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In recent years, the metropolitan Phoenix area has demonstrated an affinity 

for urban expnsion into previously undeveloped portions of the Sonoran 

Desert. The natural beauty of these desert areas has created an urgency for 

municipalities to formulate planning guidelines that will ensure that the 

impending urbanization of these areas will be done in a controlled m e r  

that will preserve and enhance the aesthetics of the desert. 

In support of this goal, the City of Phoenix has recently published a General 

Plan for Perivheral Areas C and D (City of Phoenix Planning Department, 

October, 1987). This plan provides a very comprehensive discussion of 

policies and recommendations related to all aspects of urbanizing the desert 

environment. An integral part of the General Plan identifies the need for a 

drainage system that would support a major objective of preservation of 

natural desert washes and native Sonoran vegetation and wildlife. 

In recognition of these issues, the City of Phoenix retained Water Resources 

Associates, Inc. (WRA) to undertake a drainage study for approximately 56 

square miles of Peripheral Areas C and D. This study area can generally be 

described as that area located east of Cave Creek, west of Scottsdale Road, 

and bounded on the north and south by the Carefree Highway and the Central 

Arizona F'roject Aquaduct, respectively. Figure 1.1 illustrates the study 

area boundaries. 

The primary objectives of this study are to quantify the rainfall/-off 

response of the watershed and to evaluate the effectiveness and cost of 

different drainage solutions that might be appropriate for this area. 



A substantial amount of technical data has been generated in pursuit of these 

objectives. Section 2.0 and 3.0 of this report provide details of the 

hydrology analysis that culminated in the development of HEC-1 models that 

were used to quantify the rainfall/runoff response of the watershed. 

Sections 4.0 and 5.0 provide regression equations and design curves that can 

be used to determine the size and cost of retention basins and flood control 

channels. Section 6.0 focuses on detailed discussions of specific floodplain 

management options that were considered for possible use within the study 

area, while Section 7.0 presents the results of an analysis of an underground 

storm drain system. Section 8.0 is devoted to a sununary of conclusions and 

recommendations. The complete report is accompanied by numerous 

illustrations and tables of hydrologic, hydraulic, and cost estimating data. 

Complete computer printouts of all HEC-1 input and output data are also 

provided as a separate volume. 

The following floodplain management options were investigated as part of this 

st*: 

1. Channelization 

2. Detentionmtention Basins 

3. Tatum Ranch Drainage Plan 

4. Desert Ridge Drainage Plan 

5. FEMA Floodplain Management Policies 

6. "No Action" Alternative. 

A brief s m r y  of each option is provided in the following paragraphs. 



Channelization 

Channelization is an extremely effective solution for the interception and 

conveyance of floodwaters through an urban area. However, the efficiency of 

this solution must be weighed against the sometimes high installation cost 

and aesthetic impact that such a solution would have on the natural beauty of 

the desert environment. 

The channelization schemes that were analyzed in this report were all of the 

"interceptor" variety, i.e. none of the channels were aligned along an 

existing wash. With two exceptions, all of the evaluated channel alirfnments 

were located adjacent to existing or proposed roadways. The natural desert 

washes would remain undisturbed, except at their intersection with the 

roadways. 

The interceptor channel concept includes low-flow culverts that would 

continue to release water (at a controlled, non-flooding rate) to those 

downstream segments of natural washes that are intersected by the interceptor 

channel. These low-flow culverts are included to maintain the natural 

vegetation cornunity along the desert washes. 

Interceptor channels were evaluated along Cave Creek Road, Lone Mountain 

Road, Dynamite Road, Dixileta Road, south of Jomax Road, Pinnacle Peak Road, 

and Scottsdale Road. Cost estimates were only developed for the channel 

alignments south of Jomav Road, along Pinnacle Peak Road, and along 

Scottsdale Road. Costs were developed as a function of three different 

channel lining options: 

1. Concrete banks and bed 

2. Soil cement banks, earth bed 

3. Earth banks and bed 



The results of the analysis indicated that the soil cement option is a 

preferred approach for a major interceptor channel. Tables 6.10 through 6.19 

present tabulated design parameters and cost summaries for the three 

referenced channel alignments. In suwnary, fully lined concrete sections are 

more expensive than the soil cement option, while the earth lined section is 

considered unsuitable for use in a steep-sloped, sheetflow environment. 

Earth channels are exceptionally prone to erosion damage. 

Although not subjected to a hydrologic and hydraulic analysis, a complete 

channelization system was developed for the entire study area. This system, 

which is illustrated on Plate 3, shows specific channel alignments and 

outfall locations. The proposed channel alignments follow the transportation 

grid presented in the 1987 General Plan for Peripheral Areas C and D. 

Within the Paradise Valley Fan Terrace study area, channelization might find 

more economic justification in the southern parts of the watershed that are 

exposed to a higher sheetflow potential. Channel systems could eliminate, or 

substantially reduce, flooding over large areas inmdated by sheetflow. 

Since the northern areas of the watershed are less prone to sheetflow, 

i e .  , more incised topography) they would appear to benefit less from 

channelization. However, if development in these northern areas is not 

confined to "high ground" that exists between washes, this assessment could 

change. 

Detention/Retention Basins 

Detention/retention basin concepts were evaluated to determine their 

effectiveness in reducing downstream peak discharge and the associated 

flooding potential. Due to the long, narrow shape of the msjority of the 

watershed sub-basins, the downstream benefits from retention/detention basins 



usually begin to diminish within 1.5 to 2.0 miles below the basin location. 

This shape of watershed tends to generate peak flow rates from runoff 

relivatively close to a measurement point, i.e., due to the long travel 

times, the downstream peaks are gone by the time the flood wave from the 

upper watershed arrives. 

Achieving retention/detention goals through small on-site storage basins 

(scattered throughout the watershed) would probably be more cost effective 

and beneficial than attempting to provide the required storage capacity at 

large regional basins. The regional basin concept also tends to be somewhat 

impractical for the sheetflow environment that is characteristic of large 

portions of this study area, i.e., long diversion dikes or interceptor 

channels are required. 

The lack of natural, deep valleys through the study area will also require 

that retentioddetention storage capacity be achieved through "below ground" 

excavation. This type of storage can be expensive because of the 1 to 2 

percent ground slopes in the study area that require substantia' overburden 

excavation to reach level ground (see discussion Section 4.0 of this report). 

Cost estimates were not developed for specific detention or retention sites. 

Instead, regression equations were developed to provide estimates of cost, 

right-of-way requirements, storage volumes, and excavation volumes. These 

equations provide a versatile tool for site-specific basin analyses anywhere 

within the study area. 

In sumary, large regional detentionhetention basins are not considered 

practical for the study area. However, the concept of on-site retention is a 

feasible alternative for migrating the increase in runoff that will result 

from continued developnt of the watershed. 



* 

Tatum Ranch Drainaae Plan 

The Tatum Ranch "wash improvement and stabilization plan" was reviewed for 

possible application to other portions of the study area. This plan consists 

of artificial terming along natural washes and the excavation of interceptor 

channels to capture sheetflow and divert such flow into the bermed washes. 

Such a plan has the potential to disrupt the natural equilibrium of the 

existing desert washes. This disruption will occur in response to the 

unnatural concentration of flows into the existing washes. Such 

concentration of flow also creates problem in disposing of the water at the 

downstream end of the bermed washes, i.e., directing concentrated flows onto 

adjacent properties. The visual impact of the b e d  washes would also seem 

to project an unnatural "look" to the surrounding areas. 

In summary, if the Tatum Ranch concept is to be considered for application to 

other regions of the study area, it should only he done after careful study 

has resolved any adverse impacts associated with the concentration of runoff 

into natural desert washes. 

Desert Ridge Drainage Plan 

The drainage system for Desert Ridge will require the construction of wide, 

shallow, man-made channels that will parallel the natural drainage pttern 

through the area. These designated drainage corridors will utilize 

landscaped wing dikes to intercept off-site sheetflow and divert such flows 

into the drainage corridors. 



Unlike the Tatum Ranch concept, the Desert Ridge drainage corridors do not 

include raised berms along the edge of the channels. Accordingly, the 

interior sheetflow will have free access to the channels. 

The drainage corridors will be excavated to convey all design flows in a 

completely depressed channel section. The channels are to be re-vegetated to 

a natural desert setting and will include provisions for a bike path. 

Channel outflows will be carried to the CAP detention dikes. 

In summary, the Desert Ridge concept was found to be very appealing and would 

be recornended throughout the flat, southerly regions of the study area. 

FENA Floodplain Management Policies 

beliminary FEMA floodplain delineations have designated nearly all of the 

study area located south of Dixileta Road to be in an Alluvial Fan, Special 

Flood Hazard Area. Only major structural flocd control measures will be 

considered by FEMA for removing a designated alluvial fan from a Special 

Flood Hazard Area. Accordingly, unless such structural measures are 

installed, all new development must not only protect against flood damage, 

but must also purchase flood insurance. 

Compliance with FEMA floodplain management policies for this alluvial fan 

designated area will effectively mitigate the flood damage potential for 

future devleopnent, but will do nothing to remove the flood damage potential 

to existing developnent. 

"No Action" Alternative 

The City of Phoenix has already adopted drainage design criteria that 

requires new development to retain all runoff from the 100-year, 2-hour 

storm. This criteria also requires that the peak discharge after developnent 

not exceed the peak discharge prior to development. 



If these present drainage criteria are coupled with the FEMA policies for 

floodplain management on alluvial fans, the "No Action" alternative will be 

an effective option towards mitigating flood damage to future development. 

However, as with the FEMA Floodplain Management Option, this alternative will 

do nothing to eliminate potential flood damage to existing developnt. 

The information presented in this study does not recommend a specific 

drainage plan that could imediately be sent before area residents or the 

City Council for adoption. The watershed drainage and development issues are 

far too complex to lend themselves to a simple, single solution within the 

manhour limitations alloted to this study. Instead, this study should be 

regarded as the first step towards the identification of drainage problems 

and the advantages and disadvantages of several drainage solutions that might 

have application to different regions of the watershed. 

A substantial database has evolved from the technical analyses conducted as 

part of this study. Portions of this database have been used to develop 

engineering design aids for the preliminary analysis of retention basins and 

channels. A very comprehensive set of HEC-1 models have been created for 

predicting the runoff response at virtually any point within the study area. 

Numerous channel alignments and storm drain systems have been evaluated at 

varying levels of detail to provide estimates of effectiveness, size, and 

cost. This database can easily be accessed to provide guidance on the 

development of site-specific plans that may be proposed as part of future 

watershed urbanization. 

This flexible approach is in concert with the 1987 General Plan for this 

area, which states: " .... more detailed planning for Areas C and D will be 
an ongoing process. The Plan must be monitored and refined regularly to 

ensure that it is kept current and responsive to changing conditions and 

community needs". 



This report documents the engineering analysis that was performed to develop 

drainage and flood control concepts for an approximate 56 square mile area 

identified as the Paradise Valley Fan Terrace. The study area, which 

includes portions of the City of Phoenix Peripheral Areas C and D, is prt of 

a 107 square mile watershed that was modeled for this project. 

The study area is located north of the Central Arizona Project (CAP) Aqueduct 

and includes that portion of the City of Phoenix located west of Scottsdale 

Road, south of the Carefree Highway, and east of Cave Creek. The project 

boundaries are illustrated in Figure 1.1. 

A major product of this study was the developnent of a detailed hydrologic 

model (HEC-1) to determine the watershed rainfall/runoff response for both 

existing and future land-use conditions. This hydrologic data is used as the 

basis for evaluating several drainage and flood control concepts for the 

study area. The data is also used to develop graphical and mathematical 

relationships that can be used for quick analyses of both retention basin and 

channel size and costs. 

Due to the large size of the study area, and the uncertainty as to how future 

site-specific developnent may occur, it was not considered practical to 

recommend a preferred flood control plan for the area. Such an approach 

would provide no flexibility for possible changes in future land-use 

projections, nor would it afford area land owners an opportunity for input on 

the type of drainage and f l d  control measures to be installed in the 

watershed. Instead, a study approach was pursued that provides regionalized 

technical design aides (graphs and equations) for retention basins and open 

channels, as well as a technical discussion of other floodplain management 

options that might be considered for use in the study area. This alternate 

study approach provides the City of Phoenix with a menu of options that can 



used to customize a site-specific drainage plan for different regions of the 

study area. This versatility will provide City planners with the flexibility 

to easily respond to changing land-use projections and to offer area 

residents numerous options for floodplain management. 



2.0 DRAINAGE BASIN m C T W I S l ' I C S  

2.1 JXMNAGE AREA 

The project study limits were previously illustrated in Figure 1.1. Both 

Plates 1 and 2 show the watershed boundaries associated with the study 

limits. As stated previously, the contributing watershed encompasses 

approximately 107 square miles. A substantial portion of the watershed lies 

within the City of Scottsdale. 

The watershed, which drains from the northeast to the southwest, is 

characterized by literally hundreds of parallel and intermittently braided, 

ephemeral washes. The northeastern portion of the watershed (generally east 

of Scottsdale Road and north of Jomax Road) exhibits a somewhat rolling 

topography, which tends to ininimize the potential for widespread sheet flow. 

However, the southwestern region of the watershed has much less topographic 

undulation and is prone to sheet flow during large flood events. 

The majority of the watershed, located west to north of the McDowell 

Mountains, might best be defined as a piedmont plain. This region contains 

both a pediment and alluvial plain. Portions of this region have also been 

referred to as an alluvial fan terrace in a recent Soil Survey Report (Soil 

Conservation Service, 1986). The SCS defines an alluvial fan terrace as an 

inactive remnant of an old alluvial fan that has been incised by younger and 

lower alluvial surfaces and is no longer a site of active deposition. 

In the author's opinion, there are no true alluvial fans in the project 

watershed. There are no mountain fronts in the study area from which an 

alluvial fan could emanate. The morphology of the region could best be 

described in terms of a land surface that exhibits a gradual increase in 

ground slope as one moves through the watershed from the southwest to the 

northeast. This gradual increase in slope is accomplished by more undulating 



topography and a stream pattern that becomes less prone to sheetflow with 

increasing ground slope ( e .  higher elevations). 

Pediments and alluvial plains are difficult to analyze from both a hydrologic 

and hydraulic perspective because of the absence of large capacity channels 

and the potential for sheetflow. Although the majority of the pediment 

surface has fairly well defined swales and washes, the alluvial plain 

(generally south of Dynamite Road) is characterized by literally hundreds of 

small, braided washes which have bankfull channel capacities ranging from 

approximately 25 cubic feet per second (cfs) to 250 cfs. During major 

floods, such as the 100-year event, the flow characteristics across this 

surface would probably exhibit a wide, shallow sheetflow pattern. 

North from J o m  Road to about Dixileta Road, the small washes on the 

alluvial plain begin to exhibit more definition and corresponding channel 

capacity. This region represents a transition area between the alluvial 

plain (fan terrace) and the pediment. As one enters the pediment area, the ' 

more well-defined channel geometry decreases the potential for sheetflow. 

2.2 LAND USE 

The majority of the watershed is presently undeveloped. However, there are 

several pockets of scattered, low density, residential developnt, most 

notably in the Carefree area and south of Carefree along Cave Creek Road. 

New developnent will soon be underway at Tatum Ranch, which straddles Cave 

Creek Road between Lone Mountain Road and Dynamite Road. 



This existine develomnt WELS simulated in the HEC-1 model (for existing 

floodplain conditions) by inputting a percent of impervious cover that was 

based on an actual count of existing structures observed on a 1989 circa 

aerial photograph of the watershed. Future land-use conditions were also 

modeled by using an increase in the percent of impervious cover. This 

increase was correlated with both City of Phoenix and City of Scottsdale 

planning projections (dwelling units per acre) for the watershed. These 

land-use projections include residential (with densities ranging from 1/5 to 

22 dwelling units per acre), tourist accommodations, low intensity resort, 

commercial, cultural/institutional, office, light industrial, and open space. 

It is important to consider both existing and future land-use plans in the 

hydrologic modeling process because of the impact that such uses have on the 

runoff response of the watershed. An increase in the amount of impervious 

land cover will cause an increase in peak discharge rates and flooding 

potential. 

2.3 SOIL TYPE AND VEGETATION 

Soils information is needed in order to model the infiltration characteris- 

tics of the watershed. Such information is generally available from Soil 

Survey Reports published by the Soil Conservation Service (SCS). The 

watershed for this project was included in the s 1  Survey of Aguila- 

Carefree Area, Parts of Maricopa and Pinal Counties, Arizona, U.S. Department 

of Agriculture, April, SCS 1986. 

Using the standard SCS hydrologic soil group classification system, an esti- 

mate can be made of the runoff potential of the soils within any given sub- 

basin of the project watershed. The SCS system is based on four hydrologic 



soil groups, A through D. Soils in group A have very low runoff potential 

(i.e., high infiltration rate), those in group B have moderately low runoff 

potential, those in group C have moderately high runoff potential, and those 

in group D have high runoff potential (i.e. very slow infiltration rate). 

The composition of the project watershed, in terms of hydrologic soil groups, 

is presented on Plate 1. The information in this figure is based on the 

Aguila-Carefree soil survey (SCS, 1986). As can be noted on Plate 1, the 

watershed is composed of all four hydroiogic soil groups(A,B,C, and D). 

A review of the SCS soil survey maps indicated that several of the soil map 

units consisted of two or more major soils. Such combinations, which are 

referred to as either a soil complex, or soil association, often consist of 

multiple hydrologic soil groups. When multiple soil groups were encountered, 

the percentage of each soil (and its corresponding hydrologic soil group) 

within the soil complex/association was identified from the SCS mapping unit 

descriptions. These percentage figures were then combined with engineering 

judgement to select a single hydrologic soil group that was considered to be 

most representative of a specific soil complex/association. In two cases, 

the percentage of different hydrologic soil groups was so evenly balanced 

that the soil complex/association was used in the analysis as a function of 

two hydrologic soil groups. 

Table 2.1 summarizes the soil complex/associations that were evaluated, and 

lists the hydrologic soil group(s) that were ultimately selected to represent 

a specific mapping symbol (number) that is published on the SCS soil maps. 

The application of this data to the selection of SCS curve numbers will be 

discussed in Section 3.2 of this report. 



Due to its predominantly undeveloped nature, the vegetation community in the 

watershed is typical of the Sonoran Desert and includes such species as 

mesquite, catclaw, creosote bush, palo verde, ironwood, cacti, etc. For 

those portions of the watershed that have been developed, there has been an 

attempt to preserve, as much as possible, the natural desert landscape. 

Preservation of the natural character of the land is in concert with the 

desires of local residents and the City planning staffs of both Phoenix and 

Scottsdale. 

2.4 MISTING DR4INAGE I M l X O m  

With the exception of Tatm Ranch, the low density of developcent that 

presently exists in the watershed has not been accompanied by any major flood 

control or drainage improvements. The majority of existing improvements 

consist of small channels and/or raised levees (berms) alongside some of the 

roadways or through portions of residential developnents. The drainage 

ditches that exist along the side of some of the major roads may create some 

minor diversion of runoff during the more frequent floods, such as a 2-year 

event. However, severe floods, such as a 50- or 100-year event, will greatly 

exceed the capacity of these small channels and will continue to flow along 

their natural drainage path. During field inspections of the watershed, it 

was also observed that most of the roads utilize "dip" sections at their 

intersection with the natural desert washes. This practice promotes the 

tendency for floodwater runoff to continue along its natural course rather 

than being diverted by the roadways. 

Large flood control dikes are located along the north side of the CAP, but 

these dikes are at the downstream limits of the study area and offer no 

protection to upstream areas. Cave Buttes Dam is also on the perimeter of 

the study area and offers no protection within the study area. However, the 

Cave Buttes auxiliary dike that crosses Cave Creek Road will intercept some 

flows that would have historically flowed southwest along the road. 



The pending development of Tatm Ranch has produced several interceptor 

channels, bermed washes, and one large retention basin. These drainage 

improvements are discussed in detail in Section 6.3 of this report. 



A computerized rainfall/runoff model was developed for the watershed using 

the U.S. Army Corps of Engineers Flood Hydrograph Package (HEC-1). HEC-1 

uses numerical parameters to describe the amount and temporal distribution of 

rainfall, the runoff characteristics of the watershed, and the hydraulic 

properties of overland flow planes and channels that collect and convey the 

direct runoff to concentration points. The computer output provides a runoff 

hydrograph at user selected locations. These hydrographs can be used to 

design drainage channels, detentionhetention basins, or to evaluate the 

capacity of existing drainage facilities. 

The kinematic wave option was used to determine the hydrologic response of 

the sub-basin areas and for routing the resulting hydrographs through the 

tributary channels of the basin. This option was selected because runoff 

processes can be simulated using measurable geographic features such as 

overland flow elements and the shape, boundary roughness, length, and slope 

of channel elements. Unlike unit hydrograph techniques, the kinematic wave 

approach also provides a non-linear response of runoff characteristics, i.e., 

peak discharge does not necessarily increase linearly with direct runoff when 

using the kinematic wave methodology. 

A network of sub-basins and connecting channels was configured to simulate 

the natural drainage pattern in the basin. Plate 2 presents an illustration 

of the drainage patterns, sub-basin boundaries, and concentration points used 

to model both existing and future runoff conditions. This section of the 

report presents a detailed discussion of specific components of the computer 

model that were created to simulate the rainfall/runoff response of the 

watershed. Complete listings of the input and output data associated with the 



HEC-1 models developed for this project are presented in a separate 

publication entitled "HEC-1 Models for the Paradise Valley Fan Terrace, 

Concept Drainage Study." 

The February 1, 1985 version of HEC-1 was used for all models presented in 

this study. Use of the June 1, 1988 version will yield different peak 

discharge results. 

As stated previously, the project watershed consists of approximately 107 

square miles. Such a large area encompasses a wide range of topographic 

features, soil groups, and drainage patterns. In order to increase the 

accuracy of the hydrologic modeling process, it is necessary to sub-divide 

the watershed into much smaller sub-basins of relatively homogeneous 

hydrologic characteristics. The number and size of sub-basins is also 

dictated by the number of locations at which hydrologic output data is 

desired, i.e., detention basin outlets, channel locations, etc. 

In order to meet this criteria, the overall watershed was divided into 139 

sub-basins (this number varied slightly to reflect differences in 

concentration points that were required when evaluating sane of the concept 

drainage alternatives). Plate 2 illustrates the sub-basin delineations that 

were used to model both existing and future flooding conditions for the 

watershed. 

A major factor in the delineation of the watershed sub-basins was the allw- 

ial plain (fan terrace) which becomes a prominent geologic feature through 

the lower half of the watershed. Northeast of this area, the desert washes 

are more well defined and tend to exhibit a drainage network characterized by 



a tributary pattern that feeds a dominant or main channel within a sub- 

drainage area. 

This is in sharp contrast to the fan terrace (alluvial plain) portion of the 

watershed, which is characterized by a dense network of narrow, shallow, 

sinuous channels which intermittently mingle and then separate from each 

other. As a result, there is no dominant channel on the fan terrace portion 

of the watershed which can be used as a main channel for the concentration of 

upstream flows. 

Because of the discontinuity in drainage pattern, the fan terrace portion of 

the watershed was modeled as wide strips (with runoff distributed uniformly 

across a portion of each strip), while the more defined channels in the upper 

reaches of the watershed were modeled in the conventional riverine format, 

where flows are routed via an existing, incised channel (using much narrower 

widths than on the fan terrace) to a concentration point at the sub-basin 

outlet. 

Precipitation losses due to interception and infiltration were modeled using 

the SCS curve number option in HEC-1. Selection of curve numbers was b e d  

on information gathered on type of soil cover, vegetation density, land use, 

and soil moisture conditions. An average curve number was developed for each 

sub-basin to account for the combined effect of these drainage basin 

characteristics. 

Antecedent Moisture Condition I1 (AM2 11) was used as the basis for all curve 

number selections. AM2 I1 is defined by SCS as having 0.5 to 1.1 inches 

(dormant season) or 1.4 to 2.1 inches (growing season) of rainfall during the 

five days preceding the design storm. 



Even though the project area is located in a desert environment that would 

more typically be represented by a drier antecedent moisture condition (AMC 

I), the use of AMC I1 is a prudent assumption to use for the hydrologic 

analysis and design of any drainage system plan or floodplain delineation. 

A base curve number was developed for each of the four hydrologic soil groups 

(A,B,C, and D) under the assumption of 15% cover density and a "desert brush" 

vegetation community. Since this study utilizes large portions of the HEC-1 

model previously developed for the General Drainage Plan For North Scotts- 

dale, Arizona, WRA 1989, the same baseline curve numbers from the Scottsdale 

study were used for this study. As described in the Scottsdale study, curve 

number development was based on information contained in a City of Scottsdale 

drainage design manual, SCS Technical Release 55(June, 1986), and Runoff 

Curve N d r s  for Semiarid Ranee and Forest Conditions, MAE, Woodward, 1973. 

A summary of baseline curve numbers is presented in Table 3.1. 

The 24-hour curve numbers in Table 3.1 were used to develop a weighted curve 

number for each sub-basin in the watershed. Weighted sub-basin curve numbers 

were based on a visual estimate of the percentage of each sub-basin area 

occupied by each of the six following hydrologic soil group (HSG) categories: 

1. 100% HSG A (CN = 60) 
2. 50% HSG A + 50% HSG B (CN=67) 

3. 100% HSG B (CN = 74) 
4. 50% HSG B + 50% HSG C (CN = 78) 
5. 100% HSG C (CN = 82) 
6. 100% HSG D (CN=86) 

These six categories reflect adjustments made for the multiple HSG soil 

complex/associations discussed in Section 2.3. 



The "area-weighted" curve nmbers that were obtained from this procedure were 

rounded to the nearest whole number for each sub-basin and were considered to 

be a final baseline curve number representative of natural desert conditions 

(i.e., no development). These final baseline curve numbers were used in 

the HEC-1 models created for this study. Any attempts to revise these 

models to investigate storm durations less than 24-hours, should employ the 

appropriate curve number in accordance with Table 3.1. 

Modeling adjustments to reflect increased runoff due to urbanization (both 

existing and future) were made by increasing the percent of impervious cover 

input to the LS card for each sub-basin; no changes were made to the sub- 

basin curve numbers. 

The relationship between percent of impervious cover and land-use 

classification was primarily based on "average percent of impervious area" 

taken from Table 2-2a, TR-55 (SCS, 1986). The 85% and 72% impervious area 

values for commercial/business and industrial districts, respectively, were 

used without any adjustments within the Scottsdale portion of the watershed. 

Other land-use classifications within the Phoenix portion of the watershed 

include "Mixed Use" (85% impervious), "Comercial" (86% impervious), 

"Hillside" (5.4% impervious), and "Floodplain" and "Park" (1% impervious). 

The percents of impervious area in TR-55 for residential districts were 

revised slightly upwards. The revision was made through a visual adjustment 

to a graphical plot of the residential lot sizes versus the percent of 

impervious area for each lot size. A smooth, visually fitted curve was then 

superimposed onto the TR-55 data in order to extend the data to span the 

entire range of zero to 100% impervious area. This graphical plot is 

illustrated in Figure 3.1. Combining the information from Figure 3.1, Table 

2-2a (TR-55), and land-use classifications from the "Tonto Foothills Plan", 

"Scottsdale General Plan", and "Phoenix General Plan", an area-weighted 

percent of impervious cover was established for each land-use category used 



in this study. These values are listed as part of the HEC-1 input data 

published in the separate document of project computer data. 

Percent of impervious cover for existing land-use conditions was based on a 

visual count of every structure that was visible on a circa 1989 aerial 

photograph of the watershed. A transparency of the watershed sub-basin 

delineations (Plate 2) was superimposed over the photographs in order that 

the number of existing structures could be identified for each sub-basin. 

The total number of structures in each sub-basin was then divided by the 

total sub-basin area in order to arrive at an average number of dwelling 

units per acre. This average value was then used in conjunction with Figure 

3.1 to determine the percent of impervious cover for each sub-basin. 

Overland flow represents the shallow, sheetflow conditions that occur while 

runoff is moving from the point of raindrop impact to a channel. HEC-1 

simulates this component of flow with input data describing the overland flow 

length, slope and roughness. 

&cept for the lower portions of the alluvial fan terrace, overland flow 

lengths were measured from a USGS 7.5-minute quadrangle map. These 

measurements, which utilized considerable engineering judgement, were based 

on a close examination of the topographic contour lines in order to determine 

the approximate distance that water would have to travel before reaching an 

indent in a contour line that could be considered representative of a 

channel. As many as four measurements were made in some sub-basins to 

determine an average length that could be considered typical of the entire 

subbasin. Overland flow slopes were computed from the length and elevation 

measurements taken from the 1"=2000' USGS quadrangle maps. In a few 

instances two overland flow planes were input to the HEC-1 model to describe 

a sub-basin. 



Overland flow data for areas located within the City of Scottsdale were not 

changed from those used in the 1989 North Scottsdale study (sub-basin series 

1000). However, for the new Phoenix watershed area (sub-basin series 3000) 

added to the Scottsdale HEC-1 model, a slightly different approach was used. 

The Phoenix area was divided into three large sub-areas that exhibited 

relatively homogeneous overland flow characteristics. Overland flow lengths 

and slopes were measured for two of these three sub-areas in the same manner 

described above. An average length and slope was then computed for each sub- 

area and used for all sub-basins within that sub-area. 

The third large sub-area encompasses the alluvial plain (or fan terrace) 

located in the southern half of the watershed. Overland flow lengths for 

this region were based on a 1"=1000', 1984 aerial photograph of the 

watershed. Sub-tasins were delineated on this photo and lines were drawn 

perpendicular to the average flow pattern within each sub-basin. The number 

of rills or channels intercepted by each line was then counted through a 

visual inspection of the photo. An average width between rills was then 

obtained by dividing the total length of the line by the number of rills 

intercepted by the line. The average overland flow length was then computed 

as one-half the distance between rills, based on the assumption that one-half 

this distance will drain to one rill while the other half will drain to the 

adjacent rill. As many as two or three lines were drawn on sub-basins in 

order to establish an average overland flow length for the entire sub-basin. 

This fan terrace analysis was originally performed by Mr. Robert L. Ward, 

P.E., in 1986 and published as part of a report entitled Final Hydrology 

Rewrt, Outer  loo^ freeway, North of the CAP Aqueduct, Simons, Li and 

Associates, Inc. (SLA), April, 1987. This overland flow length data (for the 

fan terrace) has been adopted from the SLA report, with no changes, for use 

in this study. 



Due to the large contour interval (20-feet) on the quadrangle maps and the 

relatively flat topographic relief across the lower fan portion of the water- 

shed, a different technique had to be employed for computing overland flow 

slopes. Accordingly, seven wide (200' to 400') cross-sections were field 

surveyed on the fan portion of the watershed. Once these cross-sections were 

plotted, typical cross-slopes to individual rills could be easily computed. 

This was done for several cross-sections and an average cross-slope was found 

to be 0.0213 ft/ft. This value was then used as the average overland flow 

slope for all sub-basins on the fan terrace area. These cross-sections and 

fan slope measurements were also based on data from the 1987 SLA report 

prepared by Mr. Ward. 

As with the length measurements, overland flow roughness values require 

considerable judgement. No values have been published specifically for 

desert land surfaces. Depths of overland flow may be on the order of 1/4- 

inch or less. Under such conditions, the texture or surface composition of 

the ground has a significant impact on the travel time required for overland 

flow to reach a channel element. Field inspections of the watershed revealed 

distinct differences in surface soil composition and vegetation density from 

the lower to upper portions of the watershed. On the lower fan portion of 

the drainage area, the ground surface is relatively smooth and flat and is 

composed of a much finer (smaller grain-size) material than exists in the 

upper basin. The upper portion of the basin exhibits gravel size surface 

materials, along with scattered rocks and boulders, and a much more rugged 

surface topography. Vegetation also appears to be slightly more dense in the 
upper part of the basin than in the lower part of the basin. 

Based on these observations, five categories of surface topography and 

overland flow roughness were selected as being representative of the 

watershed. This data is surmnarized in Table 3.2. 



3.4 CHANNEL ROVTING PARAMFPERS 

Runoff from overland flow planes is concentrated in the numerous dry washes 

that drain the watershed. Once the water enters these washes, it is routed 

downstream as open-channel flow. For the kinematic wave option, this routing 

procedure is a function of: 1) channel length; 2) channel slope; 3) 

channel shape; and 4) channel roughness. HEC-1 is capable of using as 

many as three different channel routing segments within a given sub-basin in 

order to simulate different channel geometries that occur as small collector 

channels drain to larger collector channels and, ultimately, to a main trunk 

channel. 

Channel lengths and slopes were measured directly from the 1"=2000J USGS 

quadrangle maps. A trapezoid was used to model channel geometry throughout 

the watershed. The bottom width and side slopes of the trapezoid were based 

on extensive field measurements, aerial photographs, and engineering 

judgement (due to the large watershed size, it was not possible to measure 

every channel). 

After the initial HEC-1 runs, the peak discharge values at numerous channel 

concentration points were used, with Manning's Equation, to compute the 

channel depth, velocity, and Froude Number. If these computed hydraulic 

parameters did not appear reasonable, the channel bottom widths and/or side- 

slopes were adjusted in the proper direction. 

h e  to the wide, sheetflow characteristics anticipated on the lower portions 

of the alluvial fan terrace, special consideration was given to the selection 

of the channel geometry. As part of the 1987 SLA study, Mr. Ward field- 

surveyed six typical washes on the fan terrace. Using Manning's Equation, 

the average bankfull capacity of a typical wash was found to be approximately 



80 cfs. This information was combined with the peak discharge data from HEC- 

1 to develop the following procedure for the selection of channel geometry 

across the lower fan terrace. 

1. Using the number of washes/rills counted for each fan terrace sub-basin, 

and the HEC-1 peak discharge through each sub-basin, determine the 

average discharge per wash and the depth and velocity associated with 

the discharge. 

2. Compare the results from Step 1 to the previously computed average, 

bankfull capacity of 80 cfs per wash. If this 80 cfs capacity is 

exceeded, sheetflow can be expected. 

3. Concurrently with Step 2, compute the velocity, Froude Nwlber, and depth 

of flow resulting from the HEC-1 channel geometry carrying the total 

HEC-1 peak discharge through each sub-basin. If the computed wash 

capacity from Step 1 is approximately equal to, or less than 80 cfs 

(Step 2 ) ,  flow can be expected to be contained within the small washes 

and the HEC-1 channel velocity should be approximately the same as the 

wash velocity computed from Step 1. If these two velocities are not 
approximately the same, the HEC-1 channel geometry is revised, the model 

re-run, and this procedure is repeated. The Froude Number for the HEC-1 

channel is also examined as part of this step. These Froude Numbers 

should be close to critical flow since that is the predominant flow 

regime across alluvial fans. 

4. If the wash-capacity comparison made in Step 2 indicates substantial 

overflow would occur, then the computed wash-velocity will be 

erroneously high, since the wash would not actually carry all the excess 

water, i.e., it would spread across the desert as sheetflow. Under this 

condition, the computed HEC-1 channel velocities should be lower than 

those accompanying the excessive concentration of flow in a small wash. 



The acceptance of a HEC-1 channel velocity for this case is a matter of 

engineering judgement. Such judgement should be based on a review of 

the flow depth, velocity, and Froude Number accompanying the HEC-1 

channel geometry. This data should be compared to what would be 

considered as realistic flow conditions across a wide swath of desert. 

In order to maintain proper timing of the flood-wave movement across the 

terrace, velocity might be given more weight than the other two param- 

eters. Sheetflow velocities in the 3-7 fps range were considered 

realistic for this study, with the higher velocities being used where 

the sheetflow unit discharge was higher (i.e., on the steeper portions 

of the fan terrace). 

Where necessary, the HEC-1 channel geometry was adjusted to provide a 

realistic range of flow velocities. 

The adjustment of channel geometry dimensions across the fan terrace was 

found to be extremely influential in the attenuation of peak discharge as the 

floodwave moved down the terrace. For example, the 100-year peak discharge 

(existing conditions) at Sub-Basin 27 is 9831 cfs, while approximately 4.5 

miles downstream at SUB 29, it is only 6577 cfs. This attenuation was 

created by increasing the channel bottom width from 1500 feet in Sub-Basin 27 

to 2500 feet in Sub-Basin 28, and to 3500 feet in Sub-Basin 29. This 

sensitivity justifies a careful examination of the channel hydraulics across 

the fan terrace. Substantial hydrograph attenuation should be anticipated to 

reflect transmission losses and overbank storage. 

Nearly all the channels in the watershed were modeled with a Manning's 

roughness value of 0.045. In some isolated cases, values of 0.050 and 0.055 

were used. These roughness values were based on extensive field observations 

corned to calibrated "n" values presented in a photo report entitled 

"Roughness Coefficients for Stream Channels in Arizona" by Aldridge and 

Garrett, USGS, February, 1973. 



3.5 RAINFALL PARAMETERS 

The hydrologic response of a watershed is dependent upon rainfall character- 

istics such as depth, duration, and the spatial and temporal distribution of 

the rainfall event. The rainfall depth is a function of the probability of 

occurrence and the duration of the event. This probability is expressed as a 

recurrence interval (50-year, 100-year, etc.), which is defined as the 

average interval of time within which the magnitude of an event will be 

equaled or exceeded once. Mathematically, recurrence interval is defined as 

the reciprocal of the probability of occurrence. 

Rainfall depths for the study area were developed using isoplwial maps and 

regression equations presented in the Recipitation - Frequency Atlas of the 
Western United States, Volume VIII - Arizona, 1973. Due to the large 

drainage area size, sufficient variations in rainfall depths were noted on 

the isoplwial maps to warrant using different rainfall values for different 

areas of the watershed. Table 3 . 3  summarizes the areally reduced fainfall 

depths that are representative of different portions of the watershed. The 

rainfall depths in Table 3 . 3  are based on a 24-hour storm duration and a 10- 

square mile areal reduction factor. 

The rainfall values in Table 3 . 3  were distributed over a 24-hour duration 

using the SCS Type IIA rainfall distribution. This distribution is graphic- 

ally depicted in Figure 3.2, along with three other distributions that were 

considered for possible use in this project. 

The selection of the rainfall parameters used in this study was based on an 

extensive sensitivity analysis conducted for the previously referenced 1989 

North Scottsdale drainage study. Details of this analysis are discussed in 

Section 3 . 6  of this report. 



3.6 SENSITIVITY ANALYSIS AND MODEL VERIFICATION 

In order to generate a level of confidence in the HEC-1 modeling results, and 

to examine the sensitivity of certain rainfall parameters on the runoff 

response of the watershed, additional HEC-1 modeling and independent 

hydrologic calculations were performed. 

The rainfall sensitivity analysis was conducted as part of the North 

Scottsdale study and was confined to an approximate 7 square mile block of 

drainage area containing 13 sub-basins (SUB 2240 through SUB 2340). An 

expansion of the original HEC-1 model verification analysis also utilized 

several sub-basins within the City of Phoenix boundaries. The results of 

these analyses are discussed in the following two subsections of this report. 

3.6.1 Rainfall Sensitivity Analysis 

Using the previously described HEC-1 model, and the kinematic wave option for 

both overland flow and channel routing, the following rainfall pramters 

were investigated: 

1. Rainfall Amount - Two sources of rainfall data were used: 1) NOAA Atlas 

2, Volume VIII, Arizona; and 2) a combination of NOAA Atlas data and 

City of Phoenix rainfall data (Storm Drain Design Manual, September, 

1985), whichever gave the higher value for a given frequency-duration. - 

2. Spatial Distribution - The rainfall was assumed to be evenly distributed 

over the entire contributing watershed. However, the sensitivity of 

peak discharge was examined as a function of changing the "areal 

reduction factor" from 10 square miles to 50 square miles, 



3. Temporal Distribution - The following rainfall distributions were 

evaluated: 1) HEC-1 hypothetical, 24-hour; 2) HEC-1 hypothetical, 1- 

hour; 3) SCS Type 11, 24-hour; 4) SCS Type IIA, 24-hour; 5) City of 

Phoenix, 24-hour. 

Where possible, several combinations of these parameters were examined in 

order to establish the maximum and minimum values that might occur in peak 

discharge. However, some combinations were not possible. For example, the 

SCS Type 11, IIA, and City of Phoenix distributions only utilize the 24-hour 

rainfall value. Since the NOAA values were higher than the Phoenix rainfall 

values for this duration, only the NOAA data was used for these storms. 

It should be noted that there is also some incompatibility in comparing run- 
off response due to changes in areal reduction factors. The HEC-1 program 

incorporates an internal subroutine that automatically adjusts & rainfall 
values (on the PH card) for a given storm duration when using the hypothet- 

ical rainfall distribution. This adjustment is initiated by the user input- 

ting a desired drainage area size to be used by the program in computing the 

areal reduction factor - (ARF). In contrast, the two SCS distributions and 

the City of Phoenix distribution are adjusted as a result of the user 

modifying only the 24-hour rainfall for the desired areal reduction. 

Another possible incompatibility in computing the ARF arises from the fact 

that the HEC-1 algorithm (see Equation 3.12 in the HEC-1 User's Manual, 

September, 1981) produces different results from that obtained from Figure 14 

in the NOAA Atlas. Both methods produce nearly identical results for the 24- 

hour duration, but slightly different values for the shorter durations. For 

example, HEC-1 will generate an ARF of 0.815 for a 1-hour duration at 50 

square miles, while NOAA produces an ARF of 0.800 for the same conditions. 

It should be noted, however, that these small discrepancies may be due to 

errors in visually reading such values from graphs. 



The results of the rainfall sensitivity analysis are presented in tabular 

form in Table 3.4. It should be noted that the sub-basins listed in Table 

3.4 are part of the 1989 North Scottsdale drainage study. 

During a review of the sensitivity analysis results, some additional 

investigation was performed relative to recent research on areal reduction 

factors and accuracy of the rainfall data published in the NOAA Atlas. Using 

gage data from Walnut Gulch (AZ) and other portions of Arizona and New 

Mexico, Zehr and Myers (1984) concluded that "reductions of point rainfalls 

for area-size in the semi-arid Southwest are greater than previously 

published nationwide average depth-area curves". This research indicates 

that ARFs from NOM do reduce point rainfall values as much as new data 

indicate they could be reduced. In other words, ARFs from NOAA will tend to 

produce higher areal rainfall (and corresponding peak discharge) than the new 

data in NWS HYDRQ-40 suggests is realistic for areas of the southwest. 

To test the sensitivity of these factors, the 'Qpe IIA, 24-hour storm was run 

with ARFs for 10 square miles and 50 square miles, using the data from both 

NOAA and NWS HYDRD-40. For each of the two drainage area sizes, the average 

QIOO ratios (using ARFs from the two referenced sources) for 15 concentration 

points in the test basins were compared in order to quantify the change in 

runoff response. The resulting ratios were found to be as follows: 

Q l o o ,  10 sq. mi. ARF, NOAA = 1.10 
Q I O O ,  10 sq. mi. ARF, HYDRO-40 

Q ~ o o .  50 sq. mi. ARF, NOAA = 1.17 
Q i o o ,  50 sq. m i .  ARF, HYDRO-40 

As expected, the NOAA Atlas values produce 10% to 17% higher runoff values 

than the new HYDRQ-40 data. 



A second research article deals with the accuracy of short-duration rainfall 

in the NOAA Atlas. Again, using gage data from Walnut Gulch, Arizona, Osborn 

and Renard (1988) demonstrate that the Walnut Gulch data produces 

substantially higher rainfall values from short-duration rainfall (1-hour and 

less) for infrequent events such as the 50- and 100-year storms. For 

example, the rainfall depths for the 100-year event were approximately 27% 

greater than the data provided by the NOAA Atlas for the same watershed. 

Using a kinematic cascade rainfall-runoff model (KINEEOS), Osborn and Renard 

demonstrate that such changes in rainfall create changes in peak discharge 

and runoff volume on the order of 31% to 200% and 37% to 200%, respectively. 

~lthough the Osborn/Renard report only addresses the rainfall data for Walnut 

Gulch, one might assume (for the purpose of a sensitivity analysis) that the 

same relative increases in short-duration rainfall might apply to other 

regions in Arizona that are exposed to short-duration, convective 

thunderstorms. Accordingly, the 1-hour, 15-minute, and 5-minute rainfall 

values for the HEC-1 hypothetical 100-year , 1-hour storm were increased by 
factors of 1.29, 1.25, and 1.20, respectively, to match the increases 

calculated by Osborn and Renard for these duration-frequency combinations. 

When input to the HEC-1 model, these new rainfall values caused an average 

increase of 59% in Q l o o  at the 15 concentration points used in the 

sensitivity analysis. This data was based on a 100-year, 1-hour storm. The 

analysis w a s  not extended to longer duration events because the &born/ 

Renard data did not go beyond a 1-hour storm. Figure 3.3 graphically 

depicts the variation in peak discharge for a 1-hour, HEC-I hypothetical 

storm when using NOAA rainfall versus the Osborn/Renard data. 

Based on the results of this analysis, the following recommendations were 

made relative to rainfall prameters for use in the General Drainage Plan for 

the North Scottsdale Area and for this study of the Paradise Valley Fan 

Terrace : 



1. Rainfall Amount - Use NOAA Atlas 2, Volume VIII, Arizona, with separate 

rainfall calculations for the northern, central, and southern portions 

of the watershed. 

The higher City of Phoenix rainfall data is not recommended for combination 

with the NOAA data for the following reasons: 

a) The City's Storm Drain Desim Manual indicates the rainfall is based on 

WTBM-44, which is believed to be the same data as the NOAA Atlas. Most 

of the differences with the published Phoenix rainfall data and the NOAA 

data generated for this study area, occur for durations of 1-hour or 

less. All rainfall values for less than a 1-hour duration are based on 

a percentage of the 1-hour value. Accordingly, if the 1-hour value is 

in error, all lesser duration values will be in error. An analysis of 

the published Phoenix 1-hour rainfall values indicate that they are 

slightly in error when compared to the 1-hour rainfall values that 

result from using the statistical equations presented on page 15 of the 

NOAA Atlas. This, of course, causes all lesser duration values to also 

be in error. 

b) If the Phoenix numbers are not based on the NOAA Atlas, there would 

arise a problem of technically justifying a valid basis for combining 

data from two different sources. If a combination of data were to be 

made that would cause an increase in runoff (beyond the NOAA data), a 

valid technical basis would be warranted for such a combination in order 

to defend the data against potential future critics. 

The Osborn/Renard research at Walnut Gulch is considered t m  limited to 

be applied on a generalized statewide basis at this time. As discussed 

previously, their research only addressed storm durations up to 1-hour. 

Accordingly, there is no guidance provided on possible errors associated 

with longer duration events, such as the 24-hour storm. 



2. Spatial Distribution - Recommend that rainfall be evenls distributed 

over the entire contributing watershed. Point rainfall values should be 

reduced to simulate a storm size of 10 square miles. The areal 

reduction factor (ARF) should be taken from the NOAA Atlas, Figure 14. 

When compared to data in the Zehr/Myer article, the use of Figure 14 

(NOAA) will provide a degree of conservatism for runoff calculations. 

The lower ARFs suggested in the Zehr/Myer report are not reconmended 

because of their admission of considerable variation in the uncertainty 

of the results (on a statewide basis) due to sparse data in certain 

areas of the state. 

Adoption of the ARFs from the NOAA Atlas will also, to some extent, 

counteract the effects of. the suggestion by Osborn and Renard that the 

NOAA rainfall data may be lower than that which actually occurs in 

various regions of Arizona. 

3 .  Temporal Distribution - Recomnend adoption of the 24-hour, SCS Type IIA 
storm. The 24-hour duration will provide suitable runoff volumes for 

detention/retention basin design while the Type IIA distribution incor- 

porates a short burst of high intensity rainfall to simulate convective 

thunderstorm characteristics that are conrmon to the project area. This 

intensity will provide the high peak discharges that are r e c o d e d  for 

the design of any channel improvements. This distribution was 

reportedly developed on the basis of thunderstorm data collected from 

the Arizona - New Mexico area. 

The HEC-1 hypothetical distribution was rejected because of a tendency to 

generate peak discharge values that are significantly higher than discharges 

obtained with other distributions and independent peak discharge calcula- 

tions. This distribution makes no attempt to acknowledge regional rainfall 



characteristics. The hypothetical distribution in HEC-1 also exhibits large 

variations in peak discharge when adjustments are made to reduce point 

rainfall as a function of the assumed areal extent of a given storm. For 

example, when adjusting the ARF from 10 square miles to 50 square miles, the 

HEC-1 hypothetical storm revealed an average decrease of 25% in peak 

discharge values, while under the same circumstances, the Type IIA storm only 

caused an average reduction of about 7% in peak discharge. As discussed 

previously, these differences are due to the way in which the ARF is applied 

to the rainfall values for the two storms. 

It is believed that use of the HEC-1 ARF algorithm might lead future users of 

the HEC-1 models created for this study to unwittingly make adjustments for 

areal distribution of rainfall and end up with large variations in the peak 

discharges used for channel improvements in different parts of the 

watershed. As noted previously, changes in the NOAA ARF, with subsequent 

application to the Type IIA storm, has much less influence on peak discharge. 

The City of Phoenix rainfall distribution was rejected on the basis that it 

provides substantially lower rainfall intensities, during the 1-hour burst of 

rainfall in the middle of the storm, than the Type 11, IIA, and HEC-1 hypo- 

thetical distributions. For example, maximum rainfall intensities for these 

distributions (based on a 24-hour rainfall depth of 4.23" and a 5-minute 

computation interval) were found to be 2.76, 4.68, 4.68, and 8.04 i n h  for 

the City of Phoenix, Type 11, Type IIA, and HEC-I hypothetical distributions, 

respectively. The low intensity associated with the Phoenix distribution 

translates into a significant reduction in peak discharge (see Table 3.4). 



3.6.2 Verification of HEC-1 Model 

In order to establish confidence in the results of computerized hydrology 

analyses, it is important to develop some procedure to calibrate and/or 

verify the computer results with measured data. Normally, the preferred 

approach is a two-step process, i.e., calibration followed by verification. 

Calibration is the process of changing model coefficients, or other 

judgmental input parameters, until the model matches (with reasonable 

accuracy), the results from a measured event. Verification is the process 

of checking a calibrated model against a data set not used in the calibration 

process. 

As might be expected, the scarcity of measured data makes the calibration/ 

verification process a difficult achievement. However, the absence of 

measured data can be overcome, to some extent, by employing several 

independent methodologies to calculate peak discharge values at the same 

concentration points used in the HEC-1 model. These independent estimates 

can be compared to the HEC-1 results to see if sufficient differences result 

that would warrant adjustments to the model input parameters. In the 

absence of measured rainfall/runoff data, the verification process can only 

be used as a guide to ensure that the model is not producing gross 

inaccuracies in the calculation of peak discharge values. 

Four independent calculation procedures were selected to verify the results 

of the HEC-1 modeling used for this project. These procedures are listed as 

follows : 

1. 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 2, J.H. Eychaner, A w t  1984. 



2. Peak discharge regression equations presented in Methods for Estimatim 

the Magnitude and Frequency of Floods in Arizona, USGS Report: AWT-Rs- 

15(121), R.H. Roeske, September 1978. 

3. Graphical peak discharge method presented in Urban Hydrolow for Small 

Watersheds, Technical Release 55, Soil Conservation Service, USDA, June 

1986. 

4. Peak discharge methodology presented in Hydrology Manual for Engineering 

Design and Floodplain Wazement Within Pima County, Arizona, Pima 

County Department of Transportation and Flood Control District, 

September 1979. 

Although the regression equations developed under Procedure 1 were based 

primarily on stream gage data in and around Pima County, their use in the 

north Phoenix study area is justified on the basis of similar watershed 

characteristics in both areas. 

Procedure 2 utilizes different regression equations for five geographical 

regions of Arizona. Although the north Phoenix drainage area physically lies 

within the delineated boundaries of Region 3, its watershed characteristics 

are more representative of the Southwest Desert Area defined as Region 2. 

Accordingly, the Region 2 regression equations were used for this study. 

Procedure 3 (TR-55) is based on an SCS Type I1 rainfall distribution and uses 

a time of concentration that evaluates sheet flow, shallow concentrated flow, 

and open channel flow. Where applicable, the same overland flow and channel 

routing parameters that were used in the HEC-1 model were used in this 

procedure. The same SCS curve numbers were also used in the TR-55 procedure 

as were used in the HEC-1 model. 



Procedure 4 is a semi-empirical, peak discharge equation that acknowledges 

such watershed characteristics as watercourse length, mean slope, basin 

roughness, length to center of gravity, drainage area size, and infiltration 

rate (SCS curve number). Although this procedure was developed in Pima 

County, it is based on physical watershed characteristics that allow it to be 

used in any semi-arid environment. It should be noted, however, that the 

procedure is limited to individual sub-basins whose times of concentration 

are less than three hours. Since this procedure is based on short duration 

storms, all SCS curve numbers taken from the HEC-1 model were converted to 1- 

hour values using Woodward's curves. 

The large size of the project watershed dictated that only a small "test" 

section be selected for the model calibration/verification process. Accord- 

ingly, six sub-basins (varying in size from 0.04 square miles to 5.87 square 

miles) were selected for analysis by these four procedures. 

Table 3.5 presents a summary of the independent peak discharge calculations 

that were performed for each of these six sub-basins. For comparison 

purposes, the peak discharge values from the HEC-1 model (using the 24-hour, 

SCS Type IIA rainfall distribution) are also listed in this table. Figures 

3.4 through 3.9 graphically illustrate the data presented in Table 3.5. 

When interpreting the results in Figures 3.4 through 3.9, consideration must 

be given to the watershed characteristics. This is especially important when 

judging the results of the two regional regression equation methods. Peak 

discharge regression equations reflect an average response from all water- 

sheds used in the regression data base. Accordingly, when applied to small, 

homogeneous sub-basins, such as those used in this verification analysis, 

they may significantly over or under predict discharges if the test sub- 

basins have extremely steep or flat slopes, or have infiltration 

characteristics that are extremely pervious or impervious, or exhibit sheet 



flow characteristics. Even though the regression equations are regionalized, 

they do not have the capability to make good predictions for small basins 

that exhibit hydrologic characteristics towards the extreme ends of the 

spectrum. 

Brief comments are provided for each sub-basin subjected to the verification 

process : 

- CP 3020 (Figure 3.4) - This sub-basin has both average soil 

infiltration characteristics and shape factor (7.11) Peak 

discharge correlation between HEC-1 and the independent procedures 

is good. 

- CP 3135 (Figure 3.5) - This drainage area has relatively pervious 

soils (almost 100% Hydrologic Soil Group B). This is suspected as 

the primary reason why HEC-1, Pima County, and TR-55 (all curve 

number dependent) are noticeably lower than the regression 

equations, which are not curve number dependent. This sub-basin 

also exceeds the minimum drainage area size of 0.09 square miles 

associated with the Roeske equation. 

Given these facts, the correlation between HEC-1, Pima County, and 

TR-55 is considered good. The regression equations would 

undoubtedly provide better correlation if they were curve number 

dependent. 

- CP 3150 (Figure 3.6) - This is a very long and narrow drainage 

area. The shape factor of 25.67 exceeds the maximum shape factor 

of 20.6 associated with the USGS (Eychaner) regression equation. 

The basin also has somewhat more pervious soils than average. The 



shape factor is considered the primary reason why the two 

regression equations compare so poorly with the other three 

methods. A long, narrow basin produces long travel times which 

prevent peak runoff from upstream areas from combining with peak 

runoff from downstream areas. 

HEC-1, Pima County, and TR-55 include input data to simulate this 

phenomenum. Accordingly, these three methods produce relatively 

good agreement. 

- CP 3160 (Figure 3.7) - This sub-basin has both average 

infiltration characteristics and shape factor (7.26). As a result, 

there is good correlation among the procedures. 

- CP 3400 (Figure 3.8) - This drainage area has very pervious soils 

(between HSG A and B) and is also very long and narrow (shape 

factor = 19.63, which is at the upper limit for the USGS Eychaner 

equation). The pervious soils are considered the main reason for 

the poor correlation with the USGS Eychaner equation, while both 

the soils and shape factor e-xplain the poor correlation with the 

USGS Roeske equation. The HEC-1 results compare very well with 

Pima County and TR-55. 

- CP 3490 (Figure 3.9) - This basin is also very long and narrow 

(shape factor = 34.37, which exceeds the upper limit for the USGS 

Eychaner equation), but has average soil infiltration characteris- 

tics. This drainage area seems to contradict the previous trend 

that showed the regression equations as over-predicting peaks when 

extremely large shape factors were involved. It may be that the 



average soil infiltration characteristics are dominating the 

response in this basin, as far as the regression equations are 

concerned. With the exception of the Pima County procedure, the 

results of these calculations show good correlation with HEC-1. It 

should be noted that the time of concentration for this basin 

exceeds the maxim 3-hour limit defined for the Pima County 

procedure. 

In summary, the independent peak discharge calculations indicate that the 

HEC-1 model is providing reasonable results. In those instances where other 

methods are providing significantly different results than HEC-1, there is a 

logical explanation related to physical watershed characteristics. 

As a final step in the verification process, 17 sub-basins in the study area 

were selected for comparison to a 100-year peak discharge envelope curve 

(Boughton, Renard, Stone, 1987). The purpose of this step was to determine 

if the model was producing excessively 'high peak discharges beyond the limits 

of the six sub-basins used for the independent verification calculations. 

The results of this analysis are presented in Figures 3.10 and 3.11. Figure 

3.10 utilizes sub-basins that lie within the northern half of the watershed 

where sheetflow is less prone to occur. Figure 3.11 uses three sub-basins on 

the alluvial plain (fan terrace) that is located in the sheetflow-prone area 

south of Dynamite Road. 

In addition to the 100-year envelope curve, both figures include the peak 

discharge regression line associated with the USGS 100-year, primary 

regression equation developed by Eychaner. The peak discharge data points 

from the HEC-1 model are also shown on each figure, along with a regression 

line fitted to the HEC-1 data points. 



When interpreting the results of these figures, the Boughton Q 1 0 0  envelope 

curve should be considered as a reasonable upper limit for a 100-year peak 

discharge, although this does not mean that it is impossible for 100-year 

events to exceed this line. There may indeed be watersheds with physical 

characteristics (steep slopes, impervious surface, etc.) that could generate 

peaks beyond the envelope curve. However, if this occurs, one should 

carefully examine the watershed features to see if there is a rational reason 

for this to happen. The USGS Eychaner curve represents a 100-year event (not 

an envelope curve). Accordingly, ideal correlation would occur if the HEC-1 

data pints were found to plot directly on the Eychaner curve. This will 

rarely (if ever) happen because of different watershed characteristics in the 

study area versus those used in the developnent of the regression equation. 

A review of the information presented in Figure 3.10 supports the previous 

conclusion that the HEC-1 model is producing very realistic results. All 

HEC-1 data pints plot comfortably below the Q ~ a o  envelope curve, and are 

scattered around the USGS Eychaner curve. Nine of the data points that plot 

the farthest above the USGS line are from sub-basins that have very impervi- 
ous soils (composed of 70% to 100% HSG C and D). Sub-basins with such 

impervious soils would be expected to produce higher than average runoff 

rates. This is exactly what Figure 3.10 illustrates. At the other end of 

the spectrum, the two data points that plot significantly below the USGS line 

are composed nearly 100% HSG B soils, which are relatively pervious, thus 

non-conducive to generating large runoff rates. 

For those readers who may feel that the physical characteristics of the sub- 

basins do not totally account for the majority of the HEC-1 data points 

plotting above the USGS regression line in Figure 3.10, it should be recalled 

from Section 3.2 that APE I1 was used for all curve number selections in this 



study. AMC I1 is admittedly atypical for this desert region and will undoub- 

tedly generate peak discharge data that will normally be greater than that 

which might occur under a more natural antecedent moisture condition, i.e., 

Am: I. However, the purpose of this study is to produce design reconnnenda- 

tions for drainage system concepts. Under such conditions, the use of AMC I1 

is highly recommended and supported by SCS as a prudent design assumption. 

A review of Figure 3.11 confirms the expected result that the sheetflow prone 

alluvial plain (fan terrace) should produce peak discharge values that are 

well below the USGS regression line, which is more representative of incised 

riverine channel conditions. These low peak discharge values are due to the 

pervious soils in this area (100% HSG B) and the hydrograph attenuation that 

accompanies flow through wide, shallow floodplains. 

The combination of several independent peak discharge calculations and the 

comparison of unit peak discharge values in Figures 3.10 and 3.11 provides 

sound technical justification for concluding that the HEC-1 model developed 

for this study is producing very reasonable results. Since the same modeling 

logic was used in generating the input data for the remaining sub-basins in 

the 107 square mile watershed, it can be justifiably concluded that the 

complete watershed model is providing output data that is reasonably 

representative of the rainfall/nmoff response of the project study area. 



4.0 DESIGN GUIDELINES IQFI RFPENTION BASIN ANALYSIS 

h e  to uncertainties in future land development patterns, it was not 

considered prudent for this conceptual study to recommend specific retention 

basin sites. If large regional retention basins are ultimately utilized in 

this study area, their location should be based on input from major land 

owners/developers, local residents, and the City of Phoenix. 

However, as a result of this study, a very useful planning tool has been 

developed in the form of regression equations that provide quick answers to 

questions regarding retention basin storage requirements, right-of-way 

requirements, excavation volume, and construction costs. 

Regression equations were used in lieu of graphs because of the numerous 

independent variables that have a significant influence on retention basin 

design. Three to five independent variables were required in the regression 

analysis to produce a standard error of estimate that was consistently less 

than five percent. These variables include: 

1) g r o d  slam at the basin location; 

2)  drainage area contributing runoff to the basin; 

3) SCS curve number for the drainage area contributing runoff to the 

basin; 

4) rainfall m u n t  being used for the basin design; and 

5) unit excavation cost for estimating basin construction cost. 



Inclusion of this many variables in a graphical format would have required 

literally hundreds of graphs to adequately encompass the variation in the 

family of variables. 

The equations developed from this regression analysis can be used to predict 

the following four parameters related to retention basin design: 

1) required retention storage volume; 

2)  surface area required for retention basin construction; 

3) excavation cost required for retention basin construction; and 

4 )  excavation volume required for retention basin construction. 

Table 4.1 presents the regression equations, along with a definition of each 

variable and the standard error of estimate associated with each equation. 

One standard error indicates that approximately 68% of the actual values 

(sample size) used in the regression are within the listed percentage of the 

value predicted by the regression equation. Two standard errors of estimte 

would envelope about 95% of the actual values used in the regression. 

Twenty-two data sets were used to develop each regression equation. 

Logarithms of each variable were used to develop the multiple variable, power 

equations presented in Table 4.1. A complete listing of the regression data 

is provided in Appendix A. 

Caution should be used in applying the regression equations beyond the 

extreme values listed in Table 4.2. The prediction error associated with the 

application of these equations beyond these limits is unknown. The data sets 



used in the regression analysis were taken from concentration points lying 

within the watershed boundaries for the Paradise Valley Fan Terrace. 

Accordingly, the equations should enjoy wide application within these 

boundaries. 

The limits (Table 4.2) associated with the rainfall variable were selected on 

the basis of providing design data for either the 100-year, 2-hour storm or 

the 100-year, 24-hour storm. The 2-hour storm duration was used to provide 

compatibility with retention criteria in the City's Storm Drain Design Manual 

- Subdivision Drainage Design, September, 1985. The 24-hour event was 

included to provide compatibility with the design storm specified for this 

concept drainage study. 

Several important assumptions are incorporated into the development of the 

regression equations. The user should be familiar with these assumptions 

before applying the equations to a spedific site. These assumptions are 

summarized as follows: 

1) Retention basin side-slopes are 5H:lV. 

2) Retention basin topwidth dimensions are based on a square basin 

shape projected onto a sloping ground surface. The surface area 

computed from these topwidth dimensions reflects 1 foot of 

freeboard above the design water surface depth and 5H:lV side- 

slopes. 

3) One hundred percent (00%) of the required retention storage is 

provided below natural ground, i.e., no artificial levees or 

embankments are constructed to create retention storage. 



4) The required storage volume is based on retaining 100 percent of 

the design event, i.e. no outflows from the basin are considered 

during the inflow period. Should a basin be designed with some 

type of regulated outflow system that would operate during the 

inflow period, the assumption of total retention will yield 

conservative basin design parameters. 

5)  None of the regression equations include any allowance for sediment 

storage. 

6) All runoff calculations are based on land-use conditions that 

existed circa January 1989. 

7) Regression equations were developed for minim retention basin 

depths of 4 ft., 7 ft., and 10 ft. These minimum depths are 

referenced to natural ground elevation at the downstream end of the 

basin, and include 1 foot of freeboard over the actual water depth 

that would occur when the basin reaches its required storage volume 

capacity. 

8) Due to the relatively steep slopes 1 %  - 2%) in the study area, 

there is considerable overburden excavation that must be removed 

before any storage volume can begin to be achieved. This 

overburden prism is accounted for by inclusion of the slope term in 

the equations for surface area, excavation cost, and excavation 

volume. 

9) Excavation costs are varied as a function of the amount of 

excavation required. Excavation costs in the regression equations 

adhere to the following schedule: 



This variation in unit excavation cost is reflected in the 

regression equations for basin excavation cost. Deviation from the 

above schedule of unit costs will cause a decrease in the accuracy 

of the excavation cost equations. If the user prefers a different 

unit excavation cost schedule, the basin excavation volume can be 

computed with the appropriate regression equation. This computed 

volume can then be applied to the desired unit excavation cost to 

get a total revised basin excavation cost. 

10) The basin excavation cost equations only reflect excavation costs. 

They do include any allowances for right-of-way acquisition, 

landscaping, outlet systems, or engineering design fees, 

contingencies, etc.. Right-of-way and landscaping costs can easily 

be estimated by using the appropriate regression equation to 

compute the required basin surface area and then applying the 

desired cost per acre to that area. 

An approximation of an outlet system cost can be achieved by use of 

the following equation: 



where: Outlet Cost = cost of underground pipe outlet 

(including inlet and outlet 

headwalls) extended on a slope 

of .0050 ft/ft from the 

retention basin invert to the 

intersection point of the pipe 

slope with the natural 

downstream land slope. 

cost of inlet headwall and 

outlet headwall. 

installed pipe cost per lineal 

foot. 

depth below natural ground to 

pipe inlet (feet). 

horizontal component of reten- 

tion basin side-slope. 

slope of natural ground along 

the pipe alignment (ft/ft). 

Figure 4.1 presents a graphical illustration of the outlet system 

components. 

When using the regression equations, it is important to remember 

that the curve number and precipitation variables should be 

representative of the entire contributing drainage area. This can 



best be accomplished by computing an area-weighted average for 

these two parameters. Such a procedure will require that the 

drainage area be subdivided into smaller, homogeneous sub-basins. 

Plate 1 provides soils data and rainfall zones that can be used 

with this procedure. 



5.0 DESIGN GUIDELINES FOR CHANNELIZATION ANALYSIS 

From an engineering prospective, flood control channels are a viable drainage 

concept for any location within the study area. Although a detailed 

channelization plan is not being proposed for the study area (for the same 

reasons previously discussed for retention basins in Section 4.0), several 

channel alignments were evaluated to determine peak discharge requirements at 

various concentration points within the study area. These alignments are 

discussed in detail in Sections 6 .1  and 6.4 of this report. 

Section 5.0 will focus on the development of cost estimating guidelines for 

various channel cross-sections, cutoff walls, drop structures, bridges, and 

low-flow culverts. 

5.1 LINED AND UNLINED CHANNIlLS 

The purpose of the sub-section is to present channel design aides that can be 

used for quick analyses of channel excavation and lining costs and right-of- 

way requirements. These design aides are presented in the form of graphs 

relating channel discharge to both cost per lineal foot of channel length and 

to required right-of-way width. Channel slope is also included on the graphs 

as an independent variable. 

Design curves are enclosed in Appendix B for the following channel cross- 

sections: 

1) Fully lined concrete section (see Figure 5.1 for cross-section); 



2) Partially lined section with soil-cement banks and earth bottom 

(see Figure 5.2 for cross-section); and 

3) Completely unlined section with earth banks and bottom (see Figure 

5.3 for cross-section). 

An attempt was made to develop a second set of curves relating drainage area 

size to unit channel cost and right-of-way width for the 100-year, 24-hour - 
storm. Unfortunately, there were too many other watershed variables (besides 

drainage area) that significantly influence peak discharge. Accordingly, 

this single variable relationship did not consistently produce accurate 

results. The use of regression equations (similar to those previously 

developed for retention basin analysis) was briefly considered but 

subsequently discarded because of the difficulty required to regress the many 

channel routing variables (bottomwidth, side-slope, roughness, bed-slope). 

Prior to using any of the channel design curves, the user should be aware of 

the basic assumptions that were used to develop the curves. These 

assumptions are listed as follows: 

1) AZ1 curves are based on the channel geometries illustrated in 

Figures 5.1, 5.2, and 5.3. 

2) Concrete channels use an "n" value of 0.020, partially lined soil- 

cement channels use n = 0.025 and 0.035 (separate curves are 

provided for each value), and earth-lined sections use n = 0.050. 

3) The soil-cement section incorporates a constant bank-lining toe- 

down (scour) depth of 5.0 feet. 



4) All channel excavation costs are based on $3.0/cubic yard; in- 

place soil-cement is based on $24.00/cubic yard, and in-place 

concrete is priced at $180.00/cubic yard. 

5) All channel desim curves are based an "normal depth" assumptions, 

using Mannings Equation. 

Two sets of design curves are provided in Appendix B. One set encompasses 

wak discharge values from 0 to 7,000 cfs, while the second set uses 

discharges from 7,000 to 14,000 cfs. 

5.2 CHANNEL CVT-OFF WALLS 

The channel construction cost curves presented in Section 5.1 do not include 

a cut-off wall along the top of the channel bank, i.e., the bank lining is 

simply extended to the top of the bank slope and terminated. Most chmnels 

will be designed with the intent of intercepting overland flows at any 

location along the channel bank-line. These lateral inflows may cause some 

erosion along the top of the bank. Such erosion may begin to create small 

rills along (parallel to) the top of the bank. These rills are capable of 

intercepting and concentrating small flows. These flows may cut sufficiently 

deep into the fill supporting the bank protection that structural problems 

may result. 

To prevent this type of damage, cutoff walls are recommended along the top of 

the bank lining. These walls, which are illustrated in Figure 5.4, should be 

angled away from the top of the bank so that any downcutting along the top of 

the bank will not expose a vertical surface, which would tend to create a 

scour profile similar to that at a bridge pier. The angled wall surface will 

deflect the velocity vector up and over the top of the bank, rather than down 

under the bank lining. 



The vertical depth of a cut-off wall is a decision left to the design 

engineer. Different sites may require different depths. However, a minimum 

cut-off wall depth of 2 feet would seem prudent. 

Table 5.1 presents installation costs/L.F. of cut-off wall. These costs, 

which are presented for both concrete and soil-cement linings, are a function 

of cut-off wall depth and are based on the cut-off wall geometry illustrated 

in Figure 5.4. 

5 . 3  DROP srrux7NREs 

The use of completely earth-lined channel sections will always be accompanied 

by design criteria that specifies some maximum allowable (non-erodible) vel- 

ocity. Even lined channel sections may have some maximum design velocity (or 

Froude Number) so as to confine all flows to a subcritical regime. 

More often than not, channel velocity limits can only be achieved through an 

artificial reduction in channel bed-slope. Such slope reductions can be 

created with the use of drop structures. 

Figure 5.5 presents conceptual cross-sectional geometry for a soil-cement 

drop structure. The scour depth associated with the plunge pool on the 

downstream side of the drop was estimated with the Veronese equation for 

vertical drops: 

Where: ds = maximum depth of scour below tailwater level (feet) 



HT = hydraulic head from the reservoir level to the 

tailwater level (feet) (for channel analysis, use 

the difference between the upstream and downstream 

flow depth, which is equivalent to the drop height). 

- - unit discharge (cfs/ft) in channel. 

Both ds and HT are dimensioned in Figure 5 . 5 .  

Figure 5 . 6  presents a series of curves that can be used to estimate the cost 

per lineal foot for the drop structure geometry illustrated in Figure 5 . 5 .  

The user is cautioned to observe the notes on Figure 5 . 6  relative to flow 

depth, freeboard, side-slopes, and soil-cement costs. 

Flows will accelerate towards critical velocity as they approach a drop 

structure. In order to prevent bank erosion in the vicinity upstream of the 

drop, channel bank-lining will be required. This bank-lining will also be 

required for some distance downstream of the drop to prevent erosion from the 

turbulent flow occurring in the plunge pool. 

Figure 5 . 7  presents a series of curves that can be used to estimate bank- 

lining costs for each drop structure. These bank-lining costs are based on 

soil-cement being extended 58 feet upstream from the brink of the drop 

structure and 53 feet downstream from the brink of the drop structure. A 

constant toedown (scour) depth of 5  feet is included in the 58 foot upstream 

length of lining. For the 53 feet of bank lining extended downstream of the 

drop, the toedown dimension for the bank lining is based on ys, as defined in 

Figure 5 . 5 .  



The lining costs presented in Figure 5.7 include both sides of the channel 

and are based on the same flow depth, freeboard and side-slopes used for the 

drop structure costs presented in Figure 5.6. The unit cost for soil-cement 

bank lining was reduced from that used for drop structures because of less 

difficulty in placing bank lining material versus drop structure material. 

The bank-lining costs in Figure 5.7 do not include provisions for a topof- 

bank cut-off wall. Accordingly, should cut-off walls be desired, the 

engineer should refer to Table 5.1 for estimating such costs. 

Channel construction will usually be accompanied by requirements for bridges 

at road intersections, or to restore access to properties that may be severed 

from roadways. The cost of such bridges should be included in the overall 

cost for channelization. 

Perhaps the most convenient method to estimate bridge cost is on the basis of 

a unit cost per square foot of deck area. This unit cost can be combined 

with the desired bridge width and channel geometry to produce the following 

equation for the total estimated bridge cost: 

Cost - [(BW)+ 2zDITW*(UC) 

where: Cost = total bridge cost (dollars) 
BW = channel bottomwidth (ft) 
Z = horizontal component of channel side-slope 
D = depth of channel (ft) 
W = bridge width (ft) 
UC = cost of bridge per unit deck area, 

i.e., dollars/square foot of deck area 



Depending upon directional alignment, the construction of man-made channels 

within the study area will have a high probability of intercepting the flow 

in natural washes. In order to support the natural vegetation community 

along these washes, it is recommended that man-made channels include low-flow 

outlets that will continue to feed water to the downstream remnants of these 

natural washes. 

Figure 5.8 illustrates the intersection of a natural wash with a man-made 

channel, and shows the culvert length that would be required to supply water 

from the man-made channel to the downstream remnant of the natural wash. The 

following equation can be used to estimate the cost of each culvert 

installation required along the channel alignment 

where: Culvert Cost = the total in-place cost of the pipe, with 

concrete headwalls at both inlet and outlet. 

HW = cost of inlet headwall and outlet headwall. 

PC = installed pipe cost per lineal foot. 

H = depth (feet) from the invert of the man-made 

channel to the intersection point with the 

invert of the natural wash and the downstream 

side-slope of the man-made channel (see Figure 

5 .8 )  



z = horizontal component of side-slope of man-made 

channel 

S = bed-slope ft/ft) of the natural wash being 

intercepted. 

If the pipe is placed on a slope other than 0.0050 ft/ft, the actual pipe 

slope can be substituted in-place of the 0.0050 value in the preceding 

equation. The user should note that the slope of the intercepted wash (S) 

must be greater than the slope of the pipe. Otherwise this equation will 

yield negative values for the total pipe cost. 



6.0 DISCUSSION OF W D F ' L A I N  M A N A m  OFTIONS 

Several options are available to the City of Phoenix for managing drainage 

problems within the Paradise Valley Fan Terrace study area. In addition to 

conventional structural solutions, such as channelization and retention basin 

construction, the City of Phoenix requested that this report include a 

discussion of drainage concepts previously proposed by other consultants for 

Tatm Ranch and Desert Ridge, as well as a discussion of the effectiveness of 

the FEMA Flocd Insurance Study for this region, and a "no action" 

alternative. 

A detailed discussion of each of these options is provided in the following 

sub-sections. 

6.1 CHANNELIZATION 

As previously stated in section 5.0 of this report, channelization is a 

viable alternative for any location within the watershed. Channels provide a 

very efficient mechanism for intercepting flood haters and safely conveying 

such water to a suitable outlet point. 

However, if not properly designed, channels may be prone to bank erosion, 

scour problems, or even loss of capacity due to sediment deposition. Channel 

construction costs can also be expensive, especially when consideration is 

given to the need for bridge crossings that are required to restore vehicular 

access to areas severed by the channel alignment. Should channels be pursued 

as a public works project, they should be justified by a benefit:cost 

analysis. 



It should be emphasized that all the channel concepts that were evaluated for 

this study would operate as interceptor channels, and in most cases, be 

aligned alont the upstream side of an existing or proposed roadway. In no 

instances were the interceptor channels aligned along an existing wash, i.e. 

there would be no excavation or enlargement of natural desert washes. 

Interceptor channels operate on the concept of crossing a washershed at some 

angle to the natural drainage path. This intersection angle allows the 

channel to "intercept" sheetflows, as well as flows from natural washes, in 

order to prevent such flows from continuing along their natural drainage path 

and causing potential flood damage to downstream areas. The interceptor 

channels divert these flows to a suitable outfall where no flood damage will 

occur. 

It is recognized that the man-made diversion of runoff from natural desert 

washes will adversely impact the native vegetation along such washes, i.e. 

the vegetation will be deprived of its natural source of water. To mitigate 

this problem, it is recommended that all interceptor channels be designed 

with low-flow outlets (culverts) at their intersection with existing washes 

(see Figure 5.8). These low-flow outlets will allow controlled rates of 

runoff to be distributed through the natural drainage network. However, as 

part of a flood control system, the low-flow outlets would be regulated so as 

not to release more water than could be contained within the bankfdl 

capacity of the natural washes. More detailed information on the design of 

low-flow outlets is presented in Section 5.5 and 6.4.2.1 of this report. 

An interceptor channel system based on these concepts should be in concert 

with the goals and policies outlined in the 1987 General Plan for Peripheral 

Areas C and D. This plan cited a policy of "preserving and protecting desert 

washes" while simultaneously recognizing the need for some form of drainage 

system to channel, collect, convey, and redistribute floodwaters. 



Although a hydrologic model (HEC-1) was not created to analyze the required 

channel capacity for an integrated system of channels throughout the study 

area, Plate 3 illustrates a network of interceptor channels that could be 

constructed along the major roadway grid forecast for this area as part of 

the General Plan. Peripheral Areas C and D, City of Phoenix Planning 

Department, October, 1987. 

The channel schematic shown on Plate 3 is very conceptual. Future planning 

efforts for this area may wish to consider a channel density that is either 

greater or less than that illustrated on Plate 3. However, any alterations 

to this channel schematic should pay special attention to possible diversions 

of flow from their natural outfall location. Watershed boundaries for the 

Cave Buttes Dam auxiliary dike and the CAP dikes are shown on Plate 3 in 

order to provide guidance for possible channel alignments. Flows should not 

be diverted across these boundaries. 

During the early phases of this study, detailed HEC-1 models were created in 

an attempt to generate more detailed data on required channel capacities 

along specific alignments. These alignments include a major interceptor 

channel along the east side of Cave Creek Road, and smaller channels located 

along the north side of Lone Mountain Road, Dixileta Road, and Dynamite Road. 

A brief discussion of these alignments is presented in the following sub- 

sections. All analyses were based on a 100-year, 24-hour storm. 

Section 6.4.2 of this report presents additional channel alignments that were 

analyzed along the northern and eastern periphery of the proposed Desert 

Ridge development. 

6.1.1 Cave Creek Road Channel 

As a major roadway through the watershed, Cave Creek Road draws 

immediate attention as a candidate for a parallel interceptor channel. 

A channel along the east side of this roadway would provide all-weather 



access on Cave Creek Road, as well as creating a substantial reduction 

in peak discharge to those areas located west of the roadway. 

Plate 4 depicts the probable alignment of this channel as extending from 

the Carefree Highway to the Cave Buttes Dam auxiliary dike located 

roughly halfway between Jomx Road and Happy Valley Road. The channel 

would outlet through a bridged crossing of Cave Creek Road and discharge 

to the Cave Buttes Dam reservoir area. By terminating the channel at 

the auxiliary dike, no additional drainage area is diverted to Cave 

Buttes Dam beyond that which naturally drains to this flood control 

reservoir. 

This channel alignment was evaluated for both existing land-use 

conditions and future land-use conditions. Table 6.1 summarizes peak 

flow rates in the channel for both land-use conditions. Table 6.2 

presents the reduction in downstream peak flow rates that are estimated 

to result from channel construction. The peak discharge values in both 

of these tables reflect the existence of some small flows being outlet 

to downstream washes at periodic intervals along the channel alignment. 

Concentration points are shown on Plate 4. 

6.1.2 Lone Mountain, Dixileta & Dynamite Road Channels 

A network of three channels was evaluated along the north side of Lone 

Mountain, Dixileta, and Dynamite Roads. The alignment of each channel 

is shown on Plate 5. The purpose of this analysis was threefold: 

1) identify the peak 100-year discharge that would have to be 

conveyed by such channels; 

2) determine the approximate size of channels required to convey 

the 100-year event; and 



3) evaluate the reduction in peak discharge that would occur to 

areas downstream of such channels. 

HEC-1 models were created for both existing and future land-use 

conditions. Table 6.3 summarizes peak flow rates in each channel 

(existing and future land-use conditions) for the 100-year, 24-hour 

event. Table 6.3 also presents approximate channel geometry, flow 

depths and velocities that would be expected if the channels were 

constructed on existing land-slopes. 

Table 6.4 shows the reduction in peak discharge that would occur through 

selected areas downstream of the interceptor channels. The "with 

channel" discharges in Table 6.4  do not include any low-flow releases 

from the man-made channels into existing washes that are intercepted by 

the channel. 

6.1.3 Channelization 

Channelization can provide very effective flood control anywhere within 

the study area. However, the efficiency of this solution must be 

weighed against the installation cost and the aesthetic impact that such 

a measure would have on the natural beauty of the desert environment. 

Details of additional channelization concepts for the study area are 

presented in Sections 6.3 and 6.4 of this report. 

Channel design should address the following issues: 

1. Location of a suitable outfall, so as not to discharge concentrated 

flows onto property that would not naturally receive such flows. 

Also, avoid unnatural diversion of water from one drainage area to 

another. 



2. Conduct a thorough sediment transport analysis to prevent 

unacceptable erosion of channel banks and/or bed. Sediment 

transport analyses should also investigate the potential for 

aggradation (sediment deposits) to occur in the channel. 

3. Identify drop structure requirements, in order to keep flow 

velocities within non-erodible limits. 

4. Consider use of low-flow outlets to maintain small flows into 

natural washes that are intercepted by man-made channels. This is 

an important environmental consideration. 

5. Consider stabilization of channel banks to prevent headcutting 

resulting from lateral inflows cascading over the channel bank. 

6. Caution should be used when considering the construction of raised 

berms (levees) along the channel bank. Such berms will restrict 

lateral inflows and cause new floodplains to be created along the 

land-side of the berm. 

7. Channel alignments should consider severance problems that may 

result from severing public access to specific tracts of land. 

Bridge construction, which may be required to cure such problems, 

should be considered an integral part of the channelization plan. 

8. Different types of channel lining should be considered. Depending 

upon site-specific conditions and needs, fully-lined, partially- 

lined, or non-lined channels might be considered. Lined sections 

are generally more hydraulically efficient and require less right- 

of-way. 



9. The channel design should project aesthetic appeal. This can be 

achieved through curvilinear alignments, partially vegetated (with 

natural desert species) bed and/or banks, and the use of color 

additives to any channel lining materials. 

10. As with any prospective drainage solution, the cost and benefits 

associated with the channel design should be compared to the costs 

and benefits resulting from other alternatives, i.e., a 

benefit:cost analysis should be performed. However, the final 

selection of a drainage solution should not be based solely on 

technical and economical factors, i.e., environmental and social 

concerns should also be evaluated. 

Within the Paradise Valley Fan Terrace study area, channelization might find 

more economic justification in the southern parts of the watershed, that are 

exposed to a higher sheetflow potential. Channel systems could eliminate, or 

substantially reduce, flooding over large areas inundated by sheetflow. 

Since the northern areas of the watershed are less prone to sheetflow, (i,e., 

more incised topography) they would appear to benefit less from 

channelization. However, if development in these northern areas is not 

confined to "high ground" that exists between washes, this assessment could 

change. 

6.2 D ~ I O N ~ I O N  BASINS 

A reduction in downstream peak discharge can be achieved through the 

installation of detention and/or retention basins. Detention basins 

temporarily store floodwater and release it at a metered rate, which will not 

damage downstream areas. Retention basins operate on the concept of 

permanently storing floodwaters (no downstream releases) and letting it 

infiltrate into the ground. 



Detention/retention concepts may take place on a small scale that might 

achieve floodwater storage on individual lots, or on a larger scale, such as 

would be associated with regional basins that would receive floodwaters from 

large portions of the upstream watershed. 

Small-scale, on-site detention/retention could be effectively employed 

anywhere within the study area. This could be achieved through continued 

enforcement of the City's requirement for retention of the runoff from the 

100-year, 2-hour storm that is generated within the boundaries of a proposed 

development. A collection and storage facility for the required runoff 

volume could be constructed simultaneously with the installation of the 

utility and street system for a specific development. The developnt (be it 

a single lot or large commercial tract) would be graded to direct all runoff 

to an on-site retention basin that would be excavated as part of the 

earthwork construction for the site. 

The installation of large, regional detentionhetention basins within the 

study area would have to be accompanied by the installation of a system of 

collector channels. The stream pattern within the study area is 

characterized by literally hundreds of small, parallel ephemeral washes. In 

order to capture the runoff from these washes, interceptor channels would 

have to be constructed to divert the flow in the washes to the regional 

detentionhetention facility. 

The lack of any deep valleys, or major incised watercourses, makes the 

construction of flood control reservoirs impossible within the study 

boundaries. However, portions of the contributing drainage area that lie 

within the City of Scottsdale (east of Scottsdale Road and north of Jomax 

Road) contain more incised topography that does provide the potential for 

achieving significant detention storage without the need for long collector 

dikes or interceptor channels. Several natural detention basin sites were 



previously identified as part of the General Drainage Plan for North 

Scottsdale, Water Resources Associates, Inc. (WRA) 1989. Construction of 

detention basins at these Scottsdale sites would provide some reduction in 

flow rates through the City of Phoenix study area, although the exact amount 

of reduction is unknown. 

Pursuit of either detention or retention basins (large or small scale) will 

be accompanied by two potential problems. The first problem will occur in 

response to the sediment trapping that will take place in these basins. The 

accumulation of sediment in these basins will deprive downstream washes of 

their natural sediment supply. This sediment deficit will induce a change in 

the fluvial equilibrium of these downstream washes. This change in 

equilibrium will occur in the form of streambed degradation, as the washes 

flatten their bed-slope to bring their sediment transport capacity into 

equilibrium with the reduced sediment supply. As these streambeds degrade 

(incise), bank sloughing will occur and lateral bank erosion will be 

accelerated. This could jeopardize any structures located near the banks of 

the washes. This problem was addressed in the City of Scottsdale detention 

basin concepts by using proportional weirs that would allow the bed-material 

load to pass through the bottom of the weir opening. 

The second problem associated with detention basin concepts is related to the 

water release schedule. For a flood control system that might include 

multiple basins, it is important to ensure that the outflows from the basins 

are synchronized in a way that will minimize the potential for the outflows 

to combine in some manner that might actually cause a downstream peak 

discharge that is higher than that which would occur under natural 

conditions. 



The effectiveness of detentionhetention basin concepts was quantitatively 

analyzed for limited test portions of the study area. This analysis was 

completed with the use of reservoir routing operations in the HEC-1 models. 

Both retention and detention concepts were evaluated. The assumptions used 

for each case, and the modeling results are discussed in the following sub- 

sections : 

6.2.1 Retention Basin Analysis 

A quantitative analysis of retention basin concepts was based on the 

following assumptions: 

1. Retention volume is based on 100% of the direct runoff (DRO) 

resulting from the 100-year, 2-hour rainfall. This precipitation 

is assumed to fall as part of the 100-year, 24-hour, Type IIA storm 

being used for this analysis. Accordingly, 24-hour curve numbers 

are used to compute the DRO that will be used to size the retention 

basin. 

2. For concept analysis purposes, all basins are assumed to be 10-foot 

deep cubes. Surface area is determined by dividing total DRO (AF) 
by 10 ft. 

3 .  Basin overflow is modeled as weir-flow over the top of a dam, using 

an ST card in the HEC-I model. Overflow will commence when the DRO 

from the 100-year, 2-hour precipitation has filled the basin. 

4. The floodwater retention that is being simulated in this analysis 

can occur as small-scale, on-site retention or large scale, 

regional retention. For the purpose of evaluating downstream 

reductions in peak discharge, the model simulates the retention at 

a single reservoir location, when in fact the retention could occur 

as on-site retention spread over the entire upstream watershed. 



5. Future land-use conditions are assumed for the entire watershed. 

6. Since major portions of the contributing watershed lie within the 

City of Scottsdale, the runoff response to the City of Phoenix area 

will be partially dependent upon enforcement of drainage ordinances 

by the City of Scottsdale. To approximate the impact of this situ- 

ation, two cases were evaluated. Case 1 assumes retention of the 

runoff from the 100-year, 2-hour storm for the entire watershed. 

Case 2 assumes retention will occur on the City of Phoenix lands, 

but not on those within the City of Scottsdale. 

The results of the test models used for the retention basin analysis are 

summarized in Table 6.5. All three of the retention basin test sites 

are located east of Cave Creek Road, and all have substantial portions 

of their contributing watershed located within the City of Scottsdale. 

Accordingly, the effectiveness of the retention concept is very 

dependent upon enforcement of retention policies by the City of 

Scottsdale. This is verified by a review of the last three columns of 

Table 6.5, which show dramatic differences in downstream peak discharge 

between the cases of retaining runoff just from City of Phoenix lands 

versus retention on both Phoenix and Scottsdale lands. 

6.2.2 Detention Basin Analysis 

The detention basin analysis utilized the same test sites (exclding 

Sub-Basin 3660) and basic assumptions used for the preceding retention 

basin analysis. However, the detention basin models also include the 

following additional assumptions: 

1. Model T2A.241: A constant flow-flow discharge of 69.5 cfs was 

added to the reservoir routing operation to empty the basin within 

36 hours. The detention basin has a storage capacity equal to the 



runoff from both Phoenix and Scottsdale lands from the 100-year, 2- 

hour storm. Any runoff in excess of this volume will be routed 

over the spillway in the reservoir simulation. 

2. Model T2A1.241: This is the same detention basin site as Model 

T2A.241, except the available storage capacity has been reduced to 

match the runoff volume from only City of Phoenix lands. A 

constant discharge of 25.3 cfs is included to empty the basin 

within 36 hours. 

3. Model T2A2.241: This model uses a detention basin with sufficient 

capacity to detain the runoff from both Phoenix and Scottsdale 

lands from the 100-year, 24-hour storm. A constant discharge of 

129.7 cfs is used to empty the basin within 36 hours. 

4. Model T2C.241: This model simulates a detention basin at the 

intersection of Cave Creek Road and the Lone Mountain Road 

interceptor channel discussed in Section 6.1.2 of this report. The 

basin has sufficient storage capacity to detain the entire 100- 

year, 24-hour inflow hydrograph, with a constant low-flow outlet 

discharge of 303 cfs. 

The results of the test modeling for these detention basin scenarios are 

smrized in Table 6.6. As with the retention basin scenarios, a 

dramatic iqrovement in downstream flood peak reduction occurs when 

additional storage is provided for runoff from the City of Scottsdale 

portion of the upstream watershed. 

The detention basin scenario provides slightly greater reduction in 

downstream peak discharge because of the constant low-flow discharge 

that reduces the magnitude of spillway discharges, i.e., the maxim 

reservoir water level is lower due to the continual low-flow release. 



6.2.3 Detention/Retention Basin @ I 

In s m y ,  detentiodretention basin concepts can be employed within 

the watershed to achieve substantial reductions in peak discharge to 

adjacent downstream sub-basins. However, due to the long, narrow shape 

of the majority of the watershed sub-basins, the downstream benefits 

from retention/detention basins usually begin to diminish within 1.5 to 

2.0 miles below the basin location. This shape of watershed tends to 

generate peak flow rates from runoff relatively close to a measurement 

point, i.e., due to the long travel times, the downstream peaks are gone 

by the time the flood wave from the upper watershed arrives. 

Achieving retention/detention goals through small on-site storage basins 

(scattered throughout the watershed) would probably be more cost 

effective and beneficial than attempting to provide the required storage 

capacity at large regional basins. The regional basin concept also 

tends to be somewhat impractical for the sheetflow environment that is 

characteristic of large portions of this study area, i.e., long 

diversion dikes or interceptor channels are required. 

The lack of natural, deep valleys through the study area will also 

require that retentioddetention storage capacity be achieved through 

"below ground" excavation. This type of storage can be expensive 

because of the 1 to 2 percent ground slopes in the study area that 

require substantial overburden excavation to reach level ground (see 

discussion in Section 4.0 of this report). 

Because of these factors, regional storage basin concepts should be 

compared to other alternatives before a final drainage plan is adopted 

for a specific site. 



6 . 3  TA?VM RANCH 

Tatum Ranch consists of nearly two and one-half square miles of planned 

community development that includes residential, commercial, and resort hotel 

land-uses. The development also provides designated acreage for both school 

and church facilities. 

Located near Cave Creek Road, between Dynamite and Lone Mountain Roads, Tatm 

Ranch is situated on a pediment that has a more well-defined channel geometry 

than the adjacent (south of Dixileta Road) alluvial fan terrace. Although 

the sand-bed washes through Tatum Ranch are not deeply incised, they are 

generally wider and have more hydraulic capacity than the densely braided 

rill network on the adjacent fan terrace. Tatm Ranch also appears to have 

more topographic relief between washes than those areas on the adjacent fan 

terrace, i.e., Tatum Ranch might be described as a slightly more "hilly" or 

"rolling surface" than the flatter fan terrace. These topographic 

differences reduce the potential for widespread sheetflow through Tatum 

Ranch, although the occurrence of such a phenomenum should not be completely 

ruled out. 

The Master Drainage Plan for Tatum Ranch was prepared by Coe and Van Loo 

Consulting Engineers, Inc. (OIL). The drainage concepts were developed with 

a basic objective of minimizing disruption of the desert landscape. This has 

been accomplished by utilizing several of the more prominent natural washes 

(passing through the development) as major collector channels for runoff that 

is generated within the development and diverted into the collectors. The 

capacity of these natural collector channels has been increased by construc- 

ting a raised earth berm along each side of the natural washes, i.e., the 

washes are essentially being leveed along each bank. To provide protection 



against lateral bank erosion, a vertical wall (one foot wide) is constructed 

within the earth embankment (this wall is constructed as a trench, and is 

backfilled with concrete. These artificial berms are constructed so that the 

natural wash has a contained width of approximately 100 to 150 feet. In some 

locations, the natural washes are allowed to flow through golf course areas 

without the raised berms along each side of the wash. Apparently the golf 

courses are contoured so as to safely contain any overflow from the natural 

washes. 

Flows being carried by these washes are routed through concrete box culverts 

at street crossings. The inlets to the box culverts consist of relatively 

long tapered concrete channels (roughly 100 to 350 feet long) that are flared 

to the full width of the bermed wash at the upstream end of each channel. 

After passing through the culvert, the water is continued through a lined 

channel section (approximately 100 to 350 feet long) that ultimately 

transitions to a flared outlet designed to match the width of the downstream 

wash. These culvert inlet and outlet channels are attractively designed and 

utilize a color additive to give the concrete a tan appearance that blends 

well with the native desert soils. 

Application of the Tatum Ranch "wash improvement and stabilization concept" 

to other watershed locations should only be undertaken with careful 

consideration being given to possible adverse impacts that might be created 

by this concept. Such impacts might be swrmarized into the following 

categories of questions: 

1. Will bermed washes be capable of capturing all upstream sheetflow? 

2. Will the interception and unnatural diversion of on-site runoff 

into b e d  washes change the equilibrium of these small fluvial 

systems? 



3. Will the unnatural concentration of water and sediment into the 

bermed washes aggravate flooding and sediment problems at the 

outlet of such washes? 

4. Will the construction of raised berms along the edge of natural 

washes create new miniature floodplains along the upstream side of 

such berms? 

An expanded discussion of each of these issues is presented in the following 

paragraphs : . 
Wtream Sheetflow 

A field inspection of the Tatum Ranch development revealed that the man-made 

berms along the natural washes terminated at the upstream property boundary. 

The abrupt termination of these berms provides no mechanism to capture 

incoming sheetflow or overbank flow that might extend beyond the 100 to 150 

foot wide skth of wash that is contained between the berms. Under such 

conditions, the larger flows that exceed the bankfull capacity of the natural 

washes will simply flow around the bermed section of the wash, since there is 

no collection dike to capture these flows and funnel them into the bermed 

cross-section. 

This issue was discussed with representatives of CVL, who indicated that any 

sheetflow that bypassed the bermed sections of washes would be intercepted by 

man-made channels aligned approximately perpendicular to the natural path of 

sheetflow. Some of these man-made interceptor channels are located along the 

upstream property line of the development, while others are located through 

interior portions of the developnent. 



Application of such a concept to intercept and control overland flow should 

be based on assurance that those areas exposed to overland flow, upstream of 

the interceptor channels, contain sufficient topographic relief (either 

natural or through raised building pads) to prevent inundation of finished 

floors. Furthermore, the design of the interceptor channels should ensure 

that such channels have sufficient sediment transport capacity to convey the 

incoming sediment load to the main collector channels. 

Equally important in the design of the interceptor channels is the inclusion 

of a mechanism to prevent headcutting along the side of the channel that is 

receiving the lateral inflows. The construction of these channels will 

undoubtedly intercept numerous small washes. Field inspections of one of the 

major interceptor channels in Taturn Ranch provided graphic evidence of this 

phenomenum. In this particular case, the interceptor channel had a lower 

invert than that of the natural channel being intercepted. As a result, 

headcutting had occurred trough the bank of the interceptor channel as flow 

from the natural channel cascaded down the b m k  of the interceptor channel. 

Subsequent inspections of this site revealed that grouted riprap had been 

placed at these locations to prevent further headcutting problems. 

A review of the concept drainage plans for Tatum Ranch indicates that the 

interceptor channels are to be fully concrete lined with a cutoff wall along 

the top of each bank. It is important that such channels be lined to prevent 

the headcutting problems discussed previously. The design of a cutoff wall 

should avoid a vertical wall in favor of an angled wall that can guide 

incoming flows up and over the bank of the interceptor channel. A vertical 

wall would create a very blunt obstruction to flow that would aggravate scour 

and undercutting along the channel lining at the top of the channel bank. 

"Weep holes" should also be included at the toe of the channel lining to 

alleviate hydrostatic pressure that might build-up behind the wall and cause 

cracking or structural failure of the concrete lining. 



Disruption of Natural hilibrim 

The combination of artificial berms along the natural washes, and the 

diversion of overland flow into the b e d  washes, will alter the natural 

hydraulic characteristics of these washes. These two unnatural phenomena 

will cause the washes to routinely carry more water than they would under 

natural conditions. Perhaps the most influential impact will be the increase 

in flow velocity that will =company the concentration of water in the bermed 

washes. The higher velocities will be more erosive and possibly lead to the 

destruction of some native vegetation that could naturally withstand the 

shallower and slower flows that occur in un-bermed washes. 

The increase in velocity will also cause an increase in sediment transport 

capacity through the bermed washes. Unless this increase in sediment 

transport capacity is accompanied by an equivalent increase in sediment 

supply, the channel bed-slopes will begin to flatten in order to reduce the 

sediment transport capacity back to a value that is in equilibrium with the 

sediment supply. The adjustment to a flatter channel slope will occur 

through vertical incisement of the channel bed. Severe equilibrium 

adjustments might cause bank instability problems and possible undercutting 

of the vertical concrete wall embedded in the earth berms on each side of the 

wash. 

Should the additional sediment being delivered to the b e d  washes (by the 

interceptor channels) exceed the transport capacity of the b e d  washes, the 

opposite effect will occur, i.e., the washes will begin to aggrade in an 

effort to increase the channel slope to generate more sediment transport 

capacity. Such aggradation may reduce the design capacity of the b e d  

washes to the point where they could no longer carry the design discharge 

without overtopping the side berm. 



In s m r y ,  it is very important to consider the potential impacts that 

unnatural interception and diversion of water will cause to both the 

vegetation community in the wash and to the hydraulic/sediment transport 

characteristics of the wash. 

Concentration of Flow at Channel Inlet 

As stated previously, the artificial berms will concentrate larger discharges 

within the bankfull boundaries of the desert washes. This confinement of 

flow will cause potential flooding and scour/sedimentation problems at the 

locations where the bermed washes outlet to a natural wash geometry. For 

example, a wash that might typically carry a bankfull discharge of 100 cfs, 

might now carry a bankfull discharge of 500 cfs with the artificial berms in- 

place. Obviously, such an increase in discharge has the potential to create 

unnatural flooding problems at the downstream point where the berms are 

terminated. 

Probably the most common problem created at these outlet locations will be 

increased bank erosion and floodwater depths associated with the concentrated 

flows being directed into the shallow washes. Evidence of this phenomenum 

was observed at the outlet of one of the Tatum Ranch box culvert channels. 

This type of damage could easily serve as a cause for litigation by 

downstream land owners who feel their property is being subjected to 

unnatural flooding and erosion by these concentrated outflows. 

Sedimentation might also occur in those downstream washes that are receiving 

more sediment inflows than they are capable of carrying. This could create 

sediment deposits near the channel outlets. Such a problem would be 

compounded by the reduction in velocity that would occur as the concentrated 

flows leave the b e d  channels and begin to spread laterally. The velocity 



reduction would cause more sediment deposition to occur. This might lead to 

localized channel blockage which would increase the potential for lateral 

flooding in those areas downstream of the b e d  outlets. 

Discussions with CVL personnel indicated that these problems had been 

considered in the development of the Master Drainage Plan for Tatum Ranch. 

However, no firm plan has yet been adopted to mitigate this potential 

problem. Some consideration has been given to designing some type of flow- 

splitter device to re-distribute the concentrated flows back to a more 

natural distribution. 

Due to the litigation potential associated with this problem, the 

redistribution of concentrated flows should be given a high priority in the 

design of any drainage system. 

Flood~lains Created by Raised Berms 

The raised berms that are constructed along the natural washes will 

undoubtedly block some of the overland flow that naturally drains to these 

washes. Depending upon the amount of upstream drainage area intercepted by 

these berms, there may or may not be sufficient water concentrated along the 

upstream side of these berms to cause flooding problems. 

It is not anticipated that the flows being trapped by these berms would be 

sufficiently large to create a major problem. However, it is a phenomenum 

that should be investigated. Probably the easiest solution to mitigate this 

problem would be to reserve a drainage easement along the upstream side of 

these berms; the width of the easement would be based on site-specific hydro- 

logic and hydraulic calculations. 



Stnunary of Tatum Ranch Concept 

It is not the purpose of this report to quantify the impcts that the Tatum 

Ranch "wash improvement and stabilization plan" might have on the natural 

desert environment. Instead, potential problems associated with this concept 

have been identified and discussed so that application of this concept to 

other locations might be undertaken with a more complete understanding of 

design requirements that will enhance the successful operation of such a 

drainage concept. 

It would appear that the primary objective of the Tatum Ranch concept is to 

increase the hydraulic capacity of desert washes without extensive 

channelization that would destroy the native vegetation within the drainage 

corridors. Accordingly, this concept would have the most appeal in 

relatively flat areas of the watershed that contain washes with insufficient 

capacity to convey appreciable amounts of floodwater. However, the 

requirement of an overland-flow interceptor channel system might make this 

concept economically unfeasible for those flat areas where overland, or 

sheetflow, is the predominant flooding mechanism. The construction of man- 

made berms (levees) along the natural washes restricts the entry of sheetflow 

and creates miniature floodplains along the landside of such berms. 

Certainly, alternate solutions should be considered for a specific site in 

order to find the most economical and functional drainage system. 

6.4 DESERT R l B X  

Similar to, but much larger than Tatm Ranch, Desert Ridge is another planned 

community development located within the project study area. Encompassing 

nearly 8.5 square miles, Desert Ridge is situated between Pinnacle Peak Road 

and the CAP Aqueduct and is bounded on the west by 32nd Street and on the 

east by a northern extension of 64th Street. 



Desert Ridge is located on that portion of the alluvial plain (alluvial fan 

terrace) that is characterized by a dense network of small, braided, sand-bed 

washes. There is no single large channel that would serve as a major 

collector channel for this region. As a result of the limited capacity of 

these washes, this area is very prone to experiencing sheetflow. 

6.4.1 Preliminary BRW Concept 

Desert Ridge is still in the preliminary planning stages, i.e., no 

construction has yet taken place and there is no approved master 

drainage plan for the development. Site planning and drainage system 

design are being performed by BRW, Inc.. 

On December 8, 1989, BRW representatives provided a detailed briefing of 

the current drainage system concepts proposed for Desert Ridge. This 

concept consists of the construction of several, major drainage 

corridors that will parallel the natural drainage alignment through 

Desert Ridge. h e  to the absence of any large-capacity natural washes 

through this area, the proposed drainage corridors will consist of 

mostly new channel excavation. However, the new channels will be 150 to 

250 feet wide and will incorporate a maximum depth of approximately 5 

feet. The channels are to be re-vegetated with natural desert species 

and will include a bike path. 

The large width to depth ratio and emphasis on landscaping should 

provide a very natural and aesthetically appealing drainage system. The 

main channels do not include any raised berms along either bank. 

Accordingly, interior sheetflow will be free to enter the channel at any 

point. 



Due to the flat topography in the Desert Ridge area, offsite sheetflow 

will be a major problem. This will require that some type of upstream 

collector system be constructed to intercept the offsite sheetflow and 

divert it into the designated drainage corridors passing through Desert 

Ridge. The September 1989 concept drawings prepred by BRW have 

addressed this problem by including provisions for both permanent and 

temporary "wing berms and channels" designed to intercept sheetflow and 

divert such flows into the designated drainage corridors. The final 

design of such a system will also require a careful evaluation of the 

same problems previously discussed for the drainage improvements at 

Tatum Ranch, i.e., disruption of natural equilibrium conditions and 

allowances for suitable outfall systems. As will be discussed in 

Section 6.4.2 of this report, another alternative is the construction of 

major interceptor channels around the northern and eastern periphery of 

Desert Ridge. 

6 . 4 . 2  k,jor Interceptor Channel Conceat 

The Arizona State Land Department (SLD) has submitted an approximate 

alignment for two interceptor channels that would lie to the north and 

east of Desert Ridge. Both channels would start near the intersection 

of Scottsdale Road and Jomax Road, with one channel flowing in a 

westerly direction to an outfall near Cave Creek Road and the CAP, while 

the second channel would flow directly south (along the east or west 

side of Scottsdale Road) to the CAP. The east-west channel is 

approximately 7.3 miles long, while the north-south channel is about 5 

miles long. The channel alignments are shown on Plate 6A. 

A review of 7.5 minute quadrangle maps indicates the east-west 

interceptor channel will probably cause an un-natural diversion of 

runoff from portions of Sub-Basins 7, 8.1, 8.5, 9, 10, and 10.1 to the 



CAP dike located west of Tatum Boulevard. Any possible adverse impacts 

of this diversion should be evaluated during final channel design. 

It should be noted that the original SLD north-south concept channel 

alignment was located from one-quarter to one-half mile west of 

Scottsdale Road. In order to maximize the use of HEC-1 modeling data 

from the General Drainage Plan for North Scottsdale, Arizona (WRA 1989), 

the north-south channel was modeled along the east side of Scottsdale 

Road (a channelization model had previously been created for this align- 

ment). This minor shift in alignment will have very little, if any, 

impact on the development of peak discharge values, channel hydraulics, 

and concept cost estimates for this reach of channel. However, if this 

north-south channel concept is ever pursued to final design, an exact 

HEC-1 model should be developed for the final alignment. 

From a practical perspective, the alignment of the north-south channel 

along the east side of Scottsdale Road would provide substantially 

greater flood control benefits than an alignment to the west of the 

road. These additional benefits would be generated as a result of the 

flood control protection that would be provided to Scottsdale Road. 

This would be a major step towards enhancing the all-weather access 

along this major north-south transportation corridor. Such benefits 

should create adequate justification for the City of Scottsdale to cost- 

share in the construction of such a channel. 

6.4.2.1 Channel k l r o l o ~  

Four HEC-1 models were created to determine the design discharges 

for specific reaches of the two channels. The models were based on 

existing land-use conditions and used the 100-year, 24-hour rain- 

fall, in conjunction with the SCS Type IIA rainfall distribution. 



Curve numbers, overland flow, and channel routing parameters were 

taken from the same database used for the large watershed models 

presented in Section 3.0 of this report. 

Two models were created for each channel. The first model 

simulated the release of low-flows into the natural washes that 

were intersected by the proposed channels. To set an upper limit 

for the maximum channel discharge, the second model assumed that 

the low-flow outlets would be blocked and that 100 percent of the 

water would remain in the channel. 

Channel routing operations (within the HEC-1 model) along the 

proposed channel alignments utilized an average roughness value of 

0.025, existing ground slopes, and 2H:lV channel side-slopes. 

Channel bottomwidths varied from 25 feet to 75 feet. Should these 

channel concepts ever be pursued to final design, specific channel 

routing parameters should be chosen that match the type of channel 

being designed. The HEC-1 models should then be re-run with these 

revised parameters to get a final design discharge. 

The HEC-1 models used for these interceptor channel analyses also 

model the reduction in peak discharge that would occur within 

Desert Ridge in response to construction of the interceptor 

channels. Due to the sheetflow potential through this area, the 

original "existing condition" HEC-1 models used very wide channel 

bottomwidths to simulate the movement of sheetflow through this 

region. With the proposed interceptor channels in-place, there was 

a possibility that these wide channel widths might create unreason- 

ably low routing velocities for the reduced inflows through Desert 

Ridge. This phenomenon was evaluated by applying the original 

channel geometry to the computed HEC-1 discharges and computing 

normal depth velocities and Froude Numbers with Mannings' Equation. 



With the exception of Sub-basins 28, 29, and 29.1, the original 

channel routing geometry was found to produce reasonable results 

for the lower discharges that occurred with the new channels in- 

place. Sub-basins 28, 29, and 29.1 had extremely wide channel 

widths (2500 ft. to 3750 ft.) that produced velocities on the order 

of 1 fps or less. Accordingly, the channel widths in these three 

sub-basins were reduced to values that produced velocities in the 3 

to 4 fps range. 

As stated previously, low-flow releases are included in two of the 

models to simulate small, non-damaging discharges into the natural 

washes intersected by the proposed channels. These releases are 

simulated in the HEC-1 model by the activation of divert routines 

at all interceptor channel concentration points. 

Although actual low-flow release points would have to be determined 

during final channel design, the HEC-1 divert locations should 

provide a realistic simulation of this process. The divert ratios 

used in the model were based on the hydraulic capacity of a 36-inch 

RCP operating under inlet control through a flow depth ranging from 

1 . 5  to 4.0 feet. This information was combined with the average 

rill density (taken from aerial photographs) for each sub-basin, 

and the angle formed by the intersection of the rills and the 

interceptor channels, to obtain an average length between washes, 

measured along the channel centerline. This calculation provided 

the number of low-flow outlet points required for specific reaches 

of the channels. The nwnber of release points was then combined 

with the assumed discharge rating of a 36-inch RCP in order to 

arrive at a very rough estimate of the total discharge that would 

be diverted to low-flow washes from specific reaches of the 

interceptor channels. The 36-inch pipes were assumed to have a 60 



percent discharge efficiency in order to reflect debris clogging 

and momentum forces associated with the direction of flow in the 

interceptor channel. 

The investigation of low-flow outlets is very approximate at this 

concept level of analysis. The exact number, size, and hydraulic 

capacity of low-flow outlets would have to be determined during the 

final channel design. The ultimate assumptions used in the design 

of the low-flow outlets could have a significant impact on the 

channel design discharge and the discharge received by Desert 

Ridge. 

As this report was in the final stages of prepration, a formal 

request was received from the Arizona Department of Transportation 

to evaluate an alternate east-west channel alignment along Pinnacle 

Peak Road. This alternate alignment is shown on Plate 6B. The 

purpose of this request was to examine the impact that the 

alternate alignment would have on reducing the peak discharge to be 

used for the design of an off-site drainage system for the Outer 

Loop Highway. 

Although the alternate east-west channel alignment is located 

nearly 2 miles closer to the Outer Loop, it has a relatively 

minimal impact (about 25% reduction) on the peak discharge that 

occurs at the Outer Loop (see Concentration Points 6 and 10 in 

Tables 6.7 and 6.8). This minimal change is easily explained in 

terms of the long, narrow shape of the drainage areas intercepted 

by the Outer Loop. The peak discharge at locations in the 

downstream regions of these drainage areas is primarily a function 

of the runoff rate that occurs from sub-basins located near the 

peak discharge measurement point. In this case, the majority of 

the peak discharge for Sub-basins 6 and 10 comes from runoff within 



these two basins. By the time additional runoff from distant 

upstream areas reach the Outer Loop, the runoff from Sub-basins 6 

and 10 is essentially gone. Accordingly, these upstream sub-basins 

are not adding appreciable rates of runoff to the peak discharge 

seen at the Outer Loop. However, as the east-west channel is moved 

closer to the Outer Loop, correspondingly larger reductions in peak 

discharge would be noticed. 

Table 6.7 summarizes the peak discharge data at major concentration 

points along the original east-west channel alignment beginning at 

J o m  Road. This table also shows the impact that the channel has 

on sub-basins within Desert Ridge and at the Outer Loop Highway. 

Table 6.8 presents the same information for the alternate east-west 

alignment along Pinnacle Peak Road. Table 6.9 provides similar 

information for the north-south channel near Scottsdale Road. 

6.4.2.2 Channel Hdraulics 

Using the hydrologic data presented in the preceding section, 

preliminary channel sizing calculations were performed for the 

following alternatives: 

1. Completely lined (banks and bottom) concrete section 

placed on existing ground slope (Figure 5.1). 

2. Partially lined section, with soil-cement banks and earth 

bottom, placed on existing ground slope (Figure 5.2). 

3. Completely unlined section (earth banks and bottom), 

placed on a slope of 0.0067 ft/ft (Fimre 5.3). 



In order to preclude the analysis of an infinite number of channel 

geometry combinations, certain channel dimensions were fixed at 

constant values. Channel bottomwidth was selected as the only 

variable in determining the channel geometry. Table 6.10 summariz- 

es the design parameters that were used in the hydraulic analysis. 

The data in Table 6.10 was input to Mannings' Equation in order to 

compute the channel bottomwidth, velocity, and Froude Number. 

These calculations were computerized in a Lotus 1-2-3 spreadsheet 

in order that excavation and channel lining quantities and 

construction costs could be automatically generated as part of the 

channel sizing computation. Detailed printouts of these 

spreadsheets, showing the results of all hydraulic calculations, 

are provided in Appendix C. 

A brief discussion of each channel alternative is provided in the 

following paragraphs. Plates '7 and 8 provide centerline profiles 

of existing ground along the original east-west (Jomax Road) and 

north-south alignments, respectively. 

Concrete-Lined Channel 

A fully lined section (6-inch thick lining) was evaluated under the 

assumption that it would be constructed to match existing ground 

slopes, but have an invert 5.5 feet below existing ground. A 

cross-section of this channel is illustrated in Figure 5.1. This 

assmption, combined with the hydraulic parameters listed in Table 

6.10, produced supercritical flow throughout the channel length for 

both the east-west and north-south channels. For the 100-year peak 

discharge, maximum velocities ranged from 13.3 to 25.4 fps through 



various reaches of the channels. Along the original east-west 

alignment, channel topwidths (at a depth of 5.5 feet) varied from 

about 30 feet at the upstream end to approximately 100 feet at the 

downstream end of the channel. Topwidths along the north-south 

alignment ranged from 30 feet at the upstream end to 205 feet at 

the downstream channel terminus. 

Fully lined concrete channels will minimize right-of-way require- 

ments because of their hydraulic efficiency, but, as will be 

discussed in the following section, their construction cost may be 

prohibitive. From an aesthetic standpoint, concrete channels would 

probably not be favored by local residents because of the harsh, 

sterile lines associated with such channels. 

Partially Lined, Soil-Cement Channel 

This option, which would be the recommended alternative, provides a 

soil-cement bank to prevent lateral erosion, but leaves the channel 

bottom as a natural sand-bed. A cross-section of this channel is 

illustrated in Figure 5.2. This alternative was also evaluated 

along the existing ground-slope with an assumed channel invert 5.5 

feet below natural ground. Analyses were performed with an "n" 

value of both .025 and .035. The lower "n" value would represent a 

well-maintained channel that is kept free of any noticeable 

vegetation. The higher roughness value would be more descriptive 

of a channel-bed in which some limited amount of vegetation would 

be allowed. 

The aesthetic appeal that might be associated with a partially 

vegetated channel bed is achieved at a cost of having to acquire 

more right-of-way to accommodate the wider channel widths generated 



by the higher channel roughness value. For example, with a design 

discharge of 4,478 cfs and a slope of .0154 ft/ft. the .025 "n" 

value produces a channel bottomwidth of 58.1 feet, while the .035 

"n" value increases the bottomwidth to 82.4 feet. 

Overall, the channel width along the east-west channel would easily 

fit into a 200-foot wide corridor. For an "n" value of ,035, the 

channel topwidths ranged from approximately 32 feet to 163 feet. 

However, due to the much higher discharge being carried by the 

north-south channel, topwidths varied from about 38 feet to nearly 

345 feet (n = .035). 

k~imum velocities through either channel are approximately 20 fps 

(n = .025), which is non-damaging to a properly constructed soil- 

cement bank. Scour protection along the channel banks is provided 

by extending the soil-cement to a depth of 5 feet below the channel 

invert. This scour dimension is only an approximation used for 

generating preliminary cost estimates for this study. Actual scour 

depths would have to be determined as part of the final design 

process. 

Based on the assumption of matching existing ground-slope, it does 

not appear (at this concept level of analysis) that grade control 

structures would be required for the soil-cement alternative. 

However, a final design sediment transport analysis might indicate 

a need for such structures at intermittent locations, although they 

should be very few in number. 



Unlined Channel 

The City of Phoenix requested that this alternative be evaluated 

with a Manning's "n" value of .050. Accordingly, this channel 

section could be constructed with a vegetation community that would 

closely resemble the natural desert washes in the area. A typical 

channel cross-section is presented in Figure 5.3. Unfortunately, 

to avoid exceeding the specified maximum velocity of 5 fps, the 

channels would have to be constructed on a slope no steeper than 

approximately .0067 ft/ft. This combination of high roughness 

value and flat slope produces extremely wide channel sections which 

would not seem practical for this area. For example, channel 

topwidths along the original east-west alignment reach nearly 350 

feet, while those along the north-south alignment exceed 900 feet. 

The practicality of this alternative is further jeopardized by the 

excessive number of drop structures that would be required along 

each alignment. Using the stated bed-slope of .0067 ft/ft, 3-foot 

high drop structures, and a maximum channel depth of 7.5 feet 

between drops, 75 drop structures would be required along the 

original east-west alignment, while 94 drop structures would be 

needed for the north-south channel. Installation of these drop 

structures would also require bank lining for a limited distance 

upstream and downstream of the drops. 

Another major disadvantage of an unlined channel section is its 

inability to receive lateral inflows without headcutting beyond the 

channel bank. The channels through this area will be exposed to 

intercepting large swaths of overland sheetflow. As this sheetflow 

cascades over the channel bank, severe erosion will occur along the 

top of the channel bank. This erosion will propagate upstream (in 

the direction of the incoming sheetflow) in the form of a headcut. 



This type of erosion will have the potential to completely destroy 

the upstream side of the channel bank, while simultaneously depos- 

iting large amounts of sediment (eroded bank material) in the chan- 

nel bed. Even though the construction cost of unlined sections 

my, under certain conditions, be competitive with the partially 

lined soil-cement option, it is not a feasible concept to use in a 

sheet-flow environment where lateral channel inflows are expected 

to occur. Accordingly, a completely unlined channel section is not 

recommended for this project. 

6 . 4 . 2 . 3  Cost Estimates 

Detailed, reach by reach quantities and costs for excavation, 

channel lining, and right-of-way are presented on the spread- 

sheets included in Appendix C. 

A complete s m  of the Desert Ridge channel construction costs 

is presented in Tables 6.11 through 6 . 1 6 .  

The channel costs in Tables 6.11 through 6 .16  do not include 

allowances for bridges. Due to the variation in channel width for 

the different lining alternatives, bridge costs would be lower for 

the concrete and soil-cement options than they would be for the 

unlined earth channel (assumes the same bridge locations would be 

selected for each alternative). 

Cutoff walls would also be recornended along the top of the bank 

for the concrete and soil-cement lining options. Costs for cutoff 

walls are included in Tables 6.11 through 6.16 as a separate line 

item. These costs are based on 1-foot and 2-foot deep walls along 

the downstream and upstream sides of the channel, respectively. 

The configuration of both the concrete and soil-cement cutoff walls 

is shown in Figure 5 . 4 .  



The unit excavation costs used for the various channel options 

listed in Table 6.11 through 6.16 adhere to the excavation volume/ 

cost schedule previously presented in Section 5.0 of this report. 

Soil-cement was estimated at $24 per cubic yard (in-place) and 

costs for 6-inch concrete lining were based on $30 per square foot 

(equivalent to $180/cubic yard at 6-inches thick). Landscaping 

costs of $7,50O/acre were provided by the City of Phoenix. It 

should be noted that landscaping costs may be less than shown in 

the cost tables for the concrete-lined channels. This is due to 

the fact that a major portion of the channel right-of-way will be 

covered with concrete and, thus, not available for landscaping. 

Table 6.16 presents a summary of the construction cost for 

each of the Desert Ridge channel options. These total costs do not 

include right-of-way; they are simply a summary of the detailed 

costs presented in Tables 6.11 through 6.15. 

Tables 6.17, 6.18 and 6.19 swrmarize right-of-way requirements for 

the concrete, soil-cement, and earth channel sections evaluated for 

the various Desert Ridge alignments. Three right-of-way scenarios 

are presented in each of these tables. As indicated by these 

tables, some channel alternatives will not fit within a constant 

drainage corridor width of 200 feet. 

A review of the data in Tables 6.11 through 6.19 clearly indicates 

the partially lined, soil-cement channel is the most practical and 

economical alternative. This option could be designed to provide 

aesthetic appeal in addition to its economic advantages. For 

example, the soil-cement could be mixed with "Type C" fly-ash to 

provide both a savings in cement costs and to impart a more natural 



"earthy" color to the soil-cement mixture. Using the higher "n" 

value of .035 would also allow some native vegetation to be placed 

within the channel cross-section. The top of the bank could be 

landscaped to any density desired. The channel could also be 

designed with some slight curvature to avoid the monotony of 

straight lines. 

Comparing the two east-west alignments indicates that the Pinnacle 

Peak Road alignment would be the more economical alternative. This 

alternate alignment also provides a greater reduction in peak 

discharge through Desert Ridge and to the Outer Loop Highway. The 

alignment along Pinnacle Peak Road would also provide controlled 

outlet points (i.e., low-flow outlets to intercepted washes) for 

the capture and routing of water through the proposed Desert Ridge 

drainage corridors. 

The Federal Emergency Management Agency (FEMA) has recently released "work 

maps" showing nearly all of the study area located south of Dixileta Road to 

be in a Special Flood Hazard Area (SFHA). The SFHA consists of both A0 

zones, which have numbered depth and velocity zones, and A zones, which do 

not have specified depths and velocities. These "work maps" do not 

represent final floodplain delineations. Preliminary Flood Insurance Study 

(FIS) maps are estimated to be published on October 16, 1989. A public 

review and appeal period will follow publication of these preliminary FIS 

maps. 

The SFHA for this area has been classified by FEMA as "alluvial fan 

flooding". This is a very significant classification, because FEM.4 has very 

strict requirements regarding removal of the SFHA designation from alluvial 

fan areas. These requirements are specified under paragraph 65.13, Federal 



Register, Vol. 54, No. 156, August 15, 1989. Perhaps the most stringent 

requirement in these rules is that a structure, or parcel of land, cannot be 

removed from the SFHA by elevating on fill. Only major structural flood 

control measures will be considered by FEMA for removing an area on a 

designated alluvial fan from the SFHA. The design of such flood control 

measures is subject to very strict design criteria, one of which is the 

requirement to identify the impact of the measure on all other areas of the 

fan. 

Accordingly, unless individual homeowners, developers, or governmental 

agencies undertake construction of major flood control projects, any new 

development in this region will have to include adequate flood protection in 

the proposed design and include the purchase of flood insurance as part of 

the operating cost of the structure. 

Because of the recent disclosure of the alluvial fan SFHA designation for 

this area, there is opportunity for confusion regarding what may be required 

as suitable flood protection for new development in the study area. 

Problems may occur because of confusion over where to reference the finished 

floor elevation of structures located in the SFHA. In numbered A0 zones 

(with depth/velocity designations), minimum federal regulations will be met 

if the lowest finished .floor (including basements) is elevated to the 

designated depth above the highest adjacent grade (44 CRF,  Sub-section 60.3, 

C, 7). Discussions with representatives from Fl3lA Region IX, indicated that 

"highest adjacent grade" would be defined as the highest natural ground 

elevation under the proposed finished floor boundaries. There are presently 

no federal requirements to address impacts due to the velocity designation in 

a nmbered A0 zone. 



For A zones, where no depth is specified, minimum federal regulations require 

that new construction have the lowest finished floor (including basements) 

elevated at least two feet above the highest adjacent grade. 

There are presently no federal regulations for flood-proofing requirements in 

X zones (areas of moderate or minimal flood hazards). 

Although the preceding paragraphs define minimum federal regulations for 

development in designated SF'HA alluvial fans, their application should be 

tempered with considerable engineering judgement. The methodology that was 

employed by FEMA to establish the depth/velccity designations within the SF'HA 

does not acknowledge the topographic variation that can occur across the fan 

surface (the term "fan" is used in this discussion even though the author 

does not consider the regions in this study to be true alluvial fans). The 

depth/velocity designations simply imply that the specified depth and 

velocity of flow could occur anywhere within the designated zone boundary 

during a 100-year event. In reality, there may be defined washes or swales 

through the area where the flow will be mostly concentrated. Areas within 

the same zone that are naturally elevated on ridges or hills, may have very 

little expsure (possibly none) to floodwater. 

When locating new structures within either A0 or A zones, the engineer should 

identify the probable flow areas and conduct a hydrologic/hydraulic analysis 

to delineate the probable floodplain through the area. Structures should 

then be located well away from these flood-prone areas, yet still incorporate 

flood protection measures that will comply with minimum federal or local reg- 

ulations, whichever may govern. These flood protection measures should also 

address potential erosion/scour problems. Some counties in California requ- 

ire that all building footings be extended to specified depths below ground, 

in order to protect against scour. It is reported that Kern County, Cali- 

fornia requires footings to a depth of three feet plus two times the flow 

depth. 



There may be situations where substantially elevated ridges on hills exist in 

the SERA zones. Such topographic features may be sufficiently elevated so 

there is no practical risk of flooding. It would appear that such areas 

could easily be proven to be out of any practical flood-prone boundaries. 

Documentation to this effect could be provided to FEMA, along with a request 

to remove the parcel, or elevated portion thereof, from the SFHA. 

In summary, the engineer should make a concerted effort to identify the 

floodplain characteristics of any site located within SFHA alluvial fan 

zones. The engineer should not arbitrarily locate a structure any place 

within a numbered depth/velocity zone and assume that compliance with 

prescribed finished floor elevation requirements will be satisfactory for 

preventing flood damage. A site-specific hydrologic/hydraulic analysis 

should be considered mandatory. 

6.6  "NO ACI'ION" ALTJBNATIVE 

Drainage requirements within the City of Phoenix are outlined in the 

Drain Desim Manual, Subdivision Drainage Desim, City of Phoenix, September 

1985. The primary drainage requirement, presented in Section Vi of that 

document states: "All developments shall make provisions to retain the 

runoff of a 100-year, 2-hour duration storm falling within the boundaries of 

the development, unless the drainage can be directly carried to a major 

channel or natural drainageways whose capacity is adequate from the 

development to a major drainage outfall such as the Salt River. This 

requirement may be waived by the City Engineer for isolated developments 

under one-half acre in areas when there will be no critical drainage problem 

created by the additional runoff from the proposed development". 



Drainage requirements for multi-lot developments retain the reference to a 

100-year, 2-hour storm, but also add a statement that: "The design shall 

provide the calculated peak discharge after development does not exceed the 

pealt discharge prior to development". 

For the purpose of this discussion, a "No Action" alternative will be defined 

as maintaining compliance with current City drainage policies (as outlined in 

the previously referenced 1985 manual), as well as compliance with FEMA regu- 
lations associated with the proposed designation of large parts of the study 

area as a Special Flood Hazard Area (see Section 6.5 of this report). If 

properly enforced, these policies should prevent new development from being 

exposed to a high risk of flood damage. However, as discussed in Section 

6.5, a major factor in the success of such a program will be dependent upon 

engineers' exercising sound judgement in the design of drainage systems for 

new developments in this area. It may be necessary for the City to develop 

supplemental drainage design standards in order to achieve this goal. 

As previously stated, the defined "No Action" alternative is considered an 

effective floodplain management tool for the entire study area. However, it 

is recommended that no waivers be granted for isolated developments under 

one-half acre in size. The cumulative impact of several such waivers, in the 

same watershed, may ultimately cause flooding problems. 

The advantages and disadvantages of a "No Action" alternative are surmoarized 

as follows: 

Advantages 

1. Other than administrative costs to the City for technical review 

(which should already be in-place), there will be no large 

expenditures of tax funds for publicly funded flood control 

projects, i.e., the cost of drainage improvements on specific 

tracts of land would be funded by the owner. 



2. The authority to implement this plan is already in-place. 

3. If properly enforced, this alternative will provide an effective 

floodplain management tool for new structures. 

4. By definition, this alternative precludes the construction of man- 

made channels, which are considered by many groups to be a scar on 

the natural aesthetics of the area. Accordingly, pursuit of this 

option will probably generate a less negative aesthetic impact on 

the land. 

Disadvantages 

1. The elimination of major structural flood control improvements may 

severely limit the extent of new development in the area, i.e., the 

majority of the area is proposed to be classified as a Special 

Flood Hazard Area. For local residents, this may be viewed as an 

advantage, since it will probably create a lower development 

density for the area. 

2. Because of the difficulties in analyzing and designing effective 

flood control systems for such a unique area e l  scour, 

sedimentation, acceptable hydrologic and hydraulic analyses), the 

City may have to develop detailed design standards and procedures 

in order to force some standardization, or level of continuity, in 

the engineering analyses that will accompany new development in the 

area. 

3. It may be difficult to enforce and/or police on-site retention. 

Experience in other areas of metropolitan Phoenix has shown that 

residents will frequently "fill-in" areas reserved for floodwater 

retention after the City inspectors leave. 



In summary, the adoption of a "No Action" alternative will not reduce the 

flooding potential in the watershed beyond what it is under present day 

conditions. i.e., the area will still be exposed to a possible Special Flood 

Hazard Area (SFHA) classification. This statement is based on: 1) the 

City's retention requirements; 2) the City's stipulation that post- 

development peak discharge cannot exceed pre-development peak discharge; and 

3) FEMA's requirement that only major structural flood control improvements 

can remove a SFHA classification from designated alluvial fan flooding areas. 

This plan will, however, ensure that new development in the watershed is 

constructed in a manner that acknowledges the flooding potential of the area 

and incorporates adequate drainage/scour features into the design and 

location of the structural components of the development, thus mitigating the 

potential for flood damage to future developnt. 



7.0 STOflM DRAIN ANALYSES 

The purpose of this section is to present conceptual storm drain designs for 

use in future land development planning. A detailed storm drain plan has 

been prepared for the study area. The plan was designed assuming that there 

will be no channelization or detention/retention facilities constructed in 

the watershed. Unfortunately, this plan will probably need to be modified 

once channel alignments and/or detentiodretention basin locations have been 

finalized. The storm drain plan is discussed in detail in Section 7.1 

through 7.3 of this report. 

7.1 HYDROLOGIC A S ~ O N S  

A computerized rainfall/runoff model was developed for the watershed using 

the U.S. Amy Corps of Engineers Flood Hydrograph Package (HEC-1). HEC-1 

uses numerical parameters to describe the amount and temporal distribution of 

rainfall, the runoff characteristics of the watershed, and the hydraulic 

properties of overland flow planes and channels that collect and convey the 

direct runoff to concentration points. The computer output provides a runoff 

hydrograph at user selected locations. These hydrographs were used to design 

the storm drain system. 

The study boundaries for the project contain approximately 56 square miles. 

Such a large area encompasses a wide range of topographic features, soil 

groups, and drainage patterns. In order to increase the accuracy of the 

hydrologic modelling process, it is necessary to sub-divide the watershed 

into much smaller sub-basins of relatively homogeneous hydrologic 

characteristics. The number and size of sub-basins is also dictated by the 

number of locations at which hydrologic output data is desired, i.e, storm 

drain junctions, etc. 



The watershed was divided into two basins. The first basin consists of all 

areas contributing runoff to Cave Creek Wash. The second basin consists of 

the remainder of the watershed area which flows to the CAF' Aqueduct. These 

two basins were further subdivided according to proposed street alignments 

provided by the City of Phoenix staff. 

Rainfall depths for the study area were developed using isopluvial maps and 

regression equations presented in the Precipitation - Frequency Atlas of the 
Western United States, Volume VIII - Arizona, 1973. Rainfall values from the 

NOAA Atlas were distributed over a 24-hour duration using the SCS T y p  IIA 

rainfall distribution. The distribution is graphically depicted in Figure 

3.2. 

Precipitation losses due to interception and infiltration were modeled using 

the SCS curve number option in E C - 1 .  Selection of curve numbers was based 

on information gathered on the type of soil cover, vegetation, density, land 

use, and soil moisture conditions. An average curve number was developed for 

each sub-basin to account for the combined effect of these drainage basin 

characteristics. The storm drain analyses were based on existing watershed 

conditions. A detailed discussion of the selection of appropriate hydrologic 

parameters w a s  presented in Section 3.2 of this report. 

The kinematic wave option was used to determine the hydrologic response of 

the sub-basin areas and for routing the resulting hydrographs through the 

tributary channels of the basin. This option was selected because runoff 

processes can be simulated using measurable geographic features such as 

overland flow elements, shape, boundary roughness, length and slope of 

channel elements. Due to the fact that subdivision street patterns have not 

been established, natural watercourses were used to route storm runoff 

through the sub-basins to a major arterial street. The HEC-1 pipe routing 

option was then used to route the runoff to the ultimate outfall. 



7.2 CONCEPT DESIGNS 

The conceptual storm drain system was sized from hydrographs generated by the 

HEC-1 computer model. The following assumptions were used to design the 

system: 

1. Minimum pipe size = 3 feet (possible sediment concerns) 

2. Maximum pipe size = 8 feet 

3. Minimum pipe velocity = 5 feet/second 

4. Maximum pipe velocity = 10 feet/second 

5. Mannings "n" value - 0.012 (concrete pipe) 

6. Bed-slope equal to existing ground-slope (unless pipe criteria have 

been violated) 

7. Design storm is the existing condition 2-year, 24-hour event (Type 

IIA storm distribution with a 10 mi2 areal reduction factor 

applied). 

8. Watershed is divided into two basins - 

1) areas that flow to Cave Creek Wash 

2) areas that flow to Central Arizona Project Aqueduct. 

9. Curve numbers determined from the SCS hydrologic soil map 



10. Overland flow lengths, slopes, and roughnesses were determined by 

averaging sub-basin characteristics for the t~jo basins. 

11. Routing parameters are from the existing condition hydrologic model 

(assuming natural washes through sections). 

12. Pipes flowing full. 

Pipe sizings determined by the HEC-1 computer model were verified using 

normal depth calculations. 

Plate 9 presents an illustration of the drainage patterns, sub-basin 

boundaries, and concentration points used to model the system. Complete 

listings of the input and output data associated with the HEC-1 models 

developed for the storm drain analyses are presented in the appendix "HEC-1 

Models for the Paradise Valley fan Terrace Concept Drainage Study". 

7 . 3  COST ESTIMATES 

Construction cost estimates were developed for the design presented in this 

report. Since this is a concept report, based on preliminary information, a 

contingency factor of 25% was added to the compu- ted costs. This factor is 

included for unknown problems and engineering costs that may be identified in 

the advanced stages of the drainage system design. 

Unit costs used for developing cost estimates are listed in Table 7.1. These 

costs were provided by City of Phoenix staff. 

Table 7.2 summarizes costs for the storm drain system presented in this 

report. 



8.0 CONCLUSIONS AM3 R F ~ A T I O N S  

This reprt presents the results of an initial study to examine the flooding 

problems in the Paradise Valley Fan Terrace watershed. The hydrology compo- 

nent of this study concluded with the developent of computerized rainfall/ 

runoff models (HEC-1) for the entire watershed. These models, which were 

created for both existing and projected future land use conditions, provide a 

valuable tool for the analysis of flood control problems and solutions within 

any region of the study area. 

Although detailed hydrologic and hydraulic analyses were conducted for 

specific drainage concepts within certain regions of the area, it is not the 

intent of this study to recommend a final drainage plan for the study area. 

In consideration of all the unknown development plans for the watershed, it 

would be premature to adopt a specific plan at this early stage of watershed 

development. Adoption of a specific plan at this time would provide no 

flexibility to accommodate probable land-use changes that will undoubtedly 

occur as the watershed evolves into an urbanized setting. 

This report presents considerable technical data and analytical tools that 

can be used to provide quick analysis of several flood control concepts. 

Accordingly, this report should be used as a comprehensive data base to 

assist the City of Phoenix in arriving at a final solution to the drainage 

issues in this area. This process will undoubtedly take several years and 

considerable debate enroute to the acceptance and construction of a final 

master drainage plan. The evolution of this final plan will be dependent 

upon: 1) the way in which developent actually occurs; 2) public 

discussion and acceptance of specific solutions; 3) some type of funding 

plan; and 4) continued review of drainage requirements and aesthetic factors 
by the City of Phoenix. 



In addition to the detailed technical data that accompanies this report, 

several general conclusions are sunrmarized as follows: 

1. The study area presently contains regions of substantial flood 

damage potential, primarily on the allwial fan terrace (pediment, 

allwial plain) south of Dynamite Road. Major portions of the 

watershed have recently been classified by FEMA as Special Flood 

Hazard Areas subject to alluvial fan flooding. 

2. Future development in the project watershed must recognize the 

potential for widespread sheetflow across the alluvial fan terraces 

and pediments. Development in these areas should consider 

substantial elevation of building pads, armoring of raised building 

pads, lateral setbacks from natural washes, and avoidance of any 

development within low-lying areas. 

3. The forecast land-uses for this area will intensify the flooding 

potential if preventive action is not taken. Preventive action may 

take the form of continued enforcement of City drainage policies, 

and/or, the construction of major structural flood control systems 

(e.g. channels). The development of flood control solutions for 

the watershed should use an approach that considers impacts to 

adjacent and downstream properties. Failure to do so m y  simply 

transfer a flooding problem from one location to another. 

4. The HEC-1 models developed for this study are very comprehensive 

and consideration should be given to using these models as a basis 

for the evaluation and development of any flood control 

alternatives for the study area. 



5. Large regional retention/detention basins are not considered 

practical within the study boundaries because of the relatively 

flat topography which would require the construction of long 

collector dikes or channels to intercept and divert water to the 

retentioddetention facility. However, smaller basins within a 

sutdivision might be a practical way to meet City retention 

requirements. The grading plan and street alignment for a 

sutdivision could be designed to function as the collector system 

for diverting water to the retentioddetention basin. 

For low-density residential areas, the use of on-site retention 

basins (for each lot) is the preferred approach for achieving 

floodwater retention goals. 

6. Man-made channels provide an effective flood control solution 

anywhere within the study area. However, channels do not enjoy 

widespread acceptance by City planners and local residents of the 

area. The anticipated rejection of this alternative is based on 

aesthetic considerations associated with the desire to preserve the 

natural appearance of the watershed. However, it is the opinion of 

the author that channels could be constructed and landscaped in a 

manner that would not create an adverse visual impact to the area. 

7. Should public sentiment indicate majority support for maintaining 

the natural setting of the area, structural flood control solutions 

should not be pursued. Instead the pending Special F l d  Hazard 

Area (SE'HA) designation should be maintained and rigidly enforced 

by the City of Phoenix. Area residents should be made aware that 

mainten-ance of the rural lifestyle means coping with occasional 

flooding problems. These problems will occur in the form of res- 

tricted access due to washed out roads, possible loss of property 



due to bank erosion of natural washes, and perhaps inundation of 

existing structures that may have been built in flood-prone areas. 

New development will be exposed to very strict drainage design 

criteria intended to minimize the potential for additional flood 

damage. 

8. Underground storm drain systems are not considered a practical 

alternative for this region. First, storm drains designed for a 2- 

year event will do nothing to eliminate the SFHA classification for 

this area. Second, unless a major structural flood control system 

is approved by area residents, there will be no intermediate 

outfall for the storm drains, i.e., the pipes will have to be 

extended to Cave Creek or to the CAP dikes. Third, the desert 

landscape of this area will generate substantial sediment loads 

which may cause serious blockage of the pipes. Several roads 

within the region will be maintained with a natural dirt surface. 

The placement of catch basins within such an erodible environment 

is not practical. 

The following approach is recommended for achieving resolution of the 

drainage issues that will accompany continued urbanization of this watershed. 

1. Schedule a series of public meetings within the study boundaries to 

discuss available drainage options (i.e., channelization, on-site 

retention, no action, etc.) with local land owners. Use these 

meetings to gather input on the type of solutions that would be 

acceptable to area residents and determine their desire to 

participate in the funding of such projects (i.e. through a special 

district tax). 



2. Based on input from the public meetings, develop specific drainage 

system alternatives and cost estimates. The HEC-1 models and 

channelization/retention basin design tools presented in this 

report can be used to perform these analyses with minimal man-hour 

effort. 

3. Conduct a second series of public meetings for the purpose of 

presenting the drainage system data developed under Step 2. Use 

this series of meetings to secure approval from the public on a 

specific course of mtion, i.e., adopt a specific plan and identify 

a funding source and installation schedule. 

4. Proceed with final design and construction. 

In summary, this report is considered a first step in exploring the drainage 

issues and options that are associated with the Paradise Valley Fan Terrace. 

A detailed hydrologic model of the watershed is now operational, several 

drainage concepts have been evaluated at various levels of detail, and design 

tools have been developed to expedite the analysis of additional drainage 

system scenarios. This information should now be used to formulate a 

functional plan that is acceptable to the public. 



A public meeting was held at 6:30 p.m. on October 18, 1989 in order to 

present the results of this study to area residents. Notice of the meeting 

was published in the Arizona Republic, the Business Gazette, and the Paradise 

Valley Independent. The meeting location was at the Paradise Park West 

Mobile Home Park, 3901 East Pinnacle Peak Road. 

The meeting was convened by Mr. Paul Kienow, Floodplain Management Engineer, 

City of Phoenix. Mr. Kienow presented a brief overview of the General Plan 

for Peripheral Areas C and D and summarized the complex drainage issues that 

will accompany urbanization of this area. Mr. Kienow then introduced Mr. 

Robert Ward and Mr. Jeff Holzmeister of Water Resources Associates, Inc. 

(W).  

Mr. Ward presented an overview of the WRA drainage study and then initiated 

specific discussions of the drainage concepts that were evaluated as part of 

the study. These concepts included: 

1. Retention/Detention Basins 

2. Flood Control Channels 

3. Tatum Ranch Concept 

4. Desert Ridge Concept 

5. FEMA Flood Insurance Study 

6. NoAction 



Mr. Holzmeister concluded the presentation with a discussion of storm drain 

systems. 

The purpose of this meeting was not to solicit approval from the attendees 

for a specific drainage system plan. Instead, the meeting objective was to 

inform the public of what concepts were being evaluated and to discuss the 

advantages and disadvantages of applying the concepts to different regions of 

the study area. The general response of those in attendance focused on a 

concern for preservation of the natural beauty of the area and how any 

drainage system improvements would be funded, i.e., would there be a possible 

increase in tax on local residents. 

At the conclusion of the meeting, Mr. Kienow reminded all attendees that the 

City would welcome written comments on the drainage issues in the study area. 

As of January 3, 1990, the City has received no written comments in response 

to the public meeting. A mailing list of Peripheral Area C & D Planning 

Advisory Committee members and attendees of the Public Meeting is attached as 

Appendix D. 
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TABLE 2.3 

EnmaRY OF HM)ROLOGIC SOIL QaxJF' 
ASSIGNED TO SOIL  ASSOCIATIONS 

Hydrologic 
Map Soil Complex/ Soil 
symbol Association Group 

3 & 4  Antho- 
Carrizo- 
Maripo 
Complex 

B 35% Antho 
A 30% Carrizo 
B 20% Maripo 

15% Brios (A), Gilman (B), Vint (B), 
Denure (B), Momoli (B), Carrizo (A) 

Use for Map Symbols 3 & 4. 

Anthony- 
Arizo 
Complex 

40% Anthony 
40% Arizo 
20% of the group is sandy soils similar to 
Arizo 

Use 50% HSG B & 50% HSG A for Map Symbols 
6 & 7. 

Eba- 
Nickel- 
Cave 
Association 

30% Eba 
25% Nickel 
25% Cave 
20% Rock outcrop 

Use for Map Symbol 39. 

40,41, Eba- 
42,43 Pinaleno 

Complex 

45% Eba 
35% Pinaleno 
20% Arizo (A), Anthony (B), Contenental 
(C), Ohaco (C), Greyeagle (D), Nickel (B), 
Vado (B), Tres Hennanos (B). 

Use 50% HSG B & 50% HSG C for Map Symbols 
40,41,42,43. 



TABLE 2.1 (COWINUED) 

sumARY OF HYDROm1c SOIL GKW 
ASSIGNH) TO SOIL m/ASSOCIATICEIS 

Hydrologic 
&P Soil Complex/ Soil 
Symbol Association Gl-ou~ 

91 & 92 Momoli- 
Carrizo 
Complex 

93 & 94 Nickel- 
Cave 
Complex 

B 45% Momoli 
A 35% Carrizo 

20% Mohall (B), Tremant (B), Gunsight (B), 
Chuckawalla (B), Denure ( B ) ,  Gilman (B), 
Maripo (B), Carrizo (A) 

Use m B  for Map Symbols 91 & 92. 

50% Nickel 
35% Cave 
15% Arizo (A), Anthony (B), Pinaleno (B), 
Greyeagle (D) 

Use for Map Symbols 93 & 94. 



TABLE 3.1 

SUMARY OF SCS CURVE NIMBBRS AS A FUNCMCN OF SKM4 
DURATION AND HYDFXlLOGIC SOIL G&WP 

Hydrologic Curve Number By Storm Duration1 
Soil 
Group 1-hr 2-hr 3-hr 6-hr 12-hr 24-hr 

Notes : 

1 Adjustments made in accordance with Runoff Curve 
Numbers for Semiarid Range a d  Forest Conditions, 
Woodward, 1973. Values are rounded to the nearest 
integer. 

All curve numbers are based on "desert brush" with 15% 
cover density. Antecedent Moisture Condition 2 is 
assumed. 



TABLE 3.2  

~ O F O V B R L A N D ~ ~ S V A U T E S  
CCNCEPTl)mINAaSRIDY 

PARAOISE VALLBY FAN TERRACE 
CITY OF PHOBNM 

Towgraphic Area 

1. Alluvial Fan Terrace 

2. Rolling Fan Terrace 

3 .  Northern portions of watershed with 
well-defined channel geometry and 
coarse-grained surface conditions 

4. Transition areas from steep mountain 
slopes to pediments and fan terraces 

5. Steep mountain slopes with rugged 
rock outcrops 

Overland Flow 
Roughness Value 



XWARY OF AREAL RAINFALL VAUIES 
(in inches) 

PARADISE VALLEX FAN TWRACE 
CITY OF PHOENIX 

Return Sub-win Sub-Basin Sub-Basin 
Interval Series 1000 Series 1-53 Series 3000 

( inches ) ( inches ) ( inches ) 

All rainfall values on this page are based on a 24-hour storm duration 
and a 10 square mile areal reduction factor. 



TABLE 3.4 

Concmtration lotat 
Point or 8arin 
Sub-allin Area 

10. [su. 4 i . l  

2210 .60 
2260 .26 
2255 .30 
2270 .97 
2211 1.21 
2250 1.19 
2251 1.76 
2280 1.91 
2290 .60 
2100 1.80 
2302 DIVIRI 

21-Hour IVPL 111. 
NOAA Rainfall 

o s .  n .  so sa. ni. so su. ni. 
HYORO-10 ARF HOAA ARf HYDRO-10 AR 

535 516 111 
111 216 193 
156 162 I00 
1631 1655 1130 
2015 2101 1830 
2110 2111 2012 
2600 2638 2221 
2611 2682 2265 
1015 1031 811 
3122 1761 3125 
1861 I862 1562 
2016 2066 2010 
655 661 539 
9 0  959 813 
717 189 610 

21-Hour HIPOthrtlcal. 
NOAA Rainfall NOAAIPHX Rainfall 

10 $0. ni. 50 sa. HI. 10 SQ. ni. 
'HOAA ARf 'NOAA IRF 'IOAA ARf 

712 50s 711 
290 219 313 
565 439 601 

2061 1561 2218 
2619 I969 2811 
2850 2160 3089 
3101 2151 1361 
3111 2111 1359 
1332 987 I116 
1811 1127 5179 
2101 1111 25119 
2536 1928 2701 
851 665 913 
1211 911 I299 
960 716 I039 

21-Hour PHX Oirtrlbutton. 
HOAA Rainfall 
10 $9. ni. 
HOAA ARF 

10 59. nr. 
HOAA ARf 

661 
213 
191 
I763 
2219 
2610 
2832 
2859 
1130 
197s 
I981 
2229 
106 
1015 
611 

21-Xour IYPL 11. 
NOAA Rainfall 
10 s t  ni. 
1011 IRf 

619 
262 
180 
I661 
2111 
2169 
2581 
2618 
I009 
3560 
1180 
2001 
100 
991 
179 

I-Hour H~oothttIctI 
UOAA Rainfall OrQomlRlnlr6 Rainfall 
10 SQ. ni. IO $4. ni. 
'NOAA IRf 'XOIA ARf 

$13 611 
219 152 
512 812 

2096 3101 
2571 1112 
2891 1910 
1021 5150 
1315 5111 
689 I361 
1252 5122 
I626 2561 
I630 2592 
563 876 
1051 1516 
756 1213 

' lhere ARfr vrre astualll coawtrd ulth thr HCC-1 rlporltha 
and s~#licd to each of the ralnfall valuer on tho PH card. 



TABLE 3.5 

SMiARY OF I N D E E W D N  PWK DISCHAEGB CALCULATIONS KX3 
VWIFICATICN OF HE-I MX)EL REWLTS 

Qloo (cfs) 

U S G S Z  Pima my. TR-55 us331 

Concentration Point HEC-1 Eychaner Peak TyDe I1 (Roeske) 

3020 433 538 429 295 613 / 1321 
D.A. = 0.31 m i . 2  

3135 66 120 80 39 221 / 406 
D.A. = 0.04 mi.2 

3150 670 1064 485 552 1111 / 3295 
D.A. = 1.02 m i . 2  

3160 532 639 546 378 696 / 1505 
D.A. = 0.40 m i . 2  

3400 655 1053 551 534 1138 / 3037 
D.A. = 1.07 m i . 2  

3490 2824 2543 1464 2382 2660 / 6384 
D.A. = 5.87 m i . 2  

-: 

1 Region 2 vs. Region 3 

2  Uses Primary Estimating Equations in Table 1 (pg. 6 of 1984 USGS 
reference ) 

Mean Annual eecipitation: 16-inches 

Average Basin Elevation from Eychaner Calculations 



TABLE 4.1 

REGRESSION EQUATIONS FOR ESTIMATING 
RETENTION BASIN SIZE AND COST 

Equation 
One Standard 

Error of Estimate 
(percent) 

Basin Storage Volume 

STOR-  10- I .900A 1.001 ( ~ ~ ) 3 . 1 3 9 p  1.624 2.6 

Basin Surface Area 

Minimum 
Depth 

(ft) 

4.0 

7.0 

10.0 

Basin Excavation Cost 

Basin Excavation Volume 

EXCV - I -2 .798~0.567 A 1.239 

A R E A  = 
O-4.835S0.176 A 0.980 ( ~ ~ ) 3 . 0 7 9 p  IS93 

A R E A  - 0-5.00Ss0.171 A 0.957 ( ~ ~ 1 3 . 0 2 8 p  1.S60 

A R E A  - 10-5.027S0.165A0.930 ( ~ ~ ~ 2 . 9 6 8 ~  1.523 

2.5 

2.4 

2.4 



Table 4.1 

Summary of Regression Equations 
for Estimating Retention Basin Size & Cost 

STOR = required storage volume (acre-feet), assuming 100% retention of the 
design storm runoff. 

AREA = surface area (acres) of retention basin with 1 foot of Freeboard and 
5H:lV sideslopes. 

COST = excavation cost (dollars) of retention basin with 1 foot of Freeboard 
and 5 H : l V  sideslopes. 

EXCV = volume of excavation (cubic yards) required to construct retention 
basin to achieve required runoff storage (STOR) with 1 foot of Free- 
board and 5H:lV sideslopes. 

S = ground slope (ft/ft) a t  retention basin location. 

A = drainage area (square miles) contributing runoff t o  retention basin. 

CN = area-weighted curve number (Soil Conservation Service) associated with 
contributing drainage area (A). 

P = total  rainfall (inches) for the  design event, adjusted for areal reduc- 
tion, if appropriate. 

C = unit cost of excavation (dollars/cubic yard). 



TABLE 4.2 

SUMARY OF MTREME VALUES IN THE DATA SFIS USED 
FOR RE;TENTICN BASIN REGRESSICN EQvATIONS 

Independent ESct~emes 
M a x h  Variable 

Ground Slope (S) 0.0192 ft/ft 

Drainage Area (A) 5.94 sq. mi. 

Curve Number (CN) 86.4 

Rainfall (P) 4.63 in. 

Unit Excavation Cost (C )  $4.00/cy 

0.OlOO ft/ft 

0.39 sq. mi. 

74.0 

2.65 in. 

$2.00/cy 



TABLE 5.1 

S M M Z Y  OF ~ S T R ~ I O N  COSTS FOR 
WKlFl? WALL ALCNG 'R3P OF CHANNEL BANK 

Cost per Lineal Foot 
Cutoff Wall Depth (ft) (one side of channel) 
(below top of bank) Concrete Soil-cment 

All costs are based on cutoff wall geometry illustrrated in Figure 5.4. 
Concrete (&inches thick) is priced at $180/c.y. (in-place). 
Soil-cement is priced at $24/c.y. (in-place). 



TABLE 6.1 

PEAK DISCHARC;E tKiMWY FOR 
CAVECREEKROADCHANNEL 
100-YEAR. 24-HCUR EVHNT 

HEC-1 Peak Discharge (cfs) 
Concentration Point Existing Land-Use Future Land-Use 



TABLE 6.2 

REWCPION IN PEAK D1SCIIARC;E: FOR AREAS EOWSEBM OF 
CAVE CREH( ROAD CHANNEL 
100-YEAR, 24-HCUR EVBWP 

Future Conditions 

Peak Discharge (cfs) 
Concentration Without With Percent 

Point Channel Channel Reduction 

3031 
3060 
3090 
3140 
3221 
3250 
3371 
3410 
3501 

(channel outlet) 

3031 
3060 
3090 
3140 
3221 
3250 
3371 
3410 
3501 

(channel outlet) 

2746 674 75 
2702 585 78 
3201 688 78 
635 629 1 (small basin) 
4320 1825 58 
1265 594 53 
4281 3185 26 
1638 755 54 

10,754 19,810 -84 (increase) 

Existing Conditions 

78 
83 
82 
1 
70 
63 
58 
50 

- 81 
( increase ) 



S W Y  OF P t U  DfS(aUBI;B VW AND WdWWBL BYI)MOLIC3 
POB UlWB WIUIAAIN, DIPIWA, AND DDPWMIfB BDM W I S  

100-mu, 24-m m 

Existing hd-Use Conditions Future Land-Use Conditions 
Existing Plow Froude Existing Flow R o d e  

Concentratian Point 4181 BY flow Depth Velocity Nluber Q I ~ I  BY Slope Depth Velocity Wwber 
(cfs) (Ft) Iftlftl (ftl ifpsi (cfsl (ftl (ftlftl (ft) ( f ~ )  

lone Mountain bad 

3330 A2 2599 43.6 .0115 4.0 12,6 1.19 2982 50.5 .0115 1.0 12.8 1.20 

3200 A2 4981 86.1 ,0115 4.0 13.2 1.22 5951 103.4 ,0115 4.0 13,4 1,22 

Dixileta Road 

3420 A2 5201 93.9 ,0161 4.0 12.8 1.11 6599 119.7 ,01651 4,O 12.9 l41T 

3340 A2 5145 103.9 .0161 4.0 12.8 1.11 1301 132,l ,0161 4.0 13.0 1-18 

Dynanite bad 

3482 989 15.5 ,0154 4.0 10.5 1,Ol 1494 25.4 ,0154 4,O 11.2 1,lO 

3400 82 1153 42,6 ,0083 4.0 8.1 0.82 2956 13.8 ,0083 1,O 9.0 0.83 



BBDUCTION IN PBAI D I S m  POB ABBAS 
WXNXTBBdlI OP LONU WOU)(FAIN, DIXILBTA, 

AWD DYNAHIDB MAD C&WWBIS 
100-BAR, 24-Horn m 

Bxisting land-Use Coditions 

Peak Discharge (cfs) 
Concentration Point Without Yith Percent 

luithout channeilwith channel] location Channel Channel Beduction 

3330 1 33308 between lone Kt. 1230 210 83 
and Dixileta 

3430 1 34308 between Dixiieta 308 46 85 
and Dynamite 

3510 1 35108 along Dynamite 1495 494 67 

3480 1 3480 3083 558 82 

3440 / 3440A 1820 649 64 



SMMY OF BBTBWTION BASIN dWdLYSI3 
(Retention based on runoff f r o 1  100-year, 2-hour r a i n f a l l )  

Peak Discharge !unary (100-year, 24-60111 Tme I1 A1 (cfs l  
Peak Discharge (cfs l  

Betention Basin Outflow fbrough k x t  Domstrelu h b 8 a s i n  
Retention for  Yitb Vitb 

Retention Basin Basin Retention Betention both Phoenix Without Retention Vpstrem Retention 
Hodel Basin Basin Surface Storage Basin f o r  Phoenix a d  Scotts- Upstrelu f o r  Phoenix f o r  both Phoenix and 
W w b r  Location Depth Area Volune Inflow Land Only da le  L a d s  Betention Laad Gnly Sco t t sdde  Lamls 

( f t l  l a f l  

TlA.241 Outlet of 10 20,68 206.8 4011 NIA 161 Sub, 3210 - 2699 NlA 535 
Sub. 3200 

Sub. 3240 - 1166 234 

TlA1.241 Outlet of 10 1.53 15,3 4011 4511: HI A Sub. 3210 - 2699 2332 NlA 
Sub. 3200 

Sub. 3240 - 1166 966 

TlB.241 Outlet of 10 11,47 114.7 1109 NIA 631 Sub. 3670 - 1832 HIA 1686 
Sub. 3660 

TlB1.241 Outlet of 10 4.98 49,8 1109 l8lOt NIA Sub. 3670 - 1832 1686 Nl A 
Sub. 3660 

TlC.241 C? 3200 A2 10 46.96 469.6 5957 NI A 1413 NI A HI A HI1 
lone Kt. 
Bd. Channel 

TlC1.241 C? 3200 A2 10 14,94 149.4 5951 6039t Nl A NI A Nl A NIA 
h e  Ht. 
Bd. Channel 

1 MTJ: In r ea l i ty ,  the basin outflow cannot exceed the maxinun inflow, % i s  anooaly i s  occuring because of conputational 
l i n i t a t i o n s  related t o  the 5-minute t ine  in te rva l  



3lMMY OF DBTBNTION BASIN NWYSIS 

Peak Discharge Suaary (100-gear, 24-hour I'm I1 AI  ( c f s l  
Peak Discbarge (c f s )  

Detention Basin Outflow ehrough Next Dowastrem Sub-tiasin 
Detention for  Vith With 

Detention Basin Basin Detention Detention both Phoenix Yitbout Detention Upstrem Detention 
W e 1  Basin Basin Surface Storage Basin f o r  Phoenix and S w t t s -  Upstresl f o r  Phwnix f o r  both W o e n u  ard 
b b e r  location Depth Area Volwe InElow Land h l y  da le  Lands Detention Land h l g  Swt t sda le  Lards 

Iftl lac1 i a f l  

Outlet of 10 20.68 206,81 4011 Nl A 549' Sub, 3210 - 2699 N/A 391 
Sub. 3200 

Sub. 3240 - 1166 111 

T2A1.241 Outlet of 10 1.53 15.31 4011 37101 N/ A Sub. 3210 - 2699 2222 NIA 
Sub. 3200 

Sub. 3240 - 1166 969 

T2A2.241 Outlet of 9.32i 27.51 254 4011 NIA 130 Sub. 3210 - 2699 NIA 191 
Sub. 3200 

Sub. 3240 - 1166 133 

T2C.241 CaveCreek 6.515 90,11 581 5951 NIA 303 Not Bvaluated 
Bd. & lone 
nt. Bd, 

m: 1 Based on d i rec t  runoff from the 100-gear, Ghour r a i n f a l l .  
1 Includes low-flow discharge of 69.5 cfs .  
4 Includes low-flow discharge of 25.3 cfs .  
1 Haximum reservoir  depth during flood routing, a lso re f l ec t s  constant low-flow discharge of 129.1 c f s ,  
5 Haxinun reservoir  depth during flood routing, a lso re f l ee t s  constant low-flow discharge of 303 cfs .  



PEAK DISCHARGE SUElMARY MXZ ORIGINAL EAST-WEST DESEIET RIDCJl CHANNEL, 
BEGINNING AT JOMAX EOAD 

Comparison of $100 (cfs) 
HEC-1 Concentration With and Without Low-Flow Diverts 

Point With Divert Without Divert With No Channel 



PEAI( DISCHARGE fxMwzY FOR m - W B S T  DPSBRT R m  AUNG 
ALONG PINNACLF: PEAK ROAD 

Comparison of QIOD (cfs) 
HEC-1 Concentration With and Without Low-Flow Diverts 

Point With Divert Without Divert With No Channel 

* These results are physically impossible, i.e., the peak downstream 
discharge cannot increase if the low-flow diverts are cut-off, the 
peaks would have to go down. This is apprently caused by some kind 
of error in the kinematic wave algorithm contained in the 1985 version 
of HEC-1. The input data is identical for both the "with and without" 
low-flow divert models. 

The numbers in parentheses represent Q, at the same location when the 
models were re-run under the 1988 version of HEC-1. Although the over- 
all peaks are higher, the termination of low-flow diverts causes a 
reduction in downstream peaks, as would be expected. 



TABLE 6.9 

PEAK DI- SuMWN 
FOR NOIZTH-SCUl'H DESERT RIDGE CHANNEL 

Comparison of Q I O O  (cfs) 
HEC-1 Concentration With and Without Low-Flow Diverts 

Point With Divert Without Divert With No Channel 

* These results are physically impossible, i.e., the peak downstream 
discharge cannot increase if the low-flow diverts are cut-off, the 
peaks would have to go down. This is apparently caused by some kind 
of error in the kinematic wave algorithm contained in the 1985 version 
of HEC-1. The input data is identical for both the "with and without" 
low-flow divert models. 

The.numbers in parentheses represent Q p  at the same location when the 
models were re-run under the 1988 version of HEC-1. Although the over- 
all peaks are higher, the termination of low-flow diverts causes a 
reduction in downstream peaks, as would be expected. 



Channel Depth 
Channel Plow with Bed Scour hh Ilanning'e 

Alternative Depth Freeboard Side-flow Slow Deuth Velocity Roughness 
i f t l  ( f t l  ( f t l f t l  ( f t l  ( fps I 

1. Complete Con- 4.0 5.5 2H:lV Existing N/A 20 t ,020 
crete Lining Ground 

2. !oil Cement 4.0 5.5 2H:lV Existing 5.0 20, ,025-,035 
Banks, Earth Ground 
Botton 

3. Earth Banks 3.0 4.5 4H:lV ,0061 N/A 5 ,050 
and Bottom 



sum4RYOF CHANNEL COSTS, NO L O W - F L O W C U L m  
D E m u T  RIM;E 

OaIGINAL EAST-WEST ALIGNMENT BEGINNING AT JOMPX KQAD 

Total Soil-Cement Banks 
Concrete Barth Bottom Unlined (Earth) 

Construction Item Lining n = .025 n = .035 Channel 

1. Excavation $ 1,433,000 $1,560,000 $1,925,000 $4,489,000 

2. Lining Material 8,913,000 5,734,000 5,734,000 -0- 

3. Cutoff Wall 781,000 256,000 256,000 -0- 
(2'U/S, 1'DS) 

4. Drop Structures -0- -0- -0- 2,898,000 

5. Landscaping 535,000 658,000 812,000 1,991,000 
(@ $7,50O/acre) 

Sub-Total 11,662,000 8,208,000 8,727,000 9,378,000 

6. Engineering, des- 1,166,000 821,000 873,000 938,000 
ign, & inspec- 
tion at 10% of 
Items 1 through 
4 

7. GRAND mPAL: $12,828,000 $9,029,000 $9,600,000 $10,316,000 

% Right-of-way 71.3 87.7 108.2 265.4 
Requirements 
(acres) 

% Based on right-of-way width shown on Figures 5.1, 5.2 and 5.3 + 



TABLE 6.12 

SLPmRY OF CHANNEL m, WITH LOW-mMJ CULslERl's 
DES&RT RIDGE 

ORIGINAL EAST-WEST ALI- BFG- AT JCPlAX WAD 

Total Soil-Cement Banks 
Concrete Earth Bottom Unlined (Earth) 

Construction Item Lining n = .035 Channel 

1. Excavation $ 1,005,000 $ 1,472,000 $3,025,000 

2. Lining Material 6,772,000 5 , 734,000 -0- 

3. Cutoff Wall 781,000 
(2'U/S, l'D/S) 

4. Drop Structures -0- -0- 2,334,000 

5. Low-Flow Culverts 3,190,000 3,190,000 3,190,000 

6. Landscaping 424,000 620,000 1,424,000 
( Q  $7,50O/acre) 

Sub-Total 12,172,000 11,272,000 9,973,000 

7. Engineering, des- 1,217,000 1,127,000 997,000 
ign, and inspec- 
tion at 10% of 
Items 1 through 
5 

8. GRAND m A L :  $13,389,000 $12,399,000 $10,970,000 

1: Right-of -Way 56.5 
Requirements 
(acres ) 

1: Based on right-of-way width shown on Figures 5.1, 5.2 and 5.3 + 



TABLE 6.13 

~ O F C H A N N E L C ( X F I S  
D E S m  RIDGE 

EAST/WEST PINNACLE PEAK EOAD ALI- 

Soil-Cement Banks, Earth Bottom, n = .035 
Construction Item Without Low-Flow Culverts With Low-Flow Culverts 

1. Excavation 

2. Lining Material 

3 .  Cutoff Wall 

4. Drop Structures 

5. Low-Flow Culverts 

6. Landscaping* 
(Q $7,50O/acre) 

Sub-Total 

7. Ehgineering, design, and 
inspection at 10% of Items 
1 through 5 

X Right-of-way 
Requirements (acres) 

* Based on right-of-way width shown on Figures 5.1, 5.2 and 5 . 3  

157 



TABLE 6.14 

Total Soil-Cement Banks 
Concrete Earth Bottom Unlined (Earth) 

Construction Item Lining n = .025 n = .035 Channel 

1. Excavation $ 1,604,000 $2,307,000 $3,013,000 $ 9,429,000 

2. Lining Material 14,036,000 4,729,000 4,729,000 -0- 

3. Cutoff hall 644,000 211,000 211,000 -0- 
(2'U/S, l'D/S) 

4. Drop structures -0- -0- -0- 7,206,000 

5. Landscaping 786,000 974,000 1,272,000 3,860,000 
( @  $7,50O/acre) 

Sub-Total 17,070,000 8,221,000 9,225,000 20,495,000 

6. Engineering, 1,707,000 822,000 923,000 2,050,000 
design and 
inspection at 
10% of Items 
1 through 4 

t Right-of-way 104.8 129.8 169.6 514.7 
Requirements 
(acres ) 

t Based on right-of-way width shown on Figures 5.1, 5.2 and 5.3 



SUWMtY OF CHANNJ& WTS, WITH W-noW CULVEXS 
DI3sEF.T RIrn 

N O T Z T H - r n  ALIGNMENT 

Total Soil-Cement Banks 
Concrete Earth Bottom Unlined (Earth) 

Construction Item Lining: n= .035 Channel 

1. Fxcavation $ 1,488,000 $2,817,000 $ 8,717,000 

2. Lining Material 13,114,000 4,729,000 -0- 

3. Cutoff Wall 644,000 211,000 -0- 

4. Drop Structures -0- -0- 6,835,000 

5. Low-Flow Culverts 2,481,000 2,481,000 2,481,000 

6. Landscaping 739,000 1,189,000 3,584,000 
(@ $7,50O/acre) 

Sub-Total 18,466,000 11,427,000 21,617,000 

7. mineering, 1,847,000 1,143,000 
Design, and 
Inspection at 
10% of Items 
1 through 5 

* Right-of-way 98.5 
Requirements 
(acres ) 

1: Based on right-of-way width shown on Figures 5.1, 5.2 and 5.3 



SUMMAIEY OF TOTAL CHANNEL aONSTRLCI'ION KtWd 
DEY!32 RID33 CHANNEL ALIGNMEWS 

With Low-Flow Culverts 

Full 
Concrete Soil-Cement Bank Section 

Channel Alignment Lining n = .025 n = .035 Earth Section 

North-South Channel $20,313,000 Not Evaluated $12,570,000 $23,779,000 
Near Scottsdale Rd. 

Original East-West 13,389,000 Not Evaluated 12,399,000 10,970,000 
Alignment, Starting 
at Jomv Road 

Alternate East-West N/ A N/A 9,951,000 N/ A 
Alignment Along 
Pinnacle Peak Road 

Without Low-Flow Culverts 

North-South Channel $18,777,000 $9,043,000 $10,148,000 $22,545,000 
Near Scottsdale Rd. 

Original East-West 12,828,000 9,029,000 9,600,000 10,316,000 
Alignment, Starting 
at Jomax Road 

Alternate East-West N/A N/A 7,918,000 N/A 
Alignment Along 
Pinnacle Peak Road 

m: Costs do not include right-of-way. 
Costs do include allowances for final design and engineering, landscaping and 

construction inspection. 



Without Lou-Plow Culverts With Lou-Plow Mverts  
Channel I-S Original 1-Y Pinnacle Peak bad H-S Original B-Y Pinnacle Peak bad 

Rigbt of Yay option Channel Channel Alignment 1-W Channel Aliment Channel Channel Aligment 1-Y Channel Aligment 

1, 200-foot wide corridor for 145,4 11F~~3 N l h  145.4 116.3 N l A  
entire channel length. 

2.  Rigbt-of-Wag width per 104,8 11.3 
dimensions shown on 
Pigures 5.1, 5 , 2 ,  or 5.3 

3. Right-of-Nay width per 141.2 115.4 
dimensions shown on 
Pigures 5.1, 5 ,2 ,  or 5.3 
plus an additional 50 feet 

N I A  

N I A  



Channel 
~ d t  of way bt ion  

I 1 ,  ZOO-foot wide corridor 
for entire channel length 

1 2. light-of-i&r width per 
dimensions shown on 

I Pigures 5.1,  5.2, or 5.3 

-1 3. Bight-of-Wag widtb per 
dimensions shorn on 

. .. Figures 5.1,  5.2,  or 5.3 
plus an additional 5 0  feet ;:I .:. 

..., . :. 
. . 

KIGBT-OP-WAY FNJEWUR (Am) 
Without Lou-Flow Culverts With LorPlow (Xllverts 

N-9 Original B-W Pinaaele Pealr bad 1-8 Original K-Y Pinaaele Pealr bad 
Channel Channel Aliment 8-Y Channel Alignment Channel Channel Ali@wnt 1-Y Gkannel Aliment 



I BICBT-OP-WAF BBWWBI(BMS (AW&SJ 
Yithout l o r F l o w  h l v e r t s  Htb low-Plow Culverts 

Channel N-S Original B Y  Pinnacle Peak bad N-S Original B-Y Pinnacle Peak bad 
, & t o f b W i m  Channel Channel A l i p n t  1-Y Channel Aligolent Channel Channel Aligment 8-Y Channel A l i p n t  

I 1. IOCfoot wide corridor 145.4 116,3 #/A 145,4 116.3 N/A 
for  e n t i r e  channel length 

514.1 265.4 N/A 411.3 183.8 
dimensions shown on 

I Pigures 5.1, 5.2, or  5.3 

3. Right-of-Wag width per 551.1 309.5 HI A 514,3 233.9 .4 dinensions shown on 
9 

. t* 
f igures  5.1, 5.2, or  5.3 
plus  an addi t ional  50 f e e t  :.I 

, . . . 



TABLE 7.1 

UIST FOR W I N C I N E  PIPE 
STORM OARINS 
COST PE2 LIN. Fi. 

P I X  PIPE 
SI 7C SIZE 

IN. 6 7 8 9 10 I1 12 14 IN. 



TABLE 7.1 (con t inued)  

uFi FOR ,%INC!tIE PIPE 
sioxn OMI,W 
CDST PE? LIN. FT. 

- - 

PIFE PIPE 
SIZE SIZS 

IN. 14 16 18 20 22 24 26 28 IN. 

SO. 21 
'33.12 
98.?4 

106.70 
116.50 
128. C4 
128.71 
149.38 
161.E9 
172 66 
185.27 
200. 79 
208.5 
221.16 
233.77 
247.35 
260.93 
2722 ,C4 
2%. 03 
305.55 
322 04 
343.38 
268.60 
33.82 
413.22 
441.25 
459.78 
479.18 
503.43 



TABLE 7.2 

SUMMARY OF CONSTRUCTION COST ESTIMATES 
FOR STORM DRAINS 

PIPELINE 

5000 

5020 

5080 

5150 

5230 

6000 

6100 

6200 

6300 

6400 

6500 

6600 

6700 

30' 
LENGTH 

19.700 

37,100 

40.4W 

37.700 

51,600 

63,1011 

45.400 

58,600 

22.4011 

31.600 

19.200 

21.200 

22.000 

INVERT 
DEPTH COST 

8 5 1,375,800 

8 2,591,100 

8 2.821.5W 

8 2,633,000 

8 3,603,700 

8 4,406,900 

8 3.170.700 

8 4,092,600 

8 1,564.400 

8 2.206.900 

8 1,340,900 

8 1,480,600 

8 1,536,500 

INVERT 
OEPTU MST 

- 
14 $ 662.300 

14 1,048,300 

14 1,704,700 

14 2.292.500 

14 2,331,700 

14 2,508,000 

14 2,243.500 

14 2,468,800 

14 2,204,300 

14 1.724.300 

14 1,175,600 

14 1,773,300 

INVERT 
DEPTH COST 

16 5 887.600 

16 771.200 

16 2,124,300 

16 771.200 

16 1,789,700 

16 771,200 

16 1,498,700 

16 1,280.400 
- 

16 1,091,300 

5' 
LENGTH 

- 
11,600 

6,000 

4,500 

15.300 

2,500 

7,000 

- 

INVERT 
DEPTH COST 

TOTAL 
COST 

5 2,263.400 

6,185,000 

5,994,100 

6,226.300 

8,524,000 

10,359,300 

7,643.000 

8.920.200 

4,033.200 

5,502.500 

3,065,200 

2,656,200 

3,309.800 

Note: Mainline storm drain top of pipe elevations located approximately 10 feet below natural ground surface to minimize u t i l i ty  
conflicts (per City of Phoenix personnel) 

30" laterals top of pipe elevation located approximately 5 feet below natural ground 
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APFWDIX A 

DATA BASE FOR RETENTION BASIN DESIGN EQUATIONS 

Table A. 1 

Table A. 2 

Table A. 3 

Table A. 1 

Table A. 5 

Table A. 6 

Table A. 7 

Table A.8 

Table A.9 

Table A. 10 

Required Basin Storage Volume 

Basin Surface Area (&foot depth) 

Basin Surface Area ('!-foot depth) 

Basin Surface Area (10-foot depth) 

Basin excavation Cost ($-foot depth) 

Basin Excavation Cost (7-foot depth) 

Basin E~cavation Cost (10-foot depth) 

Basin Excavation Volume (+foot depth) 

Basin Excavation Volume (7-foot depth) 

Basin Excavation Volume (10-foot depth) 



Table A .  1 
wr.d 5tor.g. "01- For *.-tion B.4" 0 4 -  
W . l s i a  Anal&% 1s Bawd On Th. 100-Year. 2440- i 24+u Events 
Urvr M I r r  nr. ffljurt.d For Stor" Du.tion (p.r YoodurQ 
P r . d ~ i t . t i m  F r m  *RI R U a s  2. Rr i ron l  

B r M d  ?.runt 
51opr i t  T o t d  R W r d  Cmpitad Oiff.r*nc. 

8-in c a t r i h t i n g  ~r.. wi(lht.6 nr.. 6hiat.d 5tor.g. S t o r w r  uolu.  F~OI  1 stamdud 2 standard 
Out1.t Win-  Rr.r Uru *r P r . d p l b t i o n  U o l u  f(DA.UI,P> Rctual  Volu*. Error Errors 

< f t / f U  W d) Unchn) --re <ar( t>  U 2) <f 68W <f 951) 

-."son Output: 
conrta"t 
Std E r r  o f  Y ESt  
P Squar-d 
no. o f  Ob..r".tiMI 
0.pr.rr o f  Frre-" 

X C o f  f i C i . " t < O  
Std E r r  o f  c0.r. 



Table A.2 
+fas. n-.. eegulred FQI ~ . t . ~ t . ~ ~  B . S I ~  con.truct~on 
Plqr.sslOn Rnalyrls I s  8.S.d O n  The 100-Year. 2-Hour L 24-dour Fvernlr  
nrn.""" 8.11" D.pw, . . Ft <I"<,*. L F t  Fr.rbo.rd> 
c v r .  M.,, RI. RdJ"lt.d 50, S*O," b r . t lon  <per "rn"d.rd, 
R r l p l t a t l m  T r o *  NOR8 R t l v  2. Rllren.  
= s t *  0 6  P h o d x  
P.r.d.S. V.11." F." r.rr.<., RI..' C L D 

ecprcssion Output: 
constant 
Std Err o< Y Est 
R square., 
No. o< Dbserultions 
neprpc. o< Freed*" 



Table A.3 
SW(.C. Re. Rrpuirad For Pet.ntlon BArin Construction 
R.pr.rs>on &,alysxs 1 s  8.r.d On lhr 100-V.u. 2-How k 24-Hrrr  Events 
nrnlmdm B2.l" 0.p- ? F t  <Includ.r 1 F t  Freeboard) 
cuw ~ u o . r s  ~ r .  wjvrtrd   or stor* ourrtlon ( w r  Yoodurd> 
P,.;loltrtlon Fro* WAA R t l r s  2. R r l r o n a  

Ground Percent 
Slap. at Total Rbual  Compltcd OifferenCB 

Barin CMtributing Rrea Ueighted Rrea Weighted Surface Surface Rrea Fro*  1 Standard 2 Standard 
O u k l e t  O r ~ i n . 9 .  Wer Cur". Number Precipitation Rrea f<S.DA.CN.P> Actual Rrca Error Errors 
<ft/ft> <rq li> Cinches> <acres> <acres> <-t %> <f 68%) <f 95%) 

Il.grcrsim flutput: 
constant 
5td Err  *f Y Est  
II Squared 
Wo. O< Observations 
Degrees of Freedo* 



I Table A.4 
Sufrs. Rr.a R l w L r r d  Far R r t r n i i M  8Al)n Construction 
P q r r s s l ~ n  fmalysts  Is 8asIQ OD me tW-War, 2-64ow & 24-Horr C ~ . n t s  
".".*>* B..'" O I P t h  - 10 f t  ',ncl"den I F t  FrrrM.rl> 
cvvr e.derr ~ r r  A$)usr.d for stor- our.tlon (per uoo-ard) 
P r r c l p l t r t l o "  Fro" *Om Rtl. '  2. R r l r o n .  
C l t *  0' Pllo.n*r 
Pu.'... V.,,.., F." rrr.c.. .,re.< c L O 

Pcgrcrsion output: 
canstant 
Std E r r  e f  Y Ert 
R Squared 
No. ef  Observations 
Ilegrc.. o f  Frcodo" 

X Co*C<icicnt'*> 
St4 E r r  o f  tees. 



Table A.5 
~onrtruction cost bwircd FW ~ r t n l t i o n  ~ a r i n  ~nrtallrtion 
R r g r n s i w  Rn4lysls i s  Based On The LOO-Yeor. 2-Hour P. 24-How Events 
n i n i * u  Basin Ilept,, . 4 F t  <i".l"d.S 1 F t  Fr.*bo.rd> 
Cur". ""*.rs Are Rdjurtrd For 5t.n nur.tion *er Uc-,rl"ard> 
Prrc'pitrtla Fro* NDRR F2tl.S 2. Rrlron. 
Costs On19 Reflect Excavation Q 14/cy: 10.000 < 100.000 cy 

B 13rcy: 100.000 < 500.000 cy 
II s2,cy: > 500,Mo CY ,<*.. ..r *h---<" -- - * - . . . .-- . .- . . 

Paradis* Va11e9 Fan Terrace, Rrrar C & D 

eegrrss,on output: 
constant 
St6 E r r  o< Y Est 
r( 5quarc.3 
"0. Of abr*r"ationr 
Ocg'Pcr o f  Freedo* 



Table A.6 

Fi le:  R7COSr.YK1 

~~ 

S l o p  at Tota l  Ulit R c t u i l  
Barin Contributing Rrea Yliphted Rr.a Wiphtcd Encauation Construction 

Outlet  Wainage Rre. C u r w  N d e r  P r ~ i p i t . t i w  Cost Cost 
<ft/<t> <sq li> <inches> <f> 

conpvtc., Percent 
construct ion  Dif ference  

Care F T O I  l Standud 2 Standard 
<<5,0A,CN,P,I/cy> Rctval Cost Err- E r r o r s  

<5> '1 %> (3 68%) (2  95%) 

eeprersion output: 
Consf ant -3.1127 
Std E r r  oT Y E r t  0.0162 
a s q u a r e  0.9992 
No. o f  Obscru>tions 22.0000 
Oegrces o< F r c c d o ~  16.0000 

X Co'.<<icienf<r> 0.5857 1.2691 
Std Evr e' Cad. 0.0419 0.0224 

X 1  XZ 



6.. . ~ ,.,., ~... . . .~ i . . .  i i . . , . - , . .- ;-., . ,, ..,..., 

Table A.7 
tonstructian Cost Iequirrd For Retention 8arfn inrt.ll.tion 
Regression Rnalyris 1% Bared On T h r  100-Year. 2-Hour t 24-Hour 
minimw eastn D . ~ M  - 10 ~t <inc~udrs  I ~t ~rreboard) 
C u r v e  Numberr Are Rdjurt.4 For 5 t o n  D u n l i o n  <per Yooduud> 
Pr.c'plt.t*on Fro* " O M  Atlas 2 .  Rrizonr 
costs kit, uc f l ec t  ~ ~ c ~ a t i ~  e S~/CU: ~o,ooo < too.ooo cg 

a rwcu: ~ w . o o o  < 5oo.000 cv 
e 12,cl): > 5D0,OOO cy 

city 0s ~hoeniw 
P a r a d i s e  "111.2, Fan Tlrr.". Areas C L 0 

Ground 
Slope a t  T e t l l  U n i t  

warin Contributin. err. "eiphtrd area U.4ght.d Excavation 
Out le t  Orarnrpr Rroa Cur". Nvlbcr precipitrt ion Cost 

<<t,ff> <so " 5 ,  <inch**> 

R C t U P  
construction 

cost 
( 5 )  

Conputed Percent 
C M I t r u c t i o n  Difference 

cost Fro* 
f<S,Dh.CH.P.I/c~ Rstual Cost 

(5, 

X Corffrsi.nt'.> 
St., E r r  Of COCf. 

output: 
-2.9092 
0.0154 
0.9992 

22.0000 
16.WOO 



Table A.8 

Excrvrtion Volulr Pquirrd For  Retantion Basin C ~ r t r ~ t i ~  
eegr..sion Fmalyrir 1s B a r d  On rh. lM-Ylar. 2-How & 24-Hour Events 
nlnimun Basin Depth - 9 F f  < i n c l u d e s  I Ft Fr.ebalr0 
Cur". Yu*.rr nr. 8dl"rt.d For stor* llurllurtion <per Yoodu.r.3, 
P r r c i p i t a t i ~ n  Fro" NORR Rtlas 2. RrirMI 
c i t y  06 ~ho.nir 
Paradise v.11.g Fa" r*rrac.. *..as C i O 

F i l e :  P4EYC.UK1 

around percent 
5,opr a* rota nctu.1 CQmputcd Oi<fcrence 

Basin Contributfng Rrea bight& Rrer Yiqhtrd Excavation Excruation "01. Fro* 3 Standard 2 Sti . , .dud 
outlet h i n a g e  we. twu. ~ u n b e r  ~ ~ p s i ~ i t a t i ~ n  volume ~ < s , o ~ . c ~ * . P >  nctuai v d u n c  ~ r r o r  E ~ ~ ~ ~ I  

< 6 t l + t >  (24 *i> ( i ~ h n >  <cy> <cY> <f %> (5 68%) (3 95%) 

ecgrcssio. output: 
c*nrtant 
5td Err o+ Y E r t  
P Squared 
NO. o< Obseruations 
oegrecr o f  F T C P ~ O *  

X Coef,iCi.n*<E> 
Sfd E r r  a< Cecf.  



;, . ,  , .  . , . . .  , .  . ,. .. . . . . 
i - , , . '  l : .  : . ,.- . , j . . . 11: 

Table A.9 
E"<.".ti0" "0,"". Pequirrd For r(.tcntion Basin conr t rvct ion 
R ~ y e s s i e n  A n l l y s i s  Is Bared On The 1M-Yew, 2-Hour & 24-Hour Evcntr 
nin i -w  Basin D.pth - 7 F t  <includes 1 F t  Fr..board> 
C v v r  Numbem Rrr Rdjurted For Stera  Our l t ion  <per Uoedurrd) 
Pr.cipit.tic.2 Fro* HDRR Rt1.S 2. Rrizon. 
ctt., or Ph..nl* 
Pwadire  Va1l.g Fa" ,srrace. nrcar f i O 

F i l e :  R7EXC.YK1 

Brovnd Percent 
Slope a t  Total RCtul l  Co~pukcd Dif6crence 

Basin C a t r i b t i n o  Rrea Y c i g h t d  Rrra  Uelghtod Excaultion Excavation Vol. Fro* 1 Standard 2 Standard 
o u t l e t  0rain.g. area  curve 14unb.r ~ r r c i p i t s r i o n  volume ~<s.DR.cI+.P> fictual volume ~ r r ~ r  ~ r r o r s  

<ftlft> <rq li> Cinches) <cy> <cy> C f  %> <$ 68%) <f 95%) 

Regression output: 
constant 
5td E r r  0, Y E r f  
P Squared 
no. o f  ob+crvltions 
(Ippree, or Freedo* 

X c.,e<<icirnt<s, 
5 t d  Err  o< Cocf. 



Table A.10 
E x c u a f i o n  Volume Rrqvircd For Retention Basin Construction 
Eegr.5lion Analysis 1s Bared On The 100-Y.ar. 2-How i 24-%ur Events 
"i"1""" 8l.i" 0.ptn - 10 F t  <Include* 1 F t  Freeboard) 
Cvr". H&.n nr. Rdj".t.d f o r  storm Durat ion <p.r Y.oduud> 
P r e c i p i t a t i o n  Fro* "OM nt1rr 2, RrilMa 
city af Phoenix 
Paradise " ~ l l u l  Far, r .rnce, ar.as c i 0 

Ground p c r c m t  
Slope at Total Rctual Coeputed Difcerencr 

82rln Contributing ere* lleight.d Rrer  Yrlghtd Ercavaticn Excav.tion Vol.  From 1 Standard 2 Standard 
O u t l e t  Or.insw rYII Curv. U-rr P r r c I * t r t i o n  Uolvne f<S.DR,CH.P> Rctvrl Yolu~o Error Errors 

<ft / f t> (59 "i> (incncr> <cy> <cy> <* %> (1 682) '3 95%) 

sagression Outpuf: 
Coar t ln t  
Std E r r  o f  Y ESt 
P SqU.r~d 
NO. o f  Observations 
Degrees oc Frredo* 

* coe*<icicnt<s> 
5td E r r  o f  CacC. 



Figure B.l 

Figure B. 2 

Figure B. 3 

Figure B. 4 

Figure B.5 

Figure B.6 

Figure B. 7 

Figure B.8 

Figure B.9 

Figure B . 10 

Figure B.11 

Figure B.12 

Figure B.13 

Figure B. 14 

c2ulmm DESIGN CURVPS 

Soil-Cement Banks, n = 0.025, Discharge vs. 
Channel Cost/L.F., 0 to 7,000 cfs 

Soil-Cement Banks, n = 0.025, Discharge vs. 
Channel Cost/L.F., 7,000 to 14,000 cfs 

Soil-Cement Banks, n = 0.035, Discharge vs. 
Channel Cost/L.F., 0 to 7,000 cfs 

Soil-Cement Banks, n = 0.035, Discharge vs. 
Channel Cost/L.F., 7,000 to 14,000 cfs 

Total Concrete Lining, n = 0.020, Discharge vs. 
Channel Cost/L.F., 0 to 7,000 cfs 

Total Concrete Lining, n = 0.020, Discharge vs. 
Channel Cost/L.F., 7,000 to 14,000 cfs 

Total Earth Lining, n = 0.050, Discharge vs. 
Channel Cost/L.F., 0 to 7,000 cfs 

Total Earth Lining, n = 0.050, Discharge vs. 
Channel Cost/L.F., 0 to 7,000 cfs 

Soil-Cement Banks, n = 0.025, Discharge vs. 
Channel R/W Width, 0 to 7,000 cfs 

Soil-Cement Banks, n = 0.025, Discharge vs. 
Channel R/W Width, 7,000 to 14,000 cfs 

Soil-Cement Banks, n = 0.035, Discharge vs. 
Channel R/W Width, 0 to 7,000 cfs 

Soil-Cement Banks, n = 0.035, Discharge vs. 
Channel R/W Width, 7,000 to 14,000 cfs 

Total Concrete Lining, n = 0.020, Discharge vs. 
Channel R/W Width, 0 to 7,000 cfs 

Total Concrete Lining, n = 0.020, Discharge vs. 
Channel R/W Width, 7,000 to 14,000 cfs 



APPENDIX B 
(continued) 

Figure B.15 Total Earth Lining, n = 0.050, Discharge vs. 
Channel R/W Width, 0 to 7,000 cfs 

Figure B.16 Total Earth Lining, n = 0.050, Discharge vs. 
Channel R/W Width, 7,000 to 14,000 cfs 



I Channel Construction Cost I 1 
Soil Cement Banks - Earth Bottom 
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Channel Construction Cost 
Soil Cement Banks - Earth Bottom 
City of Phoenix - Areas C 8 D 
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Water Resources Associates, Inc. 



Channel Construction Cost 
Soil Cement Banks - Earth Bottom 
City of Phoenix - Areas C & D 
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Channel Construction Cost 
Soil Cement Banks - Earth Bottom 

City of Phoenix - Areas C & D 
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Flow depth = 4 ft, FB = 1.5 ft 
n = .035, z = 2H:lV, Scour Toedown = 5 ft 
Excavation @ Wcy, Soil Cement @ $ 2 4 1 ~ ~  

Figure B.4 1 Water Resources Associates, Inc. 



Channel Construction Cost 
Concrete Lining - Banks & Bottom (6' thick) 

Ci of Phoenix - Areas C & D 
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Channel Construction Cost 
Concrete Lining - Banks & Battom (6" thick) 

Ci of Phoenix - Areas C & D 
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Channel Construction Cost 
Earth Banks & Bottom 

City of Phoenix - Areas C & D 
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Figure 8.7 

Water Resources Associates, inc. 



Channel Construction Cost 
Earth Banks & Bottom 

City of Phoenix - Areas C & D 
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Water Resources Associates, Inc. 



I Channel Right-of-way Width (ft) 1 
Soil Cement Banks - Earth Bottom 

City of Phoenix - Areas C & D 
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Figure B.9 

Water Resources Associates, Inc. 



Channel Right-of-way Width (ft) 
Soil Cement Banks - Earth Bottom 

C i  of Phoenix - Areas C & D 
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Channel Right-of-way Width (R) 
Soil Cement Banks - Earth Bottom 
Ci of Phoenix - Areas C & D 
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Channel Right-of-way Width (ft) 
Soil Cement Banks - Earth Bottom 
City of Phoenix - Areas C & D 
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Water Resources Associates, Inc. 



Channel Right-of-way Width (ft) 
Concrete Lining - Banks & Bottom (6"thick) 

City of Phoenix - Areas C & D 
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Water Resources Associates, Inc. 



Channel Rig ht-of-Way Width (ft) 
Concrete Lining - Banks & Bottom (6" thick) 

Ci of Phoenix - Areas C & D 
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Water Resources Associates, Inc. 



Channel Right-of-way Width (ft) 
Earth Banks & Battom 

City of Phoenix - Areas C & D 

600 

550 
500 r 
450 

2i > 400 . . . . . . . . . . . . . . . . . . 
350 

'8 300 
250 

g 200 
cD 
150 

2 100 
0 

50 
0 

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500 7,000 

Discharge (cfs) 

n = .o50, z = ~H:IV 
Width includes channel FB & 12' maintenance road 

Figure 8.1 5 
- 

Water Resources Associates, inc. 



Channel Right-of-way Width (ft) 
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Water Resources Associates, Inc. 

n = ,050, z = ~H:IV Fiaure B.16 



APPENDIX C 

HYDRAULIC AND C06T DATA FOR DESERT RIIXX CHAWHS 

Table C .1 East-West Channel from Jomax Road, Concrete Lining, 
No Low-Flow Culverts 

Table C. 2 East-West Channel from Jomax Road, Earth Lining, No 
Low-Flow Culverts 

Table C .3 East-West Channel from Jomax Road, Soil-Cement 
Banks, n = 0.025, No Low-Flow Culverts 

Table C. 4 East-West Channel from Jomav bad, Soil-Cement 
Banks, n = 0.035, No Low-Flow Culverts 

Table C. 5 East-West Channel along Pinnacle Peak Road, Soil- 
Cement Banks, n = 0.035, NO Low-Flow Culverts 

Table C. 6 North-South Channel along Scottsdale Road, Concrete 
Lining, No Low-Flow Culverts 

Table C .7 North-South Channel along Scottsdale Road, Earth 
i n  No Low-Flow Culverts 

Table C .8 North-South Channel along Scottsdale Rnad, Soil- 
Cement Banks, n : 0.025, NO Low-Flow Culverts 

Table C. 9 North-South Channel along Scottsdale Road, Soil- 
Cement Banks, n = 0.035, No Low-Flow Culverts 

Table C. 10 East-West Channel from Jomav Road, Concrete Lining, 
With tow-Flow Culverts 

Table C.ll East-West Channel from Jomax Road, Earth Lining, 
With tow-Flow Culverts 

Table C .I2 East-West Channel from Jomax Road, Soil-Cement 
Banks, n : 0.035, With Low-Flow Culverts 

Table C.13 East-West Channel along Pinnacle Peak Road, Soil- 
Cement Banks, n = 0.035, With Low-Flow Culverts 

Table C.14 North-South Channel along Scottsdale Road, Concrete 
Lining, With Low-Flow Culverts 

Table C.15 North-South Channel Along Scottsdale Road, Earth 
Lining, With Low-Flow Culverts 

Table C. 16 North-South Channel along Scottsdale Road, Soil- 
Cement Banks, n = 0.035, With Low-Flow Culverts 



TRBLE C. 1 
Hydraulic Data b Cost Estimates for East-Uest Oesert Ridge Channel, Hi th Na Lw-Flow Culverts 
Ci ty of Phenix, Areas C k 0 
Ercavation Cost/c. y. : $3.00 
Channel Lining: Concrete ( b a k  b b o t h )  
Hor izmtal  Lining Width (ft): 1.12 
Lining Cost/c.y.: 2180.00 
A l l  C a l w l a t i ~ s  Are Based On Existing Graud Slopes 

Bed Horimntal  Flow Bottom Channel Depth 
Reach Length Dischxge Slope I b ~ i n g ' s  C o p p m t  of Depth Uidth Ve lmi ty  Frwde Yith 1.5 F t  

Charnel Reach (ft) (cfs) (ftlft) Roughness Sideslope (ft) (ft) (fps) Number Freeboard 

Channel 
Topuidth 

Hi th  1.5 F t  
Freebozrd 

STR 5+M t o  22+30 
STR 22+30 to 42+30 
STR 42+30 t o  68+% 
STR M+90 to 90+80 
STR 90+80 to 106180 
STR 106+80 t o  12StlO 
STR 125+10 t o  141+20 
ST8 141+M t o  166+M 
STR 166+2U t o  173+10 
STR 173+10 t o  184+Y) 
STR 184+30 t o  197t30 
STR 197+30 t o  214+60 
SIR 214+60 t o  227*80 
SIR 227t80 t o  mtw 
STR 238t90 t o  252+80 
STR 252+80 t o  262+60 
STR 26260 t o  274t50 
STR 274+50 t o  238+80 

STR 314+90 t o  323+80 
STR 323+80 t o  335+80 
STR 335t80 t o  349t50 
STR 349+50 t o  364+M 
STR 364+20 t o  37-M 
STR 375+M t o  389tM 

TOTRLS: 36400 



TRBLE C. 1 
Hydraulic Data & Cost Estimates f o r  East-Hest Desert Ridge Channel, U i th  No Lou-Flou Culverts 
C i ty  o f  Phoenix, Areas C h D 
Excavation Cost/c.y.: $3.00 
Charnel Lining: Concrete (b& h bottom) 
Horizontal L i n i ~  Uidth (ft): 1.12 - 
Lining Cost/=.y.: $180.00 

R11 Calur la t iws Are Based On Existing kurnd Slopes 

@proximate Total Charnel Total Channel 
Toedoun Excavation Vo1u.e Lining Volume Total E x c a v a t i ~  

Oepth For This Reach For This Reach Cost For This 
Charnel Reach (ft) (cy) (ql) Channel Reach 

Channel Right-of-Uql 
Total Lining Total Channel Requirements Hi th  12 ft 

Cost For This Construction Cost Maintenance Road 
Channel Reach For This Reach (acres) 

S t a t  @ 5+M 
STR 5+M t o  22+30 
STR 22+30 to 42+30 
STR 42+30 to 68+90 
STR 68+90 to 90+80 
STR 90+80 to 106+80 
STR 106+80 t o  125+10 
STR 125+10 t o  141+M 
STR 141+20 t o  166+20 
STR 166+M t o  173+10 
STR 173+10 t o  184+30 
STfl 184+3D t o  197+30 
STR 197+30 t o  214+60 
STR 214t60 t o  227+80 
STR 227+80 t o  238+90 
STR 238+90 t o  252+80 
STR 252+80 t o  262+60 
STR 262+60 t o  274+50 
STR 274+50 to 288+80 
STR 2f!8+80 t o  303+90 
STR 303+90 t o  314+90 
STfl 314+90 t o  323+80 
STR 323+80 t o  33980 
STR 335+80 t o  349+50 
STR 349+50 t o  364+20 
STR 364tM t o  375tM 
SIR 375tm to 389tm 



r W E  C.2 
10ydr.uli= oat. 4 cost ~ s t 1 u t . s  f o r  cart-uert ~*r.rt eidae CD-.I. utth I(- LW-nou ~ulwrts 
c i t y  o< Phoml*, C... C D 
Ercw.tia c0swc.y.: =.OD 
fhrul.1 Lining: E r t h .  8.- t Botto* 
H o r i r a t l t  U " i 4  U i d h  < f U :  0.M 
L i d n p  &rWc.y.: S0.M 
C . l c u 1 a t i ~ 1  RT.  BY.^ m n conrtsnt w - s l o p .  o f  .nos7 fwft 
Drw s truc tv .  wight  - 3 F t  

~ ~ r - i m a t e  ro ta  mrnnrl 
6.6 Horirmt.1 n o w  BOtto* Rvr.g. *.r.w rod- Eulu.tia Val"". 

R.&L.wth Disclluq. Slop. H.dng.s W w n t o f  DIpth Uidth V.locity Fr& Cham1 Depth Ch-1 Topuidth 
Ch-1 P.xh (6- <cfs> <fUft> PouOmss S i d r s l o p .  <St> <ft> < fpr l  ll- <st> <ft> <sy> 

For T h i s  ~r.ch 



TRBLE C.2 
Hydrv l l i c  Data * Cost E r t f u t e s  for East-lkst 01wrt F!idae UI-1, Yi th  No Lou-Flou Culrrrts 
C i t y  of PM.dr. Reas C 1 0 
E * c w . t l a  CorWc.~.: $2.00 
Chm.1 Lining: ~ G t h .  Banks Bot toa  
Horizont.1 L l d n p  (lid* <fO: 0.00 
L in lna  Fosuc.y.: 10.00 

C d d a U o n .  I*.. 8as.d On R Consturf Bid-nopr O f  .Mb7 f t l f t  
or- s t w t w .  H.i*t . 3 Ft 

To- -1 mu)"., ei*t-oc-".y 
L1nlng V o l u  Tot.1 -.u.tlm Total L f d n a  Total Chuul.1 R.quIr.l.nfs UIU, 12 ft Wb.r O f  Wep Unit Oischua. Wop S t r u c t v .  Cost 
For This R& Cost For This Cost For This Cmztructlon Cost Il.intm-. Road 5tructur.s In For rh i s  b a d ,  Pw LF Of Ch-I 

Ch-1 R . b  0 Ch-1 Peach Ehun.1 Reach For T N s  Reach k.%> mis  each C c f r l f t )  s o t t a w i d ~ ,  



7mi.E C.2 
Ilp.ulic Sat. Cost E s t 3 u t . s  <m -t-Y"t b ~ r t  Ridp. Ch.M.1. Yith Wo Lou-Flou UIlwrtr 
C i t y  o f  Phomir. Rr.u C  I D 
E%z."rtla Cost/c.y.: S 2 . M  
Uum.1 Uniw: E r t h .  8.- .L Estto. 
Horirat.l L i n i n g  WmA <fU: 0.00 

U n i n g  C&.Nc.y.: W.OO 
Cllou1.tIonr Rr. sP.d h A Conrt.nt Bld-Slop. Of .on67 f W f t  
crop 5tnrt.r. wight - 3 F t  

Cost Of Sac& L i n i n g  
7 o t . i  Drop B.nk L i n i w  C o s t  Cutof f  Y.ll R t  Tot., Ban* L i n i w  Total Orop Structur. 

5-tu. Cost  R t  E u h  Drop Structu. E u h  Drop S f r l r t u r r  Cost Fw This Perch C a r t  U l f h  8.a L i n i n g  
Ch-1 P.xh For T h i s  huh <SIDrop> <SIIYop> 



TRBLE C.3 
%draulic Data k Cost Estimates fo r  East-Uest Desert Ridge Channel, U i th  No Lw-Flou Culverts 
Ci ty o f  Phoenix, flreas C k 0 
E x c a v a t i ~  CcsWc.y.: $2.00 
(Xarnel Lining: h i 1  Cemnt Banks, Earth Bottom 
H a i z m t a l  Lining Width (ft): 8.00 
Lining Cmt/c.y.: $24.00 
011 Calmlat iom flre Based Dn Existing Ground Slopes 

Chanel 
Bed Horizontal Flow Bottom Channel Depth Topuidth 

h a c h  Length Discharge Slope h i n g ' s  Corppment o f  Depth Uidth Velocity Frcude Ui th  1.5 F t  With 1.5 F t  
Charnel Reach (ft) (cfs) ( f W f t )  Roughness Side-slope (ft) (ft) (fps) Number Freeboard Freeboxd 

Start  e 5+m 
SIR 5+M t o  22+30 
STR 22+30 to 42+30 
SIR 42+30 to 68+90 
SIR 68+90 to 90+80 
STR 90+80 to 106+80 
STR 106+80 t o  125+10 
STR 125+10 t o  14l+20 
STR i 4 i + m  to i66+m 
STR 166+20 t o  173+10 
ST8 173+10 t o  184+30 
ST8 184+30 t o  197t30 
STR 197+30 t o  214+60 
STR 214+M t o  227+80 
SIR 227+80 to 238+90 
STR 238+93 t o  252+80 
STR 252+80 t o  262+60 
SIR 262+60 t o  274+50 
STR 274+50 t o  288+80 
SIR 288+80 t o  303+93 
SIR 303+90 t o  314+90 
SIR 314+90 t o  323+80 
SIR 323r80 t o  W+80  
SIR 33380 t o  349+50 
SIR 349+50 t o  364+20 
SIR 364+20 t o  375+M 
STR 375+M t o  38900 



TRBLE C.3 
Hydraulic Data k Cost Estimates fo r  East-West Oesert Ridge Channel, With No Lou-Flou Culverts 
C i ty  o f  Phoenix, Rreas C h 0 
Excavation Cost/c. 3.: $2.00 
Chamel Lining: So i l  Cement Banks, Earth Bottca 
Hor izmtal  Lining Uidth (ft): 8.00 
Lining Cost/=. 9.: $24.00 

R11 Ca lw la t ims  Rre Based On Existing Ground Slopes 

Fpp-oximate Total Chamel Total Channel Channel Right-ofday 
Toedwn k a v a t i m  Volume Lining Voluae Total E x c a v a t i ~  Total Lining Total Charnel Requirements W i t h  12 ft 

Depth For This Reach For This Reach Cost For This Cost F a  This Construction k t  Maintenance Road 
Charnel Reach (ft) (9) (Y) Channel Reach Channel Reach For This Reach (acres) 

S t a t  e stm 
STR 5+M t o  Z+30 
STR 22+30 t o  42+30 
STR 42+30 to 68+90 
STR 68+90 to 90+80 
ST8 90+8O to 106+80 
STR 106+80 t o  125+10 
STR 125+10 t o  141+20 
STR 141+20 t o  166+20 
5117 166+M t o  173+10 
STR 173+10 t o  184+30 
STR 184+30 t o  197+30 
STR 197+33 t o  214+60 
5TR 214tM t o  227160 
STR 227tKI t o  238t90 
STR 233% t o  252t60 
STR 252+80 t o  262+60 
STR 262+60 t o  274+50 
STR 274+50 t o  288+80 
STR 288tKI t o  303+90 
STR 333t90 t o  314t90 
STR 314+90 t o  323+80 
STR 323+80 t o  335+80 
STR 335+60 t o  349+50 
STR 349+50 t o  364+M 
STR 364+20 t o  375+00 
STR 375+m t o  383+DD 



TFBLE C.4 
k$raulic Oata h Cast Estimates for East-Uest Desert Ridge Chmnel, 
Ci ty o f  b e n i x ,  Areas C h 0 
Excavatim Cost/c.y.: $2.00 
Charnel Lining: So i l  Ceeent Banks, Earth Bottom 
Horizontal Lining Uidth (ft): 8.00 
Lining Cost/c.y.: $24.00 
R11 Ca lw la t ims  Are Based On Existing Ground Slopes 

No Lou-Flow Culverts 

Channel 
Chaw1 Oepth Topwidth 

Velocity Froude Ui th  1.5 F t  U i th  1.5 F t  
(fps) Humber Freeboad Freeboard 

Bed 
Reach Length Discharge Slope Naming's 

Charnel Reach (ft) (cfs) (ft/ft) Roughness 

Star t  e 5+M 
STR S+M t o  22+30 1730 4633 0.0058 0.035 
STR 22+30 to 42+30 2000 4633 0.0100 0.035 
STA 42+30 to 6W90 2660 4633 0.0075 0.035 
STR EE+90 to 9W80 2190 4633 0.0091 0.035 
STR 90+8O to 106+8O 1600 4616 0.0125 0.035 
STR 106+80 t o  125t10 1830 4616 0.0109 0.035 
STR 125+10 t o  141+M 1610 4616 0.0124 0.035 
STR 141+20 t o  166+M 2500 4478 0.0120 0.035 
STR 166+M to 173+10 690 4478 0.0145 0.035 
STR 173+10 t o  184+30 11M 4478 0.0089 0.035 
ST8 184+30 t o  197+30 13M 4478 0.0154 0.035 
ST8 197+30 t o  214+60 1730 3 4 6  0.0116 0.035 
STR 214+M t o  227+80 13M 3846 0.0152 0.035 

Horizontal F l w  
Coqment o f  Oepth 

Side-slop (ft) 

Bottom 
Uidth 
(ft) 

STR 227+80 t o  238+90 1110 3846 0.0180 0.035 2.00 4.0 64.9 
STR 238+90 t o  252+80 1390 3846 0.0144 0.035 2.00 4.0 72.9 
STR 252+80 t o  262+60 980 3846 0.0204 0.035 2.00 4.0 60.8 
STR 262+60 t o  274+% 1190 3846 0.0168 0.035 2.00 4.0 67.3 
STR 274150 t o  288t80 1430 3346 0.0140 0.035 2.00 4.0 74.0 
STR 298+80 t o  303t90 1510 2527 0.0132 0.035 2.00 4.0 49.1 
STR 303+90 t o  314+90 1100 2527 0.0164 0.035 2.00 4.0 43.9 
STR 314+90 t o  323+80 890 2 9 7  0.0135 0.035 2.00 4.0 48.6 
STR 323+80 t o  335t80 1200 2 9 7  0.0167 0.035 2.00 4.0 43.4 
STR 335+80 t o  349+% 1370 2 9 7  0.0146 0.035 2.00 4.0 46.6 
5TR 349+50 t o  364+M 1470 752 0.0136 0.035 2.00 4.0 11.7 
STR 364+M t o  375+00 1080 752 0.0167 0.035 2. 00 4.0 10.2 
STR 375+00 t o  33900 14M 752 0.0086 0.035 2.00 4.0 15.9 



TRBLE C.4 
Htjdraulic Data h Cost Estimates for East-Uest Oesert Ridge Channel, No Lo l rF lw  Culverts 
C i ty  o f  Phoenix, Il-eas C h 0 
Excavation Cost/c. y.: $2.00 
Chamel Lining: So i l  Cement Banks, Earth Bottom 
Horizontal Lining Hidth (ft): 8.00 
Lining Cmt/c.y.: $24.00 

R11 Calwlat ions Rre Based On Existing 0-aud Slopes 

@proximte Total Charnel 
Toedoun Excavatim Volume 

Depth For This Reach 
Chamel Peach (ft) (cy) 

Total Channel 
Lining Volume 

For This Reach 
( n ~ )  

Total E x c a v a t i ~  
Cost For This 
Channel Reach 

Total Lining 
Cost For This 
Channel Reach 

Chamel Right-of -Hay 
Total Channel Requireoents Uith 12 ft 

C o m t r u c t i ~  Cost b i n t e ~ n c e  Road 
For This Reach (acres) 

st-t e s+m 
STR 5+M t o  Z t 3 0  5.0 65166 
STA 22+30 to 42+3 5.0 61391 
STR 42+30 to 68t90 5.0 90669 
STfl 68+90 t o  90+80 
STR 90+80 t o  106+80 
STR 106+80 t o  125t10 
STR 125+10 t o  141+M 
51R 141+20 t o  166+M 
STR 166+20 t o  173+10 
STR 173+10 t o  184t30 
51R 184+30 t o  197t30 
STR 197+3 t o  214+60 
51R 214+M t o  227+80 
STR 227- t o  238+90 
STR 238+90 t o  252+80 
STR 252+80 t o  X2+60 
51R 262tM t o  274+50 5.0 
STR 274+50 t o  288+80 5.0 
STR 288+80 t o  3 3 t 9 0  5.0 
STR 303+?€l t o  314+90 5.0 
STR 314+90 t o  323t80 5.0 
STR 323t80 t o  33580 5.0 
STR 335+80 t o  34950 5.0 
STR 349+50 t o  364+M 5.0 
STR 364+M t o  3 7 S M  5.0 
STR 3 7 5 t ~  to 389tm 5.0 



TWLE C.5 
Hydraulic Data k Cost Estimates f o r  East-Uest Oeswt Ridge Channel, Pinnacle Peak Road Rligrvent 
No b F l w  Culverts 
C i ty  o f  Phoenix, Rreas C k 0 
Excavation Cost/c. y. : n.00 
Charnel Lining: h i 1  Celsent Banks, Earth Bottom 
Haizontal  Lining Uidth (ft): 8. M 
Lining Cost/c.y.: 524.00 
A l l  C a l w l a t i ~ s  Are Based On Existing kound Slopes 

Bed Horiwntal  Flou Bottoa Channel Oepth 
Reach Length Oivharge Slope tlarning's Component of Depth Uidth Velocity Froude Ui th  1.5 F t  

Channel Reach (ft) (cfs) ( fWft)  Roughness S i d e s l o p  (ft) (ft) (fps) Number Freeboard 

Channel 
Topwidth 

Ui th  1.5 F t  
Freeboard 

Start  e 5+M 
STR 5+M t o  22+30 
STR 22+30 to 42+30 
STR 42+30 to 69+90 
STR 69+90 to 95+W 
STR 95+90 to 118+10 
STR 118t10 t o  136+10 
51R 136+10 t o  147+M 
STR 147tM t o  168t80 
STR 168t80 t o  192+M 
STR 192+M t o  MB+i€I 
STR 208t70 t o  220*50 
STR ZWSO t o  uO+M 
STR 23WM t o  24WN 
STA 240t30 t o  253+30 
STR 253t30 t o  264t80 
STR 264t80 t o  274+M 
STA 274+m t o  a 6 + ~  
ST8 286tM t o  294+80 



TRBLE C.5 
Hydraulic Oata h Cost Estimates for East-West Desert Ridge Channel, Pin-le Peak Road Rligment 
No L d l w  Culverts 
C i ty  o f  Phoenix, Areas C k D 
Excavation CosVc. y. : $2.00 
Chamel Lining: So i l  Cement Banks, Earth Botto. 
H o r i z ~ t a l  Lining Width (ft): 8.00 
Lining Cost/c. y.: $24.00 

R11 Calatlations Are Based On Exist ing 6-ound Slopes 

%proximate Total Charnel Total Chamel Channel Right-of-Uay 
Toedm Excavatim V o l w  Lining Volue Total E x c a v a t i ~  Total Lining Total Charnel Requirements With 12 f t  

k p t h  For This Reach For This Reach Cost For This Cost For This C o n s t r u c t i ~  k t  t l a i n t e ~ n c e  Road 
C h a ~ e l  Reach (ft) (cy) (cy) Channel Reach Chamel Reach For This Reach (acres) 

stwt e 5 m  
STR 5+M t o  22t30 
STR 22t30 t o  42t30 
STR 42+30 t o  69t90 
STR 69t90 t o  %+90 
STR %+90 to 118tlO 
STR 118+10 t o  136+10 5.0 66916 11200 $la;83l. le $268;&€Q.00 $402;631.18 
STR 136+10 t o  147+60 5.0 36152 7156 $72,304.33 $171,733.33 $244,037.67 
STR 147t60 t o  168+80 5.0 64710 13191 $129,419.36 $316,586.67 $446,006.03 
STR 168+80 t o  192+60 5.0 75758 14809 $151,515.45 $355,413.33 $506,928.78 
STR l92+60 t o  MBtiU 5.0 42785 10018 $35.570.83 $240.426.67 $325.997.49 
STR 208t70 t o  220+50 5.0 
STfl 220+50 t o  230+W 5.0 
STR 230t00 t o  240+30 5.0 
STR 24Ot30 t o  253t30 5.0 
STR 253+30 t o  264+80 5.0 
STR 264t80 t o  274+M 5.0 
STR 274tM t o  286+M 5.0 
STR 286+M t o  294+80 5.0 
STR 294+80 t o  304+20 5.0 
-- -- --- 



TRBLE C.6 
~ a u l i c  Data k Cost Estimates for North-South Oeswt Ridge Channel, U i th  No Low-Flw Culverts 
Ci ty o f  Roenix, Rreas C k 0 
Excavation Cost/c. y. : $2.00 
Charnel Lining: Concrete (banks k b o t t o d  
Horizontal Lining Uidth (ft): 1.12 
Lining Cost/c.y.: $180.00 
A l l  Calrnlat ims Rre Based On Existing 6-ound Slopes 

Channel 
Bed Horizontal Flow Bottom Channel Depth Topvidth 

Reach Length D i s c h a y  S l o p  h i n g ' s  Coap~ent  o f  Depth Width Velocity Froude Y i t h  1.5 F t  Y i t h  1.5 F t  
Charnel Reach (ft) (cfs) ( f W f t )  Roughness Side-slop (ft) (ft) (fps) Number Freeboard Freeboard 

Start  @ S+M 
STR 5+M t o  16+20 
STR 16+20 to 25+80 
STR 25+80 to 34+80 
STfl U+8O to 5W40 
STR 50+40 to 66+10 
STR 66+10 to 8W10 
STR 80+lO to 95+10 
ST8 95+10 to 107+50 
STfl 107+50 t o  123+M 
STR 123+M t o  128+M 
STR 128+M t o  140+80 
STA 14W80 t o  153+M 
STR 153+M t o  17160 
STR 171t50 t o  177+30 
STR 177+30 t o  189+70 
STR 189+M t o  M l + M  
STR M I + M  t o  210+70 
STR 210+M t o  221+30 
STR 221+30 t o  231+30 
STR 231+30 t o  244+40 
STfl 244+40 t o  250t60 
STA 250t60 t o  264+50 
STR 264+50 t o  274+M 
STR 274+M t o  286+90 
STR 286+90 t o  296+60 
STA 296+60 t o  31W50 
STR 310+50 t o  Y l + M  



TRBLE C.6 
Hyjraulic Data k Cost Estimates for  North-Swth Oesert Ridge Channel, H i th  No L o u f  lou Culverts 
City o f  Phoenix, Rreas C k 0 
Excavation Cost/c. y. : $2.M 
Chamel Lining: Concrete (banks h bottom) 
H a i u n t a l  Lining Uidth (ft): 1.12 
Lining Cmt/c.y.: $180.00 

A l l  Calculations Fke Based On Existing G r a d  Slopes 

Rpp-oxinate Total Charnel Total Channel Channel Right-of-Hay 
T&n Excavatim Volupe Lining Volume Total Excavation Total Lining Total Channel Requirewnts Uith 12 ft 

Depth For This Reach For This Reach Cost For This Cost For This Constrwtion Cost hintenance Road 
Chamel Reach (ft) (cy) C h a ~ e i  Reach Channel Reach For This Reach (acres) 

Start I? 5+m 
STfl 5+M t o  16+20 
STA 16+20 to 2580 
STA X+80 to U+80 
STA 34+80 to 50+40 
STR S 4 0  to %+I0 
STR 66+10 to 80+10 
STR 80+10 to 95+10 
STR 95+10 to 107+50 
STR 107+50 t o  123+M 
STR 123+M t o  128+M 
STA 128+M t o  l40+80 
STR 140180 t o  153+20 
STR 153+20 t o  171+50 
STR 171+50 t o  177+30 
STR 177+30 t o  18970 
STR 189+iU t o  2UltM 

STR 221+30 t o  231+30 
STR 231+30 t o  244+40 
STR 244+40 t o  250+60 
STA 250+60 t o  264+50 
STR 264+50 t o  274+M 
STR 274+M t o  a6+90 
STfl 286+?il t o  296+60 
STR 296+60 t o  310t50 
STR 310+50 t o  321+70 

# TOTALS: 



TRBLE C.7 
W a d i s  D.t. k Cost ENut.. for Wth-ScuU, bsnt Ridqr h.nn.1. Uith Mo L a r E l o u  Cvlwrtr 
Cit" of %d*, Rr.u c k 0  
Err.".tlon M l c . , , . :  s2.m 
m . 1  UninO: Euth ,  B.nks k Botto* 
M z a t . 1  Uniw Uidth <ft>: 0.00 
Unins CosWc.y.: $0.00 
wC"1.tionr *. Bud on R ConNnt e.d-51- Of . m 7  f"ft 
l top Structv.  H.i*t - 3 Ft 

ratd ch-I 
Bld Horiwt.1 R o u  Bottom Ituw-. W.p* 

R..ch L . 4 6  Mschup. Slw. W w . s  S a p o m t  of h p t h  uidth V ~ l o c i t y  Fr- maw1 b p t h  h.-1 rop~ idth  
""YE2 E,, ,.,,, ,,. 

'ft, 
For This P..Ch 

<cfs> <fWft> R 0 W . s  Sidrs lop .  <ft> <ft> 'fPS, *-r 'ft,fU <ft> <a> 



5 t h  t 5100 
STR 5.00 t o  1 6 t m  
STR 1 6 * m  to 25180 
sre z5r80  b X ~ S O  
STR 34'80 to 50rY) 
STA Sot40 to h6r10 
STR 66* 10 to 80110 
5TR 80.10 to 95.10 
STR 95+10 to 107.50 
STR 107+50 to 1 2 3 0 0  
5TR 1LWOO to lm+w 
5TR 128rOO to 1-80 
STA 1m*80 to t a z o  
STR 153.m to 1 7 L 5 0  
5TR 171r50 to 177.30 
STR 177.30 to r s s t m  
STR 189+7O to 202.00 
s r ~  201400 to 2 1 P 7 0  
5TR 210170 to 2 2 l t X  
S R  2 2 U X  to 231.30 
STR 231.30 to 2 V l t . O  
STR 2 4 + 4  to 250460 
STR 2 W 6 0  to 2 6 4 5 0  
STR 2 6 e m  to 27-00 
STA 2 7 4 t W  to S 1 9 0  
STR 2ES+90 to 2 W M  
5TR 2 P h * M  to 3 m 5 0  
srn 310.50 to 321170 

rRBLE c.7 
HWwlir: Data I -st E s t i m a t n  fw --South Desert Ri*. Chuvl.1. U i t h  No b - F l a  Ullverts 
Cit!, of F m . 4 ~ .  Ih .s  C I 0 
E x - t i -  CoNc.!,.: $2.00 
C h u u u l  u n i w :  Euth B.nk I Bott." 
~ 0 r i i l e n t . l  ~ l d n g  ~ i d k  <+t): 0.00 
UNng CorWc.y.: W.00 

C - l N l r t i a s  h 8-d On A constant Blbslop. O f  .0&7 fwst 
Drop S t r u c t w r  H e i p h t  - 3 F t  

1ot. I  (Nnrl 
~tn(n9 ~ o l w  rot., ~ x c - t i ~  

F o r  mi. a.un c o s t  FW r n i s  
0 C h m . 1  I..& 

Ch.nn.i eipht-or-".!, 
r o t 4  m m . 1  R.pulr.n.nts U i t h  12 f t  -.r Of Drop 

c m s t r u c t l o n  &St  Il.intma"c. Road 5 t r u c t w . s  I" 
F o r  Th*. R*.ch <.v.r, Thi. P.& 



TRBLE C.7 
wadic D.*. t ~o.t  ~ s t s r n . t . ~  f o ~  wwrt ui*. ch~mwi. 115th )(o b m o u  ~ l l w r t s  
C i t y  of M". *.a C i D 
Ercw.tia corwc.,,.: $2.00 
-1 Udw: E r t h .  Banks i llottor 
Horiz0"t.l lid4 Uldth <fa: 0.00 
Udnp CorWc.y.: 10.00 
U c u l - t i o ~  Rr. Ba.d On R Constant 8.4-51~. O f  .OW7 fWf t  
Drop s t w t v .  u.i*t - 3 F t  



TRBLE C.8 
t!ydraulic Oata k Cost Estimates for North-Swth Desert Ridge Channel, H i th  Ho Lur-Flou Culverts 
Ci ty o f  Fhoenix, Areas C k 0 
Excavatim Cost/c. y. : $2.00 
Chamel Lining: So i l  k t  Banks, Earth Bottom 
k i z o n t a l  Lining Width (ft): 8.00 
Lining Cast/c.y.: $24.00 
R11 Calculations Rre Based Dn Existing Ground Slopes 

Bed Horizontal Flou Bottom Channel Oepth 
Reach Length Oischage Slope limning's Cofpponent of Depth Uidth Velocity Frwde Uith 1.5 F t  

Chamel Reach (ft) (cfs) (ft/ft) Roughness Sideslope (ft) (ft) (fps) Nuher Freeboxd 
-- --- 

Star t  e S+M 
STR 5+M t o  16+20 1120 13069 0.0069 0.025 2.00 4.0 229.2 13.8 1.23 5.5 
STfl 16+20 to 25+80 960 13069 0.01M 0.025 2. 00 4.0 212.1 14.8 1.33 5.5 
STR 25+80 to 34+80 900 13069 0.0111 0.025 2.00 4.0 205.3 15.3 1-37 5.5 -~ ~- -... ... 
STR U+BO to 50t40 1560 13069 0.0128 0.025 2. 00 4.0 191.0 16.4 1.48 5.5 
STR 50+40 to 66+10 1570 13069 0.0127 0.025 2. 00 4.0 191.6 16.4 1.47 5.5 
STR 66+10 to 81)+10 1400 13069 0.0143 0.025 2.00 4.0 180.8 17.3 1.56 5.5 
STR W+lO to 95+10 1500 13069 0.0133 0.025 2.00 4.0 187.2 16.7 1.50 5.5 
STR 95+10 to 107+50 1240 13059 0.0161 0.025 2.00 4.0 170.1 18.3 1.65 5.5 
STR 107+50 t o  123+M 1550 13069 0.0129 0.025 2.00 4.0 190.4 16.5 1.48 5.5 
STR 123+M t o  128+M 5 M  13069 0.0200 0.025 2.00 4.0 152.5 20.4 1.84 5.5 
STR 128+M t o  140+80 1280 13069 0.0156 0.025 2.00 4.0 172.8 18.1 1.63 5.5 
STR 140+80 t o  153+20 1240 13069 0.0161 0.025 2.00 4.0 170.1 18.3 1.65 5.5 
STR 153+ZU t o  171+50 1830 1Y169 0.0164 0.025 2.00 4.0 168.7 18.5 1.67 5.5 
5Tfl 171+50 t o  177+30 580 10% 0.0172 0.025 2.00 4.0 137.9 18.8 1.70 5.5 
STR 177+30 t o  l89+70 1240 10586 0.0161 0.025 2.00 4.0 142.6 18.2 1.65 5.5 
STR 18970 t o  M l + M  1130 10% 0.0177 0.025 2.00 4.0 136.1 19.1 1.73 5.5 
STR MI+M to r i o + m  9 m  10% 0.0206 0.025 2.00 4.0 125.9 20.5 1.86 5.5 
STR 210+70 to ~ 1 + 3  1060 10% 0.0163 0.025 2.00 4.0 131.7 19.7 1.78 5.5 
STR 221+30 t o  231+30 10M 10% 0.02M 0.025 2.00 4.0 127.9 20.2 1.83 5.5 
STR 231+30 t o  244+40 1310 10986 0.0153 0.025 2.00 4.0 146.7 17.8 1.60 5.5 
STR 244+40 t o  250+60 620 10986 0.0161 0.025 2.00 4.0 142.6 18.2 1.65 5.5 
STR 250+60 t o  264+50 1390 1106 0.0144 0.025 2.00 4.0 12.1 13.8 1.43 5.5 
STR 264+50 t o  274+M 950 1106 0.0211 0.025 2.00 4.0 9.2 16.1 1.71 5.5 
STR 274+M t o  286+90 1290 1106 0.0155 0.025 2. 00 4.0 11.5 14.2 1.48 5.5 
STR 286+90 t o  236+60 970 1106 0.0206 0.025 2.00 4.0 9.4 15.9 1.70 5.5 
STR 296+60 t o  31Dt50 1390 1106 0.0144 0.025 2.00 4.0 12.1 13.8 1.43 5.5 

Channel 
Topuidth 

Ui th  1.5 F t  
Freeboard 

I STR 310+50 t o  321+m 11M 1106 0.0179 0.025 2.00 4.0 10.4 15.0 1.59 5.5 32.4 



TABLE C.8 
Htjdraulic Data k Cost Estimates for North-buth Desert Ridge Chanml, Uith Ha Lauf low Culverts 
City of Phoenix, Reas C k 0 
Esavat ion Cost/c. y. : $2.00 
C h a ~ e l  Lining: Sai l  Ce.ent Banks, Earth Battom 
H f f i z ~ t a l  Lining Uidth (ft): 8.00 
Lining CsWc.y.: $24.00 

R11 Calwlations Rre Based On Existing Grand Slopes 

Approxinate Total Charnel Total C h m l  Ch-1 Right-of-Uq 
Toedcun Excavation Voltme Lining Volwe Total E x c a v a t i ~  Total Lining Total Channel Requirements Hith 12 ft 

N t h  For This Reach Fcr This Reach C s t  For This Cost For This C o n s t r w t i ~  Cast tlaintenance Road 
&el Reach (ft) (cy) (9) Channel Reach Channel Reach For This Reach (acres) 

start e 5 t m  
STR 5r00 t o  16+20 
STR 16+20 to 25+80 
STfl 25+80 t o  34+80 
STfl 34+80 to 50+4O 
STR 5Dt40 to 66+10 
STR &I0 to m 1 0  
STR m 1 0  to %10 
STR %I0 to 107+50 
STR 107+50 t o  123100 
51R 123+M t o  128tM 
STR 128+M t o  140t80 
STR 140+BO t o  153+20 
STA 153+20 t o  171+50 
STR 171+50 t o  177+30 
STR 177+30 t o  189+m 
STR 184tm to m l + m  
STA ~ i + m  to 210+m 
STA 210tm t o  221+30 
STR 221+30 t o  231+3 
STR 231+30 t o  244+40 
STR 244+40 t o  250t60 
STR m + 6 0  t o  264+50 
STR ZM+50 t o  274+00 
STR 274+00 t o  286+90 
STR X + 9 0  t o  296+60 
STR St60 t o  310+50 
STR 310+50 t o  321+70 

TOTRLS: 



; ,  ,:. ' .. , , . .  ~: . . . , - , . . . . ,  . , . ..* . . . .  ' . \ , , , ;  :' . .  I . . , .  ' . ; -- ' ." '  ' , : :  : $ I  

TFWE C.9 
HrJdraulic Data b Cast Estimates fo r  North-South Desert Ridge Chamel, With No Lcw-Flou Ol lvwts  
C i t y  of Phoenix, Areas C k 0 
Excavatirn Cast/c. y. : $2.00 
Charnel Lining: Soi l  h n t  a d s ,  Earth B o t h  
Horizmtal Lining Uidth (ft): 8.00 
Lining Cast/c.y.: $24.00 
A l l  Calculations Are Based On Existing Wound Slopes 

Chaw1 
Topuidth 

With 1.5 Ft 
Freeboard 

Reach Length 
(ft) 

11M 
960 
900 

1560 
1570 
1400 
lsM 
1240 
1550 
5 M  

1280 
1240 
1830 
580 

1240 
1130 
9 M  

1060 
1000 
1310 
620 

1390 
950 

1290 
970 

1390 
1120 

Bed 
Slope Hanning's 

(ft/f t) Roughness 

Horizontal 
Component of 

Side-slape 

Flow Bottap 
Depth Width 
(ft) (ft) 

Chaw1 Oepth 
Velocity Froude Uith 1.5 F t  

(fps) Number Freeboard Chamel Reach 
--- 

S t x t  @ 5tM 
STR 5+M t o  16+20 
STA 16+20 to 25+80 
STR 25+80 ta 34+80 
STfl 34+80 t o  50+40 
STR 50+40 to &+lo 
STR &+lo to 80+10 
STR 80+10 to 95+10 
STR %+lo to 107+50 
STA 107+50 to 123+M 
STR 12300 t o  l28 tM 
STR l28 tM t o  140+80 
STfl 140+BO to  153+M 
STR 153+20 t o  171+50 
STR 171+50 t o  177+30 
STR 177+30 t o  189+70 
STR 189+70 t o  M l + M  
STR M1+M t o  210+M 
STR 210+M t o  221+30 
STR 221+30 t o  231+30 
STR 231+30 t o  244+40 
S I R  244+40 t o  250+60 
STfl 250160 t o  264t50 
STA 26460 t o  274*M 
STR 274+W t o  286+90 
STR W+90 t o  296+60 
STR 296+60 t o  310+50 
STR 310t5D t o  321+M 

TOTRLS: 316M 



TABLE C.9 
Hydraulic Oata & Cost Estimates fo r  Narth-South Desert Ridge Channel, Ui th No L w f  lw  Culverts 
C i ty  of Phoenix, Rreas C & 0 
Excavation Cost/c. y. : $2.00 
Chamel Lining: So i l  Ceaent Banks, Earth Bottao 
H o r i z ~ t a l  Lining Uidth (ft): 8.00 
Lining Cost/c.y.: $24.00 

A l l  C a l m l a t i ~ s  Rre Based On Existing kwnd Slopes 

@proximate Total Chamel Total Chamel Channel Right-of-Uy 
Toedoun E x c a v a t i ~  Volume Lining Vollvse Total E x c a v a t i ~  Total Lining Total Channel Requirements U i th  12 ft 

Depth For This Reach For This kach Cost For This Cost For This C o n s t r u c t i ~  Cost Maintenance Road 
Chamel Reach (ft) (cy) (UJ) Channel Reach Channel Reach For This Reach (acres) 

S t a t  e stm 
STR 5+M t o  16+20 
STR 16+20 t o  25+80 
STR 25+80 to 34+80 
STR 34+W to 50+40 
STR 50+40 to %+I0 
STR 66+10 to 80+10 
STR w 1 0  to %+lo 
STR %+lo to 107+50 
STR 107+50 t o  123tM 
STR 123+M t o  128+W 
STR 128+M t o  14M-BO 
STR 140+80 t o  153+20 
STR 153+20 t o  171+50 
STR 171+50 t o  177+30 
STR 177+3 t o  184t70 
STR 189+70 t o  2CIl+M 
STR M l + M  t o  210+70 
ST8 210+m t o  221+30 
STR 221+30 t o  231+30 
STR 231+3 t o  244+40 
STA 244+4O t o  25M-60 
STR m + 6 0  t o  264+50 
STR 264+50 t o  274+00 
STR 274+M t o  286+90 
SIR %+XI t o  296+60 
STR 296+60 t o  310t50 
STR 310+50 t o  321+70 

4h TOTRLS: 



TABLE C.10 
Hydraulic Data h Cost Estimates fo r  East-Hest Desert Ridge Channel, U i th  Low-Flou Culverts 
Ci ty of h e n i x ,  Weas C h 0 
Excavatim Cost/=. 3.: $3.00 
h e 1  Lining: Cmcrete (banks h b o t t o d  
Horizontal Lining Uidth (ft): 1.12 
Lining Cost/c.y.: $180.00 
fill Calculations Are Based On Exist ing &and Slopes 

Chanel 
Bed Horizontal Flow Botto. C h m l  Depth Topuidth 

Reach Length Discharge S l o p  Manning's Component of Depth Uidth Velocity Froude Yith 1.5 F t  Y i t h  1.5 F t  
Chamel Reach (ft) (cfs) (ft/ft) Roughess S i d e s l o p  (ft) (ft) (fps) W e r  F r e e b x d  F r e e b a d  

5t-t e 5+M 
STR 5tM t o  2+30 
STR Z+30 to 42+30 
STR 42+30 to 68190 
STR a t 9 0  to 9W80 
S I R  90+80 to I f f i t00 
STR 106+80 t o  125+10 
STR 125t10 t o  141+20 
STR 141+20 t o  166+M 
STR 166+20 t o  173110 
STR 173+10 t o  184+30 
STR 184+30 t o  197+30 
STfl 197+30 t o  214+M 
STR 214+M t o  227+80 
STR 227+80 t o  BEH90 
STR 238+90 t o  252+80 
STR 252+80 t o  262+M 
STR 262+60 t o  274t50 
ST8 274+50 t o  288t80 
SIR 288+80 t o  303+90 
STR 303+90 t o  314+90 
STR 314+90 t o  323+80 
STR 323t80 t o  335+80 
STR 335+80 t o  39+50 
STR 349t50 t o  364+20 
STR 364+M t o  37SW 
STR 375tM t o  389+M 

TOTRLS: 38400 



TRBLE C.10 
HlJdraulic Data & Cost Estimates for E a s t - k t  Desert Ridge Channel, U i th  LorFlou Culverts 
Ci ty  o f  Phoenix, Areas C k 0 
Excavation Cost/c. y. : $3.00 
Channel Lining: Concrete (banks k bottom) 
Horizontal Lining Hidth (ft): 1.12 
Lining Cost/c. 3.: $180.00 

R11 Calculations Rre Based On Existing kard Slops  

Charnel Reach 

Start e StOO 
STR 5+W t o  Z+30 
STR 22+30 ta 42+3 
STR 42+30 to W 9 0  
STR 68+90 to 9W80 
STfl %+80 to 106+8O 
STR 1@6+80 t o  125+10 
STR 125tlO t o  141+20 
STA 141+20 t o  166+20 
STR 166+20 t o  173+10 
ST8 173+10 t o  184+30 
STA 184+30 t o  197+3 
STR 197+30 t o  214+M 
STR 214+60 t o  227+80 
STR 227+80 t o  238+90 
STfl238+% t o  252+80 
STR 252+80 t o  262+60 
STR 262+M to 
5TR 274t50 t o  288t80 

STR 323+80 t o  f i5t80 
5TR 335+80 t o  349+50 
SIR 349tY1 t o  364t20 
STA 364t20 t o  375tm 
STR 375tm t o  339+m 

Rpp-oximate 
Toedurn 

Depth 
(ft) 

Total Chamel Total Channel 
h a v a t i o n  Vo1u.e Lining Volune Total E x c a v a t i ~  Total Lining 

For This Reach For This Reach k t  For This Cost For This 
(cy) (91) Charmel Reach ulannel Reach 

Channel Right-of-!+ 
Total Channel Requirements W i t h  12 ft , 

Construction Cost bintename Road 
For This Reach (acres) 



n p a d m a t .  rot& m w . 1  
8.d Horiront.1 Flow Betton f8"r.p. fw.r.p. rad-  Ercwation b l u u  

sop. n.miw-~ C-mt of h p t h  1424th u.lodty ~rrudr ~h-1 O . ~ M  ~l-I ro~uidth < FOP This eel- 
<fU <* U <=* 



r m  C.11 
HyO-rulir: Data L Fort EIUnat.r f o r  East -Uat  -.rt Ridge h-1. Ylth Lou-Flou Culurts 
C i t y  q f  Pharnix, C I D 
E u w . t i a  CorWc.".: $2.00 

real fh-1 Uunn.1 R i ~ h t - o f Y . y  
~ i n i ~ ~  wi- r o t a 1  ~ r c u a n a  r o t d  unfnp r o t d  ch-1 ~.quirrm.ntr uth 12 f t  ww of wop wt ~ i s c h r p .  wop strutw. tort 

For This  R H c h  Cost For This  t o s t  For W r  Cnutructian t o s t  n.lnt.-. Road S t r u c t u r . ~  I n  For This Rlach P-r LF Of hml 
<ru.s> mrr a r v h  <cfr,~t> ~ ~ t t - d t h  



r w  C.11 
w a u l i c  m a  a wt ~ t i l ~ t o s  fo r  ~ a s t ~ l t  D.l.rt Riw Clum.1. Yith ~ o u f l o u  C u l w r t s  
Me, of m0.N". R... C  . D 
Exur.tlon wt1c.y.: SZ.00 
hm.1 UNnp: Earth, srnrr a B o t t a  
l l c v i r ~  U n i ~  Yidth <fU: 0.00 
U n i W  carve.,,.: $0.00 

U c u l . t i o ~  R. 8u.Q On A --tat w-Slop. o f  .M67 ftlft 
Drop s tnrhr .  w i g h t  - 3 F t  

Cat Of Bu* Linina 
rot- D ~ W  ~ . n k  UNW colt tu to f f  wi ~t rota1 ~.n* LINW rota wop struchr. 

Structu. C o s t  R t  Each Drop Structv. Exn Drop Structure Cost For This  Peach Cost UIU, Ban* L i d -  
For TN‘ P.& urn* <s/Drep> 



Charnel Reach 

Star t  e 5+M 
STR 5 t M  t o  Z+30 
STfl 22+30 to 42+30 
STR 42+30 to 68+90 
STR 68+90 to 90+80 
STR %+a0 to 106+80 
STR 106+80 t o  125+10 
STR 125+10 t o  141+a0 
STR 141+20 t o  166+M 
STR 166tM t o  173+10 
STR 173+10 t o  184+30 
STR 184+30 t o  197+30 
SIR 197+30 t o  214+60 
SIR 214+60 t o  227+80 
STR 227t80 t o  238+90 
STR 238t90 t o  252+80 
STR 252+!+80 t o  262+60 
STR 262+60 t o  274+50 
STR 274+50 t o  288+80 
ST8 288t80 t o  303+90 
5117 303+90 t o  314+90 
STR 314i90 t o  323t80 
STR 323+80 t o  33580 
SIR 335+80 t o  349+50 
STR 349+50 t o  364+20 
SIR 364+20 t o  375+M 
STR 375+M t o  389+M 

TRBLE C.12 
HIJdraulic Oata b Cost Estimates for East-Uest Oeswt Ridge Channel, With LowF lw  Diverts 
Ci ty o f  Phoenix, flreas C h 0 
E x a v a t i m  Cost/c.y.: $2.00 
Charnel Lining: h i 1  Cemnt Banks, Earth Botto. 
k i z o n t a l  Lining Width (ft): 8.00 
Lining Cost/c.y.: $24.00 
A l l  C a l w l a t i w  Rre Based On Existing kmnd Slopes 

Bed Horizontal Flou btto. u l ~ n e l  Depth 
Resh Length Oischarge Slope Harming's Component of Depth Uidth Velocity Froude With 1.5 F t  

(ft) (cfs) (fWft) Roughness Side-slope (ft) (ft) (fps) Number Freeboard 

Channel 
Topwidth 

U i th  1.5 F t  
Freeboard 



TBLE C. 12 
Htjdraulic Data b Cost Estimates for East-Uest Desert Ridge Channel, U i th  LorF lou Diverts 
C i ty  o f  Phoenix, Rreas C b 0 
Excavation Cost/c.y.: $2.00 
Chamel Lining: So i l  Cement Banks, Earth Bottom 
Horizontal Lining Uidth (ft): 8.00 
Lining Cost/c. 9.: n4.00 

R11 Calculations fke Based On Existing Ground Slopes 

ftpp-oxiaate Total Charnel Total Channel Channel R i+ t -o fUq  
Topdwn Excavatirn Volume Lining Volme Total E x c a v a t i ~  Total Lining Total Channel Recpireaents Uith 12 f t  

Depth For This Reach For This Reach Cost For This Cost For This C o n s t r u c t i ~  Cost Haintenance Road 
Chamel Reach (ft) (cy) (9) Charnel Reach Channel Reach For This Reach ( s r e s )  

S t a t  e 5- 
STR 5+M t o  2330 
STR 22+30 to 42+30 
STR 42+30 to W 9 0  
STR 68t90 to 90+80 
STR 90+80 to 106+80 
STR 106+60 t o  125+10 
STR 125+10 t o  141+20 
STR l4l+20 t o  166t20 
STR 166t20 t o  173t10 
STR 173+10 t o  184+30 
STR 184+30 t o  197+30 
STR 197+30 t o  214+60 
STR 214+60 t o  227+80 
STR 227+80 t o  238+90 
STR 238+90 t o  252+80 
STR 252+80 t o  262t60 
STR 262+60 t o  274+50 
STR 274+50 t o  288+80 
STR m + m  t o  303+90 
STR 303+90 t o  314+90 
STR 314+90 to 323+80 
STR 323+80 to 335+80 
STR %+&I to 34950 
STR 349t50 t o  364+M 
STR %+20 t o  375+M 
STR 3 B M  t o  389+M 



TRBLE C. 13 
HIJdraulic Oata k Cost Estimates f o r  East-Hest Desert Ridge Chamel, Pinmcle Peak Road Rl ignent  
H i th  L a u f  lw  Culverts 
C i ty  o f  Phoenix, Rreas C k D 
Excavatim Cost/c. y.: n .00  
Charnel Lining: So i l  k n t  Banks, Earth Botto. 
Horizmtal Lining Width (ft): 8.00 
Lining Cmt/c.y.: $24.00 
R11 Calmlaticns Rre Based On Exist ing Ground Slopes 

Channel 
Bed Horizontal F l w  B o t t ~  ChaMel Depth Topwidth 

Reach Length Discharge S l o p  H a ~ i n g ' s  Component of Depth Hidth Velocity Froude Hith 1.5 F t  Hi th 1.5 F t  
Chamel Reach (ft) (cfs) (ft/ft) Roughness S i d e s l o p  (ft) (ft) (fps) Huhw Freeboard Freeboad 

Start  e stm 
STfl 3 0 0  t o  22+30 
STfl 22+30 to 42+30 
STR 42+30 to 6964t90 
STR 69+90 to 5+90 
STR 95+9Cl to 118+10 
STR 118+10 t o  136+10 
STfl 136+10 t o  147+60 
STR 147+60 t o  168+80 
STR 168+80 t o  192+60 
STR 192+60 t o  208+70 
STR 208+70 t o  -50 
STR ZO+SCI to 230tm 
STR 230tW t o  24Dt30 
STR 24Dt30 t o  253+30 
STR 253+30 t o  264+80 
STR 264+80 t o  274+00 
STR 274+00 t o  286+M 
STfl 286t00 t o  294tm 
STR 234+80 t o  304+20 



TRBLE C.13 
Hlylraulic Data & Cast Estimates for East-Uest Oesert Ridge Channel, Pinnacle Peak Road Rlignment 
U i th  Low-Flw Culverts 
C i ty  o f  Phoenix, Areas C k 0 $2.00 
Excavation Cost/c. y. : 
Chamel Lining: So i l  Cement Banks, Ear 8.00 
Horimntal  Lining Uidth (ft): $24.00 
Lining CosWc.y.: 

R11 Calculations Are Based On Existing Ground S lops  

@proximate Total Chamel Total Channel Chanml Right-of-Uay 
Toedoun Excavatiw Voltme Lining Volume Total Excavation Total Lining Total Ch-1 Requirements Uith 12 ft 

Depth For This Reach For This Reach ' Cost For This Cost For This Constructiw Cast bintenance Road 
Channel Reach (ft) (4 (cy) Chamel Reach Channel Reach For This Reach (acres) 

s t x t  e 5 m  
SIR 5+M t o  22+30 
SIR 22+30 to 42+30 
STR 42+30 tn 69+90 
STR 69+90 to 95+90 
STR 95+90 t o  118+10 
STR 118+10 t o  136+10 
STR 136+10 t o  147+60 
STR 147+60 t o  168+80 
STR 168+80 t o  192+60 
SIR 192+60 t o  208+70 
STA M8+70 t o  220+50 
STR 220+50 t o  23W00 
SIR 230tM t o  240+30 
SIR 240130 t o  K3*30 
STR 253+30 t o  264+80 
STR 264t80 t o  274tM 
51R 274tM t o  B 6 t M  
STR B 6 t M  t o  294+80 
STR 294t80 t o  304+M 

TOTFILS: 723554 186169 $1,447,107.70 $4,468,053.33 $5,915,161.03 81.4 



TWLE C. 14 
Hydraulic Oata b Cost Estimates for  Nath-Swth Oesert Ridge Channel, H i th  L w F l a u  Culverts 
Ci ty of Phoenix. fb-eas C b 0 - 
Ewcavatim Cost/c. y. : $2.00 
Charnel Lining: Concrete (banks b bottom) 
k i z o n k l  Lining Hidth (ft): 1.12 
Lining Cmt/c.y.: $180.00 
811 Calculations Rre Based On Existing Grouid S l o p s  

Channel 
Bed h r i w n t a l  Flow Bottom Channel Depth Topwidth 

Reach Length Oischage S l o p  h i n g ' s  Component o f  Depth Uidth Ve lmi ty  Fro& Ui th  1.5 F t  Yi th 1.5 F t  
Charnel Reach (ft) (cfs) (ft/ft) Roughness Side-slope (ft) (ft) (fps) Number Freeboad Freeboard 

--- --- - -------- -- -- 
S t a t  @ 5 0 0  

STfl 5+M t o  16+20 11M 11775 0.0089 0.020 2.00 4.0 164.7 17.0 1.54 5.5 186.7 
STR 16+20 t o  25t80 960 11735 0.0104 0.020 2.00 4.0 152.3 18.4 1.66 5.5 174.3 
STfl 25+80 to 34+80 9 M  11735 0.0111 0.020 2.00 4.0 147.4 18.9 1.71 5.5 169.4 
STR U+8O to 50+40 1560 llm 0.0128 0.020 2.00 4.0 137.1 20.3 1.84 5.5 159.1 
STR S t 4 0  to 66+10 1570 11775 0.0127 0.020 2.00 4.0 137.5 20.2 1.83 5.5 159.5 
STR 66+10 to 8M.10 1400 11775 0.0143 0.020 2. 00 4.0 129.8 21.4 1.94 5.5 151.8 
5TR 80+10 t o  95+10 1500 11775 0.0133 0.020 2. 00 4.0 134.4 20.7 1.87 5.5 156.4 
STR 95+10 to 107+50 1240 11735 0.0161 0.020 2.00 4.0 122.0 22.6 2.06 5.5 144.0 
STfl 107+50 t o  123+M 1550 11775 0.0129 0.020 2. 00 4.0 136.7 20.4 1.84 5.5 158.7 
STR 123+M t o  128+M 500 11775 0.0200 0.020 2.00 4.0 109.3 25.1 2.28 5.5 131.3 
STR 128+M t o  140+80 1280 11775 0.0156 0.020 2.00 4.0 124.0 22.3 2.02 5.5 146.0 
STR 140t80 t o  153+M 1240 11775 0.0161 0.020 2.00 4.0 122.0 22.6 2.06 5.5 144.0 
STR 153+a t o  171+50 1830 11775 O.01M 0.020 2.00 4.0 121.0 22.8 2.07 5.5 143.0 
STR 171+50 t o  177+30 580 10636 0.0172 0.020 2.00 4.0 106.3 23.3 2.12 5.5 128.3 
STR 177t30 t o  l89+70 1240 10636 0.0161 0.020 2. M 4.0 110.0 22.5 2.05 5.5 132.0 
STR 189170 t o  M l + M  1130 10636 0 .0 ln  0.020 2.00 4.0 1M.9 23.6 2.15 5.5 126.9 
STR M l + M  t o  2lM.70 970 10636 0.0206 0.020 2.00 4.0 97.0 25.3 2.31 5.5 119.0 
STR 210+70 to 221+3o 1060 10636 0.0189 0.020 2.00 4.0 101.5 24.3 2.22 5.5 123.5 
STR 221+30 t o  231+30 1000 10636 0.0200 0.020 2.00 4.0 98.5 25.0 2.28 5.5 120.5 
STR 231+30 t o  244+40 1310 10636 0.0153 0.020 2. M 4.0 113.1 22.0 2-00 5.5 135.1 
STfl 244+40 t o  25M.60 6 M  10636 0.0161 0.020 2.00 4.0 110.0 22.5 2.05 5.5 132.0 
STR 250+60 t o  264+50 1390 1106 0.0144 0.020 2. 00 4.0 8.8 16.5 1.77 5.5 30.8 
STR 264+50 t o  274+M 9 9  1106 0.0211 0.020 2.00 4.0 6.4 19.2 2.11 5.5 28.4 
STR 274tM t o  236190 1290 1106 0.0155 0.020 2.00 4.0 8.3 17.0 1.83 5.5 30.3 
STR 286+90 t o  296160 970 1106 0.0206 0. 020 2.00 4.0 6.5 19.0 2.09 5.5 28.5 
STfl 296+60 t o  31M.50 1390 1106 0.0144 0.020 2.00 4.0 8.8 16.5 1.77 5.5 30.8 
STR 310+50 t o  321+70 1123 1106 0.0179 0.020 2. M 4.0 7.4 18.0 1.95 5.5 29.4 

TOTALS: 31670 



TRBLE C. 14 
Hydraulic Data b Cost Estissates for North-buth Desert Ridge Channel, Uith LowFlw Culverts 
City of Phoenix, Areas C h 0 
Excavation Cost/=. y. : $2.00 
Charnel Lining: Concrete (banks & bottom) 
Horizontal Lining Hidth (ft): 1.12 
Lining Cost/c.y.: $180.00 

All Calculations Are Based On Existing G-ound Slops 

Fipprmimate Total Channel Total Channel Channel Right-of -May 
Toedown Excavation Volume Lining Volume Total Excavati~ Total Lining Total Channel Requireaents Uith 12 ft 
Oepth For This Reach For This Reach Cost For This Cost For This Construction Cost Haintenance Road 

Charnel Reach (ft) (cy) (4 Channel Reach Channel Reach For This Reach (acres) 

Stat e *a, 
STR S+M to 16+20 
STR 16+20 to 25+80 
STR 25+80 to U+80 
STR U+80 to 50+40 
51R W 4 0  to 66+10 
STR 66+10 to 80+10 
STR 80+10 to 95+10 
STR 9310 to 107+50 
STR 107+50 to 123+M 
STR 123+M to 128+M 
5TR 128+W to 140+80 
STR 140+80 to 153+M 
STR 153+20 to 171+50 
STR 171+50 to 177+30 
STR 177+30 to 184tKI 
STR 189tXI to 201+M 
STR m + m  to 2 1 w m  
STR 2 1 w m  to 221+30 
SIR 221+30 to 231+30 
SIR 231130 to 244+40 
518 244+4O to 25Dt60 
STR 25Dt60 to 264+50 
STR 264+50 to 274+M 
STR 274+M to 286+90 
STA 286+90 to 296+60 
STR 296+60 to 310+50 
STR 310+50 to 321+70 



--- ..- 
W a Y l i c  Data I b x t  E=ti-at.= for Ilorth-%th 0-rrrt e i w  murrul. uttn LOU-FIW cvlurti 
Uhl6 %OM" Ir.u C 1 D 
EHCU-Ua C0st;c.u.: S2.M 
aum.1 U ~ W :  ~ = t h .  i wtta  
tk.lzontal Uninp U d t h  (ft): 0.- 
Udnp C0.tlc.y.: W.M 
C.lcul*ti- Rr. Ip.d On R fo-turt 8.d-Slop. Of .0061 < V C t  
Drop structv. *i*t - 3 Ft  



rmE c.15 
WWul i c  Date t C o s t  E k i n a f ~ l  f w  "--South D-wrt Ri* C h u w l ,  Uith LovFlov Culuwtl 
City of Pr-nix. nvru  C t D 
EHcwatia C0sWc.y.: R.00 
h-1 Uninp: Earth. B d r  & Bettor 
Hor imta l  Uninp Yidth Cfr): 0.00 
Lininp Cost/<.,,.: 10.00 

C.lollati- Are Bwd On R Conrt.nt B.d-Slw Of .0067fVft  
Drop StNEtUT. H.ight . 3 Ft 

rot& m-1 rot& hm.1 mm.1 uight-of-uay 
 ti^ u0l- L I ~ W  V O > ~ W  rotax wav.tlon rot.l ~ i n i " ~  rot.1 ch--1 R ~ ~ ~ . H . ~ ~  uim IZ f t  numbr of or- kit ni.darg. 

FW This u r n  F O ~  r N s  R..& -st F O ~  r n i i  cost FW rhir  colvtruction cost naint.n-. u o d  structurr I" F~~ u.=n 



. - .- 
Hydraulic D a t a  i Estiut . i  for  MwM-South D I w r t  Ridpr Ch--1. Yith Lou-nou Cul-s 
c1tv of ac.ni*. h u  C & 0 
E"cwatlon C0rVc.y.: 12.M 
Ch-1 Lidnp: E m .  B.n*l * BOtto* 
Wrlrant.2 Lininp Ufdth < fa :  0.00 
Liniw Cortlc.y.: 10.00 
Calculrtloru k. B u d  Ol 0 W t m t  B.d-Slop0 O f  .0067 St l f t  
Drop Structur* k i p h t  - 3 F t  

Cost 0 1  a n *  Llnxng 
Drop Structur. Co* Total Drop ~ u *  Lining Colt a t  cutoff u s 1  n t  rota1 ~.n* U N ~ O  row bop str-. 

P r  LF M Uum.1 SUucbr. Cost E.ch Drop S t r u c k .  Erch Drop Structure Cost For  TNs Reach cost Yith B.r* ~ i n i n g  h-1 P..E~ s o t f a d d t h  For 1N. &.a <smrop> < * m o p >  

5- @ 5.00 
5TR 5.00 t o  l6t20 199 W 115.550 
STR 1&+20 to Fie80 199 

1740 
176.433 

so I0 

SIR 25,- to 54.80 
115.550 

199 
1740 116,290 

176.4S3 S15 .M 
s32.723 

5rn 3 e w  to so+* $99 
1740 116.290 

m 9 . m  115,550 
s s ~ , n 3  

STR 50.40 to 66.10 199 1305.7?4 
1740 $48.871 $278.169 

STR 66+10 to w t 1 0  
sls.550 $740 

199 1229.298 
165.161 

1ls.M 
1370.892 

SIR 80. 10 t o  951 W 199 
1740 

1 0 5 . 7 0  
148.871 

s15.80 
S278.169 

STR 951 10 to 107.50 199 1305.70 1740 S65.lS1 1370,892 

SlR 107.50 t o  lDIM 
115.550 1 740 

199 S229.m 
165.161 

115.550 
1370.892 

STR 1L)tM to 12e.M 199 
1740 

1152.n6s 
148.871 

115.550 
1278.169 

STR 1281M t o  1 W 8 0  
1740 

193 1305,730 
132,581 

115.550 
1185.446 

STR 1Qt80 to IMm 199 
1740 

fM2.163 
165.lS1 

S15.550 
l370.892 

STR 1 5 W S  t o  17lrY) 
1140 

199 1458.5% 
181.452 

115.550 
1463,614 

5TR L7ltYl to i77.30 199 
1740 

1138.00b 
197.742 

115,550 
L5%.3S7 

STR 177.Y) t o  184.70 193 1740 
1276,012 

132.581 
615.550 

1170.587 
SIR 18)*m t o  2 0 ~ 0 0  199 

1740 
1345.015 

1h5.161 
115,550 

SUl.174 
ST8 201*W to 2lOI70 199 1740 

$276.OU 
181.62 

$15,550 
YZ6.467 

SIR 21Ot7O to 2 2 1 t 0  
1740 

199 1345.015 
165,161 1341.174 

STR 221.30 to 23l.Y) 
s15.550 

199 
1740 

SZ76.0l2 
181.62 

1S.M 
YZ6.467 

STR 2 3 h m  to 2+40 199 
1740 

1276.0i2 
1h5.161 

515,550 
1341,174 

srn 2+40 to 2 ~ 6 0  
1740 

199 1 U S O M  
S65.161 1341.174 

STR 2 W W  te 2 m Y )  
1115.550 S740 

1101 
532.581 

127,619 6 16.000 
1170.587 

STR 26UYl t o  2 7 e m  1101 
1740 $66.961 

R7.619 116.000 
194.581 

STR 274rM to 286+30 $101 
1740 166.961 

127.619 616.000 
134.581 

STR 2&*90 t o  2%tM 
1 740 

1101 134.S24 
S66.961 194,581 

SIR 296160 t o  310.50 
516,000 nu, 

1101 $20.715 
183.702 

116,000 
1118.226 

STR ~ ~ M S O  to 3 t n m  
f740 

1101 
150,221 

R7.619 116,000 1740 166.961 194.581 
sm.936 

_ ___ __ 
TOT-: SS.F)3.109 13,542,095 S6.83S.m4 



TABLE C.16 
Hydraulic Data k Cost Estimates for Horth-South Oeswt Ridge Channel, U i th  Lou-Flw Culverts 
Ci ty of Phoenix, Areas C k 0 
Excavatirn Cost/c.y.: $2.00 
Charnel Lining: h i 1  Ce-t Banks, Earth Bottom 
Horizontal Lining Uidth (ft): 8.00 
Lining Cost/c.y.: 124.00 
A l l  Calmlaticas Are Based On Existing Ground Slopes 

Charnel Reach 

Start  e S t M  
STR 5+M t o  16+20 
STR 16+20 to 25t80 
STR 25+80 t o  34+80 
STR 34+80 t o  5M40 
SIR 50140 to 66+10 
' 3 R  66+10 t o  80+10 
STR 80+10 to 95+10 
STR 95+10 to 107+5l 
STR 107+50 t o  123+M 
STR i23+m t o  128+w 
STR l28+W t o  14Dt80 
STR l4Dt80 t o  153+20 
STR 153+M t o  171+50 
STR 171+50 t o  177+30 
STR 177+30 t o  189+M 
STR 189+M t o  201+W 
STR 201+00 t o  21Dt70 
STR 210+m t o  221+30 
SIR 221+30 t o  P l + 3 0  
SIR 231+30 to  244t40 
STR 2 4 4 4  t o  25Dt60 

Re& Length 
(ft) 

Bed 
Slope 

(ftlft) 

0.0089 
0.0104 
0.0111 
0.0128 
0.0127 
0.0143 
0.0133 
0.0161 
0.0129 
0.02m 
0.0156 
0.0161 
0.0164 
0.0172 
0.0161 
0.0177 
0.0206 
0.0189 
o.wm 
0.0153 
0.0161 

h i n g ' s  
Roughness 

-- 

Horizontal 
Component o f  

Sideslope 

Flow 
Depth 
(ft) 

Bottom 
Uidth 
(ft) 

289.6 
268.0 
259.4 
241.4 
242.2 
228.6 
236.7 
215.0 
240.6 
192.9 
218.5 
215.0 
213.3 
187.6 
194.0 
185.1 
171.4 
179.3 
174.1 
199.5 
194.0 

Velocity 
(fps) 

----- 
9.9 

10.7 
11.0 
11.8 
11.8 
12.4 
12.0 
13.2 
11.8 
14.7 
13.0 
13.2 
13.3 
13.6 
13.2 
13.8 
14.8 
14.2 
14.6 
12.8 
13.2 

Channel Depth 
Frwde Ui th  1.5 F t  
Number Freeboard 

Channel 
Topuidth 

Ui th  1.5 F t  
Freeboard 

STR 25Dt60 t o  264+50 1 X I  1106 0.0144 0.035 2.00 4.0 18.6 10.4 1.04 
STR 264+50 to 274+m 950 1106 0.0211 0.035 2.00 4.0 14.7 12.2 1.25 
STR 274+00 t o  286+90 1290 1106 0.0155 0.035 2.M 4.0 17.8 10.7 1.08 
ST8 286+% t o  296+60 9 m  1106 0.0206 0.035 2.00 4.0 14.9 12.1 1.24 
STR 296+60 t o  31Dt50 13% 1106 0.0144 0.035 2.00 4.0 18.6 10.4 1.04 
STR 310+50 t o  321+70 11M 1106 0.0179 0.035 2.00 4.0 16.3 11.4 1.16 



TWLE C.16 
HIJdralic Data & Cost Est imtes fo r  North-South Desert Ridge Channel, U i th  LolrFlor Culuwts 
Ci ty  o f  Phoenix, Areas C & D 
Excavation Cost/c. 9.: $2.00 
Chamel Lining: So i l  Cement Banks, Earth Battom 
Horizontal Lining Hid* (ft): 8.00 
Lining CosWc.y.: $24.00 

R11 Calculations Are Based On Existing kound Slopes 

App-oximate Total C h a ~ e l  Total Channel Channel Right-of-Hay 
Toedwn Excavatlo~ Volume Lining Volwe Total E x c a v a t i ~  Total Lining Total Ch-1 Requirerents Ui th  12 ft 

Depth For This Reach For This Reach Cost For This Cost For T h ~ s  Comtruf t ip l  Cast b in tenawe Road 
Chamel Reach (ft) (cy) (cy) Channel Reach Channel Reach For This Reach (acres) 

s t ~ t  e 5 0 0  
STR 5 0 0  t o  16+20 5.0 76175 6969 $19,350.07 $167,253.33 $319,603.40 8.6 
STR 16t20 to 25+W 5.0 61066 5973 $122,132.15 $143,360.00 $265,492.15 6.9 
SIR 25+80 to 34+W 5.0 55679 5600 $111,357.77 $134,400.00 $245,757.77 6.3 
STR 34+BO to SIB40 5.0 90778 9707 $181.555.77 $232.960.00 $414.515.77 10.2 
SIR 50+40 to 66t10 
STR 66+10 to 80+10 
STR 80+10 to 9910  
STR 95+10 to lO7+SO 
ST8 107+50 t o  123+M 

STR 14DtW t o  153t20 
5TA I5320 t o  171t50 
STA 171t50 t o  177+30 
STR 177+30 t o  189tm 5.0 60195 
STR 1wm to 201+m 5.0 52853 
STA 2 0 1 + ~  to 2 1 ~ x 1  5.0 42614 
STR 2 l ~ m  to 221+3 5.0 48265 
STR 221+30 t o  231+30 5.0 44473 
STR 231t30 t o  244+40 5.0 65048 
STR 244t40 t o  250+60 5.0 30097 
STR 250tM t o  264+50 5.0 17802 
STR 264+50 t o  274tM 5.0 11407 
STR 274tm t o  286+90 5.0 16304 
STR 286t90 t o  296t60 5.0 11686 
STR %+M t o  310t50 5.0 17802 
STR 310+50 t o  321+70 5.0 13816 
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PERIPEBRAI. AREA C & D PLANNING ADVISORY CONHITTEE 

BUSINESS RESIDENCE 

Mr. Jones Osborn I1 
Chairman 

Meyer, Hendricks, Victor 
Osborn & Maledon 
2700 North 3rd Street 
Phoenix, Arizona 85004 
263-8700 

Mr. Bernie Cain John Hall Associates 
11209 N. Tatum Blvd. #260 
Phoenix, Arizona 85028 
953-4000 

3101 East Yucca St. 
Phoenix, AZ. 85028 

Law Office of Michael Cantor 
111 W. Monroe Suite 12000 
Phoenix, Arizona 85003 
254-4187 

Mr. Michael Cantor 10838 N. 35th St. 
Phoenix, AZ. 85028 
996-9522 

Mr. Joe Cantadino Coventry Homes 
3875 N. 44th St. St. 201 
Phoenix, Arizona 85018 
840-8300 

Mr. Kimball J. Corson Lewis & Roca Lawyers 
First Interstate Bank Plaza 
100 W. Washington St. 
Phoenix, Arizona 85003 
262-5311 

Summit Ranch, Box 1358 
Phoenix, AZ. 85029 

Ms. Peggy DeMarco SunCor Development Partners 
2828 North Central #I212 
Phoenix, Arizona 85004 
224-0046 

Ms. Nicki Hansen State Land Department 
1624 West Adams 
Phoenix, Arizona 85007 
255-3671 

17417 N. 56th Ave. 
Glendale, Az. 85308 
978-2932 
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NAHE 

Ms. Joni Hegel 

MS. Penny Howe 

Mr. Ronald Junck 

&. Lars Lagerman 

MS. Tara Laman 

Mr. Guy Leohnis 

Mr. G. Noel Lesniak 

. David Lewis 

BUSINESS 

Sierra National Corp. 
P.O. Box 15463 
Phoenix, Arizona 85060 
948-0200 

2002 East Osborn 
Phoenix, Arizona 85016 
955-2446 

Evans, Kitchel & Jenckes 
2600 N. Central Ave. 20th P1. 
Phoenix, Arizona 85004 
234-8815 

Realty Executives 
P.O. Box 969 
Carefree, Arizona 85377 
488-9360 

Wahlers Construction Inc. 
P.O. Box 19127 
Phoenix, Arizona 85005 
257-9797 

Motorola 
3013 South 52nd Street 
Tempe, Arizona 85282 
438-3249 

Luke Land 
7801 N. Black Canyon Hyw. 
Phoenix, Arizona 85021 
995-1936 

RESIDENCE 

2902 East Cholla 
Phoenix, AZ. 85028 
992-0713 

5305 N. 6th St. 
Phoenix, AZ. 85012 
265-6897 

7507 N. 22nd St. 
Phoenix, AZ. 85020 
234-8815 

5054 E. Calle De Los 
Arboles 
Phoenix, AZ. 
488-9061 

2402 E. Shangri-La Rd. 
Phoenix, AZ. 85028 
971-1778 

31042 N. Rancho Moreno 
Phoenix, AZ. 
488-2972 
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NAME - 

Mr. John F. Long 

Mr. Joseph McGarry 

Mr. Bruce McKinney 

Mr. Herman Middleton 

Mr. Samuel Morse 
Vice-Chairman 

Mr. Clark Nisbet 

Ms. Mike Pehlman 

Ms. Linda Powers 

BUSINESS 

John F. Long Properties 
5035 West Camelback Road 
Phoenix, Arizona 85032 
272-0421 

RESIDENCE 

Lewis & Roca 4517 N. Rubicon Ave. 
100 West Washington Phoenix, AZ. 85018 
Phoenix, Arizona 85003 840-6666 
262-5311 

Glenelyn corp. 
493-0081 

815 East Grovers 
Phoenix, AZ. 85023 
992-0183 

P.O. BOX 1139M 25438 N. 17th Ave. 
Black Canyon Stage 1 Phoenix, AZ. 85029 
Phoenix, Arizona 85029 582-5109 
582-5109 

Western Landscape Architects 2207 W. Coolbrook Ave. 
3509 E. Shea Blvd. Ste 117 Phoenix, AZ. 85023 
Phoenix, Arizona 85028 992-3400 
953-2845 

sunstrand Aviation Operations 2906 E. Union Hills 
18008 N. Balck Canyon Hyw. Phoenix, AZ. 85024 
Phoenix, Arizona 85023 992-5042 
439-6400 

19042 N. 22nd St. 
Phoenix, AZ. 85024 
992-9794 

7510 N. 1st St. 
Phoenix, AZ. 85020 
997-1887 
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Mr. Robert Smith 

Ms. Jan Triplitt 

Ms. Linda Verges 

Mr. Donald Viehmann 

Mr. Tom Graham 

Mr. Gil Lapainis 

Mr. John Kuhn 

Mr. Frosty Taylor 

Ms. Jerri Robertson 

BUSINESS RESIDENCE 

DFYS Architects 4240 E. Acoma Dr. 
5110 N. 40th St. Ste.107 Phoenix, AZ. 85032 
Phoenix, Arizona 85018 992-3559 
954-9060 

Nail Consultants 4726 E. Beverly Ln. 
621 W. Lone Cactus Drive Phoenix, AZ. 85032 
Phoenix, Arizona 85027 867-1685 
1-582-0258 

Mark V. Financial Com. 3209 E. Pershing 
Group, Ltd Phoenix, AZ. 85032 

1001 North Central 8725 971-0533 
Phoenix, Arizona 85004 
941-0533 

Viehmann, Martin & Associates 
2402 East Arizona Biltmore Circle 
Phoenix, Arizona 85016 
957-0660 

Vanguard Management 
2929 East Camelback Road Ste.250 
Phoenix, Arizona 85016 

Pensus Group 
2201 East Camelback Road Ste. 226-B 
Phoenix, Arizona 85016 

Evans, Kuhn & Associates 
727 East Bethany Home Road 8225 
Phoenix, Arizona 85014 

Paradise Valley Voice 
10440 North 32nd Street Ste. 8104 
Phoenix, Arizona 85028 

Foothills Sentinel 
P.O. Box 1569 
Cave Creek, Arizona 85331 
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BUSINESS 

Mr. George Ri ley  Box 4130, Cave Creek Stage 
Cave Creek, 85331 

Mr. J i m  Bugbee 17239 North 59th Place  
Sco t t sda le ,  Arizona 85254 

M r s .  Jane Rau 8148 East  Dale Lane 
s c o t t s d a l e ,  Arizona 85262 
585-4446 

M s .  C la re  Gramer P.O. 1950 
Phoenix, Arizona 85001 

M r .  P h i l l i p  Ernsberger 730 E a s t  M a r l i t t e  Avenue 
Phoenix, Arizona 85014 

M s .  Jane White 15252 Cave Creek Stage 
Cave Creek, Arizona 85331 

M s .  Karen Bu t l e r  S lavin ,  Kane & Pa t t e r son  
2198 East  Camelback Road Ste .  285 
Phoenix, Arizona 85016 

M r .  Fred Peareon Gruen Associates  
3900 Eas t  Camelback Road Ste .  611 
Phoenix, Arizona 85018 

M s .  Linda Mi l l i can  Cranes Homes 
7430 Eas t  Butherus Ste.  B 
Sco t t sda le ,  Arizona 85260 

M r .  Howard Forman S t a r  Route 2 
Box 470 
Cave Creek, Arizona 85331 

RESIDENCE 
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N A m  - ADDRESS 

Jane Rau 

Herb Chaney 

Bill St.Clair 

Gerald DeHoog 

Roscoe Bowers 

Lillian Moodey 

Dempsey Helms 

Bill Rogers 

Tim Campbell 

Dick Perreart 

Amir Motamedi 

Iris & Jim McCoy 

George & Mary Van Diangelo 

8148 E. Dale Lane 
scottsdale, Arizona 85262 

23742 N. 24th St. 
Phoenix, Arizona 85024 

2701 E. Utopia 
Phoenix, Arizona 85024 

23631 N. 23st 
Phoenix, Arizona 

3901 E. Pinnacle Peak #226 
phoenix, Arizona 85024 

1616 W. Adams 
phoenix, Arizona 85007 

1616 W. Adams 
Phoenix, Arizona 85007 

23029 N. Cave Creek Rd. 
Phoenix, Arizona 85024 

2700 N. Central Avenue #lo00 
Phoenix, Arizona 85004 

Flood Control District 

Flood Control District 

3901 E. Pinnacle Peak 8320 
Phoenix, Arizona 85024 

3901 E. Pinnacle Peak Rd. 8341 
Phoenix, Arizona 85024 
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ATTENDANCE s m  
(Continued) 

NAME 

George Knauff 

Audrey Young 

Pat Waring 

Jean Shaner 

Howard & Lyn Bickerdyke 

Noel Lesniak 

Francisco Badilla 

Paul Kienow 

Roy E. Peckat 

ADDRESS 

3901 E. Pinnacle Peak Rd #391 
Phoenix, Arizona 85024 

3901 E. Pinnacle Peak Rd. #409 
Phoenix, Arizona 85024 

3901 E. Pinnacle Peak Rd. #I32 
Phoenix, Arizona 85024 

3901 E. Pinnacle Peak Rd. #258 
Phoenix, Arizona 85024 

3901 E. Pinnacle Peak Rd. 8264 
Phoenix, Arizona 85024 

31042 N. Rancho Moreno Drive 
Cave Creek, Arizona 85331 
438-3249 

City of Phoenix 

City of Phoenix 

3901 E. Pinnacle Peak Rd. #339 
Phoenix, Arizona 85024 




