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I. INTRODUCTION 

A. PURPOSE AND SCOPE. 

1. General. This section presents the hydrologic analysis performed to support the 

reconnaissance study on North ScottsdalePhoenix, 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. The study 

area is shown on plate 1. 

2. Results. The hydrologic results determined during this study consist 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 development. Peak discharges for 2-, lo-, 50- , 100- , and 500- 

year ikquencies 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 



and the following rainfall-runoff methods were utilized:. 

(a) SCS Type IL4 rainfall distribution was used. 

(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 Coune, TR-55', and Roeske4. For the North Scottsdale area six concentration points with 

0.27 - 1.8 square mile drainage areas were compared. Results &om 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% fiom 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: Second 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 Small 
Watersheds", Technical Release 55, Soil Conservation Service, USDA, June 1986. 

Peak discharge methodology presented in "Hydrology Manual for Engineering Design 
and Floodplain Management Within Pima County, Arizona", Pima County Deuartment of 
~rans~o&tion ~1oodControl District, ~ e ~ t e m b e i  1979. 



Scottsdale And Phoenix, dated February 3, 1992. This analysis adjusted the above methods to 

meet FEM4's responses to the WRA study. The following methods were used in the HEC-1 

program. 

(a) 100-yr rainfall depths (5-minute to 6-how 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 fxom 8 point cross-sections. 

0 The velocity for channel routing was assumed to be 7 feet per second (Ws). 

(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 eom the sensitivity analysis as well as lo-, 50- and 

500- year eequency 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 not obtained, portions of the analysis and all HEC-1 models were provided by the City of 

Scottsdale.) The additional kquencies 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 determine the lo-, SO-, and 500-year peak discharges. 

Results fiom the FEMA study are presented in table 1. 



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 f?om west to east were 1) Rawhide Wash, 2) Pima Road Channel, and 

3) ReataBeardsley Wash. 

5. COE Studies. The COE has studied much of the Phoenix 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 

II dated 1982. (Refer to II.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 I.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 fanlfloodplain was revised as requested by 

the City of Scottsdale. An area of about 0.5 sq. mi. was removed fiom the A 0  zone @late 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. 



11. 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 creation 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 difficult. 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 predict. 

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 



description of this area can be found in the New River And Phoenix City Streams Hydrology 

Part II Design Memorandum dated 1982, or other reports previously mentioned in I.B.. Flooding 

occurs when an intense thunderstorm drops rain in the McDowell Mountains where 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 &om 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. 



ILI. 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-, lo-, 50-, loo-, 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 Greiiner Engineers Report (ref. 

LBA.).in order to confirm the Greiner and FEMA hydrologic results. The COE analysis and 

comparison of results are described below. 

a. COE Methodolow. A rainfall runoff model for 100-year present conditions 

without project was developed for subareas 30N, 31A, 34R, and 35N (fig. 3 of Pima Road. 

Channel Hydrology Rept.. By Greiner) using the same methods used in the Phoenix Hydrology 

Part I1 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 



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 I1 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 Ws for channelized flow. These velocities were determined aRer reviewing both FEMA and 

Greiner work which used actual events to determine routing velocities. Storage coefficients " X  

range from 0 to 0.5 (0 being overland flow and .5 being direct translation). Natural channel X 

values of 0.1 to 0.3 were derived from previous experience with similar terrain. The input file 

for the HEC-I 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). 



COMPARISON OF COE AND GREJNER HEC-1 PEAK DISCHARGE VALUES 

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

(I) 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 3ONRouted to CP3IA. The above area hydrograph was 

routed about 5000 feet at a rate of 4 ftls for no channelization and 8 ftls to match the Greiner 

model routing velocity. As seen fkom 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 Greiier 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 



Greiner's report for without project conditions. 

(3) Three Combined at CP 31A. Plate 7 shows the combined hydrograph 

of three 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 FEMGreiner 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 FEMAIGreiner 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 III.B. 

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 Citv of Scottsdale used the 2-year and 100-year peak discharges along 

with an assumption of zero skew (as recommended by FEMA) in order to determine other 



frequencies for each location. Of the nine fan locations presented in table 1 (fan 1 - 4) the 

average 2-yrt100-yr ratio was determined. Given Q,, = 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 Q,, = 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 I1 

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-vr / SPF 

SPF 1 .O 

100 0.45 

50 0.32 

25 0.21 

10 0.12 

This relationship is plotted on plate 8. 

c. The Rekonal Method for Pima Coung 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 Swey,  August 1984, pg 7. 



I Log RQ, = 2.051 + 0.551(log D.A.) - O.Oll(log D.A.) 

I 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.) 

I - Log RQ,, = 3.297 + 0.662(log D.A.) - 0.077(log D.A.) 

I These equations are approximations of the full equations which have area, mean elevation, main 

I 
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 

1 above equations and the results plotted on plate 8. 

I 
d. A com~arison of these discharge frequency curves is presented in plate 8. 

They were based on an area of 10 square miles, or a 100-year peak discharge of 10,000 cfs as 

I indicated on the plate. The COE and Pima County curves indicate that WRA generated and 

1 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 h e ,  but typical storm for 

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

I rainfall was put into the 1992 runoff model, and discharges of a similar magnitude to that 

observed were generated.6 In addition, the COE curve represents a fully developed area which 

I would cause the more kequent events to be higher than an undeveloped area such as North 

I Scottsdale. Also important is the fact that recent (1 0-year) history seems to indicate that the 2- 

year discharges generated by WRA and accepted by FEMA are more reasonable. Therefore, the 

1 discharge frequency relationships adopted by FEMA will be adopted for the reconnaissance level 

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

I 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 @late 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 @late 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 mi2 drainage areas, however 

this was the best information available at the time. 

I. It should be noted that 100-year peak discharges downstream of the fan 

apexes were available fkom the Greiner study with a channel project, but without project 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 I), 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. Greiiner Hydrology Reports dated Feb 1995 for an explanation of ~ubareas).~ 

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. 
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The peak discharge per square mile was then determined fiom the dischargeldrainage 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 fiom the Coe & 

Van Loo Consultant's September 7,1994 report titled Floodvlain Delineation Studv For 

Distributarv Flow Area: Wash 6A. Discharges are presented in tables 2A and 3A, 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 

considered 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. 

3. Present Versus Future Conditions. The Greiner Engineers Study determined 100- 

19 



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 plotted on plate 9 as were the present conditions discharges. With few points to go by, the 

discharge - drainage area 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. III.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-, 

lo-, 50-, loo-, 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 be 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 @year) 

discharges, although slightly low for future relative to present conditions, may or may not result 

in slightly lower future without project damages which would result in a conservative 



I (underestimation of a) benefit to cost ratio. All discharges are considered reasonable for 

I reconnaissance level work. Should this project proceed to feasibility level, a COE runoff model 

will be required in order to complete the hydrology. 

1. 



I 
1 JY WITH PROJECT 

I 
A. PROJECT FORMULATION. 

1. Several flood control projects have been considered and formulated by local interests. 

I From these project proposals, the study team considered several different combinations of 

I 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 

I project alternatives being considered. For further information on other alternatives considered, 

I please see chapter 5 of the main portion of this report. The following discussion describes a 

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

I 
I B. Desert GREENBELT PROJECT. 

This proposed project (described in detail in the main report) consists of three channel 

I systems which carry flows safely fiom the fan apexes through North Scottsdale and to the 

I Central Arizona Project (CAP) detention basins. 

1. ReataJBeardsIey Washes. The Reata and Beardsley Natural Channels capture flow 

I F -- - 
from fans 1 and 2, and combine them at Bell Road just east ofp6th6SStree~ where the-flew - - ----- - -  - 

I continues southward to the CAP (see plate 12). These natural channels will be contained by 

I 
constructed berms placed strategically so as to contain the future conditions 100-year event. 

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

I Beardslev Wash Hvdrolow Re~ort  by Greiner Inc. dated February 1995. These discharges 

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

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

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

I generated between Reata Channel and Pima Road. The discharges (table 7) for this channel - . .  .... -- _ ^  .., 

I 
were also developed by Greiner Inc. (documented in the Citv of Scottsdale Desert Greenbelt 

,,..,,I, . - .  .. - - -  
. ,. . 

Proiect. Pima Road Channel Hvdrolow Re~ort, dated February 1995) and accepted for 

I reconnaissance level purposes as describe 

I addition to the channel, a water park south of Union Hills and west of Pima Road will reduce the 
~ - -._ . "<,.*. .,,.~- .. -,.. , .. .~ , ~ ,.", 

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

I C. RAWHIDE WASH DETENTION BASIN. 

1. Location. The Rawhide Wash FEMA flood zone begins at 96th Street near 

I Dynamite, but remains containable down to Hayden and Deer Valley Road. Down stream of this 
/ 

I 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 contributes to the flood 

I flows west of Pima and north of Jomax. In addition, undeveloped State land is located between 

I Pima and Hayden Roads and north of Jomax. This was the upstream most site available which 

I 
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 located 

I north of Jomax, south of Dynamite, and between Hayden and Pirna Roads. 

I 
2. Structure. The 100-year inflow to the detention basin is 12,400 cfs and outflow was 



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 fiom CH2M HILL'S report titled Rawhide Wash Detention Basin 

Feasibilitv Study Final Re~ort  for Rawhide Wash Regional Im~rovement Committee, dated 

March 1995. Of the four alternatives presented 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 13. 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 5 AND 6. 

1. Location. Fans 5 and 6 have been modeled CH2M HILL y described in the 6- _ -2--. - . 

without project section on fans 5 and 6 .  No known hydrology existed for a with project 

condition. Two channels were studied which follow the alignment shown on plate 12. Channel uwc 
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 114 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 L/z mile 

beyond Taturn and Dynamite. 

2. Channel and Lateral Design Discharges. Design discharges were taken directly 

fiom 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 III.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 determined in order 

to assess whether depths exceeded one foot prior 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 



high n of 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 £tom the channel design. 

c. Elimination oflateral Channels. 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. 



TABLE 1 
DISCHARGE FREOUENCY RELATIONSHIPS 

USED IN FEMA'S 1993 FIS - PRESENT CONDITIONS) "' 

('1 Lower number is rounded fiom 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 Qlm= 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 fiequencies. 

0) Average of n-yd100-yr ratios fiom above rows. 



TABLE 1A. 
DISCHARGE FREOUENCY RELATIONSHIPS 

USED IN FEMA'S 1993 FIS - PRESENT CONDITIONSY~) 
(Additional CP's provided by Scottsdale. 

Lower number is rounded &om reported number above it.) 

('1 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. 

FAN 6R 
CP 1390s 

FAN 6R 
CP 1392N 

0.43 

1.49 

562 
560 

1475 
1500 

12 
10 

14 
20 

1400 

4400 

370 

860 

100 

190 





(1) Discharges taken 6om FEMA's FIS dated 1992. 

I (2) COMB.= combined : MAX.= maximum 
(3) Discharges interpreted 6om Greiner HEC-1 model. 
(4) This column was used for computations in table. Use column 4 for 100-yr discharges. 



TABLE 2A. 
NORTH SCOTTSDALE. ARIZONA 

IIISCHARGE FREOUENCY RELATIONSHIPS 
PRESENT CONDITIONS WITHOUT PROJECT 

FANS 5 AND 6 



TABLE 3. 
NORTH SCOTTSDALE. ARIZONA 

DISCHARGE FREOUENCY RELATIONSHIPS 
FUTURE CONDITIONS WITHOUT PROJECT 



(1) Discharges taken fiom FEMA's FIS dated 1992. 
(2) COMB =combined : MAX. =maximum 
(3) Discharges interpreted fiom Greiner HEGl model. 
(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 



TABLE 3A. 
NORTH SCOTTSDALE, ARIZONA 

DISCHARGE FREOUENCY RELATIONSHIPS 
FUTURE CONDITIONS WITHOUT PROJECT 

FANS 5 AND 6 "' 

(1) Future = 1.1 lwesent) 



TABLE A 
NORTH SCOTTSDALE. AFUZONA 

FANS 5 AND 6 
100-YEAR PRESENT CONDITIONS 

DISCHARGES AND FLOW WIDTHS 

(1)  This is basically FL62 routed with a small area added. 
(2) Most water has been diverted westward. 



TABLE 5. 
NORTH SCOTTSDALE. ARIZONA 

CP 300 combined with 

i 
I (1) Future = 1.1 1 (Present) 



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 J. FISCHER 18 JULY 1995 FILE = SCOTTI .DAT 
ID VELOCITY = 4 FPS. 
IT 5 18JUL95 0005 192 
I 0  1 
KK 30N 
KM RUNOFF FROM JOMAX ROAD - SUBAREA 30N 
BA 0.76 .45 , 
$P 10 3.4 6.23 0 2.2 
$U 1.99 .85 251 ,035 17 
LE 0.38 1 2 0 6.6 
KK 31A 
KM SUBAREA 30N ROUTED TO CP 3 1A 
RM 4 .35 .2 
KK 34R 
BA 1.36 .45 
$U 2.8 1.3 186 ,035 17 
LE 0.38 1 2 0 11.7 
KK 35N 
KM SUBAREA 35N 
BA ,4563 .45 
$U 1.10 0.6 200 0.04 17 
LE 0.38 1 2 0 31.8 
KK 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 3 1A 
RM 4 .36 .2 
KK 31A 
KM COMBINE 2 SUBAREAS (35N AND 34R) AT CP 31A 
HC 2 
KK 31A 
KM SUBAREA 3 1A 
BA ,798 A5 
$U 1.61 0.95 323 ,035 17 
LE 0.38 1 2 0 9.1 
KK 31A 
HC 3 
ZZ 



TABLE 7 
WITH PROJECT DESIGN DISCHARGES. 

100-YEAR FUTURE CONDITIONS 



TABLE 7. (Continued) 

(1) Ref FEMA Model where storm centering was smaller and therefore had a larger point rainfall. 



TABLE 8. 
RAWHIDE WASH DETENTION BASIN 

RATING TABLE 

Low Level Outlet 

Q = c A ( z ~ % )  

Outlet Elev. = 2 122 fi. 

Q =Discharge in cfs 
h = head of water in ft 

C=3.2  
L = 200 feet 
e =  1.5 

Crest Elev. = 2158 ft. 



TABLE 9, 
BASIN CHARACTERISTICS AND 
ROUTING PARAMETERS FOR 

FANS 5 AND 6 LATERALS. 
( Refer to plate 16 for discharge results.) 

STORM CENTERING (RAINFALL DEPTHS) 

ROUTING PARAMETERS 
-- 

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

(2) Muskingum X as described in text for without project. 
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WP2 = Flood line along Power lines from Deer Valley 
113 h i  north of Deer Valley. 

L = Length along flood line 
DA = Drainage area 
Q/DA = Flow per drainage area from curve on plate 9 
Q =Q/DAxDA 

100-YEAR RAWHIDE WASH FAN 

d = Depth along flood line = O/L (0.07) DEPTHS WITH PROJECT 
1 .486(0.0143)In ALTERNATIVE C 

where 0.07 = Manning's n from Hydraulics . 
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APPENDM B: HYDRAULICS 



CESPL-EPHH (33 5-2-SC) 

MEMORANDUM FOR CESPMD-WC, ATTN: John Drake 

21 February 1996 

SUBJECT: North Scottsdae Arizona, Drainage Area Reco~aissance Study (Area's 5 and 6 and 

Review Comment Responses) 

1. References: 

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

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

1996 in fhe Los Angeles District Office. 

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

Reconnaissance Study", dated 1s January 1996 by CESPGED-HH, Brian Tracy. 

c. City of Scottsdale Desext Greenbelt Project Final Report dated June 1995: developed by the 

Greiner Team; 3 volumes. 

d. ~emorandum For Record, "Subject: Preliminary Hydraulic Designs of Flood Control 

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

August 1989, by Craig Baba. 



e. Hydrology package for Nonh Sconsdale, Arizona: Discharge Frequency Relarionships, 

Present Conditions and Future Conditions without Project Discharges for Alluvial Fans 5 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 Hills (1964), Cunys Comer (1964), Cave Creek(1965) 

g. "Rawhide Wash Detention Basin Feasiility Study" F i  Repon, dated March 1995 

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 (John 

Drake CESPL-PD-WC). Specifically, the requesred hydraulic support involved the following 

tasks: (a.) Response to R-3 Conference questions (ref. 1.a) concerning the flood proofing 

channel designs that were developed to protect typical development complex areas fiorn the 

future without project 100 year fkequency storm as documented in the 18 January 1996 CESPL- 

ED-HH Memorandum For Record (ref. 1. b.); @.) Support CESPL-PD-WE with flood depth, 

discharge and other related overflow information relative to the flood frequency events of the 2-, 

lo-, 50-, loo-, 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 year frequency storm event. 



Note, the remaining part of the Reconnaissance Study's proposed project consists 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 bonom 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 1.c.). The total proposed project is shown on Enclosure 1. 

3. Specitic details relative to the requested work in item 2 above are provided below: 

a. Listed below are the original auestions(ref 1 .a and our associated resaonses concerning 

the flood   roo fine desicms that were conceived for the orotection of mica1 develo~ment comolex 

a r e a s ~ n  the Reaa Beardslev and Rawhide Washes watershed. from the future without ~roiect - * 
100 vear h u e n c v  storm event: 

Question 1 - Discuss justification for Mannings roughness coefficient used for grass lined 

channels. 

Response 1 - The Mannings rou@ess coefficient of0.022 was adopted from the grass lined - 
channel designs that were generated in support of the Las Vegas Feasibiity Study (ref. 1.d.). 

ws4 
Question 2 - Review slopes and keeboard used forpdchannel designs for reasonableness, 

cost assumptions; discuss how they compare with a similar project such as TropicaWFIamingo. 

Response 2 - The proposed project was designed with g a s s  lined channels having channel 



I 
invert slopes of about 0.001, with maximum pennissibIe velocities of approximately 8 feec per 

@Pi', 
second? The correspondins cross section's geomemc dimensions were established for an - 

I optimized hydraulically efficient condition. The comparable namral channel design from the Las 

I 
Vegas Feasibiity Study correlated to the "Secondary Channel" system of trapezoidal earth 

cha~e l s  with inven slopes of 0.0027 to 0.0227 and a Manning's "n" value of 0.030. The 

associated velocities varied fiom 5 to 1 1 feet per second. 

There is no channel freeboard in the design with the exception of the south and west segments 
ih* 

ofthe moat channels since the top ofbutside banks of these two channel segments function as - 
weiring outlet feamres 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 panem. 

Question 3 - Add discussion of why all channel legs were designed to cany 100% of the 

flow, instead of some percentage of it. 

Response 3 - Since the 100 year frequency flood event can, theoretically (according to 

FEU), occur at any location or point dons the perimeter of the north and east side segment of 

the moat channels, then, aU of the channels segments (iiuding the interior sections) had to be 

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

b. Develo~ Alluvial Fan 5 and 6 overflow de~ths and associated nrobabilities for the uresenf 

4 



and future conditions wirhout ~roiect 2-. 50-. loo-. and 500 vear storm event$. - 

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 derails of which are presenred in ref 1.b.). The results for the alluvial fan 

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

Enclosures 3.0 to 3.3 

c. Encis, 4.0 through 4.5) to orotect develooment located on 

Alluvial Fans 5 d 6 from t 5 

The study area is comprised of two alluvial fans which are adjacent to each other They are 

locat4 several miles northwest of Rawhide Wash and t h y  are bounded by Lone Mountain Road 

on the northside, Scotudale Road on the east side, Cave Creek Road on the weqkde, and Happy 

Valley Road on the sou+de. Information that was used in the design process, such as ground 

slopes and flow paths, were extracted from USGS maps ( ref. 1 .f ). Manning "nu values 

(roughness coefiicients),which were used in a normal depth analysis, came &om 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 used 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 



combined flow of 6,800 cfs. All of the flood flows from the two fan areas eventually enters Cave 

Bune Dam reservoir andlor 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 
u,+ 

both fans and were either developed-br contain the following features: C1 

(1) Rectangular cross sections. 

(2) Mamings Roughness Coefficient of 0.014. 

(3) Flow velocities maLuained with Froude numbers >>I. 

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

the study are-a. 

- Swale channels catch the surface runoff (upstream bank is at ground level) and then transports 

the water into debris basins (located at the upstream end of the concrete channels). The critical 

hydraulic design parameters assocked with this study element were: 

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

(2) M&gs coacient of roughness of 0.035. 

(3) Earthen trapezoidal cross section, planted with selected gasses and conveniently spaced 

small desert phts.  

(4) Channel cross &on side slopes of 10:l for the larger channels and 5 :  1 for the smaller 

ones. 

L0'd t'9029LVVTLT6 01 (303 AWW 9) W-EI-ldS33 WOW 9E:LT 966T-EZ-833 



(5) Channel slopes that varied between 0.005 and 0.008. 

- Debris Basins are located at the inlets of the concrete channels. The p ~ c i p l e  hydraulic 

design parameter for these basins are: 

(1) Volume of each debris basin was calculated by using the Rawhide Wash average annual 

detention basin sediment yield (3.9 acre-feetlyear) multiplied by the ratio of each drainage yea 

to the Rawhide Wash drainage area (ref. 1 .g.) 

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

the next d e s i ~  event storm occurs. 

- Other Structures that would be required to facilitate the overall design involved 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 h h e r  assistance, please contact Theodore Yee at X6993. 

B W  G. TR4CY, PE 

Chief Hydraulics Section 
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I 
I TABLE 1 

I NORTHSCOTTSDALE FAN 5 
PRESENT CONDITIONS W/O PROJECT 

I 
I 
1 

'CAP = Central Arizona Canal 
*PC = Probability that any point (flow width) on the cross seaion (floodplain) width will be 
flooded given that the n-year event occcurs. 
**Py = Probabity that any point on the cross section will be flooded in any given year by the n- 
year event or greater. 

ENCLOSURE .. 3.4 
ST'd b90Z9LbVlLT6 01 (303 Auad Sill 2JH-a?i-ldS33 woad ZV:LT 9661-~2-83, 

Depth 
in feet 

(D) 

2.7 
1.7 
1.3 
0.7 
0.2 

2.6 
1.7 
1 .3 
0.7 
0.2 

2.3 
1.5 
1.2 
0.6 
0.2 

1.9 
1.2 
0.9 
0.5 
0.2 

cross 
Section 
in River 
Miles fiom 
~ o m 4 0 r n  
krrmcction 

2.9 Mi. 

F U l  

3.5 Mi. 

nsz 

4.5 Mi 

a53 

4.4 Mi. 

R54  

Annual 
Exceed- 

Probab- 
sly 

.002 

.010 

.020 
,100 
,500 

.002 

.010 
,020 
.loo 
.500 

.002 
,010 
.020 
.lo0 
.SO0 

. ,002 
.010 
.020 
.lo0 
.500 

F q  
uacy in 
Yea 

500 
100 
SO 
10 
2 

500 
100 
50 
10 
2 

500 
100 
50 
10 
2 

500 
100 
50 
10 
2 

Vdociry 
infl/szc 

(Yl 

9.0 
7.1 
6.3 
4.5 
2.7 

8.9 
7.0 
6.2 
4.5 
2.7 

8.3 
6.9 
5.9 
4.2 
2.5 

7.4 
5.9 
5.2 
3.S 
2.2 

Discharge 
incu. 
ftJYC. 
(Q) 

9200 
2800 
1600 
310 
23 

8800 
2700 
1500 
:oo 
22 

6400 
2 0  
1100 
220 

16 

3600 
1100 
600 
120 

9 

Width 
infect 

(w3.  

381.2 
236.9 
189.4 
98.2 
34.7 

374.5 
233.4 
184.5 
96.9 
34.1 

329.7 
198.7 
163.0 
85.6 
30.0 

261.9 
163.0 
127.9 
67.2 
23.8 

Floodplain 
. Width 
in ftct 

0%) 

5300 

3400 

1300 

1100 

* PcO/o 

7.2 
4.5 
3.6 
1.9 
0.7 

11.0 
6.9 
5.4 
2.9 
1.0 

25.4 
15.3 
12.5 
6.6 
2.3 

23.8 
14.8 
11.6 
6.1 
2.2 

*'qp/, 

.014 

.&S 
,072 
.I90 
.350 

.022 
,069 
.1OS 
,290 
'500 

.05l 

.153 
,250 
.660 

1.150 

.M8 
,148 
,232 
.610 

1.100 



TABLE 2 

NORTHSCOTTSDALE FAN 5 
FUTURE CONDXTIONS W/O PROJECT 

I 

Cross Frcq- huual D i a r g e  Depth Velocity Widrh RoodpIain 
Souion ucnc~in Eueed- incu. in feet ' infrfsec in fa?t Width 
in River Y e a  awe it/=. in feet *PC?? *-qp/, 
Milts h m  &dab- (Q) (D) ('9 @'d Ow 
Jam=-40th iliy 
Inmsectioa (PC) 

500 .002 looM, 2.8 9.5 378.2 5300 7.1 .011 
2.9 Mi. 100 .a10 3100 1.7 7.5 236.7 4.5 .045 

50 .020 1700 1.4 6.7 186.2 3.5 ,070 
FLjl 10 .I00 340 0.7 6.8 97.8 1.8 ,185 

2 .So0 25 0.3 2 9  34.4 0.6 ,525 

500 .002 9s00 2.8 9.4 375.2 3400 11.0 ,022 
3.5 Mi. 100 ,010 3600 1.7 7.5 233.7 6.9 .069 

50 .020 1700 1.4 6.7 186.2 5.5 ,110 
FU2 10 .I00 330 0.7 4.8 96.6 2.8 ,284 

2 .SO0 24 0.2 2 8  53.9 1.0 ,598 

500 .oat 7100 2.4 a9 329.8 1300 25.4 ,051 
4.5 Mi. 100 ,010 2200 1.5 7;O 206.4 15.9 ,159 

50 .020 1200 1.2 6.2 162.0 12.5 .249 
FI33 10 ,100 210 0.6 4.5 85.1 6.5 ,654 

2 .S00 18 0.2 2.7 30.2 2.3 1.161 

500 ,002 4000 1.9 7.9 262.1 1100 23.8 ,048 
4.4Mi. 100 .OlO 1200 1.2 6.2 162.0 14.7 .I47 

50 .020 690 1.0 5.6 129.S 11.8 ,236 
FL54 10 .lo0 140 0.5 4.0 68.6 6.2 .623 

2 .SO0 10 0.2 2.4 23.9 2.2 1.085 

'CAP = Cenrral 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 = Probabii~y that any point on the cross section will be flooded in any given year by the n- 
year event or greater. 



TABLE 3 

NORTHSCOTTSDALE FAN 6 
PRESENT CONDITIONS W10 PROJECT 

'CAP = Central Arizona Canal 
*PC = Probability that any point (flow width) an 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 ycar by the n- 

event or greater. 

C~OS 
section 
in River 
Milcs from 
3--40th 
htrmibnr  

0.7 Mi. 

Ftdl 

1.9 Mi. 

FL62 

3.OMi 

FL63 

3.6Mi. 

FL64 

4.5Mi. 

FL65 

ENCLOSURE 3.2 

Annual 
Exceed- 
an- 
Robab- 
ility 
PC) 

.002 

.O 10 

.020 

.I00 
.SO0 

,002 
.010 
.020 
.lo0 
.500 

.002 

.010 

.020 

.lo0 

.Sb0 

.002 
,010 
.020 
.I00 
.SO0 

,002 
.010 
.o?a 
,100 
.So0 

Freq- 
uency in 
Yeam 

500 
100 
50 
10 
2 

500 
100 
50 
10 
2 

500 
I 0 0  
SO 
10 
2 

500 
100 
50 
10 
2 

500 
100 
50 
10 
2 

Discharge 
incu. 
R/xc. 
(Q) 

7800 
2400 
1300 
260 
20 

10000 
3000 
1700 
340 
25 

8100 
2500 
1400 
280 
20 

8700 
2700. 
1500 
300 
22 

680 
210 
120 
23 
2 

Depth 
iafeet 

) 

2.5 
1.6 
1.2 
0.6 
0.2 

2.8 
1.7 
1.4 
0.7 
0.3 

2.6 
1.6 
1.3 
0.7 
0.2 

2.6 
1.7 
1.3 
0.7 
1.2 

1 .O 
0.6 
0.5 
0.2 
0.1 

**w? 

.013 

.041 

.064 

.I69 

.303 

.021 
,065 
,103 
.272 
.47S 

,020 
.064 
.I01 
,266 
,463 

.055 
,172 
,272 
.716 

1.25s 

.052 

.I61 

.258 

.666 
1.254 

-- - - 

Velaity 
infUscc 

(v) 

9.0 
7.1 
6.3 
4.6 
2.7 

9.5 
7.5 
6.7 
4.8 
2.9 

9.1 
7.2 
6.4 
4.6 
2.7 

9.2 
7.3 
6.5 
4.7 
2.8 

5.5 
4.4 
5.9 
2.8 
1.7 

Width 
infw 

(wl) 

342.4 
213.7 
167.2 
87.8 
31.5 

378.2 
233.7 
186.2 
97.8 
34.4 

347.6 
217.2 
172.3 
90.5 
31.5 

357.7 
224.0 
177.1 
93.0 
32.7 

129.0 
SO.7 
64.5 
33.3 
12.5 

Floodplain 
Width 
in feet 

5200 

3600 

3400 

1300 

500 

- 

*PC% 

6.6 
4.1 
3.2 
1.7 
0.6 

10.5 
6.5 
5.2 
2.7 
1.0 

10.2 
6.4 
5.1 
2.7 
0.9 

27.5 
17.2 
13.6 
7.2 
2.5 

25,s 
16.1 
12.9 
6.7 
2.5 
p- 



NOKTHSCOTTSDALE FAN 6 
FUTLlRE CONDITIONS W/O PROJECT 

cross Freq- Annual Discharge Depth Velocity Width Flccdplain 
Sccdon uencyin Exceed- inn* hfet in %see infw Width 
in River Y w  ftfsec. in feet -PC% **Ey?h 
Miles from Probab- (Q) (D) (v) (w,) (wJ 
Jomax-4Ottr iliy 
hmsection PC) 

500 .002 8700 2.6 9.2 337.7 5200 6.9 .014 
0.7 Mi. 100 .010 2600 1.6 7.2 220.7 4.2 .042 

50 .020 1500 1.3 6.5 177.1 3.4 ,068 
FL61 10 .lo0 290 0.7 4.7 91.8 1.8 ,176 

2 .SO0 22 0.2 2.8 32.7 0.6 .315 

500 .002 1 loo0 2.9 9.7 392.9 36W 10.9 .022 
1.9 Mi. 100 ,010 3100 1.8 7.6 245.6 6.8 .Oas 

50 ,020 1900 1.4 6.8 194.6 5.4 ,108 
FL62 10 .I00 370 0.7 4.9 101.2 2.8 '281 

2 .SO0 28 0.3 2.9 39.0 1.0 .500 - 
500 ,002 9006 2.7 9.3 362.6 3400 10.7 .021 

3.0 Mi. 100 .OIO 2800 1.7 7.4 227.3 6.7 .067 
30 ,020 1500 1.3 6.5 177.1 5.2 .lo4 

EL63 10 .I00 3 10 0.7 4.7 94.2 2.8 ,277 
2 .500 23 0.2 2.8 33.3 1.0 .490 

500 .002 9700 2.8 9.4 373.6 1300 28.7 ,057 
3.6 Mi. 100 .010 3000 1.7 7.5 233.7 18.0 ,180 

50 .020 1700 1.4 6.7 186.2 14.3 .286 
FL61 10 .lo0 550 0.7 4.8 96.6 7.4 .743 

2 .So0 24 0.2 2.8 33.9 2.6 1.303 

500 .002 760 1 .O 5.7 134.9 500 n.0 .O% 
4.5 Mi. 100 .010 230 0.6 4.5 83.6 16.7 .I67 

50 .020 130 0.5 4.0 66.6 13.3 .266 
FL65 10 .I00 30 0.3 3.0 37.0 7.4 .741 

2 . MO 2 0.1 1.7 12.5 2.5 1.254 
C 

'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 occcun. 
**Py = Probabiti~ that any point on the cross section will be flooded in any given year by the n- 
year event or greaur. 

ENCLOSURE 3.3 



COMPUTATION SHEET 
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FILE 
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I COMPUTATION SHEET 

PROJECT A l f l  A T H  O A L F  SHEET NO. A O F  4 SHEETS 

I F A A /  C - TY II E.7 (L C n  .,rr Er.7-t NC < 4 A . J  .= ITEM DATE , 19% 

LUAA/A/C/C 1 O E ~ R I S  A / k S / N  FILE 
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OZ'd 99029LbVTLT6 01 (303 A W M  Sill aH-CI3-1dS33 NOaj  PP:LT 966T-ZZ-833 



COMPUTATION SHEET 

PROJECT h /O R T w  - </-A/ F - SHEET NO. ~ O F  4 SHEETS 
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COMPUTATION SHEET 
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COMPUTATION SHEET 

PROJECT SHEET NO. 3~ SHEETS 

l ~ ~ W  F h I I  f - / . R O C C  7 F . ' T i I b M r  DATE , 1 9 9  

FILE 
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COMPUTATION S H E E T  

PROJECT SHEET NO. AOF k SHEETS 
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APPENDIX C: COST ESTIMATES 



DRAFT 
SUMMARY TABLE 

2I.FebWI 

. CHANNEL 

(1) Real Estate hl horn Study Manager. 
(2) Conlingenq oercentago is bnsed on ER 11 102-1302 dated 31 March 1991, recommedation of 20% contingency factor which represenls a reasonable 
pernewage for s Reconnaissance slage. 
(3J Eleven perc ! il (I 1%) of Told Construcllon lor PEBD. 
(4) Six and a hell percent (&3%) ol  Told Conslrudion lor SEA. 



NOTES: 
p) Reel Esleae Cost from Pmject Manager. 
(2) Contingency percenlage is based on ER 11 10-2-1302 dated 31 March 1994, reoornmedalion d 20% contingency faclor which represews a reasonable 
percentage for the Rewnnalssance stage. 
(3) Eleven percent (1196) of Tolal Conal~ctlon for PE&D. 
(4) Six end 1p percem (8.3%) ol Total Construclion for $&A. 



DRAFT TABLE 2 I 

NOTES: 
(I)  Real Estate Cosl born Proieol Manager. 
(2) Contingency percentage la based on ER 11 10-2-1302deled 31 Merd 1994, recornmeda~ion of 20% conlingency factor which represents a reasonable 
percentage for the Reconnaissance stage. 
(3) Eleven percent (1 1%) 01 Tolal C~ f la l~d ion  for PE&D. 
(4) Six and 113 percenl(8.3%) ol Tobl Conslrudion for S&A. 



DRAFT 
TABLE 3 

COIlTlNGENCY 

(1) Real Estate Cost lam Proled Manager. 
(2) Contingency perantage Is based on ER 11 10-2-13M daIed 31 March 1984, recornmedalion of 20% canlingenq factor which represents a reasonable 
percernage lor the Raonnaissance stage. 
(3) Eleven percent (1's) ol Total Conslrunian lor PE&D. 
(4) Six and 113 percent (6.3%) of Total Construdion for SEA 



TABLE 4 DRAFT 

(1) Real Estate Cast from Proled Manager. 
(2) Contingenoy petcentage ir based on ER 11 10-2-1302 dated 31 March 1994, recornmedalion 420% contingency fector which represenI.9 a reasonable 
percentage lor lhe Reconnaissance stage. 
(3) Eleven percenl (11%) of Total Conslrudion for PE&D. 
(4) Sin and 113 peffienl(6.39Q) of Total Const~clion for S&A. 



DRAFT 
TABLE 5 

-. . ~ -  .. 

CONTINGENCY 

NUltJ: 
(I) Real Estale CoeI fmm Projecl Manager. 
(2) Conllngency peroentage Is baaed on ER 1110-2-1302 dated 31 March 1994, temrnedallon 0120% conlingency factor which represents a reasonable 
percentage for the Reconnaissance slage, 
(3) Eleven percent (1 1%) 01 Total Conslruclion for PE&O. 
(4) Sband 1/3 percent (6.3%) d Total Conslruclion for S&A. 



TABLE 6 DRAFT 

NU1 tD: 

(1) Real Estate Cost from Proled Manager. 
(2) Contingency percenlage is based onER 1110-2-1302 dated 31 March 1994, recornmedalion 01 20% contingency factor which represents a reasonable 
percentage for the fleconnaissance sfage. 
(3) Eleven percerd (1 1%) of Total Conslruclion for PEBD. 
(4) Six and 113 percent (6.3%) of Tatal Construction for SBA. 
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TABLE 7 
DRAFT 

NU 165: 

(1) Real Estate Cost from Pmjed Manayer. 
(2) Contingency percentage is based on ER 1110-2-1302 daled 31 March 1994, recornmedalion of 20% conlingency fador which represctnls a reasonable 
percentage for the Reconnaissance stage. 
(3) Eleven percent (1 1%) of Total Conslucllon for PE&D. 
(4) Sk and 113 percenl(6.3%) of Tolal Conslruclion for SM.  


