191.9 261.9 0.0 .P
182.96 15 75 1197.& leZ.9 0.0 .P
U3.9<; IS 75 1797.8 277.9 0.0 .P ---- - - -- .-- - ----_ .. -- ---

~
16~. 00 IS 1" 1'797.7 273.0 0.0 .P
181>.01 IS lit 1197.6 268.0 0.0 .P
167.02 1" 1" 1197.6 1t:).0 0.0 .p._-- --_._---------- --

• Ib6.0) 1- 7. 1197.5 25e.0 0.0 .P
lb9.0" lit 7. 1197.5 253.0 0.0 .P
l'Io.OC:> 140 7" 1797 •• 2" •• C 0.0 .p - ----- - -- - -- .. ------

• 1';1.07 140 73 1797. " 2"3.1 0.0 .P
H2.08 1" 73 1197.3 236.1 0.0 .P
1'1). or; U n 1797.2 233.1 0.0 .P ------_.---- ._ .. _.-- ----

4!
19" .10 U n 1797.2 228.1 0.0 .P
195.11 13 n 1797.1 223.1 0.0 .p

• 19e..12 U n 1797.1 218.2 0.0 .P

e 197.13 u 7Z 1797.0 213.2 0.0 .P
He.l" u 72 1797.0 20e.2 0.0 .P
1'9.1S U 7Z 1796.9 2C3.2 0.0 .P --_ .. ---- --- .- - -- "--

~
200.16 12 72 1796.8 1ge.3 0.0 .P
201.18 12 7Z 1796.8 193.3 0.0 .p
2"2.19 12 72 1796.7 18B._ 0.0 .P - - -- - - --.-

• 203.20 12 71 1796.7 163._ 0.0 .P
20" .21 12 71 1796.6 17e ._ 0.0 .P FIGURE C3, PART C
205.22 1~ 71 1196.6 IH.s 0.0 .P .. .,--- - - .. __ ._----

• lOt .23 1~ 71 179e..5 1.6.6 0.0 .p
207.2_ 12 70 1796.~ 163.7 0.0 .P
20c.2~ 12 70 n96•• I!>!.! 0.0 .P . --- - --

• 209.26 11 70 1796.3 1S3.' 0.0 .P

• -- - ------ ._----_.- ------- ._----------

• 2)(1.27 11 e.9 179e..3 1~9.0 0.0 .p
211.2. 11 69 1796.2 1"•• 2 0.0 .P
21".30 11 .69 1796.2 .139." _0.0 .P - ..__.- -- --- _. -- - ._--- .._- - ... _-

• 213 .)] 11 69 1796.1 13••S 0.0 .P
2l'o.32 11 66 1796.1 129.7 0.0 .P
2!S.)3 11 6E 1796.0 12t.9 c.o .P ---- _._. ---- .-

• 216.31t 11 68 1795.9 120.2 0.0 .P
217 .35 11 1>& 179S.1! 1l!>." 0.0 .P
216.36 11 67 179~.7 110.7 c.o .,

• 219.37 11 1>7 1795.7 10!>.9 0.0 .P
220.3. 10 67 1795.6 101.2 0.0 .P
22] .39 10 66 179S.S '6.S O.O ..P.. 122."0 10 .6 179!>." 91.6 0.0 .P.. 223."2 10 6e. 1195.3 17.2 0.0 .P
12fo."3 10 61> 179S.2 12.5 c.o ..P _ . -- ._.__ .-
225. __ 10 6S 1795.1 17.9 c.o .P
22t>."5 10 65 119S.0 7'.3 0.0 .,
227 .~6 10 65 179S.0 6t.7 c.o .P ---_.- ---

• 226."7 10 6S 179".9 6".1 0.0 .P
ZZ9.~. 10 6ft 17'''.8 S9.5 0.0 .P
2'''._9 10 61 179".7 !l5.1 0.0 .P

• • 2)].!>0 10 ~5 17'_.6 51.0 c.o .P
H2.!>1 9 SO 1791t.5 .7.~ 0.0 .f'
Z)).S3 , 46 179".5 .t.2 0.0 .P
23" .!>~ 9 "2 179_." 41.3 0.0 .P• 235.55 9 '9 179_." 3•• 7 0.0 .p
236.56 9 36 179•• 3 't.3 0.0 .P

• 2n.S7 , ,fo 179".3 3•• 2 0.0 .P
nb.S! , 31 179_.3 '2.2 0.0 .P
139.59 9 n 179ft.2 30.~ 0.0 .P

• 2.0••0 S 27 17'-.2 %l.6 0.0 .P
2_1.61 0 2S 179".2 2t.6 0.(, ·1 1 D E yeL ,. J J J J J J 1

o. toe. 1000. uoo. 2000. 2500. )000.
• ZlIC-.s¥



•

-_ ......._--~._.-



,.

•

•

---------------------------------------_.



t ,
tyPE ... ("u fDl ...U &,.AI .... WOl·U ••..5 '.£5 "TOT Dlt Wit SIt S

StS·FaH .00.0 1I0~.U 1261.3 0.0 5.65 79).7 143.7 1710.5 "'4.2 I.U '.7) 0.006
(

PLOT 1 I" • 2000. tFS un
T{tHt) Il'~~ 0

o. 1000. '000. .000. 1000. 10000. 12000.
( fDL • I I I I I I 1

0.00 0 0 1'7".5 0.0 0.0 •
0.27 91 1 1'7u.~ 1.1 0.0 •

ie o.~) 10<; 5 1793.6 5.5 0.0 • 1
0 ••0 4~0 U 1793 .9 13.6 0.0 • 1
1.0b S12 U 1794.1 23.' 0.0 • I
1.)) 5_9 41 179_.3 )4.7 0.0 • I
1.60 S77 56 179_.5 46.0 0.0 I
1.'t> S91 77 179_.7 57.4 0.0 • 1
1.13 S97 91 179- .9 .'.5 0.0 • I
2._0 600 .9 Il'!15.2 T9.~ 0.0 · I
2.6t> 601 100 1795._ '0.6 0.0 ., 1
1.93 601 102 1795.6 101.6 0.0 ... J
3.19 612 103 Ins .e'" 112.7 0.0 ... I
i._t> 643 10- Int> .0 12_.2 0.0 ., I

3.73 671 105 179t> .1 '36. _ o.c .f> I
3.99 68- 10!> 1796. ) 149.0 0.0 .f> I
".26 t<;f lOt> 1796._ 161.6 0.0 .p 1
".~3 717 107 1796.6 17~.1 0.0 .f> J
".79 13e 108 1796.7 116.6 0.0 .P I
~.Ot> 737 108 179t>.9 202." 0.0 .f> J
5.).? 750 10C; 1797.1 2lt>._ 0.0 .f> J
~.!>~ ,~e 110 1'97.2 230.6 0.0 .f> J
5.86 77e III 1797 ._ 2-S.2 0.0 ., 1
6.12 76, U2 1797.6 2t>O.0 0.0 .f> J
6.39 785 113 1797.1 27_.7 o.c ... J
6.66 71:16 113 1797.9 219.5 0.0 .f> 1
6.91 78t U- 1198.0 10_ .3 0.0 .f> 1
7.19 'fljl IH 1796.2 319 .2 0.0 .f> 1
7."5 EOt U5 1798.3 33_.2 0.0 .f> 1
7.ll E20 U6 1798." 3_9.6 0.0 .f> J
7.99 626 117 1796.6 165.1 0.0 .f> 1
e.25 e39 117 1796.7 310.9 0.0 .f> J
8.51 155 116 1796.8 397.0 0.0 .f> J
6.79 166 118 1799.0 4U.3 0.0 .f> J
9.05 185 119 1799.1 "30.0 0.0 .f> J
9.32 1012 120 1l99.3 4_8.2 0.0 .f> I
9.58 1180; 126 1199.5 4n.8 0.0 .f I

e 9.e5 130_ 186 1799.7 493.8 0.0 .f 1
1 C.12 13H 2U 179li .9 518.7 o.t .f J
10.30 h9t 320 leOe.l S_t>.5 0.0 • E J
10.65 2011 408 leOC._ S79.3 0.0 • £ 1
1 C.92 2191 576 1100.t 614.7 0.0 • E I
11.1Il 2:n5 114 leoe.<; 6 .. 9.6 0.0 • £ J
11._5 2797 1062 1801.2 615.9 0.0 • £ I
11.71 3165 1)43 1601.5 72!'>.0 0.0 • E J
11.96 3363 17!'>1 1601.8 762.(, 0.0 • E I
12.25 39H 2155 leO; .1 100.2 0.0 • E
12.51 SI-7 2"62 1802." 1"7.3 0.0 • £
12.78 6027 3358 1802.8 .0_.0 0.0 • E J
13.05 6518 "172 1803.1 '59.2 0.0 • £ J
13.31 7792 5006 1103.5 1015.6 0.0 • E
13.58 960li 6039 '604.0 108!'>.6 0.0 • E
13.6_ 1(,732 71'H 180~ .5 11t3.8 0.0 • E J
14.11 10928 .310 1104.9 1231.5 0.0 • E l

( 1_ .38 US7 a8t._ 1I0~ .1 1261.3 o.c • U
1_.t._ 6!'>c_ 1490 1105.0 12"1.2 0.0 • 1 E
14.91 5239 7t.35 110_.7 1193.6 0.0 • 1 E

( 1~.18 _501 68t>3 180_." 1141.3 0.0 • f1 ~ •__
3552 6071 1104.0 1087.7 o.t • f

1~.71 2790 5260 1803.6 1032.8 0.0 • 1 £
1~.97 2_a U18 1103.3 '82.6 0.0 • 1 E
16.2_ 2189 SlI99 1103.0 '40.7 0.0 • J E FIGURE C.61 t..51 1928 338- 1802.8 '05.8 0.0 • 1 E
H.77 n_9 2975 1802.6 176.3 0.0 • J E
17.0.. 1667 2106 1102._ 151._ 0.0 • J £ 24-HOUR PUF INFLO~
17.31 1606 2'80 1102.3 .30._ 0.0 • 1 £ HYDROGRAPH (I)17.57

u __
UU 1102.1 '12.6 0.0 J E

1 i.l_ uo~ 2126 1102.0 n7." 0.0 • J E
18.10 1"73 1.91 1102.0 ,n.1 0.0 • J £
J 8.37 136_ 1170 1101.9 173.1 0.0 • 1 E
11.t>" 123_ 1749 1101.8 7.2.6 0.0 • I E
li.90 1161 1632 1101.1 751.7 0.0 • 1 £
1 'J.17 1126 1S28 1101.6 7'U.l 0.0 • I £1 'J. __

1099
1__ 0

1101.6 734.0 0.0 • 1 E
1 'J.7u 1010 uu 1801.5 127.1 0.0 • J E

C

• •
• H.n 1061 130_ 1'01.5 721.3 0.0 • J E

20.13 lCi31 lU8 1801." 716.1 0.0 • 1£
20.50 ._1 12Z'J 1101._ 110." 0.0 • 1£

• 20.71 In U.5 1101.3 70_.0 0.0 • J £
21.03 150 1141 1101.3 .97.S 0.0 • I E
21.30 '09 Ion 1101.2 691.1 0.0 • IE

• 21.Sc 15_ 1053 1101.2 .'_.6 0.0 • 1£
:u.n 119 1009 1101.1 671.2 0.0 • 1£
22.10 697 • 67 1101.1 . '72.0 0.0 • 1 E _._----'~-

12.)6 6!H "6 UOl.0 •••• 0 0.0 • 1 £ .. : .....,......
.zzz e.-S7



•
001 TESl • 1'194.52 FT '6.1 ACFl '1.2 tFS ..

tON1RDl IS O.UO DE1ENli0N SlORAGE
•

DIMfDOlIIN TUtE TO DPl TESl G U 2.61 .AYS - "AVDDWN CON1INUI"'

.aA"DovN 11"£ U"1l - 10.00 .A'S. fLOli WAS 0.00 tFS fLEv • 1'19).50 Fl

PlDl Of "~INtl"Al SP1LlWA' MTDaO'aAPH I INCH- 500. US

• 1 (H~) I (a:S) D
o. 500. 1000. 1500. 2000. 2500. 1000 •

E YOl A I 1 I I I I I
0.00 0 0 11'3.5 0.0 0.0 •
1.01 5 0 11n.5 0.2 0.0 •
2.02 .. I UU.5 0.7 0.0 •
~.03 • I nU.5 1.1 O.C •...~ 6 I 11'3.5 1.5 0.0 •
5.05 • 2 17U.6 1.9 0.0 •
6.(17 .. 2 17'3.' 2.3 0.0 •

• 1.06 • 2 un.6 2.6 0.0
1.0' • 2 1793." 2 •• 0.0 •
9.10 6 3 UU ... '.2 0.0 •

10.11 6 3 I1n.6 3.5 o.c •
11.12 • 3 n93.6 3.6 0.0 •
12.13 6 3 11.3... '.1 0.0 •
13.14 • ) 1793... •• 3 0.0 ·1... 15 6 • 17'3." .... 0.0 •
15.1" • • 17'3.6 '.6 0.0 •

• 16.17 7 4 1793." 5.0 0.0 •
17 .1' '7 - 17'3.6 5.2 0.0 •
10.20 '7 • 1793." 5.4 O.C •
10;.21 '7 • 1793.7 5." o.C •
20.22 '7 5 1793.7 5.6 0.0 •
21.23 '7 5 1793.7 6.C O.C •
22.2" 7 5 17'3.7 6.2 O.C •
2~.2~

., 5 1'793.7 6.3 O.C ·2... 2t '7 5 1793.7 6.5 0.0 ·

25.2' '7 5 1793.7 6." 0.0 •
2•• 28 '7 !! 17H.7 6.6 O.C •
27.;;0 7 ~ 17<;3.7 6.' 0.0 •
26.31 7 6 1'793.7 7.0 0.0 •
20; .3£ 7 6 1793.7 7.2 0.0 •
30.33 7 6 17'3.7 7.3 0.0 •
31.3" 7 6 1793.7 7.4 0.0 •
3i:.3~ 6 6 17'3.7 7.6 0.0 •

• 3~.3t e 6 1793.7 7.7 0.0 ·3... 37 e 6 17'3.7 '7.8 0.0 •
35.36 6 6 1793.7 7.' 0.0 •
36.3e; 8 e- 17'3.7 f.O 0.0 •
37 ...0 8 6 1793.7 6.2 0.0 •
3E.4i: 6 7 1793.7 e.3 0.0 •
3C; ... 3 e 7 1793.7 e.4 0.0 •
.0 ..... 8 7 17'3.7 e.5 O.t ·'1 ...5 6 '7 1793.7 6.6 0.0 •
'2.4t> 6 7 17'3.7 e.7 0.0 •
'3 ... 7 6 '7 1793.7 8.8 0.0 •
...... f e 7 1793.7 9.0 0.0 •
.~ ... c; 9 7 1793.7 9.1 0.0 •
.t.st 9 '7 17'3.8 '.2 0.0 •• 47.51 • '7 1793.8 '.3 0.0 •
'0.5. 9 '7 1793.8 9.4 0.0 •
".5" ... 6 1.,.,3.8 9.5 0.0 ·, 5t.S5 9 e 1193.8 .... 0.0 •
51.5f; 9 6 17'3.8 9.8 O.t ·5,.57 • 6 17U. e 9.9 0.0 •• 53.5E • e 1793.8 10.0 0.0 •
5... 5C; 10 8 1793.6 10.1 0.0 •
55.60 lt 8 17n.8 10.2 0.0 •• 5t,"1 10 6 1793.8 10.3 0.0 •
57.bi: 10 9 1793.6 It.4 0.0
58.b3 10 9 1193.8 10.6 0.0• 59.tI4 10 9 1'793.8 10.'7 0.0 •
'O.tIb 10 9 17'3.8 10.6 0.0 • FIGURE C,761.67 10 9 1793.8 10.' 0.0 •• .2.b8 11 9 1193.8 11.0 0.0 • 25-YEAR INFLOW HYDROGRAPH (I),
".tIe; 11 9 1793.8 11.1 0.0 • PART A.... 70 11 10 1793.8 11.2 0.0 •• 65.71 11 10 1793.8 11.3 0.0 •
.6.72 II 10 1193.8 11." 0.0 •
67.7) 11 10 17.3.e 11.5 0.0 •• 68.7' 12 10 1193.8 11.6 0.0 •
••• '7S 12 10 1793.8 lI.e C.O •
lo.n 12 11 11U.8 12.' 0.0 •• 71.78 12 11 17'3.1 12.0 0.0 •
12.7. 12 11 nn.6 12.1 C.O •
13.10 U 11 n'3.1 12.3 0.0 •

• • 14.81 U 11 nn.e 12." C.O •
15.b2 13 11 n'3.1 U.S 0.0 •
76.63 13 12 1193.e 12.7 0.0 •• 17 .... 1- 12 1193.6 12.8 0.0 •
li.85 14 II 11'3.' 13.0 0.0 •
1•• a6 Jfl 12 1793.9 13.1 0.0 •• 10.e1 14 12 un.9 13.3 C.O •
81.8. IS U 1793.9 13.4 0.0 •

• 12.90 15 U 1793.9 13.6 C.O •
83.91 IS U 1793.' n.e C.O •
'4.92 16 U 1793.9 1'.0 c.o •

• 15.'3 lb 14 1793 •• 1...2 0.0 •

21TC-Sg



,
'6.'~ l' I' I1n•• 1"~ 0.0 •, 17 ••~ 17 1~ 11.) •• 1'.6 0.0 •
.e ••6 17 15 11'3.' 1,.8 0.0 •
n ••7 II I! nn•• 15.1 0.0, to.'S 18 15 U93.' 15.3 0.0 •

• '1 ••9 I' 16 l'tn •• 15.6 0.0 •
'3.01 l' 16 119) •• 15.' 0.0 •, .... 02 20 16 1193.' 16.2 0.0 •
'~.03 21 11 11'''.0 It. .5 0.0 •
'6.0" 21 11 11'''.0 16.8 0.0 •

• '7.05 22 16 11'''.0 17.2 0.0
'S.(16 U 18 11'~.0 11.5 0.0 •
'9.07 2" 19 11'... 0 17.' 0.0 •

• 100.Of 2~ 19 11' ... 0 1.... 0.0 •
101.09 2. 20 11'''.0 1I! .8 0.0 .1
10.. .10 21 21 nu.o ... 19.3 0.0 .1

• 103.11 2! 21 11.... 0 19.' 0.0 .1
10... 1> 2' 2Z 17u.O 2C.' 0.0 .1
105.1" 31 n 11'~ .1 21.1 0.0 .1

• 10t..15 33 2" 17.... 1 21.8 0.0 • I107.lC 3~ 2~ 17.... 1 22.6 o~o .1
106.11 3'7 26 11'" .1 23.5 0.0 .P

• 109.H .0 27 11'~ .1 2~.5 0.0 .P
11C..1'i U 29 11'4.1 25.6 0.0 .P
111.20 fo7 30 17.4.2 2t..8 0.0 .P

• 112."1 51 32 17'4.2 2e.3 0.0 .P
113.22 57 3~ 11'~.2 3C.l 0.0 .P
lH.24 65 37 1194.3 32.2 0.0 .P

• 11 ~ .25 75 .. 1 11'4.3 '4.8 0.0 .Pl
th.U 'C '6 H94 ., 18.1 0.0 .Pl
117.27 IH 53 17.4.5 '2.5 0.0 .Pl

• 116.26 1t~ 63 11'4.6 "9.~ 0.0 .P I
l1'i."C; 1t7 6t- H'!..2 I".' 0.0 .P
12C.30 U61 '72 17'•• 1 187.' 0.0 .P I• 121.31 '134 7~ 11.7.8 2'76.5 0.0 .p J
122.3t J77 75 17.e.O 297.1 0.0 • P123.33 120 7. 17.6.0 303.8 0.0 • P• 1"".3" 93 7b 1198.1 30t. ... 0.0 • p
12~.~b 77 7. H.a.l )07.2 0.0 · l
12t.37 6t> 76 11.e.l 30b.' 0.0 .IP
127.36 56 1. 1796.1 JO~.7 0.0 .If
12E.3'i ~ .. 1b un.o )0 ... 0 0.0 .If
12S.40 '7 1~ 1796.0 )01 •• 0.0 .JF
13e.41 ..3 7~ 11'6.0 2'9.~ 0.0 .If
131."; .0 7~ 11'6.0 29b.6 0.0 .Jf

• 13~,"3 37 75 u'n •• 2'3.6 0.0 .If
133 ..... 35 7~ 11.7•• 29C.3 0.0 .Jf
13.... 5 33 75 1197.' 'It.' 0.0 .P
13~. ~. 31 75 11.7.S U3.3 0.0 .P• 13e.4f 30 75 11'7.8 219.6 0.0 .P
137.H 2. 75 11'7.7 21!.8 0.0 .f
13t.~O 27 7.. 1197.7 211.' 0.0 .P• 13'i.~1 2b 1" 1797.6 267.' 0.0 .P
I'1C.~< 25 7.. n97.6 263.8 0.0 .P
1"1.~3 2" 7.. 1797.5 259.' 0.0 .P
H2.~4 23 7.. 1197.5 255." 0.0 .P
H3.~5 22 7. 1797 ... 251.1 0.0 .P
1..... ~. 21 7'1 1197 ... ''16.1 0.0 .P

J 1"5.57 21 73 1797.3 ,...... 0.0 .P
1"6.59 20 73 17'7.3 237.9 0.0 .P
1"7.'0 l'i 73 1197.2 233.5 0.0 .P

J

I>l'l.I2.- 1: j C~S

1"£.61 19 73 1797.2 22e.9 0.0 .P
1~9 ••2 IE 73 1797.1 Z2~." 0.0 .f
I~O••3 18 73 1197.1 219.8 0.0 .f
1~1.64 11 12 1197.0 215.2 0.0 .P

• 152.'5 17 72 1197.0 210.6 0.0 .P
153.66 16 72 J7h.' 20t.O . 0.0 .P
I ~4 .67 l' 72 119•• 9 201.3 0.0 .P
155.66 16 72 1196.1 I.t> •• 0.0 .f FIGURE C .7, PART B15(, ••9 15 '72 17't>.S 191.9 0.0 .P
157.71 15 71 179t..l 187.2 0.0 .P
15£.12 15 71 179t..7 112.5 0.0 .f
159.73 1~ 71 1796.6 177.1 0.0 .P
160.7~ 1.. 71 17'•• 6 173.0 0.0 .P
Ul.7~ I~ 71 11't..5 16e.2 0.0 .f
1.2.16 1\ 71 l't96.'1 163.5 0.0 .P
163.77 13 70 179.... 15£.1 0.0 .P

• 1.4.76 13 70 1196.3 lS".O 0.0 .P
165.19 U 70 l't'6.3 149.2 0.0 .P
16'.80 U 6. n'l..2 1'~.5 0.0 .P

• 167.61 12 69 n'b.2 139.1 0.0 .P• Ibs.n 12 69 n.e..1 u~.o 0.0 .P
169.8~ 12 6~ 11'6.1 lJC.J 0.0 .P

• 170.85 12 61 l't'b.O 12! .~ 0.0 .P
111.86 12 68 17'~.' 120•• 0.0 .P
172.&7 11 68 179~.8 116.1 0.0 .P

• IU.8& 11 67 17.~.8 111 ... 0.0 .f
11~ .89 11 61 l't.~.1 106.1 0.0 .P
11~ ••0 11 67 n.~•• 102.1 0.0 .P

• 17t..'1 11 .6 n9~.5 '1." 0.0 .P
In ••2 11 •• 179~ ... .2.8 0.0 .P
118.93 10 66 17'5.3 18.1 0.0 .P

• 119 ••5 10 66 l't95.2 13.5 0.0 .P .2lZ e-S9'''O.~f, 10 ..~ 1 ".,~.1 11\ •• o.n .p



lS1.64 17 n 1191.0 Zl~.it &l.U .to

UZ.6S 17 12 17'''.0 210.6 C.O .f'
1S).66 16 .,2 17.,11.' 10t.0 0.0 .f'
lS".67 16 '72 1796.9 101.) 0.0 .f'
lSS.68 16 12 U.6.& 196.6 0.0 ..f'
Ufo.f.' 15 12 UtIl.& 1.1.' 0.0 .f'
lS7.71 IS 11 1"'11.7 117.2 0.0 .f'
Ut.lZ 15 11 11911.7 112.S 0.0 .f'
U9.'13 lit 11 17'11.6 177.& 0.0 .f';. 160.74 1" 11 U.6.6 In.o 0.0 .P
Ul • .,~ 14 11 179t>.5 IU.2 0.0 .P
162.76 I" 11 17'6." 163.5 0.0 .f'
163.71 13 10 1796., In.'' 0.0 .f'
16".76 13 10 119t>.) U_.O 0.0 .P
16~.79 13 10 17'6.) lit9 .2 0.0 .P
166.10 13 6. 1796.% 14_.S 0.0 .P
167.61 12 69 11'6.2 139.7 0.0 .P
166.83 12 69 1196.1 135.0 0.0 .P
169.84 12 66 11'6.1 Ut.) 0.0 .P
nO.8!> 12 .1 1796.0 rH.5 0.0 .P
nl.lf. 12 .8 11'5.9 120.e 0.0 .P
17Z.&7 11 68 1195.8 116.1 0.0 .P
lU.8& 11 67 1795.1 111.- 0.0 .P
17".69 11 67 1195.7 106.7 0.0 .P
175.90 11 67 1795.6 lbZ.l 0.0 .p
Ut.91 11 66 1195.5 .7._ 0.0 .P
U7.92 11 66 1795., 'Z.I 0.0 .f'
17S.93 10 66 179!>.) IB.l 0.0 .f'
17<;.95 10 66 1195.2 13.5 0.0 .f'
1&0.96 10 65 1795.1 're.9 0.0 .f'
181.97 10 6~ 179!> .1 lit .3 0.0 .f'
182.98 10 6~ 1795.0 69.7 0.0 .f'
18:;.99 10 6" 1794.9 65.1 0.0 .f'
11:!~.00 10 ..- 17'_.& 60.5 0.0 .f'
186.01 10 6' 119".7 56.0 0.0 .p
187.02 9 ,- 179-.6 51.5 0.0 ."
lel:.03 9 60 17'''.5 " 7.1 0.0 .f'
1e<;.o" • 5" 11,,,.!> 43.1 0.0 .f'
190.06 • U 11'''.'' )9.6 0.0 .f'
191.0'7 9 '3 17.".3 )6.6 0.0 .f'
192.0f 9 "0 17,,,.3 )3.8 0.0 .P
19:;.09 9 36 17'''.Z 31." 0.0 .f'
1<;4.10 9 ,,, 179".2 29.% 0.0 .f'
195.11 • 31 179"'% 27.% 0.0 .f'
196.12 e 29 17'" .1 25." 0.0 ...
19'7.13 6 27 179" .1 23.8 0.0 .P
19t.l" 6 25 17,,,.1 2%." 0.0 ·19<;.15 e 23 179".1 21.1 0.0 ·200.1t e 21 179" .0 19.9 0.0 ·• 20l.H e 20 179".0 le.9 0.0 ·2"" .19 e 19 17,,,.0 17.' 0.0 ·203. %C e 16 179".0 17 .1 0.0 ·204.Z1 6 17 1793.9 16.3 0.0 ·205.Z2 6 16 1793.9 15.6 0.0 ·20t .23 e H 1793.9 15.0 0.0 ·ZO'7.2" 6 1" 17'13.9 1_." 0.0 ·20... 25 e 13 17n.9 13.9 c.o
20<;.Z6 ., 13 1793.9 13.5 0.0 ·

I) HR. ! tf5,

• 21".27 ., 12 1793.' 13.0 O.t' •
211.Z6 ., H 1793.8 12.7 0.0 •
212.30 ., 11 17n.1 12.3 0.0 •

• 213.31 ., 11 1793.1 12.0 0.0 •
214.32 7 10 1193. I 11.7 0.0 •
215.33 ., 10 17'3.8 11.5 0.0 •

• 21t.';" 7 10 1193.B 11.2 0.0 ·217.35 7 9 1793.8 11.0 0.0 •
2le.36 7 9 17'3.e le.e 0.0 •

• 219.3'7 7 9 1793.8 10.7 0.0 •
22C.36 ., 9 1793.8 10.5 0.0 •

FIGURE C. 7.221.3<; ., e 11n.8 10.3 0.0 • PART C

I
222.40 7 8 1793.8 10.2 0.0 •
U3._% ., I 1193.8 10.1 0.0 •
2Z". t,) 7 6 1793.8 10.0 0.0 •

• 225."" ., e 17,).8 '.e 0.0 •
126."~ tl I 1793.8 '.7 0.0 •
127 ...~ .. I 1"93.8 '.6 0.0 •
2n ...7 tl e 1793.8 '.5 0.0 •
2Z9."8 6 e 1793.e ..- 0.0 •
UO.49 .. '7 1793.8 '.3 0.0 •
Ul.50 tl 7 1793.8 '.2 0.0 •
1l2.51 .. '7 1"'3.7 '.1 0.0 •
233.53 .. '7 1793.7 '.1 0.0 •
2'" .5" .. '7 U93.7 ••0 0.0 •.. 235.55 6 '7 1793.7 1.9 0.0 •
236.56 .. '7 U93.7 e.8 0.0 •
237.57 6 '7 1793.1 e.l 0.0 •
ue.5& tl '7 1793.1 e.6 0.0 •
139.59 6 1 1793.7 e.5 0.0 •
2..0.60 3 '7 179:;.7 e.3 0.0 •
2..1.61 0 .. 1793.1 7.9 O.Q •

1 J D E vel A 1 J 1 I I I 1
o. too • 1000. 1500. 2000. 2500. )000.

................................................................................
J RAT1N~ TA&lE DEVELDPED

kllh '5 DEYELOPEO IT PaOCRA" AHD ESRATIHC FOR EMC 1// e-~o



•
c •OAM~~ ft~' 07/2~/L5

RtV 1£/U;,/1:2
SlRUCTUP.~ SITE ANALYSIS CrHPUTER P~AM

SCS TECHhICAL RELEASE 4e, OA1EP OC1.1982 (USER MANUALJ •
**+********••**¥*********** Bo-eo LIST OF INPUT DATA **********+****+**+••+.*+.*

JCT. FRS I~FLOW & ROUTING
6-HR p~p IN 15-~IN. INC~EMENTS

.00' .011 .0164 .0219

.C51 .066 .08 .584

.114 .818 .846 .88

.942 .951 .96 .969

.984 .9~9 .995 1 •

C lAlH
1 81.

1.89
HMR5

1BC
1 71.

'.

00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000910
00001010
00001015
00001020
00001030
00001040
00001050
00001060
00001010
00001080
00001090
00001100
00001110
00001120
00001130
00001131
00001132
00001135
00001140
00001150
00001155
00001160
00001170
0(1001180
00001190
00001195
00001200
00001210
00001220
00001230
00001235
00001240
00001250
OOOOlZbO
00001310
00001315
00001320
00001325
00001330
00001335
00001340
00001345

O.
18.3
12lt.2
299.3
529.8
791.6
1085.2

13.1

13.1

13.1

13 .1

.63
6 •

.65
6.

.38
6.

O.
20.
40.
60.
BO.
100.
120.
IltO.
160.
182.
206.

.82
6.

ADJUSTED FOR SEDIHENT,BORROH

l.lIb

3.02

2.51

3.1lt

2.91

1200.
.11

.61

.15

O.
59.
111.
329.
506.
101.
909.
1130.
1360.
1510.
1812.

180'S .8
1806.8
1801.8
180P.8
1809.8
1810.8
1811.8
1812.9
1813.8
1814.8
1815.8

APACHE
6.
O.
.036
.71~

.911
• 91A

2.
HMR5

64.

1.68
H"'R5

12
RE SERVOI R
1192 •
119lt •
1196.
1198.
1800.
1802.
ltiOlt.

I.Ql
HMP,5

lAB
1 80.

DAHS2 12/03/82
RAltlT:.E,L[ HMR5

ENOTAE.LE
WSOATA C 1
POIHCT
QDIRECT
GO,OESIGN P
XSECTN 1

WOTAeLE
GO,REACH 0
WSOATA C
PDlkEC 1 1
QOIRECT
GO,lJESIGh D

_ GO,AOOHY[' 0
HSOATA C
POIRECT
QOIREC T
GO ,[IE S i Gr.
GO,ADOHYlJ 0
WSDA TA C
PDIRHT 1
QOIRH. T
GO,OESIG~

GO,AOOHYO 2
STRUCTURE: AJFRS

•
•

•
•

•

•

•
•
•

•

•

•

•
•
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• • •OAMS2 XEQ 07/22/t~ ST~UCTURE SITE ANALYSIS CGMPUTER PROGRAM
REV 1':/03/U2 SC5 TECHNICAL RELlAS~ 4M. DATED OCT.1982 (USER MIlt.UAl)

*****~**+*++**++**********+ bG-bO LiST OF INPUT DATA +*••***.*.+*+.++++**++***+*

1906. 1402.6 00001350
1808. 1755.3 000013~5

1810. 2141.6 00001360
ENDTAHi:. 00001370
W5DATA C 8£. 1.1lt .69 00001312
POIREC T 1 6. 13.7 00001313
QOIRECT 1.94 3.07 00001374
POOlDATA HEV 1793.5 00001380
CLPROI'IU APAlHE FRS CAM CENTERLINE 00001390

o. 1HI')fj • 920. 1796. 1110. 1792 • 00001400
14BO. 17i:l8. 571U. 1168. 5910. 1792. 00001410
6210. 1790. 7000. 1790. 7450. 17'12 • 00001420
8050. 1800. 8150. 1804. 8460. 1808. 00001HO

ENOTAE.lE 00001440
TEI1PlA TE 14. 2.5 2. OOOOIHI
PSOATA 1 135. 30. .013 1786. 00001450

"

PS INLE T 1 • 15. 00001460
ESCREST ELEV 00001410
ESOA TA 41 500. • (;25 2 • .025 00001480
ESRATl~G 41 1 • RATING FOR 3.1 B HI3I2) 00001481
ESRATUH' 3.1 E.11 Ib.l1 24.8 34.66 45.5~ 00001462
ESRAT ING 57.41 70.14 83.7 98.03 113 .1 128.86 00001483
BTl'IWllTH FEET 250. 200. 150. 100. 00001485
GO.DESIGN l peE HMR5 00001490
ENOJCb 00001500

******************************.***********.*****••*+••+~••+**.*+.*.+••+.*+.*++••



APACH[ JeT. FRS INFLOW & RL~&???????????????????????????~???????????????????

STORM LISTRIBUTIO~ ••••• b-HR PMP IN 15-MIN. INCREMENTS

••••••••••••••••••••••*•••••••BASIC DATA

-/H
0.00

PASS.
PAGE

'.

TelL
0.82

DA-SM
1.86

IJlB
lAB
lAB

DESIGN CLASS C

CN
84 .00

LOCA TlGN POINT
LOCA TION POINT
LOCATION POINT

P-FB
13.10

120.30 HRS.
2.11 H1<5.
2.11 HR S.

•••+NOT DEFINED CLIMATE AREA

.*.****~*~***~~**.*~*~~~¥.¥*~.

Q-PSI lAY Q-PSIO OAY P-ES
2.0e 3.Ict 6.00

8A~HL[" HJITIAL a EXTRA VOL.
O.OG 0.00 O.QG

RtAtH ROUTING ~lSULT - PSH - PfAK = 1045.10 AT
REACH ROUlItlG I<.lSULT - EMG - PEAK = 39')3.41 AT
REACH ROUTING ~fSULT - FB - PE AK = 11">01.29 AT

DAMSi eOU;:'t.lb?
RE.'1 l~/v~/U

~

e

•
•
•
•
•
•
•
•
.~
• f)

I

• t
•
•
•
•
•
•
•
•



LJAM5... 01hdeLy
I<LV U/u~n·2

APACHE J( T. FRS INf-LLI-I r. J.:~jG
???????????????????????????~????????????????????

PASS.'
PAGE I

$~~•••+*++*~~****~***~*.+.**++

*••+NOT DEFINED CLI~ATE AREA

BASIC DATA ***••**••••••••••••••••*.*••••
DESIGN CLASS C

STO~M DISTkIBUTION ••••• 6-HR PMP IN IS-MIN. INCPEMENTS

ACCUMULATED OA FGR SYSTEM l.63 SQ. MILES

Q-PSI DAY
1.97

BASlFLUh
0.00

C-PSIO DAY
3.02

INITIAL EL
0.00

P-ES
6.0C

EXTRA VOL.
1).00

P-FB
13 .10

CN
81.00

OA-SH
0.17

telL
0.63

-/H
0.00

')

)

I~FLUW HYD 1 PSH-PEAK = 5Itt.11 AT 120.00 HRS. LOCATION POINT lAB
INFLOW HYD 2 PSH-PEAK = 104').70 AT 120.30 HRS. LOCATION PUINT lAB
AOOHYO RESULTS PSH - PEAK = 1438.06 AT 120.30 HRS. LOCATION POINT lAB

INFLOW HYD 1 E~G-PEAK = 119<;.75 AT 2.64 HRS. LOCATION POINT lAB
IhFLOW HYD 2 E~G-PEAK = 3953.41 AT 2.77 HRS. LOCATION POINT lAB
ADDHYD RESULTS EMG - PEAK = 5535.98 AT 2.68 HRS. LOCAT ION POINT lAB

INFLOW HYO 1 Fe -PEAK = 5576.20 AT 2.56 HRS. LOCATION poun lAB
I~FLOW HYD 2 Fb -PEAK = 11501.29 AT 2.17 HRS. LOCATION POINT lAB
AODHYD RESULTS Fb - PEAK = 16488.77 AT 2.68 HRS. LOCATION POINT 1M

k\
~

\

"-
~

-.



INFLOW HYG 1 PSH-PEAK = 416.)1" AT 120.03 HRS. LOCA TlON POINT I&C
INFLOW HYO , PSH-PEA~ = 1438.06 AT 120.30 HRS. LOCATION POINT 1BC
AOOHYD RESULTS PSH - PEAK = 1813.04 AT 120.30 HRS. LOCATION POINT 1BC

.,
INFLOW HYO 1 f~G-PEAK = 1656.11 AT 2.66 HRS. LOCATION POINT 1BC
INFLOW HY~ 2 fMC-PEAK = 5535.98 AT 2.68 HRS. LOCATION POINT 1BC
AOOHYD RESVLTS EMG - PEA~ = 7·111.48 AT 2.68 HRS. LOCATION POINT 1BC

INFLOW HYO 1 Fo -PEAK = 5246.33 AT 2.58 HRS. LOCATION POINT 1BC
INFLOW HYO 2 F~ -PEAK = 16488.11 AT 2.68 HRS. LOCAlION POINT 16C
AOOHYO RESULTS FB - PE AK = 21510.63 AT 2.68 HRS. LOCATION POINT lBC

STORM OISTRI~UTIC~ ••••• 6-HR PMP IN 15-MIN. INCRE~ENTS

AP~CHE JeT. FRS INFLOW ~ keJG
??????????????????????????????????????????????????

ACCUMULATED OA FO~ SYSTEM
-/H
0.00

PAS~.
PAGE 1

TelL
0.b5

OA-SM
0.75

DE SIGN CLASS C

********••****.*********•••**.

CN
80.00

P-FB
13.70

BASIC OA TA

P-ES
0.00

EXT"A VOL.
0.00

3.38 SQ. MILES

IN IT IAL El
0.00

C-PSI0 DAY
2.91

.*••NOT OEFINEC CLI~ATE AREA

***~¥*+¥~**¥~****~~~~+**~~~*.+

BASEFLl:h
0.00

Q-PSI fJH
1.~9

OAn~Le (,"1/ 2£1&"
ki.'I It'/0~/[j£

•
•
•
•
•
•
•
•
•
•
•

:~
C'\.'~
.~

•
•
•
•
•
•



OAMSt .71'::,11..')
Rt v 1 ,.10"'./t'<-

APACI-'r: JCT. FRS IMLOW & n.
????????????????????????????~!!???????????????????

PASS
PAf,t •1

~$**.~*+*¥*~*+*~*~++*+¥¥.+~¥+.

.**+NOT OErlNED CLIMATE AREA

BASIC OA TA .***.**••***••••••••••*••***••

DES !Gill CLASS C

STORM 0ISTrloUTION ••••• 6-HR PMP IN 15-MIN. INCREMENTS

ACCUMULAIEO OA fLR SYSTEM 4.05 se. MILES

Q-PSI [JAY
l.bb

BASHLOh
0.00

Q-PSIO on
2.51

ItH TIAL El
0.00

P-E S
6.00

EXTRA VOL.
0.00

P-FB
13.70

CN
77.00

DA-SM
0.61

TCIL
0.38

-/H
0.00

)

I~FLOW HYC 1 P~H-PEAK = 39".70 AT 119.60 HRS. LOCATION POINT 12
I~FLOW HYC 2 P~H-PEAK = 1913.04 AT 120.30 HRS. LOCATION POINT 12
ADOHYO RESULTS PSH - PEAK = 198').32 AT 120.30 HRS. LOCATION POINT 12

INFLOW HYD 1 EML-PEAK = 18lt1.42 AT 2."5 HRS. LOCATION PO INT 12
INFLUW HYO 2 E~G-PEAK = 7171."B AT 2.68 HPS. LOCATION POINT 12
ADDHYO RESULTS EMG - PEAK = 8331.02 AT 2.68 HRS. LOCATION POINT 12

INFLO~ HYO 1 FB -PEAK = t251.76 AT 2.38 HRS. LOCATION POINT 12
INfLOW HY~ 2 FE -FEAK = 21510.83 AT 2.b8 HRS. LOCATION POINT 12
ADDHYD RESULTS F5 - PEAK = 2~421.54 AT 2.59 HRS. LOCATION POINT 12

~\
~

\
~
~

'.



+•••NCTE THIS IS ONLY A PRELIMINARY EMG RATING CURVE OF DISC~ARGE/FT OF WIDTH AND DOES NOT
INCLUDE SIDESLOPE CORRECTION OR REVISED RATING USING ACTUAL EMG. CONFIGURATI0N~

ES COOE I NCR HIE NT 01 Q2 '13 Q"

41 1.000 3.100 8.170 Ib.1l0 24.800

Q'> Qb Q7 QB 09 010 1./11 glZ

34.b60 45.5bO 57.410 70.140 83.700 98.030 113.100 128.B60

STORM OISTPIBUTION •••••6-HR PMP IN 15-MIN. INCREMENTS

APACPE JC T. F-kS INFL(,~ (. 1:'. G
~[~lFVUI~: ACJUSTED FUP. ~EOI,. l~r,BURF'(W

**¥*•••••*.***••*•••~****••*••

eW5
0.00

-/H
0.00

EXIT S
0.000

DH HU
0.0

K2 FBH
1.00

TN EL
1786.00

START ES
0.00

PASS.
PAGE

'.
EXIT N
0.025

OU L
0.00

TCIL
0.69

ew,.
100.00

WEIR L
15.00

KZ ESH
0.26

STAB. BERM
0.0

Z ES
2.00

MIN ES ew WHEN MAA VIC GIVEN •• 20.0

PRECISION OF VIC SOLUTION ••••• 0.03

MIN.ES318 DEPTH EMG TO TOP DAM 2.00

HIN.ES318 DEPTH DESIGN Q- TOO 1.00

PRECISION OF BW SOLUTION...... 1.0

DELTA ew WHEN MAX VIC GIVEN ••• 6".0

BW3
150.00

K2 PSH
0.00

WAVE BERM
0.0

•••••••••••••••••••••

DESIGN ClASS C

5.

ES5
0.00

6W2
200.00

Kl FBH
1.00

OO~NSTREAM I
2.0

P-FB CN DA-SM
13.10 82.00 1.74

-/H PS N KI
0.00 0.013 1.00

QRF 2ND STG DRF H
0.00 0.00 0.00

BASIC DAU

ES4
0.00

BWI
250.00

Kl ESH
1.00

UPSTREAM Z
2.5

DETAILED LIST OF BASIC DATA

MINTRbO DEPTH (MG TO TOP DAM •• 3.00

ES-WSP CALC. DEPTH PRECISION. 0.005

ES-WSP PERHISSI6lE VEl.CHANGE. 0.05

NO. POINTS FOR DESIGN HYD..... 101

TIME INCS TO PEAK OF UNIT HYD.

RATIO OF IA TO S(CH.IO,NEH,.) •• 0.20

1<1 PSH
1.00

TOP WIDTH
14.0

••••NUT DEFINED CLIMATE AREA

•••+•••**+•••••+*.++.+

**~+*~*~**~***~~*~~~*~*~*.¥++~

EMBANKMENT TE~PLATE

RAINFALL E(UATION CONSTANTS
CLASS C

EMG. SPILL~AY MIN. CAP. COEFF 231.0

GRAVITATIG~AL CONSTANT ••••••• 32.lb

Hlh.ES378 DEPTH PS -EMG CREST. I.CO

WEIR CDtF. FOR ORIFiCES ••••••• 3.10

WEIR COEF. FUk D~UP INLET ••••• 3.10

filLET SIZE FOR BOX CONDUITS •• 6.00

DISCHARGE (OEF. FOR ORIFICES •• 0.60

ACCUMUL~TlO DA fUk SYSTEM = ') • 79 SQ. MIL ES

Q-P~I rAY Q-PSI0 Of-Y P-E S
1.~4 3.07 b.OO

CCMJUI TS CONO L O/~

1.00 lJ5.00 30.00

PERIl POOL CRE ST PS FP SED
0.00 1793.50 0.00

BASHL(;" INITIAL EL EXTRA VOL.
0.00 0.00 0.00

ESI E52 E53
0.00 0.00 0.00

ES TYPE ES l ES N
41 500 0.025

DAl~S... ()7n£/~'J
kLV 12/0::1<..£

•
•
•
•
•
•
•
•
•
•
•
.~
.~
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•
•
•
•
•
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• • • •OIMENSIO~LESS UNIT HYD~OGRAP~
» PEAK FACTOR = 484.0 TIME INC.=0.020 NO. INC. TO PEAK= 5.00 PRODUCT ORO. AND TIME INC. =0.2669781

0.0000 0.0300 1).1 COO 0.1900 0.3100 0.4100 0.6600 0.8200 0.9300 0.9900... 1.0000 0.9':100 O.93lH) 0.8600 0.18CJJ 0.6800 0.5600 0.4600 , 0.3900 0.3300

0.i800 0.2410 C.2070 0.1740 0.1470 0.1260 0.1070 0.0910 0.0110 0.0660

{; .l'550 0.0410 0.0400 0.0340 0.0290 0.0250 0.0210 0.0180 0.0150 0.0130

• C.(.-11 0 0.0090 O.OOfj~ 0.0070 0.0060 0.0050 0.0040 0.0030 0.0020 0.0010

o•(,'OOC

•
•

SCS DESIGN STORM RAINFALL DISTRIBUTION. (CHAPTER 21. NEH4 AND SCS TR-(0)

O.CiOO 0.006 0.016 0.025 0.033 0.043 0.052 0.063 0.014 0.086

0.099 0.112 0.127 0.142 O.lbO 0.180 0.205 0.255 0.345 0.431

• O.5JO O.bO} (;.633 0.660 0.b84 0.1u5 0.124 0.742 0.159 0.115

0.790 0.e04 0.818 0.831 0.844 0.856 0.868 0.819 0.890 0.900

0.91.0 0.'J20 0.930 0.939 0.948 0.957 0.9b6 0.975 0.983 0.992

• 1.000

'.
•

2it HOUR TYPE II RAINFAll DISTRIBUTION 10 NAHE IS TYPE2

• 0.000 0.002 O.C05 0.008 0.011 0.014 0.011 0.020 0.023 0.026

0.0<:9 0.032 0.C)5 0.038 0.041 0.044 0.048 0.052 0.056 0.060

• 0.064 0.068 0.072 0.016 0.080 0.085 0.090 0.095 0.100 0.105

C.ll\) 0.115 0.120 0.126 0.133 0.140 0.14 7 0.155 0.163 0.112

U .11;1 0.191 0.203 0.218 0 • .£36 0.257 0.283 0.381 0.663 0.701

·\~
0.135 :>.15il 0.116 0.791 0.804 0.815 0.825 0.834 0.842 0.849

'w.e5t:> 1.8b3 ().e6~ 0.815 0.881 0.887 0.893 0.898 0.903 0.908

0.913 u.918 ().922 0.92tl 0.930 0.934 0.938 0.942 0.946 0.950

'J.953 0.956 0.959 0.962 0.965 0.968 0.911 0.974 0.911 0.980

~C\ 0.C/b3 0.980 0.969 0.992 0.995 0.998 1.000

\.. (\'
~ 6-HR PHP IN 15-MIN. INCREMENTS 10 NAME IS HMR5

• o.oeo o.oos o.c 11 0.016 0.022 0.036 0.051 0.066 0.080 0.5M

0.115 0.114 0.818 0.648 0.880 0.911 0.942 0.951 0.960 0.969

,. 0. 't 18 0.984 0.989 0.995 1.000

,.
,.

,.

~

~



• OA"'~; .ON .:,/t·) AFACh~_ JCT. rr.cs INFLGW !; fi .G PAS' •
L.:lv3lLt' RlSi::I;'VCli< IIOJUSTED I-OR SEl. tB[)~IiCW

PALl:

• UNCCNTROLLEIl HEA HYDROGRAPH- FSH - PEAK= 1077.36 AT 120.10 HRS. LOCATION POINT 12

ADOHYO RESULTS PS HYDROG~APH - PEAK: 2892.5~ AT 120.30 HPS. LOCATION POINT 12

• CREST PS 1 793 • ~0 r T 13.7 ACFT 0.00 AC 0.0 CFS

• SEO AlCUM 1793.50 FT 13.7 ACFT 0.00 AC 0.0 CF S

5TAUING E 1793.50 FT 13.7 ACFT 0.00 Ae 0.0 US

• SCS-rSH RAINfALL I eAY =~~*~~~ IN to DAY =+***** IN

• I'UNOFF 1 lAY : 1.94 IN 10 DAY = 3.07 tN

CLIMATIC INDEX = 1.00 CNIOD = o.

• ROUTlC RESULTS - HYD TYPE EMAX VOL-MAX AHAll QHAX

• SCS-PSH 1799.77 FT 503.4 ACFT 0.00 AC 81.0 CFS

PS STORAGE 46'1.1 ACFT BETWEEN ES CREST AND SED ACCUH ELEVATIONS -.

• DOT TE ST 1195.30 FT 87.2 ACFT 65.9 CFS
CONTROL IS 0.1~0 DETENTION STORAGE• DRAWDCWN TIME TO DDT TEST Q IS 3.92 DAYS - ORAWDOWN CONTINUING

.~ OkAhOGWN TIME LIMIT = 10.00 DAYS. FLOW WAS 0.00 CFS ELEV = 1793.50 FT

PLOT OF PRINCIPAL SPILLWAY HYORGGRAPH 1 INCH: 500. CFS
.C\ o. 500. 1000. 1500. 2000. 2500. 3000. 3500. EXIT, T I 0 E VOL A I I I I 1 1 I I VEL

.~
0.00 0 o 1193.5 1?7 0.0 • 0.00

1.01 b 1 1793.5 14.0 0.0 • 0.00

2.02 9 2 1193.6 14.6 0.0 • 0.00

• 3.03 9 ,. 1793.1 15.1 0.0 • 0.00

4.04 9 5 1793.1 15.5 0.0 • 0.00

5.05 9 6 1793.1 15.8 0.0 • 0.00

• 6.07 9 7 1793.S H.1 0.0 • 0.00

1.08 <} 1 1793.6 It- .3 0.0 • 0.00

e.09 9 8 1193.8 16.4 0.0 • 0.00

• 9.10 10 8 1193.6 It.6 0.0 • 0.00

10.11 10 b 1193.S 1t:.1 0.0 • 0.00

11 .12 10 6 1193.8 1t).8 0.0 • 0.00

• 12.13 10 '1 1193.d li:.9 0.0 • 0.00

13 .14 10 9 1193.9 11.0 0.0 • 0.00

14.15 10 9 1193.9 11.1 0.0 • 0.00

• 15.16 10 9 1793.9 17.2 c.o • 0.00

16.11 10 9 1193.9 17.2 0.0 • 0.00

17 .19 10 9 1193.9 11.3 0.0 • 0.00

• 18.l0 10 9 1193.9 17.4 0.0 • 0.00

19.21 10 10 1193.9 17.4 0.0 • 0.00

iO.22 10 10 1793.9 11.5 0.0 • 0.00

• ll.23 10 10 1793.9 11.5 0.0 • 0.00

22.24 11 10 1793.9 11.6 0.0 • 0.00

23.25 11 10 1793.9 17.6 0.0 • 0.00

• 24.26 11 10 17Y3.9 17.1 c.o • 0.00



•
l:5.2. ell e •• 10 11'!3.9 1 7. P, c.o •
20.£8 11 10 1193.9 17.8 0.0 • O.tlU

27 • .30 11 10 1794.0 11.9 0.0 • 0.00
2e.31 11 10 1194.0 11.9 0.(\ • 0.00• 29.32 11 11 1194.0 1e.o 0.0 • 0.00
30.33 11 11 1194.0 1£'.0 0.0 • 0.00
31.34 11 11 1194.0 H.1 0.0 • 0.00• 32.';5 12 11 1194.0 Ie.1 0.0 • 0.00
33.36 12 11 1194.0 11' .2 c.o • 0.00
34.37 12 11 1194.0 1e.2 0.0 • 0.00

• 35.38 12 11 1194.0 Ie.3 0.0 • 0.00
36.39 12 11 119".0 Ie.,. 0.0 • 0.00
31.40 12 11 1194.0 If .,. 0.0 • 0.00

• 3e.42 12 12 1194.0 1f.e; 0.0 • 0.00
3'1.43 1~ 121794.0 le.5 0.0 • 0.00
40.44 12 12 1194.0 te.6 c.o • 0.00• 41.45 13 12 1794.0 18.1 0.0 • 0.00
42.46 13 12 1194.0 le.l 0.0 • 0.00
43.41 13 12 1194.0 lE.S 0.0 • 0.00• 44.48 13 12 1194.0 1e.9 0.0 • 0.00
45.49 1) 12 1194.0 lE.9 0.0 • 0.00
~6.50 13 12 1194.0 19.0 0.0 • " 0.00• 47.51 13 13 1194.0 19.1 0.0 • 0.00
~8.52 14 13 1194.0 19.1 0.0 • 0.00
49.54 14 13 1194.0 19.2 0.0 • 0.00• 50.55 14 13 1194.0 19.3 0.0 • 0.00
51.56 14 13 119".0 19.4 0.0 • 0.00
52.51 14 13 119".0 19.5 0.0 • 0.00• 53.5& 14 13 119".0 19.5 0.0 • 0.00
54.59 15 14 1194.0 19.6 0.0 • 0.00.~ 55.60 15 14 1194.0 19.1 0.0 • 0.00
56.61 15 14 1194.0 19.8 0.0 • 0.00
57.62 15 14 1194.0 19.9 0.0 • 0.00
58.b3 15 lit 1194.0 2C.O 0.0 • 0.00.~ 59.64 It> 14 1194.0 20.1 0.0 • 0.00

I 60.66 16 15 1194.0 20.2 J.O • 0.00

~
61.67 It> 15 1194.0 20.3 0.0 • 0.00• 62.68 It> 15 1194.0 20.4 0.0 • 0.00
63.69 16 15 1194.0 20.5 0.0 • 0.00

• 64.10 11 15 1194.0 20.b 0.0 • 0.00
65.11 11 16 1794.0 20.1 0.0 • 0.00
66.12 11 16 119,..0 20.9 0.0 • 0.00

• 61.13 18 16 1194.1 21.0 0.0 • 0.00
68.74 18 16 1194.1 21.1 0.0 • 0.00
69.15 18 11 1194.1 21.2 0.0 • 0.00

• 70.77 16 11 1194.1 21.4 0.0 • 0.00
11.18 19 17 1794.1 21.5 c.o • ,0.00
12.19 19 17 1794.1 21.7 0.0 • 0.00

• 13.80 19 18 1194.1 21.R 0.0 • 0.00
11t.ol 20 18 1194.1 22 .0 0.0 • 0.00
75.82 20 18 1194.1 22.1 0.0 • 0.00

• 76.63 20 18 1794.1 L2.3 0.0 • 0.00
11.84 21 19 1194.1 22.5 0.0 • 0.00
76.85 21 19 1194.1 22.b 0.0 • 0.00

t
79.86 22 19 1194.1 22.B 0.0 • 0.00
80.81 22 20 1194.1 23.0 0.0 • 0.00
81.89 23 20 1194.1 23.2 0.0 • 0.00

• 82.90 23 zo 1794.1 23.4 0.0 • 0.00
83.91 2.. 21 1194.1 23.1 c.o • 0.00
84.92 2" 21 1194.1 23.9 0.0 • 0.00
85.'!3 zr) 22 17Q 4.1 ;:> 4 • 1 o.u • 0.00



•
8t.' e 2'J e eJ• L<- 17'!4.1 i 4. if 0.0 .1
b 7. 'J5 it ~J 17'/4.1 24.b O./J .1 0.00
8~.96 27 .. ., 1794.1 ;"4.9 O. C • I 0.00LJ

89.97 27 23 1794.1 25.3 v.v .1 0.00
0 90.98 2f 24 1794.1 L~.6 0.0 .1 0.00

91.99 29 24 1794.1 26.0 0.0 .1 0.00

• 93.01 30 25 1794.2 ll:.4 0.0 .1 ' , 0.00
94.v2 31 25 1794.2 2t .6 0.0 .P 0.00
95.03 32 Zf:. 1794.2 27.3 0.0 .P 0.00
96.04 33 26 1794.2 27.8 0.0 .P 0.00• 97.05 3.. 21 1794.2 2E.4 0.0 .P 0.00
98.06 35 21'- 1794.2 29.0 0.0 .P 0.00
'j9.01 36 28 1794.2 29.b 0.0 .P 0.00• 100.08 3~ 29 1794.2 30.3 0.0 .P 0.00

101.09 39 30 1794.2 31.0 0.0 .P 0.00
102.10 41 31 1794.3 31.9 0.0 .P 0.00• 103.11 43 32 1194.3 32.8 0.0 .P 0.00
104013 45 33 1794.3 33.7 0.0 .P 0.00
105.14 48 34 1794.3 34.8 0.0 .P 0.00• 106.15 51 36 1794.3 3f:..0 0.0 .P 0.00
101.16 54 31 179ft.ft 31.3 0.0 .P 0.00
108.17 51 39 179ft.ft 3e.7 0.0 .P '. 0.00• 109.18 61 41 179ft.4 'to.3 0.0 .P 0.00
110.19 6b 43 179ft.5 4<:.1 0.0 .P 0.00
111 .20 12 46 1794.5 ft4.2 0.0 .P 0.00• 112.21 79 49 1794.5 ft6.5 0.0 .PI 0.00
113.22 56 53 1794.6 ft9.3 0.0 .PI 0.00
114.24 100 57 179ft.6 52.5 0.0 .PI 0.00• 115.25 116 63 1794.7 56.5 0.0 .P I 0.00
116.26 139 64 1794.8 61.8 0.0 .P I 0.00
111.27 171 65 1795.0 6ft.6 0.0 .P I 0.00

:~
118.28 255 66 1795.2 &2.2 0.0 .P 1 0.00
119.29 1192 69 179b.l 137 .0 0.0 .P I 0.00
120.30 2893 15 1198.0 301.6 0.0 • P X 0.00
121.31 6t:-2 79 1799.3 443.1 0.0 • P I 0.00

~ 122.32 212 80 1799.5 476.0 0.0 • P I 0.00.' 123.33 lE4 el 1799.6 4se.3 0.0 • P I 0.00
124.34 143 tol 1799.7 495.2 0.0 • PI 0.00

~ 125.36 llb &1 1799.7 499.4 0.0 • P 0.00
126.31 102 81 1199.8 501.8 0.0 • P 0.00• 127 .38 90 I'll 1799.8 503.1 0.0 • P 0.00
128039 60 81 1799.8 503.4 0.0 • X 0.00

• 129.'t0 H 51 1799.8 503.0 0.0 .IP 0.00
130 ... 1 67 81 1799.8 502.1 0.0 .IP 0.00
131.42 62 81 1199.1 50C.7 0.0 .IP 0.00

• 132.43 56 61 1199.1 499.0 0.0 .IP 0.00
133.44 54 81 1199.1 496.9 0.0 .IP 0.00
134.45 51 61 1799.1 494.5 0.0 .IP 0.00

• 135.46 48 81 1199.1 491.9 0.0 .IP 0.00
136.48 46 81 1199.6 489.0 0.0 .IP 0.00
131.49 43 61 1799.6 466.0 0.0 .IP 0.00

• 138.50 41 60 1199.6 482.8 0.0 .IP 0.00
139.51 40 80 1199.6 419.5 0.0 .IP 0.00
140.52 31:1 80 1799.5 416.0 0.0 .IP 0.00

• 141.53 36 80 1799.5 472.4 0.0 .IP 0.00
142.54 35 60 1199.5 4tl8.7 0.0 .IP 0.00
143.55 34 BO 1799.4 464.9 0.0 .IP 0.00

• 144.56 33 80 1799.4 4tll.0 0.0 .IP 0.00
1Ct5.51 32 80 1199.4 457.1 0.0 .IP 0.00
146.59 31 80 1799.3 453.0 0.0 .1P 0.00- 147.60 30 eo 1799.3 44".Q 0.11 .IP 0.00



A
lllJ • .'. .11 6Q 179t:J • .3 1 <'~'. 0 U.lJ .P • •211.'-::b 11 69 1796.2 1<'4.2 0.0 .P

212. J0 11 69 1796.2. 139.4 0.0 .P O.vv

213.31 11 69 1196.1 134.5 'J.O • P 0.00

• 214.32 11 68 1196.1 129.7 0.0 .P 0.00

215.33 11 61: 1796.0 124.9 0.0 .P 0.00

216.34 11 6B 179';.9 1 <. c. 2 0.0 • P 0.00

• 217.35 11 t.·b 1195.8 11 ~. 4 C.O .P , , 0.00

216.36 11 61 1195.7 110.7 0.0 .P 0.00

219.37 11 67 1195.1 10.,.9 0.0 .P 0.00

• 220.38 10 67 179'5.1'> 1U1.2 0.0 .P 0.00

221.39 10 66 1795.5 96.5 0.0 .P 0.00

• 222.40 10 66 17l.J5.4 91.6 0.0 .P 0.00

223.42 10 t>b 17q5.3 tn.2 0.0 .P 0.00

224.43 10 bb 179<;.2 1.'2.5 C.O .P 0.00

225.44 10 65 17Q5. 1 77.9 0.0 .P 0.00

• 226.45 10 65 1795.0 13 .3 0.0 .P 0.00

227 .46 lu 65 1795.0 bf:.7 C.O .P 0.00

• 228.47 Ie (,,5 1794.9 64.1 0.0 .P 0.00

229.48 10 f,4 1794.3 5 '? 5 0.0 .P 0.00

230.49 10 61 1794.7 5!:-.1 0.0 .P 0.00

• 231 • .,0 10 55 1194.6 51.a 0.0 .P 0.00

232.51 9 ';0 1794.5 47.4 0.0 .P " 0.00

233.53 9 It6 1194.5 44.2 0.0 .P 0.00

234.54 9 42 1794.It It 1.3 0.0 .P 0.00

• 235.55 '} 39 1794.4 38.7 0.0 .P 0.00

236.56 9 36 1794.3 3t,.3 0.0 .P 0.00

237.57 ., 34 1794.3 34.2 0.0 .P 0.00

• 23li.56 '1 31 1794.3 32 .2 0.0 .P 0.00

239.59 9 29 17'H.1. 30.4 0.0 .P 0.00

240.60 '5 27 1794.2 21:.6 0.0 .P 0.00

• 2ltl.61 0 25 1194.2 26.6 0.0 • 0.00

.~
T 1 0 E veL A I I I 1 1 I 1 1 VEL

o• soc. 1000. 1500. 2000. 2500. )000. 3500. EXIT

.~ *••~~•••••*~~*~*••••••••**.******.**.*••••••••*••••*.*••••••••••••••••••••••••••
RATING TAbLE DEVELOPED

~
WITH PS DEVELLPED BY PROGRAM A~D ESRATINC FOR EMC

• RATING TABLE NUMBER 1

• ELEV Q-TOTAL Q-PS VOLUME AREA
FEET CfS CFS AC-FT ACRE

1 1793.50 0.00 0.00 13.13 0.00

• 2 1793.81 6.03 S.03 16.56 0.00

3 1191t .12 22.70 22.70 21t.65 0.00
4 1794.'t3 41.70 41.70 41.07 0.00

• 5 179 It .71t 64 .21 64.21 57.48 0.00
6 1796.65 71.33 71.33 180.89 0.00
7 1798.56 77 .45 77 .45 363.26 0.00

• 8 1800.lt6 e3 .13 83.13 590.34 0.00
9 1802.37 e8.lt4 88.44 845.92 0.00

III 1804.23 93.45 93.45 1129.27 0.00

• 11 1806.19 98.21 96.21 Jlt35.lt1 0.00
12 1808.09 102.74 102.74 1773 .17 0.00
13 UHO.OO 107.08 107.0e 2141.60 0.00- UNCONTROLLED ~REA HYOPOGRAPH - EMG PE~K = 3979.53 AT 2.62 HRS. LOCATION POINT 12

• ADDHYD RESULTS EMERGENCY HYD. - PEAK= 1228lt.94 AT 2.66 HRS. LOCATION POINT 12
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RATING TABLE NUMBER 2VOLUM,AELEV C-TOTAL Q-PS
FEET CFS US AC-FT ACRE

1 1193.50 0.00 0.00 13.13 0.00
l. 1193. e1 8.03 8.03 16.56 0.00
3 1194.12 22.70 22.10 /'Z4.65 0.00
4 1794.43 41.10 41.10 ./ 41.07 0.00
5 1194.74 64.21 64 .21 51.48 0.00
6 1795.37 66.91 6b.,?1 90.18 0.00
1 1796.00 69.12 6~12 124.08 0.00
8 1796.b3 71.26 I.Z6 179.06 0.00
9 1797 .26 13.33 13.33 234.12 0.00

10 1197.88 75.35 75.35 289.18 0.00
11 1798.51 17 .3 17.32 358.45 0.00
12 1199.14 1 .24 79.24 430.93 0.00
13 1799.71 1.12 81.12 503.40 0.00
14 1800.28 480.34 82.61 566.17 0.00
15 1600.79 895.98 84.07 633.12 0.00
16 1801.1 2221.13 86.65 154.23 0.00
11 180 4 4335.14 89.70 914.87 0.00
18 1 4.89 9317.85 94.99 12Z5.82 0.00
19 e07.lt4 17268.89 101.22 1657.08 0.00
2 1810.00 26866 .06 107.08 2141.60 0.00

-
TYPE

( O~ EMAX VOL-MAX ~MAX HP VOl-ES Q-PS Q-ES Q-1OT on VIC SIC S/C.25 o-es OE/B
SCS-ESH \.;: 5C1. 1802.09 805.2 0.0 2.32 301.8 81.1 2804.1 2891.8 1.56 7.10 0.008 0.011 8.5 2.7

'---***•••**.* HITH SPECIFIED WIDTH, SHOULD ALSO SPECIFY EXIT SLOPE. VELOCITIES IN PLOT SHOULD BE FOR FBH Q/4 CRITICAL SLOPE.

scs-e SH 0= 6.00 HR P= 6.00 IN Q= 3.99 IN
TC= 0.69 HR CN= 82.00 VOL= 369.9 AeFT

PEAK 122£'4.9 CF S AT 2.68 HPS

SCS-HH 0= !l.OO HR P= 13.70 IN 0= 11.38 JN
TC= 0.69 HP eN= 82.00 VOL= J055.3 ACFT

PEAK 373(:2.4 CFS AT 2.59 HRS

•
••••••••••*••••••••*****•••****+*****+••••****••••**•••+•••••••••••**•••••••*•••
RATING TABLE DEVELOPED

WITH PS OEVELGPED BY PROG~AM AND ESRATING FOR EMG

EFFECTIVE HEIGHT(H)= 11.8 FEET, PROOUCT

3•

0.011
EXIT

Vel
0.00
n_nn

PASS
PAGt.

EXIT SLOPE ::
12000. IftOOO.

I I
10000.

I
8000.

I

0.0 CFS

bl.0 CFS

6000.
I

0.00 AC

0.00 AC

5926. (H • STORAGE AT CREST EMG.)

2000. CFS
2000. 4000.

I I

BETWEEN ES CREST ANO SEO ACCUM ELEVATIONS

13.1 ACFT

503.4 ACFT

I IN =
o.

A I
0.0 •
n n

APACHE JCT. FKS INFLOW & PL __
R[SE~VOIK ADJUSTED FUR SEDIMENT,bORROW

VOL
13.7,., -,

1t£:9.7 ACFT

1 7'? '? .77 F T

1793.50 FT

() E
o 1793.5
n '"701. c;,

INPUT DESIGN CLASS = C

ES CREST

PS STORAGE

STARTING E

I
o..

PLOT

T
0.00
f) ,)()

DAMS.: .71;';:/t~
REV la:':/~2

•
•
..
-.
-.
..
..
..
..
..
..
..
·~\
.()

I

.~

•
•
•
•
•
~



•
kATI"'''.U • •~L\lLOPEO.,
~ITrl PS GlVELCF[O 3Y PRCG~AM AND ESRtTING FOR E~G

~
RATING TAaLE NUMBER S

ELEV Q-TGTAL a-ps VOLUME AREA
FEET CFS CF S AC-fT ACRE• 1 1793.50 0.00 0.00 13.73 0.00

2 1193.61 8. (JJ a.03 16.56 0.00
3 1194.12 22.7\) 22.70 2,..65 0.00..
4 1794.43 41.70 41.70 41.07 0.00
5 1794.7tt blf.21 64 .21 51.48 0.00
6 1795.31 66.91 M.91 90.78 0.00-.
7 1196.00 69.12 69.12 124.08 0.00
8 1796.63 H.lt" 71.26 119.06 0.00
9 1797.26 73.33 73.33 234.12 0.00• 10 1197.88 7S.35 75.35 289.18 0.00

11 1798.51 77 .32 11.32 358.45 0.00- 12 1799.14 19.2" 79.24 430.93 0.00
13 1799.77 81.12 81.12 503.40 0.00
14 If!00.26 242.51 82.61 566.77 0.00 ",
15 1800.79 411.50 84.07 633.72 0.00• 16 1801.71 953.67 86.65 754.23 0.00
17 le02.Bit 1829.08 89.70 914.87 0.00

• Itl H~04.89 3931.62 94.99 1225.82 0.00
19 1807.44 7374 .M 101.22 1657.08 0.00
20 1810.00 11643.64 107.0£1 2141.60 0.00

• TYPE 8W EMAX VOL-MAX loMAX HP VOL-ES Q-PS O-ES 0-1OT OIC VIC SIC S/C.25 D-ES OE/8SCS-I:SH 100.0 1802.89 9Z 1.6 0.0 3.11 418.2 89.8 17B5.1 1874.9 2.08 8.24 0.001 0.010 14.3 6.3
• *.*+****** ~ITh SPECIFIED WIDTH, SHOULD ALSO SPECIFY EXIT SLOPE. VELOCITIES IN PLOT SHOULD BE FOR F~H Q/4 CRITICAL SLOPE.

.~
PLOT 1 IN = 2000. CFS EXIT SLOPE = 0.010

O. 2000. 4000. 6000. 8000. 10000. 12000. 14000. EXIT
T 1 0 E VOL A I 1 1 1 1 1 1 1 VEL

~
0.00 0 o 1193.5 13 .1 0.0 • 0.00f\ 0.09 (. o 1793.5 13.7 0.0 • 0.00

I 0.17 0 a 1793.5 13.7 0.0 • 0.000.26 lJ a 1193.5 13.7 0.0 • 0.00~

Gt
0.35 0 o 1793.5 13 .1 0.0 • 0.000.43 0 o 1193.5 13 .1 0.0 • 0.000.S2 () o 1193.5 13.7 0.0 • 0.00.,
0.61 (J o 1793.5 13.7 0.0 • 0.000.69 a o 1793.5 13.7 0.0 • 0.00., 0.78 0 o 1193.5 13.7 0.0 • 0.000.86 (J a 1793.5 13.7 0.0 • 0.000.95 0 o 1193.5 13.7 0.0 • 0.00.. 1.04 0 o 1193.5 13.7 0.0 • 0.00
1.12 0 o 1193.5 13.7 0.0 • 0.001.21 0 o 1193.5 13.7 0.0 • 0.00.. 1.30 0 o 1793.5 13.7 0.0 • 0.001.38 0 a 1793.5 13.7 0.0 • 0.001.47 0 o 1793.5 13.7 0.0 • 0.00-. 1.56 0 o 1793.5 13.7 0.0 • 0.001.64 0 o 1793.5 13.7 0.0 • 0.001.73 C o 1793.S 13.7 0.0 • 0.00., 1.62 0 o 1793.5 13.7 0.0 • 0.001.90 0 o 1793.5 13.7 0.0 • 0.001.99 11 o 1793.5 13 .8 0.0 •

n "If'



•
Z.lt,_ .... ·, • •12 1794.0 IP.<; 0.( I.• i..'5 2'111 "I 1794.3 3 t: .2 C.0 • I 0.00
i. •.B 5tFt 'J b~ 179ft.B 6:"01 0.0 • I 0.00
2.42 db2b 69 1795.6 11 ~ .0 0.0 • I 0.00• 2.51 11019 11 1796.1 18~.4 0.0 • I 0.00
2.59 12133 15 1191.6 267.6 0.0 • I 0.00
2.68 12285 77 1798.5 35ft.3 0.0 • X 0.00• £.17 11610 19 1199.2 439.3 0.0 • 1 0.00
'-.tl5 10560 118 1199.9 51f.0 0.0 .E 1 1.95*
2.94 9300 2'J5 1800.4 587.5 0.0 .1: I 3.92*• 3.03 6109 471 1800.9 Mb.9 0.0 • E 1 4.97.
3.11 7038 696 1801.3 696.8 0.0 • E 1 5.93
3.':0 b12b Lb2 11:l01.6 738.2 0.0 • E 1 6.5b• 3.28 53~3 1052 1801.9 772.3 C.O • E I 1.12
3.31 410b lZ0't 1802.1 .300.2 0.0 • E 1 1.5"
3.46 4191 1321:l 1602.2 822.9 0.0 • E I 1.8'"• 3.54 3188 1430 1602.3 A41.6 0.0 • E I 8.01
3.63 3479 1514 1802." 851.0 0.0 • E 1 8.26
3.72 3246 1585 1802.5 a 1C.0 0.0 • E: 1 8.40• ).80 306& Jt;45 1802.6 881.0 0.0 • E 1 8.52
3.1J9 2934 16<Jb 1802.1 8'JC.5 0.0 • E 1 8.63
3.98 2834 1742 11302.1 09£'.8 0.0 • E 1 '. 8.16• 4.06 2739 1182 1802.8 906.2 0.0 • E 1 8.85
4.15 2601 1816 1802.8 912.4 0.0 • E 1 8.89

• 4.l4 2415 1845 1802.9 917.3 0.0 • E I 8.97
4.32 2173 1861 1802.9 920.4 0.0 • E 1 8.99
ft.41 1915 1675 HIOZ.9 921.6 0.0 • Xl 9.04

• 4.50 1673 1611 1802.9 92Ll 0.0 • IE 9.01
4.58 1458 1651 1802.9 91E.9 C.O • 1 E 8.98
4.67 1279 1834 18C2.8 915.5 0.6 • I E 8.95

• 4.15 1141 1609 1802.8 911.2 0.0 • 1 E 8.91
4.84 1037 1782 1802.8 QOt:.l 0.0 • I E 8.84.~\ 4.93 959 175l 1802.1 90C.6 0.0 • 1 E B.11
5.01 902 1120 1802.1 &94.9 0.0 • 1 E 8.68
5.10 856 168& 1802.1 889.0 0.0 • 1 E 8.6"
5.19 810 Il155 1802.6 883.0 0.0 • I E 8.59

.~ 5.21 16~ 1622 1802.6 816.9 0.0 • 1 E 8."8
5.36 112 15&b 1802.5 870.1 0.0 • 1 E 8.43

\ 5.45 662- 1554 1802.5 864 .4 0.0 • 1 E 8.36

.~ 5.53 614 1519 1802.5 a'5e.o O.u • I E 8.29
5.62 573 14114 1802.4 851.5 0.0 • I E 8.16
5.71 542 1448 1802.4 845.0 0.0 • I E 8.08

• 5.79 520 1413 1602.3 63l'.6 0.0 • I E 8.01
5.88 505 1379 1602.3 832.3 0.0 • I E 7.93
5.96 492 IJ45 1802.2 [)26.1 0.0 • I E 7.85

• 6.05 416 1312 1802.2 820.0 0.0 • 1 E 7.78
6.14 450 1280 1602.2 814.1 0.0 • 1 E . 7.11
6.22 401 1241 1802.1 80e.l 0.0 • 1 E 7.64

• 6.31 351 1£14 1602.1 802.0 0.0 • I E 1.56
6.40 289 1180 1802.0 195.8 0.0 .1 E 1.46
6.48 £30 1145 1802.0 lb9.3 0.0 .1 E 1.36

• b.51 111 1109 1801.9 782.7 0.0 .1 E 7.24
6.66 134 1073 1801.9 716.0 0.0 .1 E 7.17
6.14 101 1036 1801.8 769.4 0.0 .1 E 7.04

• 6.83 75 1000 1801.8 762.1 0.0 • E 6.91
6.92 !:6 <,64 1801.1 156.2 0.0 • E 6.83
7.00 42 933 1801.1 149.1 0.0 • E 6.1ft

• 1.09 32 905 1801.6 7ft3.4 0.0 • E 6.66
1.11 24 617 1801.6 137.3 0.0 • E 6.59
1.~6 18 6~0 1801.5 731.2 0.0 • E 6.ft5

1-0. ~R



•
• 7•..• 10 7'}h 1t'01.'5 71".7 0.0 • E • .87.':>2 7 773 IdOl.4 714.1 0.0 • E

7.(,1 ,. 749 11"01.4 70e.7 0.0 • E 6.12J

7.69 If 725 1801.3 703.5 0.0 • E 6.07• 7.78 3 703 1801.3 69f;.4 O.l> • E 5.95
7.87 2 680 1801.3 693.5 0.0 • E 5.90
7.95 1 659 1801.2 688.7 0.0 • E . , 5.79• 8.04 1 (,38 leol.2 684.1 0.0 • E 5.68
8.13 1 bit! 1801.1 679.6 0.0 • E 5.64
8.21 0 598 1801.1 675.3 0.0 • E 5.54• 8.30 0 580 1801.1 671.1 0.0 • E 5.~4

8.38 () 561 1801.0 667.0 0.0 • E 5.35
8.41 0 543 1!l01.0 663.0 O.C' • E 5.33• 8.56 C ~26 1tl01.0 659.2 0.0 • E 5.2~

(j .64 C 510 1801.0 655.5 0.0 • E ') .16*
T 1 0 E VOL A 1 I I I I I 1 1 VEL• o. 2000. ftooo. 6000. 8000. 10000. 12000. HOOO. EXIT

TYPE BW EMAl( VOL-HAl( A,.,AX HP VOl-ES g-PS Q-ES Q-TOT OIC VIC SIC S/e.25 D-ES OE/B• SCS-FBH 100.0 1809.37 2019.3 0.0 9.60 1515.9 105.7 10460.7 10566.3 6.43 14.41 0.005 0.007 15.5 28.8

PLOT 1 IN = 10000. CFS EXI} SLOPE = 0.007• o. 10000. 20000. 30000. ftoooo. 50000. 60000. 70000. EXIT, 1 U E VGl A 1 I I 1 1 I 1 1 VEl
0.00 0 o 1793.5 J:h 7 0.0 • 0.00• 0.09 0 o 1793.5 13.7 0.0 • 0.00
0.17 0 (j 1793.5 13.7 c.o • 0.00
0.26 0 o 1793.5 13.7 0.0 • 0.00• 0.35 C a 1793.5 13.7 0.0 • 0.00
0.43 0 a 1793.5 .. 13.7 0.0 • 0.00

• 0.52 0 a 1793.5 13.7 o.u • 0.00
0.61 0 o 1193.5 . 13.1 0.0 • 0.00·\~\
0.69 0 o 1193.5 13.1 0.0 • 0.00
0.78 0 o 1793.5 13.7 0.0 • 0.00
0.86 0 o 1793.5 13.7 0.0 • 0.00

.~
0.95 0 a 1793.5 13.7 0.0 • 0.00
1.04 () C 1193.5 13.7 0.0 • 0.00

I 1.12 0 o 1193.5 13.1 0.0 • 0.00

.~
1.21 1 a 1793.5 13.1 0.0 • 0.00
1.30 3 o 1193.5 13.1 0.0 • 0.00
1.38 11 a 17<;13.5 13.8 0.0 • 0.00
1.47 30 1 1193.5 13.9 0.0 • 0.00

• 1.56 67 2 1193.6 Ift.3 0.0 • 0.00
1.6~ 126 3 1793.6 14.9 0.0 • 0.00
1.73 206 7 1793.8 16.1 0.0 • 0.00

• 1.82 302 10 179ft.0 17.B 0.0 • 0.00
1.90 ~06 15 1794.0 20.3 0.0 • 0.00
1.99 561 21 1794.1 23.6 0.0 .1 0.00

• l.07 1496 30 1794.2 30.8 0.0 .1 0.00
2.16 4768 58 1794.7 52.8 0.0 • I 0.00
2.25 11 7t:8 68 1795.8 111.5 0.0 • I 0.00
2.33 21084 73 1797.2 22f!.3 0.0 • 1 0.00• 2.42 29621 79 1199.0 408.9 0.0 • I 0.00
2.51 3"B 79 433 1800.8 638.5 0.0 • 1 4.27.
2.59 37362 1694 1802.1 H90.0 0.0 • E X 7.71+• 2.68 36727 3329 1804.3 1136.1 0.0 • E 1 10 .15
2.71 3lt004 ~ooo 1805.7 1359.6 0.0 • E I 11.87
2.85 30133 6501 1806.8 15H.7 0.0 • E I 13.15• 2.94 26064 7731 1807.1 1697.6 0.0 • E I 1it.06
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III D. HYDRAULIC DESIGN

1. Apache Junction Floodway

The Apache Junction Floodway starts from the west side of the Apache
.~

Trail and terminates behind the Apache Junction Flood Retarding
Structure (FRS). The floodway intercepts the storm flows from the
drainage Basins 1, and lA+lB. The floodway consists of a concrete
lined channel, an energy dissipator and an earth channel.

The starting point of the Apache Junction Floodway has been changed
from Station 11+00 to Station 12+00. This was done because the
originally proposed starting point interfered with the planned
Tomahawk Road at that point. Grading will be done to direct all
flow from west of Apache Trail to the floodway, and future
construction of Tomahawk Road should include culverts to maintain
essentially the same drainage areas for each inlet to the floodway .

The concrete lined channeJ is 1537.5 feet long. Since the channel
alignment follows a relatively flat grade, a mild (subcritical)
slope has been adopted for the hydraulic design of the channel.
Weir inlets have been provided for drainage Basins 1 and lA+IB. The
portion of the channel before the inlet for Basin 1 has been
designed for 25% of the inflow from Basin 1 to account for any local
drainage to the beginning of the channel. Inlet for Basin lA+lB is

towards the end of the channel. The locations of the inlets have
been confirmed by field verification.

The major portion of the floodway is designed for a flow of 1046 cfs

from Basin 1. Trapezoidal and rectangular cross sections were
studied for the channel. Based upon initial construction and future
maintenance costs a rectangular cross section shallower than the
best hydraulic section has been aaopted for the channel. The width
of the channel has been increased at the inlets. The Manning's "n"
equal to .015 has been adopted for the concrete lining •
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Because the flow in the channel is near critical, extra freeboard
was provided to handle any instability of the flow.

The concrete lined channel ends at the energy dissipator. The
concrete channel and energy dissipator have been located to provide

~

adequate clearance from the FRS. Two types of energy dissipators,
baffled block chute and grouted riprap chute with stilling basin
were studied. The economics favored the latter which was adopted.

The drop at the end of concrete lined channel is designed in
accordance with procedures described in Chapter IV-B of "Hydraulic
Design of Energy Dissipators for Culverts and Channels". The
approaching rectangular concrete channel is 37.5 feet wide with a

depth of water of 3.9 feet for a discharge of 1560 cfs. The
trapzoidal earth channel beyond the stilling basin carries the same
discharge with 3.7 feet depth of water for the aged condition. The
earth channel downstream of the energy dissipator on the Apache
Junction Floodway was designed to meet the requirements of
Engineering Standard 582, Open Channel. The channel was designed
for the 100 year storm flow of 1560 cfs. The concentration of fine
sediment was computed using the procedures outlined in Geologic Note
Number 2 and the trip report by Neville Curtis dated March 7, 1983
to Verne M. Bathurst. The average annual sediment production rates
were obtained from the 1974 Sedimentation Supplement prepared by
SCS. Using these procedures the 100 year sediment concentration for
the Apache Junction Floodway was found to be 10,000 ppm.

Mannings tIn" values were computed for both the "aged" and "as-built"
conditions and were found to be 0.027 and 0.024 respectively. The
allowable velocity, computed using procedures in TR-25, was found to
be 2.92 fps. Since the 10 year discharge (921 cfs) exceeded 5~~ of
the design discharge (780 cfs) it was used in making the "as-built"
stability check. The design discharge of 1560 cfs was used to make
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the "aged" stability check. The resulting channel has a bottom
width of 130 feet, side slopes of 3 horizontal to 1 vertical, and a
bottom slope of 0.00056 ft/ft.

A check was make using the tractive stress procedures. Since the
d(75) is much less than 0.25 in. it is not the preferable
procedure. It should also be noted that the bId ratio is much
greater than the curve values given in Figures 6-12 and 6-13 in
TR-25. The check does imply that the velocity approach is
conservative.

Flood Retarding structure (FRS)

The FRS is an earth embankment approximately 8600 feet long with a
maximum height of approximately 22 feet. The embankment is 14 feet
wide at the top with 2.5 horizontal to 1 vertical upstream slope and
2 horizontal to 1 vertical downstream slope. One 30-inch diameter
reinforced concrete pipe has been provided through the embankment to
serve as a principal spillway. An emergency spillway has also been
provided to safely pass the emergency spillway hydrograph (ESH)
storm and to have sufficient capacity for passing the freeboard
hydrograph (FSH) storm without overtopping the dam.

a) stage Storage Curve

A stage storage curve was developed for the storage area. Increase
in the storage capacity due to the 4-foot deep and 900-foot wide
borrow area between contour lines of El. 1797 and 1808, and
reduction due to the embankment fill were accounted for in the stage
storage curve. The upstream slope of the embankment was taken as 3
horizontal to 1 vertical (conservative assumption, as the final
slope is 2.5 horizontal to 1 vertical). The loss of storage due to
the Idaho and Brown road embankments was neglected, since the road
fill will be taken from the reservoir area .
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b) Sedimentation

The quantity of sedimentation inside the FRS storage area over the
100~year life of the project has been taken as 95 acre feet based
upon the report "Sedimentation - 1974 Supplement, Buckhorn-Mesa
Wastershed".

c) Flood Routing Studies

The crest of the principal spillway has been kept at El. 1793.50
after allowing for the sedimentation in the storage basin. For the
design of the principal spillway, flood routings for the PSH, ESH,
and FBH storms were performed for 36-inch and 30-inch diameter pipe
outlets using the DAMS2 computer program (TR 48). The minimum
principal spillway pipe diameter for Class C Dams (TR 60) is
30-inches. A 30-inch diameter pipe outlet will drain the PSH storm
storage to 15 percent storage in about 4-days, which is less than
the 10-days required by TR 60 .

Principal Spillway

A comparison of the computer output data for the 36-inch diameter
conduit, as proposed in the Work Plan, and a 30 inch diameter pipe
indicates that the top of the embankment for the 30-inch outlet is a
few inches higher than that required for the 36-inch outlet, and
will need approximately 4000 cubic yards of extra fill in the
embankment. However, it can also be seen from the computer output
that the outflow in the principal spillway outlet conduit has
reduced from 120 to 81 cfs for the PSH storm. The flow in the
emergency spillway has also been reduced by about 5% for the ESH
storm and about 2% for the FBH storm. The saving in cost of
principal spillway, outlet channel over a length of approximately
1500 feet up to the first inlet (Basin 4A), Bulldog Floodway and the
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Emergency Spillway will be much more than the additional cost of the
embankment fill. Therefore, the 3D-inch diameter outlet pipe was
recommended and adopted.

For the two-way covered riser-height of 10 feet below the spillway
."

crest, the invert of the pipe at the inlet is fixed at El. 1783.5.
A baffle riser with an ungated low level outlet has been selected

for the inlet to the principal spillway. The principal spillway is
located at Sta. 100 + 76.99 of the FRS. Geotechnical investigations
along the centerline of the principal spillway indicate that the
caliche is only about 3 to 4 feet below ground, approximately at El.
1785 feet. Therefore, the pipe is supported on a concrete cradle

founded directly on caliche. The trench in the soil is backfil1.ed
with the embankment material compacted in accordance with the
applicable specifications. Since the pipe is supported on the firm
foundation, no analysis for the settlement of the pipe or Joint
extensibility is necessary. A piping and seepage control diaphragm
is provided in accordance with TR-60 and was designed in accordance
with Soil Mechanics Note No.1. The diaphragm will be outleted into

the outlet channel. .

The spillway pipe outlet is connected directly with the rectangular
Apache Junction outlet channel. No energy dissipator has been
provided because the outlet channel is a concrete channel and the
exit velocity is less than 20-feet per second.

4. Emergency Spillway

Three different types of emergency spillways were studied for the
Apache Junction Flood Retarding structure, namely:

1. Type C Drop Structure

2. Baffle Block Chute, and

3. Earth Channel.

III 0-5
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Due to the high walls in the Type C drop structure as compared to
the walls in the baffle block chute, the baffle block chute has been
determined to be more economical than the Type C drop •. The study
was made for 150 feet long crest for both structures. The extra
height of embankment required for the drop structure spillway due to

."
the head losses in the entrance channel is an additional cost not in
favor of the drop structure spillway. The baffle block chute does
not have significant entrance channel losses due to its location at
Sta. 97+50. The drop structure spillway was proposed at Sta.
112+40, where an entrance channel is required.

Baffle chute spillway has been studied for two crest lengths, 150

feet and 100 feet. The latter has been determined to be more
economical than the former. The cost of concrete saved in the 100

feet wide chute is more than the additional cost of fill in the
higher FRS embankment and the extra riprap cost in the transition
downstream of the chute. A chute with crest length less than 100
feet was not considered due to increase in the intensity of flow and
the longer downstream transition required to the 300 feet wide exit
channel. The intensity of flow for the 100 foot long crest is 70

cfs per foot for 2/3 FBH storm (the design flow).

An earth channel spillway has been studied for the following cases:

1. Earth channel without any protection

2. Earth channel with bed and side protection by

- Soil cement or

- Maccaferri Gabions or riprap

A spillway crest 300 feet wide was used which satisfies the Oe/b
requirement: Oe/b = 9.6 <10. For the earth channel the velocity
of water is more than 7 feet per second for the ESH storm and higher

flows.
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This velocity is considered to be high for the soils in the area as
well as for the caliche. The strength of caliche varies
considerably from poor to medium. Therefore, protection is required
for the channel bed and sides.

~

Surface protection by soil cement is not considered satisfactory
because the velocity of water increases to about 10 feet per second,
which may be erosive for soil cement. The coefficient of friction
used for soil cement is: "n" = .015. A velocity of 10 fps requires
a high percentage of cement, and the soil cement lining, being rigid
will not allow for movement. This type lining will also require
drainage beneath it.

Protection by riprap, either by Maccaferri Gabion or loose riprap,
was considered. The value of "n" for Manning's equation is assumed
as .035. A slope of 0.026 has been considered for the channel.
With these parameters the flow is supercritical for all flows. The
spillway channel has been divided into two channels of 150 feet each
with a 12 foot wide levee in between because the channel is wider
than 200 feet. The cost of protection by Maccaferri Gabions or
riprap is very close. The cost of riprap protection is only
marginally lower than the gabions because of extra thickness
required for loose riprap. The additional cost of riprap for the
earth channel spillway with a 350 foot long crest is more than the
cost saved in earthfill in the FRS embankment.

Comparative cost study between the baffle block chute spillway (100
feet long crest) and the riprap protected earth channel (300 feet
long crest) indicates that the baffle block chute spillway is more
economical than the other even after accounting for the higher top
of embankment.

On the basis of the comparative cost studies baffle block chute
spillway with 100 feet long crest is recommended. The nominal top
of embankment will be at El. 1810.0 feet .
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The exit channel of the emergency spillway has a natural grade of
approximately .012 which gives high velocity in the channel.
Therefore, to protect the spillway structure against retrogression
in the exit channel it is proposed to provide a control section in a
300 feet wide channel downstream of the spillway . This control

."
structure will maintain adequate depth of water 'at the toe of the
chute to minimize scour.

The geologic investigation indicated that the top of caliche in the
area downstream of the structure is approximately at elevation
1779. The control section will therefore be founded on caliche.
The channel downstream of the control section will be protected by a
loose rock riprap apron (flexible apron) for a distance of
approximately 25 feet.

The depth of retrogression in the exit channel will be controlled by
the caliche and will be limited to a few feet. The loose rock
riprap provided downstream of the control section will flex downward

to a stable slope and protect the caliche under the control section.

This arrangement of control section with flexible apron and the
existence of caliche at a shallow depth will provide sufficient
safeguard against deep scour at the toe to the baffle chute and is
recommended. The loose rock riprap apron will require periodic
inspection and maintenance. Recommendations are included in the
Operation and Maintenance Plan.

The discharge of the emergency spillway has been calculated as 7000
cfs for the design flood and 10,500 cfs for the PMF.

5. Idaho and Brown Roads

The Idaho and Brown Roads traverse the Apache Junction Flood
Retarding Structure storage area. These roads will obstruct the
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storm flows from the drainage Basins 1, lA+lB, lA+1C and 2, to the
principal and the emergency spillways. The roads are required to be
above the 25 year storm water level in the reservoir.

These roads will therefore need culverts of suitable size to pass
."

the 25 year storm without excessive differential head against the
road. Also, the road profile will be low enough to let the PSH, ESH
and FBH storms pass over the road without excessive differential
heads at the road. The di fferential head at the roads require
raising the top of the FRS embankment. In estimating the size of
the culverts it has been assumed that the storm water does not flow
along the road from one drainage basin to the other.

The Idaho Road will need a culvert to pass storm flow from drainage
Basin 1, lA+lB, lA+lC and 2. Though the maximum rate of outflow
from the principal spillway for the 25 year storm in only 76 cfs,
the peak inflow from these four basins is 1298 cfs .

Since the inflow is much more than the storage capacity of the area
northeast of the road, the culverts will be required to pass the
storm flows to the storage area on the other side of the road.
Conservatively the capacity of the culvert has been estimated to be
200 cfs.

An elliptical corrugated metal pipe culvert, 10 feet high by 7 feet

wide, with flow at a differential head of approximately 3 inches

will be used under Idaho Road. It will be unlined on the inside as
reguested by SCS. The same size culvert will be used under the

Brown Road.

Idaho and Brown Roads intersect each other near the center line of
the FRS embankment. The portion of the roads from the intersection
to the center line of the FRS embankment is planned to be
horizontal. Since it is planned that the intersection will have a
four-way stop sign, the vertical curves in the road profile were
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designed for a 35 mph speed with a maximum 4 percent grade. Thus
the road surfaces will drop quickly. This will provide a large area
of flow across the road for the flows exceeding the 25 year storm.

A profile with a 35 MPH design speed vertical curve will have only.-
0.1 feet of differential head across the road for the FBH inflow at
the maximum stage of the storage. Assuming the same differential
head across Brown Road, water level in the upstream part of the
reservior will be 0.2 feet higher than in the downstream portion.
This has been handled by increasing the freeboard.

6. Changes in Design and Alternatives Studied

Descrepancies in survey information were corrected during the
preliminary design phase with the result that the two major inlets
were relocated approximately 100 feet downstream on the floodway.
Channel dimensions and slope were not changed.

Possible piping along the spillway conduit will be controlled by
including a diaphragm of granular cohesionless material around the
portion of the conduit above the concrete embedment. This will
connect to the transition zone of the FRS.

A number of alternatives for project features were examined. Many
of these were studied in Phase 1 and described in the "Phase I
Feasibility Study". These included:

1. Apache Junction Floodway

a. Concrete vs earth channel.
b. Rectangular vs trapezoidal channel section.
c. Location of energy dissipator.
d. Grouted riprap chute and stilling basin vs baffled block

chute and energy dissipator .

III 0-10
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2. Floodwater Retarding Structure

a. Filter zone vs. membrane to control cracking and internal
embankment erosion.

b. 30 inch diameter vs 36 inch diameter principal spillway pipe.
~

c. Baffle block vs earth channel vs. type C emergency spillway type.
d. Emergency spillway exit channel protection.

3. Idaho and Brown Roads

a. Present alignment vs relocation.
b. Profile to remain above 25 year flood .

III 0-11
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* ** ~ FLOW PROFILES *
* ** CALCULATION *
* *
* *
* ** VERSION 1985 *
* ** CONSULTING CIVIL ENGINEERING *
* EBASCO SERVICES INC. NY *
**********************************

•
PROJECT TITLE
DEPARTMENT NAtT'lE
TODAY'S DA:E (M-D-Y)
YOUR NAME

APACHE JUNCTION - AGED CONDITION
EBASCO CIVIL CONSULTING
8-19-85
C MONTANA

ENGLISH UNIT--- CFS,FT,LB AND G=32.2,C=1.485

•

70TAL NUMB~R O~ CROSS-SECTIONS
FLOw A~ONG MAIN CHANNEL
CO~PUTATION STARTS FROM UPSTREAM

1
1560
1
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1 DISTANCE AT THIS SECTION 0
MANNING ROUGrlNESS .027
CHANNEL BOTTOM WIDTH 130
CHANNEL BOTTOM SLOPE .00056
CHANNEL SIDE SLOPE 3
WATER DEPTH AT CONTROL SECTION 3.73
LATERA~ IN/OUT FLOW (+/-) 0
ENERGV COEFFICIENT ALPHA 1
MOME~TUM COEFFICIENT BETA 1
PIER SHAPE CIRCULAR/SQUARE (1/2) 0
TOTAL PIER WIDTH 0
HEIGHT OF BOTTOM RISE/DROP (+/-) 0

•

•

WATER DEPTH V =
CRITICA~ DEPTH YC =
CHANNEL FLOW Q =

3.73
1.62671
1560

NORMAL DEPTH YN =
FROUDE NUMBER F

CRITICAL SLOPE SC =
3.73049
= .280796

9.1925E.E-03
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SUMMARY

ITEM SECTION NO. 1
."

3.73
3.86625

152.38
525.63'3
3.42885

3.7304'3
1. 52671
• 28lZi796
.12127
.12112112156
9.19256E-03
5.E.121251E-1214
130

DISTANCE XL=
WATER DEPTH Y =
ENERGY HEAD EV=
NORMAL DEPTH YN=
CRITICAL DEPTH YC=
FROUDE NUMBER FD=
MANNING ROUG~NESS N=
BOTTUM SLOPE S0=
CRITICAL SLOPE SC=
FRICTION SLOPE SE=
BOTTUM WIDTH B =
CHANNEL SIDE SLOPEZ= 3
CHANNEL TOP WIDTH T=
AREA A =
HYDRA~LIC RADIUS R =

•
",n:::WCITY = 1560/526.6 = 2.96 fps OK

•
-JIL /) - /.!J
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**********************************
* *."* FLOW PROFILES *
* ** CALCULATION *
* *
* *
* ** VERSION 1985 *
* ** CONSULTING CIVIL ENGINEERING *
* EBASCO SERVICES INC. NY *
**********************************

•
PROJECT TITLE
DEPARTMENT NAME
TODAY'S DATE (M-D-Y)
YOUR NAME

APACHE JUNCTION - AS BUILT CONDTION
EBASCO CIVIL CONSULTING
8-19-85
C MONTANA

•

ENGLISH UNIT--- CFS,FT,LB AND G=32.2,C=1.4BS

TOTAL NUMBER OF CROSS-SECTIONS 1
FLOW ALONG MAIN CHANNEL 921
COMPUTATION STARTS FROM UPSTREAM 1



FLOW PROFILES CALCULATION• PAGE 1

13

1 DISTANCE AT THIS SECTION e
MANNING ROUGHNESS .e23
CHANNEL BOTTOM WIDTH 130
CHANNEL BOTTOM SLOPE .00056
CHANNEL SIDE SLOPE 3
WATER DEPTH AT CONTROL SECTION 2.48
LATERAL IN/OUT FLOW (+/-) 0
ENERGY COEFFICIENT ALPHA 1
MOMENTUM COEFFICIENT BETA 1
PIER SHAPE CIRCULAR/SQUARE (1/2) e
TOTAL PIER WIDTH 0
H~IGHT OF BOTTOM RISE/DROP (+/-) 0

•

•

WATER DEPTH Y =
CRITICAL DEPTH YC =
CHANNEL FLOW Q =

2.48 NORMAL DEPTH YN
1.14914 FROUDE NUMBER F
921 CRITICAL SLOPE SC =

= 2.4841
= .310448

7.45448E~03

.2ll i:) - / 7
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SUMMARY

ITEM SECTION NO. 1

2.33965

144.88
340.851

o
2.48
2.59337

• 0005E,
7. 45448E-03
5. 63128E-04
130

2.4841
1. 14914
.310448
.023

.~

DISTANCE XL=
WATER DEPTH Y =
ENERGY HEAD EV=
NORMAL DEPTH YN=
CRITICAL DEPTH YC=
FROUDE NUMBER FD=
MANNING ROUGHNESS N=
BDTTUM SLOPE S0=
CRITICAL SLOPE SC=
FRICTION SLOPE SE=
BOTTUM WIDTH B =
CHANNEL SIDE SLOPE Z= 3
CHANNEL TOP WIDTH T=
AREA A =
HYDRAULIC RADIUS R =

•
VELOS:TY c 921/340.8, =2.70 fps OK

•
77l iJ-/~
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•
PROJECT TITLE
DEPARTMENT NAME
TODAY'S DATE (M-D-Y)
YOUR NAME

BULLDOG FLOODWAY - AGED CONDITION
EBASCO CIVIL CONSULTING
8-19-85
C MONTANA

ENG~ISH UNIT--- CFS,FT,LB AND G=32.2,C=1.485

•

:OTA~ NUMBER OF CROSS-SECTIONS
FLOW ALONG MAIN CHANNEL
CO~PUTATION STARTS FROM UPSTREAM

1
5466
1
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1 DISTANCE AT THIS SECTION
MANNING ROUGHNESS
CHANNEL B01TOM WIDTH
CHANNEL BOTTOM SLOPE
CHANNEL SIDE SLOPE
WATER DEPTH AT CONTROL SECTION
LATERAL IN/OUT FLOW (+/-)
ENERGY COEFFICIENT ALPHA
MOMENTUM COEFFICIENT BETA
PIER SHACE CIRCULAR/SQUARE (1/2)
TOTAL PIER WIDTH
HEIGHT OF BOTTOM RISE/DROP (+/-)

o
.027
100
.0003
3
10.58
o
1
1
o
o
o

•

•

WATER DEPTH Y =
CRliICAL DEPTH YC =
CHANNEL FLOW Q =

10.58
4.32746
5466

NORMAL DEPTH YN
FRDUDE NUMBER F

CRITICAL SLOPE SC =
= 10.577

= .236684
6. 86491E-lZi3



SUMMARY•
ITEM

PAGE

SECTION NO. 1

2

22

163.48
1393.81
8.35047

21
10.58
10.8188
10.577
4.32745
.235684
.027
.0003
6. 86491E-03
2. 99E.91E-04
100

•

•

DISTANCE XL~

WATER DEPTH Y =
ENERGY HEAD EV=
NORMAL DEPTH YN=
CRITICAL DEPTH YC=
FROUDE NUMBER FD=
MANNING ROUGHNESS N=
BOTTUM SLOPE S0=
CR:TICAL SLOPE SC=
FRICTION SLOPE SE=
BOTTUM WIDTH B =
CHANNE~ SIDE SLOPE Z= ~

CHANNEL TOP WIDTH T=
AREA A =
HYDRAULIC RADIUS R =

VE~CVITY = 5465/1394 = 3.92 fps OK



•
2;3

**********************************
* ." *
* FLOW PROFILES *
* ** CALCULATION *
* *
* *
* ** VERSION 1985 *
* ** CONSULTING CIVIL ENGINEERING *
* EBASCO SERVICES INC. NY *
**********************************

•
PROJECT TITLE
DEPARTMENT NAME
TODAY'S DATE (M-D-Y)
YOLlR NAME

BULLDOG FLOODWAY - AS BUILT CONDITION
EBASCO CIVIL CONSULTING
8-19-85
C MONTANA

ENGLISH UNIT--- CFS,FT,LB AND G=32.2,C=1.48c

•

TOTA~ NUMBER OF CROSS-SECTIONS
FLOW ALONG MAIN CHANNEL
COMPUTATION STARTS FROM UPSTREAM

1
2713
1



• PAGE 1

FLOW PROFILES CALCULATION

1 DISTANCE AT THIS SECTION
MANNING ROUGHNESS
CHANNEL BOTTOM WIDTH
CHANNEL BOTTOM SLOPE
CHANNEL SIDE SLOPE
WATER DEPTH AT CONTROL SECTION
LATERAL IN/OUT FLOW (+/-)
ENERGY COEFFICIENT ALPHA
MOMENTUM COEFFICIENT BETA
PIER SHAPE CIRCULAR/SQUARE (1/2)
TOTAL PIER WIDTH
HEIGHT OF BOTTOM RISE/DROP (+/-)

o
.024
10121
.001213
3
6.6e.
121
1
1
o
o
1ZI

•

•

WATER DEPTH Y =
CRITICAL DEPTH YC =
CHANNEL FLOW Q =

6.6e.
2.7584
2713

NORMAL DEPTH YN =
FROUDE NUMBER F

CRITICAL SLOPE se =
6.66483

= .250408
6. 2012181E-03

..1lI 0-23
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SUMMARY

ITEM SECTION NO. 1

5.E.2242

139.9E.
79'3.0E.7

o
6.e.E.
6.839
6.e.E.483
2.7584
.250408
.024
.0003
6. 20081E-03
3. 007E.E-04
100

."
DISTANCE XL=
WATER DEPTH Y =
ENERGY HEAD EV=
NORMAL DEPTH YN=
CRITICAL DEPTH YC=
FROUDE NUMBER FD=
MANNING ROUGHNESS N=
BOTTUM SLOPE S0=
CRITICAL SLOPE SC=
FRICTION SLOPE SE=
BOTTUM WIDTH B =
CHANNEL SIDE SLOPE Z= 3
CHANNEL TOP WIDTH T=
AREA A =
HYDRAULIC RADIUS R =

VELOCITY =2713/799 =3.40 ips OK

•



• BULLDOGFLOODWAY t APACHE JUNCTION
EARTH CHANNEL DESIGN

8-19-85

26

APACHE JUNCTION:
."

Q (100) =
50" Q (100) =

Q(10) =
1560 CFS
780 CFS
921 CFS

SEDIMENT LOAD = 10000 PPM
ALLOwABL.E VELOCITY = 2.92 FPS

AGED CONDITION: Q = 1560 CFS
r. = .027

BW = 130 FT
CHAN. SLOPE = .00055 FT/FT

SS = 3: 1
D = 3.73 FT

ACTUAL VEL. = 2.9E. FPS

AS BUILT CONDITION: Q = 921 CFS
Y'I = .024• BW = 130 FT

CHAN. SLOPE = • 0005E. FT/FT
SS = 3: 1

D = 2.48 FT
ACTUAL VEL. = 2.70 FPS

BULLDOG FLOODWAY: Q (100) =
50% Q ( 10121 ) =

Q(10) =
54E.5 CFS
2713 CFS
2444 CFS

SEDIMENT LOAD =
ALLOWABLE VELOCITY =-

28000 PPM
3.98 FPS

AGED CONDITION: Q = 5465 CFS
r. = .027

BW = 100 FT
CHAN. SLOPE = .0003 FT/FT

SS = 3: 1
D = 10.6 FT

ACTUAL VEL. = 3.92 FPS

•
AS BUILT CONDITION:

CHAN.

ACTUAL

Q = 2713 CFS
Y'l = .024

BW = 100 FT
SLOPE = .0003 FT/FT

SS = 3: 1
D = 6.7 FPS

VEL. = 3.4 FPS
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E. FOUNDATIONS AND EMBANKMENT DESIGN

1. General

As noted in the Geological Investigation Report prepared by the Soil
Conservation Service (SCS), the project is situated within the
Sonoran Desert section of the Basin and Range physiographic province
near the eastern edge of the Phoenix Basin. This basin is
subdivided into a series of lesser structural and topographic basins
by a number of fault block mountains.

The project is located on a pediment of primarily unconsolidated

alluvial fan deposits of Quarternary-Tertiary ages. Features of the
project intersect numerous ephemeral washes which have their origin
mainly in the Goldfield Mountains. Loose alluvial deposits of
recent age are in the washes. Caliche is intermittently exposed
throughout the project area, especially in the smaller washes, and
generally is present at shallow dpeths eleswhere. Depth to
groundwater is unknown, but it is at least several hundred feet deep.

Borings and test pits located along the center line of the Apache
Junction FRS show the subsurface materials to consist mainly of
silty sands (SM) and clayey sands (SC), with various degrees of
cementation and presence of calcium carbonate (CaC0

3
), underlayed

by caliche. Along the few visible washes which cut across the dam,
the soils are poorly graded sands (SP) generally extending to a
depth of two to four feet. Generally caliche is found at shallow
depths ner the west abutment and fluctuates to maximum depths of 24

feet near the east abutment. The caliche varies from fairly soft to
hard and ranges from poorly to moderately cemented. Standard
Penetration tests show that the overburden soils are loose to medium
dense extending from ground surface to a depth of approximately
three feet. From this depth to the top of caliche, the subsurface
soils appear to be dense to very dense as indicated by the blow
counts recorded. However, five in-situ density tests performed at

depths ranging from five to nine feet indicate that the soils are
loose to medium dense with the dry inplace densities being only 76

III E-l
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to 92 percent of the maximum densities obtained from Standard
Proctor compaction tests. The caliche is very dense and breaks down
to a gravelly, silty, fine to coarse sand when augered.

Stability analysis of the FRS embankment with a homogeneous section
and a filter zone~supports the selection of 2.5:1 and 2.0:1 slopes
on the upstream and downstream sides, respectively.

A foundation trench will be excavated to a depth of five feet or to
caliche, whichever is less. This will remove the most permeable
material, reducing seepage potential. For much of the embankment
length the trench will extend to caliche. Where washes with

permeable material are encountered at the five foot depth,
additional excavation will be done to remove that material.

Two concerns were discussed at length in the earlier phases of the
project design, the potential for cracking of the embankment, either
from dessication or settlement, and the potential for settlement as
a result of collapsible soils in the foundation.

The embankment cracking will be assumed to occur and will be handled
by constructing a transition zone in the embankment of granular,
cohesionless material which will maintain a filter zone capable of
preventing the migration of embankment material.

It has been acknowledged that soil testing performed has not defined
the potential for collapsibility of soils underlying the embankment
or structures. Moreover, an effective sampling and testing program
to define this condition would be impractical. SCS has estimated
that the embankment transition zone can accommodate as much as
approximately two feet of settlement in the twenty feet high
embankment. This, combined with the limited depth of the soil layer
between the underlying calich and the embankment, had led to a
decision to make no provisions other than to apply extra compaction
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effort to the foundation material under the embankment. No provision
of embankment camber to allow for settlement has been made or
considered necessary.

The principal spillway conduit will be surrounded by a transition...
zone and a drainfill zone connected to the embankment transition
zone and drained to the downstream toe.

The principal spillway conduit will rest on caliche and therefore
will not experience any settlement or extension.

No instrumentation is included in the design. Surveys will be made
to measure settlement of the embankment.

The emergency spillway will discharge into a 300 feet wide exit
channel. The energy dissipation and spreading basin will be
protected by a 100 foot long loose riprap channel ending at a
control section of grouted riprap founded upon caliche near the
downstream end. Downstream of the control section a 25 feet long
loose riprap section will adjust to any degradation at the

downstream end.

The energy dissipator at the end of the Apache Floodway concrete
channel is connected to a grouted riprap chute and stilling basin, a
total of 132.5 feet to the beginning of the unlined earth channel.
A downstream control section of loose rock riprap, 25 ft long, is
provided downstream of the stilling basin.

The floodway earth channel has a bottom width of 130 feet and side
slopes of 3:1. No special treatment will be required to withstand
maximum velocities of about 3.0 fps.

Grouted riprap will be provided upstream from each of the weir
inlets to the floodway in the region to protect against scour and
erosion from possible high velocities .
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FRS Design

An analysis of slope stability using Bishop's Simplified Method was
conducted for a critical cross-section of the Apache Junction FRS
utilizing the SLOPE-II computer program. After performing an
overall evaluation· of the stability using the SLOPE-II program,
Ebasco's in house Slip Circle computer program (also based on
Bishop's Simplified Method) was used to determine the stability of a
few selected cases. In addition, an infinite slope stabiiity

analysis was performed.

The analysis focuses on the more critical downstream slope since:
(1) it is steeper than the upstream (2H to lV versus 2.5H to lV),
and (2) the upstream slope will be submerged for most of the cases
analyzed and therefore its stability will be increased by the water
impounded against the slope. Still a few runs were made for the

upstreams slope for all conditions considered.

The stability of the embankment was investigated for the following
conditions using both the slip circle and infinite slope stability
analysis to meet the requirements of Technical Release No. 60

(TRS-60) and Ebasco's Phase I Design Criteria.

1. End of construction without seismic forces.

2. Reservoir at freeboard storm elevation (EL +1809.4 ft)

without seismic forces.

3.a Reservoir at crest of emergency spillway (EL + 1799.7 ft)
and steady state seepage without seismic forces.

3.b ~eservoir at crest of emergency spillway (EL + 1799.7 ft)
and steady state seepage with a horizontal ground
acceleration of O.lOg (pseudostatic condition) •
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4. Complete sudden drawdown condition with reservoir initially
at crest of emergency spillway (El +1799.7 ft).

The table on page III E-6 presents the minimum factors of safety
obtained for the slip circle and infinite slope stability analysis
performed for the" Apache Junction FRS and, in parentheses, the

required safety factors as per TR-60.

The slip circle analysis conducted indicates that shallow failure
circles within the saturated embankment zones of both the upstream
and downsteam slopes may occur for the steady state seepage
condition with seismic forces. Shallow sloughs may also occur at

the upsteam slope in a sudden drawdown condition.

It is Ebasco' s opinion that the steady state seepage and rapid
drawdown conditions (loading conditions 1 and 2) are not applicable
in the analysis of the stability of the Apache Junction FRS under
the current operating criteria which states that the "FRS will
mitigate the flood peak by storing water behind the embankment over

a period of 10 days or less".

Table X, page III E-IO, presents the duration of water impoundment
behind the FRS, at various elevations, for the freeboard hydrograph
(FBH). It can be observed that during the FBH, the duration of
water impoundment above elevation +1799 feet will be under 10
hours. Under normal operating conditions the impoundment of water
behind the FRS above elevation +1795 feet will be under five days
(116.2 hrs). Therefore, given the unsaturated conditions of the

embankment, the penetration of water into the fill material above
elevation +1799 feet will only be a few inches. During the
freeboard hydrograph the penetration of water into the embankment

soils, w~ll at maximum, be a few feet.

The short impoundment durations, coupled with a relatively
impervious and unstrated embankment will prevent the development of
steady state seepage along the cross-section of the FRS and thus the

III E-5



APPACHE JUNCTION FRS EMBANKMENT SLOPE STABILITY

Slip Circle Analysis
.=

Loading Condition WID Seismic WISeismic

Infinite Slope Analaysis
WID Seismic WISeismic

1. End of Construction 1.65 Not Applicable 1.51 Not Applicable
(OS slope) (1.4) (1.1)

2. Reservoir at
freeboard storm
elevation 1.65 1.32 Not Required Not Required
(OS slope) (Not Req'd) (Not Req'd)

3. Reservoir at crest
of emergency 1.24 0.97 0.78 0.62
spillway and steady
state seepage (1.5) (1.1) (1.1) (1.1)
(OS slope)

4. Sudden drawndown 0.87 Not Applicable 0.83 Not Applicable{. (US slope) (1.3) (1.1)

Note: Failure modes for loading conditions 1 and 2 are shallow circles.
Figures 1, 2 and 3 present the critical failure circles .

•
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possible occurrence of a rapid drawdown condition along a
considerable portion of the upstream slope.

It must be note that if cracks develop in the upsteam face and some
water penetrates ,through the embankment, the water flow will be
terminated at the filter and the zone of penetration will be
restricted to the localized crack area. Therefore, neither steady
state seepage or saturation of the embankment will occur.

The seepage analysis performed indicates that if the riser were to
plug with the reservoir at the highest possible elevation (1799.7
ft) it would take nearly seventeen months for a steady state seepage
condition to be established and then only the lower four feet of
material in the downstream slope near the toe becomes saturated.
Assuming that the riser were to be plugged for this large period of
time and neglecting other factors such as evaporation and bank
storage, it is expected that the reservoir level will be
significantly lowered since calculations show that water flow
through the natural soils beneath the foundation cut-off trench will
occur after a relatively short period of three months. The loss of
water through the natural soils underneath the foundation will
decrease the elevation of the impoundment, unless the reservoir is
continuously replenished, and will further decrease the probability
of the development of steady state seepage. Therefore, it is
doubt ful that a steady state seepage condition will ever be
established in the embankment soils.

Even though it is theoretically possible that the upstream face of
the embankment may become saturated at very shallow depths, it is

not foreseen that near surface sloughs will occur. The soils used
for construction of the embankment will contain at least 15 percent
to 20 pe~cent fines (passing No. 200 sieve) and will be compacted at
or near optimum moisture content. Thus the soils will exhibit some
cohesion after compaction which will increase as the material become
dessicated and cemented. In addition, even if it is assumed that
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the soils are cohesionless and a drawdown condition does occur at
the upstream face, it is expected that the water retained in the
voids would be held by capillary forces and the pore water pressures
developed in the fill would be negative thereby making the embankment
temporarily more stable than it was at the outset. The triaxial
shear strength test results conducted on the compacted borrow area
soils indicate that negative pore water pressures do indeed develop
in these soils and thus the total strength parameters have a
significant temporary cohesion component.

Based on the discussions presented above, it is believed that: (1)
the conventional steady state and rapid drawdown conditions are

extremely unlikely to occur at the Apache Junction FRS, (2) the
infinite slope stability analysis for cohesionless soils in not
totally representative of actual field conditions, and (3) sloughs
of the near surface materils will be prevented by the limited
cohesion properties of the soils and the temporary development
negative pore water pressures upon the possible occurence of a
drawdown conditions.

In an case as shown on Figures 2 and 3, if steady state seepage or
sudden drawdown conditions were to occur, the only damagt to the FRS
would be surface sloughs or shallow failure circles of the saturated
zones in either slope. This unlikely occurrence can be easily
rectified through maintenance rather than drastically decreasing
the slopes at the time of construction to satisfy the stability
safety factors required by TR-60. The slopes mandated by the safety
factor criteria established in TR-60 are approximately 4.5H to IV
downstream and 3.5H to IV upstream.

For the embankment slopes considered, surface erosion due to
rainfall runoff may occur as gullies are formed, In order to
minimize this damage, it is possible to provide either a riprap
cover along the entire dam or some type of protective vegetative
cover.' Section IX, "Operation and Maintenance" suggests that a
maintenance program be established to periodically inspect and
repair erosion damage in the embankment.
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Information in depth regarding geology and design is contained in
following documents found under separate cover.

1. Phase II - Soil Mechanic Report by Ebasco Services.

2. Buckhorn-Mesa'Watershed, Geological Investigation Report, by the

Soil Conservation Service .
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TABLE X

SCS - APACHE JUNCTION AND BULLDOG PROJECT

FREEBOARD HYDROGRAPH (FBH)

DURATION OF FLOOD STAGES ABOVE VARIOUS ELEVATIONS

Elevation Duration
(feet) (hrs)

1809 0.9

1808 1.7

1807 2.3

1806 2.9

1805 3.5

1804 4.2

1803 5.0

1802 6.0

1801 7.2 (estimated)

1800 8.4 (estimated)

1799 41. 4 (estimated)

1798 65.7 (estimated)

1797 83.8 (estimated)

1796 102.0 (estimated)

1795 116.2 (estimated)

1794 218.0 (estimated)
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Drainage Design
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FIGURE 8-5
Permeability and Capillarity of Drainage Materiala
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F. STRUCTURAL DESIGN

Structural design of floodway concrete walls and floor was based upon
the following parameters:

Moist unit~Soil Weight 130 1b/ft3

At-Rest Lateral Earth Pressure Coeff. 0.60
Surcharge from Wheel Loads equivalent to 2 feet of

additional fill
Drainage 3 in. diameter

weep holes @8 ft. backed
by longitudinally
continuous filter zone.

The drainage prOV1Slon will reduce lateral pressure against the floodway
walls and insure that uplift against the floodway slab is negligible.

Minimum wall thickness has been established as ten inches. A one inch
wearing allowance is provided on the bottom slab of the channel. Keyed
joints are provided between the slab and the walls.

Rubber-gasketed, prestressed steel cylinder reinforced concrete pipe is
specified for the principal spillway conduit. This will adequately
handle the loads imposed by the maximum fill height of 25 feet plus
service vehicles operating on the embankment crest.

Alternatives examined in the study and design phases, in addition to
minor changes in some of those items described above, were as follows:

1. The start of the Apache Junction Floodway was moved to avoid
conflict with the future Tomahawk road.

2. A low level outlet in the base of the principal spillway riser was
provided "to eliminate frequent periods of poncing.

3. Inlets locations were relocated to correspond to the revised
topography received after the project design had started.

III F-1
03411



Ie 4. Weep holes and drainage behind concrete floodway walls were included
to reduce wall loads and possible uplift on bottom slab.

5. Floodway channel walls were established at a constant thickness from

bottom to top with a minimum of 10 inches, to facilitate.-
construction.

:e

e

6.

7.

8.

03411

Continuously reinforced U-shaped sections were chosen as compared
with structurally independent retaining walls with a slab between
the two walls based upon lower or equal costs.

Decisions were made to fill behind all channel walls up to within

six inches of the top and to use colored concrete for all structures.

Washes will be filled behind inlets and adequately graded to
eliminate ponding.

Utilities known at this time which will be affected by the project
are an overhead power line along Idaho Road,a buried telephone line
along Idaho road, a temporary water line from Brown Road extending
north along Idaho Road and a newly-laid buried AT&T cable along

Brown Road.
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Of'S NO.

EBASCO SERVICES INCORPORATED
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EBASCO SERVICES IHCORPORATED
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IV. CONSTRUCTION DRAWINGS

Thirty-nine drawings were prepared for the Project tender documents. The

drawing list is attached.

Principal spillway, fence and identification sign drawings are based upon
SCS standard drawings.
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APACHE-BULLOOG FLOOD CONTROL PROJECT

LIST OF DRAWU,1(;S

Drawing Title

Apache Junction
Flood Retarding structure and Floodway

Drawing Index and Project Location Map

Project Plan and Right-of-Way

Plan - Clearing and Grubbing, Borrow Area, Underground Utilities

Floodway - Plan and profile - Sta 12 + 00 to Sta 25 + 00

F100dway - Plan and Profile - Sta 25 + 00 to Sta 42 + 45

Floodway - Section & Details

Floodway - Drop Inlet No. I Details

Floodway - weir Inlet No. I Details

Floodway - Weir Inlet No. 2 Details

F100dway - Bar Bending Schedule - She I

Floodway - Bar Bending Schedule - She 2

Floodway - Energy Dissipator No. I Details

FRS - Plan and Profile - Sta 29 + 50 to Sta 45 + 00

FRS - Plan and Profile - Sta 45 + 00 to Sta 60 + 00

FRS - Plan and Profile - Sta 60 + 00 to Sta 75 + 00

FRS - Plan and Profile - Sta 75 + 00 to Sta 90 + 00

FRS - Plan and Profile - Sta 90 + 00 to Sta 105 + 00

FRS - Plan and Profile - Sta 105 + 00 to Sta 117 + 10

FRS - Cross - sections

FRS - Principal Spillway - Plan & Profile
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• LIST OF DRAWINGS

(Continued)

Ebasco
She No. Drawing Title

1-21 FRS - principal Spillway - Riser - Reinf. Schedule

1-22 FRS - Principal Spillway - Reinf. - She 1
1-23 FRS - principal Spillway - Reinf. - She 2

1-24 FRS - principal Spillway - Reinf. - She 3

•

•

1-25

1-26

1-27

1-?-8

1-29

1-30

1-31

1-32

1-33

1-34

1-35

1-36

1-37

1-38

1-39
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FRS - Principal Spillway - R/CPipe

FRS -principal Spillway - Trashrack Dets

FRS - Emergency Spillway - Plan &Profile

FRS - Emergency Spillway - Cross Sections & Details

FRS - Emergency Spillway - Reinf.Details .... She 1

FRS - Emergency Spillway - Reinf. netails - She 2

FRS - Emergency Spillway - Reinf. Details - She 3

FRe; - Emergency Spillway - Bar Bending Schedule - She 3

Apache Junction Floodway - Details sta. 17 + 20 to sta. 22 + 60;
sta. 23 + 80 to sta. 27 + 37.50

Apache Junction Floodway - Bar Bending Schedule - Sh. 4

Idaho Rd. & Lost Dutchman Blvd - Plan

Idaho Rd. & Lost Dutchman Blvd - Profiles

Protective Barrier

Fence Details

Identification Sign
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