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Executive Summary

As a result of an extensive study performed by Greiner, Inc. as part of the Scottsdale Desert
Greenbelt Project for the City of Scottsdale, 30-percent design plans for a concrete lined channel
along Pima Road were submitted on September 13, 1995. Subsequently, a preliminary design
report was prepared by Pacific Advanced Civil Engineering (PACE) for Grayhawk Development,
Scottsdale, Arizona, September 15, 1995, that presented an alternative detention basin drainage
concept. This preliminary report prepared by PACE indicated the alternative drainage concept they
had developed would reduce flowrates and flow velocities within the Pima channel, and provide a
considerable cost savings to the City. Due to the significant interest generated within the City, the
Flood Control District of Maricopa County, and the local developers regarding this alternative
concept, and due to the conceptual nature of the report prepared by PACE, the City retained
Greiner to further investigate the feasibility of this alternate detention basin drainage system.

This report is a summary of Greiner's investigation of this alternate system which generally
consisted of several configurations of a drainage channel along Pima Road in conjunction with
three detention basins located at: Happy Valley Road, Deer Valley Road, and the proposed Union
Hills Road alignment. The findings of this study indicate that while the use of detention basins may
reduce the flow velocities and flowrates within the Pima Road channel, the facilities required to
produce these reductions, such as drop structures and energy dissipators are cost prohibitive to
the project. These facilities were not included within the PACE conceptual report. Additionally, the
hydraulic characteristics of the total system are quite different than those characteristics presented
by PACE in their conceptual report. The extent of the channel lining materials required to meet the
Flood Control District's minimum guidelines for this alternative also proved to be cost prohibitive.
The least expensive alternative concept develooed by Greiner, that addresses and meets the
necessary hydraulic provisions of standard engineering practices, was $46.6 million; $7.7 million
greater than the cost estimate for the Pima Road channel as designed for the 30-percent plans.

This report is a summary of Greiner's findings to date. After several meetings with the City of
Scottsdale and the Flood Control District, it became apparent that the basin alternative would be
more expensive than the original channel alternative. Under direction from the City of Scottsdale,
Greiner discontinued its investigation in February 1996 awaiting further planning by the City of
Scottsdale as to the future development of the Pima Road drainage system.
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Pima Road Channel - Overall View 3

Pima Road Basin Alternative - Overall View 4
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1.0 Introduction

On September 13, 1995, Greiner, Inc. submitted the 3D-percent design plans for a concrete lined
channel along the Pima Road portion of the Desert Greenbelt Project, to the City of Scottsdale,
Arizona. These 3D-percent design plans were the result of an extensive study phase performed
by Greiner, Inc. and City of Scottsdale staff (the design team) to determine the most cost effective
drainage system for the Pima Road alignment. This study phase initially considered a single
detention basin system alternative, but it was dismissed as an option because it was identified as
being cost prohibitive.

In a Preliminary Design Report prepared for Grayhawk Development (Grayhawk), dated September
15, 1995, Pacific Advanced Civil Engineering (PACE) presented the results of their investigations
into an alternative multiple detention basin system (basin alternative) for Pima Road. Within the
Executive Summary of their report, PACE stated that the proposed detention design alternative has
the support of the City of Scottsdale (COS), Maricopa County Flood Control District (FCDMC),
Arizona State Land Department (ASLD), Arizona Department of Water Resources (ADWR), and
the Arizona Department of Transportation (ADOT). However, the extent of the support for this
concept was not identified and was diversive between, and within, the various agencies and
departments. All parties, including the design team, were receptive to a system that might possibly
reduce channel flowrates, velocities and cost. During the review of the PACE report by Greiner and
COS staff, several concerns and questions were raised regarding the feasibility and the cost
estimate for this basin alternative. Due to these questions, concerns and the conceptual nature of
the PACE report, the City of Scottsdale requested that Greiner Inc. perform a detailed feasibility
study for this basin alternative.

The purpose of this study is to investigate the hydraulic performance, cost, aesthetic possibilities
and overall feasibility of this basin alternative for the Pima Road system incorporating multiple
detention basins, drop structures and native invert channels as identified in the PACE report. This
study also addresses the concerns and interests of the various involved parties identified above,
and as stated below. Safety issues pertaining to supercritical flow and the associated high velocities
are a primary concern of FCDMC. Grayhawk and the DC Ranch Development are concerned with
the aesthetics and the total cost for the system. ASLD is particularly concerned with the alignment
of the system and its impact to state owned properties. The conclusions of this study are the result
of a collective effort conducted between COS staff, FCDMC staff and Greiner Inc. The approaches
used to analyze the Basin Alternative, and the results thereof, are report herein.

1.1 Pima Road Drainage System

The Pima Road drainage basin extends, from north to south, from Jomax Road to the Tournament
Players Club (TPC); and from east to west, from 1D4th Street to Hayden Road. The drainage basin
includes the Grayhawk and DC Ranch development communities. The channel alternative and the
Basin Alternative are both regional drainage facilities that will be used to remove the existing
flooding potential and improve the potential for development along the Pima Road corridor.

The channel alternative consists of a concrete lined, trapezoidal channel from Jomax Road to the
TPC, approximately 7 miles. The channel has been proposed to be placed at existing grade with
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an average slope of approximately 2 percent. The proposed top width of the channel ranges from
40 feet, north of Jomax Road, to approximately 100 feet south of Bell Road. The depth of the
channel is approximately 6 to 7 feet north of Deer Valley Road, and 10 feet south of Deer Valley
Road. The depth of the channel increases to approximately 14 feet at the 5 bridge crossings south
of Deer Valley Road. Figure 1.1 presents the proposed alignment and location of the channel
alternative.

The basin alternative is based on the same drainage system analyzed for the channel alternative.
This alternative consists of open channel facilities from Jomax to the TPC in conjunction with three
in-line detention basins; one located at the northeast corner of Happy Valley Road (Happy Valley
DB), one located at the northeast corner of Deer Valley Road alignment (Deer Valley DB), and the
third located on the north side of the proposed Pima Freeway and adjacent to the proposed Union
Hills Drive alignment (Union Hills DB). A large diameter pipe is also considered for the reach of
open channel from the Union Hills Detention Basin to the TPC. Figure 1.2 depicts the overall layout
of the Pima Road basin alternative.

1.2 Safety Concerns and Hydraulic Parameter Development

FCDMC was most notably concerned with the supercritical flow regime and high velocities,
associated with the channel alternative, resulting from the peak flow of the 1OO-year storm for the
Pima Road drainage basin. While the duration of the peak flow for this storm event is fairly short
in relation to the overall storm duration, standard engineering practice for hydraulic structures
dictates the use of this flowrate for design purposes. Peak flow velocities for the channel
alternative range between 16 and 33 fps.

The analyses performed for this basin alternative study were based on recommended hydraulic
parameters provided by the FCDMC Hydraulics Manual. This reference was used to establish
acceptable parameters such as material roughness values, freeboard calculations, and permissible
velocities. Cross-references from this publication were used to obtain other input parameters not
provided within. Staff members from COS and FCDMC were an integral part of this study and
review comments and recommendations provided to Greiner were used continually throughout the
development of the basin alternative report. A total of four in-progress meetings were held during
the months of January and February, between FCDMC, COS and Greiner personnel, to ensure all
hydraulic requirements were met and that all feasible concepts for the basin alternative were
addressed. The minutes from those meetings are provided in Appendix E.
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2.0 Pima Road Basin Alternative Facilities

2.1 Detention Basins

The basin alternative includes three detention basins as discussed in Section 1.0. The locations
of these basins were determined by land availability. Rapid private development has occurred in
different areas along Pima Road for the full length of the system. Existing or planned development
eliminates the inclusion of any additional basins as part of this drainage system.

A sensitivity analysis for basin sizing versus channel sizing was performed to determine basin
storage volumes and channel flowrates. A considerable number of basin and channel geometric
configurations have been investigated. Channel materials, bed slopes, channel geometry, bed
widths and channel depths were investigated individually, and in conjunction with the detention
basins, to determine an optimal design configuration that would meet the requirements of the
FCoMC Hydraulics Manual. The combinations and variations of the parameters were used to
determine the hydraulic characteristics of the system. Section 4.0 describes the results of the
hydraulic analyses in detail.

The governing parameters used for sizing each basin included available land area, right-of-way
impacts, easement requirements, surrounding development, embankment elevations, and the
existing topography. The existing ground slope at each basin is steeply inclined from the northeast
to the southwest and the grade differential between the existing high and low point for Happy Valley
DB, Deer Valley DB and Union Hills DB is 32.1 feet, 53.4 feet and 31.1 feet; respectively. Ideally,
the detention basins would be located below grade for aesthetic purposes and to avoid the
perception of constructing dams within residential areas. Each basin was to meet non-jurisdictional
dam requirements in accordance with governing statutes. Spatial confinement exists for each basin
due to adjacent private development and City facilities or requirements. These area limitations will
be discussed in detail for each basin.

The maximum excavated side slope for the basins is 4 horizontal to 1 vertical. This slope is
necessary to eliminate the need for fencing and guardrails adjacent to the basins, and to improve
the overall aesthetics. A 50-foot easement buffer was also required between a bordering property
line and the top of the excavated basin slope. The configurations and invert elevations for each of
the basins do not consider a tiered, sloped bottom which ultimately must be incorporated into the
final configurations.

2.1.1 Happy Valley DB

The layout of the Happy Valley DB is provided in Appendix Figure A.1. This basin is confined on
the north and the east by private development. Pima Road borders this basin on the west, and the
future Happy Valley Road alignment borders it on the south. Three alternate configurations were
considered based on depth and overall storage volume. The maximum storage elevation
considered for each configuration was 2080. This elevation corresponds to the lowest existing
grade elevation within the spatial limits established for the basin. Table 2.1 presents the invert
elevations and storage volumes associated with the three alternatives.

I".........·ORE
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2.1.2 Deer Valley DB

The layout of the Deer Valley DB is provided in Appendix Figure A.2. This basin is confined on the
north, east and south by existing or planned private development. Pima Road borders this basin
on the west. Three alternate configurations were also considered for the Deer Valley DB. The
maximum storage elevation considered for each configuration was 1870. This elevation
corresponds to the lowest existing grade elevation within the spatial limits established for the basin.
Table 2.2 presents the invert elevations and storage volumes associated with the three alternatives.

152.1

216.9

274.8

237.8

171.8

285.5

2060.0

2070.0

2065.0

1859.0

1854.0

1850.0

Table 2.2
Deer Valley DB

Table 2.1
Happy Valley DB

10.0

15.0

20.0

11.0

16.0

20.0

2

3

1

2

1

3

Basin inverts below 2060 were not considered practical because of the cost prohibitive increases
resulting from additional excavation and the required additional length of the outlet structure in
order to daylight downstream. Drawdown time requirements also limited the depth of the basin.
The outlet structure invert was limited at a maximum of one foot above the basin invert to ensure
the drawdown time requirement of 36 hours was met since evaporation and infiltration were not
considered for the drainage of the basin.

The aesthetics and overall appearance associated with the Deer Valley DB was a primary concern
for the design. The basin is located just north of DC Ranch and will be adjacent to, and in view of,
future residents of this development community. Executives in charge of the DC Ranch project
have stated that they would not support this concept if a large embankment is part of this basin.
Appendix Figure A.2 depicts the north slope of this basin at 4:1 and approximately 250 feet in
length, but it will actually extend beyond 250 feet as the City has indicated that because of the
length of slope benching will be required for aesthetic and safety purposes.
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2.1.3 Union Hills DB

2.2 Open Channels and Enclosed Conduit Options

The layout of the Union Hills DB is provided in Appendix Figure A.3. This basin is confined by
private development to the west and e'ast; the proposed Pima Freeway to the south, and the City
of Scottsdale water campus to the north. The maximum storage elevation considered for each
alternate configuration was 1610. This elevation corresponds to the lowest existing grade elevation
within the spatial limits established for the basin. Table 2.3 presents the invert elevations and
storage volumes associated with the three alternatives.

348.2

633.7

498.41595.0

1600.0

1590.0

Table 2.3
Union Hills DB

10.0

15.0

20.0

2

1

3

ADOT has indicated that any facility used to store stormwater runoff must be located a minimum
of 50 feet from the toe of the embankment for the proposed Pima Freeway. Because of this criteria,
and the condition that the storage facility must not be a jurisdictional dam, the Union Hills DB was
configured completely below grade. The placement of embankments would reduce the available
storage area to be used for the basin as the embankments would have to be sufficiently high to
recuperate the storage volume lost due to the areal reduction. Because the maximum embankment
height is six feet for non-jurisdictional retention facilities, it is not high enough to make a sizeable
contribution to the overall storage volume of the basin.

Open channels have been proposed to hydraulically connect the detention basins described in
section 2.1. The open channels serve two primary functions in the overall system: convey the flow
between the basins and collect the surface runoff between the basins. Large diameter pipes or
concrete box culverts were not considered for conveying the flow between basins upstream of the
Union Hills DB because of this requirement to collect surface runoff and also due to the magnitude
of the peak flowrates to be conveyed for the 1OO-year storm. The cost of the structures required
to convey these peak flows was prohibitive and separate interception of surface runoff and collector
channel connections would also be difficult and costly.
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The basin alternative includes the option of piping facilities from the outlet of the Union Hills DB at
the proposed Pima Freeway to the TPC Bureau of Reclamation (BOR) retention basin. The
drainage facilities from immediately downstream of the Union Hills DB to approximately 1300 feet
downstream are required to convey the outflow from this basin and also to collect surface runoff
from a minor subbasin located east and to the south of this basin (see Figure 1.2). Catch basins
or a small collector channel are considered to collect the surface runoff in conjunction with the
piping facilities for the detention basin outflow conveyance. Since the peak flowrates downstream
can be sufficiently attenuated by the Union Hills DB, piping is preferred over the open channel
option because of the reduced impact to area properties and the TPC golf course amenities and
because of the enclosure of the high velocity flows.

SCOTTSDALE DESERT GREENBELT
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3.1 Hydrology Modeling Variations

3.0 Hydrology

A number of HEC-1 models were developed for the many geometric variations associated with the
basin alternative. In addition to the HEC-1 models, a number of independent programs were
developed for the drainage system to optimize the size of the detention basin outlet structures and
concurrently analyze the hydraulic characteristics of the system. The models and programs were

9

As mentioned above, the three proposed detention basins were incorporated into the hydrology
model. These detention basins each had three alternative configurations (varying depths) as
described in section 2.1. The stage-storage-discharge curve for each detention basin alternative
configuration (9 total) was developed independently based on the invert depth, the storage volume,
and the size of the outlet works. These curves were input into the revised HEC-1 model for the
basin alternative.

The geometric configuration of the main routing channels and the location and length of the
proposed collector channels were adjusted from the original model The main routing channels
represent the channel reaches along Pima Road as shown in Figure 1.2. The geometry for these
reaches was adjusted to accommodate the varying outflow from the detention basin alternative
configurations and the localized surface runoff. The bottom width for these channels was varied
between 20 and 80 feet. The side slopes considered for these channels varied from 2:1, to vertical
walls. The lengths and the location of the collector channels proposed in the basin alternative
model were substantially different from those proposed in the channel alternative model. This
change in condition affected the routing of the contributing subbasins and impacted the peak
flowrates throughout the model.

The hydrology for the basin alternative was developed from the HEC-1 hydrology model used for
the channel alternative and is the result of a consensus approval among the many agencies and
groups involved in the Pima Road project. This hydrology model has been modified by including
the three proposed detention basins, adjusting the geometric configuration of the channels,
adjusting the length and location of proposed collector channels, and updating the original
subbasins to accommodate the development and growth that had occurred since the model had
been originally created. COS staff members were consulted regarding the changes made to the
hydrology model, and their direction and review comments are reflected in the revised model for
this basin alternative.

The areal delineation and routing of the subbasins used in the channel alternative HEC-1 model
was adjusted for the basin alternative model. The subbasins were adjusted to reflect the updated
conditions within the overall watershed. The DC Ranch development had been modified since the
channel alternative model was developed. The basin alternative HEC-1 model reflects the most
updated drainage conditions proposed by DC Ranch including the drainage requirements for their
404 Permit. Significant changes from the channel alternative include the redelineation of the
drainage subbasins north of the Deer Valley Road alignment, the length of the Thompson Peak
collector channel, and the subbasin routing scheme within the DC Ranch development.

SCOTTSDALE DESERT GREENBELT
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developed for the combinations of the detention basin alternative configurations and varying
channel slopes within the system.

A total of 27 HEC-1 models were developed to analyze the three alternative geometric
configurations for each of the three detention basins. The hydraulic characteristics for the ten
separate channel reaches located upstream of the Union Hills DB were initially analyzed using
channel bed slopes to match existing grade. The basin inverts and size of the outlet structures
were adjusted until a minimum freeboard of one foot within each detention basin was attained for
each of the 27 scenarios. The freeboard was provided in relation to the lowest top of bank
elevation of the appropriate detention basin. As an example, a maximum water surface elevation
of 1609 is allowable for the maximum storage elevation, or lowest top of bank elevation, of 1610
for the Union Hills DB. The three resulting basin invert elevations and corresponding storage
volumes used for the 27 models are presented in Section 2.1 .

The results from the project modeling and programs were used to establish preliminary hydraulic
characteristics for the basin alternative and to select an optimal configuration for the entire system.
The estimated cost of the system was a major factor that was considered throughout the
optimization process.

The results of the 27 models indicated the performance of one basin was independent of the
performance and sizing of the other basins. The sizing of the Happy Valley DB and its outlet works
had little affect on the hydraulic performance of the Deer Valley DB. The subbasin runoff between
the two detention basins predominated the peak flowrate entering the Deer Valley DB. For
example, the peak flowrate into the Deer Valley DB was 3299 cfs using a shallow Happy Valley DB
configuration where the flowrate into the Deer Valley DB was 3012 cfs using a deep Happy Valley
DB configuration. And while the Happy Valley DB provides attenuation to the flow conveyed from
the northern portion of the watershed, the impact of the attenuation has little affect on the hydraulic
requirements of the Deer Valley DB. The same situation holds true between the Deer Valley DB
and the Union Hills DB. Two combinations were selected from the 27 for further analysis and
development were selected because they represented the maximum and minimum utilization
conditions of the available combinations. The first overall system configuration consisted of a
combination of the three shallowest basins with larger channels connecting the basins. The second
overall system configuration consisted of a combination of the three deepest basins with smaller
channels connecting the basins.

The two models selected for further analysis were revised by adjusting the bed slopes, providing
drop structures at regular intervals, altering the channel invert widths and side slopes, and
evaluating alternative construction materials for the channels. The revised HEC-1 models were
used, along with a program established specifically for the basin alternative, to assess and adjust
the model characteristics to ascertain the optimal hydraulic conditions for each of the two
combinations. The development of these optimal models is discussed in Section 4.0.

IPlW,..SN.GRE
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4.0 Hydraulics

A number of issues surrounded the hydraulic development of the basin alternative. The main
purpose of this study was to address the safety concerns and the flow characteristics for the Pima
Road drainage alternative systems that had been developed, to date. The secondary purpose of
the study was to assess the feasibility of a basin alternative, including the performance of the
alternative as a regional drainage system and as a cost effective solution. A variety of safety
parameters and targeted hydraulic characteristics were provided by FCDMC for the system. These
parameters included the Bureau of Reclamation (BOR) standards, acceptable flow regimes within
the primary channels, and allowable flow velocities for the channel materials selected. In addition
to the safety and design concerns, FCDMC requested that Greiner identify similar drainage
systems that were comparable with the proposed Pima Road drainage system.

4.1 BOR Standards

Prior to the start of the hydraulic analysis, the COS requested the FCDMC provide specific
guidelines for flow depths, flow velocities and other safety parameters that would be acceptable to
the District for the scenario that no fencing be provided along the open channels in order to meet
the aesthetic goals established for the project. In response, the FCDMC provided a figure from a
BOR design guideline publication (BOR, 1988) regarding depth-velocity relationships classified into
low, judgement or high danger zones. While this reference pertains to the hazardous classification
associated with dams and estimating the downstream area susceptible to flooding due to a dam
failure, FCDMC indicated that they felt it was appropriate to design the channels to meet the
conditions established for the 'Low Danger Zone'. The BOR figure is provided in Appendix B for
reference.

Greiner developed a series of tables and graphs to compare the hydraulic characteristics of the
channels for the basin alternative with the BOR guideline. These tables are presented in Appendix
B. These tables were developed for specific channel bottom widths using normal flow calculations.
The BOR danger zones were highlighted on each table for comparison with the flowrates and
depths within the channels.

Greiner also developed a series of tables to address normal flow parameters for channels with
varying bottom widths and bed slopes. Bottom widths ranged between 30 and 80 feet and bed
slopes varied from 0.25 percent to 2.50 percent, the latter representing the maximum slope of the
existing grade. These tables are also provided in Appendix B.

The BOR tables were established for channel invert widths as large as 1000 feet, but because of
the right-of-way limitations of the project, a maximum invert width of 80 feet was considered
feasible. Greiner developed a series of charts depicting the changing velocity-depth relationships
for the specific channel reaches through the upper portion of the hydrograph. The figures are
presented in Appendix B for the reaches upstream of the Union Hills DB. The figures were
developed for the shallow basin and the deep basin system configuration and also for both the
predominant storm (1 a-year frequency storm event) for ephemeral washes (ADOT, 1986) and the
1OO-year frequency storm.
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The figures relating to the BaR guidelines were developed to demonstrate the hydraulic
characteristics associated with the various channel reaches as a function of time for the routing of
two different storm events. The deep basin configuration met the BaR standards better than the
shallow basin configuration because the peak flows and the duration of the peak flows were less
for the deep basin configuration. The differences between the two configurations were most
notable within the channel reaches located immediately downstream from the basins. The
differences were less noticeable in the reaches immediately upstream of the detention basins
because of the impacts of the inflowing surface runoff described in Section 3. The figures also
indicate that for many of the reaches, the BaR judgement zone is exceeded for less than two hours
for the 100-year storm event. The time the judgement zones are exceeded for the predominant
storm event is significantly less. The results from this investigation indicate that due to the project
constraints, it would be very impractical and not cost effective to try to achieve velocities and depths
within the BaR low danger and judgement zones for the peak flows.

It was requested that a range of acceptable velocities and depths be identified by FCDMC in which
fencing would not be required on the channels. FCDMC staff, in response, asked that
documentation be provided to identify existing channels in operation today that are not fenced and
are in the BaR high danger zone to assist them in determining these ranges.

4.2 Drainage System Comparisons

Per FCDMC's request, Greiner and COS staff researched three active, unfenced drainage systems
in Arizona for velocities and depths within the BaR high danger zone and for comparison with the
proposed Pima Road drainage improvements. These three are the Indian Bend Wash (IBW)
located in Scottsdale, the Canada del Oro Wash located in Tucson, and the Pantano Wash also
located in Tucson. The hydraulic information for each wash was obtained from the appropriate
flood insurance studies. BaR tables, similar to those developed for the Pima Road system, were
developed for each of the three washes as shown in Tables 4.1,4.2 and 4.3. These tables present
the peak flow hydraulic characteristics for an upstream reach of the IBW at McDonald Road, a
downstream reach of the IBW at McKellips Road, and two typical reaches for the Pantano Wash
and the Canada del Oro Wash, respectively. Among these three washes, only pipe rail fencing is
provided on the two Tucson washes, and no fencing is provided for the IBW.

The peak flowrate for both of the IBW reaches presented in Tables 4.1 and 4.2 fall within the BaR
'High Danger Zone' for the 1DO-year event. The upstream reach and the downstream reach are
classified in the high danger zone when the flowrates exceed 3,375 cfs and 5,382 cfs, respectively.

Table 4.3 also indicates the peak flowrate for the Tucson washes fall within the BaR 'High Danger
Zone' for the respective 1DO-year events. The peak flowrates and associated velocities for each
of these washes is greater than those for the IBW. The flow within these washes would not be
classified within the judgement zone until the flowrate was reduced to 1,832 cfs. Soil cement bank
stabilization has been constructed on both of these washes, and the invert consists of native
material. The improvements to each of these washes does not meet the design criteria guidelines
and recommendations presented in the FCDMC design manual. The peak flow velocities for each
channel exceed the permissible velocities for native channels as well as soil cement lining.

SCOTTSDALE DESERT GREENBELT
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The improvements made to the Canada del Oro Wash included grade control structures, but the
improvements to Pantano Wash did not. The Canada del Oro grade control structures consist of
a large A-frame shape with a roller compacted concrete crown. The grade control structures were
provided to prevent excessive bed erosion, and were not installed as drop structures to reduce the
bed slope of the channel. The design bed slope for this channel is 1.56 percent.
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Table 4.1 - Upstream Reach of Indian Bend Wash

BOR 'Low Danger zone'i
BOR 'Judgement Zone'

BOR 'High Danger Zone' .r-"."

Flowrates • 348-feet Wide Channel
I~ Velocity Ups)

I~==r=::;:;;t~)~ 3 4 I 5 1---'6:---r-'="7---'---::8:---r-9~-r--:-10""'-

0.0 0 0 0 0 0 0 0 0 0 0 0
0.5 0 176 351 527 702 878 1053
1.0 0 354 708 1062
1.5 0 536 1071
2.0 0 720
2.5 0

3.0 0
3.5
4.0
4.5
5.0
5.5
6.0

6.5
7.0
7.5
8.0
8.5
9.0

- Sta. 380+00
- McDonald
So =0.002174

V =7.17 fps

y=6ft
:QIOO = 16,100
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Table 4.2 . Downstream Reach of Indian Bend Wash

BOR 'Low Danger zone'i
BOR 'Judgement Zone'

BOR 'High Danger Zone',· "l, .

Flowrates - 580-feet Wide Channel
Velocity (jps)

2 151678
o 0 0 0

1458 1749

1.5
2.0

2.5
3.0
3.5
4.0
4.5

5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0

- 5ta. 90+00
Low Flow Channel
120' bottom width
- McKellips Road
50 =0.003137
V = 8.86 fps
y = 6 ft

IQIOO =23.500
I
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Table 4.3 - Canada del Oro Wash and Pantano Wash (Tucson, Arizona)"'1J(/)-. (')

:3 a
~~
~ CJ
Q.):.
OJr
tll III
~. CJ
:::J I1l
):.(/)
:::;:111
CD :n
~ -j
~G)

Qi :n
<tJ m

~
-j

...
0)

flOU'I.lIwvaJlgerzuJle'ii]

flOU 'Jilt/gemellI ~IIJle' .', ,
/JOR '/Ilgl1 VaJlger ZOJle': '. ,.

Su = 0.0063

V=15l'ps

y=8ft

QII!I=2~~

Canalla lIel Oro
Main Channel

Su = 0.0156

V =20 l'ps

y=6t'l

QIl.!..=27,~
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The proposed improvements for the Pima Road drainage system result in hydraulic characteristics
that are somewhat comparable to the Tucson washes. Table 4.4 provides comparison information
relative to peak flowrate, velocity and depth of flow for the IBW, the two Tucson washes, the Pima
channel alternative and the Pima basin alternative. Also when compared to either of the proposed
alternatives for the Pima Road drainage system, the flows within the Tucson washes fall within the
high danger zones more often, and for longer durations.

Table 4.4
Hydraulic Parameter Comparisons

Indian Bend Wash (upstream) .0022 16,000 7.2 6.0

Indian Bend Wash (downstream) .0031 24,000 8.9 6.0

Canada del Oro Wash .0156 27,700 20.0 6.0

Pantano Wash .0063 27,900 15.0 8.0

Pima Road - channel alternative - .0200 9,300 33.0 5.0

Pima Road - basin alternative - .0200 4,000 20.0 4.0

Complete fencing, to prevent access into the channel, is not provided for any of these three existing
drainage systems. Piperail fencing is provided along the Tucson washes and no fencing has been
provided along the IBW.

FCDMC staff did not feel that these three examples were applicable for comparison because they
were modifications to existing water courses and the Pima project would be wholly man-made.
Hydraulic parameters were then established by FCDMC staff for both the unfenced condition and
for the piperail protection. These parameters are discussed in section 4.3, below.

4.3 Flow Regimes

A number of analyses were performed for the Pima Road drainage system to address the hydraulic
characteristics and the predominant flow regime of the proposed system. The existing slope
throughout the project area varies from 1.6 to 2.2 percent. Proposed facilities installed at existing
grade result in swift, supercritical flows. The velocity of such flows was as much as 33 fps for the
channel alternative, and ranged between 13 and 20 fps for the basin alternative. The FCDMC
required that, for piperail protection, the channel Froude number should be no greater than 0.85
and that 1H: 1V, or flatter, side slopes would be acceptable. For a channel with no railing or
fencing, the Froude number must be no greater than 0.85 and the channel side slopes should be
no steeper than 4H: 1V. Greiner developed several basin alternative scenarios in an effort to
achieve a flow regime within the channels that would not require fencing and with peak flow
characteristics that would be acceptable to FCDMC.

I .....SNGPE
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A number of charts and diagrams were developed to address the varying input parameters that
affect the flowrate within the channel. The charts discussed herein are provided in Appendix C.
These charts were developed to try to meet the BOR 'Judgement Zone' as discussed in Section
4.1 and were used as design aids to develop an optimal system that would best meet the needs
of COS and FCDMC. The data provided in these charts was developed using the Manning's
formula for normal, steady flow. The parameters that were adjustable for these charts included the
channel bed slope, side slope, and invert width, and the Manning's roughness coefficient. The
charts were developed holding two of these input parameters constant and varying the other two.
The resulting flowrates and velocities were plotted versus one of the varying input parameters.

It again became quickly apparent that the BOR judgement zone could not be attained for the
flowrates of the drainage system without adjusting the channel bed slope. The reduction of the
channel bed slope was investigated considering two vertical drop structure scenarios: 1)
moderately spaced, fairly large, vertical drops; or 2) frequently spaced, small vertical drops. Due
to safety concerns, the COS and FCDMC agreed that a 3-foot high drop structure would be the
upper height limit.

Greiner developed several scenarios, using 3-foot drop structures, to adjust the flow regime within
the channels of the basin alternative. Based on normal flow calculations, Greiner developed
several proposed systems with variable Froude numbers and different channel materials. A Froude
number of 0.85 was targeted as the upper limit of permissible subcritical flow, in accordance with
the FCDMC design manual. Lower Froude numbers within the subcritical regime were not initially
considered due to the required increase in the frequency of the drop structures to attain the flatter
slopes. Froude numbers within the supercritical range that were considered began at 1.13, the
FCDMC design manual lower limit of permissible supercritical flow, and included values of 1.45 and
1.75. The number of drop structures required for these scenarios ranged from about 150 for the
0.85 Froude number scenario to as few as none for the 1.75 Froude number scenario. The 1.75
scenario was disregarded, however, because it could not meetthe unfenced conditions.

The drop structures introduced into the system create a number of hydraulic situations that begin
to deviate from the normal, steady flow computations. Steady, gradually varied flow ceases to exist
within a vast majority of the channels, particularly with drops spaced as frequently as 150 feet
apart. Immediately downstream from a drop structure, the flow is accelerated and requires a
specific runout distance to develop the necessary friction losses before steady flow is once again
established. The term tailrace is often used to describe this runout distance. When the runout
length is longer than the spacing between the drop structures, the accelerated flow propagates
down the channel. To prevent this propagation of the accelerated flow velocities, energy
dissipators are required to provide the necessary energy loss at the drop structures.

The frequently spaced drop structures create other complications within the entire system. Without
energy dissipators, the hydraulic characteristics of the accelerated flow downstream of the drop
structures is substantially different than the hydraulic characteristics of normal flow for the
associated average bed slope. The velocity of the accelerated flow is much greater than the
velocity resulting from a normal flow calculation and is very close to the velocities for the basin
alternative with no drop structures and channels at existing grade. However, unlike this basin
alternative, the flow is unsteady throughout most of the system because of the drop structures. A
safety issue surrounds unsteady flow as much as any other hydraulic characteristic.

1""""'SNaRE
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Additionally, because the flow throughout most of the system is unsteady due to the presence of
drop structures, normal water profile programs can not be used to model this system. Typical
programs such as HEC-2 and HEC-RAS require the flow within the system to be steady and
gradually varied. Greiner developed a series of tables for the various flow parameters and channel
materials to develop the hydraulic characteristics within the reaches of the basin alternative. The
tables are presented in Appendix C. These tables are used to address the hydraulic characteristics
expected within the channel reaches and develop a water surface profile for the drop structure
configuration.

4.4 Other Hydraulic Issues

A number of other hydraulic issues were raised during the course of the basin alternative
development. Selected channel materials, roughness coefficients, scour depths, toe down depths
of drop structures and stilling basins were discussed and considered during the many project
development meetings between COS, FCDMC and Greiner. The FCDMC Design Manual was
used to establish the acceptable range of hydraulic characteristics for these items, and other
references were used where the FCDMC Design Manual did not address the issue.

The materials used to develop the various scenarios discussed in the previous section included
reinforced concrete, soil cement/roller compacted concrete, shotcrete, native material, and cobbles.
The scenarios were adjusted to attain peak flow velocities that were within the permissible ranges
in accordance with the FCDMC Manual. Likewise, the roughness coefficients used for the various
materials were also obtained from this manual.

Scour depths and the toe-down depths of the drop structures were estimated using standard
equations provided in other references addressing the subject of sedimentation (AMAFCA, 1994).
These values were calculated using the channel configuration and flow velocities associated with
each reach of the system. These values were used to develop the cost estimates of the various
scenarios discussed in Section 5.0.

The stilling basins were included for energy dissipation required to achieve the normal flow
velocities associated with the targeted bed slope as discussed in Section 4.3. The stilling basins
were designed using the BOR recommended design procedures for small outlet works and small
spillways (BOR, 1984). The stilling basins were used to analyze the hydraulic characteristics of the
overall system performance and establish an estimated unit cost for such structures.
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5.0 Cost Analyses

In order to determine the overall feasibility of the proposed basin alternative, the total cost to
construct the improvements was estimated. Preliminary studies performed by PACE estimated the
total cost of construction for the basin alternative to be substantially less than the channel
alternative. This was contradictory to what Greiner and COS had discovered during the initial study
phase of the Pima Road drainage system. A basin alternative was considered during this study
phase, but preliminary cost estimates indicated it would be more expensive and not cost effective.

After reviewing the project for local developers, the initial cost estimate developed by PACE was
$13 million. This estimate was less than half the cost estimated for the channel alternative at that
time. After several iterations, the initial cost estimate for the basin alternative was refined including
modified unit costs, adjusted quantity calculations, and an overall redevelopment of the proposed

drainage facilities. The revised cost estimate supplied to COS by PACE was roughly $26 million.
This cost was still somewhat less than the channel alternative, but a review was performed by both
COS staff and Greiner which resulted in an estimate of $35 million for the basin alternative. The
principal discrepancy between these two estimates led to the analysis and results that are
presented within this report. The following is a summary of the various cost estimates produced
for the various basin alternative options.

5.1 Initial Cost Comparisons and Alternative Scenarios

Greiner initially developed cost estimates for four variations of the proposed basin alternative
considering different channel linings. Three of the variations were developed for subcritical flow,
and one was developed for supercritical flow. Each of these scenarios included three detention
basin, using the deepest geometric configuration for each basin. The deep basins were selected
because of the beneficial hydraulic performance of the systems as discussed in the previous
sections. The cost estimates for these scenarios is presented in Appendix D.

Option 1 - Subcritical, Complete Soil Cement Lining

The first option considered for subcritical flow utilized channels that were completely lined with soil
cement. For the purpose of a preliminary analysis, Greiner assumed that soil cement and roller
compacted concrete could be constructed at essentially the same cost to avoid discussion of
strength and erosion requirements at this initial stage. The characteristics of this option are as
follows:

Froude number =0.85
Manning's roughness coefficient =0.022
Normal peak flow velocity =8-9 fps
3-foot drop structure spacing =165-170 feet
Average tailrace velocity for peak flow =13-14 fps
Total drop structures required =152
Energy dissipators and stilling basins were required for the drop structures since the tailrace
runout length exceeded the drop structure spacing.
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A completely lined channel alternative was considered to address the scour and lateral migration
potential associated with this system. Side slope stabilization is provided to ensure containment
and eliminate lateral migration. The potential for large scour depths exists throughout this system,
particularly downstream of drop structures where localized scour holes could be substantial. The
resulting foundation depths of the side slope structures could become excessive due to the scour
depth potential, resulting in costly structures. A lined invert was considered for this alternative to
address the scour issue.

The total estimated cost for construction using soil cement lining is $46.6 million.

Option 2 - Subcritical, Complete Shotcrete Lining

The second subcritical analysis used shotcrete channel lining for a wavy section (n =0.022) rather
than soil cement lining. The hydraulic characteristics were the same as the subcritical option
above.

The total estimated cost for construction using shotcrete is $50.5 million.

Option 3 - Subcritical, Native Material Channel with Stilling Basins

The third subcritical flow scenario, was developed using energy dissipators and stilling basin drop
structures connected with native, excavated channels. The stilling basins were provided to
minimize the potential for scour holes and localized scour downstream from the drop structures.
The total cost of construction for this scenario was considerably less at $37.2 million. However,
because of the potential for lateral migration associated with this scenario, it was agreed side slope
protection would be required throughout.

Option 4 - Supercritical, Complete Shotcrete Lining

The channels considered for the supercritical flow analysis were lined with shotcrete using a good
section (n =0.019). The characteristics for this supercritical flow option were:

Froude number =1.45
Manning's roughness coefficient =0.019
Normal peak flow velocity =12-13 fps
3-foot drop structure spacing = 200-250 feet
Average tailrace velocity for peak flow =15-16 fps
Total drop structures required =105
Energy dissipators and stilling basins were required for most drop structure as the tailrace
runout length exceeded the drop structure spacing.

The total estimated cost for construction for the supercritical flow analysis using shotcrete lining is
$49.2 million.

The total estimated cost of the channel alternative is about $38.9 million. This cost estimate has
been updated to reflect the quantities associated with the 30-percent plans, updated right-of-way
costs, and the most recent utility relocation costs. This cost estimate also reflects $2.5 million for
fencing. For comparative purposes, the cost estimate of the channel alternative continued to
include engineering costs at 10 percent, and a contingency of 15 percent of the total cost estimate,
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excluding right-of-way. The cost estimates developed for the Basin Alternatives are ultimately
compared to the cost estimate of the channel alternative to determine the fiscal feasibility of basin
alternative.

Of the options discussed above, and acceptable to COS and FCDMC, the soil cement, subcritical
flow option was the most economical. However, the channel alternative at $38.9 million was less
than the basin alternative at $46.6 million. In addition, FCDMC indicated that piperail fencing would
still be required for the basin alternative, which was not initially included in the cost estimates for
these scenarios.

Approximately $19 million of the total cost estimates for the Basin Alternatives was attributed to the
construction of the detention basins. Considering the cost for engineering and contingencies, the
overall cost of the basins was in excess of $23.5 million. COS asked Greiner to finalize the cost
estimates for the Basin Alternatives to include the cost of piperail fencing, and to develop a
combination scenario that would meld the basin alternative with the channel alternative. This
combination alternative would incorporate the Union Hills DB into the 30 percent Pima Road
Channel plans. The Union Hills DB provides the most hydraulic benefit for the drainage system by
reducing the peak flows approximately 33 percent from the channel alternative for the reach below.
The other benefit of the Union Hills DB was that it could be the only basin of the three used as a
multi-purpose facility. The COS Parks Department had indicated that the Union Hills DB would be
used for recreational facilities whereas the Happy Valley DB and the Deer Valley DB could not.

The finalized cost estimate for the combination alternative was developed and the cost estimate
for the acceptable basin alternatives were revised to include piperail fencing. Each of these cost
estimates was substantially greater than the channel alternative. These finalized cost estimates
are presented in Appendix D.
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6.0 Summary and Discussion

This study was conducted to address a number of outstanding issues that surrounded the Pima
Road drainage system. The concern of high peak velocities, safety conditions, and the overall cost
of the channel alternative that had been developed by Greiner and included in the 30 percent
design plans was the impetus for this study. This study was conducted to address the outstanding
issues described and determine the feasibility of constructing an alternative drainage system as
it related to cost and aesthetics. While the study resolved some of the outstanding issues
surrounding the project, the final result was that none of the proposed scenarios would meet the
fiscal objectives initially established for the project. COS postponed further analysis and
development of the Pima Road drainage system after the final project development meeting
between FCDMC, COS and Greiner.

The channel alternative was the most cost effective scenario of those developed by Greiner. It
became apparent, as it had during the initial study phase, that the costs associated with the
construction of detention basins would nullify the cost benefits of the overall system. The cost
estimates developed by PACE for the basin alternative were based on proposed facilities that
neglected the appropriate design criteria established by the FCDMC Design Manual and other
prudent design conditions common for engineering practices. Additionally, these cost estimates
prepared by PACE based on their conceptual design did not consider the extenuating hydraulic
situations that could potentially occur within the channels as investigated by Greiner. As the study
performed by Greiner progressed, a number of options were disregarded because it was evident
they would not meet the objectives of the project: reduce the peak flow rates, meet standard
engineering design criteria for hydraulic systems, and be an economic alternative to the channel
alternative.

The results from this study also provided insight into the overall hydraulic performance of the
system when developed using drop structures. Most of the flow analyses conducted by others
were based on an average bed slope using normal flow calculations to establish the predominant
hydraulic characteristics for the channels within the drainage system. As described in section 4.0,
drop structures induce accelerated flow conditions that are quite different from the normal flow
conditions. When the drop structures are frequently spaced to reduce the average slope of the
channel bed, the accelerated flows will propagate downstream resulting in much greater flow
velocities than analyzed for normal conditions. Energy dissipators are required to prevent this
adverse affect and avoid the propagation of accelerated flow velocities.

A number of complicating parameters surround the development of the Pima Road drainage
system. The existing, natural grade of the project area varies between 1.6 and 2.2 percent and
generally represent supercritical slopes. Drop structures have been used to reduce the existing
grade and establish slopes conducive to subcritical flow. Since one of the primary objectives of the
basin alternative was to establish a system that would not require fencing, the drop structures were
limited to heights of 3 feet, or less. The frequency of the drop structures is directly dependent upon
the desired average bed slope and the invert width for the channels. And since the invert width of
the channels is also constrained by the project right-of-way limitations, the bed slope becomes the
governing parameter for most of the flow characteristics. However, as the frequency of the drop
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structures is increased to create the subcritical flow condition, the associated accelerated flow
condition also becomes more prevalent within the channel.

A degree of uncertainty remains regarding the best alternative for the Pima Road drainage system.
While the channel alternative appears to be the least costly, FCDMC would require complete
fencing of the channels. Fencing does not meet the aesthetic project objectives established by
COS. None of the cost estimates established for the basin alternative were economically more
attractive than the channel alternative. The combination alternative developed as a result of the
study was more cost effective than the basin alternatives, reduced the peak flowrates
approximately 33 percent from the channel alternative, but would still require fencing due to the
peak flow velocities,
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Appendix A

Basin Schematics
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Appendix B

Bureau of Reclamation
Downstream Hazardous Classifications
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Hydraulic Parameters
100-year/24-hour Storm Event

Froude Number =0.85

81 R31.1 I 4200 I 0.0220 I 0.0039 I 30 10.0221 894 I 8.3 I 3.2 I 166 I 173 I 13.3 I 2.2 I 16.2 I 1.7 I 26 I yes

--

(2)1 R31.2 I 1000 I 0.0200 I 0.0037 I 50 10.0221 161S I 8.7 I 3.5 I 184 I 173 I 13.7 I 2.4 I 16.4 I 1.9 I 6 I yes

--

(2)1 R36.1 I 2600 I 0.0160 I 0.0069 I 20 10.022\ 28 I 3.1 I 0.4 I 330 I 25 I 9.1 I 0.2 I 14.3 I 0.1 I 8 I yes

--

8 I R36.3A I 2600 I 0.0180 I 0.0046 I 2..0 10.0221 274 I 6.4 I 1.9 I 224 I 116 I 11.7 I 1.2 I 15.3 I 0.9 I 12 I yes

--

G I R36R2 I 3600 I 0.0220 I 0.0035 I 80 10.0221 2770 I 9.0 I 3.7 I 162 I 173. I 14.0 I 2.5 I 16.6 I 2.0 I 23 I yes

--

G I R51.1A 1 400 I 0.0220 I 0.0035 I 80 10.0221 2990 I 9.3 I 3.9 1 162 I 179 I 14.2 I 2.6 I 16.7 I 2.2 I 3 I yes

--
G I R52A2 I' 2600 I 0.0220 I 0.0042 I 20 10.0221 516 I 7.7 I 2.9 I 169 I 166 I 12.9 I 1.9 I 15.9 I 1.5 I 16 I yes

--

G I R52B2A I 2600 I 0.0220 I 0.0042 I 20 10.0221 527 I 7.S I 2.9 I 169 I 16S I 12.9 I 2.0 I 15.9 I 1.5 I 16 I yes

--

0)1 R53A I 3900 I 0.0220 I 0.0036 I 80 10.022/ 2387 I 8.6 I 3.3 I 163 I 163 I 13.6 I 2.2 I 16.4 I 1.8 I 24 I yes

--

G I R53A2 I 1300 I 0.0180 I 0.0034 I 80 10.0221 3070 I 9.3 .1 3.9 I 205 I 180 I 14.2 I 2.7 I 16.7 I 2.2 I 7 I yes

--

G 11 I yes

152

_ Gr-.r.-Ph" ' __, .. __ ~ .. ~15","th\FI"A(xe.t'ln,,'._rv_



Hydraulic Parameters
100-year/24-hour Storm Event

Froude Number =1.45

81 R31.1 I 4200 I 0.0220 I 0.0092 I 30 10.0191 894 I 12.0 I 2.3 I 234 I 355 I 15.2 I 1.9 I 18.4 I 1.5 I 18 I yes

--

81 R31.2 I 1000 I 0.0200 I 0.0087 I 50 10.0191 1618 I 12.6 I 2.5 I 265 I 357 I 15.7 I 2.1 I 18.8 I 1.7 I 4 I yes

--

(2)1 R36.1 I 2600 I 0.0160 I 0.0168 I. 20 10.0191 28 I 4.5 I 0.3 I 2600 I 29 I 9.6 I 0.2 I 14.6 I 0.1 I I I 110

--

8 I R36.3A I 2600 I 0.0180 I 0.0109 I 20 10.0191 274 I 9.3 1 1.4 I 423 I 181 I 13.1 I 1.1 I 16.8 I 0.8 I 7 I yes

--
8 I R36R2 I 3600 I 0.0220 I 0.0084 I 80 10.0191 2770 I 13.0 1 2.0 I 221 I 362 I 16.0 I 2.2 I 19.0 I 1.8 I 17 I yes

--

G I R51.IA I 400 I 0.0220 I 0.0083 I 80 10.0191 2990 I 13.3 I 2.7 I 219 I 387 I 10.3 I 2.3 I 19.3 I 1.9 I 2 I yes

--

(j) I R52A2 I 2600 I 0.0220 I 0.0098 I 20 10.0191 516 I 11.3 I 2.1 I 246 I 329 I 14.6 I 1.7 I 17.9 I 1.4 I II I yes

--

G I R5282A I 2600 I 0.0220 I 0.0098 I 20 10.0191 527 I 11.4 I 2.1 I 246 I 337 I 14.7 I 1.7 I 18.0 I 1.4 1 II I yes

--

0)1 R53A 1 3900 I 0.0220 I 0.0087 I 80 10.0191 2387 I 12.4 I 2.3 I 226 I 319 I 15.5 I 2.0 I 18.6 I 1.6 I 18 I yes

--

GV I R53A2 I 1300 I 0.0180 I 0.0083 I 80 10.0191 3070 I 13.4 I 2.8 I 309 I 396 I 16.4 I 2.4 I 19.3 I 1.9 I 5 I yes

--

G 11 I yes
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Hydraulic Parameters
100-year/24-hour Storm Event

@ Existing Grade

;'cili>I Rroi)9§~~1;;,;,@i;('1;;j';ji;Jii!jti!! I,fi!!'!;;j'>i;: Iii;;;;@; IE!AMiiWW@FJ IW@lMNi' 1{/;;;;&:1 IW[{AZi; liW;@@ .··.1
")hpp;:~~;

~;FI~\&;I'
(0
--

(01 R31.2 1 1000 I 0.<l200 1 0.0200 I 30 10.0221 1021 I 17.4 IU

--
(01 R30.1 I 2000 I 0.0160 1 0.0160 1 40 10.0221 28 1 IU I 0.1

--

8 I R363A I 2600 1 0.0180 I 0.0180 I 40 I 0.0221 274 1 9.2 I 0.7

--
G 1 R30R2 1 360{) I 0.0220 I 0.0220 I 40 10.0221 27M I 20.1 1 3.2

--

CD I R51.IA 1 400 I (l.O220 I (Ul220 1 40 10.0221 3012 I 20.8 1 3.3

--

G I R52A2 I 2600 I OJl220 1 O.022U 1 60 10.0221 531 1 8.7 I 1.0

--

CD 1 RS2B2A 1 2600 I 0.0220 1 00220 1 60 10.0221 556 I 8.8 I 1.0

--

(01 R53A 1 390{) I 0.0220 1 0.0220 1 60 10.0221 2154 1 13.3 I 2.6

--
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Flowrate- Bed Slope Relationships
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Flowrate- Bed Slope Relationships

for F = 0.50
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Flowrate- Bed Slope Relationships
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Flowrate- Bed Slope Relationships

for F = 0.85
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- - - - - - - - - - - - - - - - - - -

- • - - 100-1'1 Invert Width

- • - • XU-ft Invert WiLith
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- - - 40-ft Invert WiLith
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Flowrate- Bed Slope Relationships
for F =0.85
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0_010(W05

100

Manning's 'n' =0.030

+-r-.,-....,..--,---,----,--r---r-.,..--.,--;---;----,_...,---r_..,.--.,-_.,-....,..---,Riprap Invert-- -- ------ -= _-=- ---- __ -I=- Side Slope = I: 1
--1--\---+--- --- --

-+--+-+---1-- - j I I I-+---
+--+-f----

I I I I I I I j I I--j--+-I I I

--. I I I ! --.--

loon I_~ _1__- __

--1--1--+---+--1 --- -I I 1-1--+ I I

I I I I I 1---1- I -I-I--

-I--j I I --1-1- -I--I-- I-I--l--J-

-.--+ i--I I I -I--t-i----I-- --!-.-.-

->-+~-f-',; -"-,t---t--t--+----/-----J--j---l--

·--f---.-t---i'-,---t-,-r--t---EEf=EE=1
,

I I I I I I I tml-- ' I j--I I I I I

-t-~~l-W-- --I
- I

, ,
10 I I I I ,

(WOO

~.

to...
:s:
C>

~

~
~

CI

Channel Siupe (Wi'll

GREINER, INC. E10060115 hydraulldb\ 'Suberilieal flows Chart 41



- - - - - - - - - - - - - - - - - - -
Manning's 'n' - Bed Slope Relationships

for F = 0.85
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Table 4.1 - Upstream Reach of Indian Bend Wash

BOR 'Low Danger zone'i]
BOR 'Judgement Zone'

BOR 'High Danger ZOlle' .•~,. " ..

=====;r=======F=I=o=w=ra=l=es=-=34:;:y8,'=C:;:HA==r;;N='::;::IV=E=L========'IC===== Velocity Ups) =-:=J
I~e=p=;t=;:;;t~) ~..--=----r--4...,....---r--5-=----r-1 -6-::----r---::-7 -'---8""'- ---'9::---'~

0.0 0 0 0 0 0 0 0 0 0 0
0.5 0 176 351 702 878 1053
1.0 0 354 708
1.5 0 536 1071
2.0 0 720
2.5 0
3.0 0
3.5
4.0
4.5
5,0
5.5

6.0
6.5
7.0
7.5
8.0
8.5
9.0

1- Stao 380+00
- McDonald

ISo = 0.002174
V =7.17 fps
y = 6 ft

SCOTTSDALE DESERT GREENBELT

Pima Road Basin Alternatives 12
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Table 4.2 - Downstream Reach of Indian Bend Wash

BOR 'Low Danger zone'ii]
BOR 'Judgement Zone'

BOR 'High Danger Zone' . '~*.

Flowrates - 580' CHANNEL I
Velocity Ups) =::::J

1---;-4-, 5 1----::'6--,---=7,---.......--::8:--..--:9::-----'1~

0000000
1166 1458 1749

5.0
5.5
6.0

6.5
7.0

7.5
8.0
8.5
9.0

- Sta. 90+00
Low Flow Channel

1120- bottom width
,- McKellips Road

Iso =0.003137
,V =8.86 fps
y =6 ft

SCOTTSDALE DESERT GREENBELT

Pima Road Basin Alternatives 12



- - - - - - - - - - - - - - - - - - -
-u(J)
§. C)
Il) a
~~
Il) C)
0.):.
OJr-
~ 111
5' C)
):.111
:::.(J)
(J) ~
~ ..,
~(j)

Cii J:J
fJ) 111

~
OJ
[!!..,

....
tl)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5

6.0

6.5
7.0
7.5

8.0

8.5
9.0

Table 4.3 - Canada del Oro Wash and Pantano Wash (Tucson, Arizona)

/JON 'Low Dallger zOl/e'1i
/JUN '}lIdgelllelll ZOlle'

/JUR 'High Dal/ger ZOl/e' ." .•.

Canada del Om
Main Channel

S,,=O.0156

V =20 fps
y=6fl



ICHANNEL WIDTH=I
"

30 ·1

I DEPTHI ". 0.251 •.. 0.5°1 .,...."0..751 1.°1 1°1 <3.01 . 4.01 .. 5.01 6·°1
wened perim. - 30.7 31.4 32.1 32.8 35.7 38.5 41.3 44.1 47.0

weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021
flow area = 7.6 15.3 23.1 31.0 64.0 99.0 136.0 175.0 216.0

hyd. radius = 0.25 0.49 0.72 0.94 1.79 2.57 3.29 3.96 4.60
v= 1.33 2.10 2.73 3.29 5.10 6.54 7.76 8.85 9.82

I Q-I 1°1 321 ";" 631 .. 1021 ""\i ) 26 1 6471> 1 0561 ." ,. 15481
,~' 21221

I
I
I
I
I
I

side slope 'II' =
invert '/I' =

A verage Channel slope

Channel side slope =

0.019
0.022

0.0025

1.0

S = 0.25%

CH..-\.NN.h.L WWTli"- 40

. UtA" 1M 0.Z5 .0.50 0./:l 1.0 2..0 3.0 4.0 :l.0 6.0

wetted perim. - 40.7 41.4 42.1 42.8 45.7 48.5 51.3 54.1 57.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 10.1 20.3 30.6 41.0 84.0 129.0 176.0 225.0 276.0
hyd. radius = 0.25 0.49 0.73 0.96 1.84 2.66 3.43 4.16 4.84

v= 1.33 2.11 2.75 3.31 5.16 6.64 7.92 9.05 10.08

I Q-I 131 ; ,,' 431 8=11 .-
1361 ' .. ,,, .4331··,,' . i 8571 '. 13941·~,; ';~: 20371 ·y·27821

I
I
I
I
I

I CHANNEL WIDTH-I 50 Ii
I .:._,.;):> DEPTHI 0.251 ;/:;,. ' 0.501 .; .... ;~~i 0.751 .:.... 1.01 .<,i,·; 2.0 ,.

w · ...,•. "'3·°1 ::--:.:'.' ::'~?' 4.01~'?

wetted perim. - 50.7 51.4 52.1 52.8 55.7 58.5 61.3
weighted n = 0.022 0.022 0.022 0.021 0.022 0.022 0.021

flow area = 12.6 25.3 38.1 51.0 104.0 159.0 216.0
hyd. radius = 0.25 0.49 0.73 0.97 1.87 2.72 3.52

v= 1.33 2.11 2.75 3.32 5.20 6.71 8.02

Q-I 171 531 ·105\ ".' 1691 5401 ".::,. . 10671···' . '11331

64.1 67.0
0.021 0.021
275.0 336.0
4.29 5.02

. 9.19 10.25

, 25271., 34451

I
I
I
I
I
I
I

1CHAN~EL WlDTH-1 .-.:'. 60 I
I DEPTHI 0.251 0.501· 0.751 1.01 . 2.0 I 3.01 4.01 ::: .~.; 5~01 .-".'.

~:v;· .• 6.01

wened penm. = 60.7 61.4 62.1 62.8 65.7 68.5 71.3 74.1 no
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021

flow area = 15.1 30.3 45.6 61.0 124.0 189.0 256.0 325.0 396.0
hyd. radius = 0.25 0.49 0.73 0.97 1.89 2.76 3.59 4.38 5.14

v= 1.34 2.11 2.76 3.33 5.22 6.76 8.09 9.29 10.38

I " Q-I ";;: 201 641 .'" .. 1261 ~ .. '"'.

< 2031'" ..;::~:: '6471" .......,.% """' .·12771·"·/···· )'·,"'2072·1 "··'/4",,0}3018 r,·, .. :;~;' ,"'41091

I CHANNELWlDTH-1 70 Ii
I DEPTHI 0.251 0.501 0.751 1.01 2.0 I 3.01 4.01 -':';";.: , 5.0r< .::< .. 6.01

wetted perim. - 70.7 71.4 72.1 72.8 75.7 78.5 81.3 84.1 87.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021

flow area = 17.6 35.3 53.l 71.0 144.0 219.0 296.0 375.0 456.0
hyd. radius = 0.25 0.49 0.74 0.97 1.90 2.79 3.64 4.-+6 5.24

v= 1.34 2.12 2.76 3.34 5.24 6.79 8.15 9.36 10,47

I ~. ; ~ Q-I .... bl ", 751 ". '. 1471 . 2371 ;ty·_'~;: 7551 , :f488 VA),.>""; 24111'·' 1(35101'" ··········47751

I CHANNELWlDTH=1 80 I
I DEPTHI 0.251 0.501 0.75 1 1.01 201 .~. 3.01 ... .. 4.01' . {~ ... 5.01 ..~; .:,;. 6.01

wetted perim. = 80.7 8l.-t 82.1 82.8 85.7 88.5 91.3 94.1 97.0
weighled n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021

tlow Jrea = 20.1 40.3 60.6 1.0 164.0 249.0 336.0 4r.D 516.0
hyd. radius = 0.25 0.49 0.74 0.98 1.91 2.8l 3.68 4.51 5.32

v= 1.34 2.12 2.77 3.34 5.25 6.82 8.19 9.42 10.55

I Q-I 271 851 1681 2711 ,,8621 . ,16981·, 2751!.. 40031 " 54411

I
GREINER, INC. EI060115 '{/owlIllaMydrtll/{ BORGUIDE.XLS



I
I S = 0.50%

I CHA:-fNEL WIDTH=I 30 I
I DEPTHI "," '~ ;,0.251 ' .".0:S01' ;'" X·::~:,;· 0.751 . ~:::;'-:': 1.0j ': ·;-2.0 1 \'~'-;:.;' 3.01 , .. 4.01 <:5.01 6·01

wened perim.- 30.7 31.4 32.1 32.8 35.7 38.5 41.3 44.1 47.C
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 7.6 15.3 23.1 31.0 64.0 99.0 136.0 175.0 216.C
hyd. radius = 0.25 0.49 0.72 0.94 1.79 2.57 3.29 3.96 4.60

V= 1.88 2.97 3.86 4.65 7.21 9.24 10.98 12.51 13.89

1 Q-I 141 ';;:~ 451' :;;jk 891 .>;,: 1441 ··J}~.)';:':x.: 4611· >·%9151 :.... .. ':'~ 14931 21891 ·::·\'\,t: 300 11

I
I
I
I

side slope 'n' =
inven 'n' =

A verage Channel slope
Channel side slope =

0.019
0.022

0.0050
1.0

64.1 67.(
0.021 0.021
275.0 336.(
4.29 5.02

13.00 14.50

55.7 58.5 61.3
0.022 0.022 0.021
104.0 \59.0 2\6.0

1.87 2.72 3.52
7.35 9.49 11.34

1.012.0 1'<. t 3'.01 4.01: ,./\5.01 ." 6·01
62.8 65.7 68.5 71.3 74.1 no

0.022 0.022 0.022 0.022 0.021 0.021
61.0 124.0 189.0 256.0 325.0 396.0
0.97 1.89 2.76 3.59 4.38 5.1-+
4.7\ 7.38 9.56 11,45 13.13 14.68

,,' .• 2871· .. ,.,' '9161, .. iVn<I8071. x:m293ol ," .':mA269[-++w,)58UI

0.751

,1781

62.1
0.022

45.6
0.73
3.90

51.4 52.1 52.8
0.022 0.02: 0.022

25.3 38.1 51.0
0.49 0.-3 0.97
2.98 3.89 no

60.7 61.~

0022 0.022
\5.1 30.3
0.25 0.49
1.89 2.99

60 I

wetted perim. = 50.7
weighted n = 0.022

flow area = 12.6
hyd. radius = 0.25

V = 1.89

wetted perim. 
weighted n =

flow area =
hyd. radius =

v=

I CHANNEL WID'!:H=I 40 K I
D~l'TH .. , U.ZS :...~. ,+'u.5uk':<' " 0.75 ., x 1.0 .. ', 2;0 W',3.0 ";"::::. ;,;,,4.•0 .; . ,,/l' .-"."" /;

wetted perim. = 40.7 41.4 42.1 ~2.8 45.7 48.5 51.3 54.1 57.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 10.1 20.3 30.6 41.0 84.0 129.0 176.0 225.0 276.0
hyd. radius = 0.25 0.49 0.73 0.96 1.84 2.66 3.43 4.16 4.84

V= 1.89 2.98 3.S8 4.68 7.29 9.39 11.20 12.80 14.25

I Q-I,' ""191 .... .:;:.....:. 601 ·:.-1191 . 1921 ,.,.: 6131 .;.",,\;<12121 ,. 197t! .,:~: ' . 28801.: .f 39341.; ".;.~- . ..','

I CHANNEL WIDTH-I ", 50 .:" I

I CH:.-\NNEL WIDTH-l ....
I "j DEPTHI

I
I
I
I

I
I

I

I Ca<\NNEL VdDTH-1 80 1
DEPTH 0.25 0.50 ,0,75 1.0 y 2.0 ". 3.0 " 4.0 ,. S.O .",:,," 6.0

wetted perim. = 80.7 8U 82.1 82.8 85.7 88.5 91.3 94.1 97.C
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021

tlow area = 20.1 ~O.3 60.6 81.0 164.0 249.0 336.0 425.0 516.0
hyd. radius = 0.25 0.49 0.74 0.98 1.91 2.8\ 3.68 4.51 5.32

V= 1.89 2.99 3.91 4.73 7.43 9.65 11.58 13.32 14.91

I Q-L ,", ... 381 ...,·,.·,··,uol':: .-<"-<. 2371 3831 :.'" :-:~",,' 12191' " 24021 W·o):· 38911 ' 56611· ii, '; 76951

I
I
I
I
I

I CHANNEL WIDTH-I . 70.. I
I},· DEPTHI ., 0251 i. 0;501w

wetted peri m. = 70. I 71.4
weighted n = 0.022 0.022

flow area = 17.6 35.3
hyd. radius = 0.25 0.49

V = 1.89 2.99

\0;751 .', L.ol
72.1 72.8

0.022 0.022
53.1 71.0
0.74 0.97
3.91 4.72

75.7 78.5 81.3 84.1 87.0
0.022 0.022 0.022 0.021 0.021
I~.O 219.0 296.0 375.0 456.0

1.90 2.79 3.64 4.46 5.24
7.41 9.61 11.52 \3.24 14.81

I
GREINER. INC. E1060115 'fIolVallaMvdraul BORGUIDE.XLS



I CHA."iNEL WlDTH-1 30 I
I ., DEPTHI 0.251 :.. 0301· ·.O.75Lq , 1.01 ;..... ':' 2.01 3.01 4.01 5.01 6·01

wened perim. - 30.7 31.4 32.1 32.8 35.7 38.5 41.3 44.1 47.C
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 7.6 15.3 23.1 31.0 64.0 99.0 136.0 175.0 216.C
hyd. radius = 0.25 0.49 0.72 0.94 1.79 2.57 3.29 3.96 4.6C

v= 2.31 3.64 4.73 5.70 8.83 11.32 13.45 15.32 17.0!

I ·.··Q-I ,171 551 , 1091 . . . ",':' 1771 5651 . . <11211 lS291 .. 26811 ">' .~•• 36751

I
I
I
I
I
I

side slope 'n' =
invert 'n' =

Average Channel slope
Channel side slope =

0.019
0.022

0.0075

1.0

S = 0.75%

I
I
I
I
I
I
I
I
I
I
I
I
I

I CHANNEL WIDTH=l .to. II
I DEptHI 0.251 0.501 0.751 :>" '1.01< 2.0 I' , 3:01' 4.01 5.01 ..... " 6·01

wened peri m. - 40.7 41.~ 42.1 42.8 45.7 48.5 51.3 54.1 57.e
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 10.1 20.3 30.6 41.0 84.0 129.0 176.0 225.0 276.0
hyd. radius = 0.25 0.49 0.73 0.96 1.84 2.66 3.43 4.16 4.84

v= 2.31 3.65 4.76 5.73 8.93 11.51 13.72 15.68 17.46

I , Q-I 231 ..~::; .. 7~1 1451 2351 ' 7501 .y. 14841. , ..... 241 41 35281' 48181

I CHANNEL WlDTH-1 SO II
I ". DEPTHI 0.251 ". 0.501 .~ ... '",0,751 t;; :~ ~.:;; ,:':.1.01. '/.2.0 I ··<X,·- 3.01 4;01 5.01 ::,:?: •.

6·01:,:,";' q .....-". 'r-' ;-.:.;,'

wened perim. - 50.7 5U 52.1 52.8 55.7 58.5 61.3 64.1 67.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021

flow area = 12.6 25.3 38.1 51.0 104.0 159.0 216.0 275.0 336.C
hyd. radius = 0.25 0.49 0.73 0.97 1.87 2.72 3.52 4.29 5.02

v= 2.31 3.65 4.77 5.76 9.00 11.62 13.89 15.92 17.76

I Q-I 291 .;'- .' nl ';-, 1821 .../·.: ...... 2941 . ' 9361 ~-:-3" 18481.· . ,,-30(511 43771 '.:.~:~<.. .'5966]

I CHANNEL WIDTH-I 60 I
I DEPTHI 0.251 0.501 • 0.751 '1.0l 2.0 1 3.01 4.01 5.01· '. 6.Oj

wetted perim. - 60.7 61A 62.1 62.8 65.7 68.5 71.3 74.1 77.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021

flow area = 15.1 30.3 45.6 61.0 124.0 189.0 256.0 325.0 396.0
hyd. radius = 0.25 0.49 0.73 0.97 1.89 2.76 3.59 4.38 5.14

v= 2.31 3.66 4.78 5.77 9.04 11.71 14.02 16.09 17.97

I .. ·······T····· ... ··-<'i""·.· Q-I ·····351 .:.•.; .... nIl ., '2181 -"'. •. 3521· .' .-Il211 ~; .·•. ·22131 35881 :::5228.b:;;;;:: h]ll71_. }. -~. :~

I CHANNEL WIDTH-l ..... ·70 <". j

I , DEPTHI 0.251 0.501 0.751 ..... 1.01 ,. 2.0 I ::'d'.:'--:' 3.01····· :( 4.01 5.01···:: c,"{;;;'" 6.Oj
wetted peri m. = 70.7 7U 72.1 72.8 75.7 78.3 81.3 84.1 87.0

weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021
flow area = 17.6 35.3 53.1 71.0 1~.0 219.0 296.0 375.0 456.0

hyd. radius = 0.25 0.49 0.74 0.97 1.90 2.79 3.64 4.46 5.24
v= 2.31 3.66 4.79 5.78 9.08 11.77 14.11 16.21 18.14

I 'Q-I 411 129li '2541 ~:::t ./·:·4111·.···: 13071< .;~:;. 25771 41771.. 60801 ~~: :~.:;:: . 82711

I CHANNEL \YIDTH=1 SO I
I DEPTHI 0.251 0.501 0.751 l.°l 2.0 I 3.01 4.01 .... 5.01 " 6.Oj

wetted pen m. = 80.7 81.4 82.1 82.8 85.7 88.3 91.3 94.1 97.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.02!

tlow area = 20.1 40.3 60.6 81.0 164.0 249.0 336.0 425.0 5160
hyd. radius = 0.25 0,49 0.74 0.98 1.91 2.81 3.68 4.5! 5.32

v= 2.32 3.67 4.79 5.79 9.10 11.81 14.18 16.31 18.27

I Q-I =«;1 ·f,. 1481/" 2901 4691· 14931 29421 47651 69331 .':. 94251

GRErNER. INC. £1060115 V7o",aflaM.'"draul BORGUID£.XLS



I
I S = 1.00%

S.Oj"
74.1

0.02\
325.0

4.38
18.57

.4.01
71.3

0.022
256.0

3.59
16.19

78.5 81.3 84.1
0.022 0.022 0.021
219.0 296.0 375.0

2.79 3.64 4.46
13.59 16.29 18.72 20.9

- 3.01· : .... A:ol "·5.01;

.2.0 1 -$ 3.01.· '4.01 .". 5.01
45.7 48.5 51.3 54.\

0.022 0.021 0.021 0.021
84.0 129.0 176.0 225.0
1.84 2.66 3.43 4.16

10.32 13.29 15.84 18.10

8671 ..,: 17141 . 27881·· /40731 -.,::;

35.7
0.022

64.0
1.79

10.20

.. 6531· '.

2.0 I .. ' '" 3.01 .....

65./ 68.5
0.022 0.022
\24.0 189.0
1.89 2.76

10.44 13.52
'1295/· .:..,c;. ::'''::2555 .

2.0 I

15091

75.7
0.022
1+4.0

1.90
10.48

Lol····

42.8
0.022

41.0
0.96
6.62

62.8
0.022

61.0
0.97
6.66
406 ,y.

. u61.

0.751

.1681

0.022
23.1
0.72
5.47

42.1
0.022

30.6
0.73
5.49

72.1 72.8
0.022 0.02~

53.\ 71.0
0.74 0.97
5.53 6.68

:.. 641

0:501

851

0.501

41.4
0.022

20.3
0.49
4.21

71.-+
0.022

35.3
0.49
4.23

40.7
0.022

10.1
0.25
2.67

. 0.251

50.7
0.022

12.6
0.25
2.67

471

70.7
0.022

17.6
0.25
2.67

'.:0.251 .... ·i.···

0.0\9
0.022

0.0100
1.0

30

50' .:·1

70 I

side slope '/I' =
invert 'n' =

Average Channel slope
Channel side slope =

.... Q=I ,

wetted perim. =
weighted n =

flow area =
hyd. radius =

v=

Q=j,

wetted peri m. =
weighted n =

flow area =
hyd. radius =

v=

wetted perim. =
weighted n =

tlow area =
hyd. radius =

v=

Q=l

wetted penm. =
weighted n =

flow area =
hyd. radius =

v=

wetted perim. =
weighted n =

flow area =
hyd. radius =

v=

I CHAN EL WIDTH=I

I CHA~NEL WIDTH=I

I DEPTHI

I CHANNEL WIDTH=!

I .. DEPTHI··
I CHANNEL WIDTH=I

I CHANNEL WIDTH=I 80 1

I DEPTHI 0.251 0.501 ·0.751 l.01 2.0 I 3.01 4.01 . 5.01
wetted peri m. = 80.7 81.-+ 82.1 82.8 85.7 88.5 91.3 94.1

weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022
flow art:a = 20.1 40.3 60.6 81.0 164.0 249.0 336.0 425.0

hyd. radius = 0.25 0.49 0.74 0.98 1.91 2.8\ 3.68 4.51
v= 2.67 4.23 5.53 6.69 10.51 13.64 \6.38 18.84

Q=I' 541 ."." 1701 3351 5421 17241 .. ->'33971'" 55021 ···.·.80051

I DEPTHI
I CHANNEL WIDTH=I

I
I
I
I
I
I
I
I

I
I

I
I

I
I
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I
I S = 1.25%

I CH.'\~NEL WIDTH-I 30 1

I DEPTH!' ,. .:~ 0.251
,.:,~.

'-'.: 0.501 0.751 ;\~< 1.01 2.0 I .', . 3.01 4.01 -(.••. 5.01 6.~

wetted perim. = 30.7 31A 32.1 32.8 35.7 38.5 41.3 44.1 47.0
weighted n = 0.022 0.02~ 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 7.6 15.3 23.1 31.0 64.0 99.0 136.0 175.0 216.0
hyd. radius = 0.25 0.49 0.72 0.94 1.79 2.57 3.29 3.96 4.60

v= 2.98 4.69 6.11 7.36 11.40 14.62 17.36 19.78 21.97

I Q-I ,.' 231 .721 1411 ':':":"";. 2281 .. 130j <14471 .:,:. 'i 23611 34621 4745]

I
I
I
I

side slope 'n' =
invert 'n' =

Average Channel slope
Channel side slope =

0019
0.022

0.0125

1.0

I CHANNEL WIDTH-l 40 1

I ,DEPTHI· 0.251 0.501 .",,:.. 0.751 1.01 2.0 I 3.01 .~ 4.01 5.0j··. 6·01
wetted perim. = 40.7 41.4 42.1 42.8 45.7 48.5 51.3 54.1 57.e

weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021
flow area = IO.I 20.3 30.6 41.0 84.0 129.0 176.0 225.0 276.C

hyd. radius = 0.25 0.49 0.73 0.96 1.84 2.66 3.43 4.16 4.84

v= 2.98 4.71 6.14 7.~0 11.53 14.85 17.71 20.24 22.5

I Q·=I··'·· ;-::::... ::. . 301 ".:"'951·. 1881 ~--': 3031 9691 ':'.·":..,19161 ....'>',. 31171',·",,,,,,45541 ." 62201

I
I
I
I
I

I CHANNEL WJDTH-I SO I
I ... DEPTHI):tO.2SI·

wetted peri m. - 50.7
weighted n = 0.022

flow area = 12.6
hyd. radius = 0.25

V = 2.98

... "" 0.501 .··"""·'·0.751 ;1.01 ··2~O 1 .... 3.0j.·", .:'::,:::::':;: .,. <f~ol/\ /"., 5.01 .. }/','<L6.0I
51.4 52.1 52.8 55.7 58.5 61.3 64.1 67.0

0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021
25.3 38.1 51.0 104.0 159.0 216.0 275.0 336.0
0,49 0.73 0.97 1.87 2.72 3.52 4.29 5.02
~.72 6.16 7.43 11.62 15.01 17.9~ 20.55 22.92

1191 ... 2341 :;.:~>,. ." 3791 y 12081 ><23861 38741 '. .. /56511, "" i no31

I
I

I CHANNEL WIDTH-I 60 II
I DEPTH! ,. 0..251 0.501 ',0.751 1.01 2.0 1 3.0j 4.01 ::::::(X 5.01· :"., ...'. 6·01

wetted penm. = 60.7 61A 62.1 62.8 65.7 68.5 71.3 74.1 77.C
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021

flow area = 15.1 30.3 45.6 61.0 124.0 189.0 256.0 325.0 396.C
hyd. radius = 0.25 0.49 0.73 0.97 1.89 2.76 3.59 4.38 5.1'

v= 2.99 4.72 6.17 7.45 11.68 15.11 18.10 20.77 23.2C
"::~ ."·'··"·Q·-I·,·· ".;}' 451 ~~",,:. . .143/ ,,'......\.,.. ',yv2811 t<F·· u454/ .. ~;;'';:;.~ 1448/ 28561 :.:;:-. 46331 .Y•. ~,>~ ,;(67491,"'"·'''.''''' 91891

"·;··'6.~

87.0
0.021
456.C

5.24
23.~1

.> 1067'71

84.1
0.021
375.0

4.46
20.93

78.5 8t.3
0.022 0.022
219.0 296.0

2.79 3.64
15.19 18.22

, 33271:.. <'/53921

2.0 I'

1687/

75.7
0.022
144.0

1.90
11.72

5301

1.01··

72.8
0.022

71.0
0.97
7.46

70. 7 71.~ 72.1
0.022 0.022 0.022

17.6 35.3 53.1
0.25 0.49 0.74
2.99 4.73 6.18

70 I

wetted perim. 
weighted n =

flow area =
hyd. radius =

v=

I" J.DEPTHI·

I CHANNEL "'\tIDTH=1 80 I
I DEPTHI 0251 0.501 0.751 1.01· 2.0 I 3.01 ".01 ~.:::. 5.01 ..... 6.~

wetted perim. - 80.7 81.4 82.1 82.8 85.7 88.5 91.3 94.1 97.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021

flow area = 20.1 40.3 606 81.0 IM.O 249.0 336.0 425.0 516.0

hyd. radius = 0.25 0,49 0.74 0.98 1.91 2.81 3.68 4.51 5.32

v= 2.99 4.73 6.19 7.48 11.75 15.25 18.31 21.06 23.58

I Q-I 601 .":,>-. 1901 ' .... ,'." " 3751 6051 19271 ,;: 37981 " y 61521 . :<~ 89501 121671

'I CHANNELWlDTH-1I
I

I
I

I
I

GREINER. [ c. £1060115 '{IowulIaNzydraul BORGUIDE.:a.s



I
I S = 1.50%

tCHANNEL WIDTH-I 30 I
I ..

""' '.
, DEPTHI ,.'; 0.251 ;0501· ,0.751 .:-~..; ., 1.01 ~ ,'-0" 101 """" . 3.01 ~:':~ . 4.01 .. "'5.01- 6.~..

wened perim. - 30.7 31A 32.1 32.8 35.7 38.5 41.3 44.1 47.C
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 7.6 15.3 23.1 31.0 64.0 99.0 136.0 175.0 216.C
hyd. radius = 0.25 0.49 0.72 0.94 1.79 2.57 3.29 3.96 4.6C

v= 3.26 5.14 6.69 8.06 12.49 16.01 19.02 21.67 24.06

I " Q-I 251 /.: 781 .' .·" .. 1541 \ ,. .,.2501 ;{". 1991 ·::":V",,:o15851 25861, " 37921· 5197]

I
I
I
I

side slope '/I' =
invert '/I' =

Average Chan/lel slope
Channel side slope =

0.019
0.022

0.0150

1.0

I
I
I
I
I

I CHANNEL WlDTH-1 40 I
I DEPTHI 0.25 1 " .0.501 •<' :,/,,0.751.···· ,,1.01 2.0 1 .,,'iN"', 3.01 ~. f 4.01 ,.. 5.01· ,:.,.... 6.~~ ..

wened perim. = 40.7 41A 42.1 42.8 45.7 48.5 51.3 54.1 57.e
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 10.1 20.3 30.6 41.0 84.0 129.0 176.0 225.0 276.(
hyd. radius = 0.25 0.49 0.73 0.96 1.84 2.66 3.43 4.16 4.8

v= 3.27 5.16 6.73 8.11 12.63 16.27 19.40 22.17 24.6~

I . ...: .:,' .•.. .<. Q-! .~..:~. 331 <#>;,-]041 ":", Vi,2061' -~." \' -. 3321 "i.-.i' ,.10611.·\:/ 820991 ":",',.\.34141' 0,498910 68141..:,-

I CHANNEL WIDTH-I· 50 -\
.. DEPTH. 0.25 .. "c. 050 - 0.75 J. , .. 1.0 ·2.0 .", ,3.0 ,i,·4.0 , 5.0 .: ':::,'

wetted perim. - 50.7 51A 52.l 52.8 55.7 58.5 61.3 64.1 67.
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021

flow area = 12.6 25.3 38.1 51.0 104.0 159.0 216.0 275.0 336.0
hyd. radius = 0.25 0.49 0.73 0.97 1.87 2.72 3.52 4.29 5.02

v= 3.27 5.l7 6.75 8.14 12.73 16.+.+ 19.65 22.51 25.11

I Q-I 411 ·":;·"'····..':x·,· 131/ " ·-257!. / , 4151 13241 ..... ~~-:-: 26141 .:;:-,">,;:-:' 4244! 61901 " 8438j

I CHANNEL WIDTH=I' 80 I
I DEPTHI "'.' 0.251 0.501·· ",.0.751 .. x 1.01 2.0 I ."..: 3.01 4.01 5.01 ..' 6.Oj.,

wetted perim.. = 80.7 8I.-+ 82.1 82.8 85.7 88.3 91.3 94.1 9H

weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021
flow area = 20.1 40.3 60.6 81.0 164.0 249.0 336.0 425.0 516C

hyd. radius = 0.25 0.49 0.74 0.98 1.91 2.81 3.68 4.51 5.32

v= 3.27 5.18 6.78 8.19 12.87 16.71 20.06 23.07 25.83
." Q-' .~ ~ 66 0)·209 /,,,410 'i; " 663 .... , 2111. "'·41OU .~ . n7J9 9804 13329

62.8 65.7 68.5 71.3 74.1 77.e
0.022 0.022 0.022 0.022 0.021 0.021

61.0 124.0 189.0 256.0 325.0 396.(
0.97 1.89 2.76 3.59 ·U8 5.1
8.16 12.79 16.56 19.82 22.75 25.42

0501 ' ,0.751
61A 62.1

0.022 0.022
30.3 45.6
0.49 0.73
5.18 6.76

0.251

60.7
0.022

15.1
0.25
3.27

,..- 491

.60' II

welted perim. 
weighted n =

flow area =
hyd. radius =

v=

I CHANNEL. WIDTH-I
I DEPTH!.

I Cft<\NNEL WIDTH-I" 70 I
I '., DEPTHI ·.0.151 {" 0.501 .. 0.751 1.01 :';' 2.0 1

:-';._,-. 3.01 4.01 ··;;5.0! .. 6·01

wetted perim. - 70.7 71. ... 72.1 72.8 75.7 78.5 81.3 84.1 87.(

weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021
flow area = 17.6 35.3 53.1 71.0 144.0 219.0 296.0 375.0 456.(

hyd. radius = 0.25 0.49 0.74 0.97 1.90 2.79 3.64 4.46 5.24

v= 3.27 5.18 6.77 8.18 12.84 16.64 19.95 22.93 25.65

I ":'}i :-';'"':::' Q=I 57!' ,. "",:'1831 .. .)~\.3591 . ,,:,'()", ..5811 "/;'18481· .... ,.36451 ,+, 59071 '85981 .t6"H69~

I

I

I
I

I
I

I
I
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I
I S = 1.75%

I CH..\NNEL WIDTH=I '< 30 I
I DEPTHI >0.251 J . 0.501 . ,,,0.75! 1.01 ~.2.0 I :"''', ., 3.01 4.01 5.01 6·01

welted perim. = 30.7 31.4 32.1 32.8 35.7 38.5 41.3 4-U 47.C
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

tlow area = 7.6 15.3 23.1 31.0 64.0 99.0 136.0 175.0 216.C
hyd. radius = 0.25 0..+9 0.72 0.94 1.79 2.57 3.29 3.96 4.6C

v= 3.52 5.55 7.23 8.70 13.49 17.30 20.54 23.40 25.99

I Q-I ('. 211 ; -~. 851 '. ;:;. 1671 ' .. ,. ;(. 2701· 8631 .,. 1712\· .'. ;,27931 ;; 40961 5613J

I
I
I
I

side slope 'n' =
invert 'n' =

Average ChaTlnel slope
ChaTlTlel side slope =

0.019
0.022

0.0175
1.0

I CHANNEL WlDTH-1 40 I
I DEPTHI 0.251 0.501· .f 0..751 1.01 2.0 I ,~- . 3.01' 4.01 "'i; 5.01 6·01

wetted perim. - 40.7 41.4 42.1 42.8 45.7 48.5 51.3 54.1 57.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 10.1 20.3 30.6 41.0 84.0 129.0 176.0 225.0 276.0
hyd. radius = 0.25 0.49 0.73 0.96 1.84 2.66 3.43 4.16 4.84

v= 3.53 5.57 7.26 8.76 13.65 17.58 20.95 23.95 26.67
., Q- :' ·/·:35 :"':..' 11j >."". z:u .. ....... .:35~ . .. p 1146 )(:::t;;,zZ67 j:.)'\ .• A.; j~8 ~\' S:3lS9

67.C
0.021
336.C

5.02
27.P
9114

58.5 61.3 64.1
0.022 0.021 0.021
159.0 216.0 275.0
2.72 3.52 4.29

17.76 21.22 24.31
, 2823 ,0. 4584 .. 6686 .

52.8 55.7
0.022 0.022

51.0 104.0
0.97 1.87
8.79 13.75

. 277

52.1
0.022

38.1
0.73
7.29

·0.7S!

141.

51..+
0.022

25.3
0..+9
5.58

·,0.501

50.7
0.022

12.6
0.25
3.53

·.0.251

:/}·.44

50 .'. 1

welted perim. 
weighted n =

flow area =
hyd. radius =

v=
Q-

I" DEPTHl
I CHANNEL WIDTH-I

I
I

I
I
I

I CHANNEL WIDTH-I 70 I
I '.. , DEPTHI 0.251· 0.501 0.751 .. 1.01 ';'., 2.0'1 ;. . ""'''' 3.01. :r, > ..w~.ol ':~ 5.01 . ,- >;;::;~:~'; 6·01

wened perim. - 70.7 71.4 72.1 72.8 75.7 78.5 81.3 84.1 87.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021

flow area = 17.6 35.3 53.1 71.0 144.0 219.0 296.0 375.0 456.C
hyd. radius = 0.25 0.49 0.74 0.97 1.90 2.79 3.64 4..+6 5.24

v= 3.54 5.60 7.3 I 8.83 13.86 17.98 21.55 24.77 27.7C

'Q-I ~\ .. '\' " 621 . F ~··1971. 3881 .. ,..)".. 6271 .~{ .\+19971 ,;;"»", 39371"/'~",":{::63801· ".,.' 92871 ::.·126331

I CHANNEL WIDTH-I 80 ,I
I DEPTHI 0.251 0501 .··.... 0.7S! 1.01 :.:} 2.0 I . ~ 3.01 4.01 5.01 6·01

wetted perim. - 80.7 81.4 82.1 82.8 85.7 88.5 91.3 94.1 97.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021

flow re:l = 20.1 40.3 60.6 81.0 164.0 249.0 336.0 425.0 516.0
hyd. radius = 0.25 0.49 0.7'+ 0.98 1.91 2.81 3.68 4.51 5.32

v= 3.54 5.60 7.32 8.84 13.90 18.05 21.66 24.92 27.90

I Q+ 711 . ,2251 4431 ... 7161 ' . 22801 ..,'.::' 44931 ~.; .72791 '. 105901 143971

I
I
I
I
I
I
I

I CHANNEL WlDTH-1 60,· II
I .. DEPTHI' . O.2SI 0.501- 0.7sl .' 1.01 2.0 I

wetted penm. - 60.7 61.4 62.1 62.3 65.7
weighted n = 0.022 0.022 0.022 0.022 0.022

flow area = 15.1 30.3 45.6 61.0 124.0
hyd. radius = 0.25 0.49 0.73 0.97 1.89

v= 3.53 5.59 7.30 8.82 13.8 I
":.;.; ~. .:. .~ "'. :.' Q-! . ·.53I i ; .., ''''1691· ';"':'3331 ..:<~V= ·5381 ····x~:- 17131,~ ."

'. " " 3_01 i 4.01. c 5.01 6.01
68.5 71.3 74.1 77.0

0.022 0.022 0.021 0.021
189.0 256.0 325.0 396.C
2.76 3.59 4.38 5.1'

17.88 21.41 24.57 27.45

I
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I
S = 2.00%

0.019
0.022

0.0200
1.0

.:,<1.
wetted perim. = 31.4 32.1 32.8 38.5 41.3 44.1

weighted n = 0.022 0.022 0.022 0.021 0.021 0.021
flow area = 15.3 23.1 31.0 99.0 136.0 175.0

hyd. radius = 0.49 0.72 0.94 2.57 3.29 3.96
V = 5.94 7.73 9.30 18.49 21.96 25.02

~:, .. "';.;.( :~~ . Q=I ':~:.;: ..:~:.. " 911< ·<1781 "-.-.
" 2881 •.......;-.

.·i~18301 '. '. 29861 ,·c.·.... 43791/.·'.

side slope 'n' =
invert 'n' =

Average Channel slope
Channel side slope =

I
I

I

I
I

I CHANNEL WIDTH-I ,~: 40 ',x I
I DEPTHI •.. 0.251 >~-~ 00501 0.751 1.01 2.0 I ·...;&,;.·"·<3.01 .....",. 4.01 5.01 6·01

wetted perim. - 40.7 41.4 42.1 42.8 45.7 48.5 51.3 54.1 57.0
weighted n = 0.022 0.022 0.02~ 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 10.1 20.3 30.6 41.0 84.0 129.0 176.0 225.0 276.0
hyd. radius = 0.25 0.49 0.73 0.96 1.84 2.66 3.43 4.16 4.84

V= 3.77 5.96 7.77 9.36 14.59 18.79 22.40 25.60 28.51
., ~.; (,l-. .- • ,,' "jlS , ~ .. ' ....... ~. ill

"
.. \ 237 ....

~4 ·<, ....:/·IZZ5 '''.>~\ 2414 ... 'J!!4l .... :"'•. :,.',.::>.5761 .:~ ..;;y;, 7lS6lSI1'-'.:"'';"

52.8 55.7 58.5 61.3 64.1 67.C
0.022 0.022 0.022 0.021 0.021 0.021

51.0 104.0 159.0 216.0 275.0 336.C
0.97 1.87 2.72 3.52 4.29 5.02
9AO 14.70 18.98 22.69 25.99 29.OC

.Nt· 479 . ,'!" ,1528 ..~ :,0·%3018 ::;'}i \iA9QO <co' :·,,7148. /:y<:: .. 974

0.751
52.l

0.022
38.1
0.73
7.79

h·296

51.4
0.022

25.3
0.49
5.97

,.<i' .i('" lSI

wetted perim. = 50.7
weighted n = 0.022

flow area = 12.6
hyd. radius = 0.25

V = 3.78

I CHANNEL WIDTH-F.' 50·· I

I

I
I

I
I

74.1 77.0
0.021 0.021
325.0 396.0

4.38 5.14
26.27 29.35

2.0 I :~" 3.01 ..;4.01
65.7 68.5 71.3

0.022 0.022 0.022
124.0 189.0 256.0

1.89 2.76 3.59
14.77 19.12 22.89

1.01
62.8

0.022
61.0
0.97
9.42

·······57513561··

0.751
62.1

0.022
45.6
0.73
7.81

wetted peri m. = 60.7 61 A
weighted n = 0.022 0.022

flow area = 15.1 30.3
hyd. radius = 0.25 0.49

V = 3.78 5.98

I,DEPTHI 0.251 00501..
I CHA~"NEL WIDTH-L 60 . II

1 CHANNEL WIDTH-I ',70 I

I

I
I

I
wetted perim. - 70.7 71.4 72.1

weighted n = 0.022 0.022 0.022
flow area = 17.6 35.3 53.1

hyd. radius = 0.25 0.49 0.74
V = 3.78 5.98 7.82

72.8 75.7 78.5 81.3 84.1 87.0
0.022 0.022 0.022 0.022 0.021 0.021

71.0 144.0 219.0 296.0 375.0 456.0
Q~ I.~ 2n 3.64 ~~ 5.M
9.44 14.82 19.22 23.04 26.48 29.62

I
I

I CHANNEL WIDTH=I: . 80.. I
I ,>; DEPTH I. "';0.251 o.·';j- 0.501 '0' 0.751 , l.ol 2.0 I' " oi 3.01· 4.01 f" 3.01 6·01....

wetted perim. = 80.7 81.4 82.1 82.8 85.7 88.5 91.3 94.1 97.C
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021

flow area = 20.1 40.3 60.6 81.0 164.0 249.0 336.0 425.0 516.0
hyd. radius = 0.25 0.49 0.74 0.98 1.91 2.81 3.68 4.51 5.32

V= 3.78 5.99 7.82 9.46 14.86 19.29 23.16 26.64 29.83

I "
.. \ Q-I ,.161 ~>~Ht:;: "2411,< <:':"'4741 -'~;'" 7661 }\~-:i 24371 _:<': 48041· .!y,'t.f 77811.;, '11321/ . {~h' 153911

I
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I
I
I
I

side slope 'n' =
invert 'n' =

A verage Channel slope
Channel side slope =

0.019
0.022

0.0225

1.0

S =2.25%

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I CHANNEL WlDTH-1 ·····30 :;:;.: I
I DEPTHI ",;" 0.251 .. ,~ ... 0301' 0.151" ~.", . ·1.01 ..' 2.01 '3.01 ···.. 4.01 ,5.01 6·01

wetted peri m. = 30.7 31A 32.1 32.8 35.7 38.5 41.3 44.1 47.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 7.6 15.3 23.1 31.0 64.0 99.0 136.0 175.0 216.0
hyd. radius = 0.25 0.49 0.72 0.94 1.79 2.57 3.29 3.96 4.60

v= 3.99 6.30 8.20 9.87 15.29 19.61 23.29 26.54 29.4/

.'" (.1- . " 30 ,,". ···.,.·."... ,.96 I,··.. US!} . ,,,,. 306 'J79 ,.,.:'.: "4942 .. 3168 ··,4644 6366

I CHA;-INEL WIDTH-I 40 I
I DEPTHI 0.251 ~'" -.. 0301 c 0.151 .. .. 1.01 2;0 I ":} ;; 3.01 '4.01 5.01 6·01

wetted perim. - 40.7 41.4 42.1 42.8 45.7 48.5 51.3 54.1 57.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 10.1 20.3 30.6 41.0 84.0 129.0 176.0 225.0 276.0
hyd. radius = 0.25 0.49 0.73 0.96 1.84 2.66 3..+3 4.16 4.84

v= 4.00 6.32 8.24 9.93 15.47 19.93 23.76 27.16 30.24

I .:;,,;.~: .:, -';'. Q-I ... 401 .' 1281 ">',2521- "'4011 .. 13001 <~:'. ,I\';ZS7I I,"" 418Lj 'f:';":'::':' '61101'
.- 83451., ,·"a:::;-h'::'

I CHANNEL WlDTH-1 50 I
I , DEPTH!. ...:' 0.251 .. 0.501 0.751 d.ol 2.0 1 "~,3.01 ... 4.01 '.' ..... 5.01 ,. "yo' 6.Oj

welled perim. = 50.7 51.4 52.1 52.8 55.7 58.5 61.3 64.1 67.C
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021

flow area = 12.6 25.3 38.1 51.0 104.0 159.0 216.0 275.0 336.C
hyd. radius = 0.25 0.49 0.73 0.97 1.87 2.72 3.52 4.29 5.02

v= 4.00 6.33 8.26 9.97 15.59 20.13 24.06 27.57 30.76
.', Q- .' 50 >: 160 " ·314 50S ' >. .1621 " .' 3201 . 5198 . i'h. 7581 "~\fl0334

I CHANNEL wroTH=1 60 I
I .~;'>- DEPTHI 0.251 ,.... 0.501 ......, 0.751 1.01 2.0 I .. 3.01 4.01 5.01 "'- .. ';.),,6·01

wetted perim. - 60.7 61.4 62.1 62.8 65.7 68.5 71.3 74.1 77.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021

flow area = 15.1 30.3 45.6 61.0 124.0 189.0 256.0 325.0 396.0
hyd. radius = 0.25 0.49 0.73 0.97 1.89 2.76 3.59 4.38 5.14

v= 4.01 6.34 8.28 10.00 15.66 20.28 24.28 27.86 3 I.I 3

I t;,·> . v'.," Q-!"" h··'· 601 ·i;""·1921"·:·a,.: '·3171 . 6101 19421 38321 .'62151 '" .A>x90s51'''p\,':·W12328l

I cIt-\NNEL WIDTH=l 70 I
...'. ..... DEJYfH 0.25 0.50 0.75 ,":'" 1.0 2:0 >.3.0 4.0 :~;: ····5.0 '...

welled peri m. = 70.7 71A 72.1 72.8 75.7 78.5 81.3 84.1 87.
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021

flow area = 17.6 35.3 53.! 71.0 144.0 219.0 296.0 375.0 456.0
hyd. radius = 0.25 0.49 0.74 0.97 1.90 2.79 3.64 4.46 5.24

v= 4.01 6.35 8.29 10.01 15.72 20.38 24.44 28.08 31.41

I '," ·Q=I 701'· "~~ ~ '2241, . 4401 ,.' '-7-111- 22"641 .. ;.);)~ 44641 . ",,," 72341 "<9,105.311 : " .'. 143251"

I CHANNEL WIDTH-I 80 I
I DEJYfHI 0.251 0.501 0.751' ,Lol 2.0 I ·····..··.3.01 '4.01 ". ·<;5.01 .··6·01

welled peri m. = 80.7 81.~ 82.1 82.8 85.7 88.5 91.3 94.1 97.C
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021

flow area = 20.1 -1-0.3 60.6 81.0 1~.0 249.0 3:,l6.0 425.0 516.C
hyd. radius = 0.25 0.49 0.74 0.98 1.91 2.8l 3.68 4.51 5.32

v= 4.01 6.35 8.30 10.03 15.76 20.46 24.56 28.25 31.64

I Q-I <. '·801 ,.
".-, .. 2561 . 5031 ;c.. '>Il121 .,,~ 25851 50951 .·•.·.82531 >120681 g16324j
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I
I
I
I

side slope 'II' =
invert '/1' =

Average Channel slope
Channel side slope =

0.019
0.022

0.0250
1.0

S = 2.50%

I
1CHANNEL WIDTH-I· :;< 30,·. Ii
I DEPTHI . ,.,,' o~251 .;'::':>f- .0.501 ,: .'.' .

~..; 0.751 .. '.' ':.~: . 1.0\ •:.','. f 2.OI .,. '3.0/ "'" 4.01 .;. 5.01 6.~

wetted perim.- 30.7 31A 32.1 32.8 35.7 38.5 41.3 44.1 47.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.021 0.021 0.021 0.021

flow area = 7.6 15.3 23.1 31.0 64.0 99.0 136.0 175.0 216.0
hyd. radius = 0.25 0,49 0.72 0.94 1.79 2.57 3.29 3.96 4.60

v= 4.21 6.64 8.64 10.40 16.12 20.67 24.55 27.97 31.06

I Q=I 32\ 1011 ;-:'-; :,;.: 1991 ,.'. 3221. 10321 .• 2047/ .... ".33391 ,,48951 67Hlj

I
I

I CHANNEL WIDTH-I

1 DEPTHI'
wetted perim. =

weighted n =
flow area =

hyd. radius =
v=

40 Ii
0.25!

40.7
0.022

10.1
0.25
4.22

., 0301' .. 0.751 ,' .., .~ 1.01 '~.' ,'", 2.0 / .. 3.01. . 4.01

41.4 42.1 42.8 45.7 48.5 51.3
0.022 0.022 0.022 0.022 0.021 0.021

20.3 30.6 41.0 84.0 129.0 176.0
0.49 0.73 0.96 1.84 2.66 3,43
6.66 8.68 10.47 16.31 21.0 I 25.04

5.01 6.~

54.1 57.0
0.021 0.021
225.0 276.(

4.16 4.8
28.63 31.87

52.1 52.8
0.022 0.022

38.1 51.0
0.73 0.97
8.71 10.51

\X 0.751, , 1.01 .

./V··": 421 "C':'

wetted perim. = 50.7
weighted n = 0.022

flow area = 12.6
hyd. radius = 0.25

V = 4.22

I ellA NNEL WIDTH=I .' 50 I
I.,' DEPTH1 ". 0.25!

I

I
I

I
I

I CHANNEL WIDTH-l 60 I
I '. DEPTHI "

•... • 0.2.51 .'. 0.501 -.; 0.751 •l.01 2.0 ,... "', 3.01 4.01 5.01 6·01
wetted perim. = 60.7 61.4 62.1 62.8 65.7 68.5 71.3 74.1 77.0

weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021
flow area = 15.1 30.3 45.6 61.0 124.0 189.0 256.0 325.0 396.(

hyd. radius = 0.25 0.49 0.73 0.97 1.89 2.76 3.59 4.38 5.1
V= 4.22 6.68 8.73 10.54 16.51 21.37 25.59 29.37 32.81

1
•,~ojf'(.,.." """""':,;,•.."." 0'-1 ;:>~';)~~: ",:'641 202/ ""("",398\ ..}",,;- i' 6431' ;,;-,::Y-.•. ...• 20471···: ,........ '.. 4040/ ':; 65521 --."" ·95451 ',':" .129951

I
I
I
I

I CHANNEL WIDTH-I 70 Ii
I. ~:. . DEPTHI '\~:':~ . 0.2.51· 0.501' ~: 0.751 l.01 ·2.0 !.,. .3.0/ 4.01 5.01 ',.6·01

wetted perim. - 70.7 71.4 72.1 72.8 75.7 78.5 81.3 84.1 87.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021

tlow area = 17.6 35.3 53.1 71.0 144.0 219.0 296.0 375.0 456.0
hyd. radius = 0.25 0.49 0.74 0.97 1.90 2.79 3.64 4.46 5.24

v= 4.23 6.69 8.74 10.56 16.57 21.48 25.76 29.60 33.11

I ;-;~ .<>
.. Q-k ::>t\-=.·'·':· 741, " . 2361 .... 4641

. 7491 .,. ~~~~:' 23861 47051 .76251 111011 151001

1 CHANNEL WIDTH-I : .... ·80 I
I .~;.. ., DEPTH/ .. 0.2.51: 0.501·.· .... . 0. 75 1 ',," l.°V .. 2.0: I ' .... J~OI 4.01 ...:;".;.:: 5.01 6·01

wetted penm. - 80.7 81.4 82.1 82.8 85.7 88.5 91.3 94.1 97.0
weighted n = 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.021

tlow JreJ = 20.1 40.3 60.6 81.0 164.0 249.0 336.0 425.0 516.0
hyd. radius = 0.25 0.49 0.74 0.98 1.91 2.81 3.68 4.51 5.32

v= 4.23 6.69 8.75 10.57 16.62 21.57 25.89 29.78 33.35

I Q-I 851 ,., .(, 2691/ ~:~" ,,5301 :>, . 8561 27251 :.... ,. 53111 .~. 87001 126571 172071

I
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Appendix D

Cost Estimates



- - - - - - .. \'. - - - -, .. .. - - - - ..
Pilll~ R"aLl Ch'.Il1nd wI Unillll lIills Dd<:lIlioli Basin

JOB NUMBER: EIOO()OI02

LOCATION: SCOTrSDALE, AZ
CLIENT: CITY OF SCO'ITSDALE

5120196

II PIMA CHANNEL II PIMA CIIANNEL wI UNION HII.LS DI3 II OIf'FERENCE I

ITEM BID UNIT TOTAL IIID UNIT TOTAL BID
NUMllEH DESCIUI'TION QUANTITY UNIT PRICE I'IUCE QUANTITY UNIT PI{ICE I'HICE QUANTITY

104150 I'ROJECT SIGNAGE I I.S :\. 77,000.00 'j; 77,O()() I I.S $ 77,OO()O() $ 77.0()(I -

I05X() I CONSTRUCTION SURVEY AND "AS-BUILTS" I LS $ 29,(X)O.OO $ 29,O()(J I LS $ 2lJ,OO().OO $ 29,OO(J $ -
202XOI /'vIOI3IL1ZATION I LS :\. 5X,O(J().OO $ 51S,O()O 1 LS $ 5IS,OOO.OO $ 5X,O(l(l -
205CK)1 ROADWAY EXCA VATION (SHORT HAUL) 17X,74 I CY $ 2.00 $ 357,4X2 5,731 CY $ 2.0() $ 11,462 $ (346,O20l
206001 STRUCTURAL EXCAVATION (SANDY GRAVEL) 543,483 CY $ 3.rnl $ 1,630,449 358,142 CY $ 3.00 $ 1.074,425 $ (556,024)
211001 COMPACTED I3A('KFILL 7,246 CY $ 4.00 $ 2X,n4 X,I90 CY $ 4.ll0 $ 32,760 3,776
220802 X" REINFORCED CONCRETE LINING 1,995.099 SF $ 6.00 $ 11,97lljlJ-I 1,99-1,031 SF $ 6.00 $ Il,'JO-I,IX5 $ (6,409)
220810 TURF LANDSCAPING AND IRRIGATION 34,679 SY $ 9.m $ 312,111 $ (312,111)
220811 GEOSYNTIIETIC REINFORCEMENT 29,467 SY '$ 7.00 $ 206,'26') $ (206,269)
220812 (iRAOE CONTROL STRUCTURES 9 EA $ 12.58X.IX) '$ t13,292 7 EA $ 12,588CXl $ 88,11(; $ (25,176)
340214 tvl ULTI-USE CONCRETE PATH 20.550 LF $ 15lXJ $ 308,250 20,550 LF $ 15.CX) $ 308,2511 -
340405 MAINTENANCE ROADHRAIL ACCESS 6 EA $ 20,CK)O.m $ 120,OCKl 6 EA '$ 20,OllO.m $ 12ll,OlKl -
430801 IIORSE TRAIL 20,550 LF 'j; 0.25 $ 5,138 20j50 LF $ n.25 $ 5,I3X -
430802 REVEGETATION 844,5{K) Sf' $ 1.00 $ 844,50ll 837,000 SF $ 1.00 $ 837,nOll $ (7,50())

430S03 SALVAGE 3,850,567 SF $ 0.50 $ 1,928,28-1 2,630,5lX) SF $ 0.50 $ 1,315,250 $ (613,03-1)
430804 ,\ESTlIETIC TREATMENT 1.00 LS 'I> 3,777,383.CKl $ 3,777,383 O.H I LS $ 3,777,383.00 $ 3,075,X6~ $ (701,514)
6210n 72" RGRCP STORM DRAIN 4,4CKl LF $ 160.{Xl $ 70-l,OOil $ 704 JX)()

631001 STEEL FENCING 70,000 I.F 'I> 35.00 $ 2,450,CXH) 55,800 LF $ 35.0() $ l,lJ53,OOll $ (497,<KlO)
650101 BELL ROAD BRIDGE I I.S $ 6-11,831.00 $ 641,831 $ (641,831 )
650102 SOUTH PIMA ROAD BRIDGE I I.S :\. 7lJ3,23-1.lXl $ 793,234 $ (7lJ3,234)
650103 UNION HILLS ROAD BRIDGE 1 I.S $ 253,656.00 $ 253,656 I LS $ 253,656.nO $ 253,656 -
650104 THOMPSON PEAK PARKWAY BRIDGE 1 LS $ 273,270.00 $ 273,270 I I.S $ 273,27C)(Kl 'I> 273,'27() -
650105 NORTH PIMA ROAD BRIDGE 1 I.S $ 969,117.00 'I> 969,117 1 LS $ 969,117.00 $ 969,117 -
650106 PHASE II BRIDGES' 28,854 SF '$ 45.00 $ 1,298,409 28,854 SF 'I> 45.<Kl $ 1,298,-10') -
660101 UTILITY RELOCATIONS 1 LS $ 705,855.00 $ 705,855 I LS $ 705,855.00 $ 705,855 -
660201 ROADWAY CROSSINGS I LS 'I> 399,997.00 $ 399,997 I LS $ 399,997.00 $ 399,9<)7 -
700000 UNION HILLS DETENTION BASIN I LS $ 9,212..12100 $ 9,212,-121 $ 9,212,421

SUBTOTAL $ 29,552,10-1 $ 3-1,766,llHl $ 5,214,lJ76

-
900000 ('ONTINGENCY (EXCLUDING R/W) 15 PCT $ 29,557 ,104 $ 4,432,816 15 PCT $ 34,7()6,180 $ 5,214,927 $ 782,111
900001 ENGINEERING (EXCLUDING R/W) 10 PCT $ 29,552,104 $ 2,955,210 10 PCT $ 34,766,180 $ 3,476,() 18 $ 521,408
800000 RIGIIT-OF-WAY (PURCHASE/PERIMETER CENTER) 3.90 AC $ 348,480.00 $ 1,J60,OOO 1.38 AC $ 348,-IXO.00 $ 480,noo $ (880,O{)())
800100 RIGHT-OF-WAY (PURCHASE EASEMENT) 5.27 AC $ 32,Oon.CKl $ )68,595 54.86 AC $ 32,()()O.()(} $ 1,755,50-1 $ 1,586,9O'J
80010n IHG/IT-OF-WAY (LEASE ACREAGE) 59.7/ AC '$ 6,500.lX) 'I> 388,120 54.57 AC 'I> 6,50().cH) $ 354,732 $ (33,388)

-
TOTAL ESTIMATED COST $ 38,1l56,1l45 $ 46,047,961 $ 7,1'11,116

-

NOles:

I. Unit costs proviLled by the Flood Contwl Districl have been useLl
2. Right-of-way costs baseLl on recent lanLl saks in the area
3. Qualllilies for the detention basin calculaleLl separately

4. Phase II briLlge costs fwm Greiner's IO-percent Study Phase

GREINER,INCJI'II0ENIX E/(){)()(JIV2 P:V)/MA\CJJNI.(·S'I·/~·.Xl_\· ('0.'( ('vlIl/)(Ir;SOll



I
I Union Hills Detention Basin for Channel Alternative

518196

I
I
I
I
I
I
1
I
I
I
I
I,
I
I

# Sub # Description Quantity Lnit Unit Cost $ Total $

A Detention Basin Construction

I Clear & Grub 50 AC 1.600.00 S 80.000
2 Prewenin!! Operation

a Develop water supply I LS 40,000.00 40.000
b Water for embankments - MGA 2.00 -

3 Excavation (shan haul)

Embankment - CY 1.60 -
Short Haul (to ADOT) 1,200.000 CY 2.00 2,400,000
Export 885.717 CY 3.00 2.657.151

4 Finish Gradin!! 246.840 SY 0.25 61,710
5 Slope protection (Dumped Riprap w/geotex[) 10,000 SY 25.00 250.000

B Earth Dam Embankment Construction
I Earth Embankment Construction

a Soil cement core - CY 30.00 -
b Spread fill & compaction - CY 2.75 -
c Finish grading - SY 0.25 -

C Spillway

I 300 LF soil cement cutoff wall (see B la)
2 Low Flow Outlet - 66" RGRCP 2.900 LF 140.00 406.000

D Downstream Improvements - Spillway

Soil Cement - CY 30.00 -
Excava[ion - CY 2.00 -

Salva!!e - SF 0.50 -

I Revegetation - SF 1.00 -
E Site Development and Landscaping

I Landscaping

a Salvage 50 AC 21,780.00 1,089,000
b Exterior slopes - AC 43.560.00 -
c Basin reve!!emtion 51 AC 43.560.00 2,221,560

2 Archaeological Site Investigation 1 LS 7,000.00 7,000

SCBTOTAL $ 9,212,421

F
10% Overhead. bonds & insurance 10 PCT 313.230.00

TOTAL $ 9,525,651

Notes

1. Unit costs provided by the Flood Control District have been used
2. Right-of-way costs based on PACE submittal and Greiner 10% Cost Estimate

3. Most quantities for the Detention Basins are based on the PACE submittals
4. Shaded areas represent adjustments to the 1/29/96 Meeting attachments

I GREINER lNC.IPHOENrX £/0060102 P:\P/MA\CHNLCSTE.XLS



Item # Sub-item # Description Quantity Cnit Unit Cost $ Total $

~2-0 to 1 Channel Excavation 453,552 CY $ 2.00 $ 907.104

~2-0208 Shotcrete - SF 6.00 0

~2-021O Soil Cement 194,533 CY 30.00 5.836.000

~2-0216 Concrete Stilling Basins (Drop) Structures 152 EA 17.860.00 2.714,720

~2-0401 Multi-use Concrete Path 27,850 LF 15.00 417,750

.U2-0-W'2 ISi~nage I LS 75.000.00 75.000
J2-0403 Horse Trail 27,850 LF 0.25 6.963

~2-0501 Revegetation 271,000 SF l.00 271.000

~2-0502 Salvage Vegetation 2.411,000 SF 0.50 1.205,500

~2-0701 Concrete Box Culverts 10 EA 37,000.00 370.000

~2- 1002 Pedestrian & Equestrian Undercrossings 7 EA 200,000.00 1,400,000

~2-1201 Utilitv Relocation (Drop Existing Line) 7 EA 15,000.00 105,000

12-1202 Utility Relocation (Drop Stubout) 8 EA 2.000.00 16.000
72" RGRCP 4,735 LF 160.00 757,600
Pipe Rail Fencing .····,iAi .'. .M:;;;<· -50,000 LF?;\ ')1;.:<,:%: 12.00 - /"i';ttltifh i '600,OOO,,-, "':':..".
Collector Channels

a Happy Valley - LS 240.000.00 0
b Deer Valley - LS 75.000.00 0

a Happy Valley Road Dam/detention 1 LS 4,529.741.00 4,529,741

b Deer Valley Road Dam/detention 1 LS 6.038.089.55 6,038.090

c Union Hills Dam/detention 1 LS 8,295,074.03 8,295,074

SUBTOTAL $ 33,545,541

~2-7000 Engineering (10 %) 3,354,554

~2-9000 Contingency (15%) 5,031,831

~2-8000 Right-of-wav (purchase) :'°.,110;74 AC 32.000.00 ,,,.fnt'n{'·····./3:543~680
~2-800 I Right-of-way (Lease) i ,54.57 AC 6.500.00 '·.''.\ih, <'""'354'70-.; ····,w.,. ,. ;,
~2-6000 Aesthetic Treatment (10% of original value) 1 LS 755,000.00 755,000

TOTAL ESTIMATED COST $ 46,585,311

Notes
l. Unit costs provided by the Flood Control District have been used
2. Right-of-way costs based on recent land sales in the area
3. Quantities for the Detention Basins are based on the "Deep" Basin Option

4. Shaded areas represent adjustments to the 2/12/96 Meeting attachments
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Pima Road Detention Basin

JOB \!LMBER: E060102
LOCATIOt : SCOTTSDALE, AZ
CUE. T CITY OF SCOTTSDALE

Estimate F =0.85 Scement Lined
Soil Cement Lining

8-ft Wide Side Slopes
2-ft Thick Invert

5/8/96

mpblp:e060I 02lpmabasin/BSNCST_C.XLS
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Estimate F = 0.85 Lined
Shotcrete Lining

8-in Thick with #5 Reinforcement
Pima Road Detention Basin

JOB :--IUyIBER: E060 102
LOCATION: SCOTTSDALE. AZ
CUE~T: CITY OF SCOTTSDALE

5/8/96

I
I
I
I
I.,
I
I
I
I
I
I
I
t
I

Item # Sub-item # Description Quantity Cnit Unit Cost $ Total $

J2-0 to I Channel Excavation 302.490 CY $ 2.00 $ 604,980
12-0208 Shotcrete 1.602.321 SF 6.00 9,613.923
12-0210 Soil Cement - CY 30.00 0
J2-0216 Concrete Stilling Basin (Drop) Structures 152 EA 17.860.00 2.71~.720

12-0401 Multi-use Concrete Path 27,850 LF 15.00 417,750
J::>I)d{)2 Signage 1 LS 75.000.00 75.000
J ::-0403 Horse Trail 27.850 LF 0.25 6.963
U2-050 1 R~vegetation 271,000 SF 1.00 271.000
~2-0502 Sal vage Vegetation 1.761.400 SF 0.50 880,700
~2-070 I Concrete Box Culverts 10 EA 37,000.00 370,000
J2-1002 Pedestrian & Equestrian Undercrossings 7 EA 200,000.00 1,400,000
~'2-120 I Utility Relocation (Drop Existing Line) 7 EA 15,000.00 105.000
12-1202 Utility Relocation (Drop Stubout) 8 EA 2,000.00 16,000

72" RGRCP 4.735 LF 160.00 757,600
Pipe RairFencing<'<'~\Fi;};i'i? ..\ .. ,'.",,:,/".':'.. ,.,', ,; :~ -. .~ /5Q,OOO LF:h,? b,t;.:;".·;·, '12.00 .. :;)}< '·\:600,000
Collector Channels

a Happy Valley - LS 240,000.00 0
b Deer Valley - LS 75.000.00 0

a Happy Valley Road Dam/detention 1 LS 4.529,741.00 4,529,741
b Deer Valley Road Dam/detention 1 LS 6.038,089.55 6,038,090
c Union Hills Dam/detention 1 LS 8,295,074.03 8,295,074

SUBTOTAL $ 36,696,540

J2-7000 Engineering (10 %) 3,669,654
12-9000 Contingency (15%) 5,504,481
12-8000 Ri!!ht-of-way (purchase) t "'110.74 AC 32.000.00 ·\jyw··",,'i3543 680

. "
12-8001 Right-of-way (Lease) h 54.57 AC 6,500.00 1·',:,\// . , 354,705
~2-6000 Aesthetic Treatment (10% of original value) I LS 755.000.00 755,000

TOTAL ESTI.MATED COST $ 50,524,060

:--Iotes
1. Unit costs provided by the Flood Control District have been used
2. Right-of-way costs based on recent land sales in the area
3. Quantities for the Detention Basins are based on the "Deep" Basin Option
4. Shaded areas represent adjustments to the 2/12/96 Meeting attachments

mpb/p:e060 I02lpmabasinlBSNCST_ C.XLS



Item # Sub-item # Description Quantity Unit Unit Cost $ Total $

~2-0 10 I Channel Excavation 255,883 CY $ 2.00 $ 511,766
12-0208 Shotcrete 1.601.508 SF 6.00 9.609,046
~2-021O Soil Cement - CY 30.00 0
12-0216 Concrete Stilling Basin (Drop) Structures 105 EA 17.250.00 1,81l.250
12-0401 \1ulti-use Concrete Path 27.850 LF 15.00 417.750
12-0402 Signage I LS 75.000.00 75.000
12-0403 Horse Trail 27.850 LF 0.25 6.963

12-050 I Revegetation 271.000 SF 1.00 271.000
12-0502 Salvage Vegetation 1.722.500 SF 0.50 861,250
12-0701 Concrete Box Culverts 1O EA 37,000.00 370.000
12-1002 Pedestrian & Equestrian Undercrossings 7 EA 200,000.00 1,400,000
12-1201 Litility Relocation (Drop Existing Line) 7 EA 15,000.00 105,000
12-1202 L'ti1ity Relocation (Drop Stubout) 8 EA 2.000.00 16.000

7'2" RGRCP 4.735 LF 160.00 757.600
Pipe Rail Fendn"'LA'0'4i '\/, '" ',,'" , ':.,\. 50,000 LEm+i :··· ...i\:\/ ;ii.fJ12:oqt .., '/, 1600~OOO,', ,,,: .... "':,":" '':'..,

Collector Channels
a Happy Valley - LS 240,000.00 0
b Deer Valley - LS 75.000.00 0

a Happy Valley Road Dam/detention 1 LS 4,529.74l.00 4,529.741
b Deer Valley Road Darn/detention 1 LS 6,038,089.55 6.038.090
c Cnion Hills Dam/detention 1 LS 8.295.074.03 8.295,074

SCBTOTAL $ 35,675,529

12-7000 Engineering (1O %) 3,567,553
12-9000 Contingency (15%) 5,351,329
12-8000 Right-of-way (purchase) <110.74' AC 32.000.00 :/w++'~( 3;543~680>

~2-8001 Right-of-way (Lease) ., " 54.57 AC 6.500.00 ,' ,; ,'\i':, > 354,.705
12-6000 Aesthetic Treatment (1O% of original value) 1 LS 755,000.00 755.000

TOTAL ESTIMATED COST $ 49,247,796

I
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Estimate F =1.45
Shotcrete Lined

8-in Thick with #5 Reinforcement
Pima Road Detention Basin

JOB :"J'UMBER: E060 102
LOCATION: SCOTTSDALE, AZ
CLIE:\T: CITY OF SCOTTSDALE

Notes
l. Unit costs provided by the Flood Control District have been used
2. Right-of-way costs based on recent land sales in the area
3. Quantities for the Detention Basins are based on the "Deep" Basin Option
~. Shaded areas represent adjustments to the 2/12/96 Meeting attachments

5/8/96

mpb/p:e060102/pmabasin/BSNCST_C.XLS



# Sub # Description Quantity Unit Cnit Cost $ Total $

A Detention Basin Construction
1 Clear & Grub 22 AC 1.600.00 $ 35.200
2 Prewetting Operation

a Develop water supply I LS 40,000.00 40,000
b Water for embankments - MGA 2.00 -

3 Excavation (short haul)
Embankment - CY 1.60 -

Short Haul (to ADOT) - CY 2.00 -
Export A9St,273 CY 3.00 2,853,819

4 Finish Grading 108.900 SY 0.25 27.225
5 Slope protection (Dumped Riprap w/geotext) 10.000 SY 25.00 250.000

B Earth Dam Embankment Construction

I Earth Embankment Construction
a Soil cement core - CY 30.00 -
b Spread fill & compaction - CY 2.75 -
c Finish grading - SY 0.25 -

C Spillway
I 300 LF soil cement cutoff wall (see B Ia)
2 Low Flow Outlet - 48" RGRCP 1.065 LF 80.00 85,200

D Downstream Improvements - Spillway
Soil Cement 2.876 CY 30.00 86,280
Excavation 1,'+06 CY 2.00 2,812

Salvage 52.350 SF 0.50 26,175
I Revegetation 29.370 SF 1.00 29.370

E Site Development and Landscaping
I Landscaping

a Salvage 22 AC 21.780.00 479,160
b Exterior slopes - AC 43,560.00 -
c Basin revegetation 23 AC 27.000.00 607,500

2 Archaeological Site Investigation I LS 7.000.00 7,000

SUBTOTAL :;fS)t'4;52'9,41:·
F

10% Overhead. bonds & insurance 10 PCT 313.230.00

TOTAL :'.~$:)J4;842:971

I
I
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I

Happy Valley DB

Happy Valley Detention Basin for Basin Alternatives

Notes
I. Unit costs provided by the Flood Control District have been used
2. Right-of-way costs based on PACE subminal and Greiner 10% Cost Estimate
3. Most quantities for the Detention Basins are based on the PACE submittals
4. Shaded areas represent adjustments to the 1/29/96 Meeting attachments

5/8/96

mpb/p:e060I02lpmabasinlBSNCST_ C.XLS



# Sub it Description Quantity Cnit Cnit Cost 5 Total $

A Detention Basin Construction
I Clear & Grub 27 AC 1.600.00 $ 43,'00
2 Prewetting Operation

a Develop water supply 1 LS 40,000.00 40.000
b Water for embankments - MGA 2.00 -

3 Excavation (short haul)
Embankment - CY 1.60 -
Short Haul (to ADOT) - CY 2.00 -
Export i ',' I.:352,413 CY 3.00 4,057,239

4 Finish Gradin.g 141,126 SY 0.25 35.281
5 Slope protection (Dumped Riprap w/geotext) 10.000 SY 25.00 250,000

B Earth Dam Embankment Construction

1 Earth Embankment Construction
a Soil cement core - CY 30.00 -
b Spread fill & compaction - CY 2.75 -

c Finish grading - SY 0.25 -
C Spillway

1 300 LF soil cement cutoff wall (see B la)
2 Low Flow Outlet - 60" RGRCP 1.000 LF 120.00 120.000

D Downstream Improvements - Spillway
Soil Cement 1.927 CY 30.00 57,810
Excavation 536 CY 2.00 1,072
Salvage 47,233 SF 0.50 23.617

I Revegetation 27,540 SF 1.00 27.540

E Site Development and Landscaping
1 Landscaping

a Salvage 27 AC 21,780.00 588,060
b Exterior slopes - AC 43.560.00 -
c Basin revegetation 29 AC 27,000.00 787,271

2 Archaeological Site Investigation 1 LS 7,000.00 7,000

SUBTOTAL 11$;');;;'6;038:.0%'"
F

10% Overhead. bonds & insurance 10 PCT 313.230.00

TOTAL i($\/6;351;320
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Deer Valley DB

Deer Valley Detention Basin for Basin Alternatives

Notes
1. Unit costs provided by the Flood Control District have been used
2. Right-of-way costs based on PACE submittal and Greiner 10% Cost Estimate
3. Most quantities for the Detention Basins are based on the PACE submittals
4. Shaded areas represent adjustments to the 1/29/96 Meeting attachments

5/8/96

mpb/p:e060 I02/pmabasin/BSNCST_C.XLS



I Union Hills DB 5/8/96
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Union Hills Detention Basin for Basin Alternatives

# Sub # Description Quantity Cnit Unit Cost $ Total $

A Detention Basin Construction
I Clear & Grub 50 AC 1.600.00 :5 80.000
2 Prewelting Operation

a Develop water supply I LS 40.000.00 40.000
b Water for embankments - MGA 2.00 -

3 Excavation (short haul)
Embankment - CY 1.60 -
Short Haul (to ADOT) 1.200.000 CY 2.00 2,400,000
Export 910,522 CY 3.00 2,731,566

4 Finish Gradin2 244,733 SY 0.25 61,183
5 Slope protection (Dumped Riprap w/geotext) 10,000 SY 25.00 250,000

B Earth Dam Embankment Construction
I Earth Embankment Construction

a Soil cement core - CY 30.00 -

b Spread fill & compaction - CY 2.75 -
c Finish grading - SY 0.25 -

C Spillway
I 300 LF soil cement cutoff wall (see B la)
2 Low Flow Outlet - 60" RGRCP 2.259 LF 120.00 271.080

D Downstream Improvements - Spillway
Soil Cement - CY 30.00 -
Excavation - CY 2.00 -

Salva2e - SF 0.50 -

I Revegetation - SF 1.00 -
E Site Development and Landscaping

I Landscapin2
a Salva2e 50 AC 21,780.00 1,089,000
b Exterior slopes - AC 43.560.00 -
c Basin reve2etation 51 AC 27,000.00 1.365,245

2 Archaeological Site Investigation I LS 7.000.00 7,000

SUBTOTAL ~$I3~;295~074

F
10lle Overhead. bonds & insurance 10 PCT 313.230.00

TOTAL 7$ill?is;6US[304.

Notes
I. Unit costs provided by the Flood Control District have been used
2. Right-of-way costs based on PACE submittal and Greiner 10% Cost Estimate
3. Most quantities for the Detention Basins are based on the PACE submittals
4. Shaded areas represent adjustments to the 1/29/96 Meeting attachments

mpb/p:e060 I02lpmabasin/BSNCST_C. XLS
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Study Phasc Right· of· Way

THE DESERT GR.EENBELT
CITY OF SCOTTSDALE

night-of-Way
PIMA IWAD CIlANNEL

SUMMARY

Date:

Projecl Nu.:

08-1vlay-Wi

EOliOl.15

STATUS OWNER PARCEL STATION TO STATION LENGTH )( WIDTll = TOTAL DONATE LEASE PURCHASE

ACREAGE ACREAGE ACREAGE

DONATE BUREAU OF RECLAMATION 215 - 50 - 002A 0+00 TO 10+00 1,000.00 )( 0.00 = 0.00 SF 0.0000 AC O.OOOOAC O.OOOOAC

DONATE CITY OF SCOTfSDALE 215·50 - 004G 10+00 TO 16+50 650.00 )( 60.IXJ = 39,000.00 SF 0.1l953 AC O.OIXXl AC O.OO{)O AC

PURCHASE PRIVATE 215 - 50 - oo4F 16+50 TO 30+00 1,350.00 )( 60.00 = 81,000.00 SF O.OOO(J AC O.OOOOAC 1.1l595 AC
PURCHASE PERIMETER CENTER 215 - 50 - 00 I B 3U+IXJ TO 4U+00 I,OO(J.(J(J )( 60.IXJ = 60,IXXJ.IXJ SF O.OUIXl AC 0.O(X10AC 1.3774 AC
LEASE STATE LAND 215 - 50 - 021 40+t)() TO 411+50 850.00 )( 60.00 = 5 l,lXXl.IX! SF O.OOIXJ AC I.1708AC O.UOOOAC
LEASE STATE LAND 216 - 50 - 019 48+50 TO 75+1X! 2,li50,m x 60,IX) = 159,(XX),OO SF O.OIXX! AC 3.6501 AC O.OOIXJ AC
DONATE COS WATER CAMPUS 212·31 ·056 75+00 TO 82+00 *** 7oo,IXJ x 250.00 = 175,ooo.IXJ SF 4,0174 AC O,OO()OAC O.OIXX! At.'
DONATE COS WATER CAMPUS 212·31 - 056 92+75 TO 115+(X! 2,225.(J(J x 250m = 556,250,IXJ SF 12.76\17 AC O.O(J(JO AC O,OIX)(l AC
LEASE STATE LAND 212 - 31 - 108 115+1)() TO 120+25 525,IX) )( 250,IX) = 131,250.00 SF 0,0000 AC 3.0131 AC O,OOOOAC
DONATE GRAYHAWK 212 - 31 . 103 120+25 TO 11i2+00 4,175.00 x 250.1X! = 1,043,750,00 SF 23.9612 AC O.()(X)OAC O,OOOOAC
LEASE STATE LAND 212 - 31 - 084 162+00 TO I 67+1X! 500.00 )( 250m = 125,IXXJ.IX! SF O,OoooAC 2.ll696 AC O.UUlXl AC
DONATE GRAY HAWK 213 - 31-096 167+00 TO 1119+88 2,2811.IX) )( 250.1)() = 572,000.00 SF 13.1313 AC O,OO(XJ AC O.OOlXJ AC
DONATE DC RANCH 217 - 07 - ()()9 189+88 TO 193+00 312.IX) )( 150.00 = 46,81XJ.()() SF 1.0744 AC O.OO()(IAC O.O(X)()A('

LEASE STATE LAND 1/11# 193+00 TO 219+40 2,640,00 x 150,00 = 39Ii,I)()0.IXJ SF O.OO{)O AC 9.0909 AC O,OOOOAC
DONATE MONTEREY HOMES 2A 219+40 TO 232+60 1,320,()() x 150.00 = 198,IXXJ.IXJ SF 4.5455 AC O.OOOOAC 0.0000 AC
DONATE HEYLCORP 4 232+60 TO 245+80 1,320,(XJ x 150,00 = 198,()(X!.00 SF 4.5455 AC O.O<XJ(J AC O.UIXXJ AC
DONATE NELSON 3 245+80 TO 259+00 1,320,lXJ x 150,00 = 198,IX)().I)() SF 4.5455 AC O.OOO(JAC O.lll)(J(JAC

LEASE STATE LAND 11## 259+1X1 TO 299+1J() 4,000.00 )( 150.00 = 600,1J()(l.OO SF O.O(){J()AC 13.7741 AC O.OOIXJAC
LEASE STATE LAND ##// 299+()() TO 360+00 6,11){),OO )( 150,00 = 915,000,0<) SF O.OIX){)AC 21.0055 AC O.OO()(JAC
PURCHASE STATE LAND ##11 HAPPY VALLEY DB I ,045,440,1)() SF O.OIXXl AC O.OIXX) AC 2-l,I)()(){lAC

PURCHASE STATE LAND #1111 DEER VALLEY OB 1,328,5110,1)() SF O,OIX)O AC O,OO(XJ AC 30,5000 AC
PURCHASE STATE L.AND 1//111 UNION lllL.L.S DB 2,3011,nllO.O(J SF O.OO(XIAC O,OOOOAC 53.IX)(X) AC

SUBTOTAL ACREAGE IO,227,750.1X! SF 69.41158 AC 54.5742 AC 110.7369 AC

GRAND TOTAL ACREAGE Tutal 234,7%1l AC

GREINEI{,INCJI'I-«IENIX J:/()060JU2 J':V'IMA\CIINI.csn:.XLS



Item ;; ISub-item # Description Quantity Unit Unit Cost $ Total $

J2-0 tOI Channel Excavation 260.628 CY $ 2.00 $ 521.256
J2-0208 Concrete 1.100 SF 16.00 17.600
J2-0210 Soil Cement 64.6-+1 CY 30.00 1.939.230
~2-0216 Grade Control (Drop) Structures 39 EA 11,600.00 454.720
~2-040l Multi-use Concrete Path 15.596 LF 15.00 233.940
~2-0402 Signage 0.56 LS 75.000.00 42.000
~2-0-+03 Horse Trail 15.596 LF 0.25 3.899
~2-050 I Revegetation 971.477 LF 1.00 971,477
12-0502 Salvage Vegetation 1.561.045 LF 0.50 780.522
12-0701 Concrete Box Culverts 6 EA 37,000.00 222.000
~2-1002 Pedestrian & Equestrian Undercrossings 4 EA 150.000.00 600.000
J2-1201 Utility Relocation (Drop Existing Line) 7 EA 15,000.00 105.000
12-1202 Utility Relocation (Drop Stubout) 8 EA 2.000.00 16.000

Collector Channels
a Happy Valley I LS 240.000.00 240.000
b Deer Valley 1 LS 75,000.00 75.000

a Happy Valley Road Dam/detention I LS 4,661,610.00 4,661,610
b Deer Valley Road Dam/detention I LS 4.013,719.00 4.013.719
c Union Hills Dam/detention I LS 5,358.813.00 5.358.813

SGBTOTAL $ 20,256,787

~2-7000 Engineering (10 %) 2.025.679
~2-9000 Contingency (15%) 3,038,518
J2-8000 Right-of-way (Purchase) 59.37 AC 25,000.00 1,484.250
J2-8001 Right-oF-way (Lease) 15.00 AC 5,000.00 75,000
J2-6000 Aesthetic Treatment (10% of original value) 1 LS 755.000.00 755.000

TOTAL ESTlJ.\1ATED COST $ 27,635,233

I
I
I
I
I
I
I
I
I
I
I
I
I
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I

I
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Pace Estimate

PA CE Cost Estimate
Latest Cost Estimate for Basin Alternative

;-..lotes
I. nit costs provided by the Flood Control District have been used
2. Right-of-way costs based on PACE submittal and Greiner 10% Cost Estimate
3. Most quantities for the Detention Basins are based on the PACE submittals

5/8/96

mpblp:e060J02lpmabasin/BSNCST_C. XLS



it Sub # Description Quantity Cnit Unit Cost $ Total $

A Detention Basin Construction

I Clear & Grub 25 AC l.600.00 5 '+0.000

2 Prewetting Operation

a Develop water supply I LS 40,000.00 40.000

b Water for embankments 250 MGA 2.00 500

3 Excavation (short haul)
Embankment 50.000 CY 1.60 80.000
Short Haul (to ADOT) - CY 2.00 -
Export 600.000 CY 3.00 1.800,000

4 Finish Grading 50,000 SY 0.25 12.500

5 Slope protection (Dumped Riprap w/geotext) 10.000 SY 25.00 250,000

B Earth Dam Embankment Construction

I Earth Embankment Construction
a Soil cement core 18.000 CY 30.00 540.000

b Spread fill & compaction 50.000 CY 2.75 137,500

c Finish grading 30,000 SY 0.25 7,500

C Spillway

I 300 LF soil cement cutoff wall (see B Ia)
2 Low Flow Outlet - 36" RCP 1.200 LF 75.00 90,000

D Downstream Improvements
Downstream Improvements I LS 15.000.00 15000

I Reno Vlattress 5.216 SF 5.00 26,080

E Site Development and Landscaping
I Landscaping

a Salvage 25 AC 2l.780.00 544.500

b Exterior slopes 5 AC 43,560.00 217.800

c Basin revegetation 20 AC 27,000.00 540.000
2 Archaeological Site Investigation I LS 7,000.00 7.000

SUBTOTAL $ 4.348,380

F I
10% Overhead, bonds & insurance 1 10 PCT 313.230.00

TOTAL $ 4,661.610

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Happy Valley DB

PACE Estimates
Happy Valley Detention Basin for Basin Alternatives

Notes

1. Unit costs provided by the Flood Control District bave been used
2. Right-of-way costs based on PACE submittal and Greiner 10% Cost Estimate
3. Most quantities for the Detention Basins are based on tbe PACE submittals

5/8/96
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I Deer Valley DB 5/8/96

PA.CE Estimates
Deer Vallev Detention Basin for Basin Alternatives-

# Sub It Description Quantity "Cnit "Cnit Cost $ Total $

A Detention Basin Construction
I Clear & Grub 23 AC 1.600.00 $ 36.800
2 Prewetting Operation

a Develop water supply 1 LS 40,000.00 40,000

b Water for embankments 500 MGA 2.00 1,000

3 Excavation (short haul)
Embankment 115.000 CY 1.60 184,000
Short Haul (to ADOT) 485.000 CY 2.00 970,000

Export - CY 3.00 -
4 Finish Grading 55.000 SY 0.25 13.750
5 Slope protection (Dumped Riprap w/geotext) 10,000 SY 25.00 250,000

B Earth Dam Embankment Construction

I Earth Embankment Construction
a Soil cement core 20.000 CY 30.00 600.000
b Soread fill & compaction 95,000 CY 2.75 261,250
c Finish grading 50,000 SY 0.25 12,500

C Spillway
I 300 LF soil cement cutoff wall (see B la)
2 Low Flow Outlet - 48" RCP 800 LF 90.00 72,000

D Downstream Improvements
Downstream Improvements I LS 15.000.00 15000

I Reno Mattress 6,955 SF 5.00 34,775

E Site Development and Landscaping
I Landscaping

a Salvage 23 AC 21.780.00 500,940
b Exterior slopes 5 AC 43.560.00 217,800

c Basin revegetation 18 AC 27.000.00 486,000
2 Archaeological Site Investigation 1 LS 7.000.00 7,000

SUBTOTA.L $ 3,702.815

F
10% Overhead. bonds & insurance 10 PCT 310,904.00

TOTAL $ 4.013,719

,I

I
I

I

I
I
I

I

I
I

I
I

I

I
I

Notes
1. Unit costs provided by the Rood Control District have been used
2. Right-of-way costs based on PACE submittal and Greiner 10% Cost Estimate

3. Most quantities for the Detention Basins are based on the PACE submittals

I
I
I mpb/p:e060I02lpmabasin/BSNCST_C.XLS



Union Hills DB 5/8/96

I
I
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PACE Estimates
Union Hills Detention Basin for Basin Alternatives

# Sub # Description Quantity unit enit Cost $ Total $

A Detention Basin Construction
I Clear & Grub 30 AC 1,600.00 S 48.000

2 Preweuing Operation

a Develop water supply I LS 40,000.00 40,000

b Water for embankments 500 MGA 2.00 1.000

3 Excavation (shon haul)
Embankment 100,000 CY 1.60 160,000
Short Haul (to ADOT) 715,000 CY 2.00 1,430,000
Export 85.000 CY 3.00 255,000

4 Finish Grading 70,000 SY 0.25 17,500
5 Slope protection (Dumped Riprap w/geotext) 10,000 SY 25.00 250,000

B Earth Dam Embankment Construction

1 Earth Embankment Construction
a Soil cement core 25,000 CY 30.00 750.000
b Spread fill & compaction 110.000 CY 2.75 302,500
c Finish grading 70.000 SY 0.25 17.500

C Spillway
1 300 LF soil cement cutoff wall (see B1a)
2 Low Flow Outlet - 48" RCP 1,200 LF 90.00 108.000

D Downstream Improvements
Downstream Improvements 1 LS 15.000.00 15000

I Reno ~1attress 6,955 SF 5.00 34,775

E Site Development and Landscaping
1 Landscaping

a Salvage 30 AC 21,780.00 653,400
b Exterior slopes 3 AC 43,560.00 130.680
c Basin revegetation 27 AC 27.000.00 729,000

2 Archaeological Site Investigation I LS 7,000.00 7,000

SUBTOTAL $ 4.949,355

F I I I I
110% Overhead. bonds & insurance I 10 PCT 1 I 409,458.00

TOTAL $ 5.358,813

otes
1. Unit costs provided by the Flood Control District have been used
2. Right-of-way costs based on PACE submittal and Greiner 10% Cost Estimate
3. Most quantities for the Detention Basins are based on the PACE submittals

mpblp:e060102lpmabasinIBSNCST_C.XLS
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Flood Control District
Flood Control District
Primatech
Greiner
Greiner
Greiner

Greiner, Inc.
7878 N. 16th Street, Suite #200
Phoenix, Arizona 85020-4449
(602) 371-1100
FAX: (602) 371-1615

Afshin Ahouraiyan
Raju Shah
Shi-En Shiau
Ron Price
Vince Gibbons
Marty Bressor

City of Scottsdale
City of Scottsdale
City of Scottsdale
Flood Control District
Flood Control District
Flood Control District

Project No. E1 00601 02

MINUTES OF MEETING

An exhibit package prepared by Greiner was distributed to the group including hydrographs
for specific channel reaches for the 1O-year and 1OO-year storms, typical cross-sections for
the Indian Bend Wash (IBW) and a revised BOR guide for the IBW, typical cross-sections
for the Canada del Oro Wash and the Pantano Wash located near Tucson and a revised
BOR guide for the Tucson washes.

Marty gave Afshin a disk containing the revised hydrology model and HEC-1 output for the
consensus hydrology resulting from Friday's (January 5, 1996) meeting.

Marty described the hydrograph exhibits. The exhibits were presented to display the
duration of the flow depth within the various channel reaches for the 1O-year and 100-year
storms using a shallow basin configuration and a deep basin configuration. The exhibits
demonstrate that reaches 5, 6, 9 and 10 are essentially unaffected by the basin
configurations. The District proposed that Greiner investigate the feasibility of constructing
additional basins at Pinnacle Peak Road and Beardsley Road, which could possibly result
in reducing the flows to a point where large diameter pipe or box culverts could be
considered as an alternative to the open channel reaches. Greiner, and the City pointed out
that a closed conduit system would require a separate north-south collector channel with
catch basin inlets in order to intercept the braided overland flow along the corridor.

ATTENDEES:

CITY OF SCOTTSDALE
Desert Greenbelt Project - Phase One Design

Pima Channel, Detention Basin Alternative - January 9, 1996

Mark Landsiedel
Bill Erickson
Collis Lovely
Russ Miracle
Ed Raleigh
Pedro Calza

.. The purpose of the meeting was to specifically address several outstanding concerns the
Flood Control District had regarding the proposed Pima Road drainage facility and continue
the technical discussion of the hydrology and hydraulic parameters for the system.

Greiner
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Marty presented the cross-sections and the corresponding BOR guide for the IBW and the
Tucson washes. Pedro had requested that Scottsdale furnish documented storm routing
facilities that have similar characteristics to the proposed Pima Road drainage facility. The
facilities were to have minimum or no fencing, be constructed using natural materials for the
channel invert, and have similar flowrates, flow depths and flow velocities. The parameters
for the various washes are presented below:

Mark indicated that locating detention basins at Pinnacle Peak and Beardsley is not
possible due to the current land uses. ASLD has sold the parcels at Pinnacle Peak Road
and development plans are well under way. A detention basin located upstream of those
parcels would be basically useless. Mark also stated that the area near Beardsley Road
belongs to the DC Ranch development, and it is not feasible to locate a detention basin
within the DC Ranch property.

Ed stated that he did not believe these projects were similar to the Pima Road project
because the Pima Road project would be a man-made watercourse whereas these other
projects were modifications to existing watercourses. Ed said that he believed these
differences would result in a different form of liability for both the District and the City. Mark,
Bill and Collis all disagreed and felt that, regardless if the IBW and the Tucson Projects are
along an existing watercourse, they are all man-made channels with high velocities and
depths and that the issue of being a natural watercourse did not have any bearing on the
liability.

CITY OF SCOnSDALE - Desert Greenbelt Project
Pima Basins Alternative - Progress Meeting

Minutes of Meeting - January 9. 1996
Page 2

'.~ .; Peak Flow Peak Velocity Peak Depth .,
Channel (efs) " . (fps) (tt)

.~:

: .

Pima Road Channel <3,070 -18 <3

IBW Upstream 30.000 -7 <8

IBW Downstream 30,000 -9 <10

Canada del Oro 28,000 -20 <6

Pantano 26,000 -15 <8

Ed said the District was not comfortable with the condition of an unfenced channel given the
steepness of the channel side slopes (1 H: 1V), and the flow velocities and depths as
presented by Greiner for the existing slope condition. Mark said that he felt pipe-railing,
similar to that used at the Tucson channels, would be acceptable to the City, but if fencing
was required, the project would die and not be constructed. Mark asked Ed what hydraulic
parameters the District would require for the Pima Road channel if pipe-railing was installed.
Ed responded that, for pipe-rail protection, the channel Froude Number should be no
greater than 0.85 and that 1H:1 V side slopes would be acceptable. Ed also stated that for
a channel with no railing or fencing, the Froude Number must also be no greater than 0.85
and the channel side slopes should be no steeper than 4H:1 V. Mark instructed Greiner to
investigate the feasibility of meeting these subcritical parameters.

Greiner
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CITY OF SCOTTSDALE - Desert Greenbelt Project
Pima Basins Alternative - Progress Meeting

Minutes of Meeting - January 9, 1996
Page 3

Ed additionally stated that he did not feel the channel system, constructed using a natural
invert at steep slopes, would be stable in regard to sediment transport and long-term scour.
If it is not feasible to reduce the channel slopes and resulting high velocities, Ed feels it may
be necessary to line the entire channel.

Vince presented Greiner's preliminary findings regarding the requirements and overall
performance of drop structures. Vince stated that, given the existing grade, drop structures
would be required at frequent intervals to attain moderate channel slopes capable of
meeting the lower velocity parameters established by the District. However, as the
frequency of the drop structures increases, and the resulting spacing between the
structures decreases, the ability to predict the performance of the overall system using
normal flow conditions alone, as originally presented by PACE, is compromised. Vince
explained that the length of the tailrace required to dissipate the energy from the drop
structure and attain the normal flow conditions generally exceeded the spacing of the drop
structures required to achieve the necessary channel slope. The resulting effect is a
continually increasing flow velocity that propagates downstream and negates the intended
impact of the drop structure installation. To alleviate this propagating effect downstream,
energy dissipators or alternate channel materials will be required. As these conditions were
neglected by PACE in their original analysis, the costs associated with the energy
dissipators or alternative channel material would be added to the overall cost estimate for
the Detention Basin Alternative. Greiner will continue to investigate various solutions to
reduce the existing slopes.

A follow-up meeting is scheduled for January 16, 1996, at 1:00 P.M.

cc: Attendees
Correspondence File

MN070996.GRE
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MINUTES OF MEETING

Flood Control District
Flood Control District
Primatech, LLC
Greiner, Inc.
Greiner, Inc.

Greiner, Inc.
7878 N. 16th Street, Suite #200
Phoenix, Arizona 85020-4449
(602) 371-1100
FAX: (602) 371-1615

Raju Shah
Pedro Calza
Shi-En Shiau
Marty Bressor
Vince Gibbons

City of Scottsdale
City of Scottsdale
City of Scottsdale
Flood Control District
Flood Control District
Flood Control District

Marty made a presentation on the results of Greiner's investigation into the channel
parameters required to achieve a Froude number of 0.85. A handout showing the results
of this investigation was distributed which contained tables, graphs and charts relative to
the hydraulic performance of the 10 separate channel reaches using various channel
materials (n =0.013 - concrete lined, 0.019 - soil cement lined, 0.022 - soil cement side
slopes with native invert, 0.030 - soil cement side slopes with riprap invert, and 0.035 
same as 0.030 but with a meandering channel). The analysis was based on a constant
channel bottom width of 100 feet with 3-foot drop structures and considered both 1:1 and
4:1 side slopes. The results of the analysis show that frequent drop structures are required
to achieve slopes necessary for the 0.85 Froude number and that, for most cases, either
energy dissipators at the drops, or downstream channel armoring extended to the end of
the calculated tail race, are required.

Pima Channel, Detention Basin Alternative - January 16, 1996

The purpose of this meeting was to continue discussions on the range of allowable
velocities and depths to be used in the design of the channels for the Detention Basin
Alternative for the Pima Channel and the corresponding safety and liability issues. This is
a follow-up meeting to the meeting conducted on January 9, 1996.

CITY OF SCOTTSDALE
Desert Greenbelt Project - Phase One Design

As part of the analysis Greiner prepared and presented a preliminary cost comparison that
considered only channel excavation and channel material. This comparison indicates that
the n = 0.022 alternative (soil cement side slopes with native bottom) is the most cost
effective for a Froude number of 0.85. It was stated that this comparison did not take into
account the cost of the drop structures. In evaluating the required number of drop
structures, the two most cost-effective alternatives appear to be soil cement side slopes

Project No. E1 00601 02

ATTENDEES:

Mark Landsiedel
Collis Lovely
Alex McLaren
Ed Raleigh
Amir Motamedi
Russ Miracle
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cc: Attendees
Correspondence File

A discussion on the detention basins was initiated and included items such as outlet
structure length and configuration, overtopping protection and routing, and the fact that the
deep basins were identified as the most cost effective and will be used for future analysis
and cost estimates. Mark requested that Greiner produce sketches of the detention basins
for the next meeting.

with native invert (n =0.022) and soil cement side slopes with riprap invert (n =0.030). Mark
stated that a riprap invert would not be aesthetically acceptable for the project. Greiner will
develop a rough cost estimate for the entire system based on the n =0.022 alternative (soil
cement side slopes with native invert), using a maximum top width of 100 feet. Greiner will
evaluate scour and sediment transport as part of the cost estimate development.

CITY OF SCOTTSDALE - Desert Greenbelt Project
Pima Basin Alternative - Progress Meeting

Minutes of Meeting - January 16, 1996
Page 2

Marty presented additional tables reflecting the results of a parallel analysis of the channel
sections for Froude numbers of 1.13, 1.45 and 1.75, which were also based on the 100-foot
bottom width and 3-foot drop structures. The Froude number of 1.75 was investigated for
both 1:1 and 4:1 side slopes, and the other two (1.13 and 1.45) for 1:1 side slopes only. The
resulting velocities of the 1.45 Froude number are in the same general range as those
presented in the PACE Report. Vince stated that it would be a good idea to prepare a cost
estimate for one of these supercritical alternatives for comparison to the cost estimate for
the subcritical (Froude number 0.85) alternative as previously discussed. All agreed. Ed
said that Greiner should evaluate the channel lining requirements for these higher velocities
and take this factor into account when developing the cost estimate.

.. Russ asked what Greiner had in mind for the drop structures and the energy dissipators.
Vince said that the analysis had been performed for vertical drops and that construction
materials considered would be soil cement and concrete. Energy dissipators would be
either plunge pools or stilling basins with baffle blocks. Vince stated that it may be possible
to incorporate either natural or man-made (Larson Treatment) boulders into the energy
dissipators in place of the less aesthetically pleasing baffle blocks. Greiner has not
performed an in-depth investigation into the drops at this point due to the preliminary state
of the review and selection phase for the channel alternatives. Russ requested that Greiner
develop a preliminary sketch of the anticipated drop structures and energy dissipators.

Grein r
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MINUTES OF MEETING

Flood Control District
Flood Control District
Flood Control District
Greiner, Inc.
Greiner, Inc.
Greiner, Inc.

Greiner, Inc.
7878 N. 16th Street, Suite #200
Phoenix, Arizona 85020-4449
(602) 371-1100
FAX: (602) 371-1615

Raju Shah
Pedro Calza
John Rodriguez
Marty Bressor
Vince Gibbons
Bill Lace

City of Scottsdale
City of Scottsdale
City of Scottsdale
Flood Control District
Flood Control District
Flood Control District

Marty presented a review of the overall system components and introduced the latest
development of adding Reach 11 from the outlet of the detention basin at Union Hills, along
the north side of the Pima Freeway, for a distance of approximately 2,300 feet. This reach
consists of both a 60-inch pipe and a surface channel to convey the flow out of the detention
basin to daylight and to collect surface flow from the north. Both the 60-inch pipe and the
surface channel would combine at the end of this reach and transition into a 72-inch pipe
which would then extend to the outfall at the BOR basin at the TPC to the south
(approximately 4,735 L.F.). Marty stated that utilizing the 72-inch pipe could eliminate the
need for the bridges at the Pima Freeway and Bell Road and also eliminate the wide,
reinforced grass-lined channel that adversely impacts the TPC golf course features.

Pima Channel, Detention Basin Alternative - January 29, 1996

CITY OF SCOTTSDALE
Desert Greenbelt Project - Phase One Design

The purpose of this meeting was to continue discussions on the design of the channels for
the Detention Basin Alternative for the Pima Channel and the corresponding safety and
liability issues. This is a follow-up meeting to the meeting conducted on January 16, 1996.

Vince gave a review summary of the information that was presented, the items that were
discussed, and the resulting decisions, directions and requests made at the prior meeting
held on January 16, 1996.

Project No. E1 00601 02

ATTENDEES:

GENERAL

Mark Landsiedel
Collis Lovely
Alex McLaren
Ed Raleigh
Afshin Ahouraiyan
Russ Miracle
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CITY OF SCOTTSDALE - Desert Greenbelt Project
Pima Basin Alternative - Progress Meeting

Minutes of Meeting - January 29, 1996
Paoe 2

DETENTION BASINS

A preliminary plan view layout of each of the three detention basins was distributed. Marty
discussed the various features associated with each basin such as invert elevation, top
elevation, storage volume, excavation volume, setback, outlet requirements and
configuration. The Union Hills basin is depicted as a two-cell system with the upper cell
receiving flow from the Grayhawk development via the proposed "power line channel" and
the lower cell receiving flow from the Pima channel and also from the upper cell when its
capacity is exceeded. FCD and COS expressed the desire to armor the dike between the
upper and lower cells to protect it from failure and thus prevent costly maintenance to the
dike and the loss of the outlet pipe that would connect the two cells through the dike.

OPTION #1 - F-O.85 - SUBCRITICAL FLO'!';

Vince made a presentation on the material contained in the handout packet for Option #1
(subcritical flow, F=0.85, n=0.022 and soil cement side slopes with native invert). The first
page in the packet was a spreadsheet shOWing a summary of the hydraulic parameters for
this option. The important items on this summary that were discussed were as follows:

1. Velocities = 8 to 9 fps (average).
2. 3-foot drop structure spacing = 165 feet to 170 feet (average).
3. The calculated tailrace length exceeded or roughly equaled the drop spacing

for all reaches except for Reach NO.3.
4. Average tailrace velocities are mainly in the 13 to 14 fps range.
5. Nappe velocities fall mainly in the 16 to 17 fps range.
6. 152 drop structures are required for the F=0.85 slopes.
7. Stilling basins are required for all reaches.

Vince pointed out that stilling basins are required due to the fact that the tailrace length
exceeds the drop spacing distance and, without energy dissipation at the drops, the effect
would be a continually increasing velocity that propagates downstream as each successive
drop is encountered. Also stilling basins are needed to eliminate the increased velocities
through the tailrace length which exceed the recommended maximums for the specified
channel materials as listed in the FCD's hydraulics manual.

Vince stated that, based on the maximum velocity of 3 fps recommended in the FCD
manual for earthen channels (silt loam) and considering the calculated normal flow
velocities being in the 8 to 9 fps range, it will necessary to completely line the channel.
Therefore, both soil cement lined channels and shctcrete lined channels were evaluated.
It was determined that the stilling basins are still required in both cases. This determination
is based on the fact that the tailrace lengths do not change and therefore still exceed the
drop spacing distance and that, in most of the reaches, the tailrace velocities exceed the
maximum recommended in the FCD manual for these channel lining materials (soil
cement - 9 Ips, shotcrete - 15 Ips).

MNO 12996.GAE
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OPTION #2 - F=1.45 - SUPERCRITICAL FLOW

A preliminary, itemized cost estimate was presented for Option #2. This estimate was based
on using an 8-inch thick shotcrete or concrete section with #5 bars both ways. Total
estimated cost for this option is $42,953,005.

Vince made a presentation on the material contained in the handout packet for Option #2
(supercritical flow, F=1.45, n=0.019, and a concrete or shotcrete lined channel). The first
page in the packet was a spreadsheet showing a summary of the hydraulic parameters for
this option. The important items on this summary that were discussed were as follows:

CITY OF SCOTTSDALE - Desert Greenbelt Project
Pima Basin Alternative - Progress Meeting

Minutes of Meeting - January 29, 1996
Page 3

1. Velocities = 12 to 13 fps (average).
2. 3-foot drop structure spacing = 200 feet to 250 feet (average).
3. The calculated tailrace length exceeded or roughly equaled the drop spacing

for all reaches except for Reach NO.3 and Reach No.4.
4. Average tailrace velocities fall mainly in the 15 to 16 fps range.
5. Nappe velocities are mainly in the 18 to 19 fps range.
6. 105 drop structures are required for F=1.45 slopes.
7. Stilling basins are required for all reaches except reach NO.3.

Two preliminary, itemized cost estimates were presented for Option #1. The first was for soil
cement lining using a 2-foot thick invert and 8-foot wide side slopes. Total estimated cost
for this soil cement alternative is $40,225,832. The second was for shotcrete lining using
an 8-inch thick section with #5 bars both ways. Total estimated cost for this alternative is
$44,164,582.

A preliminary sketch of the proposed reinforced concrete stilling basins based on the
HEC-14 procedure was the next page in the Option #1 packet. This sketch included a table
listing all the required dimensions for the basins broken down by channel reaches. The
average depth and length required for the basins is 6 feet and 20 feet, respectively. Vince
said that the cost estimate for the basins ranged from $5,000 to $31,000 per basin for the
various reaches and that an average unit cost of $17,860 was used.

Vince pointed out that stilling basins are required due to the fact that the tailrace length
exceeds the drop spacing distance and, without energy dissipation at the drops, the effect
would be a continually increasing velocity that propagates downstream as each successive
drop is encountered. Also stilling basins are needed to eliminate the increased velocities
through the tailrace length which would exceed the recommended maximums for the
concrete lined channel (15 fps), as listed in the FCD's hydraulics manual. Vince stated that
the stilling basins required for this option would be the same as for Option #1 but would be
shallower (3 to 4 feet deep) and shorter (17 to 18 feet long) on average.

Greiner
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TOTALL Y UNLINED ALTERNA TlVE TO OPTION #1

DISCUSSIONS REGARDING THE INFORMA TION PRESENTED

CITY OF SCOnSDALE - Desert Greenbelt Project
Pima Basin Alternative - Progress Meeting

Minutes of Meeting - January 29, 1996
Page 4

.
In

Mark asked FCD if they had a chance to discuss the railing versus fencing issue since the
last meeting and if they had come to any conclusions on what were acceptable channel
velocities for both. Russ stated that the District feels that the pipe railing would be
acceptable for the two options (F=0.85 and F=1.45) as presented today.

Pedro commented that the cost estimate difference between obtaining subcritical flow and
supercritical flow is minor for the shotcrete alternative ($1.2 million more for subcritical) and
that the soil cement alternative for subcritical is less expensive than the shotcrete
supercritical by $2.7 million. FCD would prefer the subcritical flow option.

Mark asked Greiner what a rough cost estimate would be for the concrete channel
alternative (as shown in the 30 percent plans), including the portion from Deer Valley to
north of Jomax as concrete channel. Marty stated that it would probably fall within the $31
to $32 million range plus the cost of the fencing. Mark requested that Greiner prepare a cost
estimate for this alternative but with a change consisting of including the detention basin at
Union Hills to the system. This estimate is to include the cost for fencing both sides of the
open channel reaches. It was decided that, as soon as this cost estimate was complete,
another meeting will be scheduled to discuss how it compares to the other two options
presented at today's meeting.

.. Vince said that a cost saving alternative to the subcritical Option #1 was discussed at the
last project biweekly meeting which would relatively be the same system, but instead of
lined channel sections between the stilling basins (drops), use completely native
(excavated) channel sections, the rationale being that, because the distance between the
stilling basins is so short, you would not expect significant lateral migration of the alignment
as the scour reduced the longitudinal slope between the stilling basins. A preliminary cost
estimate for this alternative shows a significant cost savings over the lined versions for
Option #1 with a total cost at approximately $32.8 million. Ed said that this would be a
similar design to what is done in Colorado and that he could provide Greiner with a copy of
the manual that addresses this design that was prepared for the Flood Control District in
Denver. Ed said that he could agree with the idea of the milder slope being produced from
the scour, but that the Flood Control would not feel comfortable with unprotected side
slopes and that soil cement, toed down below anticipated scour depth would be necessary.
Greiner roughly estimated that the cost would increase to approximately $38 to $40 million
with the addition of the soil cement side slopes.
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FEMA CLOMR AND HEC-6

Bill passed around a handout that contained four pages from the HEC-6 manual and a copy
of a portion of a HEC-6 model printout. Bill explained that the HEC-6 model uses critical
depth to establish the water surface profile, which is conservative for a supercritical flow
regime. Bill also explained that the HEC-6 model uses super-normal depth to calculate
scour as evident on the sediment output portion of the HEC-6 model printout. Bill said that
he wanted to bring this to light because it appears that some of the comments from FEMA
and the District were related to the perception that the model was using critical depth to
calculate the scour and resulting sediment load.

cc: Attendees
Correspondence File
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ATIENDEES:

Greiner, Inc.
7878 N. 16th Street, Suite #200
Phoenix, Arizona 85020-4449
(602) 371-1100
FAX: (602) 371-1615

CITY OF SCOTTSDALE
Desert Greenbelt Project - Phase One Design

Vince gave a review summary of the information that was presented, the items that were discussed, and the
resulting decisions, directions and requests made at the prior meeting held on 1/29/96.

.. The purpose of this meeting was to continue discussions on the design of the channels for the Detention
Basin Alternative for the Pima Channel and the corresponding safety and liability issues. This is a follow up
meeting to the meeting conducted on 1/29/96.

MINUTES OF MEETING

Pima Channel} Detention Basin Alternative - February 12} 1996

Project ~Io. E10060102

Mark Landsiedel City of Scottsdale Kofi Awumah Flood Control District
Collis Lovely City of Scottsdale John Rodriguez Flood Control District
Alex McLaren City of Scottsdale Shi-en Shiau Primatech, LLC
Ed Raleigh Flood Centrol District Marty Bressor Greiner, Inc.
Russ Miracle Flood Controi District Vince Gibbons Greiner, Inc.
Raju Shah Flood Control District Keith Dahlen AGRA, Inc.

~.~'_N~*·~_fi.~m&H*&M~'dI

.. Acooy of the letter from AGRA dated 1/26/96, addressing the additional soil sampling requested by FeD was
distributed. Ed asked Keith if the letter was basically stating that AGRA felt that no additional borings were
needed. Keith discussed the river morphology for this alluvial area and said that with additional borings, he
would not expect to 'ind a subsurface composition different than that discovered with the borings performed
to date. Keith said that he was not concerned with the consistency of the subsurface datum, but that his
concern lies in the depth achieved during the initial investigations. Keith felt that either some track-hoe test
pits or borings using a large drill rig will be needed to get down to the 17 to 20 levee toe down depths or that
seismic testing might be another ption to consider to obtain the information at these depths. Ed asked where
along the corridor were the AGRA borings performed? Keith stated that the locations were established from
the centerline staking provided by Greiner and that approximately 213 of the samples were taken down in the
wash, while 30proximately 1/3 of the samples were taken at he overburden area (banks). Samples taken
indicate that the upper 3' to 4' is rine material with the portion below consisting of an armoring layer of
cobbles.

ADDITIONAL SOIL SAMPLES

Greiner
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Ed requested that samples be taken at the actual locations where the levees will be constructed as has been
the case for previous projects that FCD has been involved with. Ed also requested that bearing capacity for
the soil cement foundations be addressed. Raj had some questions regarding how the soil samples were
applied to the HEC-6 model and if the AGRA information was used. It was determined that Marty would look
through the CLOMR binders that were submitted to FCD to answer these questions and if required, Bill Lace
will call Raj as a follow-up.

It was decided that additional sampling would be performed at the actual levee locations and at the same
stations where the initial sampling was taken for comparative purposes. The additional samples will be
analyzed to address sediment loading in the HEC-6 model, suitability for soil cement production and for
structural applications. Greiner and AGRA will meet to determine the optimum locations for these additional
sampies and submit to both COS and FCD for review. The additional sampling will include the area south
of Bell Road which is now accessible due to the property purchases COS has made in that area.

COMPARISON OF GREINER'S INVESTIGATIONS TO THE PACE PROPOSAL

~ Mark said that there had been concern expressed to him by the District that the current evaluations of the
detention basin system were not similar to the alternative presented in the PACE Report. Vince stated that
Option #2 (F=1.45, supercritical flow) is very close to the alternative as presented in the PACE Report. Some
of the PACE hydraulic parameters mentioned were velocities in the 11 fps to 12 fps range, Froude #s
averaging 1.3 to 1.4, and most of the reaches in supercritical flow. PACE had presented a channel section
consisting of soil cement side slopes with native invert which is unacceptable to the District for velocities over
3 fps. PACE had also planned on using concrete drop structures but had not evaluated the increased
velocities or the need for energy dissipation and therefore underestimated the cost. Considering the high
velocity ranges and the similarity to Option #2, the actual estimate for the PACE alternative would be very
close to the estimated cost of Option #2 (approximately 46.8 million). PACE estimated the cost of their
alternative at 27 million. Everyone was in agreement that Option #2 was similar to the alternative presented
in the PACE Report.

OPTION #1 • F=O.85 • SUBCRITICAL FLOW

~ A revised cost estimate for the soil cement lined channel was presented with the new total at $45,974,726.
A revised cost estimate for the shotcrete lined channel was presented with the new total at $49,913,475,
Revisions were highlighted and included the addition at 50,000 L.F. of pipe rail fencing, and the corrected cost
for the three detention basins. Individual cost item breakdowns for the three detention basins indicated the
corrected excavation quantities and associated cost. Mark pointed out that the right-ot-way costs for the
detention basins was not corree and would need to be adjusted and added to the total cost estimates.
Greiner will revise he estimates 0 include these adjusted right-at-way cos s. It was mentioned that a portion
i he excavated soil from the nion Hills basin will be used 'or fill for 'he Pima Freeway and the details of

how and when this will happen need to be further discussed with ADOT.
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OPTION #2 - F=l ,45· SUPERCRITICAL FLOW

~ A revised cost estimate for the concrete/shotcrete lined channel was presented with the new total at
$48,637,211. Revisions were highlighted and included the addition of 50,000 L.F. of pipe rail fencing, and
the corrected cost for the three detention basins. Right-of-way cost adjustments as discussed above will also
be added to the total cost estimate for this option.

OPTION #3 • 30% DESIGN WITH UNION HILLS DETENTION BASIN

~ A spreadsheet was distributed showing the estimated cost for the concrete channel as depicted in the 30 %
plans. This spreadsheet was divided into three columns with the first indicating the cost of the system as
presented in the 30% plans plus adding phase 2 (concrete lined channel from Deer Valley to north of Jomax)
and 70,000 L.F. of steel picket fencing. The total estimated cost is $38,856,845. The second column
reflected the items associated with adding the detention basin at Union Hills to the system. The total
estimated cost is $44,347,241. The third column listed the differences between the two. Vince pointed out
that the steel fencing added 2.5 million to the cost of the 30% design and that the main factor contributing
to the higher cost of the system with the Union Hills basin added in was the cost of the basin itself at 9.2
million. Utilizing this basin in the system eliminates the need for the reinforced, grass lined channel south of
the freeway and through the TPC which would mean less impact to the golf course amenities. It also
eliminates the bridges at Bell Road, South Pima Road and at the Pima Freeway crossing. The decrease in
cost associated with the elimination of the Pima Freeway bridge is not included in the spreadsheet because
this decrease would be realized by the ADOT project, not the Greenbelt Project.

Raj asked what the velocities were at the channel section with the reinforced grass lining. Marty said that
the velocity in that reach was about 18 fps. FCD would not feel comfortable with this lining for flows at 18
fps. Vince said that the manufacture had provided testing information showing that the lining could withstand
this velocity for a certain duration. Collis said that he did not accept this lining and that the velocities of the
flow leaving the concrete lined section and entering this section will be higher than 18 fps, and thus require
some type of energy dissipation to get it down to 18 Ips. Marty said that Greiner was planning on addressing
the energy dissipation during the 60% design phase and that more research was anticipated on the
acceptability of the lining. Vince stated that the reinforced grass lining was developed to try to meet the
aesthetic 'requirements of the open channel reach through the Perimeter Center and the TPC as established
during the study phase. This section may need to be designed as a concrete lined channel which would not
fit with the aesthetic goals and would increase the cost of this option.

Ed asked what Greiner had used for an 'n" value for the concrete lined channel and if Greiner had considered
the anticipated sediment deposit when establishing this 'n' value. Marty said that the n value used was 0.015
and that the sediment deposit was not included because it would become suspended during the design storm
flows. Ed requested that Greiner conduct a literature search for info on how the sediment would impact the
'n" value if this alternative is further developed.
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LOWER VELOCITY DETENTION BASIN ALTERNATIVE OPTIONS

~ Raj said that he had been investigating the parameters required to achieve velocities of around 4 to 6 fps in
the channel reaches in order to utilize anative invert, as previous discussed with Greiner. Raj targeted a new
slope of 0.0012 ft/ft which required approximately 165 drop structures (3' drops) spaced at around 140'.
Rather than use the HEC-14 type stilling basin, Raj looked at a concrete apron without baffle blocks, but with
an end sill depressed to create a tailwater depth equal to the required sequent depth. The resulting length
required to contain the hydraulic jump on the concrete apron averaged 30' to 40'. Raj also investigated the
possibility of using "A" shaped soil cement grade control (drop) structures with riprap at the bottom of the
sloped drop (3: 1) to dissipate the energy. Channel widths were around 70' to 84' and depth of flow at 2' to
5'. Raj estimated the cost of the drops at $25,000 per each. Scour calculations were not performed so the
extent of the riprap protection was not determined. Shi-En stated that generally you would extend the riprap
protection for a distance equal to 7 times the depth of the scour hole.

In comparing this scenario with the soil cement lined channel of Option #1, the cost of 165 drops at $25,000
would be 4.1 million which is 1.4 million more, but by eliminating the soil cement invert the cost for this item
would decrease by 3.2 million resulting in a total difference of about 1.8 million less for this scenario. This
does not take into consideration the cost of the riprap protection for the "A" shaped soil cement drops
alternative. The cost estimate for these two new scenarios would fall somewhere in the 44 to 46 million range
which is close to all the other options investigated to date.

DISCUSSIONS REGARDING THE INFORMATION PRESENTED

~ Mark stated that it is obvious that the costs presented in the PACE report are very low and did not consider
all the requirements necessary to make the system work. He also said that all of the options are very
expensive and above what was anticipated when the project was started. Items such as reducing the design
storm or requiring the developers to provide more retention were discussed. It was decided that the City will
need to re-evaluate its position on the Pima Channel and that the information developed to date will need to
be presented to the State Land Department, Grayhawk and DC Ranch.

Greiner is to finalize all of the cost estimates by making the changes identified and discussed during this
meeting. A date for a follow-up meeting was not set.

cc: Attendees
Correspondence File
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