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1. INTRODUCTION

A. PURPOSE AND SCOPE.

1. General. This section presents the hydrologic analysis perfqrmed to support the
reconnaissance study on North Scottsdale/Phoenix, Arizona. Basic meteorologic and hydrologic
characteristics of the watershed are presented along with methods and procedures used to
determine discharge-frequency relationships and to model the rainfall runoff process. ’I’hé study
area is shown on plate 1.

2. Results. The hydrologic results determined during this study cbnsist of peak
discharge-frequency values at specified locations shown on plate 1. The results presented are for
conditions of without additional flood control project improvements and for both present (1995)
and future (2025) conditions of developrﬁent. Peak discharges for 2-, 10-, 50-, 100-, and 500-

year frequencies are listed in tables 2 and 3. Typical discharge-frequency curves are shown on

plate 10.

B. PREVIOUS STUDIES.

The City of Scottsdale has performed numerous hydrologic studies within the study area
for the purpose of delineating flood plains as well as for designing public roads and flood control
channels. A discussion of the last five hydrologic studies performed in the study area follows.

1. Water Resource Associates (WRA). In July 1992 Robert Ward of Water Resource
Associates (WRA) performed a study based on previous studies entitled “Final Report Upper
Indian Bend Wash Regional Drainage and Flood Control Plan Prepared for City of Scottsdale™,

dated July 6, 1992. The Hydrologic Engineering Center (HEC-1) Flood Hydrograph Program
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and the following rainfall-runoff methods were utilized:.
(@) SCS Type A rainfall distribution was usea.
(b) kinematic wave method was used to generate the subarea hydrographs.
(c) kinematic wave method was used to route the hydrograph flows.

The WRA results were compared with previous determinations using methods from Eychaner’,

Pima County?, TR-55% and Roeske®. For the North Scottsdale area six concentration points with

0.27 - 1.8 square mile drainage areas were compared. Results from each method of analysis
were higher than WRA for three concentration points and lower than WRA for the other three
except for TR-55 for which results were always lower than the WRA results.. Pima County
results never varied more than 30% from WRA, and when the other methods exceeded 30%
difference, they were lower than WRA. From previous studies Pima County 100-year discharges
may be comparable to those generated by COE methods.

2. Sensitivity analysis by Robert Ward. Water Resource Associates Inc. sensitivity
analysis documented changes to above report in a letter to Mr. William Erickson Floodplain

Administrator for the City of Scottsdale, Subject: Secornd Revision to FIS Hydrology, North

! Peak discharge regression equations presented in “Estimation of Magnitude and
Frequency of Floods in Pima County, Arizona, With Comparisons of Alternative Methods”,
USGS Water Resources Investigations Report 84-4142, Table 1, J.H. Eychaner, August 1984.

? Peak discharge regression equations presented in “Methods for Estimating the
Magnitude and Frequency of Floods in Arizona”, USGS Report: ADOT-RS-15(121), R H.
Roeske, September 1978.

? Graphical peak discharge method presented in “Urban Hydrology for Smail
Watersheds”, Technical Release 55, Soil Conservation Service, USDA, June 1986.

4 Peak discharge methodology presented in “Hydrology Manual for Engineering Design
and Floodplain Management Within Pima County, Arizona”, Pima County Department of
Transportation Flood Control District, September 1979.
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Scottsdale And Phoenix, dated February 3, 1992. This analysis adjusted the above methods to
meet FEMA'’s responses to the WRA study. The following methods were used in the HEC-1
program.
(@) 100-yr rainfall depths (5-minute to 6-hour from NOAA Atlas) and HEC-1
hypothetical distribution were used to define the rainfall pattern.
(b) Singular channel routings were performed using modified Puls routing
method with normal depth determinations from 8 point cross-sections.
© The velocity for channel routing was assumed to be 7 feet per second (ft/s).
(d) 100-year and 2-year discharges were determined with the antecedent moisture
condition (AMC) being reduced from 2 for the 100-year to 1 for the 2-year

event.

3. FEMA. FEMA accepted results from the sensitivity analysis as well as 10-, 50- and
500- year frequency discharges proposed by the City of Scottsdale in 1992. FEMA performed
their FAN analysis in order to determine depths for the Flood Insurance Rate Maps now in
effect. (Although the complete Flood Insurance Study'for this area, dated December 3, 1993,
was nbt obtained, portions of the analysis and all HEC-1 models were provided by the City of
Scottsdale.) The additional frequencies were determined by the City of Scottsdale using a skew
of zero as suggested by FEMA, and the 100- and 2- year peak discharges from the Robert Ward
sensitivity analysis. Thus, using log-probability paper, a straight line was drawn between the 2-
and 100-year discharges in order to détermine the 10-, 50-, and 500-year peak discharges.

Results from the FEMA study are presented in table 1.
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4. Greiner Engineers. The City of Scottsdale hired Greiner Engineers to perform a
hydrologic study in this area for the purpose of designing a flood control channel system. The
resulting report is titled “City of Scottsdale Desert Greenbelt Project”, dated June 1995. They
used the FEMA accepted hydrologic models with changes in subareas where deemed necessary,
and changes to reflect with project 100-year future conditions. The specific project hydrology
reports from west to east were 1) Rawhide Wash, 2) Pima Road Channel, and
3) Reata/Beardsley Wash.

5. COE Studies. The COE has studied much of the Phoe.nix area in detail. Projects
such as Indian Bend Wash, the Arizona Canal Diversion Channel (ACDC), the Agua Fria River
Levees, as well as several dams have been constructed by the COE. The hydrologic basis for
design for these projects were described in two reports: 1) Gila River Basin, New River and
Phoenix City Streams Design Memorandum No. 2, Hydrology Part I dated 1974, and 2) Gila
River Basin, New River and Phoenix City Streams Design Memorandum No. 2, Hydrology Part
Il dated 1982. (Refer to IL.B.2.c. for methodology.)

C. EXISTING FLOOD PLAIN DELINEATIONS.

In 1992 FEMA approved the discharges sent for review by the City of Scottsdale (refer to

section L.B.3. on FEMA). The discharges were for six fan apex locations as shown on plate 2.

Effective May 5 1995, however, the Rawhide Wash fan/floodplain was revised as requested by

~ the City of Scottsdale. An area of about 0.5 sq. mi. was removed from the AO zone (plate 3)

between Pinnacle Peak Road and approximately 1200 feet north of Jomax Road. The rest of the

flood plain remains as it was accepted in 1992. The entire flood plain delineation is shown on

plate 4.
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II. STUDY AREA

A. GENERAL DESCRIPTION OF DRAINAGE AREA.

1. Location. This study area is located in northern Scottsdale and Phoenix, Arizona.
It’s boundaries include the McDowell Mountains on the East, Granite Reef Aqueduct (part of
CAP) on the South, and Cave Creek Road on the West. The area is shown on plate 1.

2. Attributes.. The drainage area has considerable variation in topographic features.
The McDowell Mountains in the eastern portion of the watershed are characterized by very
rocky, steep-sloped terrain which is the source area for the cfeation of several alluvial fans.
When excessive rates of rain fall on these mountains, steep slopes and highly impervious soils
cause rapid and large rates of runoff. Alluvial fans exist along the toe of the mountain slopes
and flow in a southwesterly direction. Transitory flow patterns and poorly defined channels
make hydrologic modeling difficuit. Bank full capacities of the small braided washes in the
plain range from 25 to 250 cfs, and cannot contain larger floods such as the 100-yr event. Flow
patterns are difficult to predict because of the alterations to channel geometry caused by rapid
erosion and sediment deposition. During a large event the discharge from a specific drainage
area could cause runoff through a range of areas depending on this erosion and deposition which
are impossible to prédict.
B. FLOOD PROBLEM.

The North Scottsdale area terrain consists of steep mountains which deposit large
amounts of sediment and water onto a dry, flat, and sandy desert with moderate vegetation.
Some of the areas are alluvial fans while others seem to have more defined channels. Flood

producing desert storms are usually summer thunderstorms which last only a few hours. Further
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description of this area can be found in the New River And Phoenix City Streams Hydrology
Part Il Design Memorandum dated 1982, or other reports previously mentioned in LB.. Flooding
occurs when an intense thunderstorm drops rain in the McDowell Mountains wheré it quickly
flows down to the desert floor picking up sediment as it goes. When it reaches the flat slopes,
the velocity decreases. Flooding is caused when large flows from the Mc Dowell Mountians
reach the poorly defined desert floor channels. Channels formed by previous storms can change
direction as they fill up with debris, or the water cuts new channels in different directions. As

such the unpredictability of the flow path makes it difficult to determine where each flood could

occur.

11
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III. HYDROLOGIC ANALYSIS

A. DISCHARGES AT FAN APEX.

1. General. Peak discharges at and above the fan apexes (plate 2) were adopted from
WRA, FEMA and Greiner Engineers Reports for present and future conditions without project
for the 2-, 10-, 50-, 100-, and 500- year events (table 1). The following describes the analysis
done to confirm the viability of these peak discharges. -

2. 100-Year Frequency. A reconnaissance study requires that existing hydrologic
results be considered if available. North Scottsdale has not been studied in detail by the COE.
However, the COE has performed studies on many nearby drainage areas. For purposes of the
reconnaissance study it was decided to generate discharges for a sample area using accepted
COE methods, and compare the results with the results from the Greiner Engineers Report (ref.
I.B.4.).in order to confirm the Greiner and FEMA hydrologic results. The COE analysis and
comparison of results are described below.

a. COE Methodology. A rainfall runoff model for 100-year present conditions
without project was developed for subareas 30N, 31A, 34R, and 35N (fig. 3 of Pima Ro.ad.
Channel Hydrology Rept.. By Greiner) using the same methods used in the Phoenix Hydrology
Part II Report which was the basis for the Arizona Canal Diversion Channel (a COE Phoenix
Project). The North Scottsdale model used the Queen Creek August 1954, 6-hour summer
thunderstorm transposed to the study area. The S-graph and basin lag were used to generate the
unit hydrograph. Rainfall loss rate parameters, determined from previous experience of studies

in the area, were applied to the Queen Creek storm to determine excess rainfall. The excess

12
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rainfall was applied to the unit hydrograph to produce a flood hydrograph. This hydrograph was
then multiplied by .45 in order to determine the 100-year peak discharge. The 0.45 ratio was
determined in the Phoenix Hydrology Part Il Report. The Muskingum routing method was used
to route the subarea hydrographs downstream with velocities of 4 ft/s for overland flow, and 8 -
15 fi/s for channelized flow. These velocities were determined after reviewing both FEMA. and
Greiner work which used actual events to determine fouting velocities. Storage coefficients “X”
range from 0 to 0.5 (0 being overland flow and .5 being direct translation). Natural chamlelr X
values of 0.1 to 0.3 were derived from previous experience with similar terrain. The input file

for the HEC-1 model is presented in table 6.

b. Comparison of Previous Work to COE Methods. A comparison of the above

COE model results and the Greiner model results was made in order to determine whether the
Greiner model presented reasonable results. The following table presents the results which will
be discussed below. The Corps results were determined using two sets of routing velocities.
First with existing conditions (no channelization, col. 4) and then with velocities similar to

Greiner Engineers’ model (col. 5).

13
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COMPARISON OF COE AND GREINER HEC-1 PEAK DISCHARGE VALUES

Location DA Greiner Corps of Engineers Difference
mi’ Engineers
(cfs) (cfs) (%)

Routing Velocity - 8-15fps 4 -5 fps® 715 fps® ---
30N 0.76 970 990 990 2

30N to Happy 0.76 920 910 950 1to2
Valley Road

3 Combined at 31A | 3.47 4300 3400 4000 26108

(1) No channelization |
(2) Velocities similar to Greiner Engineers (with channelization)

(1) Subarea 30N. As shown on plate 5, the Greiner Engineers model
generated a peak discharge of 970 cfs for subarea 30N and the COE model generated a peak
discharge of 990 cfs for a difference of only 2 %. The COE model generated more volume
through the intense portion of the hydrograph and less at the tail end. This is because of the
different rainfall patterns used in each model.

(2) Subarea 30N Routed to CP 31A. The above area hydrograph was
routed about 5000 feet at a rate of 4 fi/s for no channelization and 8 ft/s to match the Greiner
model routing velocity. As seen from the above table and plate 6 which compares Greiner’s
resulting hydrograph with the COE 4 fps hydrograph, the two model results are still very close.
As seen in plate 6 the Greiner hydrograph was not attenuated as much as the COE hydrograph
because of higher routing velocities. Because routing becomes increasingly important as one

moves downstream on the fan, discharges beyond the fan apexes were not determined using

14
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Greiner’s report for without project conditions.

(3) Three Combined at CP 31A. Plate 7 shows the combined hydrograph
of threer subareas generated and routed to Pima Road and Happy Valley Road as determined first
by Greiner Engineers and then by the COE using routing velocities of 4 & 5 fps. It can be seen
that even with different methods of analysis, the end result is that Greiner Engineer’s hydrograph
is within 26 % of the COE. The Greiner Engineers hydrograph is larger partly because each
subarea (other than 30N) had a higher peak, and partly because Greiner routing velocities were
higher and thus caused more critical combining of the subarea hydrographs. For purposes of a

reconnaissance level study, this is reasonably close and therefore the FEMA/Greiner peak

_ discharges were used down to the apex of the fans. Beyond the fan apex, without project

discharges were not readily available. See III.B. for a discussion of additional locations.
c._Adoption of Previous Work. The peak discharges from FEMA/Greiner will be
used for locations down to the delineated fan apexes for all frequencies for present and future
conditions with adjustments made for rounding using engineering judgement. See plate 2 for
location and table 1 for a summary of discharges. For a discussion of other frequencies, please
see Section LB.3., and III.,A.,3.(following). Discharges for additional locations Were determined
as described in Section IIIB
3. Discharge - Frequency Curves. In order to determine the viability of other
frequencies determined by local interests and accepted by FEMA, a comparison of different
discharge-frequency curves was made.
a. The City of Scottsdale used the 2-year and 100-year peak dischargeé along

with an assumption of zero skew (as recommended by FEMA) in order to determine other
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frequencies for each location. Of the nine fan locations presented in table 1 (fan 1 - 4) the

| average 2-yr/100-yr ratio was determined. Given Q,y, = 10,000 cfs and this information, an

average curve shape was drawn as shown on plate 8. Also shown are the upper and lower limits
of this curve given the same Qo = 10,000 cfs. Because the terrain varies from one fan area to
another, a wide range of frequency curve slopes resulted. Physical characteristics such as length
of watercourse, slope, and basin - n effect how the subarea hydrograph will be shaped for each
subarea. They also effect peak discharges differently for large versus small storms.

b. The COE discharge frequency relationships presented in the Hydrology Part I

Report were determined through a frequency analysis of actual runoff data from an urbanized

~area near Phoenix. The ratios are as follows:

N-Year N-yr / SPF

SPF 1.0

100 0.45
50 0.32
25 0.21
10 0.12

This relationship is plotted on plate 8.

¢. The Regional Method for Pima Courigf applies several equations with

drainage area as a variable in order to define a discharge-frequency curve. The equations read as

follows.

* Reference - “Estimation of Magnitude and Frequency of Floods in Pima County, AZ
with Comparisons of Alternative Methods.” A Water Resources Investigations Report 84-4142
by U.S. Geological Survey, August 1984, pg 7. _

16
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Log RQ,=2.051+0.551{log D.A.) - 0.011(log D.A.}

Log RQ,; = 2.648 + 0.605(log D.A.) - 0.045(log D.A.)

Log RQ,,, = 3.08 + 0.643(log D.A)) - 0.066(log D.A.)

Log RQge = 3.297 + 0.662(log D.A.) - 0.077(log D.A.)
These equations are approximations of the full equations which have area, mean elevation, main
channel length, slope, and shape factor as variable inputs. For purposes of frequency curve
shape, the approximate method was sufficient. A drainage area of 10 sq. mi. was used in the
above equations and the results plotted on plate 8.

d. A comparison of these discharge frequency curves is presented in plate 8.

They were based on an area of 10 square miles, ora 100-3}ear peak discharge of 10,000 cfs as
indicated on the plate. The COE and Pima County curves_indicate that WRA generated and
FEMA accepted 2-year discharge is too small. However an actual event on McDowell Mt. Lost

Dog Wash, in which at least a 2-year rainfall event (unknown time frame, but typical storm for

the area) was recorded, generated runoff which was observed to be nondamaging, The recorded

rainfall was put into the 1992 runoff model, and discharges of a similar magnitude to that
observed were generated.® In addition, the COE curve represents a fully developed area which
would cause the more frequent events to be higher than an undeveloped area such as North |
Scottsdale. Also important is the fact that recent (10-year) history seems to indicate that the 2-
year discharges generated by WRA and accepted by FEMA are more reasonable. Therefore, the
discharge frequency relationships adopted by FEMA will be adopted for the reconnaissance level

of this study for the fan apexes, and the average FEMA discharge - frequency relationships wiIl_

¢ Reference - conversation with Robert Ward in Sept. 1995 (previously of WRA).
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be used across the fans.. Additional research and analysis by the COE during the feasibility

study will most likely derive a curve which is between the FEMA and COE curves.

B. HYDROLOGIC ANALYSIS FOR ADDITIONAL LOCATIONS.
1. 100-Year Present Conditions.

a. Fan Areas. In order to determine 100-year discharges downstream of the fan
apexes (plate 2), a discharge to drainage area curve was developed. 100-year peak apex
discharges from the Greiner reports were plotted on the enveloping curve of peak discharges in
streams in the Phoenix area (plate 9). A curve was then drawn through these points and parallel
to the existing enveloping curve for present as well as future conditions. Using this curve may
result in slightly higher discharges for locations with greater than 20 mi’ drainage areas, however
this was the best information available at the time.

1. It should be noted that 100-year peak discharges downstream of the fan
apexes were available from the Greiner study with a channel project, but without proj ect were
not. In addition, revising Greiner Engineers’ model to reflect present without project conditions
would have been too complex for this level of study.

2. In order to determine the actual 100-year peak discharges along
strategic lines (plate 1), the contributing drainage area was determined using the WRA subarea
map (plate 11) while taking into account subarea delineation changes which occurred after the

WRA Report (ref. Greiner Hydrology Reports dated Feb 1995 for an explanation of subareas).”

7 For each line of discharge, a unique drainage area was determined. Where the line
stopped part way through a subarea, a portion of that subarea was included relative to the
proportion of frontal which it represented.

18




The peak discharge per square mile was then determined from the discharge/drainage area curve
(plate 9), and consequently the peak discharge by multiplying the above number by the drainage
area. The resulting peak discharges are presented in table 2. |

b._ Fans 5 - 6. Discharges for fans 5 and 6 (plate 1) were taken from the Coe &

Van Loo Consultant’s September 7, 1994 report titled Floodplain Delineation Study For

Distributary Flow Area: Wash 6A, Discharges are presented in tables 2A and 3 A, and flood

lines are shown on plate 1. The discharges were determined using the same modeling
procedures as previously discussed and used by Greiner Engineers. However, the area was not
consideréd to be a fan, so modeling of the area was continued past the APEX location by
designating specific flow paths for each stream.

2. Discharge - Frequency Ratios. N-year to 100-year ratios for new concentration
points were determined by compiling n-year to 100-year ratios of FEMA’s report (discharges
shown on table 1) and adopting specific ratios for each frequency (plate 10). The peak

discharges derived from these ratios are listed in table 2. The adopted ratios are as follows.

N-Year N-Year/100-Year
500 3.285
100 ' 1.0
50 0.5596
10 0.1110
2 0.0082

3. Present Versus Future Conditions. The Greiner Engineers Study determined 100-
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year future conditions peak discharges by adjusting the percent impervious cover values in the
HEC-1 computer model to account for development. These future conditions peak discharges
were pIotted on plate 9 as were the present conditions discharges. With few points to go by, the
discharge - drainage arca curve was drawn parallel to the present conditions curve. The future
conditions 100-year peak discharges were then determined in the same way as the present
conditions. The same N-yr / 100-yr ratios were used for future conditions as present conditions
(ref. H1.b.2.).

It should be noted that Greiner Engineers also modified the model to account for a
proposed freeway system (Outer Loop) and other assumed future hydrologic barriers. However
the COE did not include such assumptions because the designs are not completed. Thus only
concentration points upstream of these future structures were used to determine the above future
/ present conditions ratio..

4. Results. Peak discharges for without project conditions are presented in tables 2-3,
and their locations are shown on plate 1. They include present and future conditions for the 2-,
10-, 50-, 100-, and 500- year frequencies. Discharge-frequency curves for concentration point
OF7 and at the C.A P. for the Rawhide Wash fan are shown on plate 10. It can b.e seen that the
future conditions curve is parallel to the present condition as is expected based on how they were
developed. It would be more accurate for the lower frequency future conditions discharges to be
further from present conditions than that of the higher frequencies, however no information
exists to determine the extent of the separation. The future conditions lower frequency (2-year) |
discharges, although slightly low for future relative to present conditi.ons, may or may not result

in slightly lower future without project damages which would result in a conservative
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(underestimation of a) benefit to cost ratio. All discharges are considered reasonable for
reconnaissance level work. Should this project proceed to feasibility level, a COE runoff model

will be required in order to complete the hydrology.
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IV WITH PROJECT

A. PROJECT FORMULATION.

Several flood control projects have been considered and formulated by local interests.
From these project proposals, the study team considered several different combinations of
channels and detention basins. However, only one project (alternative C) has been studied in
detail because, through engineering judgement, it was determined to be less expensive than other
project alternatives being considered. For further information on other alternatives considered,
please see chapter 5 of the main portion of this report. The following discussjon describes a

comprehensive system of five channels, and one detention basin as shown on plate 12.

B. Desert GREENBELT PROJECT.

This proposed project (described in detail in the main report) consists of three channel
systems which carry flows safely from the fan apexes through North Scottsdale and to the
Central Arizona Project (CAP) detention basins. |

1. Reata/Beardsiey Washes. The Reata and Beardsley Natural Channels capture flow

from fans 1 and 2, and combine them at Bell Road just east of 96th Street where the flow _

————_ Y. =

continues southward to the CAP (see plate 12). These natural channels will be contained by
constructed berms placed strategically so as to contain the future conditions 100-year event.

Discharges weré computed and presented in the Scottsdale Desert Greenbelt Reata Pass

/Beardsley Wash Hvdrology Report by Greiner Inc. dated February 1995. These discharges

(table 7) were generated as described in the Without Project Section of this report, and have been
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accepted as reasonable for reconnaissance level analyses.

2. Pima Road Channel. The Pima Road Channel will be a concrete channel along Pima

I

Road from Jomax Road down to the CAP. It will capture flow from fan 3 as well as flows

generated between Reata Channel and Pima Road. The dxscharges (table 7) for t}us channcl

were also developed by Gremer Inc (documented in the City of Scottsdale Desert Greenbelit

.Prolect Pima Road Channel Hydrology Report, dated February 1995) and accepted for

——

reconnalssance levei purposes as descnbed in the Wlthout PrOJect Sectxon of this repoat. In

addmon to the channel a water park south of Umon Hills and west of Pima Road will reduce the

bt S (O S P

e e o e ATV o TS gy PP PR o

peak from 7500 cfs to 2300 cfs. The outﬂow follows a channel down toa CAP detention site. "

P e by R A TR g st IR v T

C. RAWHIDE WASH DETENTION BASIN.

1. Location. The Rawhide Wash FEMA flood zone begins at 96th Street near
Dyna}nite, but remains containable down to Hayden and Deer Valley Road. Down stream of this
point, the uncertainty of the direction of flow make capture difficult. Although delineated flood
flows begin upstream (East) of Pima Road, an additional drainage area contxibufes to the flood
ﬂowe west of Pima and north of Jomax. In addition, undeveloped State land is located between
Pima and Hayden Roads and north of Jomax. This was the upstream most site available which
could capture the flood producing flows from each contributing stream. The fan begins to
spread out at Happy Valley and Hayden Roads. The proposed reservoir was therefore Iocated

north of Jomax, south of Dynam:te, and between Hayden and lea Roads

2 Stmcture. The 100-year inflow to the detention basin is 12, 400 cfs and outflow was
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be reduced to 380 cfs. This discharge will be small enough to ensure that runoff on the fan will
remain below one foot in depth. The alignment of the structure and the storage-elevation

relationships were taken from CH2M HILL’s report titled Rawhide Wash Detention Basin

Feasibility Study Final Report for Rawhide Wash Regional Improvement Committee, dated

March 1995. Of the four alternatives ﬁresented in the report, alternative 1 was chosen because it
1.) avoided an archaeological site, and 2.) resulted in the least outflow from the dam which
would reduce the cost of any downstream channelization. The elevation-storage relationships
and outlet equations are presented in table 8, and the inflow and outflow hydrographs are shown
on plate i3. The Hydrograph for Happy Valley Road is presented on plate 14.

3. Downstream Flows. Because the goal of the project is to reduce flows to less than
one foot for the 100-year event, laterals to the Rawhide Wash downstream of the detention basin
were not included unless overland flows with project exceeded one foot in depth. Downstream
discharges were confirmed to be less than one foot by using the methods described in the without
project section of this report and plate 9. Computations and results are shown on plate 15. Since

depths remained less than one foot with the detention basin, no laterals were included in the

design.

D. CHANNELS FOR FANS § AND 6.

1. Location. Fans 5 and 6 have been modeled t&CHzM I-I[[:%”z{i;s desctibed in the

without project section on fans 5 and 6. No known hydrology existed for a w{fﬁwpf(')j‘et:t ~ Cae \, AL
O

condition. Two channels were studied which follow the alignment shown on plate 12. Channel R/ ?":m ’
Cor Vor Loy,

5 begins at the intersection of Dixeleta and Scottsdale Road, where laterals 1 and 2 bring runoff
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from ¥; mile north and % mile east. The channel runs southwest to 1/4 mile past Dynamite Road

after which it runs west to Cave Creek Road where discharges are released to the Cave Creek

" Reservoir. Channel 6 begins with an inlet structure east of 64th Street, and between Dixileta and

Lone Mountain. This channel runs southwest to the confluence with Channel 5 at 2 mile

beyond Tatum and Dynamite.

2. Channel and Lateral Design Discharges. Design discharges were taken directly
from the without project analysis. Potential lateral locations were selected without modeling
additional flow to the main channels, and the necessity of the laterals was studied. Laterals 1
and 2 (plate 16) capture and direct flow into channel 5, however no laterals were proposed for
the inlet to channel 6 because an inlet structure was determined to be sufficient to capture the
intended flow. Discharges into laterals 3, 4, 5, and 6 were determined using the same Corps
methods (described in HI.A.) used to check the previous hydrology in the area. Basin parameters

and routing are presented in table 9.

a._Laterals 3 and 5. Discharges contributing to laterals 3 and 5 were dg:fermined in order
to assess whether depths exceeded one foot pﬁor to reaching the lateral. The one foot depth was
determined as the requirement for constructing a lateral because the goal of this project was to
get the area out of the FEMA flood delineation zone in order to reduce flood proofing costs.
Discharges and resulting depths are presented in plate 16. Manning’s n of 0.075 was
recommended by Hydraulics Section, however a Manning’s n of 0.15 was also checked since the

0.15 was used in the Phoenix and Old Cross Cut area in previous studies. Even the extremely
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high n 0f 0.15 did not result in depths which exceeded 0.5 feet in depth. Therefore laterals 3 and

5 were eliminated.

b.. Laterals 4 and 6. Discharges to laterals 4 and 6 (plate 16) were then determined by

routing the discharges from subareas at laterals 3 and 5, and combining them with flows
generated from the additional area. Again with a Manning’s n of 0.075 or 0.15, the depths did
not exceed 0.5 feet so laterals 4 and 6 were eliminated from the channel design.

¢. Elimination of Lateral Chanpels. Although it is evident that such laterals may be

requested by local agencies or developers, this study has determined that they are not required to

achieve the goal of the project and were therefore not included in the project plan.

E. SUMMARY AND RESULTS.

The discharges shown in table 7 and plate 12 present a comprehensive plan to reduce
100-year flood depths to less than one foot. The discharges determined using Greiner’s or
CH2M HILL’s models will be subject to Corps modeling during the Feasibility stage of this

study. For reconnaissance level studies, the results are reasonable.
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TABLE 1

DISCHARGE FREQUENCY RELATIONSHIPS
USED IN FEMA’S 1993 FIS - (PRESENT CONDITIONS) ¥

FAN 1A 1.46 14,981 4083 2148 348 17
CP 2070 15,000 4100 2200 350 20
FAN 1B 179 15,663 3661 1787 234 8
CP 2051 16,000 3700 1300 240 10
FAN2A 0.80 7572 2036 1063 169 3
CP 2000 7600 2100 1100 170 10
FAN 2B 787 29,836 9949 5782 1243 97
CP 51 30,000 10,000 5800 1300 100
FAN 3 0.46 3021 887 482 36 5
CP 35N 3000 900 500 90 10
FAN 4A 0.63 3544 1360 848 292 24
CP 258 3600 1400 850 220 30
FAN 4B 0.78 3620 1210 706 153 12
CP 25N 3600 1200 710 160 10
FAN 4C 1.78 10,918 3629 2108 452 35
CP 24 11,000 3600 2100 450 40
FAN 4D 9.70 20276 6912 4062 901 74
CP212® 20,000® 69009 4100@ 900 80@
— 3.285 1.00 0.5596 0.1110 |- 00082
et ———

@ Lower number is rounded from reported number above it. Concentration points are shown on plate 2.

@ Superseded - These discharges were revised by Greiner Engineers Rawhide Wash Study dated 1994, The revised
discharge of Q0= 10,000 cfs has a 13.81 mi® drainage area because of additional contributing drainage area to the
same CP. Refer to.CP OF7 in table 2 for approximate revised discharges for all frequencies,

® Average of n-yr/100-yr ratios from above rows.
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_TABLF 1A.
DISCHARGE FREQUENCY RELATIONSHIPS

USED IN FEMA'’S 1993 FIS - (PRESENT CONDITIONS)?
(Additional CP’s provided by Scottsdale.

Lower number is rounded from reported number above it.)

FAN 5R 3.09 2849 28 8400 1700 3500
CP 1477 2900 30

FAN 6R 332 3382 18 12,000 1900 3400
CP 1441 3400 20

FAN 6R 0.43 562 12 1400 370 100
CP 13908 560 10

FAN 6R 1.49 1475 14 4400 860 190
CP 1392N 1500 20 .

@ These frequencies were not published prior to the R4.
They were determined by using the same procedure that was used for other fans which assumed a skew of 0.
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TABLE 2
NORTH SCOTTSDALE., ARTZONA

DISCHARGE FREQUENCY RELATIONSHIPS
PRESENT CONDITIONS WITHOUT PROJECT

S-47 3.58 17000 | 5300 | 3000 590 43 5300
c48 7.46 30,000 | 9300 | 5200 | 1000 76 9300
C-51 OR C-50 APEX 7.87 30,0000 | 10,0000 | 58000 | 13000 | 970 | 99490
R4 AT §-2005 8.82 s6000 | 11000 | 6200 | 1200 | 90 11,000
R3 10.01 33000 | 10000 | 5600 | 1100 82 10,000
B4 1.84 13000 | 3900 | 2200 430 32 3900
B3 1.52 7900 | 2400 | 1300 270 20 2400
| %{"T 10.73 31000 | 9300 | 5200 1000 77 9335
g‘;jg"f 11.75 37000 | 11000 | 6200 1200 02 11,163
e T 2248 56000 | 17000 | 9600 | 1900 140 | 17,085
- . _____ |
MAX ATR2 @ 11.56 33000 | 10000 | 5600 1100 82 10,000 |
MAX AT B2 @ 15.49 43000 | 13000 | 7300 1400 110 | 13,000
e OF 19.18 56000 | 17000 | 9500 | 1900 140 | 17,000
- - |
AT 1533 43000 | 13000 | 7300 | 1400 110
A AT 17.73 46000 | 14000 | 7800 | 1600 110
29




N-YR/100-YRRATIO " —lanp s 3285 e op 192096 | O LTI R0 TR
I . ‘ COMB. MAX. OF
] _ ]
SRl ® 25.19 59000 | 18000 0100 | 2000 150 18,000
l CAP. 16.20 46000 | 14000 | 7800 - | 1600 110 14,000
West of Pima Rd. ’ 4
C.AP. 18.32 49000 | 15000 | 8400 1700 120 15,000
l East of Pima Rd. ’ s
3) l
l OF1 1.94 12000 3600 2000 400 29 3575
I ggfi 227 11000 3400 1900 380 28 3431
@ '
. ‘S)g"; ’ 1.41 $000 2400 1300 270 20 2400
, 8172‘:5 3.68 18000 | 5600 3100 620 46 5569
(3)
l OF> 3.84 18000 5500 3100 610 45 5478
OF6® |
13.70 34000 | 10000 | 5800 1100 80 10,335
(&3]
l OF7 13.71 34000 | 10000 | 5800 1200 90 10,400
l RAW4 15.89 36000 | 11000 | 6100 1200 90 10,964
RAW3 22.80 52000 | 16000 9000 1700 130 15,732
l RAW2 25.83 58000 | 18000 | 9800 1900 140 17,564
I RAWI 33.05 67000 | 20000 | 11500 | 2300 170 20,491
C.AP. from
. B o Toibutarv. 34.18 70000 | 21000 | 11900 | 2400 170 21,192
(1) Discharges taken from FEMA’s FIS dated 1992,
, (2) COMB.= combined : MAX.= maximum
/] (3) Discharges interpreted from Greiner HEC-1 model.

(4) This column was used for computations in table. Use column 4 for 100-yr discharges.
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TABLE 2A.

NORTH SCOTTSDALE, ARIZONA
DISCHARGE FREQUENCY RELATIONSHIPS
PRESENT CONDITIONS WITHOUT PROJECT

FANS 5 AND 6

1

?1;52110 >626 | 9200 2800 1600 310 23 2799
215522; oA 560 | 8800 2700 1500 300 22 2689
?1;563“ 467 | 6400 2000 1100 220 16 1950
FL34 425 | 3600 1100 600 120 9 1105

2

el 1586 | 7800 | 2400 | 1300 | 260 | 20 2380
e s 1497 | 10000 | 3000 | 1700 | 340 25 3034
| ot 756 | 8100 | 2s00 | 1400 | 280 | 20 2480
i b 10D 218 | so0 | 2700 | 1500 | 300 2 2662
l 0 601 | 680 210 120 23 2 207
i
i
1
i
l 31




TABLE 3.
NORTH SCOTTSDALE, ARIZONA

DISCHARGE FREQUENCY RELATIONSHIPS
FUTURE CONDITIONS WITHOUT PROJECT

:

S-47 3.58 19000 5800 3200 640 43 5800
C-48 7.46 36000 | 11000 | 6200 1200 90 11,000
C-51 OR C-50 APEX 7.87 36000 | 110000 | 6200 1400® | 1009 | 11,100
R4 AT S-2005 8.82 39000 | 12000 6700 1300 98 12,000
R3 10.01 36000 | 11000 6200 1200 90 11,000
l B4 CP-C2132 1.84 13000 4000 2200 440 33 4000

MAX AT

3800

A 10.73 34000 | 10000 | 5800 | 1200 8s | 10,408
T 11.75 41000 | 12000 | 7000 | 1400 100 | 12455
e 2248 63000 | 19000 | 11000 | 2100 160 | 19,108

MAX AT

AT 1156 | 36000 | 11000 | 6200 | 1200 9 | 11,000
AT 1549 | 49000 | 15000 | 8400 [ 1700 | 120 | 15000
SO . OF 1918 | 62000 | 19000 | 11000 | 2100 | 160 | 19,000

R] @ 15.33 49000 15000 8400 1700 120
Bl @ AT 17.73 53000 16000 9000 1860 130
32
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(1) Discharges taken from FEMA’s FIS dated 1992.

(2) COMB = combined : MAX. = maximum
(3) Discharges interpreted from Greiner HEC-1 model.

COMB. MAX. OF
B 25.19 66000 | 20000 | 11200 | 2200 160 | 20,000
|

C.AP. 1620 53000 | 16000 | 9000 1800 130 16,000
West of Pima Rd. : » .
CAP. 18.32 56000 | 17000 | 9500 1900 140 17,000
East of Pima Rd. ; y
OF1 1.94 12000 | 3800 2100 420 31 3777
OF2 AT
ey 227 12000 | 3600 2000 400 30 3621
OF3 AT
b 141 8000 2500 1400 280 21 2507
OF4 AT
i 3.68 19000 | 5800 3300 650 48 5820
OF>5 3,68 18000 | 5600 3100 620 46 5626
OF6

13.70 40000 | 12000 | 6900 1400 100 12289 ||
OF7

13.71 40000 | 12000 | 6900 1400 100 12,300
RAW4 15.89 41000 | 13000 | 7000 1400 100 12,553
RAW3 22.80 59000 | 18000 | 10000 | 2000 150 18,012
RAW2 25.83 66000 | 20000 | 11000 | 2200 170 | 20,147
RAWI 33.05 77000 | 23000 | 13000 | 2600 190 | 23466
CAP.

34.18 80000 | 24000 | 14000 | 2700 200 | 24268

(4) Diversion of areas 22-25 only occurs in present conditions.
(5) This column was used for computations in table. Use column 4 for 100-yr discharges
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TABLE 3A.

NORTH SCOTTSDALE, ARIZONA
DISCHARGE FREQUENCY RELATIONSHIPS
FUTURE CONDITIONS WITHOUT PROJECT

FANS5 AND 6 ¥

?1;52110 : >626 | 10000 3100 1700 340 25 3107
211;52210 " 560 | 9800 3000 1700 330 24 2985
EII;SSWR 467 | 7100 2200 1200 240 18 2165
EII‘,S:ER 425 | 4000 1200 690 | 140 10 1227
7=
g;ﬁél Al 1586 | 8700 2600 1500 290 22 | 2642
(1::[563135 14.97 | 11000 3400 1900 370 zé 3368
211562121 7.56 | 9000 2800 1500 310 | 23 2753
g‘,‘iél 10D 418 | 9700 3000 1700 330 24 2955
| 2;6340 6.01 760 230 130 30 -2 230

(1) Future = 1.11(Present)




TABLE 4.

NORTH SCOTTSDALE. ARIZONA
FANSSAND 6

100-YEAR PRESENT CONDITIONS

DISCHARGES AND FLOW WIDTHS

;

FL51

CP 210 combined with

CP210 routed CP 300 >6.26 2799 2800 5300
?:11;53 10A gg ;(1)8:ombined v 3.60 2689 2700 3600
R fﬁ;ﬂig’;’g Touted 467 1950 2000 1300
GHUER | paiofareasoD 425 1105 1100 1800

a1 ?j;ﬁf‘?ﬁbed in HEC-1 15.86 23800 2400 5400
FL62 s | Sh I35 Co0peak 14.97 3034 3000 3400
8 gjgﬁf cribed in HEC-1 756 2480 2500 3100
PL6d op | Lt vy between CL1O 418 2662 2700 1200
cp 40 gt ianC'l 6.01 2079 210 400

(1) This is basically FL62 routed with a small area added.

(2) Most water has been diverted westward.
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TABLES.
NORTH SCOTTSDALE. ARIZONA
FANS 5 AND 6
100-YEAR PRESENT CONDITIONS
DISCHARGES AND FLOW WIDTHS ¢

FL61

As described in HEC-1

LA v >626 3107 3100 5300
211;522 10A g g?ggombined e 5.60 2985 3000 3600
P 6W fﬁﬁiﬁi‘g o 467 2165 2200 1300
E‘;SQER SI;,:,? iégr?arggffd 425 1227 1200 1800

CP C141 output 15.86 2642 2600 5400
e cp C13s + C50 Peak 1497 1368 100 00
o ::t;lffcﬁbed in HEC-] 756 2753 2800 3100
2‘1;63, 10D iﬂfc“;%betwem Ci1o 4.18 2955 3000 1200
?56340 ﬁmd:f cribed in HEC-1 6.01 23; 230 400
(1) Future = 1.11 (Present)
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TABLE 6

COE HYDROLOGIC MODEL HEC-1 INPUT

ID NORTH SCOTTSDALE RECON. STUDY

ID 100-YR FREQ. - 6-HR STORM - PIMA RD. AT HAPPY VALLEY RD.
ID JLFISCHER  18JULY 1995 FILE = SCOTT1.DAT

ID VELOCITY =4 FPS.

IT S518JUL95S 0005 192

10 1

KK 30N

KM RUNOFF FROM JOMAX ROAD - SUBAREA 30N
BA 0.76 A5 N

$P 10 34 623 0 22

$U 199 .85 251 035 17

LE038 1 2 0 66

KK 31A '
KM SUBAREA 30N ROUTED TO CP 31A
RM 4 35 2

KK 34R

BA 136 45

$U 2.8 13 186 .035 17

LE038 1 2 0 117

KK 35N
KM SUBAREA 35N
BA 4563 A5

$U 110 06 200 004 17
LE038 1! 2 0 318

KX 34R1

KM ROUTE SUBAREA 35N TO CP 34R1
RM 4 31 1

KK 31A

KM ROUTE CP 34R1 THROUGH CHANNEL ALONG H.V.RD. TO CP 31A
RM 4 36 2

KK 31A

KM COMBINE 2 SUBAREAS (35N AND 34R) ATCP31A
HC 2

KK 31A

KM SUBAREA31A

BA 798 45

$U 161 095 323 035 17
LE038 1 2 0 9.1
KK 31A

HC 3

zZ
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TABLE 7
WITH PROJECT DESIGN DISCHARGES.
100-YEAR FUTURE CONDITIONS

3

2070 Fan Apex 1A 1.46 4100
2140 Southwest of Beardsley Rd. And 104th 2.00 3800
Street
BR (C2160B) Near Union Hills Dr. at T.P.P. 3.06 4900
CR U/S of Reata Channel Near Bell Rd & 3.29 5400
T.P.P.
51 Fan Apex 2B 7.87 11,000
2051 Fan Apex 1B 1.79 3700
AR Upstream of TP.P. 11.69 13,000
DR Uniocn Hills Rd. 12.33 12,000
ER Confl. W/ Beardsley at Bell Rd. 19.27 15,000
FR @ C.AP. 19.50 15,000
AP Jomax R. 0.76 1000
BP Happy Valley Rd. 337 4300
CP. Pinnacle Peak Rd. 4.62 5200
Dp Los Gatos Dr. 5.00 5300
EP Deer Valley Rd. 6.62 6600
FP T.P.P, 7.02 6800
GP Beardsley Rd. 7.87 7300
HP Hualapai Dr. 7.87 7300
P Union Hills Dr. 8.40 7500
RCI1 atC.AP. 1128 2300
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TABLE 7. (Continued)

CP21H Det. Basin Inflow 13.62 12,400
CP21HD Det. Basin Outflow Q 380
cp27 RHW.@C.AP 1.19 2100

—_—

FL54 East Inlet ~ 467 2200
FL53 North Inlet ~425 1200
CHS Scottsdale Rd. To 56th Street ~ 892 3000
CHS5 56th St. to Upstream of Channel 6 ~ 10.75 3400
CH5+6 Confl. W/ Channel 6 ~ 14.93 6800
CHOUT Outlet at Cave Cr. Res. ~ 14.93 6800

FL64

Inlet Structure

4.18

3400

" CH6

U/S of Channel 5

-4.18

3400 I

(1) Ref. FEMA Model where storm centering was smaller and therefore had a larger point rainfall.
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TABLE 8.
RAWHIDE WASH DETENTION BASIN
RATING TABLE

2120.5 0
2121 1.4
2122 11.9
2126 129
2127 19.4
2131 213
2132 28.7
2136 30.9
2138 45.1
21.58 62.6
21.60 64
21.62 653
21.64 66.7
21.66 68.1
| 2168 69.5

Low Level Outlet

Q=caeeh)
Q = Discharge in ¢fs
h = head of water in f.
C=06
A=14.1
e=105
g=3221ts

Outlet Elev. =2122 ft.

40

Spillway

Q=cftn

C=32
L =200 feet
e=1.5

Crest Elev. = 2158 fi.




TABLE 9,
BASIN CHARACTERISTICS AND
ROUTING PARAMETERS FOR
FANS 5 AND 6 LATERALS. \
( Refer to plate 16 for discharge results.)

i

Lateral 3 0.76 1.3 0.65 100 0.03 35

Lateral 4 1.07 1.18 0.59 93 0.03 35

Lateral 5 0.26 L.15 0.58 130 0.03 35

Lateral 6 1.0 2.42 1.21 210 0.03 35

STORM CENTERING (RAINFALL DEPTHS)

DRAIN 0.76,0.26, & 1.26 1.83

633 6.30

CN 2.1 2.1
ROUTING PARAMETERS

3to4 6220 25 - 0.69 8 , 0

ll 5to6 |_ 12,800 2 1.778 21 0

(1) Reference Hydraulics Section for Velocity. (Manning’s n values used in the lateral design were 0.03.).

{2y Muskingum X as described in text for without project.
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DIXILETA
CYNAMITE
JOMAX
HAPPY VALLEY
PINNACLE PEAK
DEER VALLEY
BEARDSLEY
UNION HILLS
BELL/FRANK LLOYD E
WRIGHT BLVD. :
GREENWAY ;
= = 5 :6 £ 5 5
Flood Line L DA Q/DA Q Q/L Depth
(ft) (mi?) (cfs/mi?) (cfs) (cfs/ft) (ft)
WP1 11,700 6.16 1340 8300 71 0.15
WP2 4700 2.63 1700 4500 .96 0.23

WP1 = Flood line along CAP from Hayden to Rawhide Wash.
WP2 = Flood line along Power lines from Deer Valley '% mi east of Scottsdale to Rawhide Wash

NORTH SCOTTSDALE RECONNAISSANCE

1/3 mi north of Deer Valley.
L = Length along flood line
DA =Drainage area
Q/DA = Flow per drainage area from curve on plate 9
Q =QMDAxDA an
d =Depthalong floodline . __Q/L (0.07)

: 1.486(0.0143)1?

where 0.07 = Manning’s n from Hydraulics
and 0.0.43 = slope fi/ft along flow path

SCOTTSDALE, ARIZONA

100-YEAR RAWHIDE WASH FAN
DEPTHS WITH PROJECT
ALTERNATIVE C
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CESPL-ED-HH (335-2-5C) 21 February 1996
MEMORANDUM FOR CESPL-PD-WC, ATTN: John Drake

SUBJECT: North Scottsdale Arizona, Drainage Area Reconnaissance Study (Area's S and 6 and

Review Comiment Responses)

!
!

1. References: | —DR AFT |

I —}

a. Memorandum For Record, "Subject: North Scottsdale Drainage Area, Arizona R-3

Conference, undated memorandum, by Ira D. Young. The conference was held on 19 January

——]

1996 in the Los Angeles District Office.

b. Memorandum For CESPL-PD-WC, "Subject: North Scottsdale Arizona, Drainage Area

Reconnaissance Study”, dated 18 January 1996 by CESPL-ED-HH, Brian Tracy.

l c. City of Scottsdale Desert Greenbelt Project Final Report dated June 1995; developed by the

“Sp——

Greiner Team; 3 volumes.

| 'd. Memorandum For Record, "Subject: Preliminary Hydraulic Designs of Flood Control

Protection for Theoretical Parcels of Land on an Alluvial Fan in Las Vegas, Nevada", dated 1

I August 1989, by Craig Baba.
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e. Hydrology package for North Scottsdale, Arizona: Discharge Frequency Relationships,

Present Conditions and Future Conditions without Project Discharges for Alluvial Fans S and 6;

package dated 29 November 1995,

f. Topographic USGS Quadrangle maps of Arizona at a scale of 1"=2000 feet and 10 foot

contour intervals; Union Hiﬁs (1964), Currys Comer (1964), Cave Creek(1965)
g "Rawhide Wash Detention Basin Feasibility Study" Final Report, dated Mgrch 1993,
h. Text- "Open Channel Hydraulics” by Chow, dated 1959.
i. Text- "Handbook of Hydraulics” by King and Brater, 5th Edition, dated 1963.

2. This memorandum documents the completion of tasks requested by the Study Manager (J chn
Drake CESPL-PD-WC). Specifically, the requested hydraulic support involved the following
tasks: (a.) Response to R-3 Conference questions (ref. 1.2) concerning the flood proofing
chahnel designs that were developed 10 protect typical development complex areas from the
future without project 100 year frequency storm as documented in the 18 January 1996 CESPL-
ED-HH Memorandum For Record (ref. 1. b.); (b.) Support CESPL-PD-WE with flood depth,
discharge and other related overflow information relative to the flood frequency events of the 2-,
~ 10, 50-, 100-, and 500 year storms; (c.) Develop hydraulic designs to protect the development,

located on Alluvial Fans 5 and 6, from the future without project 100 vear frequency storm event.

|08
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Note, the remaining part of the Reconnaissance Study's proposed project conststs of a detention
basin on Rawhide Wash, a concrete channel adjacent to Pima Road from Jomax Road south to the
Bureau of Reclamation retention basins, and improved natural bottom channels on Reata Pass and
Beardsley Wash. These proposed project feature elements were designed by the Greiner Team
and documented in their " City of Scottsdale Desert Greenbelt Project Final Report” dated June

1995 (ref l.c.). The total proposed project is shown on Enclosure 1.

3. Specific details relative 1o the requested work in item 2 above are provided below:

a. Listed below are the original questions(ref 1.a} and our associated responses concerning
the flood proofing designs that were conceived for the protection of typical development complex

mgﬂgn the Reata Beardsley and Rawhide Washes watershed, from the future without project —

100 vear uen m_event:

Question 1 - Discuss justification for Mannings roughness coefficient used for grass lined
channels.
Response 1 - The Mannings roughness coefficient of2.022 was adopted from the grasslined  ——

channel designs that were generated in support of the Las Vegas Feasibility Study (ref. 1.d.).

mes
Question 2 - Review slopes and freeboard used for moat channel designs for reasonableness,
cost assumptions; discuss how they compare with a similar project such as Tropicana/Flamingo.

Response 2 - The proposed project was designed with grass lined channels having channel
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invert slopes of about 0.001, with maximum permissible velocities of approximately 8 feet per
secozg‘.?s;‘he corresponding cross sections geometric dimensions were established for an —
optimized hydraulically efficient condition. The comparable natural channel design from the Las
Vegas Feasibility Study correlated to the "Secondary Channel” system of trapezoidal earth
channels with invert slopes of 0.0027 to 0.0227 and a Manning's "n” value 0of 0.030. The
associated velocities varied from 5 to 11 feet per second.

There is no channel freeboard in the design with the exception of the south and west segments
of the moat channels since the top ofgl\;side banks of these two channel segments functionas  —
weiring outlet features for the full length of their respective channels. The inside banks of these
two channel segments incorporate one foot of freeboard in order to secure an effective weir head.
The concept of essentially leaving freeboard out of the channel designs was to assure that any

drainage exceeding the system's design capacity would cross over and maintain the pre- project

overflow pattern.

Question 3 - Add discussion of why all channel legs were designed 1o carry 100% of the
flow, instead of some percentage of it. |
Response 3 - Since the 100 year frequency flood event can, theoretically (according to |
FEMA), occur at any location or point along the perimeter of the north and east side segment of
the moat channels, then, all of the channels segments (including the interior sections) had to be

commensurately sized to carry the full 100 year frequency storm event.

b. Develop Alluvial Fan S and 6 overflow depths and associated probabilities for the present
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and future conditions without project 2-_ 50-_100-, and 500 year storm events. -

The peak discharge package information (ref. 1.e.) for the above flood frequency events were

provided by CESPL-ED-HE.

The alluvial fans, as shown on Enclosures 2.0 and 2.1, were analyzed by using the Dawdy's
(1979) approach (the details of which are presented in ref. 1.b.). The results for the alluvial fan

flood zones containing Reata, Beardsley, and Rawhide Washes are summarized and enclosed on

Enclosures 3.0t0 3.3

¢ Develop hydraulic desiens (Encls, 4.0 through 4.5) to protect development located on -

Alluvial Fans S and 6 from t re without project 100 freguency storm event.

The study area is comprised of two alluvial fans which are adjacent to each other. They are
located several miles northwest of Rawhide Wash and they are bounded by Lone Mountain Road
on the northside, Scottsdale Road on the east side, Cave Creek Road on the wesgéide, and Happy —
Valley Road on the soulhkide. Information that was used in the design process, such as ground
slopes and flow paths, were extracted from USGS maps ( ref. l.f.).. Manning "n" values
(roughness coefﬁcients))which were used in a normal depth analysis, came from the texts of —
Chow, and King and Brater (refs. 1.g. and 1.h respectively) and from field inspection. The
channel design flow that was usad for each of the fans was 3,400 cubic feet per second (cfs). The

two principle fan channels converge at the confluence near 40th Street, and need to contain a
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combined flow of 6,800 cfs. All of the flood flows from the two fan areas eventually enters Cave

Butte Dam reservoir and/or the Cave Creek Dam recreational area.

The following are some of the major design features of the proposed project associated wirh
the detail plans contained in Enclosures 4.0 though 4.5:
- Concrete channels convey the flood waters from the upstream to the downstream end of
both fans and were either developed‘;‘;y‘contain the following features:
(1) Rectangular cross sections.
(2) Mannings Roughness Coefficient of 0.014.
(3) Flow velocities maintained with Froude numbers >>1.

(4) An assumptive requirement of approximately 13 new bridges over the major roads within

the study area.

- Swale channels catch the surface runoff (upstream bank is at ground level) and then transports
the water into debris basins (Jocated at the upstream end of the concrete channels). The critical
hydraulic design parameters associated with this study element were:

(1) Maintenance of a subcritical flow velocity limit of approximately 6 feet per second (fps).

(2) Mannings coefficient of roughness of 0.035.

(3) Earthen trapezoidal cross section, planted with selected gfasses and conveniently spaced
small desert plants. |

(4) Channel cross section side slopes of 10:1 for the larger channels and 3:1 for the smaller

ones.

OL (300 AWad SMN» 8H-03-7d530 Woad 3l _9661~EZ—EB$
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(5) Channel slopes that varied between 0.005 and 0.008.

- Debris Basins are located at the inlets of the concrete channels. The principle hydraulic
design parameter for these basins are: |
(1) Volume of each debris basin was calculated by using the Rawhide Wash average annuaj
detention basin sediment yield (3.9 acre-feet/year) multiphied by the ratio of each drainage area

to the Rawhide Wash drainage area (ref. 1.2.)

(2) Assumption that the basins will be immediately cleaned out and readied for full use before -

the next design event storm occurs.

- Other Structures that would be required to facilitate the overall design invélved the following:
(1) Outlet structure near Cave Creek Road and Jomax Road.
(2) Confluence structure near 40th Street.
(3) 36 inch diameter RCP drain with a 48 inch CMP perforated riser in each debris basin,

(4) Transition structures(four).

4, | If you have any questions or need further assistance, please contact Theodore Yee at X6993,

BRIAN G. TRACY, PE

Chief Hydraulics Section

g8e'd PORCOLPPILIE. 0L (300 AWdY S oH-G3-TdS30 WOd2 SE:d1  SeeT-g2-d3d




CF (wo/encl)
CESPL-ED
CESPL-ED-H
CESPL-ED-HE

CESPL-ED-HH

58°d POBZ2LPPILIE

0L (30 AR ST 3H-03-1d5ED  WOEd 9E:eT 9661-£2-834

TRACY
CESPL-ED-HH
MASHBURN
CESPL-ED-HH
YEE

CESPL-ED-HH




MAES

M

1 Janupiy 1996

-~

ket
e
=
W
34
Be
Qw
WR
g2
3
1)
=
[4]
2]

CORPS OF ENGINEER!

VICINITY MAP
AREA COVERE BY MAP
LEGEND
( Detention Basin
Ovllet Syvdure
LOS ANGELES DISTRICY
SOUTH PACIFIC DIVISION

= linproved Natmal Rottom
Channet

~- Concrele Chonoel
== Gty Doundary
<> CAP. Relenlion Basin
L ol with Debris Dasin/
ALTERNATIVE C

Bridpe
<=+ Coleclor

SCALE
i3

GENERAL INVESTIGANONS-SUIVEYS
FLODD DAMAGE PREVENTION STUDIES

m £
: N
%8 3
&3 >
e rese ...Jl.lllqllamw.. ! 2 A5 S0
: : : : a&;
: : % S&: \
H H . " a../). i
.m..u...-n-un”r- entna e “ y . - - -.14.-‘|..“.c¢.|.n.:m..-4.-...;“-. L& W0
; : : : 2 Ve
. . ] v » o
G S . { 2 ; =
[l I H a u -
. H ! : ) |l a8 . h .
-“\ crmuen .m. -a -.-m...-....-c_“a.:.-:...A::..:.. revaduar .‘mh stafducnaenen, 4 4.:.M naae % o b .n. 19w
’ . , N Lo -1 - *,
: : : ; .mw 3.7 NS
: ' H M L8 IR H .
' : H H [ =4 4 § % . f :
: fv | ra—
M @< o : »
: “s k :
: : \ il k ;
' < H !
RS OO IO 5§ N NS RS B | A
P /- AR
. . T
; | / 31v0511005 30 Ao

XIN3OH4 20 ALID

_ i
14
e v o N S
: N
! R L

T
H
. .-__-:-u...--.-.\:- seesssmevadisascarnsabrnesntboaiofhifhocdinncerenrp - 199

st rvrgmaremeny

Rawhide Wash
Flood Zone

frorfoenes tMetarevapenlo. S

AL

135wy

cemmmumagmrr i tet P RATE

.
*
[l
1
1
.
1
.
B N IR LR LR R L E P L £
.
1
1
'
3
.
.

i W
: : 5
[ ] TR LE LR L LT LI P PP LSRR TE LY (LR . ..N. a5 el
g
&

e Ol fxym

A, e e,

»
fasasmmnnrapaass seeragreviadTan
.

/s

mvemsauenhe s2da

-
o s ot P

sessrneens]

#5904

P I TR Y &
»

b rvsrrrreobvecunvssnyrntvanana
.

WREHT BUVD,
CREEMANY

Mo
3
ENCLOSURE 1.¢

0L (30D AWdG SM) aH-G3-1dS33  WOd¥d  aE:LT  9B61-EC-H3d

CARLFREE HV/V
OOVE VALLEY
LOME BOUIAN
DUILETA
S0UAR
HAUPTVALLEY
PHOVLE PLAY.
BEARDSLEY
UNION HELS

U. S. ARMY ENGINEERING DISTRICT

ar°d PORESLPPTLTE




e

Wodd oE:4T 9661-E£2-834

[8)
m
n
0
fl
m
ﬂ
I
1
m
o
1y
D
A
i ¢
-
@)
o
m
L

oL

7IRESLPPTLIE

T1°d




P.12

917144762064

7O

m
L
[m]
(=
VI
E
o
a
21}
o}
A
o
n“n
=)
_..“._
=t
[
n
L
o

FEB-23-1996 17:33 FROM




P.13

917144762064

TO

~
w
Vl
&
a
171]
pou |
st
B 14
T
a
5
-t
T8
n
Lt
L

FROM

H
/

FEB-23-1396 17:48

g

-
*a
K
w . -
- " »
'y
B d
.,
* .
s
- s

garyae e

- &
: i

N

-~

ol o LA
- .

oyt

\,

fon:

“ ., e m—y
T

mT kl\l}MV\)\()ili\JS(

VAN o
% JHUNSOTONI

H

]

L

L

s 2

-

:*ﬁn-.
}
4

%



P.14

917144762064

10

')
w
Q
(W)}
>r
E
14
a
11}
o
s
44
n“n
[}
_.“._
ﬂ
wn
wl
L

FEB-23-19%6 17341 FROM

amtmagarasna

Nrerbrsmmeneniransforaragen




- TABLE 1

NORTHSCOTTSDALE FANS
PRESENT CONDITIONS W/O PROJECT

Cross Freq- Annual | Discharge | Depth | Velecity | Width Floodplain
Section uency in | Exceed- { incu infeet | inftsec | infeet . Width
in River years ance ft./sec. in, feat *Pc% | *YPy%
Miles from Probab- (Q ®) M W) W)
Jomax-40th ity
Intersection &)
2.9Mi 500 002 9200 2.7 9.0 381.2 5300 7.2 014
100 010 2300 17 7.1 2389 45 045
F1.5} 50 020 1600 13 6.3 1894 3.6 072
10 100 3i0 Q.7 4.3 98.2 S ) 190
2 500 23 .02 2.7 34.7 0.7 350
500 002 8300 26 3.9 3745 3400 11.0 022
3.5, 100 010 2700 1.7 7.0 2334 £.9 069
50 020 1500 13 6.2 184.5 5.4 108
FLS2 10 100 300 07 4.5 96.9 2.9 290
21 500 2] 02 2.7 34.1 10| .500
500 .002 6400 23 83 329.7 1300 254 051
4.5 ML 100 010 2000 1.3 5.9 1987 153 133
50 020 1100 1.2 59 163.0 123 2350
FL33 10 100 220 06 42 856 8.8 660
2 .S00 16 02 25 300 23 1.150
5001 | .002 3600 19 74 261.9 1100 233 048
4.4 M. 100 010 1100 1.2 5.9 163.0 138 ] 148
50 020 600 09 52 127.9 116 232
FL54 10 100 120 03 38 6722 6.1 £10
2 500 9 0.2 22 238 , 22} 1100
*CAP = Central Arizona Canal

*P¢ = Probability that any point (flow width) on the cross section (floodplain) width will be

flooded given that the n-year event occcurs.
**Py = Probability that any point on the cross section will be flooded in any given year by the n-

year event Or greater.
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TABLE 2

NORTHSCOTTSDALE FAN S
FUTURE CONDITIONS W/O PROJECT

Cross Freq- Annual | Discharge | Depth | Velocity | Width Floodplain
Section uencyin | Exeeed- |incu infeet | infl/ssc | infeet Width
in River years | ance ftisec. in feet *¥Pc% | **Py%
Miles from { PF obab- Q@ D) v W W)
Jomax-40th -
Intersection CPC)
500 .002 10000 28 9.5 3782 5300 7.1 014
29M. 100 Q10 3100 1.7 75 2387 43 043
50 020 1700 14 6.7 186.2 33 070
FL51 10 100 340 0.7 6.8 978 1.8 183
2 500 23 03 29 344 Q.6 323
500 002 2800 23 9.4 3752 3400 11.0 022
ISMi 100 010 3000 17 7.3 233.7 6.9 069
50 020 17060 14 8.7 186.2 5.5 110
FL32 10 00 330 0.7 4.3 6.6 23 284
2 500 24 0.2 28 33.9 10 598
560 002 7100 24 89 3293 1300 25.4 051
4.5Mi, 100 010 2200 15 7.0 206.4 159 139
50 020 1200 1.2 6.2 162.0 12,5 24%
FL53 10 200 230 0.6 45 851 6.5 654
2 500 13 0.2 27 302 23] 1181
500 002 4000 1.9 7.9 262.1 1100 23.3 048
4.4Mi. 160 010 1200 1.2 6.2 162.0 ' 14.7 147
50 020 650 1.6 56 1298 118 236
FL54 ' 10 100 140 0.5 4.0 68.6 &2 623
2 500 10 0.2 24 23.9 22| 1.085

"CAP = Central Arizona Canal

*Pc = Probability that any point (flow width) on the cross section (floodplain) width will be
flooded given that the n-year event occcurs. '
**¥Py = Probability that any point on the cross section will be flooded in any given year by the n-

year event or greater.
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TABLE 3

NORTHSCOTTSDALE FAN 6
PRESENT CONDITIONS W/O PROJECT

Cross Freq- | Anmual | Discharge | Depth | Velocity | Width Floodplain
Section uency in | Exceed. [ incu. infeet | inRfsec. | infeer Width
in River years ance ft./sec. in feet *Pc¥ | **Py%
Miles from Probab- | (Q) ) W Wy (W2
Jomax-40th ity
Intersection (Pc)
500 002 7800 2.5 5.0 3424 5200 6.6 013
0.7 Mi. 100 010 . 2400 1.6 71 213.7 4,1 041
S0 020 1300 1.2 6.3 167.2 3.2 064
FLS) 10 .100 260 0.6 4.6 87.3 17| 169
2 500 20 0.2 2.7 315 0.6 303
500 002 10000 2.8 2.5 373.2 3600 10.5 021
1L.oMi 160 010 3000 17 1.5 2337 6.5 065
50 020 1700 14 6.7 186.2 52 J03
FL82 10 100 340 0.7 4.8 978 2.7 272
2 500 25 0.3 29 344 10 478
500 .002 3100 26 9.1 3476 3400 10.2 020
3.0Mi. 100 .010 2500 15 7.2 2172 6.4 084
50 020 1400 13 6.4 1723 5.1 .01
FL&3 10 .100 280 0.7 4.6 90.5 2.7 266
2 500 20 0.2 2.7 315 09| 463
500 002 8700 26 9.2 3577 1300 278 035
36Mi 100 010 2700, 1.7 7.3 2240 17.2 472
50 020 1500 1.3 8.5 1771 - 13.6 272
FL64 10 100 300 0.7 4.7 93.0 72 716
2 500 22 1.2 2.8 327 25 1.258 |
500 002 680 10 33 129.0 $S00 258 0352
4.5 Mi. 100 010 210 0.6 44 80,7 16.1 161
50 020 120 0.5 3.9 64.5 129 258
FL6S 10 .100 23 0.2 28 333 6.7 666
2 500 2 0.1 1.7 12.5 2.5 1.254

*CAP = Central Arizona Canal

¥Pe= Probablhty that any point (flow width) on the cross section (floodplain) width will be
flooded given that the n-year event occeurs.

##Py = Probability that any point on the cross section will be ﬂooded in any given year by the n-

year event of greater.

ENCLOSURE $.2

d1°d POBESLPPTLIE OL (300 AWdE SM) 3H-03-1dS3D WOMd SP:dl  966T-C2-g34




TABLE 4

NORTHSCOTTSDALE FAN 6
FUTURE CONDITIONS W/0Q PROJECT

Cross Freg- Annual { Discharge | Depth | Velocity | Width Floodplain
Section vency in | Exceed- [ incu, infeet |infsec | infeet Width
in River years ance f/sec, in feet *Pets | **Pyo%h
Miles from Probab- (e)] 18)] v Wy W
Jomax-40th ility
Intersection Pe)
‘ 300 002 8700 26 9.2 337.7 5200 6.9 014
0.7 Mi. 100 010 2600 1Le 7.2 220.7 42 042
30 .020 1500 1.3 8.5 1770 34 068
FLSs1 10 100 290 0.7 4.7 91.3 18 76
2 300 22 0.2 2.3 32.7 06 318
500 002 11000 2.9 9.7 3929 3600 10.9 022
1.9 Mi. 100 010 3400 1.3 76 2456 4.8 063
30 020 1900 1.4 68 194.6 ' 5.4 0B
FLs2 10 100 370 0.7 49 101.2 28 281
2 .500 28 0.3 29 3%.0 10 2300
500 002 2000 27 93 3626 3400 10.7 021
30M 100 010 2300 1.7 74 2273 &7 067
30 .020 C 1500 1.3 63 177.1 52 104
FL&3 10 100 310 0.7 47 942 . 2.8 277
2 .500 23 0.2 28 333 1.0 490
500 002 9700 28 9.4 3736 1300 28.7 057
3.6Mi. 100 016 3000 1.7 75 2337 18.0 180
50 020 1700 14 67 186.2 143 286
FL64 10 100 330 0.7 438 96.6 74 743
2 500 . 24 02 28 339 26 1.303
500 002 760 1.0 57 134.9 500 27.0 034
4.5 M. 100 010 230 0.6 4.5 836 167 | .167
50 .020 i30 ¢35 40 66.6 ) 133 266
FL65 10 .100 30 03 30 37.0 : 74 1 731
2 500 2 0.1 1.7 12.5 : 2.5 1.254

*CAP = Central Arizona Canal
*pe = Probabxlzty that any point (flow width) on the cross section (floodplain) width will be

flooded given that the n-year event occeurs.
**Py = Probability that any point on the cross section wﬂl be flooded in any given year by the n-

year event Or greater.
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SUMMARY TABLE
21-Feb-86
~NORTH SCOTTSDALE NECONNAISSANCE STUDY
“ PROFOSED PLAN SUMMARY -
UNIY PRICE TOTAL GOST TOTAL GOST UNIT PRICE
" CHANNEL WITHOUT WITHOUT 20% WIIH WITH
FEATURE LENGTH UNIT]  CONTINGENCY CONTINGEMCY | CONTINGENGY | CONTIMQGENGY |  CONTHINQENCY
_ = .
I
|
fics REATA PASS/BEAFLSLEY WASH 2,800 | LF $1,932 7,335,800 1,469,000 8,607,600 42,900
fos PIMA BOAD GHANN:L 19,900 J1F $1.578 31,355,200 6,271,000 27,626,200 $1,000
os RAWHIDE DETENTIN BASIN 6,200 {IF $835 5,922,100 1,184,400 7,106,500 $1,100
Joo "|UPPER REATA PASE CHANNEL 9,600 |LF $397 9,886,400 777,300 4,683,700 $500
| 7 FAN NO. 5 ' 22,500 |LF $150 3,452,400 600,500 4,142,900 5200
foo FAN NO. 8 . 10,100 |LF $235 4,257,900 * 851,600 5,109,500 § £300
FAN NO. 526 8,000 [AF $347 1,042,100 208,400 1,250,500 3400
TOTAL CONSTRUCTION COST $57.255,900 $69.707.100
30 - PEAD 1]L8 $6,200,140 6,298,100 1,574,500 1.872,600
3~ S &A 1S $3.607,122 3,607,100 201,800 4,508,900
fo1- LANDS & DAMAG 735.52 {AC $3,248,560
TOTAL PROJECT COST $57,161,100 584,335,160
NOTES: !

{1} Real Estate Cost from Study Manager.

(2) Contingency sercertage is based on ER 1110-2-1302 dated 31 March 1994, recommedation of 20% contingency factor which represents a reasonable

percentega for ge Reconnaissance stege.

(3} Eleven percort {11%) of Tolal Construction for PE&D.
(4) Six end a hal percant {8.3%) of Total Construction for S8A.




DRAFT

) TABLE 1 FILE: A\SCOTo6_NWON
a 20-Feb-96
b
' Reata Pass/Beardsley Wash
cosT cosT
\TEM ' UNIT VITHOUT WITH CONTINGENCY
NO. DESCAIPTION QUANTITY N PRICE CONTINGENCY | GONMNGENCY | CONMNGENCY PERCENT
r
fog— CHANNELS AND CANALS
flo902.8 | EXGAVATION (SHORT HAUL) a7,215 oy $1.38 120,400 24,100 144,500 20.0%
foso2B | SOIL CEMENT 20,270 |GY $9.00 . 182,400 36,500 216,900 20.0%)
JoozB | FLOODWALL TYPE B <00 J1F 5315.00 | 166,000 2000 . 199,200 20,04
fooo28  'SOR CEMENY LEVEE 49,000 | SF $80.00 2,920,000 764,000 4,704,000 200
fosozB  |stanage 1|18 $8,600.00 5,800 1,800 10,600 20,09
B { REVEGATATION 1,858,600 | F s09s§ - 1,574,000 214,800 1,885,800 20.0%
SALVAGE/REVEGATATION 2,507,000 | SF ' 50.45 1,308,200 261,600 1,569,800 20.0
AESTHETIC TREATMENT 1]is $60,000.00 60,000 12,000 72,000 m:a
0 0 0 oﬁ
0 0 Q 0.
. o] 0 0 0.0%
TOTAL CONSTRUCTION COST $7,339,800 $6,007,600
fido~ PEAD 1]18 $807,378,00 607,400 181,500 $66,800 20,0%
33~ SLA . 1§19 $482,407.40 462,400 82,500 554,500 20.0%
o1~ LANDS & DAMAGES 435 |AC $3,000.00 1,305,000
5 - TOTAL PROJECT COST { £8,609,000 811,636,600
NOTES:
(1) Real Estete Cost from Project Manager.
(?) Contingency percentage is based on ER 1110-2-1302 dated 31 March 1994, recommedation oI 20% contingency factor which represams a reasonable
percentege for the Reconnalssance stage,
(3) Eleven percert {11%) of Total Construction for PE&D,
N {4) Six and 1/3 percent (6.3%) of Total Construction for S&A.
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' TABLE 2 !
20-Febde
PimeaRoad Channel
cost COST
(TEM UNIT WITHOUY WITH CONTINGENGY
NO. OESCHIFTION QUANTITY UNIT PRICE CONTINGENCY | COMTINGENCY | CONTINGENCY PEACENT
(N : -1I
loe— CHANNELS AND CANALS |
lboo2.8 | EXCAVATION (SANDY GRAVEL) 325,758 |y 2.4 790,100 159,600 257,700 200%)
002,80 | EXCAVATION (SHORT HAUL) 188,202 | CY $1.Y 250,800 5,000 311,800 200%
looo2.8 | CONGRETE 1,100 {SF 821,00 23,100 4,800 27,700 200%
l0902.8 | REINFORCEMENT CONCRETE LINING 1.815,800 | 8F 8123 23,151,800 4,630,400 22,762,200 200%
llooc2.8 | siaMAGE 18 $10,000.09 10,000 2,000 12,000 2004
{loov2.8 | AEVEGATATION 660,000 |LF $0.5 634,800 126,500 761,500 2009
SALVAGEMEVEGATATION 3,420,000 [SF $0.6 1,547,600 309,500 1,857,100 2004
GRADE CONSROL STRUCTURES 12 {EA $12,120.0 145,400 28,100 174,500 200%|
BRIDGES {< 1507 48,080 | SF $54.00 2,380,300 476,100 2,856,400 200%|
BRIDGES (> 1107 32,000 | SF $60.0 1,086,000 393,600 2,361,800 2.
UTILITY RELOC {DRP EX LINE) 7|ea $12,000.00 44,000 16,800 100,800 2C.0
UTILITY RELOC (DRP EX STBOUT) 8 [£A $2,400.) 18,200 3,800 23,000 2.0%
AESTHETIC TREATMENT 1]s $240,000.0 240,000 49,000 268,000 20,
EMERGENCY ACCESS 6 lEA $15.550.0 63,300 18,700 112,000 20,
0 0 ¢ u.ci{l
_ ¢ 0 0 uﬁ
TOTAL CONSTRUCTION COST : $91.956,200 $37.626,300 .
fo0- PE&D ilts $3,449,072.0) 3,449,100 639,300 4,138,900 2c0
fot-- SAA 118 $1,975,377.9 1,975,400 395,100 2,370,500 2c0%)
b1- LANDS & DAMAQES 143 [AC $3,000.Q 429,000 0,04
TOTAL PROJECT COST $16,779,700 344,564,700
NOTES:

{1} Real Estate Cost from Projact Manager.

{2) Contingency percentage ls based on ER 1110-2-1302-deted 31 Marck 1994, recommedation of 20% contingency factor which represents a reasonableo

percentage for the Reconnalssance stage.

{3) Eleven percem (11%) of Total Construction for PE&D.
{4) Six and 1/3 percent (6.3%) of Total Construction for S3A.
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TABLE 3
20-Fab-96
n NORTH SCOT 1SDALE AECONNAGSANGE ST00Y
8- Rawhide Detantion Basin
COST GosT
1TEM uNT WITHOUT WITH CONTINGENCY
NO. . DESCRIPTION QUANTITY UNIT PRIGE CONTINGENCY CONVINGENCY | CONTINGENCY PEACENT
1
foe— DAMS
foao~ | nESERrvOIA coNSTRUCTON 18 $2,600,000.00 2,600,000 520,00 3,120,000 20.0
foat- | EARTH DAM EMBANKMERT CONSTR 1|18 $1,600,000.00 1,600,000 520,000 1,920,000 20.0%
fosz-  |seniway 1|8 $856,200.00 865,200 173,200 1,039,400 * 20.0%]
fos- DOWNSTREAM IMPROVENENT 1{is $35,880.00 35,000 7,200 43,100 20044
fou- SITE DEVELOPMENT 1]18 $820,000.00 820,000 164,000 984,000 zb.mela
0.0%]
0.0%)
0.04)
o
0.0%
_ : 0.0%
TOTAL CONSTAUCTION COST : 5,922,160 $7,106,800
PE&D s $851,41.00 . 861,400 100,300 781,700 20.0%
fat- S&A 8 $372.005.90 379,100 74.800 247,700 20,0
= LAND3 & DAMAGES - 0 |AC $5,000.00 400,000 0.0%
TOTAL PROJEGT COST. 58,946,600 36,735,900
NOTES:
{1) Real Estate Cost fiom Projact Managaer.
(2) Conlingency percintage Is based on ER 1110-2-1302 dated 31 March 1994, recommedatfon of 20% contingency facter which represents a reasanahble
percentage for the Reconnaissance stage.
(3) Eteven percent (1-%} of Total Construction for PESD.
{4) Six and /3 perceat (6.3%) of Total Construction for S8A.
o
<
i
-t
g
a .
a .
L




I3

waee  DRAFT

20-Feb-08
NORTH SCOTTSDALE RECONNAIGSANCE STUDY
v Upper Reeta Pass Channet
a : - COST cost
MEM ' - unIv WITHOUT WITH GONTINGENCY
NO. DESCRIPTION : QUANTITY UNIT PRICE CONTINGENCY | CONTINGENCY | GONTINGENCY PERCENT
[ : |
Jos-- CHANNELS AND CANALS i
JoeceB  Jexcavation - 86,763 | CY $2.65 212,600 42,500 255,100 20.0|
Joso28  |aip-rap 5555 |CY $40.00 222,200 44,400 266,600 20,
Josoz3 |oanions 3333 | sy $75.00 250,000 50,000 300,600 20,
fosaz8  soiL cEMENT ' - 1254 |cY $9.00 112,900 22,600 135,500 20,
fo5028 |6 REINFORCEO CONCR UNING 29,000 | SF $1276 | - 369,800 74,000 443,800 20.0
losczB  |LEVEE TYPE & ' 1.100 [\F $420.00 482,000 92,400 554,400 20.0%|
fosoz.8  |rLoODWAIL TYPEAS 300 {LF - $240,00 72.000 14,400 66,400 . moﬁl
JosozB | COMBINATION FLOODWALLALEVEE TYPE "A" 3,900 [LF $250.00 975,000 186,000 1,170,000 20.0
SIGNAGE 1 )18 $12,000.00 12,000 2,400 14,400 _ 20.0
EMERGENCY ACGESS 1|ea $17,840.00 17,900 3,800 21,500 zo.ojl
REVEGANON : 328.000 | SF . $005 | 311,600 62,000 379,900 20.0%)
SALVAGEMEVEGATION : 328,000 | SF $0.45 147.500 29,500 177,100 )
BRIDGES (< 1507 _ 8,560 | SF $55.00 | - 470,800 4,200 565,000 ao.:ﬂ‘
AESTHETIC TREATMENT 1{8 $260,000.00 250,000 £0,000 300,000 moﬂ.
TOTAL CONSTRUCTION OOST 30,886,400 | $4,663,700
30 PEAD 118 $427,504.00 427,500 65,500 513,000 20,0
31~ S&A . 1{Ls $252,816.00 252,600 50,500 302,100 20 0%
01~ LANDS & DAMAQES a0 ac $3,000.00 1,000,000 I
1 TOTAL PROJECT COST §4,568,500 : $6,470,800 |
NOTES:
(1} Real Egtate Gost from Project Manager.
{2) Contingency percentage is based on ER 1110-2-1302 deted 31 March 1994, recommedation of 20% contingency factor which ropmsents a reasonahle
percentage for the Reconnalssance stage.
{3) Eleven percent {11%} of Total Construction for PE&D.
o {4) Six and 1/3 peroant {6.3%) of Total Coristruction for S&A.
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~ TABLES
{1: : 20-Fab-96
NORTH 8001 TSUALE HECONNAISSANCE 51007
FanNo. 5
cosT COST
ITEM . uNit WTHOUT wITK CONTINGENGY
NO. DESCRIPTION QUANTITY UNIT PRICE CONTINGENCY | CONTINGENCY | coNTNGENCY PERCENT
i
llog— GHANMELS AND CANALS
flosoz.B  {ExcAVANGN 447,924 jCY $2.00 895,600 170,100 1,074,700 20. “
[ooc2.8  Jcompaction 179,383 {cY $2.58 462,800 2,600 $56,400 20.0%)
[l0902.6 | SOIL CEMENT SERMS 5784 |CY $9.50 54,900 11,000 85,900 20.0%|
Jloso2.8 | SELEGTED PLANTING 18 |AG $1,200.00 16,200 3200 19,400 20
loaczp | aroutED STONES 3476 Joy $50.00 312,600 62800 ' 375,400 20.
loe02.8  {INLET TOWER (&' CMF) t tea $11,960.00 12,000 2,400 14,400 20,04
llosoz.8  {oRAIN PIPE (36° RCP) aw [er $67.00 20,800 4,200 25,000 20.0%
CONCRETE CHANNEL 11,967 |[CY $125.00 1,495,900 299,200 1,795, 100 20.0%
BRIDGES (6 EA) 3.024 | SF $60.00 181,400 38,300 212,700 20.0%
i 0 0 0 0.0%
0 0 o 0.0
o - o 0 0 0.0
TOTAL CONSTRUCTION COST © $3,452,400 $4,143,000
30— PEAD 1]ts $379,764.00 579,800 76,000 455,800 20.0%)
)- SAA 1|8 $217,501.20 217,500 43,500 261,000 20.0%/
I:1- LANDS & DAMAQES 18 {AC -$3,000.00 57,000
It TOTAL PROJECT COST $4.049,700 £4,918,800
NOTES:
{1) Real Estate Cost from Project Manager.
(2) Contingency percentage Is besed en ER 1110-2-1302 dated 31 March 1994, recommedalion of 20% conilngancy factor which re presents a reasonable
percentege for tha Reconnaissance stage,
{3) Eleven percent {11%) of Total Construction for PE&D.
{4) Six and 1/3 percent (6.3%) of Tolal Construclion for S&A.
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: ' . 20Fab96
NORTH SCOT 1SUALE HECONNAISSANCE STUDY
o FanNo. 8 E
o : cosT cosT
IEM uNIT WITHOUT WITH CONTINGENCY
NO. DESCRIPTION QUANTITY UNIT PRICE CONTINGENCY | CONTINGENCY | coOnmNGENCY PERCENT
f
Jloo— CHANNELS AND CANALS -
{00028 | EXCAVATION 303,308 {CY $2.00 606,600 213000 727,800 0.
0902.8 | COMPACIION 140,261 {CY $2.58 . 381,900 72,400 434,300 20.0%
8 | S0iL CEMENT BERMS . 1,480 Jov 89.50 13,900 2,600 16,700 20.0¥
8 | SELECTED PLANTING 2]{ac $1,200.00 2,600 500 3,100 20.05¢i
8 | GROUTED STONES 1,030 | cY $90.00 92,700 18,600 111,200 200}
B {INLET TOWER (48° CMP) 1|EA $12,000.00 12,000 2,400 14,400 20,0
foscz.8 | DRAIN PIPE (36° ACP) ' 300 JLF $e8.00 |' 20400 4,100 24,500 2009
1 CONCRETE CHANNE), : 23,888 oY $125.00 2,965,800 597,200 9,582,000 20.0%
BAIDGES (8 EA) 2,700 | SF $60.00 162,000 2,400 194,400 20,03
[ 0 0 I 0.0%
0 o 0 o.0x -
. 0 0 0 0.0%]
" TOTAL CONSTRUGTION COST ) $4.257,900 35,108,500
{ta- PESD tis $468,369.00 468,400 99,700 562,100 20,09
- SLA siis $268,247.70 268,200 53,600 | - 321,600 20,09}
nm- LANDS & DAMAGES 1592 [AC $3,000,00 45,960
~_ TOTAL PROJECT COST $4,994,500 $6,039,160
NOTES:
(1) Rea! Estate Cost from Project Manager.
{2) Contingency percenlage is based on ER 1110-2-1302 dated 31 March 1994, recommedation ol 20% contingency factor which represents a reasonable
percerdage for the Aeconnaissance stage. .
(3) Elaven parcent (113%) of Total Construction for FE&D.
{4) Six and 1/3 percent (6.3%) of Total Construction for S&A.
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TABLE 7

o
o . - 20-Fob-98
NORTH SCOT1SDALE HECONNAISSANCE STUDY
Fan No. 586
cOST COST
ITEM _ uNIT WITHOUT WITH CONTINGENCY
NO. DESCRIPTION Quantiry | uniw PRIGE GONTINGENCY | CONTINGENGY | CONTINGENCY PERCENT
| .
loa— CHANNELS AND CANALS
foou2,8 | EXCAVATION ] 79,075 [CY $2.00 158,200 31,600 189,600
fos02.8 | compAGTATION 27,518 | CY $2.56 71,000 14,200 85,200 20.0%1
Jos0z2.8 | CONCRETE 5,696 [CY $126.00 737,000 147,400 304,400 20.04|
*  Joooz8 | GROUTED STONE APON ' 330 |CY $60.00 26,400 5,300 31,700 .
0%02.0 | BRIDGE 900 | SF 355,00 49,500 © 9,500 59,400 20.
. ) ) 0 o 0 0.0%|
0 0 0 0.0
0 0 0 0.0M
_ i . 0 0 0 0.0
TOTAL CONSTRUCTION COST -~ 51.042,100 §1,250,500
30 PE&D - 5 fLs $114,631.00 114,800 22,800 137,500 20.0%
fo1- S3A t{Ls $65,652.90 5,700 13,100 78,800 20.6%
lfos-- LANDS & DAMAGES a2 [ac $3,000,00 9,600
1 TOTAL PROJECT GOST - $1,222,600 $1,476,400
NOTES:
(1) Real Estate Cost from Project Manager.
{2) Contingency percentage Is based on ER 1110-2-1302 dated 31 March 1994, recommedation of 20% contingency factor which represdnts a reasonable
percertage for the Reconnalssance stage.
(3) Etevan percent {11%) of Total Constuction lor PE&D.
{4) Six and 1/3 percent (6.3%) of Total Construction for S&A,
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