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EXECUTIVE SUMMARY

Landmark Land Company currently holds a planning permit for

approximately 2,230 acres of Arizona Trust Land. The proposed name

for the planned development is Paradise Ridge.

This drainage report was prepared to identify drainage problems,

constraints to development and a drainage solution coordinated with

the site plan and adjacent existing and proposed drainage

facilities.

The majority of the site has been identified by FEMA, in the Flood

Insurance Study, as being in a Special Flood Hazard Zone 'AO'.

This Special Flood Hazard Zone 'AO' is associated with alluvial fan

flooding originating from an approximate 16.1 square mile drainage

area to the northeast in the City of Scottsdale .

Regional drainage studies have been prepared for both the City of

Phoenix and Scottsdale to evaluate solutions to this potential

alluvial fan flooding problem. Both studies have proposed a

channel/levee system to intercept and convey flow from the fan apex

in the City of Scottsdale to the CAP Canal south of the study site

in the City of Phoenix. The channel/levee system proposed in these

studies, crosses the study site from Scottsdale Road (south of

Pinnacle Peak Road) to the CAP Canal.

Development of the study site with the FEMA Special Flood Hazard

Zone 'AO' intact will involve elevating building finished floors

and arranging streets parallel to the flow direction to accommodate

these potential alluvial fan flows, with resultant higher

construction costs and lower building density. Flood Insurance may

still be required for the buildings. The higher cost of

development and associated- Flood Insurance premiums raise the

~



• question of whether development within this Special Flood Hazard

Zone 'AO' can be competitive with adjacent developments outside the

special Flood Hazard Zone 'AD'.

The FEMA Special Flood Hazard Zone ' AD' may be removed by

construction of channel/levee system capable of intercepting the

total alluvial fan flows and conveying them to the CAP Canal.

Upstream, the City of Scottsdale has proposed such a channel and

has commissioned a study to evaluate the financing methods and

design requirements to incorporate the channel. The City of

Scottsdale's proposed channel construction would outlet into the

study site.

Interim meetings and coordination with the City of Scottsdale an

adjacent developments in Scottsdale have been made to develop an

alignment and schedule for channel improvements in Scottsdale.

This coordination has resulted in preliminary agreements to

construct sufficient channel improvements on Rawhide Wash within 2

years time to ensure that 100-year discharges are conveyed across

Scottsdale Road at a point 2,500± feet south of Pinnacle Peak Road.

In addition, one other offsite discharge inflow point along

Scottsdale Road was agreed to involve a channel entering the site

at the City of Scottsdale's (COS) Deer Valley Road alignment.

This drainage report proposes a drainage system plan to intercept

and convey these alluvial fan flows through the site with the goal

of removing the Special Flood Hazard Zone ' AD' . The proposed

ultimate drainage system involves intercepting the Rawhide Wash

Channel on the west side of Scottsdale Road, approximately 2500

feet south of Pinnacle Peak Road, and continuing the channel south

along the west side of Scottsdale Road to the COS's Deer Valley

Road alignment.

•
This reach

velocities

of channel will convey 100-year flows at higher

(14± fps) capable of conveying sediment. At the COS's

ii



Deer Valley Road alignment, the Scottsdale Road channel will be

• passed through a sediment basin to reduce velocities and remove the

major sediment loan (gravels and large sands). Downstream of the

sediment basin, channels are designed at a slower, relatively non

erosive velocity to minimize maintenance and erosion protection

costs.

At the sediment basin the 100-year discharge of 10,300 cfs will be

split such that approximately 3,400 cfs will go south in the East

Channel at the first of three flow splits. The East Channel

continues south within the study site to a point of intersection

with the proposed Ridge Circle Alignment to the second flow split

where approximately 1,500 cfs is split out and channelled to

intersect with the West Channel. The balance, approximately 2,000

cfs continues south to the ultimate outlet, the CAP Canal Dike 2

detention basin.

The remaining 6,900 cfs of the 100-year flow continues west in the

• East/West Channel to the third flow split. At this flow split 3,450

cfs is split south in the West Channel. The West Channel continues

south within the study site combining with the discharge split from

the East Channel south of Deer Valley Drive for a total of

approximately 5000 cfs that continues south to the ultimate outlet,

the CAP Canal Dike 2 detention basin.

At Split No.3, 3,450 cfs or 1/3 of the 100-year peak discharge

from the sediment basin continues west into the Desert Ridge

Development.

•

Along the north edge of the study site, a channel is proposed along

the north side of Pinnacle Peak Road west of Scottsdale Road to

64th Street. This proposed channel is located on State Land or

within the setback for an electric substation. The channel is

proposed to enter the Desert Ridge Development at 64th Street or

further west as dictated by Desert Ridge's ultimate drainage master

111
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plan. The 100-year peak discharge at 64th Street is 2,800 cfs for

a 3.2 square mile drainage area.

It is expected that most onsite drainage from Paradise Ridge can be

drained to these major channels by streets, roadside swales, pipes,

or golf corridors. One exception to this, involves approximately

106 acres in the northwest corner. A peak 100-year discharge into

Desert Ridge of 460 cfs is proposed at 64th Street, 1/2 mile south

of Pinnacle Peak Road.

The proposed system attempts to incorporate the proposed regional

drainage master plans and adjacent development master drainage

plans. The proposed system design will require continued

coordination with the Cities of Phoenix and Scottsdale, the Arizona

State Land Department, Arizona Department of Transportation and

adjacent land owners.

NOTE: Subsequent to this report on December 3, 1993, FEMA issued

a revised FIRM that delineated the study area as a zone 'AO', depth

one foot, velocity 2-4 fps.
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1.0 INTRODUCTION

1.1 INTRODUCTION:
Landmark Land Company of Arizona (LMLAZ) currently holds a planning permit
(No. 47-97397) for approximately 2230 acres of State Trust Land in north
Phoenix (See Figure 1). The proposed name for the project is Paradise Ridge
Development.

A-N West has been retained to prepare both a preliminary and master drainage
study to be submitted as elements of the planning process. The purpose of
the preliminary study was to identify and characterize the current drainage
conditions affecting the site. The preliminary study also developed
preliminary onsite and offsite hydrology, channel designs and alignments to
be used for the planning of both the drainage infrastructure and the overall
site. The preliminary drainage study (Reference 28) was dated April 2, 1993.

This master drainage study scope of work involved; a) refining the onsite and
offs ite hydrology and hydrau 1i c channel des i gn based on the proposed site
planning and coordination with offsite drainage facilities, b) identifying
needed drainage infrastructure and land area requirements to provide
transportation access, remove floodplain impacts and provide for onsite and
offsite drainage.

Most of Sections 1-3 and Figures 1-9 of the Preliminary Report were retained
in the Master Drainage Report. The remaining report sections, figures, and
appendices were added in developing this Master Drainage Report.

1.2 PROJECT DESCRIPTION:
The proposed project, which is comprised of approximately 2230 acres of Trust
land, is located within the corporate limits of the City of Phoenix, Arizona
(See Figure 1). The site is located within sections 15, 22, 27, and portions
of 33, and 34 in T4N, R4E of the Gila and Salt River Base and Median,
Maricopa County. The project is bounded on the north by Pinnacle Peak Road,
on the east by Scottsdale Road, on the south by the Central Arizona Project
Canal and on the majority of the west by 64th Street with a portion of the
site extending near 56th Street, south of Union Hills Road .

Page 1
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The developme~t plan for the project site is in the planning process and land

uses types and their proportions will be determined as the planning process

moves forward.

1.3 SITE DESCRIPTION:
The majori ty of the site is current ly natural desert. There is a 365+ foot

wide power line easement extending across the northeast corner of Section 15.

The easement is currently occupied by Salt River Project (SRP), Arizona

Public Service (APS) and Western Area Power Administration (WAPA).

The proposed Outer Loop Freeway is planned to cross the southern half of

Section 27 of the project site (See Figure 1).

Along the southern boundary of the project is the Central Ari zona Project

Canal (CAP). On the north side of the CAP are large retention basins which

were designed to store runoff from the maximum probable flood occurring from

the drai nage watershed to the northeast. The watershed dra i nage boundari es

to these retention basins and the storm runoff volumes were estimated by the

Bureau of Reclamation based on undeveloped conditions that existed when the

CAP was designed.

The site slopes from north northeast to south southwest at approximately 1.5

percent slope as a tilted plane surface. There are no significant ridges or

valleys over the site. The site is crossed perpendicular to the contour

1i nes by numerous branded small washes wh i ch joi n together and split apart

throughout the site. These washes vary in depth from 0.5 to 4 feet deep.

The site vegetative cover consists of a light to moderate growth of native

desert grasses, bushes and trees and is typi ca 1 of Sonoran Desert in the

north Phoenix/Scottsdale Area, including but not limited to; Palo Verde,

Ironwood, Creosote and cacti.

2.0 EXISTING HYDROLOGY AND FLOODPLAINS

2.1 EXISTING HYDROLOGY:
The watershed area contri but i ng storm runoff to the study site has been

studi ed several. times for; a) Ari zona Department of Transportat ion, Outer

Loop Freeway by Simons and Li, 1987 (Reference 1); b) City of Scottsdale,

Genera 1 Orai nage Pl an for North Scottsdale by Water Resources Associ ates

Page 2



• 1988-1989 (Reference 2), c) City of Phoenix, Concept Drainage Study, Paradise

Valley Fan Terrace by Water Resources Associates, February, 1990, and; d)

City of Scottsdale, Final Report, Upper Indian Bend Wash, Regional Drainage
and Flood Control Plan by Water Resources Associates, July, 1992 (Reference

4) .

Other less comprehensive hydrology studies have been conducted for proposed
developments in the vicinity of the study site of which a number of these

studies, but not all, are noted in the References Section of this report.

All of the four specific reports discussed above were prepared by the same
author.

The latest report, the Upper Indian Bend Wash Report has been reviewed by
numerous agencies that have jurisdiction or interests in the area incl~ding

the City of Scottsdale, City of Phoenix, Arizona State Land Department, ADOT,
Flood Control District of Maricopa County, Bureau of Reclamation, Arizona
Department of Water Resources and Corps of Engineers. The following

revisions to the urBW hydrology were recommended by the above agencies for

• incorporation into the hydrology HEC-1 computer models.

1. Change the storm duration from 24-hour to 6-hour.
2. Change the rainfall distribution from the SCS Type II A to the HEC-1

models hypothetical distribution option (PH record).
3. Route channelized flows by Modified-Puls method versus Kinematic wave

method.

4. Change Antecedent Moisture Condition from 2 (average moisture condition)
to 1 (dry moisture condition) for modelling of 2-year frequency storm

event only.

The Federal Emergency Management Agency (FEMA) has also reviewed and approved
this revised hydrology for use in the ongoing flood insurance study of
alluvial fans in the area (Reference 17).

•
The Ari zona Department of Transportat i on (ADOT) has i ndi cated that where

detention basins are to be designed along the Outer Loop Freeway, these

facilities will need to be designed for the 100-year 24-hour storm event.
The 100-year 24-hour storm event would generate more storm runoff volume than
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the 6-hour event which would be ADOT's concern for regional detention basin

design.

It is A-N West's understanding that the above agencies, including the

Ari zona State Land Department and 'FEMA, approve of the U. I . B. W. report's

results (with revisions), specifically regarding the general methodology and

analy~is of existing conditions. As such, A-N West has chosen this revised

U.I.B.W. report's hydrology data for use in the study site.

The U.I.B.W. report utilized the U.S. Army Corps of Engineers HEC-I computer

hydrology model to compute peak discharges over the study area. Figure 2

shows the existing condition drainage subareas and HEC-I model schematic from

the U.I.B.W. report impacting the study site. The drainage subarea

boundaries contributing drainage to the study site are not well defined in

the lower reaches of the watershed. The drainage patterns in the lower

watershed involve numerous parallel and intermittently braided washes. These

washes are typically of small bankfull capacity (i.e. less than IO-year storm

event) . For 1arger storm events, such as the IOO-year event, shallow sheet

flow occurs over a wi de area, between these washes. As such, the IOO-year

peak di scharges computed and shown on Fi gure 2 are not concentrated at one

point but represent a wide area of shallow flow including small washes

flowing bankfull.

The Federal Emergency Management Agency has prepared Preliminary Floodplain

Mapping of alluvial fan areas in the watershed of the study site which also

encompass the majority of the study site. The alluvial fan floodplains are

discussed further in the next section. The preliminary FEMA alluvial fan

flood delineation is based on hydrology from the revised U.I.B.W. report

discussed earlier.

The following Table

discharges entering

revised hydrology.

1, presents the approximate

the study site from the July,

lOO-year 6-hour peak

1992 U.I.B.W. report

•
A-N West modified the baseline hydrology HEC-l model from the U.I.B.W. report

(File: F3.24I) to include the above revisions as well as revisions to

drainage areas to achieve peak discharges along the border of the study site.

The HEC-l model input/output for this model (File: F3-24ILL) is not included

in the Appendix A. See Figure 2 for location of Table 1 discharges.
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• TABLE 1
SUMMARY OF EXISTING FLOW PATTERN PEAK DISCHARGES

Location (See Figure 2)

Drainage
Area

(sq. mi.)

HEC-1
Model

1. D.
100-Year 6-Hour

Peak Discharge (cfs)
-----------------------------------------------------------------------------

2.2Along Pinnacle Peak Road
(64th Street to 1000 ft. West of
Sc'ottsdale Road)

Along Scottsdale Road 16.1
(1600 Ft. North of Pinnacle Peak
Road to 1600 ft.South of
Deer Valley Road)

COB .1

C028.1

2200

10400

Along Scottsdale Road
(1600 Feet South of Deer Valley
Road to 2500 ft. South of Union
Hills Road)

7.1 C033.1 4324

•

•

2.2 FLOODPLAINS:
The currently effective Flood Insurance Rate Maps (Reference 16) show the

study site to be totally in a Flood Hazard Zone 'X' (formerly referred to as
lB' ) • Zone' X'is the flood insurance rate zone that corresponds to areas

outside the 100-year floodplain, and areas of 100-year sheet flow flooding
where average depths are less than 1 foot, areas of 100-year stream flooding

where the contributing drainage area is less than 1 square mile, or areas
protected by 100-year fl ood by 1evees. No Base Flood El evat ions or depths
are shown within this zone (Reference 18).

On February 14, 1989, FEMA published preliminary Flood Insurance Rate maps

(FIRM's) for the study area. These 'are now commonly known as Alluvial Fans

Nos. 1-6. Fans No.4 through 6 begin within the City of Scottsdale and
extend downstream into the City of Phoenix.

The FEMA classification of these floodplains as alluvial fan flows assumed
that flows could shift within the designated floodplain limits as relatively

concentrated flow with associated high depths and velocities. The February

14, 1989 draft FIRM mapping showed the majority of the study site in the

alluvial fan floodplain with estimated flow depths and velocities of 2 feet

and 6 to 7 fps, respectively.
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FEMA designated these alluvial fan areas a Special Flood Hazard Zone 'AD'

which did not define depth of flow. Floodproofing indi~idual developments in

this Special Flood Hazard Zone would be difficult as each development would

need to show it cou 1d convey the potent i a1 concentrated flow of up to

approximately 10,000 cfs, around or through the development.

The Cities of Phoenix and Scottsdale and the Flood Control District of

Maricopa County have protested and appealed the alluvial fan designations

since they were first proposed. It is A-N West's understanding that the

Cities appeal argued that these were not true alluvial fans, on which

concentrated flows would shift within the floodplain limits. The Cities

argued these were shallow flooding areas with an approximate but definable

flow distribution and average flow depth. The Cities proposed a Special

Flood Hazard Zone AOl-3, which would involve average shallow flooding of 1 to

3 feet deep with a depth defined on the FIRM maps. This Special Flood Hazard

Zone would allow development floodproofing by; elevating buildings above the

average flow depth and providing conveyance through the development for the

approximate storm runoff discharge distribution entering the development .

The alluvial fan FIRM's have been revised several times and on January 4,

1993, FEMA published their latest "draft" final FiRMs. This January 4, 1993

draft map is also under appeal by the Cities of Phoenix and Scottsdale and

FCDMC. Figure 3, Preliminary Floodplain Map shows the impact of this

alluvial fan on the study site. The majority of the study site is within a

designated special flood hazard Zone A with a note that this flooding

originates from Basin 4 or Alluvial Fan Apex No.4. The Zone A represents

areas inundated by a 100-year flood with no base flood elevation determined.

The 100-year discharge from Basin 4 is estimated at approximately 10,000 cfs.

In order to remove this flood hazard designation, from the study area, a

drainage system would need to be built, capable of adequately intercepting

and conveying to the CAP dikes, the total 100-year discharge, upstream of the

study area .

Page 6



•

!.

•

3.0 PROPOSED REGIONAL HYDROLOGY AND DRAINAGE
FACILITIES

3.1 U.I.B.W. REPORT AND RAWHIDE/PINNACLE PEAK WASH ALIGNMENT REPORT:
U.I.B.W. Report. In addition to analyzing existing condition hydrology, a
goal of the Upper Indian Bend Wash Study (Reference 4) prepared for the City
of Scottsdale was to evaluate possible drainage solutions to mitigate the

area wide alluvial fan floodplain hazards. As part of the U.I.B.W. report, a
proposed master drai nage plan of channels was recommended to intercept the

100-year di scharges at the all uvi a1 fan apexes and convey the fl ows to the
CAP di kes. Fi gure 4 of thi s report shows the proposed drai nage area map,

channel alignments and HEC-l model schematic from the U.I.B.W. Report.

As shown on Figure 4, the U.I.B.W. report proposed a channel referred to as
Rawhide Wash Channel, which would intercept the basin (i .e. fan) No. 4

upstream of the Happy Valley Road and Hayden Road intersection and convey the
100-year flows to the CAP Dike No.2 near 64th Street. The proposed Rawhide
Wash Channel entered the study site on Scottsdale Road approximately 1200

feet south of Pinnacle Peak Road.

A second channel referred to as Scottsdale Road - Channel was proposed to
parallel Scottsdale Road on either, the east or west side, from the Rawhide
Wash Channel, north to Jomax Road. It is noted that the Scottsda1e Road

Channe 1 was proposed to intercept 1oca 1 upstream drainage and wou 1d not be

necessary to eliminate the alluvial fan flooding hazard, if the Rawhide

Channel intercepts the fan apex.

A third channel referred to as the Deer Valley Channel was proposed

to parallel COS Deer Valley Road alignment, from Hayden to

Scottsdale Road then turn south along the east side of Scottsdale

Road. The proposed Deer Valley Channel would cross Scottsdale Road

near the COS Beardsley Road intersection alignment. Per the

U.I.B.W. Report, the Deer Valley Road Channel would also intercept

and convey only local upstream drainage. It would not be necessary

to eliminate the alluvial fan flooding, provided Rawhide Wash is

completed upstream to the Fan No. 4 Apex. The proposed Deer Valley

Road Channel represents the incorporation of the proposed Master

Drainage plan for the Arizona State Land Department's Core North

Development (Reference 5) .
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• The following Tnble 2 presents the approximate lOO-year 6-hour storm peak
discharges entering the study area for the above described proposed channel
system from the U.1.B.W. report. A-N West modified the hydrology from the
U.1.B.W. report HEC-1 model (File: MP3.24I) to reflect the 6-hour duration
storm, normal depth routing and hypothetical rainfall distribution. The
revised HEC-l hydrology input/output (File: MP3.24ILL) were not included in
th is report.

TABLE 2
SUMMARY OF PROPOSED CHANNEL DISCHARGES

FROM U.I.B.W. REPORT

•

Location (See Figure 4)

Scottsdale Road Channel
At Pinnacle Peak Road

Rawhide Wash Channel at
Pinnacle Peak Road (Upstream
of Confluence with Scottsdale
Road Channel)

Rawhide Wash Channel at
Scottsdale Road Channel
(Downstream of Confluence)

Deer Valley Road Channel
at Scottsdale Road

Drainage
Area

(sq. mi.)

3.0

15.4

18.4

2.03

HEC-1
Model

1.D.

4B1

28A2

- 4B3

CNC6

100-Year 6-Hour
Peak Discharge (cfs)

2310

10133

11520

1924

•

Rawhide/Pinnacle Peak Wash Alignment Report. The City of Scottsdale utilized
the Upper Indian Bend Wash Study results to further refine channel concepts
and alignments within the City of Scottsdale, which would specifically
intercept and convey storm runoff through the City of Scottsdale from the fan
apexes to the CAP dikes.

The City of Scottsdale recognized that eliminating the alluvial fan flooding
problem could not be efficiently addressed by individual developers and that
a coordinated regional effort was needed. The City assembled a committee of
City staff and prepared two reports, "Rawhide/Pinnacle Peak Wash" (Reference
10) and "Reata Pass/Beardsley Wash (Reference 11) Al ignment Study Reports".
These reports wi 11 form the concept des i gn for a more detail ed des i gn and
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• financing plan study to be conducted by a consultant for the City of
Scottsdale. This study will be initiated in May, 1993, with the goal of
developing a more detailed preliminary design and financing plan to implement
the channel system.

The recommended alignment for Rawhide Wash from the Alignment Study
(Reference 10) is shown on Fi gure 5. The recommended conceptual regi ona 1
storm water management plan proposed in the al ignment reports (Reference 10
and 11) is shown on Figure 6.

3.2 ARIZONA STATE LANDS - CORE NORTH DRAINAGE MASTER PLAN:
The Core North Development Master Drainage Plan (Reference 5) was prepared in
November, 1989 for Core North, Inc. These Arizona State Lands are bounded by
Scottsdale Road, Deer Valley Road, Pima Road and the Outer Loop. A schematic
of this system obtained from the U.I.B.W. Report is shown on Figure 7. The
Core North Master Drainage Plan attempted to integrate the proposed alluvial
fan channelization plan developed by the City of Scottsdale (Reference 10 and
11) .

• The proposed channels shown on Figure 7 were sized for storm runoff
discharges for 2 cases; Case 1) the alluvial fans are intercepted by the
regional channel system (Reference 10 and 11) and the channels intercept
local offsite flow and; Case 2) the regional channel system is not in place
and the Core North Channels are upsized to convey the alluvial fan flows and
local offsite flow.

For Case 1 above, the local offsite drainage area impacting the Deer Valley
Channel from Scottsdale Road to Hayden Road was adjusted and re-computed in
the HEC-l model from the U.I.B.W. report. A 100-year 24-hour storm discharge
of 2100 cfs was computed. For Case 2, the estimated alluvial fan flow of
10,000 cfs was utilized for preliminary design.

•

3.3 ARIZONA STATE LANDS - DESERT RIDGE DRAINAGE CONCEPT PLAN:
The Desert Ridge Development DrainaQe Concept Plan (Reference 7 and 9) was
prepared in February, 1990, for Northeast Phoeni x Partners. These Ari zona
State Lands are bounded generally by 64th Street, Union Hills Road, CAP
Canal, 32nd Street and Pinnacle Peak Road. The proposed concept drainage
plan for this development involved a series of shallow, wide drainage swales
to intercept offsite drainage from the north and east and convey it to the
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•
CAP canal dikes. The Drainage Concept Plan is shown on Figure 8. This

report did not address the alluvial fan impacts to Desert Ridge Development.

3.4 ADOT OUTER LOOP FREEWAY DRAINAGE CONCEPT PLAN:

The Outer Loop Freeway Drainage Concept Report Plan (Reference 13) Printed,

May, 1988, shows a pass-through drainage concept for conveying offsite

drainage across the Outer Loop Highway between Tatum Boulevard and Scottsdale

Road. It is A-N West's understanding based on past experience with ADOT,

that ADOT would be willing to revise this pass-through concept, if a more

concentrated interceptor/conveyance channel was planned and approved upstream

and downstream of the Highway. There are cost efficiencies to ADOT to

provide fewer, larger drainage structures across the Outer Loop. The

feasibility of this revision is dependent on obtaining an approved master

planned channel system crossing the Outer Loop, before ADOT constructs these

facilities.

• In discussions with the

Loop section from 56th

construction schedule

construction.

Outer Loop Management consultant for ADOT, the Outer

Street to Scottsdale Road does not have a definite

and is not currently in the 5-year plan for

•

3.5 PARADISE VALLEY FAN TERRACE CONCEPT DRAINAGE STUDY:

The Paradi se Vall ey Fan Terrace (PVFT) Concept Drai nage Study (Reference 3)

was prepared for the City of Phoenix in February, 1990. This study evaluated

drainage solutions to drainage problems in the City of Phoenix, north of the

CAP Canal and east of Cave Creek Wash. Among the structural flood control

measures evaluated was a system of chpnnels as shown on Figure 9.

The later Master Drainage Plan, U.I.B.W. Report July, 1992 (Reference 4) and

the Desert Ridge Concept Drainage Plan (Reference 7 and 9) deviate from the

channel system proposed in PVFT report at the study site. The U.I.B.W.

report and Desert Ridge report drainage plans propose drainage channels that

follow the natural flow paths to the CAP canal .
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• 4.1

4.0 PROPOSED DRAINAGE FACILITIES

EXISTING DRAINAGE PROBLEMS AND CONSTRAINTS TO DEVELOPMENT:

•

•

As noted in Section 2.2, the study site is currently in a Zone 'AD'

(formerly referred to as Zone X) based on currently effective Flood

Insurance Rate Maps (Reference 16). This flood hazard zone

corresponds to lOO-year sheet flow flooding where average depths

are·l foot deep and velocities vary from 2 4 fps. Flood

Insurance is required for this zone.

The special flood hazard Zone AD may be eliminated through the

construct~on of a flood control levee/channel system capable of

adequately intercepting the total alluvial fan lOO-year discharge

at the fan apex and conveying the flows to the CAP dikes.

Such a system has been proposed and conceptually des i gned as di scussed,
earlier in this report. The alignment through the study site is only
critical in that the upstream connection at Scottsdale Road should be located
approximately 1,000 to 1,200 feet south of Pinnacle Peak Road to connect to
the upstream facility. Within the study site, the channel alignment can
vary, so long as it connects to the CAP Dike 2.

A 1evee/ channe1 system may also be cons i dered adequate to remove the flood
hazard on the study site downstream of the system if it intercepts the entire

upstream floodplain width.

Without the removal of the Special Flood Hazard Zone'AO'building finished
floors will need to be elevated at least 2 feet above highest existing grade
within the building footprint. No basements, split level or sunken living
room floor elevations will be allowed below this elevation requirement.
Federal Flood Insurance may still be required even with these elevated
finished floors within the SFH Zone AOlimits. The majority of streets would
need to be laid out parallel to natural flow directions to provide-a
conveyance system for possible alluvial fan flow. This will result in higher
building costs, lower development density and a development master plan
orientated toward maintaining parallel flowpaths for flow.

The implementation phasing of the proposed upstream drainage facilities in
the City of Scottsdale have an impact on the design and effectiveness of
drainage facilities in the study site. Likewise, the design of these
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•
upstream facilities require a coordinated outlet drainage system through the
study site to the CAP Dike No.2. Also, FEMA will not recognize a channel
system as adequate to intercept the alluvial fan flows, if flows could
meander around the partially complete system. Hence, to remove the Special
Flood Hazard Zone, the drainage system will need to be complete and capable
of intercepting the upstream flows within the alluvial fan floodplain limits.

4.2 DETENTION REQUIREMENTS:
The City of Phoenix Subdivision Drainage Design Manual (Reference 14)
indicates that detention for runoff from the 100-year 2-hour storm for
proposed development is required. Table 3 below summarizes an estimated
detention volume and land area, of 216 acre feet and 86 acres required,
respectively, based on an assumed land use mix obtained from the Phoenix
Genera 1 Pl an, Peri phera1 Areas C and D (Reference 15). A 100-year 2-hour
rainfall precipitation of 2.82-inches was utilized with a hydrologic soil
group, Type B (Reference 4).

The U.I.B.W. Report analysis indicates that the CAP Dike 2

detention area is adequate to detain the upstream developed

condition watershed. The U.I.B.W. Report hydrology is based on

developed conditions wi thout detention. The study site development

will outlet directly into the CAP Dike 2. The City of Phoenix

storm drain manual will be utilized to provide sufficient on-site

local detention requirements.

TABLE - 3
100-YEAR 2-HOUR STORM

DETENTION REQUIREMENTS FOR
ASSUMED MIXED LAND USE DEVELOPMENT

Estimated
Land Use/Zoning

From C.O.P.
General Plan (Ref. 15)-

Acres
(Ac)

CN
( 1)

100-yr. 2-hr.
Runoff (I n. )

Detention
Volume
(Ac. Ft.)

Area (2)
(Ac)

-----------------------------------------------------------------------------
Residential 1425 81.5 1.15 136.6 54.6
Commercial 233 92 2.0 37.2 14.9
Open Space 533 77 0.95 42.2 16.9
Outer Loop 49 N/A

TOTAL 2230 216.0 86.4

Notes: (1) Curve Numbers (CN) from City of Phoenix Subdivision Drainage• Manual.
(2) Area Based on 2.5 Foot Assumed Average Depth.
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•

4.3 PROPOSED DRAINAGE SYSTEM GOALS:
The des i gn of the proposed drainage system attempted to i nteg rate adj acent
proposed regional drainage systems and address constraints posed by the
floodplain designation over most of the site. The general goals of the
drainage systems are to:

a) Remove the study site from the Alluvial Fan Special Flood Hazard Zone 'AD'

100-year floodplain.
b) Incorporate the proposed upstream flood control facilities.
c) Intercept and convey onsite and offsite drainage, through the project to

the CAP Canal Dike 2 detention basin or adjacent downstream drainage
facilities.

4.4 COORDINATION WITH PROPOSED ADJACENT DEVELOPMENT AND CITY OF SCOTTSDALE
DRAINAGE FACILITIES:
4.4.1 Proposed Stardust Development Project. In April of 1993, Stardust
Development approached the Arizona State Land Department to develop a 40 acre
parcel of state land located in the S.W. 1/4 of the N.W. 1/4 of Section 11,
as shown on Figure 10. This proposed development was also in the Rawhide
Wash 100-year floodplain of the alluvial fan basin 4. The Stardust
Development proposed to construct a floodwall along the west bank of Rawhide
Wash from this 40 acre parcel upstream to a point, where flows were contained
in Rawhide Wash as shown on Figure 10.

Two reports were prepared in support of the proposed development of this 40
acre parcel on state land. The first report was entitled, Hydrology Study
Report for Rawhide Wash Floodwall, August, 1993 (Reference 20). This report
computed a peak 100-year 6-hour developed condit ion di scharge for Rawh ide
Wash at the development of 9430 cfs (Drainage Area 14.24 sq. mi. and
Concentration Point 27.1). This report utilized the basic hydrology
methodo logy from the Upper Indi an Bend Wash Report (Reference 4), but with
the following modifications; 100-year 6-hour precipitation storm,
hypothetical rainfall distribution, normal depth channel routing.

The second report was entitled, Impact Analysis Study for Rawhide Wash
Floodwall, September, 1993 (Reference 21). This report summarized a
hydraulic analysis of Rawhide Wash from Pinnacle Peak Road to Jomax Road
using new 2 foot contour internal mapping. This hydraulic analysis utilized
the HEC-2 model to estimate 100-year storm breakout flows from Rawhide Wash
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to the west and east, over this reach. It was estimated that 2343 cfs broke
out to the west, from 2300 feet north of Happy Valley Road to Happy Valley
Road and 1365 cfs between Happy Valley Road and the north edge of Los

~ Portonnes development for a total of 3708 cfs breakout to the west.

It was also estimated that 2704 cfs of the total 100-year discharge of 9430
cfs broke out to the east from Rawhide Wash between Happy Valley Road and the
north edge of the Los Portonnes development.

This report (Reference 21) proposed a floodwater retaining wall and limited
channel improvements along the west bank of Rawhide Wash from the north edge
of the Los Portonnes development to a point approximately 2300 feet north of
the Happy Valley Road as shown on Figure 10. This floodwall and
channel ization would prevent breakout flows to the west from impacting the
proposed 40 acre development parcel ,and maintain water surface elevations at
existing levels over this reach.

The City of Scottsdale was concerned that the proposed floodwall and limited
channel improvements would concentrate flows downstream and possibly increase
breakout flows to the east, thereby aggravating flooding problems in these
areas.

4.4.2 Proposed Improvements by City of Scottsdale

•

In September of 1993 the City of Scottsdale (COS) presented an

interim drainage solution for the Rawhide Wash which was neither

approved by the City of Phoenix (COP) or the Arizona State Land

Department (ASLD), nor recommended by the Planning Permittee,

LMLAZ. In a subsequent meeting held February 9, 1994, the COS

stated that the interim improvements were no longer being

considered and that they would continue pursuing a permanent

drainage solution for the Rawhide Wash based on the

Rawhide/Pinnacle Peak Wash Alignment Report (see pages 8 and 9 of

this report) .

The permanent drainage solution involves the theory of

consolidation and conveyance of storm water into a major drainage

channel and through the Rawhide Wash drainage area (see figure 5) .

To date this recommendation has not been approved by the COP or

ASLD as the most viable drainage solution for the Rawhide Wash.
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In December of 1993 a proposal was presented regarding storm water

detention (detention basin) at the apex of the Rawhide Wash within

the City of Scottsdale. Subsequent meetings and discussions were

held in January and February 1994. On March 4, 1994 the ASLD, COP,

and COS all agreed that a detention basin may be the best solution

for the Rawhide Wash. A committee was formed to study the

detention basin and to ultimately reach a decision regarding it.

Discussions are continuing regarding a final drainage solution for

the" Rawhide Wash as of the filing date of this report.

4.4.3 Proposed Core North Drainage Facilities

The Core North Development is located east of Scottsdale Road and

south of the COS Deer Valley Road alignment on State Land. As

shown on Figure 7 and discussed in this report, Section 3.2, the

original drainage master plan for Core North proposed a drainage

channel along the south side of the COS Deer Valley Road alignment,

starting just west of Hayden Road and proceeding west to Scottsdale

Road. At Scottsdale Road the channel was proposed to proceed south

4It along the east side of Scottsdale Road and cross Scottsdale Road

approximately 1000 feet north of the COS Beardsley Road alignment.

This channel was proposed to intercept and convey offsite flows

around and the site for two possible drainage area scenarios, 1)

without any upstream Rawhide Wash channel improvements, the channel

could conceivably, by FEMA criteria, need to intercept the total

100-year discharge of approximately 10,000 cfs for the Rawhide Wash

watershed, and 2) with Rawhide Wash channel improvements in place

as discussed in Sections 4.4.1 and 4.4.2 above, the local drainage

area is greatly reduced and the 100-year peak discharge intercepted

by the channel along the COS Deer Valley Road alignment is

approximately 1900 cfs.

Based on the proposed drainage facility improvements discussed in

Sections 4.4.1 and 4.4.2, the peak discharge from the drainage area

scenario number 2 will result.

4It
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•

Based on meetings and coordination between representations of

LMLAZ, Core North Development and State Land Department, it was

also agreed that the proposed Core North channel along Deer Valley

Road alignment would be brought straight across Scottsdale Road,

thereby eliminating the segment of channel proposed to extend south

from the COS Deer Valley Road alignment along Scottsdale Road.

It was further agreed that no onsite drainage from Core North south

of the COS Deer Valley Road alignment would be conveyed west across

Scottsdale Road. (See "Note B" on page 24)

The Core North Master Drainage Plan (CNMDP) indicates the location
of a detention facility at the Deer Valley alignment channel east
of Scottsdale Road. The Detention Basin/Park area on the CNMDP
encompasses 5 to 6 acres and it is anticipated to detain 50 to 80
acre feet of runoff prior to discharging the flow to the Scottsdale
Road Channel.

4.4.4 Proposed Desert Ridge Development Drainage Facilities.

4.4.4.1 Proposed Rawhide Wash Channel: The Desert Ridge Development is

located on State Land west of 64th Street, between Pinnacle Peak road and the

Union Hills Road alignment. The original Desert Ridge Development Master

Drainage Plan developed in February, 1990 and shown on Figure 9 and did not

incorporate the impacts of the proposed FEMA alluvial fan floodplain for
Rawhide Wash. As shown on Figure 10, this floodplain delineation impacts
from 1/2 mi 1e south of Pi nnac 1e Peak Road, south to the Un i on Hi 11 s Road
al ignment.

By FEMA criteria, the peak lOa-year discharge of approximately 10,000 cfs
could enter the Desert Ride Development, anywhere within this floodplain
delineation.

Since the Desert Ridge Development is impacted by the existing

Rawhide Wash floodplain, it was considered appropriate that the

Desert Ridge Development also participate in the proposed drainage

solution. The ultimate drainage solution involves conveying the

Rawhide Wash 100-year discharges to the CAP Canal Dike 2 detention

basin. The Dike 2 detention basin extends" from Tatum Boulevard

(48th Street) to Scottsdale Road. It is proposed that

approximately 1/3 of the Rawhide Wash 100-year discharge entering

the proposed sediment basin at Scottsdale Road and the COS Deer

Valley alignment (see Figure 10) be conveyed west into the Desert

Ridge development at 64th Street.
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•

4.4.4.2 Proposed possible Alternative Pinnacle Peak Road Channel:

In the Preliminary Report, (Reference 28) as shown on Figure 2, an

offset drainage area of 2.2 square miles and total peak 100-year 6

hour discharge of 2211 cfs (concentration point C013.l) was

estimated to cross Pinnacle Peak Road between Scottsdale Road and

64th Street. This preliminary report analysis assumed that a

proposed channel along Scottsdale Road would be in place from 3300

feet north of Pinnacle Peak Road to a point south of Pinnacle Peak

Road, coinciding with the Rawhide Wash Channel. The Scottsdale

Road channel was proposed to intercept the Rawhide Wash Flood plain

at the time of the preliminary drainage report.

The Scottsdale Road channel will not be necessary to intercept the

floodplain with the proposed improvements discussed in Section

4.4.1 and 4.4.2. Without the Scottsdale Road channel, additional

local offsite flow can contribute to Pinnacle Peak Road.

For this master drainage report, a total offsite d~ainage area of

approximately 3.2 square miles has been estimated to contribute to

Pinnacle Peak Road between Scottsdale Road and 64th Street as shown

on Figure 11 (subareas l2A-D and l3A-D). The increase in total

contributing drainage areas from 2.2 to 3.2 square miles from the

preliminary report to this final report is the result of; (a)

subarea l2D with a drainage area of 0.55 square miles now

contributes without the Scottsdale Road channel, and (b) a more

detailed evaluation of drainage areas suggests more drainage area

contributing.

The proposed Pinnacle Peak Road channel was proposed in the

Preliminary Drainage Report and continues to be proposed as one of

the alternative solutions in this Master Drainage Report. As

proposed the Pinnacle Peak Road channel will be located north of

Pinnacle Peak Road. From Scottsdale to 1750 ± feet west of

Scottsdale Road, offsite drainage is anticipated to be conveyed in

a roadside swale within road right-of-way. From 1750 feet west of

Scottsdale Road to 64th Street the channel would be located
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•

adjacent to the road on the north side. At 64th Street the flow

would be conveyed south across the road into the Desert Ridge

Development. The peak 100-year, 6-hour discharge at 64th Street is

computed to be 2,800 cfs for the 3.2 square mile total drainage

area. (See "Note An on page 23)

4.4.4.3 Proposed Onsite Flow From Paradise Ridge to Desert Ridge
Developments. An onsite subarea of approximately 106 acres in the northwest
corner of the Paradi se Ri dge development is proposed to cross 64th Street
into Desert Ridge, 1/2 mile south of Pinnacle Peak Road. This onsite subarea
is west of the proposed Ridge Road and Paradise Parkway. The peak 100-year
6-hour developed condition discharge is estimated as 470 cfs.

A port i on of ons ite flow north of the Deer Valley Road ali gnment wi 11 also
cross 64th Street at the Deer Valley Road alignment as part of the Rawhide
Wash fl ows.

No onsite flow south of the Deer Valley Road alignment is proposed to cross
64th Street into Desert Ridge development. The onsite flow south of the Deer
Valley alignment is expected to be conveyed by streets and roadside ditches
to the major onsite channels,- which will convey onsite and Rawhide Wash flows
to the Dike 2 basin.

4.5 PROPOSED DESIGN HYDROLOGY
4.5.1 General.
Proposed des i gn di scharges for the drai nage systems were generated from
modifications to the U.I.B.W. report hydrology models for Rawhide Wash and
new hydrologic analysis by A-N West for onsite drainage discharges and the
offsite drainage contributing to Pinnacle Peak Road. The Corps of Engineers
HEC-l model (Reference 19) was used to compute peak discharges.

Figures 10 and 11 show drainage area boundaries and HEC-l model 1.0. No.s for
the offsite drainage impacting Pinnacle Peak Road and the Deer Valley Road
alignment channel. Curve numbers percent impervious values and kinematic
wave methodology from the U.I.B.W. Report were used to generate hydrographs.

A-N West modified the U.I.B.W. proposed hydrology model (File: MP3.24I) to
reflect the following changes; which were utilized to develop the Rawhide
Wash floodplain hydrology for FEMA.

Page 18



• The final Paradise Ridge Master Drainage Plan 100 year - 6 hour

HEC-l model (PRMDPl.OUT) has been updated and included with this

report. A drainage basin map with the HEC-l sub-basins, confluence

points, and routing designation numbers has also been included.

The HEC-l model includes some re-naming/re-numbering to coordinate

computer model with drainage basin map for clarification.

a) 6-hour duration storm
b) Hypothetical rainfall distribution
c) Normal depth routing of hydrographs
d) Add Deer Valley Road Alignment Channel flow to Scottsdale Road Channel.

4.5.2 Precipitation Values.
It was considered necessary to generate 10-year peak discharges to evaluate
scour and sediment transport as the 10-year storm is considered the dominant
or long-term storm frequency associated with sediment transport and channel
stability. The 2-year discharges were also desired to evaluate flow
distributions for this frequent storm event.

• The Hydrologic Design Manual prepared by the FCDMC (Reference 22) was used to
estimate precipitation values for the 2,10, and 100-year storm return
interval or frequency for the several durations needed for the HEC-l model PH
record. These precipitation values are shown below and were calculated for a
drainage centroid located at the intersection of Pinnacle Peak Road and
Scottsdale Roads. Also, shown are the 100-year 6-hour precipitation values
from the Basin 4 alluvial fan hydrology prepared for FEMA.

•
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PRECIPITATION VALUES (INCHES)

-----------------------------------------------------------------------------•
Storm Return

Period or
Frequency (Years) 5 Min 15 Min

Duration
1 Hr. 2 Hr. 3 Hr. 6 Hr. 12 Hr. 24 Hr.

•

•

At Pinnacle Peak and Scottsdale Roads

2 0.34 0.62 1.00 1.12 1.20 1.35

10 0.55 1.00 1.62 1.81 1. 94 2.18

100 0.85 1. 55 2.50 2.77 2.96 3.30

From FEMA Rawhide Wash (Basin 4) Floodplain Hydrology

100 0.77 1. 51 2.65 3.00 3.23 3.66 4.00 4.52

It is proposed that for computing 100-year peak discharges that the FEMA

precipitation values will be utilized for the Rawhide Wash and Deer Valley

Road channel drainage areas to the proposed sediment basin. _.

Downstream of the sediment basin, 100-year peak onsite discharges and

Pinnacle Peak Road channel discharges will be computed using the

precipitation values computed for the Pinnacle Peak/Scottsdale Road drainage

centroid.

It is proposed that 2 and 10-year discharges for the entire watershed will be

computed using the values shown in the table.

4.5.3 Area Reduction of Precipitation Values.

The total drainage area for the Rawhide Wash and Deer Valley Road al ignment

channels as they enter the proposed sediment basin is approximately 18 square

miles. The area reduction option of the HEC-1 model PH record (Field 2) was

utilized to reduce the point precipitation values for the drainage areas

upstream of the proposed sediment basin based on an 18 square mile watershed.

Downstream of the proposed sediment basin this precipitation reduction was

not used to allow for computation of peak discharges for onsite drainage

areas.

For the Pinnacle Peak Road channel. the precipitation area reduction option

was utilized for the 3.2 square mile total watershed for this channel at 64th

Street.
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4.5.4 Flow Splits.

~ Flow splits were modelled in the HEC-l hydrologic model within the

proposed Paradise Ridge Developments.

Split 1: Referring to Figure lOA and lOB, the first flow split was

modeled as flow exited the sediment basin. The sediment basin is

proposed to remove bed load (gravels and large sand) from the

higher velocity channel along Scottsdale Road. The basin will pond

water in the basin and cause the sediment to drop out. The ponded

water in the sediment basin will" then outlet via two sets of box

culverts into either the East Channel or East/West Channel Segment

1. The lOa-year, 6-hour inflow to the proposed sediment basin is

approximately 10,300 cfs. The East Channel was designed to accept

approximately 3,400 cfs from the sediment basin, while the

remaining approximately 6,900 cfs was proposed to continue into the

East/West Channel Segment 1.

~

~

Split 2: The East Channel segment No.1 will convey flow south

through the project to the north leg of Ridge Circle Road. At

Ridge Circle Road, the second flow split will occur. Two sets of

culverts, which will also facilitate as the Ridge Circle Road

crossing, will split flow west and south. The 100 year - 6 hour

inflow to this split including onsite flow, is approximately 3,450

cfs. One set of culverts will convey approximately 1,480 cfs to

the west channel (via the south channel) and the remaining flows of

approximately 1,980 cfs will continue to be conveyed in segment #2

of the east channel to the projects south boundary.

Split 3: The East/West Channel Segment 1 will convey flow west

from the split 1 to split 3. Split 3 is proposed to involve a

grade control structure in the East/West Channel Segment 2. The

100-year, 6-hour inflow, including onsite flow is approximately

6,900 cfs. The grade control structure will split approximately

3,450 cfs south into the west channel. The remaining approximately

3,450 cfs will continue west in East/West Channel Segment 3, across

64th Street and into the Desert Ridge Development.

Page 21



• • •
Table 4

Summary of Design Discharges for
Major Drainage Facilities

DRAINAGE HEC-I 100 YEAR 10 YEAR 2 YEAR

LOCAnON/DESCRIPTION AREA MODEL I.D. PEAK DISCH. PEAK DISCH. PEAK DISCH. REMARKS

Proposed Rawhide Wash
Channel at Scottsdale Road 2600
ft Soulh of Pinnacle Peak Road 14.98 CP28A 9485 3523 1201

Scottsdale Road channel at Not including flow from

sediment basin 15.28 CPI64 9,537 3,543 1,193 Deer Valley Road Channel

Deer Valley Road Channel at Flow from Core North

sediment basin 2.63 CP28B 2,323 755 317 including subbasin 28B

Sediment basin including Deer
Valley & Scollsdale Road Total in flow to sediment

Channels 17.92 SEDBSN 10,312 3,802 1,285 basin

East Channel Segment 1/1 Diversion to East Channel

Downstream of sediment basin N/A DVEAST 3,437 1,267 428 out of sediment basin

Diversion from East Channel

Suuth Channel diversion from to West Channel @ Ridge

East Channel to West Channel N/A RET148 1,496 551 175 Circle Road

East channel Segment 1/2
downstream uf diversion to West After flow diverted to West

Channel N/A DIVI48 1,994 735 233 Channel

Includes developed condition

East Channel Segment 1/2 at onsite flow to south

south boundary of project N/A CPI36 2,100 780 242 boundary

East/West Channel at diversion Prior to diversion to West

to West Channel N/A CPI70 6,934 2,556 843 Channel



• • •
West Channel Segment III
downstream of diversion from
East/West Channel N/A DWEST2 3,467 1,278 422 West Channel Segment III

West channel Segment 112 Includes flow in West

downstream of confluence with channel and flow diverted

South Channel N/A CPI46 5,038 1,857 579 from East Channel

Includes developed condition

West Channel Segment 112 at onsite flow to South

South Boundary of project N/A CPI56 5,106 1,886 582 boundary

East/West Channel west of
diversion to West Channel N/A DVDVCH 3,467 1,278 422

East/West Channel at western
boundary of project N/A CPl86 3,502 1,291 425 Flow to Desert Ridge

Includes all flow from

Pinnacle Peak Road Channel at Pinnacle Peak Road Channel

northwest corner of project N/A CPl3.3 2,757 1,313 534 flow to Desert Ridge

Includes flow from Subbasin

Subbasin 184 N/A SUBl84 461 197 86 184 to Desert Ridge

Routed flow from East/West
Channel through Desert Ridge
Channel North boundary of Not including Desert Ridge

Paradise Ridge South N/A ROl91 3,216 1,135 323 onsite runoff

Flow from Desert Ridge
Channel routed through Paradise Flow at South Boundary of

Ridge N/A CPI92 3,237 1,143 326 Paradise Ridge

Note: Peak discharge flows in table represent HEC-I modeling output data.



•
4.5.5 Sediment Basin Routing.
The storage rout i ng opt i on of the HEC-1 model was ut i 1i zed to model the

proposed sed i ment bas ins torage rout i ng. The sed i ment bas i n is proposed

primarily to trap bed load (gravels and large sands) from the high velocity

channel along Scottsdale Road. It will also cause energy dissipation and

effective transition from supercritical upstream flows to subcritical

downstream flows. A two foot depth of basin designed to store the

approximate 100-year 6-hour storm design sediment volume of 10.0 acre feet

was not modeled as effective storage.

4.5.6 Results.

The proposed summary of design discharges for the major drainage

facilities are presented in Table 4. Figure lOA and lOB provide a

schematic of the proposed channel system to utilize with Table 4 in

locating peak discharges. Table 4 provides the 2, 10, and 100-

•

•

year, 6-hour stor.m discharges.

Appendix A contains the HEC-1 model input-output for the 100 year

stor.m.

4.6 PROPOSED DRAINAGE SYSTEM DESIGN

4.6.1 Overview

Section 4.4 of _this report summarizes coordination with proposed

adjacent developments and the City of Scottsdale drainage

faicli ties. The proposed drainage system for Paradise Ridge

Development provides a 100-year capacity channel system to

intercept the adjacent drainage facilities and provide for drainage

to the ultimate outlet, the CAP Canal Dike 2 Detention Basin.

Figures lOA and lOB shows the existing and proposed drainage

facilities within and adjacent to the proposed Paradise Ridge

Development. Section 4.5 and Table 4 of this report summarizes the

proposed 100 -year stor.m design discharges. Tables 5 and 6

summarize the hydraulic parameters for the 100 and 10-year, 6-hour

design discharges, respectively.

As shown on Figure IDA and lOB upstream of the Paradise Ridge

Development, channel improvements are proposed to contain the

Rawhide Wash 100-year floodplain and convey this flow across

Scottsdale Road at the overhead power line easement.

Page 22



•

•

•

The Rawhide Wash channel flows entering Paradise Ridge are anticipated to be

of high velocity (13-14 fps) and capable of conveying sediment .

The proposed Scottsdale Road channel between the elect ri c easement and the

proposed sediment basin will maintain these high velocities and sediment

transport capacities. Grade control structures are proposed to control

vertical channel bed movement. Heavy transplanted desert vegetation on the

channel sideslopes is proposed to mitigate lateral erosion potential. This

will mimic existing tree-lined desert washes. A vertical articulated

concrete cutoff wall is proposed as a passive lateral scour barrier backup in

case of localized failure of the vegetation as a bank protection.

At the sediment basin, a transition from high velocity, sediment laden flow

to slow velocity flows is proposed. The sediment basin will serve several

functions. It will trap sediment (gravels and heavy sands) thereby

minimizing maintenance problems downstream. It will facilitate as one of the

spl it flow structures to divert flow to the East Channel and East/West

Channel Segment 1. It will also ensure energy dissipation of the upstream

channel flow.

Downstream of the sediment basin, the channel design philosophy was to

utilize road crossings as much as possible as grade control structures, to

reduce the channel slope and flow velocity. Some grade control structures

will also be proposed to supplement the road crossings in reducing the

channel slope. This will allow for minimal artificial bank protection along

the remainina channel bank and invert.

NOTE:

A. Prior to any development within Paradise Ridge if there is no

flood control solution on the Rawhide Wash within the City of

Scottsdale, or any channel along Scottsdale Road north of Pinnacle

Peak Road, a berm and channel will be constructed to collect and

convey the lOO-year flood discharge. The berm and channel will

begin at the west intersection point of the FEMA FIRM line,

Pinnacle Peak Road and the alignment of Ridge Road, head east along

the utility easement along the north boundary of Paradise Ridge

(south of Pinnacle Peak Road), and intersect with the utility

easement along the northeast boundary of Paradise Ridge, then

continue southeast along the south side of the utility easement to

an intersection point with the proposed channel on the west side of

Scottsdale Road (see Figures IDA and lOB) .
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B. Furthermore, if no flood control structures are constructed

within Core North along the COS Deer Valley Road alignment, a

~ series of pass-through drainage systems are proposed along

Scottsdale Road to discharge into the proposed East Channel in

Paradise Ridge.

Without limiting the generality of the foregoing, it is not

intended that Core North be relieved of constructing the flood

control structures and provisions for detention along the COS Deer

Valley Road Alignment as described in Section 4.4.3 when

development occurs in Core north.

4.6.2 Channel Surface Treatment and Roughness Coefficient.
The general channel design was based on a channel surface roughness
coefficient or Manningls Inl value of 0.035. This roughness coefficient was
based on the assumption that the excavated channels will be revegetated with
native desert trees, brush and shrubs or in areas of golf or parks, grass
turf .

~

~

The average IOO-year flow depth ranges from 2 to 3.5 feet in most channels
downstream of the sediment basin, with a depth of approximately 5.0 feet in
the Scottsdale Road Channel reach and East/West Channel Segment 1.

Revegetation of desert trees, shrubs, and brush of similar mix and density as
currently exists on the study area along washes is considered within the
assumed Manning's roughness coefficient of 0.035. It is recommended that
more brush and other lowlying vegetation be encouraged along each side of the
channel at the toe of slope. This will mitigate lateral erosion by reducing
velocities on the sideslopes. The recommendation for heavier density
vegetation wi 11 also apply to the outside of bends at curves in the channel
for the same reasons.

Selected areas of rock rip-rap bank and invert protection are proposed at;
a) the inlet and outlet transitions of road crossing culverts and grade
control structures, b) the outside of the Scottsdale Road channel curve at
the overhead electric line easements.
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4.6.3 Soils Description, Sediment Basin Sizing, Equilibrium Slope, and

Allowable Velocity Analysis.

Appendix B contains a more detailed, discussion of the general soils within

the study area and the basis for sizing of the sediment basin. It also

contains an equilibrium slope analysis for the proposed high velocity,

Scottsdale Road channel which is expected to transport sediment to the

sediment basin. For" the channels downstream of the sediment basin, an

allowable velocity analysis was performed. These analysis were performed for

the 10-year discharge which was considered the dominant discharge which would

dictate long term erosional, sediment deposition trends.

4.6.4 Road Crossing Culverts.

Reinforced Concrete Box (RCB) culverts are proposed at road

crossings of the proposed channels shown on Figure lOA and lOB.

These culverts are proposed to be sized to convey the lOO-year, 6

hour peak discharges. The size of the road crossing culverts were

generally reduced by increasing the potential ponding depth at the

culvert inlet and providing a sloped inlet transition to the

upstream channel. The inlet transition also acts as a grade

control structure to reduce channel slopes, velocities and erosion

potential .

The box culverts were sized using the Hydraulic Design of Highway Culverts

Manual (Reference 23). Because of the sloped inlet transitions, the box

culvert crossing designs were controlled by ponding depth at the inlet.

The outlet velocities from the box culverts velocities ranged from 14 to 17

fps based on super crit i ca 1 fl ow ana lys is by the HEC-2 hydrau 1i c backwater

model (Reference 24). Rock rip-rap lined basins at the outlet of box

culverts are proposed to reduce these high velocities and provide a

transition to the downstream channels. Procedures from (Reference 25) were

used to size the basins which are proposed to involve a rip-rapped basin

extending 60 feet downstream of the culvert. The basin typically will slope

down approximately 4 feet below culvert invert at 2(H):1(V) slope, extend 24

feet level and slope back up to culvert invert elevation at 2(H):1(V) slope

followed by 20 feet of level rip-rap. Rip-rap thickness of 2.5 feet is
proposed.

The following Table 7, summarizes the proposed road crossing locations,

sizes, design discharoes and inlet ponding depths.
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• Table 7
Summary of Proposed Box Culverts

•

Location/Description

East Channel
At Sediment Basin
At Ridge Run Street
At Paradise Parkway
At Deer Valley Road
Split No. 2
At Ridge Circle S.
At Outer Loop
At Union Hills N.
At Sports Village Way S.
East/West Channel
Ridge Road
At Paradise Parkway
At 64th Street
West Channel
At Paradise Parkway
At Sunset
At Deer Valley Road
At Ridge Circle N.
At Ridge Circle S.
At Outer Loop
At Union Hills
At Sports Village Way
Pinnacle Peak Road Channel
At Pinnacle Pk Rd/64th St.
64th Street
1/2 Mile S. of Pinnacle Pk.

Design
Discharge
cfs

3500
3500
3500
3500
3500
2000
2000
2000
2000

7000
3500
3500

3500
3500
3500
3500
5000
5000
5000
5000

2900

460

Culvert
Size
Note 1

4-10' (S) x 9' (R) X 40'
4-10' X 9' x 50'
4-10' X 9' x 90'
4-10' X 9' x 100'
4-10' x 9' x 60'
2-10' X 9' x 60'
By ADOT
2-10' x S' x 100'
2-12' x 8' x 100'

6-12' x 8' x 60'
5-10' x 8' x 60'
5-10' X 8' x 60'

4-10' x 9' x 60'
4-10' x 9' x 60'
4-10' x 9' x 100'
4-10' x 9' x 60'
6-10' X 8' x 60'
By ADOT
~-10' x 8' x 100'
6-10' x 8' x 100'

4-10' x 6' x 100'

1-8' X 6' x 60'

•

Notes:
1: Approximate HEC-1 model peak flows at specific concentration

points.
2: 2-8' (S) x ' (R) x 40' - 2 Barrel - 8' span x 8' rise x 40'

long box culvert.
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4.6.5 Grade Control Structures
Several grade control structures are proposed to supplement the road crossing
culverts in reducing channel slope and erosion potential. There general

locations are noted on Table 5.

Along the proposed Scottsdale Road channel, between the overhead electric
easement and the sediment basin, two grade control structures of 3 foot
elevation difference each are proposed. One grade control is proposed at the
channel entrance to the sediment basin to provide a stable vertical and
horizontal control at this transition and the second grade control is
proposed midway between the sediment basin and the proposed Scottsdale Road
bridge crossing at the electric line easement. These grade control
structures are not proposed to dissipate energy, but only to provide a
vertical and horizontal stabilization of the channel. The flow in this
channel is proposed to be supercritical and hence dissipation is not proposed
until flow enters the sediment basin.

Other grade control structures downstream of the sediment basin were proposea
to dissipate flow within the structure. These channels are designed for
relatively non-erosive slow velocities (less than 8.0 fps for 100-year
storm). Therefore, the higher velocities produced at the grade control
structure elevation change were dissipated within an armored depressed basin
below. Procedures from the HEC-14 manual (Reference 25) were used to size
the basins, which force the hydraulic jump, energy and velocity dissipation
within the basin.

The grade control structures are proposed to be constructed of 18-inch thick
soi l-cement and loose rock ri p- rap, however, other materi a1s may be used in
final design. The grade control structure size is proposed to be of bottom
width approximately equal to the adjacent channel width.

4.6.6 Onsite Drainage
Onsite drainage discharges were computed for all of the study area. A 38
percent impervious factor was applied to all areas, except the golf corridors
and the commercial land use areas, which were modelled with 0 and 90 percent
impervious factor, respectively.
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The onsite drainage areas were generally assumed to drain to the

major channels. Referring to Figure lOA and lOB, the commercial

area north of the electric easement was assumed to drain south and

east to the proposed scottsdale Road channel at the intersection

with the electric easement. Drainage of this commercial area was

expected to occur by one or more of a number of methods including

1) a ditch within the electric easement, 2) pavement or streets; or

3) storm drains. Other onsite areas north of the Deer Valley Road

alignment were anticipated to drain by ditches in golf corridors,

street right-of -ways or streets, to the East/West channel. An

exception to this involves the onsite subarea 184, shown on figure

lOA in the northwest corner of the property. This approximately

106 acre parcel north of Paradise Parkway and west of Ridge Road is

proposed to drain across 64th Street, 1/2 mile south of Pinnacle

Peak Road into Desert Ridge.

Below the Deer Valley alignment, it was expected that onsite drainage could
be conveyed within road right-of-ways, streets and golf corridors to the
rh;:mnplc:. This' 1 d d th_ lnc u e e area between West Channel and 64th Street
Downst~eam of the Union Hills alignment, a good portion ot onslte TIOW WOUI~
flow dlrectly to the CAP Dike 2 detention basin .

5.0 CONCLUSIONS

Local, State, and Federal regulations require the identification of lOO-year
floodplains within proposed developments and that finished floor elevations
of buildings be elevated (1) foot above the lOO-year flood elevations.

The Federal Emergency Management Agency (FEMA) has identified a Special Flood
Hazard Zone'AO' over the majority of the study site as part of a preliminary
Flood Insurance Study currently being performed. '

The lOO-year discharge is estimated to be 9,500 cfs for the alluvial fan

flows fro~ Rawhide Wash entering the study site near Pinnacle Peak Road.
FEMA conslders the flow distribut.ion within alluvial fans unstable and
therefore, having the potential for relatively concentrated flows to shift

anywhe~e wi~h~n the delineated floodplains. Therefore, provlslons for
elevatlng flnlshed floors and providing conveyance through a proposed
development ~ou~d need to consider concentrated flows entering the site at
any plac~ wlthln the floodplain limits. This would require additional

co~st~uctlon costs for building pads and possible scour protection, lighter
bUlldlng density to accommodate concentrated flows between buildings and the

arrangement of the development to create continuous parallel street. or,
conveyance corrldors for flow.
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•

•

It would also be difficult and expensive to demonstrate emergency access

throughout the site.

The proposed drainage system involves intercepting the flow and diverting
portions of the total lOO-year discharge into several channels which convey
it to the CAP Canal Dike 2 detentioQ. basin. A portion of the lOO-year flow
wi 11 a1so be de 1i vered to the Desert Ridge Deve 1opment, wh i ch potent i all y

occurs in the existing condition.

If constructed to FEMA standards the proposed system would allow removal of
the Special Flood Hazard Zone AOfloodplain designation impacting the study

site.

Street box culvert crossings of lOO-year discharge capacity are proposed at
crossing of channels to maintain access within the site and to adjacent major
streets during flood events.

Coordination has been performed with adjacent existing and proposed drainage
facilities to maintain a continuous lOO-year storm capacity drainage system
from the alluvial fan apex to the ultimate outlet at the CAP Canal Dike 2
detention basin.

The proposed drainage system will require continued coordination with the
Cities of Phoenix and Scottsdale, the Arizona Department of Transportation,
Ari zona State Land Depa rtment and adj acent pri vate 1and owners, rega rd i ng
design and cost-sharing issues.
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• n=0.035 z =3:1

TABLE 5

SUMMARY OF CHANNEL DESIGN PARAMETERS

100 YEAR 6-HOUR STORM

•

•

REACH 0100 DESIGN B On SLOPE Hmax VELOCITY TOP WIDTH FROUDE NO. REMARKS

DESCRIPTION LENGTH (cfs) (ft) (ft) (ftlft) (ft) (fps) (ft)

SCOTTSDALE ROAD CHANNEL 2,800 9,500 110 5 0.018 10 15.3 170 1.17 See note

EAST-WEST CHANNEL, SEGMENT 1 Grade control structure, 4.5' at

Sediment basin to West channel 2,950 6,900 230 3.7 0.006 8 7.7 300 0.71 split #1 and 4.5' at Ridge Road
existing slope = 0.009

EAST-WEST CHANNEL, SEGMENT 2
West channel to development
boundary 1,900 3,500 140 3 0.008 8 7.6 200 0.73 2' grade control structure

existing slope = 0.009
EAST CHANNEL, SEGMENT 1
Sediment basin to diversion point grade control structures, 30'
with south channel 6,100 3,500 150 2.8 0.009 8 7.7 200 0.76 over 6 locations

existing slope = 0.014
EAST CHANNEL, SEGMENT 2
From diversion point to South channel grade control structures, 22'
to southern development boundary 7,500 2,100 100 2.7 0.009 8 7.3 150 0.82 over 4 locations

existing slope = 0.012
WEST CHANNEL, SEGMENT 1
From East-West channel to confluence grade control structures, 43'
point with South channel 8,600 3,500 150 2.8 0.009 8 7.7 200 0.76 over 6 locations

exisiting slope = 0.01 4
WEST CHANNEL, SEGEMNT 2
From confluence point with South
channel tosouthern development grade control structures, 22'
boundary 3,700 5,000 150 4 0.006 8 7.8 200 0.66 over 4 locations

existing slope = 0.012
SOUTH CHANNEL
From East channel to West channel 3,200 1,500 100 2.1 0.009 5 6.4 150 0.72 exisitng slope = 0.009

PINNACLE PEAK ROAD CHANNEL
Segment 1 o to 850 ft 850 1,000 50 2.5 0.01 4.5 7.1 75 0.85 Scottsdale Road
Segment 2 850 to 2550 ft 1,700 2,000 110 2.4 0.01 4.5 7.2 140 0.85
Segment 3 2550 to 3450 ft 900 2,,800 140 2.5 0.01 4.5 7.6 165 0.86



MANNING'S 'n'=0.035

•
A·n WEST,,,c.
ConsultIng EngIneers

TABLE 5
SUMMARY OF CHANNEL DESIGN PARAMETERS

100 YEAR STORM

1-->----------- Topwldth ---------..-1

='\\~ r Jon -"- ~'""'~r7~.,...,.."..:%""",

'3~~ __ ~~X.I
--- 5.\\~

1..-... --8---1

ASLD PLANNING PERMIT NO. 47-97397
DATE: 11/10/93

ANW NO. 7229-03

•

Reach 0100 B On Sifte
H

Vet
Topwidth

FrDesign Max. DesirD••crlptlon (5•• Flgur. 10) Length (ft) (CFS) (FT) (FT) (FT FT) (FT) (FPS) (FT No. R.mark.

Additional 15 Foot Each Side of Topwidth Reserved for Maintenance
SCOTTSDALE ROAD CHANNEL Access and Concrete Lateral Scour Cutoff Wall. 3 Foot Elev. Ditt.

2550 9462 110 5.0 0.016 10 15.3 170 1. 26
Grade Controls at 1280 Foot Spacing. Scour Mitigated by Sediment

Electric Line Easement to Sediment Basin Load In Flow. 0100 Increases to 10258 in Basin From Deer Volley
Road Channel to East

EAST CHANNEL
Sediment Basin to Grode Control South of Paradise Parkway 3395 1652 100 2.3 0.0092 8 6.6 150 0.81 6 Foot Grade Control Structure South of Paradise Parkway

Grade Control South of Paradise Parkway to Deer Valley Road along Golf 1970 1720 100 2.2 0.0111 8 7.3 150 0.89

Deer Valley Road to South Boundary 8350 1727 100 2.4 0.0092 8 6.9 150 0.82

EAST/WEST CHANNEL SEGMENT 1 Flow Splits at Diversion to East/West Channel. Segment 2
Sediment Bosln to Diversion at Ridge Rd. 1350 6643 230 5.0 0.0034 13 7.0 310 0.56 and Ridge Road Channel.

RIDGE ROAD CHANNEL
Diversion to Ridge Run Street 675 3529 155 3.2 0.006 6 6.8 200 0.69

Ridge Run Street to Paradise Parkway 635 3530 170 2.7 0.0089 7.5 7.5 215 0.82

Paradise Parkway to Driving Range Grade Control 710 3530 170 2.7 0.0089 7.5 7.5 215 0.82 6 Foot Grade Control Structure Proposed at N. End of Driving Range

Along Driving Range 900 3530 240 2.0 0.011 10 7.0 300 0.88

South End of Driving Range to Range Road 300 3530 155 3.2 0.006 6 6.8 200 0.69

Range Road to Ridge Road Along Golf 1520 3530 170 2.7 0.0089 5 7.5 200 0.82

Ridge Road to Deer Valley Road 530 3537 155 3.2 0.006 8 6.8 200 0.69

EAST/WEST CHANNEL SEGMENT 2 4 root Grade Control Structure Proposed to Split Flow to West and
Diversion at Ridge Road to Junction of West and East/West Channel (Segment 3) 1110 5157 210 3.4- 0.0055 12 6.9 280 0.67 East/West Channel Segment 3

WEST CHANNEL
Junction East/West Channel Segment 2 to Paradise Parkway 1670 1717 100 2.4 0.0092 8 6.9 150 0.81

Paradise Parkway to Road N. of Deer Volley Road 2820 1750 100 2.2 0.0122 8 7.5 150 0.93

Road to Junction w/Ridge Road Channel 1170 1768 100 2.4 0.0092 6 7.0 150 0.62

A1on<j Golf From Deer Valley Road to S. Crossing of Ridge Circle St. 1760 5315 230 3.0 0.0074 8 7.4 275 0.77

Ridge Circle St. to Outer Loop 550 5330 200 3.6 0.0055 8 7.1 250 0.66

Outer loop to South Boundary 4400 5345 200 3.6 0.0055 8 7.1 250 . 0.68 (2) 4 Foot and (1) 6 Foot Grade Control Structures In this Reach

EAST/WEST CHANNEL SEGMENT 3
Junction West Channel to 64th St. 2050 3476 140 3.4 0.0055 9 6.8 195 0.67

PINNACLE PEAK ROAD CHANNEL
1750 to 2600 Feet <D 850 1135 50 2.7 0.010 4-.5 7.4 75 0.65 (1) Distance West of Scottsdale Road

2600 to 4300 Feet (1) 1700 2214 110 2.5 0.010 4.5 7.5 140 0.86

4300 to 5200 d> ~OO 2850 140 2.5 0.010 4-.5 7.6 165 0.86. - .. , .. . ¥ •• - .' .... ... * • • ~ • ., - . .



• n=0.035 z=3:1

TABLE 6

SUMMARY OF CHANNEL DESIGN PARAMETERS

10 YEAR 6-HOUR STORM

•

•

REACH 010 DESIGN B On SLOPE Hmax VELOCITY TOP WIDTH FROUDE NO. REMARKS

DESCRIPTION LENGTH (cfs) (ft) (ft) (ft?ft) (ft) (fps) (ft)

SCOTTSDALE ROAD CHANNEL 2,800 3,500 110 2.8 0.018 10 10.7 170 1.28 See note

EAST-WEST CHANNEL, SEGMENT 1 Grade control structure, 4.5' at

Sediment basin to West channel 2,950 2,500 230 2.1 0.006 8 5.2 300 0.71 split #1 and 4.5' at Ridge Road
existing slope = 0.009

EAST-WEST CHANNEL, SEGMENT 2
West channel to development
boundary 1,900 1,300 140 1.7 0.008 8 5.2 200 0.79 2' grade control structure

existing slope = 0.009

EAST CHANNEL, SEGMENT 1
Sediment basin to diversion point grade control structures, 30'

with south channel 6,100 1,300 150 1.6 0.009 8 5.3 200 0.83 over 6 locations
existing slope = 0.014

EAST CHANNEL, SEGMENT 2
From diversion point to South channel grade control structures, 22'

to southern development boundary 7,500 800 100 1.5 0.009 8 5 150 0.82 over 4 locations
existing slope = 0.012

WEST CHANNEL, SEGMENT 1
From East-West channel to confluence grade control structures, 43'
point with South channel 8,600 1,300 150 1.6 0.009 8 5.3 200 0.83 over 6 locations

exisiting slope = 0.014
WEST CHANNEL, SEGEMNT 2
From confluence point with South
channel tosouthern development grade control structures, 22'
boundary 3,700 1,900 150 2.2 0.006 8 5.4 200 0.72 over 4 locations

existing slope = 0.012
SOUTH CHANNEL
From East channel to West channel 3,200 500 100 1.2 0.009 5 4.4 150 0.79 exisitng slope = 0.009

PINNACLE PEAK ROAD CHANNEL
Segment 1 o to 850 ft 850 500 50 1.6 0.01 4.5 5.6 75 0.8 Scottsdale Road
Segment 2 850 to 2550 ft 1,700 1,000 110 1.6 0.01 4.5 5.6 140 0.8
Segment 3 2550 to 3450 ft 900 1,'300 140 1.6 0.01 4.5 5.7 165 0.8



MANNING'S 'n'=0.035

'.
A·n WESTII'c.
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TABLE 6
SUMMARY OF CHANNEL DESIGN PARAMETERS

10 YEAR STORM

1......--------- Topwldth---------·1
.......~\'\'"":\\'(;...-:>,\...,..,\"'n:>~-I---r 2 A'""~~..-:>~.,...""'::/;.,...'

13~~ JD~\\\\~- . 3 Max.
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ASLD PLANNING PERMIT NO. 47-97397
DATE: 11/10/93

ANW NO. 7229-03

•

•

Reach Ql~O B On SI~e
H

Vel
Topwldth

FrDes gn Max. DesirD••crlptlon (s•• rJgur. 10) Length (ft) (CFS) (n) (n) (n n) (n) (FPS) (n No. R.mark.

Additional 15 Foot Each Side of Topwidth Reserved for Maintenance
SCOTTSDALE ROAD CHANNEL Access and Concrete Lateral Scour Cutoff Wall. 3 Foot Elev. Diff.

2550 3516 110 2.8 0.018 10 10.7 170 1.17
Grade Controls at 1280 Foot Spacing. Scour Mitigated by Sediment

Electric Line Easement to Sediment Basin Load in Flow. Q100 Increases to 10258 in Basin From Deer Volley
Rood Channel to East

EAST CHANNEL
Sediment Basin to Grade Control South of Paradise Parkway 3395 746 100 1.4 0.0092 8 5.0 150 0.75 o Foot Grade Control Structure South of Paradise Parkway

Grade Control South of Paradise Parkway to Deer Valley Rood along Golf 1970 750 100 1.4 0.0111 8 5.3 150 0.82

Deer Valley Road to South Boundary 8350 765 100 1.5 0.0092 8 5.1 150 0.76

EAST/WEST CHANNEL SEGMENT 1 Flow Splits at Diversion to East/West Channel. Segment 2
Sediment Basin to Diversion at Ridge Rd. 1350 3046 230 2.7 0.0034 13 4.7 310 0.51 and Ridge Rood Channel.

RIDGE ROAD CHANNEL
Diversion to Ridge Run Street 675 1245 155 1.7 0.006 8 4.6 200 0.60

Ridge Run Street to Paradise Parkway 835 1245 170 1.4 0.0089 7.5 5.0 215 0.74

Paradise Parkway to Driving Range Grade Control 710 1245 170 1.4 0.0089 7.5 5.0 215 0.74 6 Foot Grade Control Structure Proposed at N. End of Driving Range

~ong Drl~n9 Range 900 1245 240 1.1 0.011 10 4.7 300 0.79

South End of Driving Range to Range Rood 300 1245 155 1.7 0.006 6 4.6 200 0.63

Range Rood to Ridge Rood Along Golf 1520 1245 170 1.4 0.0089 5 5.0 200 0.74

Ridge Road to Deer Volley Rood 530 1249 155 1.7 0.006 8 4.6 200 0.63

EAST/WEST CHANNEL SEGMENT 2 4 Foot Grode Control Structure Proposed to Split Flow to West and
Diversion at Ridge Road to Junction ot West and East/West Channel (Segment 3) 1110 1821 210 1.8 0.0055 12 4.6 280 0.61 East/West Channel Segment 3

WEST CHANNEL --

Junction East/West Channel Segment 2 to Paradise Parkway 1670 607 100 1.3 0.0092 8 4.6 150 0.74

Paradise Parkway to Road N. ot Deer Valley Road 2820 620 100 1.2 0.0122 8 5.1 150 0.84

Road to Junction w/Ridge Road Channel 1170 627 100 1.3 0.0092 8 5.1 150 0.74

Along Golf From Deer Valley Road to S. Crossing ot Ridge Circle St. 1760 1882 230 1.6 0.0074 8 5.0 275 0.69

Ridge Circle St. to Outer Loop 550 1885 200 1.9 0.0055 8 4.8 250 0.61

Outer loop to South Boundary 4400 1890 200 1.9 0.0055 8 4.8 250 0.61 (2) 4 Foot and (1) 6 Foot Grode Control Structures in this Reach

EAST/WEST CHANNEL SEGMENT 3
Junction West Channel to 64th St. 2050 1229 140 1.8 0.0055 9 4.6 195 0.61

PINNACLE PEAK ROAD CHANNEL
1750 to 2600 Feet <D 850 508 50 1.7 0.010 4.5 5.5 75 0.89 <D Distance West ot Scottsdale Road

2600 to 4JOO Feet <D 1700 1007 110 1.6 0.010 4.5 5.6 140 0.80

4300 to 5200 <!> 900 1301 140 1.6 0.010 4.5 5.7 165 0.80..
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PLATE 8-6
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TABLE 7.11 Permissible velocities for channels lined with grass (Coyle,
1975)

Permissible velocity·
Slope range,t Erosion-reresistant Easily eroded soils,

Cover % soils, His His

Bermuda grass 0-5 8 6
5-10 7 5

Over-10 6 4

Bahia

Buffalo grass
Kentucky bluegrass 0-5 7 5
Smooth brome 5-10 6 4
Blue grama Over-10 5 3
Tall fescue

Grass mixtures 0-5t 5 4
Reed canary grass 5-10 4 3

'e Lespedeza sericea
Weeping lovegrass
Yellow bluestem
Redtop 0-5t 3.5 2.5
Alfalfa
Red fescue

Common Lespedeza§,~

Sudan grass § 0-5 3.5 2.5

'Use velocit.ies exceeding 5 ftls only where good covers and proper maintenance can be obtained.

tDo not use on slopes steeper than lO~;' except for vegetated side slopes in combination with a
stone, concrete, or highly resistant vegetative center section.

lDo not lise on slopes steeper than 5~';, except for vegetated side slopes in combination with a
stone, concrete, or highly resistant vegetative center section.

§Annuals-use on mild slopes or as temporary protection until permanent covers are established.

~Use on slopes st.eeper than 5 ~(, is not recommended.

SOURCE:OPEN CHANNEL HYDRAULICS BY RICHARD FRENCH
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TABLE 7.5 Maximum permissible velocities as recommended by Fortier and Scobey (1926) for straight
channels of small slope and after aging

Clear water Water transporting colloidal silts

Volcanic ash

Fine gravel

Material
(1)

Ordinary firm loam

38.3

31.6

32.1

52.7

3.59

5.27

7.18

7.18

7.18

22.0

22.0

32.1

15.3

1.83

1.68

1.52

1.68

0.762

0.914

1.07

1.07

1.07

1.52

1.52

1.83

1.52

0.80

0.66

0.67

1.10

0.075

0.11

0.15

0.15

0.15

0.46

0.46

0.67

0.32

0.075 0.762 3,59

To ,Ib/rt2 U, m/s To, N/m2

(8) (9) (l0)

5.00

6.00

5.50

5.50

2.50

2.50

3.00

3.50

3.50

3.50

5.00

5.00

6.00

5.00

U, rt/s
(7)

20.6

14.4

43.6

18.2

12.4

32.1

3.59

1.29

1.77

2.30

2.30

3.59

3.59

12.4

To, N/m 2

(6)

0.38 1.14

0.43 1.22

0.30 1.22

0.91 1.52

0.027 0.457

0.037 0.533

0.048 0.610

0.048 0.610

0.075 0.762

0.075 0.762

0.26 1.14

0.26 1.14

0.67 1.83

0.075 0.762

To ,Ib/rt2 u,m/s
(4) (5)

3.75

4.00

4.00

5.00

1.50

1.75

2.00

2.00

2.50

2.50

3.75

3.75

6.00

2.50

U, rt/s
(3)

0.030

0.025

0.035

0.030

0.020

0.020

0.020

0.020

0.020

0.020

0.025

0.025

0.025

0.020

Cobbles and shingles

Coarse gravel
noncolloidal

Graded silts to cobbles
when colloidal

Graded loam to cobbles
when noncolloidal

Alluvial sills, colloidal

Fine sand, noncolloidal

Alluvial sillS, noncolloidal

Shales and hardpans

Stiff clay, very colloidal

Sandy loam, noncolloidal

en
g
:J:Jo
£1:1

~ Silt loam, noncolloidal
~
o
::I:»
Zz
PJ
::I:
-<
C
:J:J
J>
C
C
oen
OJ
-<
:J:J
(;
::I:»
:J:J
C
"TI
:J:J

~o
::I:

NOTES:
1. The Gilman Loam (Soil 1.0. 55) found in the southern and western areas of the study area is estimated as

a sandy loam, non-colloidal, as shown above. The average permissible velocity u = 2.5 fps for water
transporting colloidal silts for this soil.

2. The.Momoli grave~ly loam (Soil 1.0. 90) found in the northern and eastern areas of the study area is
estlmated as a flne gravel as shown above. The average permissible velocity u = 5.0 fps for water
transporting colloidal silts for this soil.
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522
rn"
J~;)

r"l .~

Jl.'+
cnr
Jl.J
r..,'"JLV
:::'l"f
Jl.'

rr:,.,
.)La

523
r",/'\
J.Jv

C",,~

J.J.L
c"'"..);JL

e"-'J.J.J

C-.A
.).J'+
~""r.).J.)

53G
::-,,""
J:J;
r .... n
';.Ja

533

r :In
J"U
c A ~

.)~.L

.-: ~~,

..;c..;.L

.':"1:'"
J'+.J
r. ,t ..,
Ju.~

:: .~.':,,)...,..;
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• HEC--l INPUT

ID 1 2. 3 4 " 5 G 7 8 9 l0

1:1, r'\l ~r""Tr;
r.... f'~ uwc..) I L

KM GIVERT 1/2 OF THE C017I FLG1rt SOUTH IN IrfEST Cn~Ni~EL

KM THE REMAINDER WI~L BE OJVERTEO INTO EAST-~EST CHANNEL

.n
C

,
'+

",..,r-
.)\JU

'".l.V

3
'"LV

.': .~......

'".lV

~r. ,
Lv..!..

8

2

~,..,

'+v

20

.. ,..,
'+V

" ",-v

40

TO CP17G

nn""OUU\.i
,"In.n"

"""iU\JU

,..,
V

32

".,.
£1'"

C

.... "nr\
UlIUU

3000

Tn6n
1('\1"\1

TRAP

TRAP

.GOG

0.015

'+fEST CHANNEL

, "
..i. • ~J

,,..,..,
.lVV

100,..,,,
.v'-
1.0

. .".l.v

.'1"""~uuu

2000

r.r~r.

.uu~

lGGO
44

n
u

EAST-nEST CHANNEL

"'-

,,..,
.l.V

"".vc.

, r
• .l...1

.03

2000
"":"1"\1'\
.lUVU

,..,
o

""LV

'I""
.j0

.15
"M.v'-

",,:c
.V.j.)

ALONG..
-.1

.035

, ... n
.l/U

2

....
J't

CP158

C ,""'I "
JUv

,..,.
.V.l.

74
.01

"I"".r\J..vuu

.013

n1r.
.UJ..J

r-f 1''1.1
rLUW

.035
G
"o

"v
"CI

"v.,
't

r, I"\lJ ,
- rLVW -.1

"""".0:- n"',r I"\-'~ .,,...,,,,, """.V:J.J .V:J.; .U:JJ .iVUU .V:.JJ

0 1 "
_,r '\ ""!r ..-;), ... .r-.

'- ,-U J.! U Lvv

" 8 8 " " r,
C U U C

.,,,, .01l.VV
",..,,.., ,..,,,,.
OU\,.l .uuu

2rnn .01Guvv

."".lVV
""1\1"\luuu
<"') ... ,...,...

£'f-UU

1
.035

"v
8

2"''''''tvu

CP170
CON8 I i~E

n,,~"'''
nUJ.JU

ROUTE SU81G8 TO (CP170)
1 FLOW -1

.035 .035 .035

rn"lcn
l.r.l.Jo

COMBINE RO~:1AIN,

I.·U
f,l'!

...,'"
!V\

I/U ....!!rr7"t
r\r\. r\WC~ I (.

ROUTE DWEST2 A~Ot~G WEST CHANNEL TO

n",,!

nT
Vl

DQ

",..
""RC

I>!U
f\1'1

or OVOVCH

KK SU817C
SUB8ASIN

RK
R"r,

n. ...",n
01"\ • J..;o

UK

He 3

nv
,,/I
M"

""

I.'U
r\rI
MT'
"'.:>

RC

UK
""f\"

RK

n,
OM

KM

, ,..
L,)

LS

KK RO'~EST

ROUTE

KK SU81.G8
SUBAREA 108

.142

" ..
'"

,..,,..,
f\.j

RC
nv
"/I

KK

He 2

,..,,,
r',J\

...,
1\.1"1

LINE

cu·
.J'tv

r.t"T
..1't1

548
549

r.rn
..1..1U
r.r.,
..1..1.1
cc"
..1..1'-
cc"
..1..1.j
C"rlf
.JJ~

55~

rrr
..1.)V
~J:"'"
.)..11
,"cn
..1..10
cc,..,
..1.):J
ern
..1VU

5Gl
5G2

5G3
Cr-A
.)v't

5G5• cr-r-
..1UV
:r..,
..1VI

5G8

,r,."
..1O:J

570
!';"""'''I
J: l.

572
c"'''..11.j
r"'TlI
..}J'"

I;"'C
..11..1

c..,r
.)IU
c~..,

..111

.... n
JIO

r.~"
..11:J
L" f"''"'
..JO·J
,0:,.,'1
JO.l
rnn
,)0'-
:-,... ..,
..)O.j
::f"'lll
.)0 ....

535
rnr
.)ou
c,..,.,
..101
cn ..",
JOO
.f;'nn
,;C::::i

590

•
1 3



• llrr- 1 TI"nll~nc.lo..-J.. ll~rvl

Tn ., '1 '" A r r "7 n " .,n
lLJ 1. ••••••• L • •••••• .) 4.+ ••••••• ,; ••••••• U ••••••• ,.O' 0 ••• ..... =' ~U

KM RUNOFF FROM SU817G

, n
J.U

3

10
".:>

"",LUJ.

"o8

.. "-+li,..,,,
OU

"""LVV

Tn,n
I ""r

G

TnJon
1r'\hr
,n,n
If\/ir

~n.n

1f\M.r

2G
o

,"".LUU

'".UJ.
, "i..l.i

..,/\"
J.UU

, "J..u

,,, ..,
.uJ....J

lCO
",c

.. UJ....J

, "J..U

""'nA".,Jouu

100
",".vJ..:1

, "J..u

"L
8

-1

38
1.":

• .LJ
,.".u£

, c-
• J.J
"..,.UL

,,,,
':>0
, r

.J.J

"".v£

"".uJ

"\!:
.J.';

"' .... r..u,JJ

Tn ."''''''''"7.'4
tV ~rJ../'t

.... "',...
.. UJ~

f":;~"'''''.-l .un n(\"l"'7.4
.)UD.i.J""'f I"'l.jio(U r\U1., ....

,
J.

FROM SUB172

...,...

'"7.1
,~

.01

....,...

'".UJ.

",
.V.l.

.01

"",.• uU\J

.008

....
,,+

",.UJ.

.OOG?
.014

"u
8

'"''J.uu

100

"II'"J.uu

GSC
35QO

""".v::;u

lOCO .008
.~n"rt ron..,.,

.... ouu .UU/t-

, ""J.uu

1000
1400

CP174
COf~8INE

"l.

nn..,"'TA
f\U.Ltl.f-

ROUTE CP178
2 FLOw

,...n.,-,n
L.r.1./Q

COMBINE SU8172,SU8178 AND R~EST2

n,;
"',

n"

""

8;;,,.
L':>

uK

UK,,,,
"r,
~K

KK Sti8174
Kn RUNOFF FROK SU8174
8,:.. .178

n"

'"

,,.
L.:>

.' ~ ..(".1'1

KK

RS
",."...
RX

He 3

KK SU8178
RUNOFF FROM SU8178

n,·

""

SA,,...
L':>

UK

,,.,
r\l'I

,,...
L':>

UK
RK

KK SU8172
Ki, RUNOFF

.097".OM

LIt~E

591
eM.,
J::;L
!:"'"
J::>"

5'"::>...
4 n r.
J::>J

5%
e"'".;::>,

"""J"O..""..;:r:J

GOO
r'"UlJ.J..
,...,,"
VVL
r""vu"
r'"vu..

G""UJ
G"ruv

liD]

GOa
r,,"
uu='
r,"• VJ.v

Gll
r,,,
UJ.L
r,,,
VJ."

(i14
r,c
UJ.J
r,""
VJ.v
r'"
VJ.'
,...~n

UJ.O

GIS
r""ULU

r",
ULJ.
r""VLl.
rn""
vL"

r,,'
til.""!'
r-nf:
U£J
r,,""
vLV
r"'"VL!
r""l'CO
rn."
\JL='
,..,~,.

U"V

r~,

~.jJ

.......... .."
U.1£.
r",,"";

U-:iJ

•
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• HEC-l INPUT

no
l52

.,,, ...
<CVL

"o

,~

~v,,,
.. v

, n
.LU
, n
J.u

lC
10

, c,
.L,).L

no

"",LUJ.

8

FROM RET148j

Leap (CP14G)

, rn
.:..JU

n
Cl

40
40

"""LVV
no

TO OUTER

~

v

,.,,.
J..LtJ

,-.r
1./ U

o

.009

Tn"n
il'\/,,\r

TRAP

.OG9

r\
V

"rt:u

, n
.L.V

100
"nr.uulJ

R0147

,,,n
.LUU
n"r.vuu
1 n

.U

3200
"r<CU

o

,,,n
J.uu

.OOG
"' "J..U

....
<C

8

,
• .L

"L
"o

n ....
.U.J

" .....U.J

.... n
':>0
,r.

.J.J

"".v.J

.1

.035

'"l!'"• .,
L:: • .1

n .... C"
.U,,)J

,.,,, ,
l.:J • .1.

ALONG

0\1148

r-nAu ("'l,n., 11."
i1'\vn .)V01.4J

1
r,
o

FROM

,
J.

8

-..
/"

-.,
I'"

~,

.v1.

-. .., ..
.01

,/ "LJ
rLU~

.. OJ

",n
.UJ.L

.0055

",,.,
.Ul.l:
,..,n,,'".vu.:>,,)

"',..,J..Jo""'lT ll,
l..Vl'ID J I'IC

o
8

30C

100

nl'lITr ,..,.." ,I, THROUGHH r,.n,.., .. t""l .. :r ., .~,... &
, .• n ~n ,-r"t"l .tr

r.v\,.: I C l.r.i ..... j .)\JODt'\~d".) .l.4(J 1.""+0 IV 1"..'..1"U

2 '": n, , -.i.rLlI';"1
,.,,,:: ..... ,,= ,.. ..... r. nnl' ,..,Ar.::

.u.;),) .\... .,j.J u~,) auu • \).J,)J

" 2 "r ........ r .... rn "r' "'":.'"f'"j

\} - LV L.JU l:Ui,; <cUJ. LV!.

" n " n " 8 8 n
0 0 0 v \} 0

" ~.J.J.U

100
..,cr."
.1...JUv

"".':"".l....Juu

2"""LVU

,,,,,
.LVU

1500
1500

,
.L

.035
"u
no

n,a",,-r
f'\I,.Jl\(ur r

.GIG

n"", ",.
t'\VJ..4U

ROUTE CP17G
I'l ,) f\.l.:
£. rLurr

.035

r.·....
1"\.1\

He 2

IJ'U r'lin"l ..l-"
hI\. .,)VD.i4..f.J

KM RUNOFF

KK. CP}.~7

n,.
"'.:>

n"

""

nv

""

nn
U"

,r
L':>
.11 ....
VI'-

KK RET148
RETRIEVE

O'v'148

n~,,'"

".
0",,..
L.)

UK
RK..,,,
""

1/1; nl'\~ 1t'T
r'\r\ r\U,j..., I

KM ROUTE RET148 THROUGH SU8147 TO WEST CHANNEL (CPlt7)

,rt_"
UK

n"
"'''RK

n"
''''RK

Tn ., ,." '" .. ~ ,. , n " .,'"
! U 1. £ .;) J U I 0 :1 J,.U

KK SU814G
KM

KK SU8148
KM RUNOFF
SA .155

n.
OK

n.,".

LiNE

,..,.
u,:)'+
,..,~

U,:)J,. ... ,.
U,)U
,..,-.
U,:)f
r .... n
U.)'?,..,n
U.J"

G40
G41
GH''+t:
r ... "
U';';',J

G44
G45
G·",+u

(;47
r,"u.:+o
GA"..."
uSO
G51
G52
,.c".,
u,),:)

• [;54
G"'~,).J

G5C

rC"-.
U,)f
r:n
U.Jo
~r."

UJ"
rrn
uuu
rr,
UU.L

cr
"U<C

rr"i
UU,:)
f"" .1
UU'+

GGS
rr,.
UUu
r,.-.
tH)1

GGS
rrn
tJU':;

r-."
UJU
r"
U/.L
r-..,
UJL

,.-.
UI
,.-.
UI
r7
UI
r-.
UI
r-.
V!

G7

•
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• HEC-l Ii~PUT

Tn .. 'l '" J'l r r ..., n n "1'\
lU .1. ........... • L ............ • ..) 4 ..J V I 0 ':;) J.V

r"'n
UI j

,..nn
vov
G81

KK CP14G
""(\.1'(

1;
COHB It~E SUB 140,

r"'"n, ,'In nn, Ar "lIn n"~ An
~UOL~O nUL~u MI~U ~U~~O

CP1.4G ALONG MAIN CHANt4EL FROMROUTE
G82

rr"!.1
004
rnr
VO';
r-nr
UoO
rn~

001

KK
Kt·1
nr
1\,)
n,..
I\l.

RX

1'0152

1
.035

G
8

r-l ~t.,

rLU¥f

.035,
1.

8

-1
"".':"... U..J,J

no

HieG..,,..
LV

n
V

.COG
17G

n
V

nAn
, .. UU

A
o

TO OG\Ji~STREAM RD (CP1S2)

202
8

KK SU81S0
KM RU~CFF ~ROM

u8B
G83
G9G
G91

R';
• ,.. ~ If

L~ 1~

UK GOO .01
RK 300 .0028
RK 2300 .0055

, e
.1..)

nn
.V<C
,,"".':"

.vJ.)

100
ron .~

.. UL'-t

1 .. 0

An
4V

n' n
L1.V

, n
.LV

'">
.}

KK SU8152
KM RUNOFF FROM SU8152

•
rnr
U:>U
rn-,
Ujl

rAn
Ujo
rnn
,,:>:>
",,,,,',1

J UU
.,. I"l ~

IV.L

8A, ,..
L.,}

nO'
1\1\.

n~n

.U/:J

400
nnnovu

2000

n,
.V.L

.010
nne

•. uU..J

-.n
JO

.15
n-.

• uJ
n-.

.u.:>

, An
l.VV

,.,1 ~r.

.U.1...)J
, n
.L.U

: ... ~n
I r\1""\r

TRAP
40
",
4V

, n
1U
, n
.LV

-.n-.
IV':>

70~

KK
KM
HC

COMBINE R0152/ SUB1SO, AND SU8152

ROISG

202
no

'"')1'1
LU.l.,..

o

;:!"'I
r\u.

nnn<cvv
8

-: ..,,.
.1iU

()o
'">r
LV

MAIN CHA,~NEL TO

2
8

1
8

o
8

ROuTE CP152 ALONG
1 FLC~ -1

.035 .035 .035

nO'
1\'

KK
KH

nn
1\1..

RX

-,nr
i V-J

lOG
-,n-.
, Vi

... n,..
! uO
~1'\J'l

JU~

710

KK SU815G

, .,
10.;

""~r\n r.,....";"c
L.)UV .. uU';.,)

rl'\A " ...
.;vV .. UJ.
=""" nn".
JUU • vvu

'A
.LV

::;
40

210
TRAP

"'I ron
.LUV
r,Ar.

.HUO

, e
.;...)

.G2
n'">e

• V':>';

(""lin ... C''''
..)VDJ.JVFRO~i

("lIHlr\rr
i\UI"'!vrr, , .

• 1.,-<1
,r
L.:>
till'

V"
nO'
1\1\.

RK

""!1'"\
11.:1

~, ,
!.l.l.
.,.., ~
I.LL

"'7'" .~

1.1 0 '1'

715
71G
7' ~1.1

•

~,n

! i.0
-"n
! 1 j

.,....,-:
I ~.i.

-,.,~

I£,.:)

0'") ..... '"
LUU

'"}--:n.... nr.
l.LUV .. UU

015 -: ,...n
.LvU

1

16



• HEC-l INPUT

10 ~ ~ 1. * 2 ~ 3..•.•.. 4••.•..• :; u 7 8 9..••• • 10

KK RGOVCH
"u ROUTE DVD\rCH ,;, n~.,.... r .• -r" r-r

CHAi~i~EL
T" CP183

"1'1 I"'I.LUI'H.:l v_In ':>' tU

RS
, FLOW ,
.I. -.I.

"r " .... r "'"or "'"or 1100 """,,,.. .U.:JJ .. u.:JJ .u,)J .vuo

nv Q 1 .... 2G ' rr '"'' 191
,,, ....

",\ t. J.vv .I.:;lU !-;)L

"" " 8 " a "
,., "

,.,
(\T 0 0 U 0 0 0

K" ~l.n ... no," .)UDJ.OU

Kt1 RUNOFF FRGt~
r"n"'l nr.
..:>UD.lOU

8'; I"'''''''.UjU
,r- 74 .... " "
L,) :JU.U

UK 100 .01 ' r ''',..• .I.V J.uu

RK 1 ",..,,, n1r . 02 " .. ., TRAP ~" 10
.lU\,)V .U.lJ .U.l.:..t ... u

R" '1"""" f'",n ,., .... ,., 1.0 ~ntn ." 3
I' l.='U\.J .. \.1..1.£ .11.JV I ""r L+U

KK n"''1r.n
"'VJ.Ot.,,,, r.,."I"r' SUB "In"'" Tn r .~-rl , rT CHAt~NEL

/!"'r'"l--:rtr")\

(\,1'1 f'\UUIC J.OV 'V t/'Tl!'1 .:>, \.l.r .i.Ot.)

nr- 1 ,I "1.1 -1"',) rLUW
"r ,..,,,!: I"'''''!: ,..,,,r "'":'~,..,,, ,....·1 '1

"'''
.u:;.; • V.:;.; .U.J,J £LUU .VJ..l

n)( " .... '" 12 e ..... ":l .or. _-~ r

(\" U t. 1.V ..Jl. ;)L+ .... -+v

n" . ~ e- n " " 2 ... c 4
"'T .. l. • .,) t. V V t..V

KK SUB182
I''''' RUNOFF FROM SU8182",I"

6A .0:""'"• .l.UU

L~

.,. ...,. ", .. LV.O
Ill ...

,,..,,
'" .15 ' "n

Vi'.. .I.VU .U.I. .I.uV
n: ... "! ...,,,,,

'" C " .... .Ol~
,n~n ,In ,"

"" J.t.uv .\J.l...J .UL II'\Mr ...u .l.U

n" ISOG . Oll
,.. .... ,., , " TRAP 40 ..

"'''
• u:;~, J..U ;)

1,,1- rn1f"':""':
f\.l'\. L.i.,LO<.,

"u CDt'i8 I ~~E
n""1r'\-; .. ,~ SUB182r\,!'1 1'\\jJ.ot: f"\1\lU

,:r ....
n" ,

"1.' "'''''1rl''
(\,r, t.,.il.O.:>
I,/'J ,..."...,.I""'! T ".r- I"'''~ri\ I'" I • ~ l"'" f"'n'1n"
r,n \..uno 11'1~ t'\uu·.·:....n, r,l"U \...:.10£

"r ...
"" t.

1,1- ,..,"1"'1 ....
!\r, r'\V.l.. OV
l.-y ROUTE !"'I\!n, ... ,..., " rH/r- ".:iTK rT ,..., ..... '!'"""I ~"

r-r: .. ,.,.. ....
r"'1 uvv ... :...n M.LU''.l\,J ':>' \...nt"\l~I.... c.L 'U \....r .LO.)

"r- ~I rH J -1"'.:> rL.UW
nr " ... n'"or .035 ,.. ... " nnn

"" O'!,J.J .v..:;~ O\.iiJ .:..Juo
nv , 2

...". .. rr "!,...,.., ,,, .. ~"...,

f\f·_ LU 1.VU .I.:;lU l.J.l L:>t.

;l.r n n n r 8 ;; r.

"'! 0 C U "J 0

ALONGI i~ CH,;t~NEL

,..n,r:r
\....rJ.JU

KK DVOVCH
KM RETRIEVE OVDVCH (FLO~ SPLIT
KM DEER VALLEY RD. ALIGN.)
OR DVDVCH

KM COM8INE SU815G, SU8190 AND R015G
He 3

KK

LINE

724
"">""lr
It.V
., .... "It.V

., .... .,
1t.1

728
., .... "It.:;)
., .... "I :JV

., .... ,
I';H

732
, ........
I..J..J
..,."" ..
I..J"
,",,,,,r
I:JV
., .... "I..JV

, .... .,
I..JI
., .... "
1 ;)0

., .... "1..J:;l

740
741
""!!I""':
I~L

"''';'"'1• I~';)

, .~ "
I ....

745
,,.r,,,,U
'"'/:""!,,,'
.,."
1...;.0

749

"rn
I VU
".':"1
IV.I.

752
..,.-: .....
I V;)

754
-,rr
I vv

75G

7r..,
,.)1

758
'"7::"
IJ.::J

,,,,,
IV\}

7Gl
.,.r'"l
I vt.

7 r ..... v.:;
.., r .~

I Ll'-+
.,r:;
IUJ
.,r"
IUU
~r-'

ILl!.,,,r
IUO

•
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•
LINE

7GS
770...... ,
11 J.

7/2
773.,.,-
lILt... .,r
1/.)

... u·
IIU.,.,.,
I II

778

779
780
... ",
/ oJ..,,,,.,
1 OL
.,n"
) 0.:1

784

78':5
...",.
/ OU
..,n ...
101
.,n"• 100
..,n"
10".,,,,,
J :;)v

7'""J...,,,,,
/ :>L..,,,,,
/:>.J

794..,,.,r
/ :>.)

7%

... ".,1:>/

798
.,,,n
J ::,l.:1

800
nn'
OUJ.

802

"""ou.J
"n."OULt
~"cau.)

"n"ouu
"'~"l
QUI
nf"\f"":
ouo
~ ..... ,...
00-"

"'"01. ~J

n, ,
o.!-J.

•

HEC-l INPuT

ID•....•. 1.•....• 2...•.•. 3...•.•. 4•.••... 5 ...•..• G.••••.• 7•.•••.. 8 .•..... 9••.••• 10

, .. I; '"'lln1 ~rr," .)UOl.OU

..... ~J n:H,f'\r-r r"n"J r'llr'l"l nr
r,n f\UI'iur r rl"\Ul"1 .)\.I01.0U

", "rt:
Of' .\JUJ
.r ., - ""L'" l'-t ,)0
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• 1.0 SOILS DESCRIPTION
The soils impacting the study area involve 3 soil classifications based on

the Soil Conservation Services (SCS) soil survey for the Agila - Carefree

Area (Issued April 1, 1986) as shown on Plate B-1.

Soil Survey Unit No.6 - Anthony - Arizo Complex.

This soil classification occurs outside the study area boundary but in the

Rawhi de Wash channel bottom and thus, it represents the type of soi 1 bei n9

conveyed downstream in the wash and into the proposed project drainage

channe1 system. The ari zo soil is the primary soi 1 occurri ng in the Rawhi de

Wash Channel bottom. The top 1 to 8-inches of this soil unit is a gravelly

sandy loam to, very gravelly sandy loam. The next soil strata unit from 8 to

60-inches deep is a very gravelly loamy sand. Plate B-2 shows a gradation

plot of the various soil types in this unit.

•
Soil Survey Unit No. 90 - Momoli Gravelly Sandy loam.

This soil classification unit occurs in the northern and eastern portions of

the study area. This soil involves a gravelly sandy loam (Unified Class: SM)

for the 0-3-inch depth strata with a very gravelly sandy loam (Unified Class:

GM, GM-GC) from 3 to 60-inches deep. The soil is classified a hydrologic

soil Group B. Plate B-3 shows a gradation plot of this soil unit.

Soil Survey Unit No. 55 - Gilman loams.

This soil unit occurs in the western and southern portions of the study area.

This soil unit involves a loam, silt loam and fine sandy loam (Unified Class:

Cl, Cl-Ml and SM). The soil is classified a hydrologic soil Group 8. Plate

8-4 shows a gradation plot of this soil unit.

2.0 SEDIMENT BASIN SIZING

2.1 OVERVIEW OF CHANNEL DESIGN AND NEED FOR SEDIMENT BASIN

The existing Rawhide Wash Channel upstream of the study area is a steep

sloped (2 to 3 percent plus) channel with high velocities (13 FPS + 100-Year

Storm) that is capable of conveying appreciable sediment.

The proposed Scottsdale Road Channel within the study area from the overhead

electric easement to the Deer Valley Road Alignment (Section line of Sections

• 15 and 22) was designed to continue with a high velocity channel section

capable of conveying sediment. A ~.ediment basin was proposed on the west
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• side of Scottsdale Road and the Deer Valley Road intersection. The proposed
channels downstream of the sediment basin are designed to be low velocity
(less than 7.5 fps, 100-year storm) that will not convey heavy sediments
(median sands to gravels).

The sediment basin is proposed to remove heavy sediments (median sands to
gravels) thereby minimizing downstream maintenance problems and reduction of
channel freeboard associated with sediment deposition.

2.2 SEDIMENT INFLOW VOLUME ESTIMATION FOR 100-YEAR 6-HOUR STORM
In order to size the sediment basin an estimate was made of potential
sediment inflow for the design 100-year 6-hour storm from Rawhide Wash
upstream of Pinnacle Peak Road. It was assumed that there was sufficient
sediment supply in the Rawhide Wash Channel and contributing watershed such
that the channel could convey as much sediment as hydraulically possible.
The following sediment transport equation was used as obtained from Reference

•
4:

qs = 0.0064
(n)1.77(V)4.32(G)0.4S
- - - - - - (Zeller-Fullerton, 1983)

(Yh)0.30 (DSO)0.61

"'

Where qs = Unit width sediment transport rate
(CFS/Foot width of channel at mid flow depth)

n = Manning1s roughness factor
V = Mean Flow Velocity, fps
G = Gradation Coefficient of bed material

Yh = Hydraulic depth (ft.) = Area/Topwidth
Dso = Diameter of bed material particle for" which 50 percent is

greater by weight (mm)

•

This equation is based on a regression analysis of hydraulic and sediment
transport data for sand bed channels in arid regions. The listed regression
limit for Dso are 0.5 to 10.0 mm. A Oso of 2.0 mm and gradation coefficient
of 4.0 were used for this equation in the Final Report for Upper Indian Bend
Wash Regional Drainage and Flood Control· Plan for the City of Scottsdale
(July 6, 1992). As shown on Plate B-2, the Dso of 2mm appears reasonable for
the soils in the Rawhide Wash Channel .

The gradation coefficient of 4.0 was also used based on the U.I.B.W Report.
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• A representative channel section with the following parameters was chosen to
compute the hydraulic parameters to utilize in this sediment transport
equation. This representative channel section was chosen from review of
drainage reports and topography mapping for the Rawhide Wash Channel through
the Los Portonnes development which extends from Pinnacle Peak Road upstream
1/2 mile. Representative Channel Section Hydraulic Parameters:

Manning's 'n' = 0.035
Slope = 0.023 feet/feet
Bottom Width = 200 feet
Average Side Slope = 10(H): 1(V)

•

For the average discharge for each 1/2 hour time interval shown on Plate B-5,
the hydraulic parameters were computed and sediment discharge computed.
Table B-1 summarizes this analysis. As shown on Table B-1 approximately 26.1
Acre - Feet of Sediment were estimated to be conveyed south across Pinnacle
Peak road in Rawhide Wash. Referring to Plate B-2, the soil gradation curve
for Rawhide Wash, it is noted that approximately 25 to 30 percent of these
soils by weight are fine sand (0.5 mm) or smaller. This material is not
expected to settle out in an in the sediment basin, where velocities are
reduced to 3 to 4 fps for several hundred feet. As such only 75 percent of
the 26.1 acre-feet or 19.6 acre-feet can potentially be trapped by the
sediment basin.

A sediment basin outside and upstream of the study area on Rawhide Wash has
been requested of the City of Scottsdale by the State Land Department to
intercept a portion of this sediment volume. To date a final decision on
this request has not been resolved.

For purposes of preliminary sizing of the sediment basin, 50 percent of the
19.6 acre-feet or 9.8 acre-feet was used. This volume was assumed to occur
as a level infill of the sediment basin below the invert of the outlet
structure, for a depth of 2 feet. Should no further sediment basin storage
be provided upstream, the proposed sediment basin may need to be deepened to
accommodate more sediment. As discussed in Sections 3.2 and 3.3, the
sediment transport analysis for the proposed Scottsdale Road channel

• indicates that no upstream sediment storage should be implemented.
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•
MLD Planning Permit No. 47-97397
Date: 11/12;93
A-N West No. 7229-03

Channel Hydraulic Parameters
B = 200 feet
Z = 20(H) :l(V)
S = 0.023 ft./ft.
n = 0.035

• •

TABLE B-1
RAWHIDE WASH AT PIRmCLE PEAK RON>

SEDIMENT :INFIai VOLUI1E F..STIMATICfi FOR lOO-YEAR 6-1DJR snRl
------------------------------------------------------------------------------------------------------

(1 ) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Hydraulic VS

Time Average Mean Flow Depth qs Width at Sediment
OJ Interval Discharge Duration Velocity Depth Topwidth (Area;Topwidth) Mid-Depth volumeI
~ No. (cfs) (hours) ( fps) (ft) (ft) (ft) (cfs/ft) (ft) ( ft 3

)

------------------------------------------------------------------------------------------------------
1 2210 0.5 7.59 1.36 227.3 1.28 0.122 213.6 46,970
2 7110 0.5 11.58 2.70 254.1 2.42 0.626 227.0 255,770
3 9184 0.5 12.67 3.14 262.7 2.76 0.888 231.4 369,690
4 6854 0.5 11.44 2.65 252.9 2.37 0.598 226.5 243,670

5 4048 0.5 9.48 1.95 238.9 1.79 0.289 219.5 114,060
6 2346 0.5 7.76 1.41 228.2 1.32 0.133 214.1 51,330
7 1463 0.5 6.51 1.07 221.4 1.02 0.067 210.7 25,560
0 1156 0.5 5.95 0.93 218.6 1.89 0.048 209.3 17 ,980

9 884 0.5 5.37 0.79 215.8 1.76 0.032 207.9 11,990
---------

Total Sediment Inflow Volume 1,137,020 ft. 3

26.1 Acre ft.

Notes: VS = qs (cfs/feet width) x duration (hours) x 3600 sec./hr. x width at odd-depth (feet)



• 3.0 EQUILIBRIUM SLOPE ANALYSIS
CHANNEL

SCOTISDALE ROAD

•

3.1 GENERAL DISCUSSION (FROM UPPER INDIAN BEND WASH REPORT
Sediment transport analyses need to distinguish between short-term and long
term changes. Short-term changes are event specific and occur to some extent
during each flood hydrograph. Examples of short-term changes would be local
scour, general scour, bend scour, bedform troughs, and to some extent, low
flow incisement. With the exception of low-flow incisement, any visible
signs of these processes may be difficult to detect after the flow has
subsided.

Short-term scour processes can usually be quantified with empirical and/or
theoretical relationships. With the aid of the computer, general scour is
frequently evaluated with mobile boundary, sediment routing models.

Precise prediction of long-term channel impacts can be much more elusive than
thei r short-term counterparts because of the time-span i nvo1ved and the
numerous variables that impact long-term changes. Since lateral erosion of
the channel banks is proposed to be controlled by a combination of vegetative
cover, bank protection at curves and grade controls and a passive concrete
bank scour cutoff wall, this analysis will employ the concept of equilibrium
slope to determine the long-term trend for aggradation or degradation of the
channel bed.

Equilibrium slope is defined as the slope at which the sediment transport
capacity of the channel bed will neither aggrade nor degrade. However, if
the incoming sediment supply is greater than the transport capacity of the
channe1, aggradat ion wi 11 occur, as the channel attempts to steepen its
slope, to generate a higher flow velocity (and resulting sediment transport
rate). Conversely, if the sediment supply is less than the channel transport
rate, the channe1 bed wi 11 degrade in order to fl atten its slope, resu It i ng
in lower flow velocity and sediment transport rate. Ideally, flood control
channels should be designed on the basis of this equilibrium slope.

An equilibrium slope analysis was utilized to provide some confidence that
the selected channel geometries, roughness values, and available ground

• slopes could combine to move the dominant sediment loads through the system,
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• without c(lusing (lny mCtjor long-term deposition.
occur, the channel capacity might be jeopardized.

Should such deposition

•

The first step in an equilibrium slope analysis is to determine the sediment
supp ly to the channel. For ephemeral channels, the 5- to 10-year event ; s
considered the dominant discharge most responsible for affecting long-term
changes to the channel. The 10-year event was selected for use in thi s
study. Accordingly, the sediment inflows quantified in this analysis are
based on the 10-year discharge.

The sediment inflows computed for this analysis are based on a key assumption
that the upstream washes are in a state of equilibrium. This is considered
a reasonable assumption since the majority of the watershed is not presently
developed to the extent that the natural supply of sediment is significantly
disrupted.

A second basic assumption of equilibrium slope analysis is that the sediment
supply used to determine equilibrium conditions for a specific channel reach
be equal to the total supply of all sediment being delivered to that reach .
This assumes that all sources of sediment inflow to a reach are at an
equilibrium condition. This assumption simplifies the calculation of
sediment inflows because it allows the use of the existing watercourse slopes
to compute the hydraulic parameters and sediment transport rates of all
incoming washes.

The equilibrium slope analysis utilized the following equation to compute
both the sediment inflows (that is, sediment supply) and the sedime~t

transport rate of the proposed channels.

qs = 0.0064
(n)1.77(V)4.32(G)0.45
- - - - - - (Zeller-Fullerton, 1983)

(Yh)0.30 (050)0.61

Where qs = Unit width sediment transport rate (CFS/Ft)
n = Manning's roughness factor
V = Mean Flow Velocity, fps
G = Gradation Coefficient of bed material

Yh = Hydraulic depth (ft.) = Area/Topwidth

• 050 = Diameter of bed material particle for which 50 percent is
greater by weight (mm)
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• This equation is based on a regression analysis of hydraulic and sediment

transport data for sand bed channels in arid regions. The listed regression

limits for D50 are O. 5 to 10. 0 mm.

Bed-material data used for this study was taken from three sample locations

upstream of the Outer Loop Highway alignment, north of the CAP. These

samples were previously published in the report: Concept Drainage Design,

Outer Loop Highway North of CAP Aqueduct, Simons, Li & Associates, Inc.,

March, 1989. Based on a review of the gradation curves for these three

samples, a D50 of 2.0 mm, and gradation coefficient of 4.0, were selected for

use in the equilibrium slope analysis. These values, which are typical of

sand bed channels, were used for both the sediment supply calculations and

the sediment transport rates through the proposed flood control channels.

Plate B-2, Soil Gradation for Rawhide Wash upstream of Pinnacle Peak Road,

also supports a D50 = 2mm for sediment inflow to the system.

•

•

3.2 EQUILIBRIUM CHANNEL SLOPE DESIGN FOR SCOTTSDALE ROAD CHANNEL

The calculation procedure to determine equilibrium slope is an interative

procedure •

Step 1. The representative channel section described in Section 2.2 was used

to estimate the lO-year sediment inflow to the proposed Scottsdale Road

channel.

Manning's I n I = 0.035

Slope = 0.023 feet/feet

Bottom Width = 200 feet

Average Side Slope = 10(H): 1(V)

Ql0 = 3516 cfs

Mean Velocity = 9.01 fps

Flow Depth = 1. 79 feet

Hydraulic Depth = 1.66 feet

Width at Mid-depth 216.7 feet

qs = 0.237 cfs/feet

Qs = 51. 6 cfs
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~ Step 2. The following proposed Scottsdale Road channel hydraulic parameters

were assumed;

Bottom Width
Sideslope
Manning's Inl

= 110 feet
= 3(H):1(V)
= 0.035

A slope was initially estimated as 0.015 ft/ft. By trial the slope was
varied until the proposed channel hydraulically could convey the 10-year

sediment flow.

For S=0.015 ft/ft in proposed Scottsdale Road Channel

Mean Velocity = 10.10 fps
Hydraulic Depth = 2.73 feet
Flow Depth = 2.93 feet
Width at Mid-depth = 118.8 feet
qs = 0.334 cfs/feet

~
Qs 0.334 x 118.8 feet

= 39.7 cfs < 51.6 cfs (supply)

Therefore, Channel Aggrades, Try Steeper Slope

Try Slope = 0.018 ft/ft
Mean Ve 1oc ity = 10.70 fps
Hydraulic Depth = 2.59 feet
Flow Depth = 2.78 feet
Width at Mid-Depth = 118.3 feet

qs = 0.436 cfs/ft

Qs = 51.6 cfs = Supply of 51.6 cfs

If an upstream sediment basin or other channel development were constructed
that reduced the sediment supply, the channel would tend to degrade to a more
mild slope. Determine equilibrium/) channel slope for proposed Scottsdale
channel if sediment supply (QI0) were reduced by 25 percent to a supply of

38.7 cfs.

~
It is noted that the Rawhide Wash bed material has a 050 = 2 rom by Plate B-2,
while the proposed Scottsdale channel bed material has a 050 = 4.5 rom by
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• Plate B-3. Use a weighted average 050 = 2.6 mm assuming the transport rate
will involve 75% sediment supply and 25% scoured material from Scottsdale
Road channel.

Try Slope
Mean Velocity
Hydraulic Depth
Flow Depth
Width at Mid-Depth
qs
Transport Rate, Qs

= 0.0165 ft/ft
= 10.4 fps
= 2.65 feet
= 2.85 feet
= 118.5 feet
= 0.326 cfs/ft width at mid-depth
= 38.6 : Supply Rate Target of 38.7 cfs

•

•

Therefore the equilibrium slope'" 0.0165 ft/ft, if the sediment supply is
reduced to 38.7 cfs.

3.3 CONCLUSIONS
The existing ground slope along the proposed Scottsdale Road channel from the
electric line easement to the proposed sediment basin is approximately 0.019
feet/feet over the 2560 foot distance. The estimated equilibrium slope is
0.018 feet/feet for the proposed channel with no upstream sediment basin.
With an assumed upstream sediment basin reducing sediment inflow by 25
percent, the equilibrium slope is estimated at 0.0165 feet/feet.

It is recommended that two grade control structures be installed over this
reach designed for approximately 3 feet grade difference each. One structur~

is recommended at the channel entrance to the sediment basin and one midway
between the sediment basin and Scottsdale Road. Based on this sediment
transport analysis, it is recommended that additional sediment basins
upstream are not desirable and should not be pursued. A reduction in
upstream sediment supply is estimated to result in a milder· equilibrium
channel slope and a possible need for more or higher grade control
structures.

4.0 ALLOWABLE VELOCITY ANALYSIS
4.1 GENERAL DISCUSSION
The proposed channels downstream of the sediment basin were evaluated by the
allowable velocity approach as discussed in the Soil Conservation Service
(SCS) Design of Open Channels Manual (Technical Release No. 25, TR-25,
October, 1977).

B-9-



This allowable velocity analysis was made for the 10-year storm discharges
which were considered to represent the long term or dominant storm event that
would dictate long-term sediment transport and erosional trends in the
channels.

For this analysis it was necessary to estimate the concentration of fine
sediment (less than 0.074 mm). From Step 1 of the earlier equilibrium slope
analysis Q sediment for the 10-year discharge was 51.6 cfs. Referring to
Plate B-2, there is approximately 25 percent finer by weight of silt or clay
size soil. This fine-sediment wi1,1 pass through the sediment basin and
cant i nue downstream in the proposed channels. Thus, for the lO-year storm
there are 12.9 cubic feet/second fine sediment in suspension with 3516 cfs of
water.

Assume sediment weight = 120 lb/ft3 12.9
Cubic feet fine sediment x 120 lb/ft 3 = 1548 lb
Therefore, 1548 lb of fine sediment is conveyed in 3516 cubic feet of water
per second at the 10-year discharge.
converting to mg/liter or ppm.
Soil = 1548 lb x 453.69 gram/lb x 1000 miligrams/gram = 7.02 x

108mg (milligrams)
Water = 3516 ft 3 x 28.32 liters/ft3 = 99573 liters (1)

The estimated 10-year storm sediment concentration is

8
7.02 x 10 ~ = 7052 mg!.1 or ppm (parts per million)
99573 liters

4.2 NORTHERN AND EASTERN STUDY AREA SOILS
Referring to Plate B-1, the northern and eastern portions of the study area
are of a Momoli gravelly, sand loam. Referring to Plate B-3 and the major
soil stratra from 3"_60" depth, the 075 (percent finer by weight) is
approximately 18 mmvin size.

Referring to Plate B-6 (Figure 6-2 of SCS-TR-55);
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•

•

, .' l';::, J "'1'';'' f .

There will be excess gravelly, s~ndym~t~if~l ~xcavated from the north~rn and
• ," f~ ;.; TI ' : ~'. • , ' ~

eastern portions of the study area, du:r'lng,channel construction, which has a

higher permissible velocity than th~ th:i~~'Nn~g ~bils have in "the south~'rn and

western areas.

It is proposed that the channel constr~dior';:'i,n..' these Gilman, sandy loam
.' . j ..... ~;.l : ; "C ", . '

soils involve overexcavation and placement of a '6-inch layer of processed
. ti .: ,.•.". . r {fi·¥. '.~ r;. 'I.

gravel (5mm or 1/4-inch) plus material ob-tai'nea from, the north or imported.

This should produce similar permissl'ble i~:~:f6b'Hes··nin the south and west
, \'.. - J' •.t ~ .' «': ... ~. 'o,

study area as are currently available in' th~ n'orth a'nd east study area.

4.4 CONCLUSIONS

Referring to the la-year storm channel v·eroci·ries'~~in·'Table 6, ve10c;'ti~s are

generally of 4.6 to 5.0 'fps' with: sma1; "reaches~;''Up'' to 5.7 fp~'. Desert

vegetation will be transplanted to c'han'ne1 ;'rlV~lt't~~~'b6tt~m)"~nd:!partic'~larly
. . t"'PJ ('0-1'1' :r':';':J"r' ~\'

sideslopes, 'where grass turf is not utilized. >Tpe.'soLithern and'western study
. . \ ··";:'C I' .

area channels are proposed to have additional gravelly sOll'p1aced to improve
• • .~. 4..- ". ,. .:-: 1 ~ ~ ",' ;:. ~

the bare earth permissible velocities to'those'{H...s,Cus·sed above .. The proposed

channels are expected to be generally st~ble f6r'the long t~nri"~r d~~inant

la-year storm discharges.

• • I.:: I~ r . . ",.( ~:' . .... ..

The duration of the lOa-year storm :.discharges' aliov'e the 5 fps velocity are
• . .' ->. .... I !'_;~ r \', (. ", i' .' c.. : >

approximately 2 hours. The duration 6f ·tn-e' peak: lOa-year storm velocities
. ", . ',' )' r ~ ~:. ":. ~ .'~: .

shown on Table 5 will be approximately 1/2.hour.~.~'Thu~, f'or the infr:equent
.' (I ' ... " • So,; , ~: .. '\. : 1'; :'.-. t •

lOa-year storms some channel degradation ~hd, 1atera" eros i on may· occur.
, -;:' (' t'-. • ~: v:' \"

However, the regular interval spacings of roa,a cr,ossfngs and grade control
, ..:. . ( - (

structures are expected to limit channel degradation to' acceptable levels.

Li kewi se , the 1atera1 eros i on wi 11 be contro 1'1 ed at regu 1a!' i nterv'a1 s by
, - -. ,.,. ",:,>.',," • ' •..;(J" ,-

grade control structures, road crossitlg's'~hd·"'.. ·"J¢getafion and is expec':t'ed to

easily remain within the channel topwidth .
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