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CHAPTER 1 

STUDY AUTHORITY 

1.0 STUDY AUTHORITY 

This report provides an interim response under Public Law 761, Seventy-fifth 
Congress, known as the Flood Control Act of 1938. The name of the study authority is 
the Gila River and Tributaries. The name of the interim response contained in this report 
is the Northeast Phoenix Drainage Area (formerly known as North Scottsdale Drainage 
Area or McDowell Mountains). Congress provided renewed commitment for the 
authority by adopting House Resolution 2425 on May 17, 1994. 



CHAPTER 2 
PURPOSE AND SCOPE 

2.0 General Purpose 

This feasibility study provides an interim response to the study authority cited in Chapter 
I. The Northeast Phoenix Area Drainage, Arizona Feasibility Study and Environmental 
Impact Statement (EIS) are being conducted by the U.S. Army Corps of Engineers, Los 
Angeles District (Corps) and the City of Phoenix. 

This report will describe the existing conditions in the project area and the future without- 
project condition. Conditions that exist at the time of the study are collectively called the 
existing condition. The without-project condition is the same as the "no action" 
alternative and describes what is expected to happen in the absence of Federal action. 

Alternative plans are being developed to provide for improving flood control, 
environmental and water resources, and recreation. This report is intended to be a 
complete decision document that presents the results of both the reconnaissance and 
feasibility phases of the General Investigation effort. This feasibility report is intended to 
accomplish the following tasks: 

Provide a complete presentation of study results and findings, including 
those developed in the reconnaissance phase so that readers can reach 
independent conclusions regarding the reasonableness of 
recommendations; 

Indicate compliance with applicable statutes, executive orders and policies; 

Provide a sound and documented basis for decisions makers at all levels 
to judge the recommended solution(s). 

2.2 Study Scope 

The scope of this study consists of identifying problems and needs associated with 
flooding and related water resource concerns, formulating alternative measures to 
prevent future flood damages and maximize National Economic Development benefits, 
and identifying the opportunity and role for continuing Corps participation in flood control 
and related water resources planning. 



The study area was defined in coordination with the Cities of Scottsdale and 
Phoenix, the Flood Control District of Maricopa County, and the Arizona State Land 
Department. The City of Scottsdale identified the Reata Pass, Beardsiey Wash and the 
upper portion of Rawhide Wash flood zones as specific problem areas to be evaluated 
during the reconnaissance study. The City of Phoenix identified the Rawhide Wash and 
Flood Zones 5 and 6 as areas to be evaluated (Figure 2-1). Prior studies, reports and 
existing information, as identified in Chapter 3, was utilized to the maximum extent 
possible in performing the study and analyses. 

An analysis and evaluation of an array of project alternatives is presented. The 
master drainage plan study will conclude with a recommendation that is consistent with 
the Northeast Phoenix Drainage Area Level I study and which fully comply with the 
objectives stated in Section 2.1 above. 

In the Reconnaissance Phase of the investigation, several regional flood control plans 
were considered which were intended to provide total fan protection to the FEMA A 0  
zones. In turn, the requirements to install extensive flood proofing measures on an 
individual and independent development basis is eliminated. A number of flood 
protection alternatives were developed, in coordination with the local sponsor, and 
evaluated with respect to the effectiveness and acceptability. These alternatives 
included non-structural measures, improvement of existing natural channels, installation 
of concrete lined channels, and detention basins. 

A preliminary flood control plan has been formulated during the reconnaissance phase to 
reduce the highest flood related damages in the study area and to maximize net benefits 
while minimizing adverse environmental and social effects. The reconnaissance flood 
protection plan consists of the following components: 1) improved channels on Reata 
and Beardsley Washes, 2) a concrete channel adjacent to Pima Road, 3) a detention 
basin on Rawhide Wash with minor improvements downstream, and 4) concrete 
channels through Fans 5 and 6.  The proposed reconnaissance flood protection features 
are expected to reduce the 100-year flood zone within the study area, by containing the 
discharges within the project features. 

The Feasibility Phase of the investigation continues the evaluation of the 
proposed structural measures for the Rawhide Wash, and Fans 5 and 6. The Reata 
Pass and Beardsley wash floodplains are not part of this feasibility study area. Particular 
focus will be placed on optimizing the proposed plan and utilizing the existing washes as 
much as possible so as to preserve the native habitats. 

In addition to solving the problems in the A 0  zones, there is strong interest by the 
City of Phoenix in developing a conceptual master drainage plan in the areas outside of 
the A 0  zones. This master plan would ideally include a mitigation plan to be used in 
conjunction with the master drainage plan for 404 permitting purposes. Future 



developments utilizing this master plan would be expected to obtain community 
consensus and permits easier than development that deviates from this plan. In order 
to comply with the Reconnaissance Guidance Memorandum (RGM) for comprehensive 
planning to address flood risk, prior to development occurring, three study levels have 
been developed as the scope for the feasibility study. The definitions of these three 
study levels are presented in the following paragraphs. 

Level I includes flood control studies that are limited to the special high hazard, 
FEMA A 0  zones. These areas are shown on Figure 2-2 and include the Rawhide Wash 
Flood Zone, the Fan 5 and the Fan 6 flood zone. The Level I study areas include both 
the Cities of Phoenix and Scottsdale. Environmental studies would include assessment 
of impacts and mitigation recommendations for the flood control alternatives developed 
in these areas and completion of an EIS. The flood control alternatives to be studied for 
Level 1 are expected to be similar in performance to the flood control plan described in 
the Reconnaissance Report. 

Level ll 

Level II studies involve formulating a flood control master plan alternative and 
environmental mitigation associated with this plan for the areas, which are outside of the 
A 0  zones in the study area. The Level II studies are applicable to areas only within the 
City of Phoenix. The Level II studies are expected to result in the development of an 
overall concept drainage plan for the areas outside of the A 0  zones. The plan will also 
address mitigation for the impacts of the drainage plan to vegetation, wildlife, and wildlife 
habitat. The utilization of this master plan by future development is expected to help 
expedite the acquisition of 404 permits by applicants. 

Level Ill 

Level Ill studies will estimate environmental impacts and formulate mitigation for 
development in the study area that is not related to drainage or flood control. This would 
include grading and paving for residential development, structures, roads, commercial 
development, and industrial or manufacturing facilities. The Level Ill study area is limited 
to the City of Phoenix. It is anticipated that environmental impacts will be estimated for 
various categories of disturbance. Mitigation costs would be developed for each 
category. This will result in a guideline to estimate impacts associated with development 
and provide an estimate of mitigation costs. 



C. Study and Report Process 

The Los Angeles District of the Corps of Engineers completed the first phase of the 
General Investigations study in May of 1997. The results and conclusions of the first 
phase were presented in the North Scottsdale Drainaae Area. Phoenix & Scottsdale, 
Arizona Reconnaissance Report. The reconnaissance report established that there was 
a Federal interest in proceeding to a second, feasibility phase of the General 
Investigation to investigate the opportunities for providing flood protection in Phoenix, 
Arizona. 
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CHAPTER 3 
PRIOR STUDIES, REPORTS AND EXISTING WATER PROJECTS 

3.0 Prior Studies and Reports 

Several prior studies and reports provided valuable reference information and 
were utilized for this reconnaissance study. 

New River and Phoenix City Streams, Design Memorandum I & II, LA District 
Corps of Engineers, 1974 & 1982 respectively 

Reata PassIBeardsley Wash Alignment Study, Alluvial Fan Task Force, 
November 1992, City of Scottsdale, Arizona 

RawhideJPinnacle Peak Wash Alignment Study, Alluvial Fan Task Force, 
November 1992, City of Scottsdale, Arizona 

Rawhide Wash Specific Option, City of Scottsdale Desert Greenbelt Project, 
December 1994, The Greiner Team 

ReataIBeardsley Washes Specific Option, City of Scottsdale Desert Greenbelt 
Project, January 1995, The Greiner Team 

Preliminary Design Phase I Study Report, The Desert Greenbelt, June 1994, City 
of Scottsdale 

Flood Characteristics of FEMA Site 6A of the Scottsdale Flood Insurance Study, 
Flood Control District of Maricopa County, June 1994, Hjalmar W. Hjalmarson, 
P.E. 

Final Report, Volumes I, II, and Ill, Desert Greenbelt Project, City of Scottsdale, 
June 1995, The Greiner Team 

Paradise Ridge Master Drainage Plan Report; Landmark Land Company of 
Arizona, April 1994 

Desert Ridge Drainage Masterplan; Northeast Phoenix Partners; October, 1995. 

City of Scottsdale Desert Greenbelt Project Reata PassIBeardsley Wash CLOMR; 
May 1995 

Pima Freeway Drainage System Cost Reevaluation; BRW, Inc.; July 1994 



Pima Freeway Loop 101 Cave Creek Road to Scottsdale Road Final Drainage 
Report; Stanley Consultants, Inc.; December 1998 

3.1 Existing Flood Control and Water Projects 

3.1 .I lndian Bend Wash 

lndian Bend Wash (IBW) is a Corps project planned in the 1960's and completed 
construction in 1984. The project is south of the study area. Rawhide, Pinnacle Peak, 
Beardsley, and Reata Pass washes were part of the upper lndian Bend Wash watershed 
prior to construction of the Central Arizona Project Granite Reef Aqueduct which severed 
these washes flowing into IBW. IBW is a greenbelt flood control project that has won 
national awards and recognition. IBW is the model for which the Scottsdale has planned 
for flood control in the study area except with more desert landscaping instead of green 
grass and ball fields found in IBW. 

3.1.2 Central Arizona Project & Dikes 

As mentioned above the Central Arizona Project Granite Reef Aqueduct is the 
southern boundary of the study area. CAP brings Arizona's share of Colorado River 
water to central Arizona. This section of the CAP was completed in 1983. Dikes on the 
north side of the CAP protect the aqueduct from damage caused by the washes. They 
are the terminus for Rawhide, Pinnacle Peak, Reata Pass, and Beardsley Washes. The 
basins accommodate recreation in the form of golf courses and equestrian arenas. 

3.1.3 Cave Buttes Dam 

Cave Buttes Dam is part of the New River and Phoenix Vicinity Streams and is 
another Corps project. The Project was planned in 1960's and completed construction 
in 1993. Fans 5 and 6 of the northwest portion of the study area drain into Cave Buttes 
Dam as part of Cave Creek Reach of the Project. 

Figure 2-1 shows the relationship between these existing structures (except 
lndian Bend Wash) and the study area. 

3.2 MASTER PLANNING 

The study area encompasses the Cities of Phoenix & Scottsdale and a portion of 
Maricopa County. Arizona State Land Department (ASLD) is a major landowner in the 
study area. Each agency has master planning responsibilities within their jurisdictions or 
missions. ASLD master plans parcels when they have determined to sell the land. 
Maricopa County has a coordinating role in infrastructure master planning between the 
cities and the county islands. The City of Scottsdale's drainage master plan, Desert 
Greenbelt, has been adopted by the city. The Desert Greenbelt design covers 
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8 Reata/Beardsley, Pinnacle Peak and Rawhide Washes. Scottsdale's Desert Greenbelt 

I 
plan for Reata and Beardsley Washes and Pinnacle Peak fan (Pima Road Channel) is 
designed and undergoing 404 regulatory review. Rawhide Wash plan is being re- 
formulated to address regional issues. The current approved plan captures flood flows 

I 
at the apex with a channel. The channel stops at the Scottsdale/Phoenix border at 
Scottsdale Road. 



CHAPTER 4 
PROBLEMS AND OPPORTUNITIES 

4.0 General 

Problems and opportunities were identified, defined, and assessed through 
coordination with local and regional agencies, the public involvement process, site 
assessments, interpretation of prior studies and reports, and review of existing water 
projects. An initial screening of problems and opportunities included flooding and flood 
control, environmental habitat preservation, and recreation. Specific problems and 
opportunities were based on an assessment of the existing and expected future without 
project conditions, as described in the following sections. 

4.1 Existing Conditions 

4.1.1 Study Area 

The study area is located in the north Scottsdale and Northeast Phoenix portions 
of the Phoenix Metropolitan area, Maricopa County, Arizona. The area is bordered by 
the Central Arizona Project (CAP) Granite Reef Aqueduct to the south, McDowell 
Mountain to the east, Desert Mountain to the north, and Cave Creek drainage (Cave 
Creek Road) to the west. The area is typical of Sonoran Desert with numerous shallow 
washes that trend northeast to southwest. The lower portions of the drainage area is 
made up of six alluvial fan areas, Reata Pass, Beardsley, Pinnacle Peak, Rawhide, Fan 
5,  and Fan 6. These fans have been depicted on figure 2-2. As explained in Study 
Scope, Reata Pass and Beardsley Fans are not part of this study. 

Describing alluvial fans from East to West are Pinnacle Peak and Rawhide 
Washes. Pinnacle Peak wash alluvial fan apex is located just south of Jomax Road 
alignment and 104th Street. The wash moves in a southwesterly direction. The Flood 
zone is truncated at Happy Valley Road because the depth is below one foot. The sheet 
flow, though, continues and presents a flooding problem at Pima Road. Rawhide Wash 
starts just north of Dynamite Road and 96th Street alignment moving in a southwesterly 
direction crossing into the city of Phoenix and terminating in BORnPC basin. 



Fans 5 and 6 are located at the northlnorthwest part of the study area. Fans 5 
and 6 are formed by washes which originate north of the Rawhide Wash and drain in a 
southwesterly direction. Fan 5 encompasses approximately 1,254 acres within the 
boundaries of the City of Scottsdale. Fan 6 consists of approximately 2,906 acres, of 
which 986 acres are located in Scottsdale, and 1,920 acres are located in Phoenix. 

As several washes converge, the Fan 5 overflow boundary widens considerably 
southwest of Dixileta Drive and Scottsdale Road. The Fan 5 drainage area continues to - 
widen as it extends southwesterly nearly to 56th street. 

The upstream end of Fan 6 (which is located directly above Fan 5) originates near 
the intersection of Dove Valley and Pima Roads in the City of Scottsdale. However, the 
drainage fan does not begin to widen substantially until it reaches 64th Street. Fan 6 
continues to spread in a southwesterly direction into the City of Phoenix south of Dixileta 
Drive. The downstream limit of the fan extends to Cave Creek Road. 

4.1.2 Alluvial FansIFloodplains 

Streamflow from intense rainstorms emanates from the confined upstream 
channels of Northeast Phoenix & North Scottsdale washes and proceeds downstream 
onto the relatively flat valley area below. Canyon outlets form the apex of each fan, 
which represents the highest point of elevation on the fan. As described in FEMA's 
"Alluvial Fans: Hazards and Management" publication (February 1989, page 2), flow 
leaving the apex of a fan spreads onto the upper-fan area, where it may either follow a 
pre-existing path cut from past flood events or cut a new path down slope. As the 
topography flattens, the channels widen and become shallower, losing velocity and 
depositing sediment and debris. Toward the base of the fan, water velocities are 
reduced as the fan surface becomes more uniform, its slope flattens and water infiltrates 
the soil surface. In these areas, sheet flow flooding is common. 

Alluvial fans represent severe flood hazard areas due to the unpredictable 
location and high velocity of their flowpaths during flooding, which usually occurs with 
little or no advance warning time. According to FEMA (page 3), "An often-overlooked 
'hazard' is the tendency to underestimate both the potential and severity of alluvial fan 
flood events. The infrequent rainfall, gently-sloping terrain, and often long time spans 
between successive flood contribute to a sense of complacency regarding the existence 
of possible flood hazards. Though the intense rainstorms which produce fan floods 
occur randomly, they nevertheless can develop very rapidly at any time, and can recur 
with any frequency." 

Detailed hydrologic and hydraulic analysis performed for this Feasibility Study 
indicates that the boundaries of the alluvial fans, primarily for Fans 5 & 6, are 
substantially larger than those defined by FEMA and displayed in Figure 4-1. Figure 4-2 
shows the fan boundaries which will be used to calculate potential inundation damages 
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in the study area. Note that for Fan 5, while the FEMA floodplain extends only to about 
56th Street, the Corps-defined floodplain extends southwesterly all the way to the CAP 
Canal. For Fan 6, FEMA shows floodplain boundaries for several channel branches 
north of Dixilita Drive ending between 64th Street and 56th Street. However, the Corps 
analysis revealed that these channels essentially combine to form one large alluvial fan 
which extends the FEMA northern boundary for Fan 6 farther north to beyond Lone 
Mountain Drive from Scottsdale Road through 40th Street. 

4.1.3 Geology and Soils 

The mountain area is characterized by rugged terrain and steep gradients, the 
lower part of the area is regular alluvial slopes. Elevations range from about 4,034 feet 
above sea level at McDowell Peak to 1520 feet at the CAP aqueduct. The basement 
complex in the mountainous area consists of Precambrian schist and metaigneous rocks 
that have been intruded by igneous rocks, e.g., granite, andesite, etc. The younger 
bedrock exposed in the nearby mountains consists of Tertiary sandstone, siltstone, and 
congrlomerates. The depth of alluvium in the valley ranges from about 500 to about 
1500 feet. This alluvium consists of silts, sand, gravel, and cobbles in various stages of 
cementation. 

4.1.4 Vegetation and Wildlife 

Sonoran desert scrub and Sonoran riparian woodland are the primary vegetation 
types within the study area. Vegetation densities vary within the study area, with the 
greatest densities occurring along the washes and at higher elevations. The washes 
support numerous large trees (including palo verde (Cercidium sp. and Parkinsonia 
aculeata), ironwood (Olneva tesota), and mesquite (Proso~is sp)) and thick 
underbrush. Wash bottoms generally consist of decomposed granite and are typically 
devoid of smaller vegetation due to hydrologic processes. Saguaros (Cereus 
giaanteus) are common in the interwash areas, especially at higher elevations, as are 
several other cactus species and ocotillo (Fouauieria SDlendens). 

A large number of wildlife species are characteristic of Sonoran Desert 
communities, with the potential for more species to occur along well vegetated 
drainages. Birds reported in the study area include Gambel's quail (Ca l l i ~e~ la  
aambelii), roadrunner (Geococcvx californianus), mourning dove (Zenaida macroura), 
Gila woodpecker (Melanerpes uro~vaialis), northern flicker (Cola~tes auratus), black- 
throated sparrow (Amphisoiza bilineata) and cactus wren (Cam~vlorhvnchus 
brunneicapillus). Raptors reported included Harris hawk (Parabuteo unicinctus), red- 
tailed hawk (m jamaicensis). Mule deer (Odocoileus hemionus) utilize the washes, 
particularly in the eastern and northeastern portions of the study area. Densities of mule 
deer are fairly low, estimated at two to three animals per square mile. Javelina 



(Tavassu taiacu) are abundant in the area and use washes for shelter during the day. 
Small mammals which occur in the project area include coyote (Canis latrans), desert 
cottontail (Svlvilaaus audubonii) and several species of ground squirrels 
(Swermowhilus sp.) and pocket mice (Peroanathu~ sp.). It is likely that many reptiles 
live in the area including tree lizard (Urosaurus ornatus), whiptail lizard 
(Cnemidowhorus sp.), regal horned lizard (Phrvnosoma sp.), gopher snake (Pituowhis 
melanoleuscus), coachwhip (Masticowhis flaaellum) and western diamondback 
rattlesnake (Crotalus W x ) .  

Special status species include the following: plants protected by the Arizona 
Native Plant Law; wildlife listed as threatened, endangered or candidates by the Arizona 
Game and Fish Dewartment: and wlants or wildlife listed bv the U.S. Fish and Wildlife 
Service. The cactus f e r r ~ ~ i n o u ~ - ~ y ~ m y  owl (~ laucid iuk brasilianuml is the only 
Federally-listed endangered species potentially occurring in the study area and it is also 
listed as~a  candidate species by the state of ~r izona. ~l ihough, the pygmy owl has not 
been sighted in Maricopa County since 1978. 

Other special status species in the study area include the following candidate 
Category 2 species: mastiff bat (Eumoas aerotis), California leaf-nosed bat (Macrotus 
californicus), Yavapai Arizona pocket mouse (Peroanathus amwlus amwlus), 
loggerhead shrike (u ludovicianus), chuckwalla (Sauromalus obesus obesus) 
and the Sonoran population of the desert tortoise (Gowherus aaassizii). The Mojave 
population of the desert tortoise, located in California, northwestern Arizona, 
southwestern Utah, and southern Nevada, is Federally listed as Threatened. 

4.1.5 Land Use and Population 

The City of Phoenix, along with the cities of Scottsdale, Tempe, Glendale, Mesa and 
Chandler, comprise the Phoenix metropolitan area. According to the U.S. Census, the 
Phoenix metropolitan area's 1998 population exceeded 2.93 million. Roughly 95% of the 
Phoenix MSA population resides within Maricopa County. By the year 2025, the Phoenix 
metropolitan area's population is projected to reach over 5.2 million. 

Combined, the cities of Phoenix and Scottsdale comprise about 50% of the total 
Phoenix MSA population. Based upon US Census data, the combined population of the 
cities totaled about 1.39 million in 1998. This represents an increase of over 271,000 (or 
24.2%) since 1990. Growth in Scottsdale has significantly outpaced growth in Phoenix. 
Over the same time span, Phoenix's population grew only 21%, relative to 50% for 
Scottsdale. The corresponding average compound growth rates were 2.4% and 5.2%, 
respectively. 

The Maricopa County Association of Governments (MAG) maintains historical 
population data and projects future population growth in subareas of the County referred 
to as Regional Analysis Zones (RAZ), which are further segregated into even smaller 



Traffic Analysis Zones (TAZ). Seven RAZs comprise the area bounded on the west by 
24th Street, on the east by 136th Street, on the north by Carefree Highway, and on the 
south by Bell Road. This area approximately coincides with the study area as defined in 
Section 2.1. MAG data indicate that the current population of the study area is 
approximately 81,000. This figure represents about 5.8% of the total population for the 
Cities of Phoenix and Scottsdale. MAG projects population within this area to grow to 
over 267,000 by the year 2020, which represents an annual compound growth rate of 
nearly 6.2 percent. Hence, the study area is projected to grow substantially faster than 
the cities of Phoenix and Scottsdale as a whole. 

The current estimated population within the FEMA-defined alluvial fan floodplains 
(also estimated based upon MAG data) totals about 6,800 homes. MAG projections 
indicate that the population within this area will grow to over 41,000 homes by the year 
2020. This substantial growth will require floodproofing efforts by developers to comply 
with FEMA's development criteria for alluvial fans. This will be discussed in detail later 
in the report. 

4.2 Expected Future Conditions 

4.2.1 Land Use and Population 

The development opportunities within the Phoenix metropolitan are becoming 
restricted. Developable areas are restricted by the National Forest on the East and 
North, and Native American Lands on the South and Southeast. As development 
expands to accommodate population growth, developers are developing alluvial fan 
areas in the study area. 

The Northeast Phoenix Metro area is very desirable for the views and the high 
desert environment. This high desert environment enables Saguaro Cactus and other 
region trademark vegetation and wildlife to prosper. The proximety to recreational 
opportunities provided by open space such as McDowell Mountian and Roosevelt Lake 
contribute to the desirablity of the area. Overall, it is apparent that the study area, being 
located in Maricopa County, is affected by the relatively rapid growth in population. 

4.2.2 Vegetation and Wildlife 

As development occurs vegetation and wildlife will be restricted to pockets and 
corridors were development has not occurred. 

4.2.3 Geology and Soils 



Generally the geology and soils will remain the same. Changes will occur do to 
development but the underlying geology will not be affected. Soils will change only in 
the fact that urbanization will occur covering existing soils. 

4.2.4 Alluvial Fans/Floodplains 

Many of the smaller washes that braid the fan will be built over by development. 
Most of the land available for development is already owned by developers or by the 
State Land Department. State Land will be sold at public auction to master developers 
in parcel sizes of 300 acres such as Deseret Ridge and Paradise Ridge. Other 
development will take place in large parcels, also, rangeing from 160, 320, and 640 acre 
planned communities. These developments will be flood proofed to FEMA standards 
(see section 4.3.3) to be removed from the flood zone. The flood proofing will go in 
piecemeal. Future runoff will intuitively increase which may increase flooding. 

4.2.5 Study Area 

In general, the study area will change drastically from it's current conditions with 
the rapid development. 

4.3 Specific Problems and Opportunities 

The major problems specific to the study area are emergency costs, inundation 
damages, flood insurance, alluvial fan flooding and the FEMA requirements for flood 
proofing. 

4.3.1 Emergency Clean 

Emergency clean up cost and other related emergency cost are a problem due to 
flooding. The opportunity is to reduce those cost. 

4.3.2 Flood Insurance 

Flood insurance is required of homeowners in the floodplain. There is an 
opportunity to reduce the number of homeowners in the floodplain. 

4.3.3 Inundation Damaaes 
There are existing horn& in the study area that are damaged by flooding. There 

is an opportunity to reduce the amount of damage to existing property. 

4.3.4 Cost of Floodproofing 

Floodproofing is required in the FEMA " A 0  zones which is costly. An opportunity 
exist to reduce the FEMA "AO" zone, reducing the cost of Floodproofing. 

4-b 
-3f 



4.4 Economic Damages Without Project 

4.4.1 Emergency Cleanup 

There is very little data available regarding historical flood damages in the study area, 
since the alluvial fan has only recently begun to experience significant development 
activity and still remains primarily undeveloped. According to The City of Scottsdale's 
TransportationlDrainage Planner, the area experienced flooding in 1992 and 1993, 
during which several cars were washed down a wash. Neither the Maricopa County 
Flood Control District nor the Cities had estimates regarding the frequency of these 
events or additional information regarding flood damages: 

Scottsdale's Municipal Services Department estimate0 contract repairs and 
maintenance exwenditures for 1993 ano 1994 at $121,231. These figures included 
repairing dip seitions and other road repairs. Clean up costs for theentire city of 
Scottsdale, including barricades and sand bags, totaled $27,000 in 1993 and $32,275 in 
1994. Information regarding the proportion of these costs attributable to the North 
Scottsdale study area was not available. Further, these amounts do not include 
expenditures made by private developments for repairs, maintenance and clean-up. 

Due to the lack of necessary historical data for the study area, expected annual 
emergency and clean-up costs have been estimated based upon research and analysis 
conducted for prior Corps flood-control studies involving alluvial fans. Prior Corps 
studies indicate that combined emergency and clean-up costs represent between three 
and nine percent of equivalent annual inundation damages. For purposes of this 
analysis, combined annual emergency and clean-up costs for the study area will be 
estimated at 5 percent of equivalent annual inundation damages. Table 4-1 below 
details expected annual emergency and clean-up costs by fan. 

Table 4-1 
Expected Annual EmergencyICleanup 

Damages 
(In $1,000'~) 

Rawhide (Fan) 

Expected Annual EmergICleanu 
Inundation p Damaaes 
Damaaes (5%) 

$573 $29 



Fan 5 (Fan) $143 $7 

Fan 5 $349 $17 
(Riverine) 

Fan 6 (Fan) $210 $1 1 

Fan 6 $56 $3 
(Riverine) 

Total $1,331 $67 

4.4.2 Flood Insurance 

. Those people either constructing a new home or purchasing an existing home in an 
alluvial fan floodplain (A0 Zones) via a federally-insured loan are required to purchase 
FEMA flood insurance. In addition, some banks mandate the purchase of flood 
insurance even if the mortgage is not insured by a federal agency. The amount of the 
premiums paid by policyholders Is comprised of two components: 1) funding for NFlP 
administrative and overhead costs, including policywriting, floodplain management, 
salaries, etc.; and 2) funding for payouts after flood events. The amounts paid by 
policyholders for administrative and overhead costs represents an National Economic 
~evelopment (NED) loss, since this money would not have to be expended if the 
pro~erties were not located in a flooddain. Overhead and administrative costs represent . . 
about $XXX per policy. 

Flood insurance policy data was obtained from FEMA by zip code to estimate the 
number of properties in the study area covered by flood insurance. This data indicates 
that there are about XXX properties covered by flood insurance in the study area. 
Approximately $XXXXX in premiums are collected annually on these policies, which 
provide roughly $XXXX million in coverage. This indicates that the average premium 
and amount of coverage per policy are $XXX and $XXXXXX, respectively. About 
$XXXXX of the premiums paid by policyholders represents overhead and administrative 
costs, which represents an NED loss. 

4.4.3 Inundation Reduction 

Inundation damages to existing structures have been calculated for five 
frequencies of events for without-project conditions. The following methodology was 
employed: 

1) Estimated first-floor elevations were noted during floodplain surveys. 

2) Average flood depths for discharges associated with the 10,25,50, 100 



and 500-year floods were provided by Engineering Division. Note that for 
all structures subject to alluvial fan flooding, these flood depths only apply 
to a narrow "strip" which could be located anywhere within the overflow 
boundary during an actual flood event. There are also some structures 
near the upstream limit of the study area which are subject to riverine-type 
flooding. Damages to these structures were calculated separately using 
traditional methods. 

3) Inundation depths for each structure were determined by subtracting the 
first floor elevation from the appropriate average flood depth. These 
inundation depths are based upon the assumption that the structure will be 
located within the path of flooding during a flood event. 

4) Structure and content damages were estimated as a percentage of 
structure and content values. The percentages, provided by the Federal 
Emergency Management Agency, vary according to structure type and 
inundation depth. 

5) The probability that a particular structure would be located within the 
flowpath (and therefore sustain damages) during a given flood event was 
estimated by dividing the width of flooding for the event by the width of the 
entire floodplain at the location (cross section) of the structure. 

6) Structure and content damage estimates were discounted by applying the 
probabilities discussed in 5) above. 

The non-damaging event has been estimated to be between the two and five-year event 
for most of the study area except for several of the existing developments which have 
substantial flood control infrastructure in place, including the Princess Resort and Los 
Portones. Table 4-2 details structure and content damages by event for each fan under 
without-project conditions. 

Table 4-2 
Study Area Alluvial Fans 

Structures & Content Damages By Event (Existing Conditions) 
(in $1,000~) 

RAWHIDE 10YR 25 YR 50YR 100YR 500YR 

STRUC CONT STRUC CONT STRUC CONT STRUC CONT STRUC CONT 



MH $146 

Commercial $57 $61 $139 $151 $240 $264 $348 $414 $451 $576 

Industrial $3 $4 $7 $9 $11 $15 $16 $22 $21 $30 

Public $ 1 $ 8 & 2 . w  $ s l $ 1 0 3  $a 

Total $1,010 $649 $2,487 $1.597 $4,147 $2.669 $5.766 $3.736 $7,445 $5,072 

FANS 5&6 10YR 25 YR 50YR 100YR 500YR 

STRUC CONT STRUC CONT STRUC CONT STRUC CONT STRUC CONT 

SFR $700 $470 $1,547 $1,039 $2,244 $1,508 $2.609 $1,741 $3,413 $2,195 

MFR $2 $1 $4 $3 $6 $4 $6 $4 $8 $5 

MH $3 $2 $6 $3 $8 $3 .$I0 $4 $1 5 $6 

Commercial $3 $3 $6 $6 $10 $9 $11 $10 $14 $1 5 

Industrial $2 $2 $4 $5 $6 $7 $7 $7 $9 $10 
Public @ $ 9 a a @  $5! a  its2 @ a  

Total $710 $478 $1,567 $1,056 $2,274 $1,531 $2,643 $1,766 $3,459 $2,231 

TOTAL 1OYR 25 YR 50YR 100YR 500YR 

STRUC CONT STRUC CONT STRUC CONT STRUC CONT STRUC CONT 

SFR $1,441 $936 $3,373 $2,186 $5,270 $3,409 $6,762 $4,337 $8,783 $5,712 

MFR $157 $98 $386 $242 $649 $407 $918 $573 $1,180 $775 

MH $54 $22 $131 $52 $204 $81 $266 $117 $343 $154 

Commercial $60 $64 $145 $157 $250 $273 $359 $424 $465 $591 
Industrial $5 $6 $11 $14 $17 $22 $23 $29 $30 $40 

Public $ 1 & 3 $ 8 m $ 1 0 3 m  

Total $1,720 $1,127 $4,054 $2,653 $6,421 $4,200 $8,409 $5.502 $10,904 $7,303 

Table 4-3 which follows summarizes damages by event for those structures within the 
riverine floodplain areas. 

Table 4-3 
Riverine Flooding 

Structures & Content Damages By Event (Existing Conditions) 
(in $1,000~) 

lOYR 25 YR 50YR lOOYR 500YR r::e Fan 5 
STRUC CONT STRUC CONT STRUC CONT STRUC CONT STRUC CONT 



otal Riverine $817 $618 $1,812 $1,371 $2,634 $1,989 $2,117 $1,616 $2,848 $2,152 

As the study area surrounding the floodplain develops over time, resulting in increased 
discharges and depths and widths of flooding within the floodplain, inundation damages 
to existing development are projected to escalate. Most of the study area is expected to 
be built out by the year 2025. Thus, damages by event for existing development are 
expected to peak by about that year. 

The Hydrology & Hydraulics Section will be providing estimated future discharges 
associated with build-out development conditions. These discharges will be utilized to 
calculate future expected annual damages and equivalent annual damages once they 
are available. 

ANNUAL DAMAGE CALCULATIONS 

The damages expected to result from each of the various sized floods used in the 
analysis were weighted by the probability of occurrence of each flood. Annual damages 
were then calculated by using standard damage-frequency integration techniques, and 
applying the capital recovery factor (partial payment series) for a 6 518 percent discount 
rate. The expected annual flood damage (EAD) Computation program developed by the 
Hydrologic Engineering Center in Davis, California was used for these computations. 

As described in the previous section, discharges for both existing (1999) and future 
(2025) conditions will be input into the EAD program. The program utilizes the future 
discharges to project increases in damages by event over the period of analysis. 
Equivalent annual damages represent a uniform distribution of annual values and are 
computed by discounting and amortizing each year's expected annual damage value 
over the period of analysis. The discounting and amortization takes into account the 
time value of money associated with damage values. 

Expected annual damages for existing (1 999) conditions by reach and structure type are 
shown on Table 4-4. Future conditions and equivalent annual damages will be 
completed once frequencyldischarge data for future conditions are available. 



Table 4-4 
Northeast Phoenix Study Area 

Equivalent Annual Structure & Content Damages by Structure Type 
(In $1,000'~) 

Bv Structure Cateaory EAD (Existinu Conds) 2025 EAD Eauivalent Annual 
Damaaes 

SFR 
MFR 
MH 
Commercial 
Industrial 
Public 
TOTAL 
Bv Reachmv~e of Floodinq 
Rawhide (Alluvial) 
Fan 5 (Alluvial) 
Fan 6 (Alluvial) 
Fan 5 (Riverine) 
Fan 6 (Riverine) 

$1,164 TO BE TO BE 

$88 COMPLETED COMPLETED 
$25 BEFORE F4 BEFORE F4 
$44 
$7 
$3 

$1,331 

As shown above, total expected annual damages equate to $1,331,000. Damages to 
existing residential development (SFR, MFR and MH) account for 96% of total damages. 
Alluvial fan damages represent about 70% of expected annual damages, while riverine 
damages represent about 30%. Damages (riverine and fan) for Rawhide, Fan 5 and 
Fan 6 represent 43%, 37%, and 20% of total expected annual damages, respectively. It 
is important to note that equivalent annual damages will be higher than these figures, 
since increased development in the study area will result in increases in future 
discharges. The scale of this impact is uncertain. 

4.4.4 Alluvial Fans 

Alluvial fans are triangular or fan shaped, gently sloping landforms which often 
provide attractive development sites due to their commanding views. Alluvial fans are 
located primarily in western states, where infrequent but intense storms typical of arid 
climates combined with abrupt changes in topography create the necessary conditions 
for fan formulation. 



FEMA has established minimum requirements which developers within special 
flood hazard areas must comply with in order to meet NFlP regulations and to be eligible 
for flood insurance coverage. These requirements are addressed in Chapter 44 of the 
Code of Federal Regulations, Part 60.3 and include: 

1) The first floor must be elevated above the highest adjacent grade to 
at least as high as the depth number specified on the flood insurance map 
(FIRM), which is equal to the depth of flooding in the 100-year event; 

2) Adequate drainage paths around structures on slopes must be 
provided, with floodwater guided around and away from proposed 
structures; and 

3) Floodflow cannot be deflected onto adjacent properties. 

Compliance with these minimum requirements enables developers to build within 
the 100-year floodplain. However, the structures (once they are built) are still 
considered to be susceptible to damage during the 100-year flood event. For example, 
a structure with a the first-floor level at or above the 100-year flood depth could still be 
damaged during a 100-year event, since its foundation could be exposed to floodwater. 
Communities participating in the NFlP must assure developments within their 
communities comply with the minimum FEMA requirements to remain eligible for 
participation in the program. 

A developer can submit an application to FEMA requesting a letter of map 
amendment or letter of map revision to be removed from the 100-year floodplain. 
Section 65.13 of FEMA's "National Flood Insurance Program and Related Regulations" 
(revised October 1, 1993) identifies the procedures which must be followed and the 
types of information FEMA requires to recognize on a NFlP floodplain map that a 
structural flood control measure provides protection from the base flood in an area 
subject to alluvial fan flooding. Section 65.13 specifically states: "In general, elevations 
of a parcel of land or a structure by fill or other means, will not serve as a basis for 
removing areas subject to alluvial fan flooding from an area of special flood hazards. 
FEMA will credit on NFlP maps only major structural flood control measures whose 
design and construction are supported by sound engineering analyses which 
demonstrate that the measures will effectively eliminate alluvial fan flood hazards from 
the area protected by such measures." FEMA's review criteria require that the 
construction include elements which: 

1) Do not cause the disturbance of natural flood processes on the fan; 

2) Allow for the safe collection passage, and disposal of flood-related 
water, sediment and debris without negative impact on adjacent property; 

3) Address erosion, sour, deposition, impact and hydrostatic forces; 



and 

4) Provide that the design and maintenance of the project elements be 
coordinated with the local jurisdiction andlor agency responsible for flood 
control within the community. 

By meeting the above requirements, a development may be removed from the 
floodplain, thereby eliminating flood insurance requirements for structures within the 
development. 

Although meeting FEMA's requirements for removal from an alluvial fan floodplain 
can be difficuit and cosiy, FEMA has stated that there have been developments which 
have been successful in doina so. One such develoument includes Del Web Sun Citv. , , 
which is located in the ~ h o u s i n d  Palms, California area. He stated that successful 
floodproofing measures have often included combinations of wallslbermsllevees and 
channelization which diverts the flows away from structures within the development. He 
stressed that developers can submit preliminary designs for review to FEMA. After 
reviewing the designs, FEMA will then either provide approval or will state what 
modifications would be necessary in order to meet compliance with Section 65.13. 

Based upon conversations with representatives of and information furnished by 
FEMA and the City of Scottsdale, the following analyses will assume that under the 
without-project condition, future developers within the study area would attempt to 
conform with Section 65.13 of FEMA's regulations. It follows from this assumption that 
future development under the without project condition would: 1) be protected from 
flooding up to the 100-year event; and 2) would not be subject to NFlP requirements for 
flood insurance. 

The Risk & Uncertainty Development Model was designed to simulate 
development through buildout for each fan in an iterative process. In each iteration, 
once buildout is reached, the net present value of future floodproofing expenditures is 
calculated separately by fan (using a discount rate of 6.625%). These NPVs are then 
annualized over the 50-year period of analysis. The Model iterations continue until a 
0.5% convergence threshold is reached. As more and more iterations are executed 
during a simulation, the output distributions generated become more "stable". 
Distributions become stable because the statistics which describe them change less and 
less as additional iterations are performed. The number of iterations required to 
generate stable output distributions varies depending on the model being simulated and 
the distribution functions in the model. By monitoring convergence one can insure that a 
sufficient, but not excessive, number of iterations is run. The convergence threshold 
controls the maximum amount of change allowed for a converged distribution. When the 
statistics calculated change less than 0.5% for two consecutive calculations, the statistic 
is marked by the @Risk program as converged. Approximatley 2,000 iterations were 
required to reach the threshold for mean expected annual floodproofing expenditures. 



Table 4-5 shows the results of the Risk & Uncertaint Development Model. The 
mean, standard deviation, and 95% confidence interval values are shown for expected 
annual floodproofing expenditures over the period of analysis (2006-2055). 

Table 4-5 
FEMA A 0  Zones 

Expected Annual Floodproofing Expenditures 
(Oct. 99 Price Levels) 

Mean Standard Deviation - 5% 95% 

Rawhide 
Residential $1,898,000 $178,000 , $1,613,000 $2,198,000 
Non-Residential $1.481.000 $202.000 $1.163.000 $1,840.000 
Total $3,379,000 $380,000 $2,776,000 $4,038,000 

Fans 5&6 $967.000 $1 07.000 $799.000 $1.144.000 
Grand Total $4,346,000 $487,000 $3,575,000 $5,182,000 

As shown on Table 4-5, expected annual floodproofing expenditures equal about $3.38 
million for the Rawhide Wash A 0  Zone and nearly $1 million for Fans 5&6. 

4.4.5 WITHOUT PROJECT SUMMARY 

The following table summarizes annualized without project damages in the study 
area. 

- - -- 

Table 4-6 
Summary of Without Project Annual Damages 

(In $1,000'~) 

Inundation Reduction* $1,331 

Future Floodproofing $4,346 
Expendtiures 

Emergency/Cleanup Costs $67 

Flood Insurance Admin Costs** - NC 

Total $5.744 
* EAD based upon Existing Conditions. Equivalent Annual Damage analysis still be to completed. 
** Still to be completed. 

4.5 BENEFITSNVITH PROJECT CONDITIONS 

4.5.0 NED BENEFIT CATEGORIES 



All of the alternatives which were analyzed meet FEMAcriteria for protection from the 
100-year flood. With this in mind, the calculation of NED benefits from flood control is the 
same for all alternatives. NED benefits include: 

1) lnundation reduction benefits; 
2) Savings in future floodproofing expenditures; 
3) Reductions in emergency and clean up costs; and 
4) Savings in flood insurance administrative costs. 

4.5.1 Inundation Reduction Benefits 

Inundation reduction benefits are equal to the difference between the damages 
without project and the residual damages with project (for.flood frequencies greater than 
the 100 year event). With-project equivalent annual damages and damages reduced 
are detailed on the tables below. 

4.5.2 Savings in Future Floodproofing Expenditures 

By far the largest NED benefit resulting from project construction is savings in 
future floodproofing expenditures. The NED benefit which accrues to a federally 
sponsored alluvial fan flood control project in the Northeast Phoenix study area is in the 
nature of an efficiency of scale. As it is projected, the study area alluvial fans over time 
are going to develop without the intervention of the federal government. This 
development will be piecemeal with various small scale methods to meet FEMA's 
floodproofing requirements. As such, for the nation the potential exists that a single 
unified measure to control alluvial fan flooding may be less costly in terms of the 
diversion of national resources than the projected piecemeal approach, e.g., if 100 
develoDers were to individuallv eXDend $1 0 million to control floodina, but a 
comprehensive system to proiect all of these developers existed an ihad a cost of $9 
million, the construction of the comprehensive system would be in the nation's interest 
as it represents a savings (resources not diverted) of $1 million. 

In this analysis, the NED benefit for federal flood control is measured by the 
difference between the federal cost to build a comprehensive flood control system and 
the equivalent present day value of the future piecemeal system which would be 
developed without federal intervention. The present day measure of the future 
piecemeal system is the net present value (NPV) of the estimated future expenditures. 
Amortization of the NPV over 50 years at 6 518% converts the NPV figure to an annual 
figure comparable to that of expected annual inundation damage for ease in 
comparisons of benefits and costs. The amortized value of the piecemeal system for all 
fans has been calculated at $4.346 million. Thus, the NED benefit is equal to the 
difference between this cost and the annualized federal costs for a comprehensive flood 
control system. 



4.5.3 Savings in EmergencyIClean Up Costs 

Emergency and cleanup costs will be reduced under with project conditions, as 
the proposed alternatives will provide flood protection up to the 100-year event. With- 
project equivalent annual damages and damages reduced are detailed on the table 
below. 

Table 4-7 
Northeast Phoenix Study Area 
Emergency & Clean Up Costs 

Equivalent Annual Damages & Damages Reduced by Reach 
(In $1,000'~) 

With Proiect Damaaes Reduced 
Rawhide Wash Fan 
Fan 5 (Fan) 
Fan 5 (Riverine) 
Fan 6 (Fan) 
Fan 6 (Riverine) 
TOTAL 

4.5.4 Savings in Flood Insurance Administrative Costs 

As indicated above, all proposed alternatives meet FEMA 100 year requirements. In 
meeting these requirements, homeowners in the alluvial fans will no longer be required 
to purchase flood insurance. Therefore, annual flood insurance administration costs of 
$94,700 are eliminated, which also represents an NED benefit. 

4.5.5 Summary of Annual Benefits 

Table 4-8 below summarizes annual project benefits, 

Table 4-8 
Northeast Phoenix Study Area 

Annual Benefits 
(In $1,000'~) 

Annual Benefits 
Inundation Reduction 
Future Floodproofinq Costs Foregone 
Reductions in EmerqencvIClean up costs 
Savinqs in Flood Insurance Adrnin. Costs 



5.1 Criteria and Rationale 

CHAPTER 5 
PLAN FORMULATION 

5 . 0  General 

This chapter presents the plan formulation rationale and describes used during 
this reconnaissance study to develop evaluate and compare the array of candidate plans 
which have been considered. The alternative plans considered are discussed in addition 
to economics and cost implementation criteria. 

The plan formulation process discussed in this chapter consisted of the following 
major steps: 

1. Description and specification of flooding and water resources related 
problems and opportunities in the study area, 
2. Identification of planning objectives and constraints within the study area, 
3. Formulation of preliminary alternatives plans, 
4. Evaluation andcomparison of alternative plans, 
5. Selection of recommended plan, 

Plan formulation is a creative and analytical process in which alternative plans are 
formulated with the intent of solving the identified problem while maximizing the NED 
objective. The alternative plans considered are based upon available data and 
information at the time they were formulated. Plan formulation is a dynamic process. As 
input data changed or as new information became available, alternatives were revised or 
new plans formulated when opportunistic to do so. 

5.1.1 Flood Control Measures: The plan formulation process involved identifying a 
wide variety of flood control measures which could be used to meet the planning 
objectives. The measures provide the basis for formulating alternative plans. The 
following list identifies the various measures that were considered as a means of 
meeting the planning objectives: 

* Detention basins to reduce peak flows and lower the frequency of damaging 
flows 

* Channel improvements to increase channel capacities, reduce flood damages 
through certain reaches, and convey to a safe and adequate point of disposal for 
flood flows 

* Collector channels for the capture of sheet flow on the alluvial fans 



* Diversion of flood waters between washes or manmade channels to take 
advantage of the various capacities in the most advantageous manner. 

During the reconnaissance study, a number of plans were developed by the 
Corps in cooperation with the local sponsor and evaluated relative to the effectiveness 
and acceptability. The recommended plan from the reconnaissance report is shown in 
figure 5-1. 

Federal participation is limitedto flood control, which is defined by the Flood 
Control Act of 1944 and modified by the Water Resources Development Act of 1986 to 
include "channel and major drainage improvements and flood prevention 
improvements". In urban or urbanizing areas, provisions of a basic drainage system to 
collect and convey local runoff is a non-Federal responsibility. Water damage problems 
may be addressed under the Federal flood control authorities downstream from the point 
where the flood discharges are greater than 800 cubic feet per second (cfs) for the 10 
percent flood (one chance in ten of being exceeded in any given year). Drainage areas 
of less than 1.5 square miles are assumed to lack adequate discharge to meet the 
above criterion. Exceptions may be granted in areas of hydrologic disparity producing 
limited discharges for the 10 percent flood but in excess of 1,800 cfs for the one percent 
flood. 

5.1.2 Evaluation Criteria: The effectiveness and acceptability of alternatives were 
evaluated with respect to engineering, economic, environmental, and social criteria. 

5.1.3 Initial Detention Basin Sites: Prior to selection of any specific alternatives, 
an evaluation was conducted to determine possible detention basin sites which would be 
effective locations for capturing flood waters. Consideration was given to upstream sites 
at the base of the foothills before washes spread out across the alluvial fan and potential 
remaining sites upstream of existing development. 

5.1.4 Without Proiect Conditions: The without project conditions for plan 
formulation are as: 

*The Scottsdale Desert Greenbelt project and the FCDMC Detention basin is 
assumed not to be in place prior to potential authorization of a Federal project. In 
the event the feature is constructed it will be incorporated as an integral and 
compatible part of a Federal project alternative, the feature would be considered 
as part of the plan . 

* Developers will floodproof future structures to meet FEMA requirements and 
remove them from the flood zone and the flood insurance program. 

The method of floodproofing used by developers will be the "moat" concept 
natural channels required by zoning laws. 



* Developer buildout in the study area will occur by 2040. 

5.2 Preliminary Alternatives 

5.2.1 Alternative A (No Action Plan): The no action plan is the without project 
condition and assumes no comprehensive flood control solutions. 

5.2.2 Alternative 6: Alternative 6 is the recommended plan from the 
reconnaissance reoort. This includes a detention basin on Rawhide Wash near Jomax 
Rd. and Pima Rd. and channelization on Fans 5 & 6. 

5.2.3 Alternative C: Alternative C is a series of smaller detention basins on all the 
washes, Rawhide, 5, and 6. 

5.2.3 Alternative D: Alternative D is a series of levees and channelization without 
detention. 





CHAPTER 6 
DESCRIPTION OF RECOMMENDED PLAN 

This chapter will be completed at the F4 



CHAPTER 7 
PUBLIC INVOLVEMENT 

This chapter will be completed at the F4 



CHAPTER 8 
FINANCIAL ANALYSIS 

This chapter will be completed at the F4 



CHAPTER 9 

I RECOMMENDATIONS 

This chapter will be completed at the F4 
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1. INTRODUCTION 

The U.S. Army Corps of Engineers (COE) contracted with Tetra TechISimons, Li &Associates, Inc. 
(TTISLA) to perform the hydrologic and hydraulic analyses, and prepare the respective technical 
reports for the F-3 phase of the Northeast Phoenix Drainage Area Feasibility Study. The focus of 
the feasibility study is developing a Federal project to control flooding on the alluvial fan floodplains 
within the lower portion of the study area. Specifically, the Rawhide Wash fan (Drainage Area = 
19.8 square miles), and Fan 5 (DA = 18.5 sm) above the CAP Canal, and Fan 6 (DA = 19.3 sm) 
above the Cave Buttes Dam Reservoir. The purpose of this report is to describe the without project 
hydrologic and hydraulic analyses conducted to support future project plan formulation, and 
summarize the results. 

As shown in Figure 1-1, the study area is located in Northeast Phoenix and North Scottsdale. The 
area is roughly bounded by Desert Mountain on the north, the Central Arizona Project (CAP) Canal 
on the south, McDowell Mountain on the east, and Cave Creek on the west. The area is typical 
of Sonoran Desert with numerous shallow washes that drain generally northeast to southwest. 
Much of the area consists of undisturbed Sonoran Desert vegetation and wildlife. Stream flow from 
intense rainstorms emanates from the confined upstream channels of North Scottsdale and 
proceeds downstream onto a relative flat alluvial plain. Flows leaving alluvial fan apexes spread 
onto the upperfan area, where they may either follow a pre-existing path cut from past flood events 
or cut a new path down slope. As the topography flattens, the channels widen and become 
shallower. The flows lose velocity and deposit sediment and debris. Toward the base of the fan, 
the fan surface becomes more uniform, its slope flattens, and water infiltrates the soils. In these 
areas, sheet flow flooding is common. 

Scottsdale's Planning and Community Development Department (PCDD), the Maricopa County 
Association of Governments (MAG), and the City of Phoenix Planning Department have developed 
population projections for the study area which indicate fully developed conditions are expected in 
20 to 40 years. A significant portion of the growth is expected to take place within the alluvial fan 
boundaries defined by the Federal Emergency Management Agency (FEMA), and may impact 
areas of archeology, vegetation, and wildlife. As development occurs, vegetation and wildlife will 
be restricted to pockets and corridors that remain within the area. The limits of the FEMAAO Flood 
Zones for these alluvial fans are shown in Figure 1-2. 

The major objectives of the federal project are to reduce flood inundation damages, alluvial fan 
floodina. and eliminate the need for FEMAflood insurance and floodoroofina costs. The orooosed 
projec<ilements are a combination of detention storage and downstream channel impr&ehents 
for Rawhide Wash, and channelization for Fan 5 and Fan 6. The without-project analyses include 
the existing detention basin at the Cave Buttes Dam and the existing detention basin behind the 
CAP Canal (Reach 11) west of Scottsdale Road. In addition, the without project condition assumes 
the Pima ~ o a d  Channel and the SR-101 Freeway are in place. 

I Tetra TechISimons, Li &Associates, Inc. 1 
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II. DATA COLLECTION AND REVIEW 

TTISLA contacted many sources to obtain information relevant to the studv effort. Information 
obtained included topo&aphic mapping (DTM and hard copy); aerial photography (digital and hard 
copy); as-built plansfor detention basins; design plans for highways; drainage reports, developer's 
master plan reports; previous hydrologic/hydr~ul~studies, e3ective flood insurance studies, maps, 
and models, and past COE reports on the proposed project. A list of data and documents collected 
for the study is contained in the Hydrologic and Hydraulic sections of this report. 

TTISLA reviewed the reconnaissance report prepared for the project area by the COE in 1996. 
The report presents existing conditions within the project area and outlines problems, opportunities, 
and alternative structural, as well as non-structural solutions to the problems. The non-structural 
solutions considered the relocation of existing structures andlor floodproofing them. However. 
because of the relatively few existing structures in the floodplains, these alternatives would have 
no effect on future development. The structural measures considered combinations of 
channelization and detention storage. The proposed plan consists of a detention basin on 
Rawhide Wash, north of Jomax Road and west of Pima Road, and concrete channels through Fans 
5 and 6. 

The effective flood insurance study (FIS) for the Rawhide Wash Fan and Fans 5 and 6 was 
reviewed, and the effective fan models and flood zone maps were obtained from FEMA. The 
FEMA A 0  Flood Zones delineated for these alluvial fans roughly define the portions of the 
watersheds directly affected by the proposed project (re: Figure 1-2). For comparison purposes, 
the FEMA 100-year discharges for the fans, as well as the associated flow velocities and depths. 
were obtained from the effective FIS study and FIRM Maps. 

Coordination meetings were conducted with the Flood Control District of Maricopa County 
(FCDMC) and their consultants regarding ongoing design work on the proposed Rawhide Wash 
detention basin and the floodplain delineation work upstream of the proposed detention basin. 
Coordination meetings were also held with the Cities of Phoenix and Scottsdale to collect data and 
determine their policies on development within alluvial fan floodplains. 

Detailed topographic mapping (2 and 4-foot contours) and digital orthophotography was obtained 
from the Cities of Phoenix. Scottsdale, the FCDMC, and Kenney Aerial Mapping Company. USGS 
digital raster images were obtained for the entire project area and were used to fill "gaps" where 
more detailed mapping was unavailable. 

Tetra Tech/Simons, Li & ~ssociates, Inc. 4 



Ill. FIELD RECONNAISSANCE 

Field investigations of the project area were conducted by the project team on January 28 and 29, 
1999. A supplemental field visit was made on March 16,1999. The team toured each of the three 
alluvial fan flood~lains (Rawhide Wash, Fan 5, and Fan 6) within the study area and examined the 
nature of the alluvium, $round cover, and the existing development. In addition, the Cave Buttes 
Dam Reservoir area and the detention basins upstream of the Central Arizona Project (CAP) Canal 
(Reach I I) ,  which act as points of disposal for the proposed project, were inspected. An 
independent project field review was made with the Corps' project team on April 20, 1999. 

Photographs were taken of representative channel and overbank reaches for each fan to document 
existing development, the characteristic alluvium of the many rivulets, and the vegetation of the 
overbank areas. The photographs of the various channel reaches within the study area are 
catalogued in the Hydraulic section of this report Sediment samples were also taken along the 
main stem of each alluvial fan floodplain, at the fan apexes, and at the points of disposal. 

The general drainage pattern within the study area is from the northeast to the southwest. Slopes 
within the alluvial fans of the project area vary from approximately 1.5 to 3%. The soils consist of 
deep, well-drained alluvium characterized by sands and gravels. The vegetation is characterized 
by Sonoran desert shrubs, trees, and cacti of medium, uniform density. A relatively higher density 
vegetation is found along the limits of the alluvial washes and consists of palo verde, creosote 
bush, bush muhly, and mesquite. Scattered throughout the watershed are saguaros, buckhorn 
cholla, jojoba, ocotillo, and littleleaf palo verdes. 

The area encompassed by the Fans 5 and 6 floodplains is largely developed with low-density, 
desert-oriented, middle class homeowners. The Scottsdale portion of the Rawhide Wash fan (east 
of Scottsdale Road) is mostly developed with upscale desert-oriented planned communities, while 
the Phoenix portion (west of Scottsdale Road) is mostly undeveloped. However, the proposed 
Desert Ridge and Paradise Ridge developments will eventually encompass a large portion of the 
area within the City of Phoenix. 

Tetra TechISimons, Li & Associates, Inc. 5 
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This document is submitted for review for the "F3" Milestone for the Northeast Phoenix 

Feasibility Study without-project hydrologic analyses. It covers development of the HEC-I 

rainfall-runoff model for the n-year storm, the standard project flood (SPF) and the probable 

maximum flood (PMF). It includes watershed delineation, rainfall parameters for the n-year 

storm, standard project storm, and probable maximum precipitation; loss rates, unit hydrographs, 

watershed lag, channel routing, and diversions. Model results for the 10-year, 50-year, 100-year, 

500-year, SPF and PMF events are computed. Since there are no runoff data for the study area 

itself, the HEC-I models were calibrated based on n-year peak discharges derived from a number 

of regional relationships that are applicable to central and southern Arizona. Model results are 

also compared to previous studies by the Federal Emergency Management Agency (FEMA), the 

U.S. Bureau of Reclamation (USBR), and by private consultants for use in development. 

Model results are based on the current condition of the watershed as determined using 

recent maps, aerial photos, development plans, and field reconnaissance. The Los Angeles 

District has agreed that the current condition is an adequate estimate for development in project 

year one (2006). Direction in regards to the development assumptions for ultimate build-out 

conditions have not been provided. 

The previous studies used in preparation of this hydrology report are briefly summarized 

below. 

New River andPhoenix City Streams, Arizona, Hydrology Part I; U.S. Army Corps of Engineers, Los 
Angeles District; October 1974. 

Summary: This study made a thorough investigation of the mnoff processes in Phoenix, Arizona and 
vicinity. The repok tabulates standard project flood discharges as well as probable maximum events. 

Gila River Basin, Phoenix, Arizona and Vicinity Hydrology Part II; U.S. Army Corps of Engineers.; 1982. 

Summary: This study presents design hydrology for the Gila River Basin. The report also proposed an 
authorized Plan of Improvement for the Phoenix region, including North Scottsdale and Northeast 
Phoenix. 
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North Scottsdale Drainage Area, Arizona, Reconnaissance Study; U.S. Army Corps of Engineers; May 
1986. 

Summary: This study presents the results of a study conducted for the North Scottsdale Drainage Area 
to define the problems of flooding and develop master drainage solutions. The study area includes 
portions of the Cities of Scottsdale and Phoenix. The study found at least one flood-control plan to be 
feasible. 

Flood Insurance Study, Maricopa County, Arizona; Federal Emergency Management Agency; September 
30, 1995. 

Summary: The flood insurance study contains discharges for four storm ilequencies as well as water 
surface profiles for major washes and rivers in Maricopa County. 

Floodlnsurance Rate Maps Panels 795, 1265, 1230, 1235, 1255, 1245, 815, 1210, 820, and 1240; 
Maricopa County, Arizona; Federal Emergency Management Agency; September 30, 1995. 

Summary: The Flood Insurance Rate Maps delineate floodplains and floodways for the 100-year and 
500-year flood events for major washes and rivers in Maricopa County. 

Flood Analysis for Reach I1 Dikes HaydedRhodes Aqueduct CAP; U.S. Bureau of Reclamation, Denver 
Section; 1990. 

Summary: This study replaced the 1988 PMF study by including changes in land use and general basin 
conditions for the area draining to Dike 1, Dike 2, Dike 3, and Dike 4 in CAP Reach 11. Stage-storage 
curves, stage-area curves, and inflow hydrographs to the four dikes in Reach 11 were tabulated for nine 
different flood events. A sediment report by Earth Sciences was also attached to this study. Results 
are to be used in the Corrective Action Alternative Study 

Soil Survey of Aguila-Carefiee Area, Parts of Maricopa and Pinal Counties, Arizona; USDA, Soil 
Conservation Service; 1981. 

Summary: Classifies soils into SCS Soil Series and describes them in terms of location, constituents, 
texture, structure, drainage characteristics, and applicability for various land uses. Soils maps were 
developed using 1:24000 USGS Orthophotos as a base. 

Potential Flood Hazards and Hydraulic Characteristics of Distributary-Flow Areas in Maricopa County, 
Arizona; USGS; 1994. 

Summary: This study characterized the degree of flood-hazard areas associated with flow-path 
stability. The study found that many distributary areas did not appear to be actively aggrading and that 
the flow paths were not changing. 

Flood Hazards of Distributary-Flow Areas in Southwestern Arizona; USGS; December 1991. 

Summary: This report studied features of flood hazards in distributary-flow areas in southwestern 
Arizona using hydrologic and physiographic characteristics. Primaty distributaty-flow areas were 
identified and categorized, and flood-hazard degrees were related to physiographic characteristics. 
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Methods for Estimating the Magnitude and Frequency of Floods in Arizona; USGS, Water Resources 
Division; September, 1978. 

Summary: This study developed regression equations relating flood magnitudes to watershed 
variables. The equations were based on records from 221 gaging stations in Arizona. The report also 
includes charts for estimating flood magnitudes and frequencies of portions of the Little Colorado and 
Gila Rivers based on watershed area and river station. 

Estimation of Magnitude andFrequency of Floods in Pima County, Arizona, with Comparisons of 
Alternative Methods; USGS, Pima County, City of Tucson; August 1984. 

Summary: This study developed regression equations to predict 5- to 100-year flood discharges. 
Runoff data fiom 100 gaging stations were collected for calibration. The study also compares different 
methods for discharge estimation and showed the new equations to be more accurate than methods 
previously published. 

Methods for Estimating Magnitude and Frequency of Floods in the Southwestern Unitedstates; USGS; 
1994. 

Summary: This study developed regression equations for estimating peak discharges at ungaged sites 
across the southwestern U.S. Detailed flood-frequency analyses were made. of over 1,300 gaging 
stations. Application of the equations is limited to basins less than 200 mi2 in area. 

Drainage Design Manual for Maricopa County, Arizona, Volume IHydrolo&y; Flood Control District of 
Maricopa County; March 1991. 

Summary: The drainage design manual sets standards for design practices relating to drainage issues. 
The report contains applicable unit hydrographs, channel routing functions, and loss rates and other 
information unique to Maricopa County. 

Rawhide Wash Defenfion Basin Feasibility Study. Drafr Final Report; Rawhide Wash Regional 
Improvement Committee (RWRIC); December 1994. 

Summary: This study was conducted to determine the feasibility of constructing a regional stormwater 
detention basin on Rawhide Wash in order to provide flood control and to remove areas t?om the 
current FEMA floodplain. No fatal flaws preventing construction of the basin were found. The study 
found a detention basin to be a feasible alternative and recommended it for final design. 

Upper Indian Bend Wash Regional Drainage andFlood Control Plan Final Report; Water Resources 
Associates; July 6,  1992. 

Summary: This study presents an engineering analysis that was undertaken to develop an integrated 
regional drainage and flood control plan for a portion of the Upper Indian Bend Wash watershed. The 
study outlined a regional drainage plan addressing existing and future urbanization of the watershed, 
incorporating the entire watershed into a Single, synchronized system of channels and detention basins. 
Key tasks included developing rainfalVmnoff models, addressing Outer Loop Highway impacts, and 
evaluating the potential for interim solutions. 
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Paradise Ridge Master Drainage PIan Report; Landmark Land Company of Arizona; April 19, 1994 

Summary: This study adds two alternatives for the Paradise Ridge Master Drainage PIan Design to the 
previous alternative from the March 1994 PRMDP. The report summarizes channel design parameters 
for each alternative, including design discharges for 2-, lo-, and 100-year storms. 

Desert Ridge Drainage Masterplan; Northeast Phoenix Partners; October 17, 1995. 

Summary: This study provides a hydrologic model for the proposed 5700 acre Desert Ridge 
development, featuring designated wash corridors, off-line detention, and box culverts or bridges that 
pass the 100-year storm. Pre-development and post-development HEC-I models are included for the 
contributing watershed as well as hydraulics and sediment transport within the proposed drainage 
system. 

Flood Characteristics of FEMA Site 6A of the Scoftsdale Flood Insurance Study, Final Report. Flood 
Control District of Maricopa County. 

Summary: This study assessed flood flow stability. The channels were determined not to be 
changing. 

Cily of Scottsdale Desert Greenbell Project Reata Pass/Beardsley Wash CLOMR; May 1995. 

Summary: This report summarizes results from the Desert Greenbelt HEC-1, HEC-2, and HEC-6 
reports under separate cover. The study consisted of five flood models and recommended design Q's 
at the CAP dike. 

Floodplain Delineation Study for Distributary Flow Area: Wash 6a; Coe & Van Loo Consultants; 
September 1994 

Summary: Letter of Map Revision for Wash 6a. This study also documented an approach for applying 
the HEC-1 computer model to a watershed with distributary flow areas. The goal ofthe report was to 
remove the alluvial fan designation from Wash 6a and redelineate the wash as a system of Zone A 
floodplains. 

Pima Freeway Drainage System Cost Reevaluation; BRW, Inc.; July 6, 1994. 

Summary: This report reevaluated an original ADOT cost estimate for a drainage system along the 
proposed Pima Freeway between the Tatum Blvd crossing and the 56' Street crossing. The report 
concluded that the proposed drainage system could replace the previously proposed multi-crossing 
drainage system with substantial savings. Revisions to the drainage plan are based on a DCCO 
drainage report. 

Pima Freeway Loop 101 Cave Creek Road to Scottsdale Road Final Drainage Report; Stanley Consultants, 
Inc.; December 30,1998 
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Summary: This report was prepared in support of the 95% plan submittal for Pima Freeway Drainage 
between Cave Creek and Scottsdale Road. The drainage calculations in the report only address the 
56" Street to Scottsdale Road portion of the freeway, which incorporates a pass through culvert 
system. However the locations and sizes for the culverts and two diversion channels in the Cave Creek 
Road to 56" Street segment were shown on the pladprofile sheets. 

WATERSHED DESCRIPTION 

The study area is within the cities of Phoenix and Scottsdale, and the Tonto National 

Forest in Maricopa County, Arizona. It is roughly bounded by the national forest to the north, 

the Central Arizona Project (CAP) canal to the south, the Cave Buttes Recreation Area to the 

west, and the McDowell Mountains to the east. The watersheds of interest are referred to as 

"Rawhide Wash", "Fan 5", and "Fan 6". Figures l a  and l b  show watershed delineations with 

existing A 0  boundaries. Figure 2 shows watershed delineation on USGS base with topography, 

major roads, and developed areas. 

Rawhide Wash and Pinnacle Peak Area 

Rawhide Wash is the main stem watercourse of an alluvial fan that lies in both Phoenix 

and Scottsdale. The fan is designated as an A 0  Zone ("Fan 4") on the current FEMA Flood 

Insurance Rate Maps. The upper portion of the watershed extends from desert foothills in the 

Tonto National Forest to the fan apex located near Pinnacle Peak. The lower portion of the 

watershed extends from the fan apex to a terminus at the embankment for the Central Arizona 

Project Canal. The overall watershed defined by Rawhide Wash itself has a drainage area of 19.8 

square miles, and the flows are generally to the southwest. Subareas are numbered from R1 

through R18. 

A second watershed, referred to herein as the "Pinnacle Peak drainage area", lies adjacent 

to the lower portion of Rawhide Wash on the east. It should not be confused with Pinnacle Peak 

Wash, which lies further east. Flows in this watershed originate at the Pinnacle Peak formation 

and follow a southwest course that is parallel to Rawhide Wash. A 6.0 square mile portion of this 

8.2 square mile watershed is diverted west to the Rawhide Wash watershed by means of a 

constructed channel that lies along Deer Valley Road. The 2.2 square mile remainder below the 

Deer Valley Channel continues to flow southwest to a terminus at the CAP embankment. 

Subareas are numbered from P1 through P10. 
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A proposed flood control channel along Pima Road, south of Jomax Road, will intercept 

the runoff from the 4.5 square mile portion of the Pinnacle Peak area that lies to the east and will 

convey it to the south out of the study watershed. The affected subareas include portions of PI, 

P3, and P6, and all of P2, P4, and P5. A second watershed model that excludes this area is 

included in this study. 

Fan 5 

"Fan 5" is a designated A 0  Zone on the current FEMA Flood Insurance Rate Maps. The 

fan apex lies near the intersection of Pima Road and the Lone Mountain Road alignment, and the 
th 

designated fan continues southwest to a floodline near the 56 Street alignment. The upper 

watershed extends from the apex to desert foothills in the Tonto National Forest, and borders the 

west boundary of the upper Rawhide Wash watershed. The lower fan 5 watershed extends 

southwest from the end of the designated fan to a terminus at the CAP embankment. The total 

Fan 5 drainage area is 18.5 square miles. It includes a number of subareas that are not directly 

contributory to the Fan 5 mainstem, but which are contributory to, or downstream from, the 

drainage areas occupied by the designated fan. Subareas are numbered from F1 through F37. 

Fan 6 

"Fan 6" is also a designated A 0  Zone on the current FEMA Flood Insurance Rate Maps. 

There are two distinct fan apices that lie near the intersection of Pima Road and the Dove Valley 

Road alignment somewhat north of the Fan 5 apex . The fans originating from the apices merge 

and then split up into four main branches that continue southwest. The three northern branches 

terminate near 64Ih street between Dixileta Road and Dove Valley Road. The southern branch 

forms a continuous, designated A 0  zone that extends southwest to a terminus at the Cave Buttes 

Recreation Area. The upper Fan 6 watershed extends from the apex to desert foothills in the 

Tonto National Forest, and borders the west boundary of the Fan 5 watershed. Lower Fan 6 

includes the A 0  Zone and the drainage area that lies downstream of the aforementioned northern 

branches. The total Fan 6 drainage area is 19.3 square miles. Subareas are numbered from S1 

through S 1 1. 
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The standard project flood (SPF) and the n-year floods were determined using a stream 

system analysis approach, which requires dividing the study area into subareas that are 

hydrologically and meteorologically homogeneous. Subdividing permits more accurate modeling 

of the runoff process, as variations in topography, the degree of urbanization, and channel 

physical characteristics can be incorporated into the hydrologic description of the watershed. The 

standard project storm and n-year storm were then centered over the watershed in the most 

critical flood producing manner. Application of the rainfall loss rate function enabled 

determination of the rainfall excess, which was then applied to the subarea unit hydrograph to 

produce the subarea flood hydrograph. Combining and routing of subarea hydrographs to the 

desired concentration point completed the computation. The elements of this process are 

described below. 

Standard Project Storm 

The August 19, 1954 thunderstorm that was centered generally in the Queen Creek 

drainage area east of Phoenix was determined to be the storm with the most severe flood- 

producing potential that could reasonably be expected to occur over the study area watershed. 

The methods used to determine the total precipitation amounts, the duration of the storm, the 

intensity-duration relationships, and the time-distribution of the precipitation are explained in the 

following paragraphs. 

The precipitation amounts for the standard project storm were taken from the isohyets 

(Figure 3) of the August 19, 1954 Queen Creek thunderstorm, transposed and critically centered 

over the study watershed. Because the heaviest precipitation of the storm (7.5 inches maximum) 

occurred in the mountain and foothill areas where orographic influences are significant, the storm 

depth was adjusted as it was transposed to the study area by means of the 10-year 6-hour 

precipitation values published by the National Weather Service in the NOAA Atlas 2 - Volume 8 

for Arizona (Figure 4). The adjusted value was limited to the maximum of 7.5 inches. The 

average total-storm precipitation over each basin of interest was determined by reducing the 

transposed maximum point precipitation by means of a family of depth-area reduction curves 

(Figure 5). These were constructed from the original depth-area curve developed by the isohyets 

of the original 1954 storm, adjusted for orographic influences. They are labeled according to the 
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10-year dhour precipitation statistic. The depth-area curves in the higher mountain regions 

(where the 10-year dhour precipitation is greater) decrease less rapidly with increasing area than 

do the curves in the deserts (where the 10-year 6-hour precipitation is less). In the original 

August 1954 storm, nearly all of the precipitation fell within a 7-hour period according to local 

observations, and at many stations most of the rainfall occurred within 3 hours or less. Thus the 

duration of 7 hours was used in the development of the standard project storm with large portions 

of the total precipitation occurring in 1 to 3 hours. 

A time-distribution curve (mass curve) of precipitation was synthesized for each point 

within the August 1954 Queen Creek storm for which a total storm precipitation measurement 

was made. The curves were based on the total precipitation at that location and available 

measurements or estimates of precipitation intensities for various durations within the storm. The 

curves at nearby locations within the storm were compared for consistency, and portions of the 

curves that were not based on firm observational data were adjusted to conform to patterns at 

nearby stations that were based on firm data. Maximum intensity-duration relationships for 

durations of 2 to 7 hours were obtained from these August 1954 time-distribution curves. No 

extremely intense precipitation for durations of I-hour were measured in the 1954 storm because 

of a lack of properly functioning rain gages in the area. Such high intensities however, have been 

measured on a number of other accessions in Arizona. Those rates are considered to be 

reasonably characteristic of the heaviest local storms in the state. Therefore, maximum intensity- 

duration relationships for durations of less than 2 hours were obtained from all available intense 

local historical storms in Arizona and transposed to the Queen Creek area by means of the 

corresponding 10-year t-hour statistic from NOAA Atlas 2. Synthesized composite values of the 

intensity-duration relationship for the standard project storm in the Queen Creek area were thus 

obtained from the 1954 storm and from other historical storms (Figure 6, intensity-duration curve 

no. 7). These intensity-duration values were transposed to the study area by means of the 10-year 

precipitation statistic for each duration from 5 minutes to 7 hours. 

From the standard project storm intensity-duration relationship (Figure 6) and the 

synthesized precipitation mass curves drawn for the various observation points within the 1954 

Queen Creek storm, a time-distribution curve for the point-value precipitation at the center of the 

standard project storm in the Queen Creek area was constructed. Time-distribution curves for 

areal averages of the standard project storm precipitation in the Queen Creek area were derived 

from examination of various combinations of the synthesized Queen Creek mass curves. In 

addition to variations according to areal extent, a time-distribution pattern of an intense storm 
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(expressed as a percent of total storm precipitation) can become significantly smoothed in 

mountainous regions, where total rainfall of a storm can be augmented by the addition of a semi- 

steady orographic rainfall component. Therefore, for a given drainage area, the time distribution 

of precipitation in a thunderstorm will frequently become smoothed if the storm ascends a 

mountain slope. This factor was incorporated in a precipitation-area-pattern (PAP) diagram 

(Figure 7) that relates the time distribution of precipitation in the standard project storm to both 

drainage area and the 10-year 6-hour precipitation. It can be seen from the PAP diagram that 

patterns 1 and 2 (as a percent of total storm) apply primarily to small drainage areas in the lower 

desert valleys, while patterns 4 and 5 apply to higher mountain regions (regions having 10-year 6- 

hour precipitation), as well as to larger areas. 

The standard project storm inputs to the HEC-I model were determined using the 

LAPRE- 1 preprocessing program developed by the USACE-LAD. The required inputs to the 

LAPRE input file are the design s tom (#I0 for Queen Creek 7-hour event), drainage area, areally 

reduced rainfall depth, and the precipitation-area-pattern (PAP) curve number. The 10-year 6- 

hour statistics and resulting PAP curves from Figure 7 are summarized in Table 1. 

Table 1. Standard Project Storm Inputs 

Location 10-year 6-hour Precipitation-Area 
Point Depth (in) Pattern Curve 

Rawhide Wash (Drainage Area = 28 sm) 
Top of  Watershed 
Near Proposed Basin 
At CAP 

Fans 5&6 (Drainage Area = 18.5 sm and 19.3 sm respectively) 
Top of Watershed 2.37 3.10 
Near Proposed Inlets 2.24 3.05 
Cave Buttes Recreation Area 2.11 3.00 

Since the PAP curves numbers do not vary significantly, a value of 3.4 was adopted for 

use in the Rawhide Wash rainfall runoff models, and a value of 3.1 was adopted for use in the 

Fan 5 and Fan 6 models. For the given point depth of 7.5 inches, the areally reduced rainfall 

depths are listed in Table 2. 
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Table 2. Areal Reduction of Standard Project Flood Rainfall Depths 

Model Subareas DA (sm) Reduction Factor Reduced Rainfall (in) 

Upper Rawhide RI-R6 
RI-R7 
R1 -R9 

Total Rawhide RI-Rl7, PI-PI0 
(Inc. Pimacle Peak Area) 

Upper Fan 5 F 1 -F4 
FI-FJ 

Total Fan 5 FI-F37 

Upper Fan 6 SL-S2 
S7 

Sl-S4, S7-S9 

Total Fan 6 SI-SlI 

N-Year Storm Rainfall 

Point Rainfall 

The return periods of lo-, 50-, loo-, and 500-years are used for the determination of 

design storm precipitation and a dhour duration was chosen. A 6-hour storm will account for 

almost all of the volume produced by the summer thunderstorms that will be contained in the 

proposed Rawhide Wash detention basin. It will also contain intense rainfall for shorter durations 

as well, and thus represents the critical storm in producing peak discharges. The 6-hour rainfall 

depths for the lo-, 50-, and 100-year events were derived from the NOAA Atlas 2, Volume 8 - 

Arizona. When using the NOAA Atlas 2 methods, the rainfall depths plot as a straight line 

against a logarithmic scale of the return interval in years. The 500-year point rainfall depth was 

estimated by extrapolation of a line through the lo-, 50-, and 100-year events (Figure 8). Point 

depths are listed in Table 3. 
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Table 3. 6-hour Point Rainfall Depths 

Return Interval 
10-year 50-year 100-year 500-year 

(in) (in) (in) (in) 

Rawhide Wash 
Top of Watershed 2.37 3.16 3.48 4.25 
Near Proposed Basin 2.26 3.04 3.35 4.13 
At CAP 2.02 2.85 3.20 4.04 

Fans 5&6 
Top of Watershed 
Near Prouosed Inlets 
Cave ~ u k e s  Recreation Area 2.11 2.95 3.30 4.12 

The rainfall runoff models are divided into two areas for rainfall input. The "upper" 

areas are those generally located between the proposed inlet or detention facilities and the upper 

most points of each watershed. Point rainfall depths are computed as the average of the "top-of- 

watershed" and "near-proposed-facility" entries in Table 3.  Likewise, the "lower" areas are those 

that lie generally between the proposed facilities and the points of disposal at the CAP 

embankment or the Cave Buttes Recreation Area. Point rainfall depths are computed as the 

average of the "near-proposed-facility" and "near-outlet" entries in Table 3. Since there is very 

little difference between the respective values in the Rawhide Wash and Fan 5&6 entries, the 

values for Rawhide Wash were adopted for use over the entire drainage area. The average point 

rainfall depths and the watershed subareas to which they are applied are summarized in Table 4. 

Table 4. 6-hour Averaged Point Rainfall Depths 

Area Subareas 10-year 50-year 100-year 500-year 

Upper Rawhide R 1 -R9 2.32 3.10 3.42 4.19 
Upper Fan 5 F1-P5 
Upper Fan 6 SI-S4, S7-S9 
Upper Pin. Peak PI-P5 

Lower Rawhide RLO-R17 2.14 2.95 3.28 4.09 
Lower Fan 5 F6-F37 
Lower Fan 6 S5-S6,SlO-511 
Upper Pin. Peak P6-PI0 

Areal Reduction 

The depth area relationships derived for the standard project storm were considered 

applicable for the n-year design storm. As shown in Figure 5, the relation for the 10-year 6-hour 

= 2.0 inches appears to be identical to the one specified for a 6-hour storm in the 1995 Drainage 
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Design Manual for Maricopa County, Volume 1 -Hydrology (Sabol, 1995). Reduced rainfall 

depths are summarized in Table 5. 

Table 5. Areal Reduction of n-year Point Rainfall Depths 

Model Subareas DA (sm) Reduction Reduced Rainfall (in) 
Factor 10-year 50-year 100-year 500-year 

Upper Rawhide 

Total Rawhide 
(Inc. Pinnacle Peak Area) 

Upper subareas 
Lower subareas 

Upper Fan 5 

Total Fan 5 
Upper subareas 
Lower subareas 

Upper Fan 6 

Total Fan 6 
Upper subareas 
Lower subareas 

SI-SII 
S1-S4, S7-S9 

S5-S6, SIO-SI I 

Temporal Distribution 

The n-year, 6-hour rainfall distributions were obtained using the procedure given in the 

HEC Training Document No. 15. For each n-year, incremental rainfall depths at 5 minute 

intervals were determined from the specified depth-duration values (5-minute, 10-minute, 30- 

minute, 1-hour, Zhour, 3-hour, and 6-hour). Interpolation between the given depth-duration 

values was made on the basis of linear variation on a semi-log plot (Figure 9). The incremental 

values were arranged in a "triangular" pattern with the peak intensity located at 250 minute (4 

hours 10 minutes) in a 6-hour distribution. The location of the peak intensity was chosen on the 

basis of the standard project storm pattern, in which the peak intensity occurred at 4 hours 55 

minutes in a seven-hour storm. A typical rainfall hyetograph is shown in Figure 10. 
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Watershed Parameters 

The three main watersheds: Rawhide Wash, Fan 5, and Fan 6 were delineated on the 

basis of topographic mapping and aerial photos (Table 6), development studies, and field 

reconnaissance. Subareas were broken out on the basis of topography, stream network, 

development, and the location of proposed facilities. 

At some future date, the northeast portion of the Pinnacle Peak Drainage area will be 

captured and diverted out of the watershed by the Pima Road Channel. The channel originates 

near the intersection of Pima and Jomax and conveys flows south to the CAP. This study 

includes models for the with- and without Pima Road Channel condition. In the without-channel 

model, subareas PI, P3, and P6 are considered in their entirety. In the with-channel model, these 

subareas are further divided according to those portions that are captured by the channel and 

those that are not. Schematic diagrams from the HEC-1 models are included in Appendix C. 

Watershed delineations are shown along with FEMA A 0  Zones in Figures la  and ib, and with 

current development on Figure 2. 

Table 6. Northeast Phoenix -Available Mapping 

Mapiphoto Scale Date 

Northeast Phoenix and north Scottsdale 
blueline aerial photo 1:lOOOO 

Northeast Phoenix 
blueline aerial photos 

City of Scottsdale digital photos variable 

City of Scottsdale digital top0 variable 2' contour interval 

City ofphoenix hardcopy top0 1"=100' (reduced to I"= 300') 
2 foot contour interval 

Desert Ridge electronic top0 variable, 2' contour interval 1996 

Paradise Ridge electronic top0 variable, 2' contour interval 1996 

USGS quads 

NRCS soils maps (1978) 
plotted on USGS orthophotos 

mid 60' top0 
mid 80's photo 

Revisions 
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Soils and Vegetation 

The soils within the study area include 30 different series as defined in the Aguila- 

Carefree Soil Survey. The series that are most prevalent are the "Momoli Gravelly Sandy 

Loams" which are well-drained, located on fan terraces (slopes of 1-5%), with moderately rapid 

permeability, low available water capacity, slow runoff, and slight water erosion hazard; and the 

"Gilman Loams" which are well-drained, located on floodplains and alluvial fans (slopes of O- 

3%), with moderate permeability, high available water capacity, slow runoff, and slight water 

erosion hazard. Both fall within the Hydrologic Soils Group (HSG) B. 

Vegetation is predominately Upper Sonoran Desert type and includes Saguaro, Prickly 

Pear, Cholla and other cacti; Mesquite, Palo Verde, Ironwood, and Scrub Oak trees - especially 

along the washes; and Creosote, Brittle Bush, and other desert shrubs and grasses on the flats and 

hill slopes. Vegetative cover is typically about 20%, but varies from 10-15% in some of the 

sparser areas to 30-35% in very limited areas of unusually rich vegetation. 

Developmen f 

Development in the study area was estimated using the USGS quads, current aerial 

photos and topo, development plans, and field reconnaissance. Development types are classified 

as "very low residential" - less than 1 dwelling unit (d.u.) per acre, "low residential" - 1 to 3 

d.u.'s per acre, "medium residential" - 4 to 5 dm's per acre; and multiple family residential, 

commercial, industrial, and agricultural. The locations and types of development are plotted on 

Figure 2, and the percentage development (by type) for each subarea is tabulated in Appendix A. 

In the developed areas, natural desert vegetation is often replaced by desert landscaping (typically 

a decomposed granite ground cover with mesquite, palo verde and acacia trees; and ornamental 

shrubs and plants) or irrigated lawns and turf. 

Loss Rates 

The "initial plus uniform loss rate" method was chosen as the loss rate function for the 

hydrologic model. The function includes an initial loss parameter (depth in inches) to represent 

interception, surface retention, and the initial infiltration into a soil. Once the initial loss is 

completely satisfied it is followed by a uniform loss rate parameter (incheshour) that is 

abstracted from each pulse of rainfall intensity. The remainder is the effective rainfall intensity 

(incheshour) that is converted to a subarea hydrograph by means of the unit hydrograph function. 
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In previous submittals, the values for the initial and uniform losses were determined 

based on procedure in the Maricopa County Drainage Design Manual. The resulting peak 

discharges and runoff off volumes, especially for the 10- and 50 year events, were much higher 

when compared to regional relations and previous studies. Consequently, the Maricopa County 

'based parameters were replaced by initial and uniform loss rates that were determined based on 

previous Corps rainfall-runoff modeling near the study area (USACE, 1974; USACE, 1982). In 

these previous studies the Corps applied the exponential loss rate, which is an empirical method 

that relates loss rate to rainfall intensity and accumulated losses. (The exponential loss rate is 

fully described in the HEC-1 User's Manual and is not treated here.) The exponential loss rate 

parameters used in the previous study: STRKR = 0.38, DLTKR = 1.0, RTIOL = 2.0 and ERAIN 

= 0 were determined by reconstitutibn of flood events. 

In order to determine a comparable initial and uniform loss rate for the current study the 

exponential loss rate with the above parameters was applied to a sample of subareas within the 

Northeast Phoenix model. The initial loss before runoff began and the uniform loss rate in the 

vicinity of the flood peak were determined by inspection of the HEC-I output. The initial loss 

was approximately 0.5 inches and the uniform loss rate was 0.35 incheslhour. These values were 

adopted as a starting point for the n-year rainfall-runoff models and were varied in order to 

calibrate the models to regional relationships. 

The percent impervious area represents the hydrologically connected (or effective) 

impervious area within a subarea, for which no losses are calculated. The percent impervious 

area for each subarea within the model was determined as an area-weighted average of 

development or land use type and the associated imperviousness. Estimates of percent 

imperviousness for individual land uses were taken from the Maricopa County Drainage Design 

Manual and are summarized in Table 7. The impervious area inputs for each subarea in the 

model are summarized in Appendix A. 

Table 7. Percent Impervious Area 

Land Use Im~emious Area (%) 
Agriculture 0 
Very Low Density Residential 5 
Low Density Residential 15 
Medium Density Residential 30 
Multiple Family Residential 45 
Industrial 55 
Commercial 80 
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Unit Hydrograph 

The Los Angeles Unit Hydrograph procedure described in the Department ofthe Army 

Technical Bulletin No. 55-550-3 entitled "Flood Prediction Techniques" dated February 1957 was 

used to develop synthetic unit hydrographs. The procedure has its basis in the S-graph theory, 

which distributes runoff as a function of basin lag time. Lag time is defined as the time (in hours) 

for 50% of the ultimate discharge (total volume) of the unit hydrograph to occur following the 

start of unit rainfall. The S-graph procedure has been adopted for use by the Maricopa County 

Drainage Design Manual. Two of the S-graphs included in the manual were chosen for use in 

this study. The first is the Desertmangeland S-graph for areas with no development or very low 

residential development. The second is the Phoenix Valley S-graph for subareas that are 

predominantly subdivision or commercial development. Plots of the two S-graphs are shown in 

Figure 1 1. 

The basin lag can be approximated for ungaged watersheds by use of the lag relationship 

shown on Figure 12 and presented below: 
0.5 0 38 

Lag = (24n)(L * LcdS ) 

where Lag is the S-graph procedure lag in hours, n is a basin roughness factor, L is the length of 

the principal watercourse in miles, Lca is the length of the principal watercourse to the basin 

centroid in miles, and S is the channel slope in feetlmile. Length, centroid length, and slope are 

map measured parameters and the basin n-value is a variable in the lag equation that permits 

adjustment of the lag time depending on the type of ground cover and other characteristics 

affecting basin runoff response to effective rainfall. 

Based on previous Corps modeling (USACE, 1982) a basin n-value of 0.035 was chosen 

for use with the Desertmangeland S-graph in undeveloped areas. This value is similar but 

somewhat higher than the Maricopa County Drainage Manual's recommended value between 

0.022 and 0.030. A basin n-value of 0.025 was chosen for use with the Phoenix Valley S-graph. 

The Maricopa County Drainage Manual recommends a basin n-value between 0.015 and 0.150. 

The value chosen herein is fairly low since most of the developed areas in the study area are 

located on an alluvial fan with slopes ranging from 1% to 2%, and thus have positive drainage. 

Conversely, since the developments are not as dense as typically urban areas of Phoenix, the 

lower limit of 0.015 is not appropriate. Unit hydrograph inputs including S-graph, L, Lca, slope, 

and basin n-value are tabulated by subarea in Appendix A. 
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Channel Routing 

Flood routing through natural and improved open channels was accomplished using the 

modified Puls method. The method was chosen since it explicitly includes a storage component 

which is important in the broad sheet flow patterns on the alluvial fans in the study area. The 

required inputs to rout a hydrograph through a reach are: reach length, slope, roughness, cross 

section, and number of subreaches WSTPS). The lenjgh and slope were measured from the 

project topographic information. Eight point cross sections and roughness values were 

developed based on map measurements and review of previous studies. A common approach in 

this area has been to define an 8-point section with a shallow main channel (1.5 - 2 feet deep) 

with a bottom width of 20- to 100-feet and -2: 1 side slopes. The overbank portions are wded as 

broad floodplains on the order of 100- to 500-feet wide with 1- to 4-feet of rise, followed by and a 

1:l hank at the end to contain the flows. The channel bottoms and floodplain widths are then 

adjusted to insure that flows are fairly consistent with what would be expected on the watersheds. 

In the upper areas, where the drainage is dendritic and the channels are well defined, the bottom 

widths range from 20- to 50-feet and the overbanks are typically 100- to 200-feet wide with fonr- 

feet of rise. In the upper fan areas, bottom widths are 50- to 100-feet wide and the overbank 

sections are -500 feet wide with a I-foot rise. In the lowest fan areas (especially in Rawhide 

Wash) bottom widths of 500- to 1000-feet, with 500-foot overbanks are used. The widths are 

adjusted to maintain appropriate values for velocity, depth, and Froude number at different areas 

in the watersheds. Previous studies recommended appropriate velocities that ranged from 4 fps 

on the lower fan areas to 7 fps in the upper watersheds. In recognition of the sheet flow 

characteristic on the lower fans, maximum flow depths were limited to a few feet in the overbank 

areas. Likewise, the Froude number was kept near or below 1.0 to keep flows in the subcritical or 

critical range. 

The number of subreaches in a routing reach (NSTPS) is determined as the travel time 

through the reach divided by the time increment (del t) used for the model (5 minutes). Travel 

time is computed as reach length (L) divided by the normal depth velocity (V) in the eight point 

section. 

NSTPS = (LN)/60/(del t) 

The routing characteristics including length, slope, n-value, NSTPS and cross section data for 

each routing reach are tabulated by event in Appendix A. 
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Flow Diversions 

At a number of points in the study area, distributary flows and drainage improvements 

require the use of diversion records (DI, DO) to transfer flows from one watershed to another. 

The instances are described below. 

At the top of the Fan 5 and Rawhide Wash watersheds, the main channels for the two 

combine and split again at the concentration points for F1 (in Fan 5) and R1 in Rawhide Wash, 

Based on rough field measurements, it was determined that approximately 65% of flows from 

subarea R1 are captured by the Rawhide Wash watercourse with the remainder diverting to Fan 5. 

The split was accounted for by the diversion routine in HEC-1. 

In the Pinnacle Peak drainage area, previous studies (BRW, 1995) determined that 

approximately 40% of the runoff from the east side of Pinnacle Peak leaves the watershed as 

unconfined overland flow. The remainder follows the topography to the southwest and continues 

toward the CAP. In this study, the 40% is diverted out of subarea P4 and is not returned to the 

model. The remainder continues through P5. 

As stated previously, the proposed Pima Road Channel will intercept subareas P2, P4, P5, 

and portions of subareas P1, P3 and P6; and will divert the flows out of the study watershed. The 

with- and without-channel conditions were accounted for by coding two separate models. 

Diversion records were not used. 

Deer Valley Road between Scottsdale Road on the west and Hayden Road on the east 

marks the northern boundary of the Greyhawk subdivision. A flood control channel that parallels 

the south side of the road intercepts all flows from subareas P1 to P7 in the Pinnacle Peak 

drainage area. The flows are conveyed west toward Scottsdale Road where the channel bends to 

the south. Shortly after the bend, flows are released and cross Scottsdale Road to subarea R12 in 

Rawhide Wash. 

In Rawhide Wash subarea R10, the USGS topography and current aerial photos show a 

portion of the Rawhide wash mainstem that splits off to the west and continues southwesterly 

down the fan in a separate watercourse. By following this watercourse down the fan, a narrow 

fingerlet subwatershed (subareas R15, R16, R17, and R18) can be separated from the Rawhide 

Wash mainstem watershed (subareas R11, R12, R14, and R14). Based on existing topographic 

mapping, the diversion to R15 is estimated as 10% of the flow at concentration point R1-10. In 

the 100-year event, the limits of the designated A 0  zone show that flow covers the entire width of 

the Rawhide Wash watersheds. Consequently, the peak discharges at the adjacent subareas 
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should be combined into a sing peak that is evenly distributed across the width. In other words 

subareas R11-R15, R12-R16, R13-R17, and R14-R18 each behave as a single subarea. 

Pima Freeway 

The proposed Pima Freeway passes through the lower part of the Fan 5 and Rawhide 
th 

Wash watersheds. The portion that affects Rawhide Wash between Tatum Blvd. (48 Street) and 

Scottsdale Road will be constructed with pass through culverts at most of the larger fingerlet 

watercourses. The culverts were located and sized to convey flows in existing watercourses with 

little or no increase in water surface elevation behind the freeway embankment. Thus in terms of 

the Rawhide Wash model, the freeway is essentially transparent and no special records are 
th 

included for routing or diversion. The portion between Tatum Blvd and 40 Street is constructed 
th 

with a collector channel that diverts flows west to a pass through culvert near 40 Street. In Fan 

5, the channel routes runoff from subareas F27-F36 along the freeway and through the culvert 

before combining it with subarea F37. The effects are accounted for in channel routing. The 
th 

portion between 40 Street and Cave Creek Road includes a collector channel that conveys flow 

west to an opening between the freeway embankment and the CAP embankment. This portion 

routes flows from subareas F24-25 around the Freeway before combining with F26 and is 

accounted for in the channel routing. No special diversion records are needed. 

Greyhawk Area Input 

The Greyhawk subdivision (in subarea P8) is a special case. The northwest 1/4 of section 

23 (T4N T4E) is developed as medium residential but includes enough built in detention to store 

the 100-year 2-hour event. Detailed HEC- 1 models for this area were available from the drainage 

master plan and were adapted for use in this study. The SCS Curve Number method for losses 

and the SCS dimensionless unit hydrograph that were used in the Greyhawk models were 

converted to the initialluniform loss rate and S-graph respectively. Since the Greyhawk model 

was very detailed, with subareas on the order of 5 to 50 acres, it could not be imported directly 

into the overall watershed model running with a 5-minute time step. Instead, the n-year 6-hour 

rainfall for the combined Rawhide and Pinnacle Peak areas was input into the revised Greyhawk 

model which was run at a one-minute time step. The resulting outflow hydrographs were written 

to a TAPE07 file at 5-minute increments (with care to capture the peak), and the TAPE07 

hydrographs were input at the appropriate point in the overall model for the study area. 
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Regional Equations 

There are no stream gaging or rainfall-runoff data available for the study area. 

Consequently, model results are compared with regional relations developed from gage data 

developed for central and southern Arizona. Sources include the U.S Army Corps of Engineers, 

and a number of reports prepared by the USGS and are summarized chronologically below. 

New River and Phoenix City Streams, Arizona, Design Memorandum No.2, Hydrology, 

Part 1 was completed by the U.S. Army Corps of Engineers, Los Angeles District, in October 

1974. It included regression analyses that related graphically determined n-year peak discharges 

to watershed and rainfall parameters. Separate analyses were made for small watersheds (0-25 

square miles) and large watersheds (35 - 417 square miles). The small-watershed data set 

consisted of 16 stream gage records in the Phoenix vicinity with record lengths that varied from 4 

to 10 years; plus four stream gage records from the Safford, Arizona area with record lengths of 

32 years. The large-watershed data set consisted of 17 stream gage records in central Arizona 

with record lengths that varied from 5 to 25 years; plus six records from southern Arizona 

(Tucson, Nogales Vicinity) with record lengths of 18 to 42 years. The relation for small drainage 

areas between 0 and 35 square miles is listed below: 

Qi = C 1 (log DA) + C2 (log 5R24) + C3 

Where: 

Qi Flood magnitude in cubic feet per second for return period i 
DA Drainage Area in square miles 
5R24 5-Year 24-Hour rainfall in inches 

Table of coefficients: 

Event C1 
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Methods for Estimating the Magnitude and Frequency of Floods in Arizona was a 

cooperative document between the USGS and the Arizona Department of Transportation 

prepared by R.H. Roeske in 1978. The report related analytically determined (log Pearson Type- 

111) n-year peak discharges to watershed and rainfall parameters at 221 gaging stations in 

Arizona. Separate analyses were done for different regions throughout the state. Region 3 

"Central Arizona Mountains" was based on 87 gaging stations for drainage areas that varied from 

0.065 to 5499 square miles. Record length varied from 10 to 52 years with most being less than 

20. The general equation for Region 3 is: 

Qi = C1 * * EC3 * PC4 

Where: 

Qi Flood magnitude in cubic feet per second for return period i 
A Drainage Area in square miles 
E Mean basin elevation in thousands of feet above mean sea level 
P Mean annual precipitation in inches 

Table of coeff~cients: 

Event C1 C2 C3 C4 

Estimation of Magnitude and Frequency of Floods in Pima Counfy, Arizona was a 

cooperative effort between the USGS and the Pima County Department of Transportation 

prepared by J. H. Eychaner in 1984. The report related analytically determined (log Pearson 

Type-111) and graphically determined n-year peak discharges to watershed parameters at 101 

gaging stations in southern Arizona. Drainage areas varied from 0.013 to 4471 square miles, and 

record length varied from 10 to 67 years, with seven stations having less than 13 years of data and 

22 stations with more than 20 years of data. The general equation for ungaged rural sites is: 

Log Ql= C1+  C2*LogA - c ~ * ( L o ~ A ~  + C4*LogS - c ~ * ( L o ~ s ~  - C6 (LogS)(LogSh) 
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Where: 

QI Flood magnitude in cubic feet per second for return period i 
A Drainage Area in square miles 
Log Base 10 logarithm 
L Main channel length in miles 
S Main channel slope (10-85% of L) in percent 
Sh Shape factor (L /A) dimensionless 

Table of coefficients: 

Event C 1 C2 C3 C4 C5 C6 

Q2 2.049 0.547 .003 0.299 0.194 0.253 
Qs 2.430 0.591 ,023 0.489 0.275 0.408 
Q'o 2.621 0.609 .03 1 0.633 0.288 0.578 
4 2 5  2.814 0.625 ,039 0.679 0.329 0.590 
QSo 2.936 0.636 .044 0.706 0.350 0.601 
Qloo 3.044 0.646 ,049 0.729 0.367 0.614 
Qsoo 3.260 0.665 ,058 0.776 0.396 0.65 1 

The report included an alternate equation that relates peak discharge (cfs) to basin area 

(square miles) is: 

Log Qi = C1 + C2*LogA - C ~ * ( L O ~ A $  

Table of coefficients: 

Event C 1 C2 C3 

Q2 2.051 0.551 0.01 1 
Qs 2.447 0.592 0.035 
Q1° . 2.648 0.605 0.044 
Q2s 2.846 0.621 0.054 
Q50 2.970 0.632 0.060 
QIOO 3.080 0.643 0.066 
Qsoo 3.297 0.662 0.077 

Methods for Estimating Magnitude and Frequency of Floods in the Southwestern United 

States was a cooperative effort between the USGS and a number of western and great basin 

states, prepared by T.E. Blakemore, et. al. in 1994. The report related analytically determined (log 

Pearson Type-111) n-year peak discharges to watershed parameters at 68 gaging stations in central 

Arizona ("Region 12"). Drainage areas varied from O.Olto 1782 square miles, and record length 

varied from 13 to 71 years. The general equation use in Region 12 is: 
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QL = C1 * DAC2 * EC3 

Where: 

Qn Flood magnitude in cubic feet per second for return period i 
DA Drainage Area in square miles 
E Mean basin elevation in thousands of feet 

Table of coefficients: 

Event C 1 C2 C3 

Qso = 10 
(7.36-4.17*DAA-.08) * C3 E 

Q ~ o o  = 10 
(6.55-3.17*DAA-0.11) * C3 E 

The regional equations summarized herein are generally based on existing stream gage 

data for undeveloped areas. They are not applicable to distributary flow areas since very few, if 

any, of the gage records used in their development are representative of that regime. 

Consequently, comparisons between the regional relations and the model results are limited to the 

portions of the study area above the fan apices. Regional relations (and model results) for 

concentration points R1-6 and R1-7 on Rawhide Wash, F1-4 on Fan 5, and SI-2 and S7 on Fan 6 

are included as Figures 13 through 17. 

Calibration 

In the previous 90% submittal, the rainfall-runoff models were based on initial and 

uniform loss rates from the Maricopa County Drainage Design Manual. The resulting 100-year 

peak discharges tended to match the corresponding peak given for the regional relations 

developed by the Corps (1974) and in the most recent 1997 USGS Water Supply Paper. However 

the 10-year and 50-year model results were up to twice as high and the 500-year model results 

were somewhat lower than the regional results. The overall discharge-frequency relationship 

given by the models was much flatter (lower standard deviation) than those given by regional 

relationships. Thus in terms of peak discharge, the calibration efforts focused on reducing the 10- 
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year and 50-year peaks and increasing the 500-year peak while maintaining the approximate 

match with the 100-year event. The 90% submittal results yielded 100- and 500-year runoff 

volumes that were fairly similar to those calculated by the Bureau of Reclamation (1990, See 

Comparisons With Other Studies), but again were much higher for the 10-year and 50-year 

events. Thus in terms of runoff volume, the calibration efforts focused on reducing the 10- and 

50-year values while maintaining the current match at the 100- and 500-year levels. 

The starting values for the initial and uniform loss rates (0.5 inches and 0.35 incheslhour 

respectively) were coded into the HEC-1 models along with the rainfall, imperviousness, unit 

hydrograph, lagtime, channel routing, and diversion parameters previous described. The resulting 

100-year flood peaks provide a fairly good match with the corresponding values given by the 

regional relationships (Figures 13-17) developed by the Corps (1974) and the USGS (1997). 

Likewise, the 100-year peaks and the runoff volumes were comparable to those found by the 

Bureau of Reclamation (1990) shown on Figures 18 and 19. 

In the 10- and 50-year events, the loss rate parameters were gradually increased until the 

flood peaks more closely matched the regional relationships, with an eye toward matching runoff 

volumes given by the Bureau of Reclamation. In the 500-year event, the runoff volumes for the 

starting loss rate vales were comparable to those found by the USBR. Peak discharges were 

increased to better match the regional relationships by reducing the basin n-value. The resulting 

loss rates and basin n-values are summarized in Table 8. 

Table 8. Calibrated Loss Rate and Basin n-values 

Note that in this process, the loss rate parameters and basin n-values are parameters used to adjust 

the HEC-1 model results to match the aforementioned regional relationships. Consequently, they 

Return Period 

10-yew 
.- -- 

50-year 

28 November 1999 

Initial Loss 
(inches) 

1.0 

0.5 

Uniform Loss 
Rate 

(incheshour) 

1 .O 

0.75 

100-year 0.5 0.35 

0.35 

0.35 

500-year 

SPF 

Basin n-values 

0.5 

0.5 

Desert Rangeland 
S-eraoh 

0.035 

0.035 - 
0.035 

0.025 

0.025 

Phoenix Valley 
S-eravh - 

0.025 

0.025 - 
0.025 - 
0.020 

0.020 
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lose physical significance. The starting values of the initial and uniform loss rates (0.5 inches, 

0.35 inchesthour) that were used in the 100-year event are quite reasonable and correspond to 

those found by the Corps in flood reconstitution studies. They are also similar to the values given 

by Maricopa County Drainage Design Manual for the soils in Hydrologic Soil Group Type B 

(moderately good drainage) and the land use types that are common in the study area. However, 

the higher loss rates (1.0 inches, 1.0 inchhour) are probably not observed in the study area. 

Model Results 

Models were developed for the lo-, SO-, loo-, and 500-year return intervals and standard 

project flood. Results at selected concentration points are tabulated in terms of peak discharge 

(cfs and cfslsm) and runoff volume (acre feet and watershed inches) in Tables 9-1 1. Hard copies 

of the HEC-1 summary output are included in Appendix C. 

Table 9A. HEC- 1 Rawhide Wash Model Results - Without Pima Road Channel 

Near fan apex as determined in this 
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. 

Deer Valley Channel 

CAP embankment 

Without Pima Road Channel 

Table 9A. HEC-1 Rawhide Wash Model Results - Without Pima Road Channel (continued) 

Table 9B. HEC-1 Rawhide Wash Model Results - With Pima Road Channel 

November 1999 

Location 

Deer Valley Channel 
.......... . 

... 

Contributing 

Subareas 

PIA, P3A, P6A, 

P7 
. 

- 
. -- 

Drainage 

Area 

2.50 

- 
. 

Units 

(cfs) - 
(cfslsm) - 

(a0 

(in) -- 

Relum Interval 

27020 

1046 

5300 

4.45 

27570 

990 

5800 

4.46 

CAP ... embankment I - ~ 8 f  1 9 2 0  

With Pima Road Channel (cfslsm) 74 -. 
(a9 ....................... 
(in) 0.53 

-- - 
I0 - I00 

. 6550 

254 

6301510-2180 
-1.28 

237 

' 1680 

1.29 

500 

3640 . 
1456 

340 

940 

376 

80 - 

CAP embankment 

With Pima Road Channel 

SPF 

5010 

2004 -- 
610 -- 

0.60 1.35 1.88 2.55 
-- 

0 6 0  

401 

-. 
1.83- 

10420 

(cfslsm) 

(a0 

(in) 

R l a 1 8 , T 2 4 . 3 6 ( c f s )  

-- 

4.58 

2000 

800 -- 
180 

14930 

578 

2910 -- 
2.44 - 

10420020 

69 

700 

0.54 

2720 . 
1088 -- 
250 

374 

2330 

1.79 

539 

3200 

2.46 
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Table 10. HEC-1 Fan 5 Model Results 

Table 1 1 .  HEC-1 Fan 6 Model Results 

Return Interval 
Location 
.... , ....................... - 
Fan apex north SI-S2 
..... 

...... ........... ,- .... .. ......... 

,. .......... ................ .... 

........... ................. ............... 

... .......... 

__ 
.. 

Fan apex south 
.... -. ........... * 

. ......... ........... 

... 
... ... ......... 

- 
End of designated fan SI-S4 

.. -- 
.......... ........ ...... - --- 

Rehlrn lntewal Contributing 

sla 31 November 1999 

Drainage 
Location 

Near fan apex 

Subareas 

El-F4 - 

Area 

3.08 .... .- 
(cfslsm) 289 740 1055 I666 2231 

units 
10 50-/-i00 / 500 r~ir 

..... . 
(cfs) 

810 

2 . 8 0 - i : 9 T  

(a9 90 230 340 460 
,.,.. . 

(in) 0.55 1.40- ... 

890 

--- 

2280 3250 5130 6870 

2.07 

Near proposed inlet F I - ~ 5  3.75 (cfs) 1 900 2360?h00 5 3 4 0  7608 
-' 

. -- - 
(cfslsm) 240 629 907 I424 2029 

... .... ...... ......... 

..... ... 

........ 

................ 
CAP embankment 
............ 

.. 

.. 

-- 
... -- 
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Table 1 1. HEC-I Fan 6 Model Results (continued) 

Adopted Discharges 

Cave Buttes 

Rec. Area 

Model results were plotted on log-probability paper and smooth lines were drawn through 

the points. Though the model results generally plotted with a slightly negative skew, the adopted 

curves were drawn as a straight line (skew = 0). This assumption simplifies the graphical work 

and provides for conservative estimates of the peak discharges at the high and low extremes. 

The adopted curves for the calibration points are show on Figures 13 - 17. The adopted curves 

for concentration points at proposed project locations and at the CAP are shown on Figures 20 

and 21. Adopted discharges for the 2-, 5-, lo-, 25-, 50-, loo-, 200-, and 500-year events were 

read from the plotted line and are summarized in Table 12. 
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Sl-SIL 

(a 
(in) 

19.3 

580 

0.56 

(cfs) 
(cfdsm) - 

1370 

1.33 

1830 

95 

1960 

1.90 

4670 

242 

2610 

2.54 

6840 

354 

4440 

4.31 

10620 

550 

16710 

866 
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Table 12. Adopted Discharges 

sla 33 November 1999 

; Return Interval (Years) I Concentration 1 Drainage Area ! 
Watershed j i 

i Point I (sm) 1 2 / 5 ' 10 j 25 50 1 100 1 200 j 500 

/ j i i 8 / : i 
i i 

/ i i j 1 ! 1 
8 

i 

Fan 5 Proposed Inlet j El-F5 ' 1 4700 6800 

1750 

3850 

' 6800 

3 

Fan5atCAP 1 
I 

F1-F37 / 18.47 1 500 i 1400 ; 2450 i 4300 1 6300 / 8900 i 1200 
! . : ,  , I  

1 SFS8 i 3.97 ' 215 600 / 1000 1 1720 2500 ; 3400 4700 i 6800 i i 
j S7-S9 i 4.45 , i 180 1 500 
! 

Fan 6 at Cave Buttes / SI-SII ; 19.3 i 380 j 1080 
I 

i i i 8 / ! 
i 

--.-! % i i - - i . -  

Rawhide Wash near Proposed Basin 1 R1-R7 9.39 400 I250 2200 ; 4200 6300 i 9200 13000 1 19500 
i 

13.57 1 520 / 1600 j 2950 j 5500 i 8400 j 12000 / 17000 j 25000 Rawhide Wash near Proposed Basin 1 R1-R9 

Rawhide Wash below Proposed Basin 8200 1 11800 i 16500 ! 24500 

Rawhide Wash at CAP 
u 

R R 8  I 25.83 450 8000 5 0 0  16000 
i Rawhide Wash and Pinnacle Peak Area i / Rl-R18,Pl-P7 1 27.86 / 450 1 1500 1 2700 1 5200 / 8000 1 11500 

combined at CAP i I I i 1 I 

1 I ! i I i I I 1 
Fan 6 near Proposed Inlet I S I - S ~  , j 2.49 140 1 370 1 620 . ' 1050 1 1500 / 2000 

i ! I 
i S1-S4 i 4.49 . 215 600 i 1000 1 1720 1 2500 3400 

i I 

' 2700 

4700 
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Comparison with Other Studies 

There have been a number of previous studies that have looked at the alluvial fans in this 

area. Model results from selected concentration points in this study are compared with the results 

from the Flood Analysis for Central Arizona Project Aqueduct (USBR 1990), the Flood Insurance 

Study,(FEMA 1995), and the Desert Ridge Master Plan (Northeast Phoenix Partners, 1995) in the 

tables below. Since there are different approaches to modeling, the concentration points and 

drainage areas do not correspond directly. Consequently, the comp~isons are made on a 

discharge (cfs) and unit discharge (cfslsm) basis. Plots of the comparisons are included as 

Figures 18 and 19 (USBR) and Figures 22A and 22B (FEMA). 

Table 13. Comparison of HEC-1 Model results with USBR CAP Hydrology - Dike 1 

USBR CAP hydro log^ Northeast Phoenix Level 1 Hydrology 
Dike 1 -Cave Creek to Tatum Blvd Fan 5 at Dike 1 

Drainage Area = 26.65 sm Drainage Area- 18.47 sm 

Return Peak Discharge Volume Peak Discharge Volume 
Interval (cfs) (cfslsm) (a0 (aflsm) (cfs) (cfslsm) (at) (aWsm) 

At dike 1, the unit discharge results for Fan 5 are 11% to 35% higher than those given by 

the USBR, with the largest difference occurring at the Q10. In terms of volume, the results in this 

study are 23% to 32% higher at the QlOO and 4500. In the lesser events, the USBR has 
/ 

, drastically reduced volumes (Figure 19) and indicating greatly differing assumptions in rainfall 

-. andlor losses. 
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I Table 14. Comparison of HEC-1 Model results with USBR CAP Hydrology - Dike 2 

I USBR CAP Hydrology Northeast Phoenlx Level 1 Hydrology 
Dike 2 - Tatum Blvd to Sconsdale Rd Rawhide Wash and Pmnacle Peak Area at Dlke 2 

Dwnage Area = 37 03 sm Dramage Area = 27 86 sm 

I Return Peak Discharge Volume Peak Discharge Volume 
Interval (cfs) (cfslsm) (a0 (aUsm) (cfs) (cfslsm) (at) (aflsm) 

I 
2 684 18 12 0 
5 2,250 61 63 2 
10 4,020 109 157 4 1,980 72 810 29 
25 7,240 196 442 12 

I 
50 10,400 281 889 24 7,650 276 1,930 70 
100 12,700 343 3,340 90 11,790 426 2,740 99 
200 15,300 413 3,830 I03 
500 19,900 537 4,790 129 18,910 683 3,630 131 

I 
At dike 2, the unit discharge results for the combined Rawhide and Pinnacle Peak areas 

I vary from -34% to +27% in comparison to those glven by the USBR, again with the larger gap 

occurring in the 10-year event. In terms of volume, the results in this study are within 10% of the 

I USBR's for the 100- and 500-year events. 

I Table 15. Comparison of HEC-1 Model Results with FEMA Discharges 

I 
I 
I 
I 
I 
I 
I 
I sIa 35 November 1999 

Concentration Drainage Area Q!,! Q% 2~00 ...... %?!? 1 Location/Source Point (sm) (cfslsm) (cfslsm) (cfslsm) / (cfslsm) 

FEMA 4C 1.78 

This Study R7 3.78 1383 

FEMA 4D 
.. .... 

This Study R1-7 9.39 674 984 1539 - 
..., .. ... 

Fan 5 

FEMA 

3.08 289 

... ... -.---......-.-.p.- . 

Fan 6 

........, ... 
745 This Study S7 3.49 315 1029 1779 
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Table 15. Comparison of HEC-I Model Results with FEMA Discharges (continued) 

Concentration Drainage Area Q10 Q50 QlOO 4500 Location/Source Point (sm) (cfslsm) (cfslsm) (cfslsm) (cfslsm) 

Fan 6 
-- --- 

FEMA 6A 3.32 97 552 1019 
-- 

3527 

This Study S7 3.49 315 745 1029 1779 

FEMA 6B 0.43 233 833 1307 3256 

This Study S2 0.47 574 1264 1657 2715 -- 
., - - - 
FEMA 6C 1.49 122 573 990 
... -- 2987 

This Study SI 1.62 303 708 979 1704 
.- 

.. - 
This Study SI-2 2.09 301 699 97 1 1694 

The results in this study vary in comparison to the discharges given by FEMA. As shown 

in Figures 22A and 22B, the FEMA results plot with zero skew while the model results have a 

slightly negative skew and a lower variance (i.e., a flatter curve). Consequently, the model results 

are generally greater than FEMA in the 10-year and 50-year events, but are less in the 500-year 

event. At the 100-year level the model results and FEMA values are fairly close. 

Table 16. Comparison of HEC-1 Model Results with Desert Ridge Hydrology 

#la 36 November I999 

Concentration Point Drainage Area Qpeak - Unit Qpeak 

(sm) (cfs) (cfslsm) 
Fan 5 near Apex 

Desert Ridge - S1480 3.01 3222 1070 

F1-4 3.08 3250 1055 
............... -- 
Fan 5 at CAP - 

Desert Ridge - IN 25.61 7797 304 

FI-37 18.47 8960 485 

Pinnacle Peak Area 

Desert Ridge - R32 5.94 3811 642 

PI -P7 6.00 6840 1140 
-. 

Rawhide Wash Near Apex 

Desert Ridge - S21 6.05 10203 1686 
.. - - - 

RI-7 9.39 9240 984 
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Table 16. Comparison of HEC- 1 Model Results with Desert Ridge Hydrology (continued) 

Concentration Point Drainage Area Qpeak Unit Qpeak 

(sm) (cfs) (C~SISI~I) 
I I I 

I 
_..i._._ ! 

Desert Ridge - 2N 37.3 15781 
-- 

RL-18, PI-10 27.86 I 11790 

In comparison to the Desert Ridge without-development hydrology, the model results 

(per square mile) are higher at the Fan 5 apex, but lower at the Rawhide Wash fan apex. At the 

CAP concentration points, the model results are identical at the Rawhide apex but are 59% higher 

at Fan 5. At the Deer Valley Channel, the model results are almost twice as high. 

The probable maximum flood (PMF) will be used to size the emergency spillway at the 

I Rawhide detention basin, and to gage the effect of the proposed improvements at the respective 

points of disposal, i.e., the CAP embankment and the Cave Buttes Recreation Area. The PMF 

I will be determined by applying the probable maximum precipitation (PMP) to the watershed 

model. The PMP for both the general and local storms at the relevant concentration points was 

I computed using the procedures outlined in Probable Maximum Precipitation Estimates, Colorado 

River and Great Basin Drainages (NO.& and USACE, 1997). Depths are listed in Table 17. 

I Preliminary Rainfall Computation Sheets are included in Appendix B 

Table 17. Probable Maximum Precipitation 

Concentration Point Drainage Depth (in) 
Area I-hour 6 -hour 24-hour 

Genera1 Storm 
Rawhide Wash at the CAP 28.0 na 11.7 21.5 
Rawhide Wash at proposed Basin 13.6 na 12.2 22.2. 
Fan 5 or Fan 6 at Cave Buttes Rec. Area -20 na 12.0 22.0 

Local Storm 
Rawhide Wash at the CAP 28.0 8.1 12.0 na 
Rawhide Wash at proposed Basin 13.6 9.1 12.9 na 
Fan 5 or Fan 6 at Cave Buttes Rec. Area -20 8.5 12.3 na 

The PMF was computed by applying the PMP to two versions of the watershed model. 

The whole watershed model included Fans 5 and 6 and Rawhide wash, and assumed a PMP that 
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covered each the drainage areas entirely (i.e., down to the Cave Buttes area or the CAP). The 

upper watershed model applied PMP to the drainage area above the proposed Rawhide Wash 

detention locations. Appropriate areal reductions were applied to the point depth for the PMP. In 

keeping with the assumption of an antecedent storm, the initial loss rate was assumed to be zero, 

but the uniform loss rate applied to the SPF (0.35 inchesthour) was maintained. Results are 

tabulated below. 

Table 18. Probable Maximum Flood 

Table 19. Comparison of PMF Results USBR CAP Hydrology 

Location 

Whole Watershed Model 

Potential Rawhide Wash Detention Location 

Potential Rawhide Wash Detention Location 

USBR CAP Hydrology Northeast Phoenix Level 1 Hydrology 
Dike 1 -Cave Creek to Talum Blvd Fan 5 at Dike 1 

Drainage Area = 26.65 sm Drainage Area= 18.47 sm 

Return Peak Discharge Volume Peak Discharge Volume 
Interval (cfs) (cfdsm) (af) (aflsm) (cfs) (cfslsm) (af) (affsm) 

Concentration Point 

Rl-R9 

RlRlO 

Local PMF 108,000 4,053 13,220 496 47,100 2,550 10,350 560 
General PMF 26,600 998 '17,950 674 21,000 1137 14,640 792 

USBR CAP Hydrology Northeast Phoenix Level 1 Hydrology 
Dike 2 - Tatum Blvd to Scottsdale Rd. Rawhide Wash and Pinnacle Peak Area at Dike 2 

Drainage Area = 37.03 sm Drainage Area = 27.86 sm 

DA 

13.57 .- 
14.07 

Rawhide Wash @ CAP Rl-R18 

Return Peak Discharge Volume Peak Discharge Volume 
lntewal (cfs) (cfslsm) (a0 (aYsm) (cfs) (cfdsm) ( a f~  (affsm) 

25.83 -- 
27.86 

19.32 

18.47 

Rawhide Wash and Pinnacle Peak Area @CAP 

Fan 6 at Cave Buttes 

Fan 5 at CAP 

LocalPMF 131,000 4,916 19,830 744 72,200 2,592 14,600 524 
General PMF 38,100 1,430 26,280 986 30,300 1,088 21,900 786 

21900 I5510 45000 Ill20 -- ..... 
23700 17750 51400 12280 -. 
20800 14700 40400 10640 . -- 
21000 I4640 47100 10350 

Rl-R18, PI-PI0 

SI-SII -- 
El-F37 

Upper Watershed Model 

Rawhide Wash Detention Location 

November 1999 

General Stom 

Peak (cfs) 

13700 - 
14200 

Local Stom 

Peak (cfs) Vol (AF) 

-- 
45000 6960 

- 
RI-R9 

Vol (AP) 

9440 - 
9840 45000 

Rawhide Wash Detention Location RI-RIO 14.07 

7220 

................ 

13.57 

I5350 

14800 

10640 

10250 - 
5 2 0 6 0 -  8100 

52780 
... 

7810 
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The PMF results from the USBR (1990) are considerably higher than those given in this study. In 

part this is attributable to the USBR's assumption of full development with corresponding 

imperviousness on the order of 30%. 

The Rawhide Wash Detention  asi in Feasibility Study (CH2M Hill, et. al., 1994) 

computed a PMF of 50,000 cfs for a 13.7 square mile drainage area upstream of the proposed 

Rawhide Wash basin. This study computed a peak discharge of 45,000 cfs for the same area. The 

two models are difficult to compare since both used different rainfall inputs, unit hydrographs, 

and loss functions. However, given that the CH2M Hill model was composed of a single 

watershed and thus did not include any effects of channel routing, it is expected to give a higher 

result. 

The stage-storage relations for Dike 1 and Dike 2 in Reach 11 of the Central Arizona 

Project Canal were taken from Flood Analysis for Reach 11 Dikes, Huyden/Rhodes Aqueduct, 

Central Arizona Project, 1990. The published relations are tabulated and plotted in Figure 23. 

The stage- storage -discharge relations for the Cave Buttes Dam were taken from the New River 

andJ'hoenix City Speams, Appendix 1 (No Date). Stage-area and stage-storage relations are 

plotted in Figure 24 and the stage-discharge relation is plotted in Figure 25. 

SUMMARY AND CONCLUSION 

The U.S. Army Corps of Engineers - Los Angeles District is currently conducting the 

Northeast Phoenix Drainage Area Feasibility Study in cooperation with the City of Scottsdale and 

Maricopa County. The study will consider detention and channelization alternatives to reduce 

flooding on a series of alluvial fans lying in the northeastern portion of the City of Phoenix and 

the northern portion of the City of Scottsdale. 

This document describes the development of the without-project hydrologic analysis for 

the study. It covers development of the HEC-1 rainfall-runoff model for the 10-year, 50-year, 

100-year, and 500-year events, as well as the standard project flood (SPF) and the probable 

maximum flood (PMF). It includes watershed delineation, rainfall parameters for the n-year 

storm, standard project storm, and probable maximum precipitation; loss rates, unit hydrographs, 

watershed lag, channel routing, and diversions. The model results for the 10-year, 50-year, 100- 

year, and 500-year events were calibrated based on comparison of peak discharges with a number 

November 1999 



Northeast Phoenix Drainage Area 
Feasibility Study 

Without-Project Hydrology 
100% Submittal 

of regional relationships that are applicable to central and southern Arizona. Model results are 

also compared to previous studies by the Federal Emergency Management Agency (FEMA), the 

U.S. Bureau of Reclamation (USBR), and by private consultants for use in development. Note 

that the models are based on the current condition of the watershed as determined using recent 

maps, aerial photos, development plans, and field reconnaissance. The Los Angeles District has 

agreed that the current condition is an adequate estimate for development in project year one 

(2006). Direction in regards to the development assumptions for ultimate build-out conditions 

has yet to be provided. 

The lo-, 50-, loo-, and 500-year model results were plotted on probability paper and 

smooth curves were drawn through the points. Peak discharges for the 2-, 5-, lo-, 25-, SO-, loo-, 

200-, and 500-year events were read from the curves and are considered to be the adopted 

discharges for use in further analyses. 
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N o h a s t  Phoenix Feasibility Study 
Level 1 Hydmlogy - Soils 

Soil Series=> 6 2 50 54 55 M 75 76 78 93 93 % 98 112 118 121 122 124 26 33 61 63 72 

Level I watershed characteristics.xls, sails printout. llH0199 
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Northeast Phoenlx Feaslblllty Study 
Level 1 Hydrology - Development 

Level 1 watershed characterlstlcs.xls, Development, 11/10/99 



1 Northeast Phoenix Feasbll~, Study 
Level 1 Hydrology - Unit Hydrograph Parameters 
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Northeast Phoenlx Feasibility Study 
Level I Hydrology - Unlt Hydrograph Parameters 

Level 1 watershed characteristics.xls,Unlt Hydrograph,l1/10/99 



Upper Rawhze Wash 

0.563 1.304 0.652 
Deseit 

Rangeland 
0.035 

R14 Rawhide Wash @ CAP Dike t12 -. 

2.844 1.420 
Desalt 

0,555 lZ31 Rangeland 
0.035 

R15 Rawhide Wash @ below flow split below Jomax 

0.144 0.672 0.322 
R16 Rawhide Wash near De_s~al ley Alignment 

0.035 'I9'' 
Rangeland 

1.535 0.767 
Desslt 

0.916 71'6 Rangeland 
0.035 

R17 Rawhide Wash @ Pima Freeway 

0.969 1.072 0.536 
R16 Rawhide Wash @ CAP Dike #2 

0.035 653 
Rangeland 



Northeast Phoenlx Feasibility Study 
Level 1 Hydrology - Unit Hydrograph Parameters 

Level 1 watershed characteristics.xls,Unit Hydrograph,llM0/99 



Northeast Phoenix Feasibility study - Level 1 
Normal Depth Storage Routing (RS,RC.RX.RY) Inputs and hydraulic results 
100-year Existing Conditions Model 

Northeast Phoenix, Level 1 watershed characteristics.xls, Q l O O  Reach Routing. 11/10/99 
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Northeast Phoenix Feasibility Study - Level 1 
Normal Depth Storage Routing (RS,RC.RX,RY) Inputs and hydraulic results 
100-year Existing Conditions Model 

Northeast  Phoenix, Level 1 watershed characteristics.xls, Q l O O  Reach Routing, 11/10/99 
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Drainage: Rawhide Wash @the Cenual Az Project Area: 28.0 sm2 - 45.1 km2 - 
Latitude: 33'45' Longitude: of basin center - 
A. Convergence PMP 

Drainage Average Value [Figures 2.5 to 2.16'1 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

(in) 8.9 8.8 8.7 8.6 8.6 8.9 12.3 13.8 13.8 12.7 10.2 9.2 

(mm) 226 224 221 218 218 226 312 351 351 323 259 234 

1. Drainage average value [Figures 2.5 to 2.16*] Month August 351 (mm) - 13.8 (in) - 
2. Reduction for barrier elevation [Figure 2.18'1 

3. Barrier elevation reduced PMP [step 1 x step 31 

4. Durational variation 
[Figures 2.25 to 2.27, table 2.7'1 

5. Convergence PMP for indicated durations 
[step 3 x step 41 

6. Incremental 10 mi' (26 kmZ) PMP 
[succesive subbaction in step 51 

7. Areal reduction 
[select from Figures 2.28 and 2.29'1 

8. Areally reduced PMP 
[step 6 x step 71 

9. Drainage average PMP 
[accumulated values of step 81 

B. Orographic PMP 

1. Drainage average orographic index 
[figure 3.1 l a  to d. (revised)'] 

82 (%) - 
288 (mm) - 11.3 (in) - 

Duration (hrs) 
'6 12 I8 24 48 72 

75 89 96 100 112 116 (%) 

216 256 276 288 322 334 ( W )  
8.5 10.1 10.9 11.3 12.7 13.1 (in) 

216 40 20 12 35 12 (mm) 
8.5 1.6 0.8 0.5 1.4 0.5 (in) 

201 240 260 272 306 318 (mm) 
7.9 9.5 10.2 10.7 12.1 12.5 (in) 

279 (mm) 11.0 (in) - - 

2. Areal reduction [Figure 3.20'1 - 98 (%) 

3. Adjustment for month [Figure 3.12 - 3.17'1 - I00 (%) 

4. Areal and seasonally adjustedPMP [Steps I x 2 X 311 - 274 (mm) - 10.8 (in) 

5. Durational variation [Table 3.9.1 35 62 83 100 143 162 (%) 

6. Orographic PMP far given duration [Steps 4 x 51 96 I70 227 274 392 444 (mm) 
3.8 6.7 8.9 10.8 1 5 4  17.5 (in) 

C. Total PMP 

1. Add steps A9 and B6 297 410 487 546 698 761 (mm) 
11.7 16.1 19.2 21.5 27.5 30.0 (in) 

2. PMP for other durations from smoth curve fined to a plot of computed data. 

3. Compare with local-storm PMP 

* Figure numbers and table numbers refer to HMR 49 

PMF Rainfall Worksheets.xls, PMP -General -August, 11110/99 



Drainage: Rawhide Wash @ Proposed Basin Area: 13.6 sm2 21.9 km2 
Latitude: 33'45' Longitude: 111'52' 

- 
ofbasin center - - 

A. Convergence PMP 

Drainage Average Value [Figures 2.5 to 2.16'1 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

(in) 8.9 8.8 8.7 8.6 8.6 8.9 12.3 13.8 13.8 12.7 10.2 9.2 

(mm) 226 224 221 218 218 226 312 351 351 323 259 234 

1. Drainage average value [Figures 2.5 to 2.16'1 Month August 351 (mm) 13.8 in - - 
2.  Reduction for barrier elevation [Figure 2.18'1 82 (%) - 
3. Banier elevation reduced PMP [step 1 x step 31 

4. Durational variation 
[Figures 2.25 to 2.27, table 2.7'1 

5. Convergence PMP for indicated durations 
[step 3 x step 41 

6. Incremental I0  mi' (26 km2) PMP 
[succesive subtraction in step 51 

7. Areal reduction 
[select from Figures 2.28 and 2.29'1 

8. Areally reduced PMP 
[step 6 x step 71 

9. Drainage average PMP 
[accumulated values of step 81 

B. Orographic PMP 

1. Drainage average orographic index 
[figure 3.1 la  to d. (revised).] 

2. Areal reduction [Figure 3.20'1 

3. Adjustment for month [Figure 3.12 - 3.17'1 

Duration (hrs) 
6 12 18 24 48 72 

216 256 276 288 322 334 (mm) 
8.5 10.1 10.9 11.3 12.7 13.1 (in) 

216 40 20 12 35 12 (mm) 
8.5 1.6 0.8 0.5 1.4 0.5 (in) 

212 252 272 284 318 330 (mm) 
8.3 9.9 10.7 11.2 12.5 13.0 (in) 

4. Areal and seasonally adjustedPMP [Steps 1 x 2 x 311 279 (mm) 11.0 in - - 
5. Durational variation [Table 3.9.1 35 62 83 100 143 162 (%) 

6. Orographic PMP for given duration [Steps 4 x 51 

C. Total PMP 

98 173 232 279 400 453 (mm) 
3.9 6.8 9.1 11.0 15.7 1 7 8  (in) 

1. Add steps A9 and B6 309 425 504 563 718 782 (mm) 
12.2 16.7 19.8 22.2 28.3 30.8 (in) 

2. PMP for other durations from smath curve fitted to aplot ofcomputed data. 
3. Compare with local-storm PMP 

* Figure numbers and table numbers refer to HMR 49 

PMF Rainfall Worksheets.xls, PMP - General - August, 11110/99 



hainage: Fan 5 or Fan 6 Total Area: 20.0 smZ - 32.2 km2 - 
Latitude: 33'45' Longitude: 111' 52' ofbasin center - - 
A. Convergence PMP 

Drainage Average Value [Figures 2.5 to2.16.1 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

(in) 8.9 8.8 8.7 8.6 8.6 8.9 12.3 13.8 13.8 12.7 10.2 9.2 

(mm) 226 224 221 218 218 226 312 351 351 323 259 234 

1. Drainage average value [Figures 2.5 to 2.16'1 Month August 351 (mm) - 13.8 in - 
2. Reduction for barrier elevation [Figure 2.18'1 82 (%) - 
3. Bamer elevation reduced PMP [step I x step 31 288 (mm) - 11.3 in - 

4. Durational variation 
[Figures 2.25 to 2.27, table 2.7.1 

5. Convergence PMP for indicated durations 
[step 3 x step 41 

6, Incremental 10 mi2 (26 kml) PMP 
[succesive subtraction in step 51 

7. Areal reduction 
[select from Figures 2.28 and 2.29'1 

8. Areally reduced PMP 
[step 6 x step 71 

9. Drainage average PMP 
[accumulated values of step 81 

B. Orographic PMP 

1. Drainage average omgraphic index 
[figure 3.1 l a  to d. (revised)*J 

Duration (hn) 
6 12 18 24 48 72 

216 256 276 288 322 334 (mm) 
8.5 10.1 9 11.3 12.7 13.1 (in) 

216 40 20 12 35 12 (mm) 
8.5 1.6 0.8 0 5  1.4 0.5 (in) 

207 248 268 279 314 325 (mm) 
8.2 9.7 10.5 11.0 12.4 12.8 (in) 

279 (mm) - 11.0 in - 
2. Areal reduction [Figure 3.20*] I00 PA) - 
3. Adjustment for month [Figure 3.12 -3.17-1 100 (%) - 
4. Areal and seasonally adjustedPMP [Steps 1 x 2 x 311 279 (mm) - 11.0 in - 
5. Durational variation [Table 3.9.1 35 62 83 100 143 162 (%) 

6. Orographic PMP for given duration [Steps 4 x 51 

C. Total PMP 

98 173 232 279 400 453 (mm) 
3.9 6 8  9.1 11.0 5 . 7  17.8 (in) 

1. Add steps A9 and 8 6  305 421 500 559 713 778 (mm) 
12.0 16.6 19.7 22.0 28.1 30.6 (in) 

2. PMP far other durations from smoth curve fined to a plot of computed data. 
3. Compare with local-storm PMP 

* Figure numbers and table numbers refer to HMR 49 

PMF Rainfall Worksheets.xls, PMP - General -August, 11/10/99 



Drainage: Fan 5 or Fan 6 at Proposed Inlets Area: 5.0 sm2 - 8.0 km2 - 
Latitude: 33'45' Langitude: 11 Io52' - - of basin center 

A. Convergence PMP 

Drainage Average Value [Figures2.5 to 2.16'1 Jan Feb Mar Apr May Jun lul Aug Sep Oct Nov Dec 
(in) 8.9 8.8 8.7 8.6 8.6 8.9 12.3 13.8 13.8 12.7 10.2 9.2 

(mm) 226 224 221 218 218 226 312 351 351 323 259 234 

1. Drainage average value [Figures 2.5 to 2.16'1 Month August 351 (mm) 13.8 in - - 
2. Reduction for barrier elevation [Figure 2.18'1 82 (%) - 
3. Barrier elevation reduced PMP [step I x step 31 

4. Durational variation 

Duration (hrs) 
6 12 I8 24 48 72 

[Figures 2.25 to 2.27, table 2.7'1 75 89 96 100 112 116 (%) 

5. Convergence PMP for indicated durations 
[step 3 x step 41 

6. Incremental 10 mi' (26 km2) PMP 
[succesive subtraction in step 51 

7. Areal reduction 
[select from Figures 2.28 and 2.29'1 

8. Areally reduced PMP 
[step 6 x step 71 

9. Drainage average PMP 
[accumulated values of step 81 

B. Orographic PMP 

1. Drainage average orographic index 
[Iigure 3.11a to d. (revised)'] 

216 256 276 288 322 334 (mm) 
8.5 10.1 10.9 11.3 12.7 13.1 (in) 

216 40 20 I2 35 12 (mm) 
8.5 1.6 0.8 0.5 1 4  0.5 (in) 

216 256 276 288 322 334 (mm) 
8.5 10.1 10.9 11.3 12.7 13.1 (in) 

2. Areal reduction [Figure 3.20'1 I00 (%) - 
3. Adjustment for month [Figure 3.12 - 3.17'1 I00 (%) - 
4. Areal and seasonally adjustedPMP [Steps 1 x 2 x 311 279 (mm) 11.0 in - - 
5. Durational variation [Table 3.9.1 35 62 83 100 143 162 (%) 

6. Orographic PMP for given duration [Steps 4 x 51 

C. Total PMP 

98 173 232 279 400 453 (mm) 
3.9 6.8 9.1 11.0 15.7 17.8 (in) 

I. Add steps A9 and B6 314 429 508 567 722 786 (mm) 
12.3 16.9 20.0 22.3 28.4 31.0 (in) 

2. PMP for other durations iiom smoth curve fitted to a plot of computed data. 
3. Compare with local-storm PMP 

* Figure numbers and table numbers refer to HMR 49 

PMF Rainfall Worksheets.xls, PMP - General -August, 11110/99 



Drainage: Rawhide Wash @ the Cenbal Az Project 
Latitude: 33'45' Longitude: I l l '  52' 

Area: 28.0 smZ 45.1 kml - 
1. Average l-hr lmi2 PMP for drainage [Figure 4.5*] 292 (mm) - 11.5 (in) - 
2. a. Reduction for Elevation: 

b. Multiply Step 1 by Step 2a 

100 % [No adjustment for elevations below 5000 feet] - 
292 (mm) 11.5 (in) - - 

3. Average 6-hrll-hr ratio for drainage [Figure 4.7'1 1.3 - 

4. Durational variation (%) 
for MI -hr ratm of 
step 3 [Table 4.4.1 

5. l miZ PMP for 
indicated durations 
[step 2b x step 41 

6. Areal reduction 
[Figure 4.9'1 

7. Areal reduced PMP 
[step 5 x step 61 

Duration (hrs) 
0.25 0.50 0.75 I 2 3 4 5 6 

216 260 277 292 333 353 365 374 380 (mm) 
8.5 10.2 10.9 11.5 13.1 13.9 14.4 14.7 15.0 (inj 

123 169 189 204 245 269 283 295 304 (mm) 
4.9 6.7 7.4 8.1 9.6 10.6 11.1 11.6 12.0 (in) 

8. Incremental PMP 
[succesive subtraction in step 71 204 40 24 14 12 8 (mm) 

123 46 20 16 ) 15 mlnute increments (mm) 

8.1 1.6 0 0.6 0.5 0.3 (in) 
4.9 1.8 0.8 0.6 ) 15 minute ineremen18 (hl 

9. Time sequence of 
incremental PMP 
[EMIIIO-2-14111 

Hourly Increments 
[Table 4.7'1 

Four largest 15-minute 
increments [Table 4.8'1 

Figure numbers and table numbers refer to HMR 49 

PMF Rainfall Worksheets.xls, PMP - Local, 11110199 



Drainage: Rawhide Wash @proposed basin 
Latitude: 33'45' Longitude: 11 l o  52' 

Area: 13.6 sm' 21.9 km2 - 

1. Average I-hr lmi2 PMP far drainage [Figure 4.5*] 292 (mm) 11.5 (id - - 
2. a. Reduction for Elevation: 

b. Multiply Step1 by Step 2a 
100 % Wo adjustment for elevations below 5000 feet] - 
292 (mm) - 11.5 (in) - 

3. Average 6-hdl-hrratio for drainage [Figure 4.7'1 1.3 - 

4. Durational variation (%) 
for MI -hr ratio of 
step 3 [Table 4.4'1 

5. I mi' PMP for 
indicated durations 
[step 2b x step 41 

6. Areal reduction 
[Figure 4.9'1 

7. Areal reduced PMP 
[step 5 x step 61 

8. Incremental PMP 
[succesive submction in step 71 

9. Time sequence of 
incremental PMP 
[EMIIIO-2-14111 

Hourly Increments 
[Table 4.7'1 

Four largest 15-minute 
increments [Table 4.8'1 

* Figure numbers and table numbers refer to HMR 49 

PMF Rainfall Worksheets.xls, PMP -Local, l1/10/99 

Duration Om) 
0.25 0 . 5 0  0.75 1 2 3 4 5 6 

151 195 216 232 273 295 309 320 327 (mm) 
6 . 0  7.7 8.5 9.1 10.8 11.6 2 . 1  2 12.9 (in) 

232 41 22 13 11 7 (mm) 
151 44 21 16 1 15 minute increments (mm) 

9.1 1.6 0.9 0.5 0.4 0.3 (in) 
6.0 1.7 0.8 0.6 1 15 minute increments (in) 



Drainage: Fan 5 or Fan 6 Total 
Latitude: 33'45' Longitu l l  l o  52' 

Area: 20.0 sm2 32.2 km2 

1. Average I-hr lmi2 PMP for drainage [Figure 4.5'1 292 (mm) 11.5 (in) - - 
2. a. Reduction for Elevation: 

b. Multiply Step I by Step 2a 

100 % [No adjustmenl for elevations below 5000 - 
292 (mm) - 11.5 (in) - 

feet] 

3. Average 6-hrll-hr ratio for drainage [Figure 4.7.1 1.3 - 
Duration (hn) 

0.25 0.50 0.75 1 2 3 4 5 6 

4. Durational variation (%) 
for 611-hr ratio of 
step 3 [Table 4.4*] 74 89 95 100 114 121 125 128 130 (%) 

5. 1 mi2 PMP for 
indicated durations 
[step 2b x step 41 

6. Areal reduction 
[Figure 4.9'1 

7. Areal reduced PMP 
[step 5 x step 61 

216 260 277 292 333 353 365 374 380 (nun) 
8.5 10.2 10.9 11.5 13.1 13.9 14.4 14.7 15.0 (in) 

134 177 197 216 255 277 292 303 311 (mm) 
5.3 7.0 7.8 8.5 10.0 10.9 11.5 11.9 12.3 (in) 

8. Incremental PMP 
[succesive subhaction in ~ t e p  71 216 39 23 15 11 9 (mm) 

134 43 20 19 ] 15 minute increments (mm) 

8.5 1.5 0.9 0.6 0.4 0.3 (in) 
5.3 1.7 0.8 0.8 ) I5 minute increments fin) 

9. Time sequence of 
incremental PMP 
[EMIIIO-2-14111 

Hourly Increments 
[Table 4.7'1 

Four largest 15-minute 134 43 20 19 
increments [Table 4.8-1 5.3 1.7 0.8 0.8 

* Figure numbers and table numbers refer to HMR 49 

PMF Rainfall Worksheets.xls, PMP - Local, 11110/99 



Drainage: Fan 5 or Fan 6 at Proposed Inlets 
Latitude: 33'45' Longitu 11 1'52' 

Area: 5.0 sm2 8.0 km2 - - 

1. Average l-hr lmi2 PMP for drainage [Figure 4.5'1 292 (mm) 11.5 (in) - - 
2. a. Reduction for Elevation: 

b. Multiply Step 1 by Step 2a 
100 % [No adjustment for elevations below 5000 feet] - 
292 (mm) 11.5 (in) - - 

3. Average 6-hrll-hr ratio for drainage [Figure 4.7.1 1.3 - 
Duration (hrs) 

0.25 0.50 0.75 1 2 3 4 5 6 
4. Durational variation (%) 

for 611-hr ratio of 
step 3 [Table 4.4'1 

5. 1 mi' PMP for 
indicated durations 
[step 2b x step 41 

6. Areal reduction 
[Figure 4.9'1 

7. Areal reduced PMP 
[step 5 x step 61 

216 260 277 292 333 353 365 374 380 (mm) 
8.5 10.2 10.9 11.5 13.1 13.9 14.4 14.7 15.0 (in) 

83 86 88 89.5 91 91.5 92 92.5 93 (%) 

179 224 244 261 303 323 336 346 353 (mm) 
7 1  8.8 9.6 10.3 11.9 12.7 13.2 13.6 13.9 (in) 

8. Incremental PMP 
[succesive subhaction in step 71 261 42 20 13 10 7 (mm) 

179 44 21 17 ) 15 minute increments (mm) 

103 1.6 0.8 0.5 0.4 0.3 (in) 
7.1 1.7 0.8 0.7 1 15 minureincrements PJ 

9. Time sequence of 
incremental PMP 
[EMIIIO-2-14111 

Hourly Increments 7 13 42 261 20 10 
[Table 4.7.1 0.3 0.5 1.6 10.3 0.8 0.4 

Four largest 15-minute 179 44 21 17 
increments [Table 4.8'1 7.1 1.7 0.8 0.7 

* Figure numbers and table numben refer to HMR 49 

PMF Rainfall Worksheets.xls, PMP - Local, 11/10/99 
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* 
FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

MAY 1991 t 

VERSION 4.0.1E t 

L a h e y  F77L-EM/32  version 5.01 * 
D o d s o n  & A s s o c i a t e s ,  I n c .  t 

RUN DATE 1 1 / 1 0 / 9 9  T l M E  20:12:30 * 
.......................................... 

NE P h o e n i x  L e v e l  1 P I 0 0  W i t h o u t  P i m a  R o a d  C h a n n e l  

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
* (916) 5 5 1 - 1 7 4 8  * 

X X X  X X X 
X X XXXXXXX XXXXX XXX 

I T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOUN AS HECl (JAN 73). HEClGS, HEClDB, AND HECIKU. 

I THE D E F I N I T I O N S  OF VARIABLES - W I M P -  AND -RTIOR- HAVE CHANGED FROM THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED U I T H  REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ T l M E  SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT I N F I L T R A T I O N  
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

P a g e  1 



b N p u T  
L I N E  

I 
I 

57 

8 5 9  

I 64 
7 0  

1 7 2  

1 77 

8 4  

I86 

I 
98 

I I 0 0  

1 1 0 5  

1 1 3  

1 I 1 5  

I 1% 

E; 
I 138 

1 4 3  

8 1 5 0  

I 15' 

HE P h o e n i x  L e v e l  1 P I 0 0  W i t h o u t  P i m a  Road ChanneL 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V)  ROUTING ( - - - > I  DIVERSION OR PUMP FLOW 

(.) CONNECTOR (g---) RETURN OF DIVERTED OR PUMPED FLOW 

S 1  

P a g e  3 3  



NE Phoenix Level 1 a100 Without Pima Road Channel 

FIR?......... ... 
v 
v 

>F2 

Page 34 



NE Phoenix Level 1 P I00 Without Pima Road Channel 
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S 4  

S 1 - 4  

>S5 

S 5  

S 1 - 5  

r S 6  

S 6  

S 1 - 6  

S 7  

.S8 

S 8  

S 7 - 8  

rs9 

S 9  

S 7 - 9  

.S10 

s 1 0  

S 7 - 1 0  

.S11 

S 1 1  

S7-  11 

>WING 

S 1 - 1 1  

F 1  

R 1  

65%2RU 

D I V  

HE P h o e n i x  L e v e l  1 P I 0 0  W i t h o u t  P i m a  R o a d  C h a n n e l  

RUNOFF SUMMARY 
FLDU I N  CUBIC FEET PER SECOND 

T lME I N  HOURS, AREA I N  SQUARE MILES 

PEAK T IME OF AVERAGE FLOW FOR MAXIMUM PERIOD BAS I N  
FLOW PEAK 6-HOUR 24-HOUR 72-HOUR AREA 

P a g e  191 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 



2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYOROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYOROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDRDGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYOROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 CDHBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 CDMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

NE Phoenix Level 1 PlOO Uithout Pima Road Channel 

1164. 4.58 148. 37. 12. 1.45 

954. 5.25 148. 37. 12. 1.45 6.04 5.25 

2447. 4.67 335. 84. 28. 1.68 

2491. 4.67 483. 121. 40. 3.13 

2402. 4.92 482. 121. 40. 3.13 7.36 4.92 

813. 4.50 85. 21. 7. 0.43 

1059. 4.50 122. 30. 10. 0.61 

3253. 4.75 689. 172. 57. 4.16 

3142. 5.00 688. 172. 57. 4.16 7.15 5.00 

1471. 4.42 142. 36. 12. 0.67 

3397. 4.92 826. 208. 69. 4.84 

3291. 5.25 825. 208. 69. 4.84 7.27 5.25 

2274. 4.50 271. 68. 23. 1.30 

3704. 5.08 1090. 276. 92. 6.13 

3655. 5.33 1088. 276. 92. 6.13 7.45 5.33 

1428. 4.50 151. 38. 13. 0.75 

3741. 5.25 1238. 314. 105. 6.89 

3660. 5.83 1233. 314. 105. 6.89 7.73 5.83 

1662. 4.67 247. 62. 21. 1.18 

3802. 5.75 1471. 375. 125. 8.06 

3746. 6.08 1464. 375. 125. 8.06 8.08 6.08 

1358. 4.50 144. 36. 12. 0.72 

3746. 6.08 1608. 411. 137. 8.78 

718. 4.42 65. 16. 5. 0.33 

534. 4.92 65. 16. 5. 0.33 5.43 4.92 

976. 4.50 107. 27. 9. 0.54 

1094. 4.67 1i3. 43. 14. 0.87 

3782. 6.00 1779. 455. 152. 9.65 

698. 4.58 88. 22. 7. 0.43 

638. 4.83 88. 22. 7. 0.43 5.25 4.83 

1144. 4.42 101. 25. 8. 0.50 

1249. 4.42 189. 47. 16. 0.93 

1027. 5.25 188. 47. 16. 0.93 5.82 5.25 

1476. 4.67 205. 51. 17. 1 .O1 

1762. 4.75 391. 99. 33. 1.94 

1605. 5.42 389. 99. 33. 1.94 6.40 5.42 

1255. 4.50 149. 37. 12. 0.72 

1705. 5.33 534. 136. 45. 2.65 
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2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYOROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

NE Phoenix Level 1 0100 Without Pima Road Channel 

5054. 5.83 2314. 590. 197. 

523. 4.42 46. 12. 4. 

450. 4.67 46. 12. 4. 

1230. 4.42 106. 27. 9. 

1438. 4.42 152. 38. 13. 

1102. 4.83 152. 38. 13. 

1492. 4.42 145. 36. 12. 

2017. 4.50 297. 74. 25. 

1821. 4.83 297. 74. 25. 

1020. 4.42 89. 22. 7. 

2048. 4.75 386. 97. 32. 

1932. 5.08 385. 97. 32. 

537. 4.42 48. 12. 4. 

1963. 5.08 432. 108. 36. 

6261. 5.17 2746. 699. 233. 

340. 4.42 34. 8. 3. 

299. 4.75 34. 8. 3. 

527. 4.42 46. 11. 4. 

592. 4.50 80. 20. 7. 

520. 5.00 80. 20. 7. 

565. 4.42 54. 13. 4. 

726. 4.50 133. 33. 11. 

6772. 5.08 2878. 732. 244. 

262. 4.25 17. 4. 1. 

196. 4.58 17. 4. 1. 

770. 4.42 70. 18. 6. 

855. 4.50 88. 22. 7. 

821. 4.58 88. 22. 7. 

468. 4.25 33. 8. 3. 

998. 4.50 120. -30. 10. 

6960. 5.08 2998. 762. 254. 

1003. 4.67 144. 36. 12. 

933. 4.83 144. 36. 12. 

438. 4.25 27. 7. 2. 

945. 4.83 172. 43. 14. 

847. 5.25 172. 43. 14. 

827. 4.42 83. 21. 7. 

1125. 4.50 255. 64. 21. 
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ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

RWTED TO 

HYDROGRAPH AT 

RWTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

RDUTED TO 

>F3D 

F30 

F27-30 

F31 

rF32 

F32 

F31-32 

>F33 

F33 

F31-33 

rF34 

F34 

F31-34 

F27-34 

>F35 

F35 

F27-35 

>F36 

F36 

F27-36 

>F37C 

rF37 

F37 

F27-37 

FAN 5 

P I  

>P3A 

P2 

>P3B 

P3 

P1-P3 

P4 

P40UT 

DlVPl 

>P5 

P5 

P4-P5 

.P6 

NE Phoenix 

944. 5.00 

547. 4.42 

1005. 4.92 

797. 4.58 

759. 4.75 

418. 4.25 

774. 4.75 

670. 5.33 

875. 4.50 

1135. 4.58 

993. 4.92 

530. 4.33 

1063. 4.83 

2041. 4.92 

2003. 5.00 

957. 4.25 

2014. 5.00 

1962. 5.17 

1005. 4.33 

2072. 4.58 

2067. 4.58 

2011. 4.83 

713. 4.33 

2084. 4.83 

8960. 4.75 

2881. 4.42 

2291. 4.83 

1838. 4.33 

1285. 4.67 

2800. 4.42 

4686. 4.58 

972. 4.42 

389. 4.42 

583. 4.42 

505. 4.58 

1262. 4.42 

1609. 4.50 

1355. 4.75 

Level 1 QlDO Vithout Pima Road Channel 

254. 64. 21. 

49. 12. 4. 

303. 76. 25. 

108. 27. 9. 

108. 27. 9. 

24. 6. 2. 

131. 33. 11. 

131. 33. 11. 

99. 25. 8. 

230. 58. 19. 

230. 58. 19. 

43. 11. 4. 

272. 68. 23. 

575. 144. 48. 

574. 144. 48. 

66. 16. 5. 

637. 161. 54. 

637. 161. 54. 

76. 19. 6. 

712. 180. 60. 

712. 180. 60. 

710. 180. 60. 

54. 13. 4. 

763. 193. 64. 

3761. 955. 318. 

296. 74. 25. 

295. 74. 25. 

135. 34. 11. 

135. 34. 11. 

277. 69. 23. 

706. 177. 59. 

89. 22. 7. 

36. 9. 3. 

53. 13. 4. 

53. 13. 4. 

124. 31. 10. 

177. 44. . 15. 

176. 44. 15. 
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HYOROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYOROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYOROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBlNEO AT 

HYOROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYOROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

3 CDMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

P6 

P4-P6 

P1-P6 

>P7A 

>P7B 

P7 

P1-P7 

PTORl2 

DIVP2 

GHNU 

GHSE 

GH-FUT 

P8 

.P9 

P9 

P1-P9 

>PI0 

PI0 

P8-10 

R1 

35%2F5 

D I V  

>R2 

R2 

R1-R2 

>R6A 

R3 

R4 

R5 

R3-R5 

>R6B 

R6 

R1-R6 

>R7 

R7 

R1-R7 

>R9A 

R8 

Phoenix I 

4.42 

4.42 

4.58 

4.83 

4.92 

4.50 

4.92 

0.08 

0.08 

4.42 

4.42 

4.25 

4.25 

4.42 

4.42 

4.42 

4.83 

4.42 

4.75 

4.50 

4.50 

4.50 

5.00 

4.50 

4.92 

4.92 

4.67 

4.58 

4.50 

4.58 

4.67 

4.50 

4.67 

5.17 

4.83 

5.08 

5.17 

4.58 

.eve( 1 Q l O O  Uithout Pima Road Channel 

113. 28. 9. 0.57 

289. 73. 24. 1.61 

996. 250. 83. 5.15 

995. 250. 83. 5.15 

995. 250. 83. 5.15 

179. 45. 15. 0.85 

1171. 295. 98. 6.00 

1171. 295. 98. 6.00 

0. 0. 0. 6.00 

42. 11. 4. 0.19 

23. 7. 3. 0.10 

59. 15. 5. 0.28 

123. 33. 12. 0.57 

123. 33. 12. 0.57 

135. 34. 11. 0.69 

257. 66. 23. 1.26 

257. 66. 23. 1.26 

150. 38. 13. 0.77 

406. 104. 36. 2.03 

211. 53. 18. 1.09 

74. 18. 6. 1.09 

137. 34. 11. 1.09 

137. 34. 11. 1.09 

59. 15. 5. 0.30 

196. 49. 16. 1.39 

196. 49. 16. 1.39 

285. 71. 24. 1.47 

225. 56. 19. 1.16 

247. 62. 21. 1.27 

757. 189. 63. 3.91 

757. 189. 63. 3.91 

153. 38. 13. 0.79 

1106. 277. 92. 6.09 

1105. 277. 92. 6.09 

649. 162. 54. 3.31 

1750. 439. 146. 9.39 

1749. 439. 146. 9.39 

777. 194. 65. 3.71 
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ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 CDMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

>R98 

R9 

Rl-R9 

>R10 

R10 

Rl-R10 

107015 

D I V R l  

>R11 

R11 

R1-R11 

rRl2A 

TOR12 

DUMMY 

COMB 

>R128 

R12 

R1-R12 

>R13 

R13 

R1-R13 

>R14 

R14 

R1-R14 

TOR15 

>R15 

R15 

R15+ 

*Rl6 

R16 

R15R16 

rR17 

R17 

R15R17 

.RIB 

R18 

R15R18 

R1-18 

NE Phoenix Level 1 a100 Uithout Pima Road Channel 

5678. 4.75 774. 194. 65. 3.71 

1191. 4.33 90. 22. 7. 0.46 

12085. 5.00 2603. 656. 219. 13.57 

11865. 5.17 2603. 656. 219. 13.57 

1274. 4.33 99. 25. 8. 0.50 

11879. 5.17 2702. 681. 227. 14.07 

1188. 5.17 270. 68. 23. 14.07 

10691. 5.17 2431. 613. 204. 14.07 

10127. 5.58 2430. 613. 204. 14.07 

2730. 4.50 332. 83. 28. 1.52 

10256. 5.58 2740. 696. 232. 15.59 

9785. 5.92 2734. 696. 232. 15.59 

6841. 4.92 1171. 295. 98. 0.00 

0. 0.06 0. 0. 0. 6.00 

6841. 4.92 1171. 295. 98. 6.00 

6457. 5.25 1171. 295. 98. 6.00 

1146. 4.42 108. 27. 9. 0.54 

12351. 5.92 3998. 1017. 339. 22.13 

11680. 6.25 3975. 1017. 339. 22.13 

997. 4.50 104. 26. 9. 0.54 

11680. 6.25 4018. 1044. 348. 22.67 

11242. 6.67 3991. 1044. 348. 22.67 

1185. 4.42 113. 28. 9. 0.58 

11242. 6.67 3991. 1072. 357. 23.25 

1188. 5.17 270. 68. 23. 0.00 

1018. 5.92 270. 68. 23. 0.00 . 
804. 4.58 108. 27. 9. 0.56 

1044. 5.92 377. 95. 32. 0.56 

977. 6.17 377. 95. 32. 0.56 

416. 4.25 28. 7. 2. 0.14 

977. 6.17 404. 102. 34. 0.70 

830. 6.83 400. 102. 34. 0.70 

1725. 4.50 177. 44. 15. 0.92 

1737. 4.50 566. 146. 49. 1.62 

1145. 4.92 552. 146. 49. 1.62 

2176. 4.42 193. 48. 16. 0.97 

2254. 4.42 718. 195. 65. 2.58 

11718. 6.67 4567. 1267. 422. 25.83 
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NE Phoenix Level 1 Q l O O  Without Pima Road Channel 

2 COMBINED AT RH+PP 11788. 6.67 4958. 1371. 458. 27.86 

I 
*** NORMAL END OF HEC-1 *** 

I 
t 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
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NE P h o e n i x  L e v e l  1 0 1 0 0  W i t h  P i m a  R o a d  C h a n n e l  

............................................ ....................................... 

1: FLOOD HYDROGRAPH PACKAGE (HEC-A) 

* * 
* U.S. ARMY CORPS OF ENGINEERS * 

MAY 1991 * HYDROLOGIC ENGINEERING CENTER * 
VERSION 4.0.1E a * 6 0 9  SECOND STREET * 

* L a h e y  F77L-EM/32 version 5.01 * I: 
* DAVIS, CALIFORNIA 95616 t 

D o d s o n  & A s s o c i a t e s ,  I n c .  * * (916) 5 5 1 - 1 7 4 8  * 
* RUN DATE 1 1 / 1 0 / 9 9  T IME 20:17:43 * * * 
........................................ ****X***********.******""*""*tt********* 

X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

4 T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73). HECIGS, HEClDB, AND HECIKU. 

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
TllF O F F I N l T l n N  OF -AMSKY- ON QM-CARD WAS CHANGED U l T H  REVISIONS DATED 28 SEP 81. T H I S  I S  THE FORTRAN77 VERSION -. .... ....- - -~~ -~ - ~ 

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:URITE~STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT I N F I L T R A T I O N  
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

P a g e  1 



NE P h o e n i x  L e v e l  1 a100 U i t h  P i m a  Road C h a n n e l  

a NpuT 
L I N E  

SCHEMATIC DIAGRAM OF STREAM NETWORK 

( V )  ROUTING ( - - ->)  DIVERSION OR PUMP FLOU 

(.I CONNECTOR (< - - - )  RETURN OF DIVERTED OR PUMPED FLOW 

S1 
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NE Phoenix Level 1 a100 With Pima Road Channel 

. - - - - - - > 65X2RW 
D I V  

FIR!.. .......... 
V 
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NE Phoenix Level 1 (1100 With Pima Road Channel 
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NE Phoenix Level 1 PI00 With Pima Road Channel 
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NE Phoenix Level 1 PlOO Ui th Pima Road Channel 

FAN 5 ............ 

GHNU 

GHSE 

GH-FUT 
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NE Phoenix Level 1 P I 0 0  U i th  Pima Road Channel 

.P9 
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NE Phoenix Level 1 PI00 With Pima Road Channel 

DUMMY 

............ COMB 
v 
v 

>R12B 
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OPERATION 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH A T  

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH A T  

R W T E D  TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED A T  

R W T E D  TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

STATION 

S1 

5 2  

S 1 - 2  

>S3 

S 3  

5 1 - 3  

>s4 

S 4  

5 1 - 4  

>S5 

S5 

S 1 - 5  

r S 6  

S 6  

S 1 - 6  

S 7  

.S8 

S 8  

S 7 - 8  

>s9 

S 9  

S 7 - 9  

.S10 

S 1 0  

5 7 - 1 0  

.S11 

S 1 1  

S7-  I I 

N I N G  

S 1 - 1 1  

F 1  

R1 

65X2RU 

D I V  

NE P h o e n i x  L e v e l  1 QlOO With P i m a  R o a d  C h a n n e l  

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

T l M E  I N  HWRS, AREA I N  SQUARE M I L E S  

PEAK TIME OF AVERAGE FLOU FOR MAXIMUM PERIOD B A S I N  
FLOW PEAK 6-HOUR 2 4 - H W R  72-HOUR AREA 

1585.  4.92 333. 83. 28. I .62 

Page 1 8 3  

MAXIMUM 
STAGE 

T lME OF 
MAX STAGE 



2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

F l R l  

>F2 

F2 

F1-2 

DF3 

F3 

F4 

F1-4 

WF5 

F5 

F1-5 

>F6 

F6 

F1-6 

>F7 

F7 

F1-7 

rF8 

F8 

F1-8 

WF9 

F9 

F1-9 

F10 

.F11 

F11 

F10-11 

F1-11 

F12 

>F13 

F13 

F12-13 

>F14 

F14 

F12-14 

>F15 

F15 

F12-15 

NE Phoenix Level 1 PlOO With Pima Road Channel 

4.58 148. 37. 12. 1.45 

5.25 148. 37. 12. 1.45 6.04 5.25 

4.67 335. 84. 28. 1.68 

4.67 483. 121. 40. 3.13 

4.92 482. 121. 40. 3.13 7.36 4.92 

4.50 85. 21. 7. 0.43 

4.50 122. 30. 10. 0.61 

4.75 689. 172. 57. 4.16 

5.00 688. 172. 57. 4.16 7.15 5.00 

4.42 142. 36. 12. 0.67 

4.92 826. 208. 69. 4.84 

5.25 825. 208. 69. 4.84 7.27 5.25 

4.50 270. 67. 22. 1.30 

5.08 1089. 275. 92. 6.13 

5.33 1087. 275. 92. 6.13 7.44 5.33 

4.50 151. 38. 13. 0.75 

5.25 1237. 313. 104. 6.89 

5.83 1232. 313. 104. 6.89 7.73 5.83 

4.67 247. 62. 21. 1.18 

5.75 1470. 375. 125. 8.06 

6.08 1467. 375. 125. 8.06 8.08 6.08 

4.50 144. 36. 12. 0.72 

6.08 1606. 411. 137. 8.78 

4.42 65. 16. 5. 0.33 

4.92 65. 16. 5. 0.33 5.43 4.92 

4.50 107. 27. 9. 0.54 

4.67 173. 43. 14. 0.87 

6.00 1778. 454. 151. 9.65 

4.58 88. 22. 7. 0.43 

4.83 88. 22. 7. 0.43 5.25 4.83 

4.42 101. 25. 8. 0.50 

4.42 189. 47. 16. 0.93 

5.25 188. 47. 16. 0.93 5.82 5.25 

4.67 205. 51. 17. 1 .01 

4.75 391. 99. 33. 1.94 

5.42 389. 99. 33. 1.94 6.40 5.42 

4.50 149. 37. 12. 0.72 

5.33 535. 136. 45. 2.65 
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2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED A T  

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

NE Phoenix L 

5.83 

4.42 

4.67 

4.42 

4.42 

4.83 

4.42 

4.50 

4.83 

4.42 

4.75 

5.08 

4.42 

5.08 

5.17 

4.42 

4.75 

4.42 

4.50 

5.00 

4.42 

4.50 

5.08 

4.25 

4.58 

4.42 

4.50 

4.58 

4.25 

4.50 

5.08 

4.67 

4.83 

4.25 

4.83 

5.25 

4.42 

4.50 

evel 1 a100 Ui th  Pima Road Channel 

2313. 590. 197. 12.30 

L6. 12. 4 .  0.23 

46. 12. 4. 0.23 

106. 27. 9. 0.53 

152. 38. 13. 0.76 

152. 38. 13. 0.76 

145. 36. 12. 0.73 

297. 74. 25. 1.49 

297. 74. 25. 1.49 

89. 22. 7. 0.44 

386. 97. 32. 1.93 

385. 97. 32. 1.93 

48. 12. 4. 0.24 

432. 108. 36. 2.17 

2744. 699. 233. 14.48 

34. 8. 3. 0.17 

34. 8. 3. 0.17 

46. 11. 4. 0.23 

80. 20. 7. 0.40 

80. 20. 7. 0.40 

54. 13. 4. 0.27 

133. 33. 11. 0.67 

2877. 732. 244. 15.15 

17. 4. 1. 0.09 

17. 4. 1. 0.09 

70. 18. 6. 0.35 

88. 22. 7. 0.44 

88. 22. 7. 0.44 

33. 8. 3. 0.16 

120. 30. 10. 0.60 

2997. 762. 254. 15.75 

145. 36. 12. 0.71 

144. 36. 12. 0.71 

27. 7. 2. 0.14 

172. 43. 14. 0.84 

172. 43. 14. 0.84 

83. 21. 7. 0.42 

255. 64. 21. 1.26 
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ROUTED TO 

HYDROGRAPH AT 

2 CDMBINEO AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 CDMBINEO AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

>F30 

F30 

F27-30 

F31 

>F32 

F32 

F31-32 

>F33 

F33 

F31-33 

>F34 

F34 

F31-34 

F27-34 

>F35 

F35 

F27-35 

>F36 

F36 

F27-36 

WF37C 

>F37 

F37 

F27-37 

FAN 5 

PlA 

>P3A 

P3A 

PI-P3 

P6A 

PI-P6 

>P7A 

>P78 

P7 

PI-P7 

PTORl2 

DlVP2 

GHNU 

NE Phoenix Level 1 Q l O O  U i th  Pima Road 'channel 

5.00 255. 64. 21. 

4.42 49. 12. 4. 

4.92 303. 76. 25. 

4.58 108. 27. 9. 

4.75 108. 27. 9. 

4.25 24. 6. 2. 

4.75 131. 33. 11. 

5.33 131. 33. I f .  

4.50 99. 25. 8. 

4.58 230. 58. 19. 

4.92 230. 58. 19. 

4.33 43. 11. 4. 

4.83 272. 68. 23. 

4.92 575. 144. 48. 

5.00 575. 144. 48. 

4.25 66. 16. 5. 

5.00 638. 161. 54. 

5.17 637. 161. 54. 

4.33 76. 19. 6. 

4.58 712. 180. 60. 

4.58 712. 180. 60. 

4.83 711. 180. 60. 

4.33 54. 13. 4. 

4.83 763. 193. 64. 

4.75 3760. 955. 318. 

4.50 100. 25. 8. 

4.92 100. 25. 8. 

4.50 194. 49. 16. 

4.50 294. 74. 25. 

4.33 34. 8. 3. 

4.50 328. 82. 27. 

4.83 327. 82. 27. 

4.92 327. 82. 27. 

4.50 180. 45. 15. 

4.75 504. 127. 42. 

0.08 504. 127. 42. 

0.08 0. 0. 0. 

4.42 42. 11. 4. 
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HYDROGRAPH AT 

HYOROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

DIVERSION TO 

HYOROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYOROGRAPH AT 

3 COMBINED A T  

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

HYOROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

GHSE 

GH-FUT 

P8 

rp9 

P9 

PI-P9 

>PI0 

PI0 

P8-10 

R1 

35X2F5 

DIV 

Xi2 

R2 

R1-R2 

>R6A 

R3 

R4 

R5 

R3-R5 

>R6B 

R6 

R1-R6 

bR7 

R7 

R1-R7 

>R9A 

R8 

>R9B 

R9 

R1-R9 

.R10 

R10 

R1-R10 

10TO15 

OIVRl 

.R11 

R11 

NE Phoenix 

4.42 

4.25 

4.25 

4.42 

4.42 

4.42 

4.83 

4.42 

4.75 

4.50 

4.50 

4.50 

5.00 

4.50 

4.92 

4.92 

4.67 

4.58 

4.50 

4.58 

4.67 

4.50 

4.67 

5.17 

4.83 

5.08 

5.17 

4.58 

4.75 

4.33 

5.00 

5.17 

4.33 

5.17 

5.17 

5.17 

5.58 

4.50 

Level 1 PI00 With Pima Road Channel 

23. 7. 3. 

59. 15. 5. 

123. 33. 12. 

123. 33. 12. 

135. 34. 11. 

257. 66. 23. 

257. 66. '23. 

150. 38. 13. 

406. 104. 36. 

211. 53. 18. 

74. 18. 6. 

137. 34. 11. 

137. 34. 11. 

59. 15. 5. 

196. 49. 16. 

196. 49. 16. 

285. 71. 24. 

225. 56. 19. 

247. 62. 21. 

757. 189. 63. 

757. 189. 63. 

153. 38. 13. 

1106. 277. 92. 

1105. 277. 92. 

649. 162. 54. 

1750. 439. 146. 

1749. 439. 146. 

777. 194. 65. 

774. 194. 65. 

90. 22. 7. 

2603. 656. 219. 

2603. 656. 219. 

99. 25. 8. 

2702. 681. 227. 

270. 68. 23. 

2431. 613. 204. 

2430. 613. 204. 

332. 83. 28. 
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2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBlNEO AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

2 COMBINED AT 

*** NORMAL END OF HEC-1 

NE Phoenix Level 1 PlOO With Pima Road Channel 

Rl-R11 10256. 5.58 2740. 696. 232. 15.59 

>R12A 9785. 5.92 2734. 696. 232. 15.59 10.75 5.92 

TOR12 2715. 4.75 504. 127. 42. 0.00 

DUMMY 0. 0.08 0. 0. 0. 2.50 

COMB 2715. 4.75 504. 127. 42. 2.50 

>R12B 2249. 5.42 504. 127. 42. 2.50 10.32 5.42 

R12 1146. 4.42 108. 27. 9. 0.54 

R1-R12 11424. 5.92 3331. 850. 283. 18.63 

>R13 10475. 6.33 3308. 850. 283. 18.63 10.88 6.33 

R13 997. 4.50 104. 26. 9. 0.54 

R1-R13 10475. 6.33 3351. 876. 292. 19.17 

>R14 9868. 6.75 3324. 876. 292. 19.17 10.82 6.75 

R14 1185. 4.42 113. 28. 9. 0.58 

R1-R14 9868. 6.75 3324. 904. 301. 19.75 

TOR15 1188. 5.17 270. 68. 23. 0.00 

>R15 1018. 5.92 270. 68. 23. 0.00 10.44 5.92 

R15 804. 4.58 108. 27. 9. 0.56 

R15+ 1044. 5.92 377. 95. 32. 0.56 

>R16 977. 6.17 377. 95. 32. 0.56 10.43 6.17 

R16 416. 4.25 28. 7. 2. 0.14 

R15R16 977. 6.17 404. 102. 34. 0.70 

>R17 830. 6.83 400. 102. 34. 0.70 10.45 6.83 

R17 1725. 4.50 177. 44. 15. 0.92 

R15R17 1737. 4.50 566. 146. 49. 1.62 

>R18 1145. 4.92 552. 146. 49. 1.62 10.48 4.92 

R18 2176. 4.42 193. 48. 16. 0.97 

R15R18 2254. 4.42 718. 195. 65. 2.58 

R1-18 10355. 6.75 3902. 1099. 366. 22.33 

RH+PP 10421. 6.75 4293. 1203. 402. 24.36 
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Level 1 Hydrology Arizona 
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Diversions 
0 Primary Watershed Boundaries 

53 Subwatershed Boundaries 
CAP Dike Extent 
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U.S. ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

FIGURE l b  1 



NORTHEAST PHOENIX FEASlBlLlN STUDY 

PHOENIX. ARIZONA 

FIGURE 3 

IS0 HYETAL MAP 

STORM OF AUGUST 19,1954 

QUEEN CREEK. ARIZONA 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 



LEGEND 

- 28- ISOPLUVIALS IN 
TENTHS OF AN INCH i 

-2- ELEVATION IN 
THOUSANDS OF FEET 

SCALE IN MILES 

NORTHEAST PHOENIX FEASIBILITY STUDY 

PHOENIX, ARIZONA 

FIGURE 4 

10-YEAR 6-HOUR 

PRECIPITATION MAP 

(FROM NOAA Atlas 2) 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 



I Drainage Area (sm) 

Adapted from Xerox copy provided by USACE - LAD 

NORTHEAST PHOENIX FEASIBILITY STUDY 

PHOENIX. ARIZONA 

FIGURE 5 

ARIZONA STANDARD PROJECT 

LOCAL SUMMER THUNDERSTORM 

DEPTH - AERA REDUCTION CURVES 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 



r 

< a 
3 . 10 NOTE: 

a INTENSITY-DURATION CURVE NO. 7 REPRESENTS W NTENSlTY - DURATION CURVES 
a APPROXIMATE VALUES AT THE STORM CENTER. THE 
V) 8 CURVE IS SYNTHESIZED FROM DATA AT GAGES WITHIN 
W 
x THE STORM, AND IS SUPPLEMENTED BY INTENSITY- 
o DURATION VALUES FROM OTHER SHORT DURATION 
5 6 STORIlS I N  CENTRAL ARIZONA. DATA FOR OTHER 
Z INTENSITY-DURATION CURVES ARE FOR STATIONS - 

WITHIN THE STORM AREA BUT NOT NECESSARILY AT > THE STORM CENTER. 
$, 4 

Z 
W 
I- 
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-I 
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Z 0 
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AREA IN SQUARE MILES 

NORTHEAST PHOENIX FEASIBILITY STUDY 

PHOENIX. ARIZONA 

FIGURE 6 

INTENSITY DURATION AND 

DEPTH-AREA CURVES 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT . 

CURVE NO.. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

'iTORM 
1 

LOCATION DATE APPROXIMATE 
DURATION 

HRS MIN 

PARKERCREEK SEPT. 10,1933 1 45 
WALNUT GULCH OCT. 4-5, 1954 0 30 
SANTA RITA JUNE 29,1959 2 20 
UNIV. O F  ARIZONA 1 35 
TUCSON AIRPORT 3 1 0 
PHOENIX JULY 26,1936 0 40 
QUEEN CREEK AUG. 19.1954 7 0 
THATCHER SEPT. 16,1939 1 30 
GLOBE JULY 29,1954 1 0 
TUCSON SEPT. 24,1943 3 0 
PARKER CREEK AUG. 5,1939 2 20 
TEMPE SEPT. 14.1969 1 0 
PHOENIX JUNE 22,1972 2 0 



NORTHEAST PHOENIX FEASIBILITY STUDY 

PHOENIX. ARIZONA 

FIGURE 7 

ARIZONA STANDARD PROJECT 

LOCAL SUMMER THUNDERSTORM 

PRECIPITATION AREA PATTERN CURVES 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 



&hour Point Rainfall Depths 

100 

Return Interval (years) 

NORTHEAST PHOENIX FEASlBlLlN STUDY 

PHOENIX, ARIZONA 

FIGURE 8 

POINT RAINFALL DEPTHS 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 
* 



1 Upper Watershed Depth-Duration-Frequency Curves 

10 100 
Return Interval (year) 

Lower Watershed Depth-Duration-Frequency Curves 

10 100 
Return Interval (year) 

NORTHEAST PHOENIX FEASIBILITY STUDY 

PHOENIX. ARIZONA 

FIGURE 9 

DEPTH - DURATION - FREQUENCY CURVES 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 



NORTHEAST PHOENIX FEASIBILITY STUDY 

PHOENIX. ARIZONA 

FIGURE 10 
ARIZONA STANDARD PROJECT 

LOCAL SUMMER THUNDERSTORM 

DEPTH -AERA REDUCTION CURVES 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 



NORTHEAST PHOENIX FEASlBlLlTf STUDY 

I PHOENIX. ARIZONA 

FIGURE 11 

S -GRAPHS 

LOS ANGELES DISTRICT 



CONTRIBUTING 
AREA L -- 
SO. MI. MILES 

SAN GABRIEL RIVER AT SAN GABRIEL DAM. W E  162.0 23.2 
WEST-FORT SAN GABRIEL RIVER AT COGSWELL OAM,CALIF. 4 0 4  9.3 
SAN ANITA CREEK AT S ~ N T A  ANITA DAM. CALIF. 10.8 5.8 
SAN OIYAS CREEK AT SAN OIMAS DAM, CALIF. 16.2 8.6 
EATON WASH AT EATON WASH DAM, CALIF. 9.5 7.3 
SAN ANTONIO CREEK NEAR CUREMONT. CALIF. 16.9 5.9 
SANTA CLARA RIVER NEAR SAWUS, CALIF 3 55.0 36.0 
TEYECULA CREEK AT PAUBA CANYON,CALIF. 168.0 26.0 
SANTA MAfiGARITA RIVER M A R  FALLBROOK .CALIF. 645.0 46.0 
SANTA MARGARITA RIVER AT YSIDORA. CALIF. 740.0 61.2 

-LIVE OAK CREEK AT LIVE OAK OAU,CALIF. 2 3 2.9 
TUJUNGA CREEK AT BIG TUJUNGA DAN. CALIF. 81.4 15.1 
MURRIETA CREEK AT TEMECULA. CALIF. 220.0 27.2 
LOS ANGELES RIVER AT SEPULVEDA DAM,CALIF. 152.0 19.0 
PACOIYA WASH AT PACOIUA OAM,CALIF. 2 7.8 15.0 
ALHAMBRA WASMABOVE SHORT STREET. CALIF. 14.0 9.5 
BROADWAY DRAIN ABOVE RAYMOND DIKE, CALIF. 2.5 3.4 
GILA RIVER AT CONNOR Nq.4 0A.M SITE, ARIZ. 2840 .0  131.0 

SAN FRANUSU) RlMR AT JUNCTlON WITH BLUE RIVER, ARIZ. 2000.0 130.0 
BLUE RIVER NEAR CLIFTON, ARiZ 790.0 77.0 
SALT RIVER NEAR ROOSEVELT, ARIZ. 4310.0 (60.0 
NEW RIVER AT ROCK SPRINGS.ARIZ. 67.3 20.2 
NEW RIVER AT NEW RIVER. ARIZ. 85.7 26.2 

NEW RIVER AT BELL ROA0,ARIZ. 187.0 47.6 
SKUNK CREEK NEAR PHOEN1X.ARIZ. 64.6 17.6 

Lca S -- 
MILES FTYMI. 

ESTIMATED 
L A G  - 

n - -  
HOURS iirO.m: DRAINAGE AREA HAS COMPARATIVELY UNIFORM SLOPES 

AND SURFACE CHARACTERISTICS .SUCH THAT CHANNELIZATION DOES 
NOT OCCUR. GROUND COVER CONSISTS OF CULTIVATED CROPS OR 
SUBSTANTIAL GROWTHS OF GRASS AND FAIRLY MNSE SMALL SHRUBS. 
UCTI.  OR SIMILAR VEGETATION. NO DRAINAGE IMPROVEMENTS EXIST 
IN THE AREA. 

?i=0.050: DRAINAGE AREA IS.QUITE RUGGED, WITH SHARP RIDGES 

AND NARROW. STEEP CANYONS THROUGH WHICH WATERCOURSES 
MEANDER AROUND SHARP BENDS. OVER LARGE BOULDERS. AND 
CONSIDERABLE DEBRIS WSTRUCTION. THE GROUND COVER. 
EXCLUDING SMALL AREAS OF ROCK OUTCROPS, INCLUDES MANY 
TREES AND CONSIDERABLE UNDERBRUSH. NO DRAINAGE IMPROVEYENTS 
EXIST IN THE AREA. 

m: DRAINAGE AREA IS GENERALLY ROLLING, WlTH ROUNDED 
RIDGES AND MODERATE SIDE SLOPES. WATERCOURSES MEANDER IN 
FAIRLY STRAIGHT. UNIMPROVED CHANNELS WITH SOME BOULOERS AN0 
'LODGED DEBRIS. GROUND COVER INCLUDES. SCATTERED BRUSH AND 
GRASSES. NO DRAINAGE IMPROVEMENTS EXIST IN THE AREA. 

w. DRAINAGE AREA HAS FAIRLY UNIFORM, GENTLE SLOPES 
WlTH MOST WATERCOURSES EITHER IMPROVED OR ALONG PAVED 
STREETS. GROUND COVER CONSISTS OF SOME GRASSES WlTH 
APPRECIABLE AREAS DEVELOPED. TO THE EXTENT THAT A LARGE 
PERCENTAGE OF THE AREA IS IMPERVIOUS. 

TERMINOLOGY 

L =LENGTH OF LONGEST WATERCOURSE 

LC. : LLNGTH ALONG LONGEST WATERCOURSE. 
MEASURED UPSTREAM TO POINT 
OPPOSITE CENTER OF AREA. 

S = OVER-ALL SLOPE ' OF LONGEST 
WATERCOURSE BETWEEN HEADWATER AND 
COLLECTION POINT. 

LAG= ELAPSED TIME FROM BEGINNING OF UNIT 
PRECIPITATION TO INSTANT THAT 
SUMMATION HYOROGRAPH REACHES 5 0  % 
OF ULTIMATE DISCHARGE. 

ii 'VISUALLY ESTIMATED MEAN OF THE n 
(MANNING'S FORMULA) VALUES OF ALL 
THE CHANNELS WITHIN AN AREA. 

NOTE: 
TO OBTAIN THE LAG (IN HOURS) FOR 

ANY AREA, MULTIPLY THE LAG OBTAINED 
FROM THE CURVE BY : 

NORTHEAST PHOENIX FEASIBILITY STUDY 

PHOENIX, ARIZONA 

FIGURE 12 

LAG RELATION 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 
? 







Exwedance Probability 
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NORTHEAST PHOENIX FEASlBlLlN STUDY 

PHOENIX, ARIZONA 

FIGURE 13 

MODEL RESULTS VS. REGIONAL EQUATIONS 

PEAK DISCHARGE 

RAWHIDE WASH SUBAREAS Rl-R6 (DA = 6.09 SM) 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 



-Adopted Discharge 

+COE, DM@, Part 1, EQ#1 (1974) 

+ USGS Roeske (1978) 

X USGS Eychaner Primary (1984) 

+ USGS Eychaner Alternate (1984) 

Exmedanm Pmbabilliy 
.20 . I0 .04 .02 .01 ,005 ,002 

Return Period (yean) 

NORTHEAST PHOENIX FEASIBILITY STUDY 

PHOENIX, ARIZONA 

FIGURE 14 
MODEL RESULTS VS. REGIONAL EQUATIONS 

PEAK DISCHARGE 

RAWHIDE WASH SUBAREAS R1-R7 (DA = 8.39 SM) 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 



NORTHEAST PHOENIX FEASIBILITY STUDY 

PHOENIX, ARIZONA 

FIGURE 15 

MODEL RESULTS VS. REGIONAL EQUATIONS 

PEAK DISCHARGE 

FAN 5 SUBAREAS F1-F4 (DA = 3.08 SM) 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 
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NORTHEAST PHOENIX FEASlBlLllY STUDY 

PHOENIX. ARIZONA 

FIGURE 18 

MODEL RESULTS VS. REGIONAL EQUATIONS 

PEAK DISCHARGE 

FAN 6 SUBAREAS S1-2 (DA = 2.08 SM) 

U.S. ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 
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1.0 Introduction 

The hydraulic studies are separated into three primary tasks which were performed on each of the 
three alluvial fan floodplains. Task 1 is a floodplain analysis to define floodplain limits, hydraulic 
parameters, and water-surface elevations for determining inundation damages; Task 2 is to 
develop a floodproofing design which would be acceptable to FEMA for removing properties from 
the A 0  Flood Hazard Zone; and Task 3 is to provide sediment transport analyses to evaluate the 
total sediment delivery to the downstream discharge disposal locations. The following sections 
provide a detailed description of each task, the approached used, and the results obtained. 

2.0 Floodplain Analysis 

The goal of the floodplain analyses was to define "realistic" floodplain limits, hydraulic parameters, 
and water-surface elevations for determining inundation damages for existing conditions. This 
information was developed for peak discharges with 10, 25, 50, 100, and 500-year frequencies. 

2.1 Modeling Approach 

Initially, it was uncertain whether high flows on the alluvial floodplains within the study area would 
follow probabilisticflow paths along the full length of the A 0  Zones, as depicted by FEMA's alluvial 
fan model, or incised flow paths of existing primary channels, or a combination of the two. From 
the field reconnaissance and available mapping, it was apparent that the upper reaches of Fans 
5 and 6, and Rawhide Wash contained sufficient, well-defined channels to allow a one-dimensional 
flow analvsis usina the HEC-2 water-surface ~rofi le model. Therefore, the a ~ ~ r o a c h  used for the 
floodplain analysiswas to model the floodplains using HEC-2 in the upper reaches, then switch to 
the FEMA Fan Model, as modified by Bechtel Corporation (9), at a location where the flow was no 
longer contained in an incised channel. 

2.2 HEC-2 Model 

As stated above, the upper reaches of Fans 5 and 6, as well as Rawhide Wash, contained 
sufficient, well-defined channels to allow the HEC-2 water-surface profile model to be used to 
define inundation damages. Therefore, a HEC-2 model was prepared for the upper reaches of 
each FEMA fan identified within the Rawhide Wash, Fan 5, and Fan 6 watersheds. Due to several 
split flow conditions, four HEC-2 models were needed to delineate the floodplains in the Fan 6 
watershed and two models were required for the Fan 5 watershed. Only one model was required 
for Rawhide Wash. 

The main stem of each alluvial fan was identified as the wash that runs continuously from the apex 
to the base of the fan. Using the best available mapping and the sub-basin delineations developed 
for the hydrological model (HEC-I), a hydraulic baseline was established along each main stem. 
Within the upper reaches of each FEMA Fan, cross-sections were taken across the entire 
floodplain at 1,000 to 2,000-foot intervals and examined to identify the major channels. The banks 
of each channel were established at each cross-section using an iterative process of adjusting the 
bank location in the HEC-2 model until the channel contained the 500-year discharge. 
Consequently, all lesser discharges are contained in the identified channel. A final check was 
made at each cross-section to ensure the bank locations were consistent with the hydrological sub- 
basin areas contributing flow to the channel (re: Figures 2-7, 2-8, and 2-9). 
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2.2.1 Manning's Roughness Coefficient 

This section describes the selection of average Manning's roughness coefficients (n-values) over 
the range of discharges examined for existing conditions. The "n" values assigned to a channel 
reach represent the factors that tend to resist or impede flow. The detailed hydraulic analysis 
requires an "n" value to be assigned horizontally to each subdivided segment of a specific cross 
section. The segments represent areas within the cross-section with similar roughness 
characteristics. The HEC-2 model then computes a conveyance-weighted, water-surface elevation 
for the specific discharge. 

For this study, the values of Manning's "n" were determined based on the methodology presented 
in "Estimated Manning's Roughness Coefficients for Stream Channels and Flood Plains in 
Maricopa County, Arizona" (USES April, 1991). The method is described as follows: 1) select a 
base value of n for the bed material and a straight uniform channel; 2) select n-value adjustments 
for surface irregularities and alignment, obstructions, and vegetation; and 3) sum these values to 
determine the total n-value for that portion of the cross section. 

I The final n-value is defined by the following equation: 

I 
Where; 

n = total n-value, 
n, = base value of n for a straight uniform channel, 
n, = value for surface irregularities, 
n, = value for obstruction, 
n, = value for vegetation. 

From the available aerial photography, soils mapping, and the field reconnaissance conducted on 
the watersheds, it was evident that the soils and groundcover for existing, natural conditions within 
the study area are quite homogeneous. The cross-sections used to define the Manning's n-values 
are representative of all three floodplains and were divided into channel and overbank areas. The 
roughness of the overbank areas along any specific flow path in the study area is very similar in 
character. Therefore, the calculated overbank -value represents both the left and right overbank. 

I The representative cross-sections used to illustrate the selected Manning's roughness coefficients 
for Rawhide Wash are located off Jomax Road. Photoara~hs are ~rovided in Fiaures 2-1 and 2-2. 
For Fan 5 the cross-sections are located off Dixileta ~ i a d .  photographs are provided in Figures 
2-3 and 2-4. For Fan 6 the cross-sections are located off Scottsdale Road. Photographs are - 
provided in Figures 2-5 and 2-6. 

The main channel beds in all three watersheds consist of well to poorly graded sands and gravel. 
The main channels are relatively straight and remain in a natural condition with relatively large palo 
verde and mesquite trees lining the banks. The overbank areas remain in a natural state with a 
moderate growth of sage, small palo verde and cactus. 

Computation of the representative n-values is as follows: 
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Portion of Cross-section 

Main Channel 

"n" Total 

Overbanks 
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Figure 2-1: Rawhide Wash at Jomax Road 

Photo 1 Main Channel, Looking Upstream 
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Figure 2-2: Rawhide Wash at Jomax Road 

Photo 3 Left Overbank, Looking Upstream 

Photo 4 Right Overbank, Looking Upstream 
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Figure 2-3: Fan 5 Wash at Dixileta Road 

7 

Photo 5 Main Channel, Looking Upstream 
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Figure 2-4: Fan 5 Wash at Dixileta Road 

-.- -1 

Photo 7 ' ?ft Overbank, Looking Upstream 

Photo 8 Right Overbank, Looking Downstream 
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Figure 2-5: Fan 6 Wash at Scottsdale Road 

Photo 9 Main Channel, Looking Upstream 
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Figure 2-6: Fan 6 Wash at Scottsdale Road 

Photo 12 Right Overbank, Looking Upstream 
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2.2.2 Hydraulic Baseline 

A hydraulic baseline was defined for each watershed using the main stem of the wash from the 
apex of the FEMA fan to the point of disposal. For Rawhide Wash and Fan 5, the point of 
disposal is the detention area just upstream of the CAP Canal. For Fan 6, the point of disposal 
is the reservoir area behind Cave Buttes Dam and the wing dike to the east. Accordingly, the 
upstream embankment of the CAP Canal and the Cave Buttes Dam wing dike was identified as 
River Mile 0.0. 

2.2.3 Cross-Sections 

The cross-sections were taken perpendicular to the anticipated flow path at approximately 
1,000 to 2,000-foot intervals along the hydraulic baseline. This spacing is sufficient given the 
broad, flat nature of the watersheds; the homogeneous nature of the watersheds; and the lack 
of obstructions to overland flow. Closer spacing was used as necessary to model areas with 
sudden variation in cross-section geometry and at roadway crossings which included culverts. 
Because of the potential flow widths, the intersection of the hydraulic baseline and each cross- 
section was identified as Station 20,000 in feet. All cross-section identification numbers are in 
river miles measured from the point of disposal, along the hydraulic baseline. 

2.2.4 ContractionlExpansion Coefficients 

For typical channel reaches, a contraction coefficient of 0.1 and expansion coefficient of 0.3 
was used. For cross sections with sudden variations in geometry relative to adjacent cross- 
sections, such as those at culvert crossings, a contraction coefficient of 0.3 and an expansion 
coefficient of 0.5, respectively, was used. 

2.2.5 Starting Water-Surface Elevations 

The slope-area algorithm within the HEC-2 model was used to compute the starting water- 
surface elevations for all HEC-2 water-surface profiles. 

2.2.6 Roadway Culverts 

The hydraulic performance of existing roadway culverts was analyzed using the special culvert 
routine within the HEC-2 model. Cross-sections were added immediately upstream and 
downstream of the culvert to accurately model expanding and contracting flow. Flow was 
assumed to expand at a rate of 4:l and contract at a rate of 1:l relative to the flow line. 

2.2.7 Split Flow Hydraulics 

Three split flow locations were identified along Fan 6 and one was identified along Fan 5. 
Consequently, four HEC-2 models were created to delineate the floodplains within the Fan 6 
watershed and two models were required for the Fan 5 watershed. The magnitudes of the flow 
splits and the associated hydraulics were determined using an iterative process of assuming a 
discharge split and running the HEC-2 model until the computed water-surface elevations 
matched at the common cross-section just upstream of the split. This was done for each of the 
discharge frequencies evaluated. 



2.2.8 HEC-2 Model Hydrology 

The hydrology used for the incised channels was determined by superimposing the hydrological 
sub-basin delineation and the cross-sectionlbaseline locations, and assigning discharges to the 
cross-sections accordingly. Where significant changes in discharge occurred from sub-basin to 
sub-basin, linear interpolation according to drainage area between concentration points was 
used. Figure 2-7 presents the cross-section locations relative to the hydrologic sub-basins for 
lower Rawhide Wash, Figure 2-8 presents the same for Fan 5, and Figure 2-9 for Fan 6. 
Tables 2-2 through 2-8 summarize the discharge magnitudes, cross-section by cross-section, 
for the 10, 25, 50, 100, 500-year events at Rawhide Wash, Fan 5, and Fan 6, respectively. 

2.3 Alluvial Fan Model 

The alluvial fan analyses begin at the downstream limits of the HEC-2 riverine analyses for 
each watershed. These locations have been identified as apexes - points at which the flow , 
begins to spread out beyond defined channels and a riverine analysis (HEC-2) is no longer 
appropriate. The fan analyses were performed on the lower reaches of Rawhide Wash, Fan 5, 
and Fan 6 using a modified version of FEMA's alluvial fan computer program. The modified 
program, FEMA Fan, was developed by Bechtel Corporation and written by West Consultants 
(10) for the Corps. It uses the same theory as the original FEMA fan model, however, it allows 
depths and velocities to be determined for probabilities other than 1%. In addition to I%, fan 
models were developed for probabilities of lo%, 4%, 2%, and 0.2% for each watershed. The, 
reader is directed to Reference 9 for more detailed information on the model methodology and 
the associated assumptions. 

2.3.1 Input Data 

The basic input data required to run the program is a flood frequency curve. This data can be 
entered as statistics (mean, standard deviation and skew) or pairs of discharges and the 
associated recurrence intervals. The statistics are then computed for the curve that best tits the 
pairs of data entered. For areas of the alluvial fan where a multiple channel analysis is 
appropriate, a Mannings' n-value and the slope of the fan is also required as input data. Table 
2-1 shows the input data that was used for Rawhide, Fan 5 and Fan 6. 

The lateral boundaries of each fan were determined independent of the FEMA analysis. The 
boundaries were determined based on available topography, aerial photos, field investigation, 
and engineering judgement. The right boundary represents the right-most possible flow path 
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that can be taken by water passing through the apex. Similarly the left boundary represents the 
left-most flow path that can be taken be water passing through the apex. In some instances 
manmade physical features may alter the boundary. The diversion at the Deer Valley Road 
Channel on the Rawhide Wash fan was considered in determining the left (east) boundary of 
the fan. As illustrated in Figure 2-13, this channel will limit the lateral extent of that boundary. 

Since the FEMA fan program is only applicable to undeveloped fan areas, caution must be 
used when considering manmade features such as buildings. The majority of the development 
that has occurred within the Fan 5 and 6 watersheds is very low density ( 4  dwelling per acre). 
The buildings in these areas were assumed to have a negligible effect on the fan model. There 
are also three isolated developments within Fans 5 and 6 which have low to medium density 
housing (1-5 dwellings per acre). These are Tatum Ranch, south of Lone Mountain Road and 
east of 40kh Street; Tatum Highlands, south of Jomax Road and east of 40'h Street; and a 
development south of Pinnacle Peak Road, west of 40th Street. These developments have 
been built with pass-through drainage channels and have also been assumed to have no effect 
on the fan models. 

The Rawhide Wash watershed is virtually undeveloped within the City of Phoenix. However, 
the proposed Loop 101 Freeway has been designed to cross the watershed approximately 
parallel to and one mile north of the CAP Canal. The two-mile section of the freeway within the 
Rawhide Fan boundaries has been designed with 19 culverts to pass overland flow through the 
freeway embankment (re: Figure 2-13). The capacity of the culverts ranges from 137 to 3542 
cfs. The total capacity of the 19 culverts is 22,778 cfs (17), which is greater than the 500-year 
apex flow of 19,600 cfs. Regardless of the flow path from the fan apex, the freeway 
embankment is expected to act as a dam and force flows to redistribute themselves across the 
fan until sufficient culvert capacity is available to pass the total flow. The culvert outlets are 
expected to act as individual fan apexes, and the flows will "fan-out" downstream of the outlets 
and coalesce by the time they reach the point of disposal above the CAP Canal. For this 
analysis, it has been assumed that the resulting depths and velocities of these 19 possible 
alluvial fans are approximately the same as extending the single large fan boundary, unaltered, 
through the freeway alignment to the point of disposal. 

Approximately two miles of the proposed Loop 101 Freeway alignment also crosses a portion of 
Fan 5. As illustrated in Figure 2-14, the crossing is skewed to the fan base and extends from 
the eastern fan boundary to the CAP Canal detention basin - the point of disposal. Continuous 
collector channels, immediately upstream and parallel to the freeway embankment, convey 
runoff to the west and into the CAP detention basin at two locations. The freeway embankment 
acts as a dam and becomes the effective downstream limit for the eastern portion of Fan 5. 

A multiple channel analysis was used for all 3 fans. At the fan apexes, the existing channels do 
not have the capacity to contain and convey flow from any but the most frequent events. The 
HEC-2 analyses on Fans 5 and 6 show that flow is exchanged between multiple channels 
during all the studied events. The occurrence of numerous channels on all 3 fans was 
confirmed during the field investigations and indicates that flow from a single event will take 
multiple paths. Therefore, the multiple channel analysis was used to determine the depths and 
velocities associated with each probability. 
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2.4 Results 

The following sections provide a detailed description of the HEC-2 and Modified FEMA Fan 
models developed for each watershed and the flow characteristics generated by these models 
for the 10, 25, 50, 100, and 500-year peak discharges. To allow inundation damages to be 
computed for existing conditions, the resulting water-surface elevations and hydraulic depths are 
summarized in tabular form for each discharge frequency and the lateral extent of the 
floodplains are plotted on topographic work maps. Reduced copies of the work maps are 
included in this report for each of the alluvial fan watersheds. These maps also present the 
cross-section locations and orientation, the hydraulic baseline, and the effective alluvial fan 
floodplain boundaries defined by the effective FEMA fan model. 

As mentioned previously, the incised channels in the upper portions of each watershed were 
modeled using HEC-2. The following subsections describe each of these models and 
summarize the resulting hydraulics. 

2.4.1.1 Rawhide Wash Fan 

One HEC-2 model was developed to define the riverine hydraulics associated with the upper 
reaches of Rawhide Wash. The model begins at Cross-Section 5.720 (downstream section), 
which is located approximately 2500 feet south of Jomax Road, and ends at Cross-Section 
7.236 (upstream section), which is located approximately 800 feet south of Dynamite Boulevard 
and 700 feet upstream of the Rawhide Wash fan apex, as identified on the effective FEMA flood 
hazard map. 

Table 2-2 provides a summary of the hydraulics generated by the HEC-2 model for each 
discharge frequency. The water-surface for all discharges is fully contained within the incised 
channel. All cross-sections are fully effective, there are no split or divided flow areas, and there 
are no hydraulic structures within the reach. The flow regime approaches critical over the range 
of discharges examined. The floodplain boundaries are illustrated on Figure 2-10. Cross- 
section plots are presented in Appendix D and the HEC-2 inpuffoutput files are contained in 
Appendix G. 

2.4.1.2 Fan 5 

Due to a split flow condition, two HEC-2 models (5A and 58) were developed to define the 
riverine hydraulics associated with the upper reaches of Fan 5. The split occurs at a point 
approximately 1,000 feet south of Lone Mountain Road and 1,200 feet west of the Hayden Road 
Alignment. 

Both models begin at Cross-Section 7.202 (downstream section), as measured from the CAP 
Canal. Cross-Section7.202 of the northern flow path (Model 58) is located approximately 100 
feet north of Dixileta Road and 2,000 feet west of Scottsdale Road. Section 7.202 for the 
southern flow path (Model 5A) is approximately 2,300 feet south of Dixileta Road and 900 feet 
west of Scottsdale Road. Model 58  ends at Cross-Section 8.992 -the split location. Model 5A 
ends at Cross-Section 9.750, which is located approximately 1,000 feet west of Pima Road and 
1600 feet north of Lone Mountain Road. This is the location of the Fan 5 apex, as identified on 
the effective FEMA flood hazard map. 
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Model 5A, which represents the main stem, includes two roadway culvert crossings. The 
downstream crossing is comprised of four Yx2' reinforced concrete boxes located on Scottsdale 
Road, approximately 500 feet south of Dixileta Drive. The upper crossing, located on Dixileta 
Drive, approximately 900 feet east of Scottsdale Road, is composed of four 4'x3' corrugated 
metal pipe arches. 

Tables 2-3 and 2-4 provide a summary of the hydraulics generated using the HEC-2 model for 
each discharge frequency for Models 5A and 58, respectively. The water-surface for all 
discharges is fully contained within the incised channel. All cross-sections are fully effective. 

As seen in the hydraulic tables, the predominate flow regime is near critical over the range of 
discharges examined. There is an area of subcritical flow at Cross-Section 7.903 during the 
more frequent discharges in Model 5A. A supercritical check of the HEC-2 model revealed 
some supercritical flows at the higher discharges, however, 'it is doubtful that this will actually 
occur in a sand-bed channel. Therefore, the critical water-surface elevations were used to 
delineate the floodplain boundaries. The floodplain boundaries are illustrated on Figure 2-11. 
Cross-section plots are presented in Appendix E, and the HEC-2 input/output files are contained 
in Appendix H. 

2.4.1.3 Fan 6 

Due to three split flow conditions, four HEC-2 models (6A, 6B, 6C, and 6D south to north) were 
developed to define the floodplain limits and riverine hydraulics associated with the upper 
reaches of Fan 6. The flow represented by Model 6D splits from 6A just south of Dove Valley 
Road, between the Hayden Road Alignment and Pima Road. Model 6C splits from 6B just north 
of Lone Mountain Road, approximately 800 feet east of Scottsdale Road, and Model 6B splits 
from 6D approximately 3,600 feet east of Scottsdale Road and 2,600 feet north of Lone 
Mountain Road. All models begin at Cross-Section 5.291 (downstream section), as measured 
from the Cave Buttes Dam wing dike. This location approximately coincides with the 68Ih Street 
alignment. 

Model 6A, which represents the main stem within the Fan 6 watershed, ends at Cross-Section 
8.473. This section is located approximately 1,700 feet east of Pima Road and 1,300 feet north 
of Dove Valley Road and coincides with the location of the Fan 6 apex, as identified on the 
effective FEMA flood hazard map. 

Model 6A includes one roadway culvert crossing on Scottsdale Road. It is comprised of five 
12'x8' reinforced concrete boxes located approximately 1,650 feet south of Lone Mountain 
Road. 

Tables 2-5 through 2-8 provide a summary of the hydraulics generated using the HEC-2 model 
for each discharge frequency for Models 6A, 6B, 6C, and 6D, respectively. The water-surface 
for all discharges is fully contained within the incised channel. All cross-sections are fully 
effective in conveying flows over the range of discharges examined. 

As seen in the hydraulic tables, the predominate flow regime is near critical over the range of 
discharges examined. A supercritical check of the HEC-2 model revealed some supercritical 
flows at the higher discharges. However, again it is doubtful that this will actually occur in sand- 
bed channels. Therefore, the critical water-surface elevations were used to delineate the 
floodplain boundaries. This approach may yield somewhat conservative water-surface 
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elevations. The floodplain boundaries are illustrated on Figure 2-12. Cross-section plots are 
presented in Appendix F, and the HEC-2 inpuffoutput files are contained in Appendix I. 

2.4.2 Alluvial Fan Model 

The results of the fan modeling are provided in this section of the report. It is important to note 
that the depths and velocities generated by the alluvial fan model are associated with a 
particular probability of occurrence, but they are not associated with any particular storm event. 
For example the tables below will show depths and velocities for a 10% probability. However, 
these are not the depths and velocities of a 10-year flood event (or the event that has a 10% 
chance of occurring). The width associated with a particular depth and velocity generated by 
the fan model is the entire width of the fan. The hydraulic zones are identified accordingly. 
From the tables below, it can be seen that the width of a certain depth or velocity increases as 
probability decreases. It is also important to note that the depth associated with the fan model 
represents energy depth, i.e., hydraulic depth plus the velocity head. 

2.4.2.1 Rawhide Wash Fan 

The Rawhide fan apex was determined to be approximately 2,500 feet south of Jomax Road 
and 6,000 feet east of Scottsdale Road. The fan analysis was carried down to the CAP, the 
point of disposal. As described above, the diversion at the Deer Valley Road Channel on the 
Rawhide Wash fan was considered effective in defining the left (east) boundary of the fan. Also, 
given the large number of culverts, their total capacity, and their proximity relative to the point of 
disposal, the fan boundaries were assumed to pass through the Loop 101 Freeway alignment 
unaltered. 

Figure 2-13 shows the alluvial fan boundaries for Rawhide Wash, as well as the depths and 
velocities determined to have a lo%, 4%, 2%, I%,  and 0.2% chance of occurring. 

The following table summarizes the depths determined along the fan for varied probabilities, 

I 

Depth 1 10% 
_ - -- - 

2 feet 0 - 2,000 - 1 2,000 - 10,000 6,000 - 26,O 

NM - not applicade since the width o f x e  fan at t 
depth. 

The following table summarizes the velocities determined along the fan for varied probabilities. 
~ . .. . . - . . - . . . . . . . . . .- . . - - . . . . - . - -. . . - - - . .. . -. - - -. . . - 

Table 2-10: Range of Fan Width (feet) -1 
, - - . - . . . - . . . . - - . - -. . . - - - . . . . .  

I C -  Velocity ' 10% -- 2% J 1% I 
-- 7-- 

0.2% 

I 6 fps 
! 1 0-2.000 ; 0 -  10,000 1 

[ 61p. 0-3.000 0 - 7,000 0 - 15,000 1 2,000 - 30,000 10,000 - 148,000 1 -- 
I 
-- -- 

3.000 - 10.000 7.000 - 25.000 1 NIA NIA 
I ~ - 1  

I, 3fps I NIA NIA I 

NIA - not applicable limit is less than that required to generate this 
velocity. 
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2.4.2.2 Fan 5 

The HEC-2 analysis identified a split flow condition at the Fan 5 apex. Therefore, two separate 
flow paths are delivering discharge to the fan, technically forming two fan apexes. The first is 
approximately 100 feet north of Dixileta Road and 2,000 feet west of Scottsdale Road. The 
second is approximately 2,300 feet south of Dixileta Road and 900 feet west of Scottsdale 
Road. Since these flow paths are in close proximity to each other, the fan analysis assumes 
that the flow originates from a single apex and forms multiple channels. The fan analysis was 
carried down to the CAP, the point of disposal. As discussed above, the Loop 101 Freeway 
embankment acts as a dam and becomes the effective downstream limit for the eastern portion 
of Fan 5. 

Figure 2-14 shows the alluvial fan boundaries for Fan 5 as well as the depths and velocities 
determined to have a lo%, 4%, 2%, 1%, and 0.2% chance of occurring. 

The following table summarizes the depths determined along the fan for varied probabilities. 

The following table summarizes the velocities determining along the fan for varied probabilities. 

Table 2-11: Range of Fan Width (feet) 

r-'- . . . .. - . - .. - - - - - . - - - - . -. - . . . - . . - . - . . . . -- . . - - 

Table 2-12: Range of Fan Width (feet) 
1 .  __ -'- . -. . . - . . - .. -. - - - -. 

Depth 

I foot 

0.5 foot 

I velocity 1 10% 1 4% I 2% I I % I 0.2% 1 

NIA - not applicable since the width of the fan at the downstream limit is less than that required to generate this 
depth. 

10% 
0 - 6,000 
> 6,000 

velocity. 

4 fps 
3 fps 
2 fps 

2.4.2.3 Fan 6 

4% 
0 - 15,000 
> 15,000 

The HEC-2 analysis for Fan 6 identified four separate flow paths. Thus, there are technically 
four apexes for the Fan 6 watershed. The first fan apex was determined to be approximately 
2000 feet south of Lone Mountain Road and 2,000 feet west of Scottsdale Road. The second 
first fan apex was determined to be approximately ,1000 feet south of Lone Mountain Road and 
2,200 feet west of Scottsdale Road. The third fan apex was determined to be approximately 
200 feet south of Lone Mountain Road and 2,400 feet west of Scottsdale Road. And the fourth 
fan apex was determined to be approximately 2,100 feet north of Lone Mountain Road and 
2,400 feet west of Scottsdale Road. 

NIA - not applicable since the width of the fan at the downstream limit is less than that required to generate this 

1.400 - 6,000 
> 6,000 

The flow paths are again in close proximity to each other; therefore, the fan analysis assumes 
they originate from a single apex and form multiple channels. The fan analysis was carried 
down to the Cave Butte Dam reservoir and wing dike -the point of disposal. 

2% 

0 - 31.000 
NIA 
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0 - 4,000 
4,000 - 15,000 

> 15,000 

1 % 

0 - 61,000 
NIA 

0.2% 

0 - 305,000 
N/A 

0 - 7,000 
7,000 - 30,000 

NIA 

0 - 14,000 
14,000 - 60,000 

NIA 

0 - 71,000 
NIA 
NIA 



Figure 2-15 shows the alluvial fan boundaries for Fan 6, as well as the depths and velocities 
determined to have a lo%, 4%, 2%, 1% and 0.2% chance of occurring. 

The following table summarizes the depths determined along the fan for varied probabilities. 

Table 2-13: Range of Fan Width (feet) 

The following table summarizes the velocities determined along the fan for varied probabilities 

Depth 

. ~~ - -  . - - -  

NIA - not applicable since the width of the fan at the downstream limit is less than that required to generate this 
velocity. 

0.5 foot 

2.4.2.4 Fan 5 and 6 Coalescence 

1 foot I 0 - 7.000 1 0- 18.000 1 0 -36.000 1 0- 73.000 1 4.000 - 364.000 
10% 

Alluvial Fans 5 and 6 meet approximately 2,400 feet south of Dixileta Road and 3,400 feet west 
of lnvergordon Road. The area downstream of this point is subject to flooding from both Fans 5 
and 6, and, therefore, was analyzed as a coalescing fan from this point to the Cave Buttes Dam 
wing dike - the point of disposal. Assuming the flooding events on Fan 5 and 6 are 
independent, the inundation probability in the coalescing area is the sum of the probability of 
each event on each alluvial fan. 

NIA - not applicable since the width of the fan at the downstream limit is less than that required to generate this 
depth. 

> 7,000 

Figure 2-14 and 2-15 show the boundaries for the coalescing fan, as well as, the depths and 
velocities determined to have a lo%, 4%, 2%, I%, and 0.2% chance of occurring. 

4% 

The following table summarizes the depths determined along the coalescing fan for varied 
probabilities. 

>I 8,000 

Table 2-15: Range of Fan Width (feet) 

2% 

NIA 

. . - 
depth. 

1% 

I I I I I 
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0.2% 

NIA N I A  

1 foot > 0 0 - 2,300 
0.5 foot 

> 0 > 0 > 0 

NIA - not a ~ ~ l i c a b l e  since the width of the fan at the downstream limit is less than that reauired to oenerate this 
> 2,300 NIA N IA  N I A  N IA  



The following tables summarizes the velocities determined along the coalescing fan for varied 
probabilities. 

Table 2-16: Range of Fan Width 1 
- I I I 

velocity. 

5 fps 
. .rl I I I 

- 
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0 - 3,200 
A fns I I I > o I > n I > 3.200 

NIA NIA NIA > 0 3 fps 0 - 2,300 

NIA - not applicable since the width of the fan at the downstream limit is less than that required to generate this 
NIA NIA NIA NIA 2 fps > 2,300 
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FAN 6 WASH 
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Section 
Number 

CP: R1-R10 
5.72 
5.72 
5.72 
5.72 
5.72 

6.478 
6.478 
6.478 
6.478 
6.476 

CP: R1-R9 
6.657 
6.857 
6.657 
6.657 
6.857 

CP: R1-R7 
7.236 
7.236 
7.236 
7.236 
7.236 

Flow 
Frequency 

(year) 

Table 2-2: RAWHIDE WASH HEC-2 SUMMARY 

Maximum TOP 
Discharge WSE Depth Velocity Width 

(CfS) (fi) (fi) (fP9 (fi) 

Hydraulic 
Depth 

(fi) 

Froude 
Number 
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Table 2-3: FAN 5A WASH HEC-2 SUMMARY 

Section 
Number 

Flow 
Frequency 

(year) 

Maximum TOP 
Discharge WSE Depth Velocity Width 

(a) (a) (fPS) (a) 

Hydraulic 
Depth 
(n) 

Froude 
Number 

CP: F1-F5 
7.202 
7.202 
7.202 
7.202 
7.202 

7.46 
7.46 
7.46 
7.46 
7.46 

7.479 
7.479 
7.479 
7.479 
7.479 

7.555 
7.555 
7.555 
7.555 
7.555 
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Section 
Number 

9.371 
9.371 
9.371 
9.371 
9.371 

CP: F1-F2 
9.75 
9.75 
9.75 
9.75 
9.75 

Table 2-3: FAN 5A WASH HEC-2 SUMMARY 

Flow 
Frequency 

(Year) 
Discharge WSE 

(c~s) (n) 

1714 2223.6 
1328 2223.3 

3073 2232.6 
2285 2232.3 
2006 2232.3 
1714 2231.7 
1328 2231.4 

3073 2288.2 
2285 2267.9 
2006 2267.8 
1714 2267.7 
1328 2267.5 

4766 2296.6 
3608 2296.4 
3179 2296.3 
2730 2296.2 
2137 2296.0 

Maximum 
Depth 

(n) 

3.6 
3.3 

4.6 
4.3 
4.3 
3.7 
3.4 

2.2 
1.9 
1.8 
1.7 
1.5 

2.6 
2.4 
2.3 
2.2 
2.0 

Velocity 
(fPS) 

6.5 
6.3 

5.7 
5.5 
5.0 
8.3 
7.7 

6.8 
6.1 
8.0 
5.8 
5.5 

4.8 
4.5 
4.4 
4.2 
4.1 

TOP 
Width 

(n) 

199.0 
180.6 

550.5 
533.7 
531.3 
102.6 
94.1 

337.7 
320.7 
304.9 
287.4 
261.8 

793.0 
783.9 
780.2 
776.0 
769.7 
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Hydraulic 
Depth 

(fi) 

1.3 
1.2 

1 .o 
0.8 
0.7 
2.0 
1.8 

1.4 
1.2 
1 .I 
1 .o 
0.9 

1.2 
1 .o 
0.9 
0.8 
0.7 

Froude 
Number 



Table 2-4: FAN 58 WASH HEC-2 SUMMARY 

Sectlon Flow 
Number Frequency 

(year) 
CP: Fl-F5 

7.202 500 
7.202 100 
7.202 50 
7.202 25 
7.202 10 

7.712 500 
7.712 100 
7.712 50 
7.712 25 
7.712 10 

Maximum TOP 
Discharge WSE Depth Velocity Wldth 

ICfS) In) (n) (fPS) In) 

Hydraulic 
Depth 

(n) 

Froude 
Number 

8.091 500 
8.091 100 
8.091 50 
8.091 25 
8.091 10 

8.469 500 
8.469 100 
8.469 50 
8.469 25 
8.469 10 

CP: F1-F4 
8.992* 500 
8.992. 100 
8.992" 50 
8.992' 25 
8.992' 10 
* Match section Wash A 
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Table 2-5: FAN 6 WASH A HEC-2 SUMMARY 

Sectlon Flow 
Number Frequency 

(year) 
(CPs: S1-S4 & S7-S9) 
5.291 500 
5.291 100 
5.291 50 
5.291 25 
5.291 10 

Maximum TOP 
Discharge WSE Depth Velocily Width 

(cfs) (ft) (ft) (fPS) (ft) 

Hydraulic 
Depth 

(ft) 

Froude 
Number 

6.049 500 
6.049 100 
6.049 50 
6.049 25 
6.049 10 
CPs: S1-S3 & S7-S8 

6.427 500 
6.427 100 
6.427 50 
6.427 25 
6.427 10 

6.806 500 
6.806 100 
6.806 50 
6.806 25 
6.806 10 

CPs: S1-S2 & S8 
7.185 500 
7.185 100 
7.185 50 
7.185 25 
7.185 10 

CP: S7 
7.564 500 
7.564 100 
7.564 50 

Tetra Tech/Simons, Li & Associates, Inc. 42 



Flow 
Frequency 

(year) 

Table 2-5: FAN 6 WASH A H E C d  SUMMARY. 

Maximum TOP 
Discharge WSE Depth Velocity Width 

ICfS) (R) (n) ((PO) (fi) 

.Continued 

Hydraullc 
Depth 

(n) 

0.5 
1.2 

1.7 
1.6 
1.6 
1.5 
1.5 

1.9 
2.0 
2.0 
1.8 
1.6 

Froude 
Number 
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Section Flow 
Number Frequency 

(year) 
(CPs: Sf-S4 & S7-S9) 
5.291 500 
5.291 100 
5.291 50 
5.291 25 
5.291 10 

6.049 500 
6.049 100 
6.049 50 
6.049 25 
6.049 10 
CPs: S1-S3 & S7-S8 

6.427 500 
6.427 100 
6.427 50 
6.427 25 
6.427 10 

6.806 500 
6.806 100 
6.806 50 
6.806 25 
6.806 10 

CPs: S1-S2 8 S8 
7.185 500 
7.185 100 
7.185 50 
7.185 25 
7.185 10 

cp :  S7 
7.564' 500 
7.564* 100 
7.564* 50 
7.564* 25 
7.564" I 0  

* Match section Wash A 

Table 2-6: FAN 6 WASH B HEC-2 SUMMARY I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Maximum 
Discharge WSE Depth Velocity 

(CfS) (R) (n) (fPS) 

TOP 
Width 

(R) 

Hydraulic 
Depth 

(RI 

Froude 
Number 



Table: 2-7: FAN 6 WASH C HEC-2 SUMMARY 

Sectlon Flow 
Number Frequency 

(year1 
(CPs: S1-S4 8 S7- S9) 
5.291 500 
5.291 100 
5.291 50 
5.291 25 
5.291 10 

Maximum 
Discharge WSE Depth 

(CfSI (RI (nl 

TOP 
Velocity width 

(fpsl (RI 

Hydraulic 
Depth 

(n) 

Froude 
Number 

6.049" 500 
6.049* 100 
6.049* 50 
6.049" 25 
6.049. 10 

'Match section Wash B 
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Table 2-8: FAN 6 WASH D HEC-2 SUMMARY 

Section Flow 
Number Frequency 

lyearl 
(CPS: S1-S4 B S7-S9) 
5.291 500 
5.291 100 
5.291 50 
5.291 25 
5.291 10 

Discharge 
(Cf4  

WSE 
(n) 

Maximum 
Depth 

(fi) 
Velocity 

( f P S )  

TOP 
width 

In) 

Hydraulic Depth 
Depth 

In) 

Froude 
Number 

6.049 500 
6.049 100 
6.049 50 
6.049 25 
6.049 10 
CPs: S1-S3 8 S7-S8 

6.427 500 
6.427 100 
6.427 50 
6.427 25 
6.427 10 

6.806' 500 5374 2313.6 1.8 7.5 412.1 
6.606' 100 4093 2313.5 1.5 6.9 406.7 
6.806* 50 2423 2313.1 1.1 5.6 399.8 
6.806' 25 3102 2313.3 1.3 6.2 402.2 
6.806' 10 2423 2313.1 1.1 5.7 399.0 

'Match section Wash B 



3.0 Sediment Yield Analyses 

A sediment yield analysis was performed for the Rawhide Wash watershed at the location of the 
urouosed detention basin. For Fan 5 and Fan 6, vield analvses were ~erformed for the watersheds 
upstream of the inlets to the proposed fully lined channeis. Figure. 10 in the Hydrology section of 
this report shows the location of these proposed detention and inlet structures. 

3.1 Watershed Characteristics 

The areas of the Rawshide Wash, Fan 5 and Fan 6 watersheds are 13.57 sq. mi., 3.75, and 8.94 
square miles, respectively. Within Fan 6, the watershed subbasins contributing to the proposed 
inlet location comprise two parallel strips with separate hydrology. These Fan 6 strips (hereinafter 
referred to as the Fan 6 north strip and Fan 6 south strip) have been treated separately in the yield 
estimations presented below. 

The study watersheds may be characterized as fairly uniform, steep (slopes of 2-3 percent), 
sparcely-vegetated areas of high desert. The soils are coarse, with gravels (particles greater that 
2 mm diameter) making up more than 40 percent of the average surface sample. Flow paths are 
numerous, shallow, and tend to be parallel rather than coalescing. 

3.2 Methods 

Two event-based sediment yield procedures -- the Modified Universal Soil Loss Equation (MUSLE) 
and the Los Angeles District Debris Method (LADM) -- were used for estimation of the debris 
production from each study watershed under 10-year, 25-year, 50-year, 100-year, and 500-year 
flood conditions. The results of these methods were contrasted with the results of two average 
annual sediment yield estimation procedures (Bureau of Reclamation equation and the PSlAC 
methodology). Each of these methodologies, their data requirements and their results when 
applied to the study watersheds are presented in the paragraphs below. 

3.2.1 Event-based Yield Procedures 

MUSLE 

The MUSLE (see Ref. 1) incorporates hydrologic parameters, soils characteristics, watershed 
geometry factors, cover and management conditions and land practice parameters into a single 
relation for prediction of event-based total sediment yield. The MUSLE is: 

with Ys = sediment yield in tons 
a = factor, constant for a given watershed 
b = exponent, constant for a given watershed 
Q = event peak discharge in cfs 
V = event runoff, in acre-feet 
K = soil erodibility factor 
LS = length-slope factor 
C = cover and management factor 
P = land practice (erosion control) factor 

The hydrologic parameters Q and V for the lo-, 50-, loo-, and 500-year events in each watershed 
were obtained from the hydrologicanalysis performed as part of this study. The 25-year hydrologic 
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quantities were developed through interpolation between the 10-year and 50-year results (plotted 
on log-probability paper). 

Soil erodibility (K) values for each watershed were developed using the SCS Soil Survey maps and 
descriptions contained in Ref. 2. For each watershed, the extent and characteristics of each of the 
soils depicted on the soils maps were summarized, and average watershed soils characteristics 
were determined. Tables 3-1 through 3-4 present the pertinent characteristics of the soils within 
each of the study watersheds. 

The length-slope factor, LS, was determined for each basin using the following relation between 
overland flow length and basin slope (see Ref. 3): 

LS = (len 172.6)" (.065 + 0.0454s + 0.0065S2) 

with: len = overland flow length in feet 
m = exponent = 0.3 for watershed slopes of 3 percent or less 
S =watershed slope in percent 

Overland flow lengths and average watershed slopes were estimated for each basin using USGS 
quadrangle maps of the area (1"=2,000'). 

The cover and management factor (C) for the study area was estimated using guidelines provided 
in Ref 4. In rangeland and undisturbed areas, the C factor is a function of canopy type and height, 
canopy percent cover, and ground cover type and percentage. Within the study area, both canopy 
and ground cover is minimal. The C factor for the study area was estimated at 0.45, which is the 
value recommended for range or idle land with negligible ground and canopy cover. 

Erosion control practices are non-existent in the study watersheds. A land practice (P )factor of 1.0 
is appropriate for the natural watershed condition. 

The constants a and b were determined to be 95 and 0.56, respectively, in the original development 
of the MUSLE. These factors may be varied in locations where measured data justifies their 
adjustment. In the study watersheds, no measured data is available for calibration. The originally- 
developed constants were applied and the resulting quantities where checked for reasonableness 
against the results of other procedures. 

The results of the application of MUSLE to the Rawhide Wash, Fan 5, Fan6 (south strip) and Fan 
6 (north strip) watersheds are summarized in Tables 3-5 through 3-8 respectively. 

The Los Angeles District Debris Method is an empirical procedure developed through regression 
analysis of measured storm and debris quantities and watershed characteristics (see Ref. 5). The 
method is intended to be used for the estimation of debris yield mainly from coastal-draining, 
mountainous, Southern California watershed, and thus, may not provide realistic results for the 
study area. As stated in Ref. 5, "the method is intended for watersheds with a high proportion of 
their total area in steep, mountainous terrain.. . . Use of the method for watersheds with a high 
percentage of alluvial fan or valley fill areas may result in debris estimates higher than would 
actually be yielded by the watershed. " 

The LADM was applied for comparison purposes, with the realization that the Adjustment- 
Transposition Factor would be required to achieve reasonable results. 

Tetra Tech/Simons, Li &Associates, Inc. 48 



Equations 2 and 3 in the LADM were applied for estimation of debris yield from the study 
watersheds. Equation 2 is applicable to watersheds with peak flow information available, and with 
drainage areas of 3 to 10 square miles (Fans 5 and 6). Equation 2 is: 

Log Dy = 0.85 (Log Q) + 0.53 (Log RR) + 0.04 (Log A) + 0.22 (FF) 

with Dy = unit debris yield (cu. yds per sq. mi.) 
Q = unit peak runoff (cfs per sq. mi.) 
RR = relief ratio (Wmi.) 
A = drainage area (ac) 
FF = non-dimensional fire factor. 

Equation 3 uses the same variables as Equation 2, but is applicable to watersheds with drainage 
areas of 10 to 25 square miles (Rawhide Wash). Equation 3 is: 

Log Dy = 0.88 (Log Q) + 0.48 (Log RR) + 0.06 (Log A) + 0.20 (FF) 

Watershed area and peak discharge information was obtained from the hydrologic analysis 
performed as part of this study. The relief ratio (RR) for each basin (defined as the gross 
watershed slope - difference between the highest and lowest elevations in the watershed divided 
by the longest stream length) was determined from the USGS quadrangle maps for the area (1" 
= 2,000'). Due to the limited amount of vegetation in the watersheds, a minimum value of 3.0 was 
used for the non-dimensional fire factor (FF) for each watershed. 

The results of the LADM application to the study watersheds under 10-yearthrough 500-yearflood 
conditions are compared to the MUSLE results in Tables 3-5 through 3-8. A unit weight of 90 acf. 
a reasonable estimate for the sand and gravel mixture observed h the study area,bas used t i  
convert the LADM volumes to tons. As expected, the unadjusted LADM yield values are greater 
than those computed using MUSLE. Considering all events and locations analvzed. an averaae 
adjustment-transposition factor of about 116 would make LADM yields comparable to the MUS~E 
results. The reasonableness of both estimates were assessed through comparison of the results . 
of several average annual yield procedures, discussed below. 

3.2.2 Average Annual Yield Procedures 

MUSLE and LADM 

The results of the event-based procedures presented above can be annualized, using probability 
weighting, to provide rough estimates of the average annual event yield that may be expected from 
each watershed. The results of this annualization. in terms of tonnaaes. volume (an and unit 
volume (aflsm) are presented in Tables 3-5 through3-8. The MUSLE application wouid indicate 
unit volumes of yield of from 0.77 aflsm (Fan 6, south strip) to 1.06 aflsm (Rawhide Wash). In 
contrast, the unadjusted LADM results would translate to 4:87 af/sm (Fan 6, south strip) to6.46 
aflsm (Fan 5). Note: this annualization procedure results in a minimum estimate of the average 
annual yield. The average annual event yield would be equivalent to the averaae annual vield onlv 
in watersheds that have, on average, one significant sediment producing event per yea;. 
Watersheds with more than one significant sediment producing event per year, on average, will - 
have greater average annual yields than this approach would indicate. 
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USBR 

In a 1990 study of the sedimentation potential along Reach 11 of the CAP (Ref. 6), the USBR cite 
an equation for debris yield applicable to the area. The equation cited is: 

with Qs = sediment yield in acre feet per year, and 
A = pervious drainage area in square miles 

application of this equation to the study drainage areas would result in annual unit yields varying 
from 0.98 aflsm (Rawhide Wash) to 1.34 aflsm (Fan 5). The USBR approach is in reasonable 
agreement with the MUSLE annual event yield estimate. 

PSIAC 

The Pacific Southwest Interagency Committee (PSIAC) developed a qualitative procedure for 
estimation of watershed sediment yield thorough use of a watershed score chart covering nine 
factors known to have an effect on sediment yield. Each factor is rated in terms of sediment yield 
potential, and a grade is applied given the available range associated with each. The total score 
is the sum of the grades assigned to each factor. The governing factors, and the rating applied to 
the watersheds within the study area are summarized below: 

As indicated above, the governing factors related to sediment yield for the watersheds within the 
study areas are rated 'moderate' for all factors except the runoff and ground cover categories. The 
high peak-to-drainage area characteristics common in the desert environment and sparce ground 
cover within the area increase the debris production potential associated with these factors. 

The total score for the area watersheds is 65, which translates to a average annual debris 
production of 0.5 to 1.0 aflsm. This annual yield estimate is in reasonable agreement with the 
results of the MUSLE application. 



Soil 
Number 

Table 3-1 : Soils Characteristics 
Rawshide Wash Upstream of Proposed Detention Basin (subbasins R1-R9) 

Area = 13.57 sq. miles 

Sue 
2mm Imm .42 mm .078 rnm < .002mm 

Soil Planimeter Percentage Passing Sieve Number 
Name Units 4 10 40 200 K 

3 Antho-Carrizo-Maripo complex 
6 Anthony-Ariuo complex 

26 Continental cobbly clay loam 
33 Eba very gravelly loam 
54 Gila fine sandy loams 
61 Gran-Wickenburg complex 
63 Gran-Wickenburg-Rock outcrop cornplex 
72 Lehmans-Rock outcrop complex 
90 Momoli gravelly sandy loam 
93 Nickel-Cave complex 
95 Ohaw gravelly loam 
96 Pinaleno-Tres Hermanos complex 
98 Pinampt-Tremant complex 

121 Tres Hermanos-Anthony complex 
122 Vado gravelly sandy loam 

Total Planimeter Units 5203 
Summary 

fines = 25.580 pct 
sand = 29.823 pct 

gravel = 44.597 pct 

avg K =  0.140 



Soil 
Number 

Table 3-2: Soils Characteristics 
Fan 5 Upstream of Proposed Inlet (subbasins F1-F5) 

Area = 3.75 sq. miles 

Size 
2mm I mm .42 mm .078 mm < .002mm 

Soil Planimeter Percentage Passing Sieve Number 
Name Units 4 10 40 200 K 

Antho-Carrizo-Maripo complex 
Anthony-Arizo complex 

Continental cobbly clay loam 
Eba vely gravelly loam 
Gila fine sandy loams 

Gran-Wickenburg complex 
Gran-Wickenburg-Rock outcrop complex 

Lehmans-Rock outcrop complex 
Momoli gravelly sandy loam 

Nickel-Cave complex 
Ohaco gravelly loam 

Pinaleno-Tres Hermanos complex 
Pinampt-Tremant complex 

Tres Hermanos-Anthony complex 
Vado gravelly sandy loam 

Total Planimeter Units 1518 
Summary 

fines = 25.400 pct 
sand = 28.850 pct 

gravel = 45.750 pct 



2 a 
4 
!? 
5 . 
$ 
2 
UI 

r 
P 
5: 
UI 

g. 
% 
.g - 
a o 

UI 
0 

Table 3-3: Soils Characterist~cs 
Fan 6 Upstream of Proposed Inlet (south strip, subbasins S7S9) 

Area = 4.45 sq. miles 

Size 
2mm lmm .42 mm ,078 mm < .002mm 

Soil Soil Planimeter Percentage Passing Sieve Number 
Number Name Units 4 10 40 200 K 

3 Antho-Carrizo-Maripo complex 0 83 76 64.5 50 26 11 0.15 
6 Anthony-Arizo complex 10 89 83 71.9 58 38 13 0.18 

26 Continental cobbly clay loam 3 85 80 77.8 75 60 31 0.2 
33 Eba very gravelly loam 50 50 43 41.7 40 25 13 0.1 
54 Gila fine sandy loams 0 98 97 90.8 83 58 15 0.24 
61 Gran-Wickenburg complex 15 88 58 49.6 39 21 10 0.15 
63 Gran-Wickenburg-Rock outcrop complex 3 88 51 44.3 36 21 10 0.15 
72 Lehmans-Rock outcrop complex 3 50 40 39.1 38 30 31 0.05 
90 Momoli gravelly sandy loam 0 73 68 56.9 43 25 15 0.2 
93 Nickel-Cave complex 0 66 54 47.8 40 29 14 0.17 
95 Ohaco gravelly loam 0 75 70 66.9 63 48 24 0.12 
96 Pinaleno-Tres Hermanos complex 16 65 56 53.8 51 38 25 0.17 
98 Pinampt-Tremant complex 0 64 49 43.2 36 24 15 0.19 

121 Tres Hermanos-Anthony complex 0 89 81 73.9 65 45 15 0.26 
122 Vado gravelly sandy loam 0 78 68 56.9 43 25 13 0.15 

Total Planimeter Units 100 
Summary 

fines = 28.860 PCt 
sand = 23.730 PCt 

gravel = 47.410 PCt 

avg K =  0.130 
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Soil 
Number 

Table 3-4: Soils Characteristics 
Fan 6 Upstream of Proposed Inlet (north strip, subbasins S1-S4) 

Area = 4.49 sq. miles 

Size 
2mm lmm .42 mm ,078 mm < .002mm 

Soil Planimeter Percentage Passing Sieve Number 
Name Units 4 10 40 200 

3 Antho-Carrizo-Maripo complex 
6 Anthony-Arizo complex 

26 Continental cobbly clay loam 
33 Eba very gravelly loam 
54 Gila fine sandy loams 
61 Gran-Wickenburg complex 
63 Gran-Wickenburg-Rock outcrop complex 
72 Lehmans-Rock outcrop complex 
90 Momoli gravelly sandy loam 
93 Nickel-Cave complex 
95 Ohaco gravelly loam 
96 Pinaleno-Tres Hermanos complex 
98 Pinampt-Tremant complex 

121 Tres Hermanos-Anthony complex 
122 Vado gravelly sandy loam 

Total Planimeter Units 100 
Summary 

fines= 28.860 PCt 
sand = 23.730 Pet 

gravel = 47.410 PCt 



Table 3-5: Summary of Watershed Characteristics and Yield Estimates 
Rawhide Wash 
Subbasins R1-R9 

MUSLE power 0.56 
MUSLE coeff. 95 

Qp, cfs 

overland flow, ft 
basin slope, pct 

k 
LS 
CP 

AREA, sm 
RR, Wrni 

FF 
UNIT WT,pcf 

MUSLE LADM LADMIMUSLE 
Vol, af sed, tons sed, tons 

avg event, tons 28,128 171,157 
avg event, af 14 87 

avg event, aflsm 1.06 6.43 
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Table 3-6: Summary of Watershed Characteristics and Yield Estimates 
Fan 5 
Subbasins F1-F5 

MUSLE power 0.56 
MUSLE coeff. 95 

Qp, cfs 

overland flow, ft 
basin slope, pct 

k 
LS 
CP 

AREA, sm 
RR, ftlmi 

FF 
UNIT WT,pcf 

avg event, tons 
avg event, af 

avg event, aflsm 

MUSLE 
sed, tons 

10,903 
14,250 
17,361 
20,124 
27,554 

6,470 
3 

0.88 

LADM LADMlMUSLE 
sed, tons 
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Table 3-7: Summary of Watershed Characteristics and Yield Estimates 
Fan 6 South Strip 
Subbasins S7-S9 

MUSLE power 0.56 
MUSLE coeff. 95 

overland flow, f l  
basin slope, pct 

k 
LS 
CP 

AREA, srn 
RR, Wmi 

FF 
UNIT WT,pcf 

Qp, cfs Vol, af 
MUSLE 

sed, tons 

avg event, tons 
avg event, af 

avg event, aflsm 

LADM 
sed, tons 

I 
I 
I 
I 
I 
I 
I 
I 
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Table 3-8: Summaly of Watershed Characteristics and Yield Estimates 
Fan 6 North S t r i ~  
Subbasins S1-S4 

Qp, cfs 

MUSLE power 0.56 
MUSLE coeff. 95 

overland flow, ft 
basin slope, pct 

k 
LS 
CP 

AREA, sm 
RR, Wmi 

FF 
UNIT WT,pcf 

MUSLE LADM LADMIMUSLE 
Vol, af sed, tons sed, tons 

avg event, tons 7575.093 48,308 6.4 
avg event, af 4 25 6.4 

avg event, aflsm 0.86 5.49 6.4 
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4.0 Bed Material Transport Analysis 

Bed material transport analyses were performed for each of the main channel s t r i~s  associated 
with Rawhide wash, Fan 5 and Fan 6. These analyses involved development of representative 
bed material size distribution curves for each channel, synthesis of average hydraulicvariables on 
a reach-by-reach basis for a range of flood events, development of instantaneous bed material 
transport rate versus discharge relations foreach channel subreach, and computation of total event 
transport volumes down the length of each analyzed channel. 

4.1 Channels and Hydrology 

A single channel was identified downstream of each inlevdetention basin location, and the 
hydraulic and sediment transport calculations were performed considering this current (perhaps 
transitory) flow path. The hydrology considered for these analyses corresponded to the flood 
hydrograph computed for each fan inletldetention basin location. 

4.2 Sediment Size Dlstrlbutlons 

During the field reconnaissance performed at the commencement of this project, bed material 
samples were collected at several locations along each study reach. The size distributions of each 
sample were determined through sieve analysis. Figures 4-1 and 4-2 illustrate the variation in bed 
material size characteristics evident throughout the project. The bed material sizes are fairly 
consistent throughout the length of the project reaches, with the exception of the conditions at the 
man-made collection areas. In these deposition areas (the existing stock pond near the 
downstream end of the Rawhide Wash channel and the CAP debris basin), the "fining" of the 
samples is evident. The fines evident in these deposition samples are supplied to the flood 
channels through watershed yield processes, and are limited only by the supply available in the 
contributing basin - not by channel transport processes - and thus were not used in the bed 
material transport analyses performed for this study. 

4.3 Hydraulics 

Main channels downstream of each of the fan channel inlevdetention sites were identified as 
described in the Hydraulic Analysis section of this report. HEC9 hydraulic models of the Rawshide 
Wash, Fan 5 and Fan 6 channels were created. Each model extended along the main channel 
from locations upstream of the proposed detention basinslchannel inlets, downstream to the CAP 
detention basin (in the case of Rawhide Wash and Fan 5) or the Gave Buttes Wing Levee (in the 
case of Fan 6). The channels were analyzed under both subcritical and supercritical assumptions 
and the results of both runs were merged. The study channels were subdivided into several 
reaches, following the variation in flow velocities and width. The following tables summarize the 
reach breakdown applied along each study channel: 
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The average hydraulic characteristic of each subreach under a range of discharges (100 cfs 
through 500 year peak flood conditions) are summarized in Tables 4-1 through 4-3. 

4.4 lnstantaneous Transport Rates 

The SAM AID routine within the Corps' SAM sediment transport capacity package was used to 
identify suitable transport capacity equations for application to the study channels. The results of 
application of the transport equations identified by SAM AID to the Rawhide Wash reaches are 
contrasted with the results obtained using the bed material transport capacity proceduredeveloped 
by Simons, Li & Associates (SLA) in Figures 4-3 and 4-4. (Note: comparisons have been shown 
for two reaches alona Rawhide Wash; however the indications apply for the Fan 5 and Fan 6 ~~ ~ 

channels, aswell, since the hydraulics and bed material conditions aresimilar). As shown in these 
fiaures, there is an order of magnitude difference in potential transport rates for the hydraulic and 
bed material conditions existing along the study channels, depending on the transport equation 
applied. As also shown in these figures, the transport capacity procedure developed by SLA 
compares well with two of the procedures identified by SAM AID - the Brownlie D50 and Yang D50 
procedures. The SLA procedure has been applied in numerous sediment transport studies 
throughout southern Arizona, including studies on the Salt River, the Agua Fria River, and, most 
recently, the Desert Greenbelt project. 

The SLA procedure provides results similar to two of the methodologies identified by the SAM AID 
program -- the Brownlie D50 and Yang D50 procedures. Also, in contrast to these SAM 
methodologies, the SLA procedure provides transport rates by grain size, allowing better 
characterization of the types and quantities of sediment being transported For these reasons, the 
SLA procedure was selected for the n-year bed material transport volume analysis of the study 
channels, summarized in the following section. 

4.5 Event Transport Volumes 

lnstantaneous bed material transport rates were computed over a range of flow discharges, from 
100 cfs to the magnitude of the 500-year flood peak along each channel. These reach-by-reach 
instantaneous flow versus bed material transport relations (Q vs Qs) were integrated over the 
appropriate hydrographs to determine total event bed material transport volumes associated with 
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the 10-year, 25-year, 50-year, 100-year and 500-year floods. These event volumes are 
summarized in Tables 4-4 through 4-6. 

Sediment continuity analysis (inflow minus oufflow equals change - aggradation or degradation) 
was applied to determine the erosionlsedimentation trend expected along each reach during 
passage of each flood. Expected trends are summarized for each analyzed channel in Tables 4-7 
through 4-9. 

Note: In the sediment volume integrations performed for this study, the hydrograph applied to the 
subreachs down each study channel was that associated with the detention basinlinlet location. 
In reality, additional flow (and possibly, sediment) is added to the flood hydrograph at 
concentration points downstream of these locations. However, for this study, the assumptions was 
made that the flows and sediment loadings of concern are those occurring upstream of the point 
of detention/collection. Future development of the subareas downstream of these major collection 
points are expected to manage the flows and sediment generated locally. This baseline analysis 
concerns the quantification of sediment upstream of the major points of collection (detention 
basinlinlet location) and the expected destination of this sediment load as the flood hydrograph 
passes down the transient channel path to the point of ultimate disposal. 

4.6 Comparison of Bed Material Yield to Total Yield 

The bed material transport quantities estimated using the transport capacity analysis are compared 
to the coarse portion of the total yield estimates in Tables 4-10 through 4-12. The coarse portion 
of the total yield computed at each detention basinlinlet location was computed by multiplying the 
MUSLE total yields by the percentage of watershed soils of sand size and larger (previously 
summarized in Tables 3-1 through 3-4). As indicated in Tables 4-10 through 4-12, the coarse 
transportquantitiesfor each flood event are in fair agreement with the results of the yield analyses, 
poviding additional confirmation of the reasonableness of the MUSLE yield estimates. 

4.7 Estimation of Sedlment Loading at Polnts of Ultimate Disposal 

Sediment loading to the point of ultimate disposal from each of the main channels analyzed for this 
study was computed as the sum two quantities: (1) the amount of fines supplied by the upstream 
watershed (carried as wash load); and, (2) the amount of coarse material transported by the 
downstream-most reach. The results are summarized in Tables 4-13 through 4-15. The amount 
of fines supplied by the upstream watershed was computed by multiplying the MUSLE total yields 
by the average percentage of watershed soils passing the No. 200 sieve (previously summarized 
in Tables 3-1 through 3-4). The coarse material quantities were obtained from the sediment 
transport capacity analyses, summarized in Tables 4-10 through 4-12. 
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Figure 4.1 

Rawhide Wash Bed Material Samples 
from proposed detention site to CAP 

Y 81 CAP debris barin 
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Size, mm 

Figure 4.2 

Fan 5 and Fan 6 Bed Material Samples 
near proposed wllectors/inlets 

0.01 0.1 1 10 100 
Size, mm 
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Figure 4.3 Rawhide Wash Sediment Transport Capacity 
SAM AlDmethodologies vs. SLA procedure -- Reach 5 
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Figure 4.4 Rawhide Wash Sediment Transport Capacity 
SAM AIDmethodologies vs. SLA procedure --Reach 4 
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Table 4 - 1 :  
Average Hydraulic Characteristics of Rawhide Wash 

REACH U/S SEC DISCH. SLOPE DEPTH AVOEPC V TOP WID EU 
cfs f t l f t  f t / f t  f t  f t/s f t f t  

r  zzn rnnnn . n n o ~ ~ o 7  4.5 .P 3.97 2918. 2918. 
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Table 4-2: 
Average Hydraulic Characteristics of the Fan 5 Uash 

REACH UISSEC DISCH. SLOPE DEPTH AVDEPC 
cfs f t l f t  f t  f t  

Lou flow 1 1.140 100. .0049994 1.6 I .2 

V TOP WID EU 
f t1s  f t  f t  

2.80 1290. 1290. 
4.27 1207. 1207. 
4.88 850. 850. 
5.81 694. 661. 
7.03 577. 574. 

2.52 1268. 1268. 
3.89 1160. 1160. 
4.54 811. 811. 
5.34 667. 634. 
6.71 485. 485. 

2.40 1260. 1260. 
3.83 1040. 1040. 
4.31 797. 797. 
5.14 657. 624. 
6.51 476. 476. 
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Table 4-3: 
Average Hydraulic Character is t ics  o f  the  Fan 6 Wash (south s t r i p )  

REACH U/S SEC DISCH. SLOPE DEPTH AVDEPC V TOP UID 
cfs  f t l f t  f t  f t  f t / s  f t  

Lou f Lou 1 1.930 100. .0281912 .5 .4 2.43 473. 
2 3.830 100. .0193247 .4 .3  2.90 146. 
3 6.050 100. .0186290 1.3 .7 5.33 31. 
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Table 4-4: Computed Bed Material Transport Tonnages by Event 
Rawhide Wash 

500-yr 100-yr 50-yr 25-yr 10-yr 

Reach 1 
Reach 2 
Reach 3 
Reach 4 
Reach 5 

Table 4-5:  Computed Bed Material Transport Tonnages by Event 
Fan 5 Wash 

500-yr 100-yr 50-yr 25-yr 10-yr 

Reach 1 
Reach 2 
Reach 3 
Reach 4 
Reach 5 

Table 4-6: Computed Bed Material Transport Tonnages by Event 
Fan 6 Wash (south s t r i p )  

500-yr 100-yr 50-yr 25-yr IO-yr 

Reach 1 
Reach 2 
Reach 3 
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Table 4-7: AggradationlDegradation Trends Downstream of Supply Reach 
Rawhide Wash 

Coarse Material Aggradation (+) or Degradation (-) Magnitude 
as a Percentage of Supply Reach Load 

Event 
Reach 500-year 100-year 50-year 25-year 10-year 

Table 4-8: AggradationlDegradation Trends Downstream of Supply Reach 
Fan 5 

Coarse Material Aggradation (+) or Degradation (-) Magnitude 
as a Percentage of Supply Reach Load 

Event 
Reach 500-year 100-year 50-year 25-year 10-year 

Table 4-9: AggradationlDegradation Trends Downstream of Supply Reach 
Fan 6, South Strip 

Coarse Material Aggradation (+) or Degradation (-) Magnitude 
as a Percentage of Supply Reach Load 

Event 
Reach 500-year 100-year 50-year 25-year 10-year 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Table 4-10: Comparison of Transport Capacity to Watershed Yield Results - Coarse Material 

Rawhide Wash 

Estimated 
Coarse Fraction Computed 

Return of MUSLE Bed Material 
Period Yield Transport 
years tons tons 

Table 4-1 1: Comparison of Transport Capacity to Watershed Yield Results - Coarse Material 

Fan 5 Wash 

Estimated 
Coarse Fraction Computed 

Return of MUSLE Bed Material 
Period Yield Transport 
years tons tons 

Table 4-12: Comparison of Transport Capacity to Watershed Yield Results - Coarse Material 

Fan 6 Wash (south strip) 
Estimated 

Coarse Fraction Computed 
Return of MUSLE Bed Material 
Period Yield Transport 
years tons tons 
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Table 4-13: Estimated Total Delivery to Ultimate Point of Disposal 
Rawhide Wash 

Estimated Estimated 
Fine Fraction Bed Material 

of MUSLE Transport 
Return Yield Capacity 
Period 26.00% of DIS Reach 
years tons tons 

Estimated 
Yield to 
Ultimate 
Point of 

Disposal 
tons 

Table 4-14: Estimated Total Delivery to Ultimate Point of Disposal 
Fan 5 Wash 

Estimated Estimated 
Fine Fraction Bed Material 

of MUSLE Transport 
Return Yield Capacity 
Period 25.00% of DIS Reach 
years tons tons 

Estimated 
Yield to 
Ultimate 
Point of 

Disposal 
tons 

Table 4-15: Estimated Total Delivery to Ultimate Point of Disposal 
Fan 6 Wash (south strip) 

Estimated Estimated 
Fine Fraction Bed Material 

of MUSLE Transport 
Return Yield Capacity 
Period 29.00% of DIS Reach 
years tons tons 

Estimated 
Yield to 
Ultimate 
Point of 

Disposal 
tons 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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5.0 Flood Proofing Design 

Without-project flood proofing designs, which comply with FEMA regulationsfor removing property 
from the A 0  Zone and the oolicies and criteria used bv the Cities of Scottsdale and Phoenix. were 
prepared for the undeveldped Rawhide Wash watershed. The design was based on the soft- 
bottom, pass-through concepts currently being approved by the Cities of Phoenix and Scottsdale. 
The existing developments of Desert Ridge in Northeast Phoenix, and Ironwood in North Scottsdale 
were used as specific examples (see Figures 5-1 and 5-2). 

5.1 Policy and Criteria 

To remove property from a designated A0  Zone and eliminate the need for flood insurance 
premiums, FEMA requires that "major structural flood control measures" be constructed. 
Engineering analyses that quantify the discharge and volume of water, debris, and sediment 
associated with the 100-year flood must be provided to support the design of the structural 
measure. The analyses must be performed using current and potentially adverse watershed 
conditions, and the proposed structural measures must effectively eliminate alluvial fan flood 
hazards from all areas being developed. Due to the theoretical nature of alluvial fan flooding, it 
must be assumed that the full 100-year apex discharge can occur at any point along the upstream 
boundary of the proposed development. Providing fill alone is not sufficient to remove property 
from an A 0  Zone. 

The standard minimum freeboard for flood control structures on an alluvial fan is three to four feet, 
depending on the location of levees and bridges. FEMA will make exceptions, if justified. 
However, a freeboard of less than two feet will not be accepted. 

The Cities of Phoenix and Scottsdale use the same criteria prescribed by the FEMA regulations 
to remove property from A 0  Zones. In addition, they require the flow to be redistributed 
downstream of the development in a manner that will duplicate pre-development conditions as 
closely as possible. 

5.2 Design Approach 

As mentioned above, the design of the structural flood proofing measures is based on the soft- 
bottom, pass-through channel concept currently being approved by the Cities of Phoenix and 
Scottsdale. It is assumed that development within the Rawhide Wash watershed will take place 
primarily from downstream to upstream. Designs were developed for parcel sizesof 500.250,100, 
and 20 acres. These sizes were provided by the Economics Section of the Los Angeles District, 
US Army Corps of Engineers. 

By examining the available topographic mapping and existing developments in Northeast Phoenix 
and North Scottsdale (re: Figures 5-1 and 5-2), it was apparent that the pass-through designs 
provide channels at approximately 800 to 1000 feet intervals perpendicular to the direction of flow. 
Using this and the fact that parcels are commonly tied to quarter section and section lines, the 
following dimensions were assumed for each parcel size: 

Parcel Size (acres) Dimensions (feet) 

--- 
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Using a channel interval of approximatelyevery 1000feet perpendicularto the flow direction results 
in the following number of channels for the respective parcel size: 

Parcel Size (acres) Number of Channels 

Figures 5-3 through 5-5 provide plan views of each of the parcel sizes and the conceptual channel 
alignments. Each channel of the pass-through concept must be stable and capable of passing the 
full 100-year FEMA discharge, as computed at the apex of the alluvial fan. 

For the Rawhide Wash alluvial fan, the total magnitude of ~ ~ ~ ' F E M A  discharge is approximately 
13,100 cfs. Based on the FEMAflood hazard maps, this discharge is distributed as sheet flow with 
depths varying from 1 to 3 feet and velocities varying from 3 to 8 feet per second. The natural 
slope of the Rawhide Wash watershed ranges from 1.5 to 3 percent with an average of 
approximately 2 percent. If the entire discharge is assumed to be concentrated into any single soft- 
bottom channel, the channel will not be stable unless a suitable number of drop structures are built 
to prevent headcutting, and the banks are protected to a sufficient depth to prevent undermining. 
Due to the availability of suitable materials, it was assumed that the bank protection and drop 
structures would be constructed of soil cement. 

To design a stable channel, a combination of channel width, depth and equilibrium slope, which will 
balance the sediment transport capacity with the supply, must be determined. The unit width 
sediment supply was computed using an average flow depth of one foot, an average velocity of 3 
feet per second, taken from the FEMA flood hazard map within the Northeast Phoenix portion of 
the fan, and the Zeller-Fullerton equation (1983) for sand-bed channels. The total sediment supply 
can then be computed using the width of approximately 4370 feet necessary to generate the total 
discharge of 13,100 cfs. 

% = 0,0064 fn)"77 (v)4."2 (G10.45 

Yh0'30 D50°'61 

Where: 
cg = unit width sediment transport rate (cfslft) 
n = Manning's roughness coefficient (including bed-form roughness 0.060) 
v = mean flow velocity (fps) 
G = sediment gradation coefficient 
Y, = hydraulic depth (fi., arealtop width) 
D,, = median sediment diameter (mm). 

The geomorphic relationship, W=l .94Q0.4 was used to estimate an initial range of channel widths. 
As a result, channel widths of 80, 120, 160, and 200 feet were used to estimate channel design 
parameters. Using trial and error, equilibrium slopes which satisfied both the transport capacity 
equation and the Manning's equation for steady-uniform flow were determined. Using the resulting 
equilibrium slope and channel depth, bank protection quantities and the number of drop structures 
required for each channel width were determined. The width that results in the least total cost, 
which includes channel excavation, soil cement, drop structures, and land area required; as well 
as satisfies any environmental, political, and social constraints will be selected for final design. 
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5.3 Results 

The equilibrium slopes which satisfied both the transport capacity equation and the Manning's 
equation for steady-uniform flow are summarized in Table 5-1 for each of the four channel widths 
examined. The equilibrium slopes varied from 0.00264 fl./ft. for the 80-foot channel to 0.00317 fl.1ft. 
for the 200-foot channel. 

The typical section for the proposed channel design is shown in Figure 5-6. The bank protection toe- 
down depth is based on the sum of estimated general scour, bed-form scour, a one foot low-flow 
incisement, and a 30% safety factor below the computed long-term bed location (equilibrium slope). 
General scour was computed using Zeller's equation (1981) for sand-bed channels. 

Zgs = Y,. r.06"""' - ,,I 
y o 4  5 0.3 

Where: 

Zg, = General Scour depth, in feet; 
V = Average velocity of flow, in feet per second; 
Y,,, = Maximum depth of flow, in feet; 

Y,, = Hydraulic depth of flow, in feet, and; 
5 = Energy slope (or bed slope for uniform-flow conditions), in feet per foot 

The bed-form scour was assumed to be anti-dunes and was computed as one-half the anti-dune 
height (Simons, Li & Assoc., 1982). 

2 
Za = 0.0137Vm 

Where: 
Za = Anti-dune trough depth, in feet; 
Vm = Mean velocity, in feet per second. 

The top of the bank protectionllevee is based on three feet of freeboard above the computed 100-year 
water-surface elevation. 

The typical section for the proposed grade control structures is also shown in Figure 5-6. The 
configuration of the structure is based on a drop height of three feet at the long-term bed level 
(equilibrium slope). The drop scour was computed using the method described by Simons, Li & 
Associates, Inc. (1986). 

Z,,, = 0.581q O."" (hN) 0.411 [I - (hw] -o"O 

Where: 
hN r; 0.99; and, 

Z,,, = Depth of Local scour due to a submerged drop, in feet, measured below the 
streambed surface downstream of the drop; 

o, = Discharge per unit width of the channel bottom, in cubic feet per second per 
foot; 

h = Drop height, in feet; and, 
Y = Downstream depth of flow, in feet. 
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Tables 5-2 through 5-5 summarize the hydraulic parameters and scour components for the range 
of channel widths examined. Example calculations are contained in Appendix D. Table 5-6 
summarizes the excavation, embankment, and soil cement quantities, as well as the land area 
required to construct the proposed channels. 

Based on these quantities, an 80-foot channel represents the least cost alternative from a strictly 
hydraulic/economic standpoint. However, note that the average levee height associated with this 
width is 9 to 10 feet above existing ground, depending on parcel size. This levee height may be 
unacceptablefroma social and environmental standpoint. This should be determined before the final 
design width is selected. By applying the Corp's unit costs to the quantities of the selected channel 
width and dividing by the acreage of the parcel, a total cost per acre can be computed for each of 
the four parcel sizes evaluated. 
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Figure 5-6 
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Table 5-1 

Summary of Results from Iterative Procedure for Equilibrium Slope Calculation 
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Table 5-2 

SCOUR VARIABLES AND DESIGN PARAMETERS FOR CONCEPT CHANNEL 
(Channel Bottom Width = 80 feet) 
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J Table 5-3 

SCOUR VARIABLES AND DESIGN PARAMETERS FOR CONCEPT CHANNEL 
(Channel Bottom Width = 120 feet) 
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Table 5-4 

SCOUR VARIABLES AND DESIGN PARAMETERS FOR CONCEPT CHANNEL 
(Channel Bottom Width = 160 feet) 
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Table 5-5 

SCOUR VARIABLES AND DESIGN PARAMETERS FOR CONCEPT CHANNEL 
(Channel Bottom Width = 200 feet) 
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Table 5-6 

QUANTITIES AND USABLE LAND FOR VARYING PARCEL SIZES AND CHANNEL BOTTOM WIDTHS 
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1.0 Executive Summary 

1.0 EXECUTIVE SUMMARY 

The U.S. Army Corps of Engineers (USACOE) has prepared this baseline conditions report to 
address existing environmental conditions within alluvial fan flood hazard zones (called "A0 

Zones") located in northeastern Phoenix and northern Scottsdale, Maricopa County, Arizona. This 
introduction summarizes the environmental process, provides a briefdescription of the project study 
area, and states the study authority for this report. The following report sections describe the need 
for and objectives of the proposed action (Section 2.0) and the baseline environmental conditions 

of the study area (Section 4.0). 

1.1 SUMMARY O F  THE ENVIRONMENTAL PROCESS 

TheUSACOE is assistingnon-federal interests (i.e., local governments) in formulating acoordinated 
and comprehensive approach to flood control and environmental protection within the alluvial fan 
flood hazard zones in northern Phoenix. As the Lead Federal Agency for this effort, the USACOE 
is responsible for ensuring that any proposed flood control or related actions are evaluated in 
compliance with the National Environmental Policy Act (NEF'A) of 1969 (42 U.S.C. 4321, as 
amended), other national environmental statutes, applicable executive orders, and other federal 
planning requirements. 

The USACOE and its local partners are currently in the process of evaluating potential flood control 
solutions and environmentalpreservation/restoration opportunities in terms of feasibility, costs, and 
environmental constraints. The USACOE anticipates that environmental restoration and 
preservationwould be part of an integrated project, providing biological resource and related benefits 
that would not otherwise be realized as the study area continues to develop. After the USACOE and 
its local partners have developed a range of potential alternatives, these will be evaluated pursuant 

to NEPA. 

The USACOE will assist the local sponsor to prepare an Environmental Impact Statement (EIS) 
addressing any proposed action. NEPA requires federal agencies to consider the environmental 
effects oftheir actions. When those actions have apotential to significantly affect the quality of the 

human environment, the agency must prepare environmental documentation that provides a full and 
fair discussion of the impacts caused by the proposed project and alternatives. It is anticipated that 
the baseline information provided in Section 4.0 of this report will serve as the "Affected 

Environment" for a fiItureEnvironmental Impact Statement (EIS) addressingpotential flood control 
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1.0 Executive Summary 

alternatives. Additionally, the description of predicted future without project conditions contained 
in Section 4.0 is expected so serve as the basis for an evaluation of the "No Action Alternative." The 
No Action alternative represents potential future conditions that would occur if no comprehensive 
flood control program is developed and implemented for the alluvial fan flood hazard zones in 
northeast Phoenix and northern Scottsdale. 

In addition to NEPA compliance, the USACOE will evaluate potential flood control measures with 
regard to the following federal statutes, regulations, and executive orders: 

Executive Order 11990, Wetlands Protection (42 Fed. Reg. 2696 (1977)) 
Executive Order 11988, Floodplain Management (42 Fed. Reg. 26951 (1977)) 
Clean Water Act (CWA) of 1972 (33 U.S.C. 5 1251 (1996)) 
Endangered Species Act (ESA) of 1973 (16 U.S.C. 5 1531 (1996)) 
Migratory Bird Treaty Act (16 U.S.C. 5 703 (1996)) 
National Historic Preservation Act (NHPA) of 1966 (16 U.S.C. 470 (1996)) 
Archaeological Resources Protection Act (ARPA) of 1974 (16 U.S.C. 470aa (1996)) 
Native American Graves Protection and Repatriation Act (NAGPRA) (25 U.S.C. 5 3001 (1996)) 
Federal Clean Air Act (CAA) of 1970 (42 U.S.C. 5 7401, amendments of 1977,1990, and 1993) 
Executive Order 12372, the Intergovernmental Review of Federal Programs (7 C.F.R. 5 3015, 
Subpart V and final rule-related notices published at 48 Fed. Reg. 291 14 (1983), and 49 Fed. 
Reg. 22676 (1984)) 
Executive Order 12898 - Environmental Justice (59 Fed. Reg. 7629 (1994)) 
Various regulations and statues pertaining to hazardous and toxic materials (see Section 4.1 1). 
Scottsdale city code and ordinances 

The local sponsor will also evaluate potential flood control projects with regard to the following 
local and state laws and regulations: 

Title 49 of the Arizona Revised Statutes (Ariz. Rev. Stat.) 
Arizona Native Plant Law (Ariz. Rev. Stat. 5 3-906.A) 
Floodplain Regulation for Maricopa County (Article IX, Section 902. Development Standards) 
Phoenix City Code and Ordinances. 
Scottsdale City Code and Ordinances. 
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1.0 Executive Summary 

1.2 PROJECT AREA 

The project study area is located in the northeast Phoenix and north Scottsdale portions of the 

Phoenix metropolitan area. The study area also includes some unincorporated areas of Maricopa 

County (see Figure 1-1). 

The study area is bounded on the south by the Central Arizona Project (CAP) aqueduct; on the east 

by Scottsdale Road, Pinnacle Peak Road, Pima Road, Jomax Road, 96th Street, Dixileta Road, and 

Pima Road; on the north by Dove Valley Road; and on the west by Cave Creek Road (see 

Figure 1-2). Within these boundaries are areas identified as the Rawhide Wash, Fan 5, and Fan 6 
Flood Zones (A0 Zones). (These are the shaded areas depicted on Figure 1-2.) A very small portion 

of the Reata Pass Wash Flood Zone is also included in the southeast comer of the study area. The 
focus of this Baseline Conditions Report are the A 0  Zones, which encompass approximately 24 

square miles (62 square kilometers) within the 56-square-mile (145-square- kilometer) study area. 

Baseline conditions within the project area are summarized below by resource area, 

1.2.1 Earth Resources 

Major features that border the study area are Black Mountain and the Continental Mountains to the 
north, the McDowell Mountains and the Tonto National Forest to the east, the Phoenix and 

Scottsdale metropolitan area to south, and the Cave Creek Recreational Area and Union Hills to the 
west. Aside from an unnamed peak in the northeast comer, the study area is a regular alluvial slope 

dissected by numerous small to mid-sized drainages flowing from northeast (elevation 2,450 feet 

[750 meters]) to southwest (elevation 1,540 feet [470 meters]). 

Soils in the area consist primarily of loams, sandy loams, and clay loams. The soils found within 

the immediate study area and outside of the floodplains are primarily coarse sandy loams, typically 

associated with valley plains and alluvial fans. Within the floodplains, finer loams and clay loams 

are more common. 

The study area is located in the Basin and Range Province of southern and western Arizona. This 

province is characterized by alternating mountain ranges and broad valleys, most of which were 

formed by block faulting during the last part of the Cenozoic Era (15 to 5 m.y. ago). The rate of 

seismicity in the Phoenix area (including the study area) has historically been very low; only seven 
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1.0 Executive Summary 

small earthquakes (magnitudes 3 to 5) have been recorded within a 60-mile (95-kilometer) radius 
of the city since 1830. 

Generally, the geology and soils of the project area will remain the same under the projected future 
conditions. Although the project area is expected to reach full buildout within 50 years, the 
underlying geologic and soils conditions would remain relatively unchanged. The upper soil layers 
will probably be modified by development-related grading and some impacts related to subsidence 
and ground fissures may occur due to excessive groundwater withdrawal within the region. 

1.2.2 Water Resources 

The study area is located within the East Salt River Valley groundwater subbasin within the Phoenix 
Active Management Area (AMA). Groundwater depth within the subbasin is highly variable and 
reacts substantially to groundwater pumping. Water levels in the study area range from 100 feet 
(30 meters) to more than 400 feet (120 meters) below the ground surface (USACOE 1996). 

The study area and its surrounding watershed are characterized by steep mountains interspersed on 
dry, flat, and sandy desert. When excessive rain falls on steep slopes in or near the study area that 
contain impervious soils, the result is large amounts of rapid runoff. The capacities of the small 
braided washes in the study area range from 25 to 250 cubic feet per second (cfs) (0.7 to 7 cubic 
meters per second) and cannot contain large floodflows, such as 100-year flows, within their banks. 

As described above, the wash systems in the study area generally flow from northeast to southwest 
and include Flood Zone Fans 5 and 6, Rawhide Wash, and a small portion of Reata Pass Wash. 
Figure 1-2 shows the locations of these washes. 

The project study area is expected to reach buildout with urban land uses. Continuing development 
in the study area will increase the demand for water in this region and will contribute to the ongoing 
use of groundwater resources. If development in the study area continues without development and 
implementation of a regional flood control solution for this area, development projects would be 
designed on a project-by-project basis with no overall coordination of effort. This approach to 
providing flood protection would likely be more costly overall and possibly more damaging to 
environmental resources compared to an overall basin-level approach for the study area. 
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1.0 Executive S u m a t y  

1.2.3 Air Resources 

The climate in Maricopa County is characteristic of the Sonoran Desert region with hot summers, 
mild winters, and low precipitation. The study area is located in the northeastern portion of 

Maricopa County, which is higher in elevation than much of the Sonoran Desert and tends to have 
generally higher levels of precipitation compared to lower areas in the region. 

Pollutant levels in the Phoenix area (including the study area) have exceeded federal Clean Air Act 
standards for carbon monoxide (CO), ozone, and particulate matter (PM,,) (EPA 1999). As a result, 
the U.S. Environmental Protection Agency (EPA) has'desipated Maricopa County as being in 
"nonattainment" for these air quality standards. Maricopa County was reclassified as a "serious" CO 
and PM,, nonattainment area in June 1996 and was classified as a "serious" non-attainment area for 
ozone in February 1998. The Maricopa Association of Governments (MAG) is currently preparing 
State Implementation Plans (SIPs) to address the control of nonattainment criteria pollutants 
(ADEQ 1999). 

As the project study area develops with urban land uses, additional criteria pollutants will be 
generated that will contribute to pollutant levels in the air basin. However, the goal for the SIPS that 
will be implemented to address existing and future pollutant levels is to reduce criteria pollutants to 
levels below the ambient air quality standards established under the Clean Air Act. The expectation 
is that implementation of the SIPs will eventually achieve this goal, though establishment of local 
rules and regulations, improvements to exhaust systems for internal combustion engines, and other 
factors. 

1.2.4 Biological Resources 

Biotic Communities 

The study area contains representative examples of two subdivisions of the Sonoran Desert scrub 
community present in Arizona: Lower Colorado River Valley Sonoran Desert scrub and Arizona 
Upland Sonoran Desert scrub. These two communities differ from other shrub-dominated desert 
communities by having characteristic large cacti and greater structural diversity of shrubs, trees, and 
perennial succulents present along drainages even in the most arid portions. The study area 
demonstrates well the transition between these community types. Within both of these communities 
are numerous washes and runnels (shallow troughs) that are especially rich in resources because of 
the greater abundance of water and hence greater amount of vegetation. 
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The study area also contains both low- and high-density housing, the former providing substantial 
habitat for native wildlife species. Golf courses are also present within the study area and provide 
open water habitat for wildlife that would otherwise not exist in the area. Although most of the study 
area is of gradual relief, the extreme northeastern section contains rocky habitat, which adds habitat 
for a different complement of wildlife species. 

The upland portion of the Lower Colorado River Valley Sonoran Desert scrub habitat is the poorest 
subdivision of the Sonoran Desert for birds. Within this habitat, however, are ephemeral washes 
that, although narrow, offer a much more lush and diverse habitat for wildlife. The extra soil 
moisture associated with these washes allows for tree species, such as velvet mesquite, blue 
paloverde, ironwood, and desert hackbeny. These washes contain a wide variety of bird species. 

The Lower Colorado River Valley Sonoran Desert scrub habitat's sandy plains and washes host 
populations primarily of burrowing rodents, as well as coyote, black-tailed jackrabbit, desert 
cottontail, gray fox, and bobcat. Rocky outcrops, bajadas, talus slopes, washes, and gravel plains 
each support a varied and often different herpetofauna (reptiles). 

The Arizona Upland Sonoran Desert scrub subdivision includes some of the most famous and 
picturesque portions of the Sonoran Desert. Many of the tree species throughout this area are the 
same as those confined to the washes and runnels in the Lower Colorado River Valley subdivision 
described above. The paloverde-cacti-mixed scrub series represented in the study area is especially 
noted for its rich bird life. Mammal species are also very similar to that described above for the 
Lower Colorado River Valley subdivision. However, as with the birds, abundance is much greater 
in this habitat type because of the denser vegetation. The herpetofaunal diversity in the Arizona 
Upland subdivision contains more species than the Lower Colorado River Valley subdivision 
because of the increase in substrate diversity and greater amount of vegetation diversity. 

The northeast section of the study area has some rocky habitat, both as a small hill and along the 
Rawhide wash. Many species ofwildlife can onlybe found in the rockier substrate, and many reptile 
species prefer rocky outcrops. This section of the study area also includes residential housing 
developments and golf courses. 

Federally and State-Listed Species 

Three federally listed endangered plant species have the potential to occur within the study area: 
Arizona Agave (Agave arizonica); Arizona Cliffrose (Purshia subintegra); and Arizona Hedgehog 
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Cactus (Echinocereus triglochidiatus arizonicus). Only one plant considered by the State ofArizona 
to be a species of special concern with potential to occur in the study area: Hohokam Agave (Agave 

murpheyi), classified as Highly Safeguarded by the Arizona Native Plant Law. 

Three federally listed endangered wildlife species potentially occur in the study area: American 
peregrine falcon (Falco peregrinus anatum), lesser long-nosed bat (Leptonycteris curasoae 

yerbabuenae), and cactus fermgineous pygmy owl (Glaucidium brasilianurn cactorum). Sonoran 
desert tortoise (Gopherus agassizii), which on the draft review list of wildlife of special concern in 
Arizona (AGFD 1996) and is a federal species of concern, may also occur within the study area. 

Restoration and Preservation Opportunities 

There are several potential restoration concepts that could be implemented in association with flood 
control facilities within the study area. The overall strategy would be to add or retain water within 
the wash system to promote potential growth of desert microphyll woodlands and perhaps riparian 
vegetation that would allow for creation ofhigher value wildlife habitat. It may be possible to place 
check dams along Rawhide wash to hold water for a longer period of time. Such ponding would 
encourage development of microphyll woodlands and perhaps riparian thickets and mesquite 
bosques. This alternative could be incorporated with protection of adjacent upland habitats for both 
maintenance of existing habitat types and to provide wider wildlife movement comdors. 

It may also be possible to use water from Fan 5 supplemented with groundwater and treated 
wastewater to create ponds that would serve as both recharge basins and would provide habitat for 
water birds and waterfowl as well as providing cover for upland species. This concept could be used 
independently or in association with creation of check dams, as described above. 

Another option might be to preserve the washes as open space areas serving as wildlife comdors as 
well as upland wildlife habitat. These areas would be protected to prevent future development and 

use by off-highway vehicles. Some areas could potentially be enhanced to increase wildlife habitat 
values. An important aspect of this restoration concept would be to keep wildlife movement 
corridors intact. 

Projected Future Conditions 

It is anticipated that substantial urban development will occur within the study area due to the 
proximity of the area to metropolitan Phoenix. It is assumed that development will occur both 
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outside of the alluvial fan flood hazard zones as well as within the these flood zones through 
construction ofproject-specific flood control structures. It is also projected that a substantial amount 
ofthe Lower Colorado River Valley SonoranDesert scrub and ArizonaUpland Sonoran Desert scrub 
will be eliminated or substantially altered by this increased urbanization. 

Loss ofthe Lower Colorado River Valley Sonoran Desert scrub and ArizonaUpland Sonoran Desert 
scrub will also substantially reduce the wildlife resources in the area that are characteristic of these 
two communities and favor retention of those species that are more adapted to urban environments. 
Remaining natural areas within the study area will tend to become more like wildlife "islands" that 
are more prone to disturbance by off-highway vehicle use and other human intrusion. Of particular 
concern will be the potential for restriction or blockage of wildlife movement corridors within the 
study area. 

1.2.5 Cultural Resources 

A records and literature search of the study area was conducted through the Arizona State Museum 
(ASM), located at the University of Arizona, Tucson. The records search indicated that several 
cultural resources field surveys have been conducted within the study area, with previous survey 
coverage of the study area at approximately 75 percent. The information in this document is based 
on a review of the results of these previous studies. No new field surveys were conducted. 
Additional field studies will be conducted once specific alternatives are designated. 

The records and literature search for the study area revealed the presence of 15 prehistoric Hohokam 
cultural resources sites, one historic site, and two-historiclprehistoric sites. These include lithic and 
ceramic sherd scatters, campsites, resource procurement, and habitation sites. The historic site 
consists of domestic debris from the 20s and 30s. Several of these are, or may have been, eligible 
for listing on the National Register of Historic Places (NHRP). Based on the geographic setting for 
these recorded sites, it is anticipated that sites are present within areas not yet surveyed. 

In addition to prehistoric resources, it is probable that historic features and sites present are present 
within the study area. Any historic feature older than fifty years must be evaluated for the NRHP 
under the National Historic Preservation Act. 

If any projects are proposed which require federal involvement, compliance with Section 106 of the 
National Historic Preservation Act would be required. This would require consultation by the lead 
federal agency with the State Historic Preservation Officer, and the Advisory Council on Historic 

Page 1-10 Northeast Phoenix A 0  Zone Baseline Conditions Report 
99-8OlSe-00l.mxl 3/20/99 



1.0 Executive Summary 

Preservation. If any resources would be found to be NRHP eligible, and would be adversely 

affected, mitigation measures would be required. In most cases, a memorandum of agreement is 
executed, outlining mitigation measures to be implemented prior to construction. 

1.2.6 Land Use 

The study area is located in one ofthemore recently developed locations in the Phoenix metropolitan 
area, encompassing portions of the cities of Phoenix and Scottsdale as well as unincorporated 
Maricopa County. 

The Phoenix portion of the study area and the Cave Butte Recreation Area (which is outside the 
study area) together comprise the majority of the Desert View Urban Village. The urban village is 
bounded by Carefree Highway to the north, the CAP aqueduct to the south, the eastern city limits 
near Scottsdale Road to the east, and the Union Hills and unnamed mountains on the west (generally 
along the Seventh Avenue alignment). This urban village is distinguished by its Sonoran Desert 
environment, including the major features of Cave Creek Wash, Union Hills, and the unnamed 
mountain range. The village spans the range of urban to rural land uses, and an extensive system of 
trails, both in washes and along roadways, provide a village-wide recreational circulation system. 
The majority of the undeveloped land in this area is either privately owned or owned by the State of 
Arizona. 

A significant portion of the development in the Phoenix portion of the study area is located within 
the designated A 0  Zones. The A 0  Zones associated with Fans 5 and 6 occupy approximately 0.5 
square mile (1.3 square kilometers) of low to medium density residential housing, 1 square mile (3 
square kilometers) of high density housing, and 20 acres (8 hectares) of cornmerciaWindustria1 uses. 
The Phoenix portion of the study area within the Rawhide Wash A 0  Zone is relatively undeveloped. 
The only developments within the A 0  Zone are the Mayo Clinic, a portion of the Sumitomo Sitix 
Corporation, Chauncey Ranch, a construction staging area, and a small commerical/industria1 area 
near Scottsdale Road and the CAP Aqueduct. 

Approximately 60 percent of the study area within the City of Scottsdale is developed as residential, 
commercial, or industrial uses. As with the general development pattern for the City of Scottsdale, 
development within the study area decreases toward the northern boundary. Fans 5 and 6 enter the 
Scottsdale portion ofthe study area at the northeast comer ofthe near the intersection ofDove Valley 
and Pima Roads. The A 0  Zone associated with Fan 6 encompasses roughly 50 acres (20 hectares) 
of medium to low density residential development; whereas the A 0  Zone for Fan 5 covers 
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approximately 2 square miles (5 square kilometers) of medium to low density residential 
development within the City. 

Aside from a segment ofthe washnorth of Jomax Road, the Scottsdale portion of the Rawhide Wash 
A 0  Zone is largely developed. Less than 1 square mile (2.6 square ki1ometers)of low to medium 
residential development is located within the zone. South of Happy Valley Road however, the 
Rawhide Wash A 0  Zone encompasses approximately 2.5 square miles (6.55 square kilometers) of 
high density residential uses, the Old Museum at Rawhide, a small portion ofthe Talon Golf Course, 
and roughly 150 acres (60 hectares) of commercial/industrial development. The Reata Wash A 0  
Zone enters the Scottsdale portion of the study area near the southern'boundary above the CAP. 
Approximately 1 square mile (2.6 square kilometers) of high density residential development and 
associated golf course are located within this A 0  Zone. 

The portion of the study area encompassing the unincorporated Maricopa county land is fully 
developed with low to medium densityhousing. Approximately 2 square miles (5 square kilometers) 
of this land are located within the designated A 0  Zones of Washes 5 and 6. 

Projected future land use conditions are described in terms of general plan land use designations, 
major planned projects, and the projected timing and conditions of buildout. 

The majority of the study area above Pinnacle Peak Road is designated in the General Plans of 
Phoenix and Scottsdale as low to medium residential housing. The Phoenix portion ofthe study area 
above Pinnacle Peak Road is restricted to 0 to 5 dwelling units per acre; whereas the Scottsdale 
portion above the same road is designated primarily as 1h to 1 dwelling unit per acre, with the 
exception of two high density planned residential areas north of Dixileta Drive. The portion of the 
study area located on unincorporated County land is zoned as rural residential and is fully developed 
as such. 

The General Plan Land Use Map for the City of Phoenix designates significant portions of the area 
below Pinnacle Peak Road as the Primary Core of the Desert View Village. This area is centered 
near Mayo and Tatum Roads and includes a large commercial/industrial area surrounded by higher 
density residential uses. The portion of Scottsdale below Pinnacle Peak Road and within the study 
area is also designated for higher density residential and commercial uses. 

There are several large-scale development projects in the City of Phoenix portion of the study area 
that are anticipated to be completed prior to 2000 (Maricopa Association of Governments [MAG] 
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1998), including Desert Ridge, a 1,524-acre (617-hectare) residential development and 18-hole golf 
course (largely completed); Tatum Ranch, a 1,402-acre (568-hectare) housing development (also 
largely completed); and Paradise Ridge, a 2,191-acre (887-hectare) housing development scheduled 
for completion prior to 2005. 

The following residential projects within the Scottsdale portion of the study area are anticipated to 
be completed prior to 2000 (MAG 1998): Greyhawk, a 2,035-acre (824-hectare) development; 
Boulders, a 1,000-acre (405-hectare) development; and Troon North, encompassing approximately 
1,803 acres (730 hectares). All three developments were partially complete as of December 1998. 

The term "buildout" refers to reaching full development of an area as specified in the applicable land 
use planning document, typically a specific plan or general plan. For example, a city would reach 
buildout when all vacant land designated for development in the city's general plan is developed in 
a manner consistent with that plan. Buildout in the study area is projected to occur in 2040. 

The project study area consists primarily of large areas of undeveloped open space with urban and 
semi-rural residential development concentrated along the northern and eastern edges and in 
noncontiguous developments on the south central part of the study area. Noise sources include 
vehicle traffic along the primary roadways through the project study area, the wastewater facility at 
the southwest comer of the study area, and aircraft from Scottsdale Airport departing or landing the 
facility, which is south of the project study area. Aircraft overflights affect only the southernmost 
portion of the study area. Noise-sensitive land uses within or near the study area that would he 
adversely affected by increased noise from activities include the residential developments and the 
Mayo Clinic described under Land Use (Section 1.2.6). 

As the project study area develops with urban land uses, the ambient noise levels in the area will 
steadily increase. Traffic volumes on existing roadways will increase, generating additional noise 
that would affect properties in the vicinity of the roadways. In addition, new roadways will be 
constructed in this area to support development, which will introduce new sources of noise to areas 
where ambient noise levels are relatively low. 
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1.2.8 Socioeconomics 

Population in the Phoenix Metropolitan area has increased significantly in recent years, as reflected 
by the growth of Maricopa County from a population of approximately 330,000 in 1950 to 
2.5 million in 1995 (US Census 1995). Within the metropolitan area, the population of the City of 
Phoenix grew from approximately 800,000 in 1980 to 1,050,000 in 1994. The City of Scottsdale 
grew at a faster rate than Phoenix with its population increasing from approximately 90,000 in 1980 
to 160,000 in 1995. In 1995 all of the census tracts in the study area showed populations less than 
15 percent for Hispanics, less than 3 percent for African Americans, less than 2 percent for Native 
Americans, and less than 2 percent for Asians. 

In general, the population of the study area is relatively affluent with a high percentage of the 
residents working in executive, management, and professional occupations. Over 75 percent of the 
homes in the study area are owner-occupied compared to an average of 63 percent home ownership 
in the Phoenix metropolitan area. Most of these homes are of above average value compared to the 
metropolitan area with several large developments having values from $85,000 to $150,000. 

According to the Maricopa Association of Governments (MAG), high growth rates are expected to 
continue for the next 20 years in the North Phoenix, Scottsdale, and Cave Creek areas, with growth 
being limited only by geographic or political boundaries. The Urban Atlas, Phoenix Metropolitan 
Area (MAG 1998) projects that by 2020 the vast majority of the study area will be populated at a 
density of 1,500 or more people per square mile (580 or more people per square kilometer), with full 
buildout occurring by 2040. 

1.2.9 Public Services and Utilities 

Public Services for the study area are provided by the Cities of Phoenix and Scottsdale, Maricopa 
County, water districts, school districts and other smaller governmental entities. As the study area 
develops over the next 20 to 50 years, the demand for the above services will increase in proportion 
to the population growth that occurs in the study area. The ability to continue to provide these 
services in an orderly manner will depend on successful implementation of the General Plans of the 
Cities of Phoenix and Scottsdale and other agency or private entity forecasts and planning 
documents. 
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1.2.10 Hazardous and Toxic Materials 

A Phase I Site assessment of hazardous and toxic materials was prepared for the study area to 
identify locations where hazardous materials are or may be present. A records search was conducted 
that included databases from eleven state and federal agencies. In addition, a registered 
environmental assessor conducted a reconnaissance level vehicular field investigation to identify 
obvious visible signs of site contamination. Because the study area has been largely undeveloped 
in the past, there are very few sites related to hazardous materialslwaste that show up in the records 
search. Of the 27 sites that were identified, almost half (12) are registered underground tank 
locations that have no evidence of contamination. Only 5 state spill incidents and 4 leaking 
underground tanks have been reported in the past. The incidents appear to have been since resolved 
and should not be a source of present or future contamination. 

Areview of land use maps of the study area indicate that only a relatively small amount of land has 
been designated for industrial use ( a potential source of hazardous pollutants). Thus, even though 
the area is expected to grow significantly in the near future in terms of population, the number of 
potential hazardous waste sites is not expected to increase significantly from the few sites that are 
present in the area now. Current regulations and controls pertaining to hazardous wastelmaterials 
that are in place further limit the potential risk of future release to the environment. 

1.2.11 Recreation 

The study area contains a portion of the Phoenix Reach 11 Recreation Area and five golf courses 
(two in Phoenix and three in Scottsdale). The Reach 11 Recreational Area is located north of the 
CAP aqueduct along the southern boundary of the study area. The recreational area is operated by 
the City of Phoenix Department of Parks and Recreation and offers and equestrian center, 
hikinglriding trails, and a wildlifelnature area. In addition, the undeveloped portions of the project 
area contain an informal network of recreational trails that are used by pedestrian and motorized 
traffic. 

The study area is surrounded by regional recreational facilities. There are several small recreational 
facilities located approximately 5 miles (8 kilometers) north of the study area at the Cave Creek 
Recreational Area. Uses at the Cave Creek Recreational Area include baseball, volleyball, 
picnicking, and hiking. Along the western border of the study area is the Cave Buttes Recreational 
Area, which offers a variety of passive outdoor recreation opportunities. The Tonto National Forest 
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and the McDowell Mountains Park are located several miles to the east of the study area and offer 
open space recreation activities, including hiking and horseback riding. 

As the residential population of the study area increases, there will be a corresponding increase in 
the use of recreational resources by the local population. This increase has not been quantified, but 
should be considered in the context of the regional growth patterns described in Section 1.2.8, 
Socioeconomics. Increased residential development within the study area is expected to coincide 
with increases in golf courses and small neighborhood parks. 

1.2.12 Transaortation 

As discussed in the land use section, the study area consists of a combination of developing master 
planned communities, low-density semi-rural residential properties, and large tracts of undeveloped 
open space. Although no freeways exist in the vicinity of the study area, a network of primary 
roadways provides ready access to this area, including the following: 

Cave Creek Road: a two-lane paved roadway running southwest to northeast 
Tatum Road: a north-south four-lane divided roadway south of Dynamite Road and a two-lane 
roadway to the north 
Scottsdale Road: a north-south four-lane divided roadway 
Pima Road: construction is currently underway to upgrade this north-south road to a four-lane 
divided roadway 
Pinnacle Peak Road: an east-west two-lane roadway 
Dynamite Road: an east-west two-lane roadway 
Jomax Road: a discontinuous two-lane east-west road 
Dixileta Drive: an east-west two-lane roadway. 

Bike lanes are located on Cave Creek Road and along Scottsdale Road and Pima Road north of 
Pinnacle Peak Road. No transit facilities currently exist in the project study area and no transit 
routes are in place (MAG 1998). 

The projected future condition is that additional roadways will be built and existing roadways 
extended and widened to provide local access and accommodate additional traffic demand associated 
with buildout. As residential communities develop, additional bikeways of varying types would 
likely be incorporated into development plans with linkages established on major streets in the area. 
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Transit service may potentially be extended to this area to meet demand for alternate means of 
commuting. 

The proposed Outer Loop Freeway (Loop 101) will pass through the study area immediately north 
ofthe existing Mayo Road alignment and is scheduled for completion in April 2001. Rough grading 
has been completed for several segments ofthe alignment through the study area; however, no major 
construction in this area has taken place. The Primary Core of the Desert View Village is located 
just north of the proposed freeway, near Scottsdale Road. It is anticipated that multiple off-ramps 
will be constructed, connecting the proposed freeway with the Primary Core area and the major 
northlsouth arterial streets in the study area. No other major highways are currently proposed for the 
study area. 

1.2.13 Aesthetics 

The study area includes a variety of visual features ranging from the typical Sonoran Desert 
environment to highly developed planned residential communities and golf courses described above. 
Gently sloping desert terrain comprised of numerous washes, undeveloped hills, and surrounding 
mountainous features define the visual character of the areas natural environment. Paloverde, 
saguaro, and associated desert scrub plants are the visually prominent vegetation within the study 
area. 

Places where the study area has been developed with residential, commercial, and industrial uses are 
generally not considered scenic focal points (i.e., places that are expected or intended to draw 
viewers' attention). Within the built environment of the study area, visual resources that are 
intended to draw attention include more aesthetically pleasing features such as buffered setbacks, 
native landscaping, and streetscaping Additionally, many views in the study area are directed 
toward the surrounding topographical features. Visible frommost ofthe study area are the Boulders, 
Black Mountain, and the Continental Mountains to the north; theMcDowel1 Mountains and Pinnacle 
Peak to the east; the Phoenix and Camelback Mountains to the south; and the Union Hills to the 
west. 

The future visual environment of the study area will depend primarily on the extent to which 
development expands into currently undevelopedportions ofthe area. Those areas that have already 
been developed will likely retain much of their current appearance. Undeveloped lands that are 
converted to residential use are anticipated to appear much like the existing planned communities 
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and low to medium density residential areas. Development patterns are expected to be similar to 
those described in the General Plan land use maps for the Cities of Phoenix and Scottsdale. 

1.3 STUDY AUTHORITY 

This report provides an interim response under Public Law 761, Seventy-fifth Congress, known as 
the Flood Control Act of 1938. The name of the study authority is the Gila River and Tributaries. 
The name of the interim response contained in this report is the North Scottsdale Drainage Area 
(formerly, McDowell Mountains). Congress provided renewed commitment for the authority by 
adopting House Resolution 2425 on May 17, 1994. 
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2.0 NEED FOR AND OBJECTIVES OF PROPOSED ACTION 

2.1 DESCRIPTION OF PROPOSED PROJECT AREA 

The study area is located in the northeast Phoenix and north Scottsdale portions of the Phoenix 

metropolitan area. The study area also includes some unincorporated areas of Maricopa County (see 

Figure 1-1). 

The study area is bounded on the south by the Central Arizona Project Aqueduct; on the east by 

(from south to north) Scottsdale Road, Pinnacle Peak Road, Pima Road, Jomax Road, 961h Street, 
Dixileta Road, and Pima Road; on the north by Dove Valley Road; and on the west by Cave Creek 

Road (see Figure 1-2). Within these boundaries are areas identified as the Rawhide Wash, Fan 5, 
and Fan 6 Flood Zones, as well as a very small portion of the Reata Pass Wash Flood Zone. The 

focus of this Baseline Conditions Report is on these zones, which encompass approximately 24 

square miles within the study area. 

Rawhide Wash starts just north of Dynamite Road and the 96" Street alignment,' moving in a 
southwesterly direction, crossing the City of Phoenix, and terminating in the Bureau of 

Reclamation(BOR)/Toumament Players Club (TPC) basin. Fans 5 and 6 are formed by washes 

which originate north of Rawhide Wash and drain in a southwesterly direction. 

As several washes converge, theFan 5 overflow boundarywidens considerably southwest ofDixileta 

Drive and Scottsdale Road and continues to widen as it extends southwesterly nearly to 56Ih Street. 
Fan 6 originates near the intersection of Dove Valley and Pima Roads in the City of Scottsdale but 

does not widen substantially until it reaches 641h Street. It continues to spread in a southwesterly 

direction into the City of Phoenix extending downstream to Cave Creek Road. 

' The Phoenix and Scottsdale road networks include a series of roads, approximately one-mile apart, laid out in a 
north/south and eastlwest grid system. These "one mile roads" in the vicinity of the study area are depicted on 
Figure 1-2. In some cases, the roads have not been constructed along the entire length of their potential alignments. 
However, the potential future alignments of these roads are still used for identification. Accordingly, the term "96" 
Street alignment" refers to the alignment that 96th Street would follow if it were to be extended north from its 
current terminus. 
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2.2 PURPOSE AND NEED 

The purpose of the proposed action is to assist local governments in formulating a comprehensive 
and coordinated approach to flood protection and environmental restoration/preservation within the 
study area. The proposed action is needed in order to avoid the probable negative environmental and 
flooding impacts that would result from a less comprehensive, project-by-project approach to flood 
control within the study area's alluvial fan flood hazard zones (A0 Zones). Comprehensive flood 
protection measures would protect existing structures within the A 0  Zones in addition to protecting 
future developments in one of the nation's fastest growing metropolitan areas. 

As described in Section 2.3, flood protection is required by the federal government for new 
development within alluvial fan flood hazard zones. Various means of flood protection can be used 
tomeet federal requirements; however, one of themost common means is to provide on-site grading 
that channels flood waters around structures. In many cases, these flood control channels are lined 
with concrete or other impervious surfaces to limit on-site erosion and increase the capacity of the 
channels to cany flows. While this approach can be a cost-effective means for individual developers 
to comply with flood-control regulations, the approach has many drawbacks: 

Lack of Coordination. A project-by-project approach can easily result in apatchwork of small 
and moderate sized flood control projects (e.g., channels) scattered through a developed area. 
In lieu of a coordinated effort such as the USACOE's proposed action, there can be several 
obstacles to providing a more comprehensive approach to flood control. For example, it may be 
difficult to coordinate flood control efforts across multiple jurisdictions (the study area 
encompasses portions of the City of Phoenix, City of Scottsdale, and unincorporated Maricopa 
County). Additionally, federal regulations state that flood flow cannot be deflected onto adjacent 
properties, increasing the likelihood that future development would address flood control through 
a series of site-specific measures rather than though a larger project that could benefit multiple 
properties or jurisdictions. 

Environmental Damagehack of Restoration Potential. As noted above, aproject-by-project 
approach to flood control would likely result in channelization of many of the remaining washes 
within the study area. Because the washes provide water for vegetation within arid Sonoran 
Desert scrub communities, the washes offer greater structural diversity and habitat richness than 

the land areas between drainages. 
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Channel grading often results in the destruction ofnative plants within the graded area. Concrete 

and other impervious surfaces do not allow the reestablishment of plants, and they also prevent 
infiltration ofwater into the soil. Accordingly, replacing or modifying the majority of the natural 

washes within the study area with artificially graded andlor lined channels would dramatically 
reduce the overall biological resource value of the study area. 

Concrete channels also contribute to environmental degradation in a number of other ways. By 
preventing water infiltration, they increase the volume and velocity of flood flows reaching 
downstream properties. As a result, additional flood control features (often a larger network of 

channels) are often required downstream to compensate for the increased runoff, with a 
corresponding loss of native habitat. Additionally, lined channels with their lower vegetation 
levels do not provide the filtering benefits ofnative habitat. Thus, urban runoff in lined channels 
would be expected to cany higher concentrations of pollutants into receiving waters than would 
runoff in natural washes. 

In contrast, a comprehensive approach to flood control can be integrated with environmental 
restoration and preservation actions that enhance habitat value. Potential restoration concepts 
for the study area (further addressed in Section 4.5.5) include the provision of wildlife comdors 
along drainages to ensure continued linkage of nearby open space areas as the study area reaches 
buildout. Another potential restoration action would be to provide structures that facilitate 
ponding along some washes, which in turn would encourage development of microphyll 
woodlands andperhaps riparian thickets. This type ofrestoration wouldnot be expected to result 
from a project-by-project approach to flood control. 

Loss of Potential Recreation Benefits. A comprehensive flood control project can be 
integrated with recreation planning to provide recreational resources for local residents and 
visitors. A primary example of this approach is to include hiking, biking, and equestrian trails 
as part of comprehensive flood control projects. The Scottsdale General Plan recognizes this 
potential recreational benefit, stating that, "north of the CAP canal ... all [flood control] facilities 
should be planned as recreational and visual amenities" (Environmental Resources Guideline 10; 
City of Scottsdale 1992). As with habitat restoration or preservation, this type of recreation 

planning would probably not be included in a project-by-project approach to flood control. 

Noncompliance with Local Plans. The Cities of Phoenix and Scottsdale, which encompass the 

majority of the study area, have adopted plans that call for less environmentally damaging means 
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of flood control. For example, the City of Phoenix General Plan (1985) calls for development 
to: 

Preserve wildlife corridors and significant desert ecologies along drainage ways by encouraging 
drainage systems that preserve the natural desert wash characteristics such as low velocity, 
sedimentation, dispersed flows, etc. 

Accordingly, a more comprehensive approach is needed to ensure compliance with local 
governments' planning guidance. 

Cost. As stated above, the use of graded and lined channels can be a cost-effective means of 
providing flood control when considered on a project-by-project basis. However, a more 
comprehensive flood control system may cost less than the total of a number of individual flood 
control projects. In addition, regional flood control solutions would reduce flood hazards for 
existing development, thus forgoing the costs of flood-proofing numerous extant structures. 

In summary, the proposed action would enable the formulation of a comprehensive and coordinated 
approach to flood protection and environmental restoration/preservation within the study area. This 
type of comprehensive approach is needed so that local governments and developers can provide 
required flood control measures in a manner that minimizes environmental damage, provides for 
habitat restoration and preservation opportunities, allows the development of recreational resources, 
and complies with local planning guidance. 

2.3 PROJECT CONDITIONS 

This section summarizes the historic, existing, and future projected conditions within the study area. 
More detailed descriptions of study area conditions are contained in Section 4.0, Affected 
Environment. 

2.3.1 Historic Conditions 

Historically, the study area consisted primarily of undeveloped Sonoran Desert Scrub habitat. 
Examples of undeveloped desert habitat are still encompassed by the study area, especially within 
the state-owned lands near the Central Arizona Project Canal. As recently as the early 1980s, the 
majority of the study area was within unincorporated Maricopa County and was either undeveloped 
or developed at generally low densities. In 1985, much of the study area was annexed by the City 
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of Phoenix. Initial developments around that time included the approximately 1,400-acre Tatum 

Ranch residential subdivision, started in 1986. Initial Phoenix General Plan densities for the study 
area were in the range of 0 to 2 dwelling units per acre, with higher densities along Cave Creek Road 

and Tatum Boulevard. In 1987, the City of Phoenix adopted the peripheral Area C & D Plan, which 
encompassed Phoenix's portion of the study area and increased planned densities for some areas. 

The unincorporated and City of Scottsdale sections of the study area have followed a similar pattern, 
with large lot residential development replacing some areas of previously undeveloped Sonoran 
Desert Scrub habitat. 

Historically, flood damages in the study area have been insignificant, primarily because most 
development within the study area has occurred within the last 10 years. Although there has not 

been significant flood damage within the study area, there have been some expenditures for flood 
control and damages (e.g., sand bags, barricades, erosion repair, clean up) in recent years. 

2.3.2 Existing Conditions 

The study area currently contains a mix of residential development, limited commercial facilities, 
and undeveloped Sonoran Desert Scrub habitat. The majority of residential development within the 
study area consists of relatively large-lot, estate and rural residences with one or more acres per lot. 
Exceptions to this pattern include recent subdivisions in the Tatum Ranch and Tatum Highlands 
subdivisions, located in the City of Phoenix, where densities average 3.3 dwelling units per acre 
(City of Phoenix 1997). Within the City of Scottsdale portion of the study area, residential 
development patterns are similar, with allowable densities ranging from '13 up to 4 dwelling units 

per acre ( City of Scottsdale 1999). Commercial uses within the study area are generally limited to 
small retail centers, most ofwhich serve and are in close proximity to local residential developments. 

One other commercial use within the study area is "Rawhide," a western-theme tourist-oriented 
commercial facility located on Scottsdale Road. One major medical facility, the Mayo Clinic, is 

located within the southern portion of the study area. With the exception of the clinic and other 
limited development, much of the southern portion of the study area consists of undeveloped state- 

owned lands. 

Washes within the study area range are primarily unchannelized, although some have been 
channelized in areas of higher density residential development. In terms of storm flows within the 

study area, the flows leaving the apexes of alluvial fans spread out onto the upper fan area, where 
they may either follow a pre-existing path cut from past flood events or cut a new path down-slope. 
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2.0 Need for and Objectives of Proposed Action 

As the topography flattens, thechannels widen and become shallower, causing flows to lose velocity 
and deposit debris. In these areas, sheet flow is common. 

The major water resource problems identified within the study area are related to flooding, and 
include innundation damages, cost of flood insurance, alluvial fan flooding, and Federal Emergency 
Management Agency requirements for flood proofing. Existing development within the alluvial fan 
flood hazard zones (i.e., the focus areas of this baseline report) must comply with minimum FEMA 
requirements as addressed in Chapter 44 of the Code of Federal Regulations (C.F.R.), Part 60.3, 
including: 

The first floor must be elevated above the highest adjacent grade at least as high as the depth 
number specified on the flood insurance map (FIRM), which is equal to the depth of flooding 
in the 100-year storm event; 

Adequate drainage paths around structures on slopes must be provided, with floodwater guided 
around and away from proposed structures; and 

Floodflow cannot be deflected onto adjacent properties. 

Developers must comply with these requirements under the current condition; however, major 
structural flood control measures can be used to remove the alluvial fan flood hazard zone 
designation from an area. 

2.3.3 Future Conditions 150 vear future without ~ro iect  condition) 

The projected future condition for the study area is that residential development will continue to 
replace Sonoran Desert Scrub habitat, with associated increases in neighborhood commercial 
developments and infrastructure levels. The Urban Atlas, Phoenix Metropolitan Area (Maricopa 
Association Governments 1998) depicts that by 2020, the vast majority of the study area will be 
populated at a density of 1,500 or more people per square mile. By the 50-year horizon, it is 
anticipated that the study area will be at full buildout (i.e., all lands built with uses and densities as 
indicated in the City of Phoenix General Plan, City of Scottsdale General Plan, or the applicable 
Maricopa County zoning maps, respectively). 

Absent a comprehensive flood control plan, flood control within the study area would probably be 
accomplished on a project-by-project basis, with many developers opting for the "moat" method of 
diverting flood flows around residences. In addition, under the without project condition, annual 
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2.0 Need for and Objectives of Proposed Action 

costs for flood proofing, emergencylcleanup, and flood insurance costs within the study area's 
alluvial fans would continue to increase. Table 2-1 indicates projected annual flood damage costs 
for the Rawhide Wash, Fan 5, and Fan 6 alluvial fan flood hazard zones. 

2.4 PROJECT GOALS 

The goal of the proposed action is to provide a comprehensive solution addressing the alluvial fan 
flood hazards present in Rawhide Wash, Fan 5, andFan 6 flood zones. A comprehensive plan would 
provide a better opportunity to design sound, environmentally sensitive flood control measures than 
would unplanned, piecemeal construction ofindividual flood control devices on aproject-by-project 
basis. The specific project objectives of the proposed action are addressed below. 

Table 2-1. Summary of Without Project Annual Flood Damage Costs (in $1,000s)' 

NS =Not segregated by fan. 
' Does not include costs of real estate acquisition for flood proofing. 

This total includes Flood Insurance costs for BeardslyReata Pass, which is no longer pan of the proposed action and 
is generally outside the study area. 

Source: USACOE 1996 

2.5 PROJECT OBJECTIVES 

Total 

179.4 

6705.1 

9 

94.72 

6,988.2 

The development of potential flood control measures for the study area is based on the USACOE's 
general planning objectives and on planning objectives developed specifically for this project. 

Fan 6 

31.5 

1,062.2 

1.6 

NS 

1,095.3 

2.5.1 General Plannine Obiectives 

Fan 5 

32.0 

603.5 

1.6 

NS 

637.1 

Innundation 

Future Floodproofing Costs 

EmergencyICleanup 

Flood Insurance Costs 

Total 

The USACOE uses a structured planning process to develop, evaluate, and compare an array of 
candidate flood control plans for projects such as reducing flood hazards within alluvial fan zones. 
The plan formulation process consists of the following six major steps: 

Rawhide Wash 

115.9 

5,039.4 

5.8 

NS 

5,161.1 
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2.0 Need for and Objectives of Proposed Action 

1. Description and specification of water resource related problems (in this case, flooding) and 
opportunities in the study area. 

2. Inventory of existing conditions and forecast of future conditions. 

3. Identification of planning objectives and constraints within the study area. 

4. Formulation of preliminary alternative plans. 

5. Evaluation and comparison of alternative plans. 

6 .  Selection of a plan. 

The federal objective in water and related land resources project planning is to contribute to national 
economic development (NED) consistent with protecting the nation's environment pursuant to 
national environmental statutes, applicable executive orders, and other federal planning 
requirements. Water and related land resources project plans are formulated to alleviate problems 
and take advantage of opportunities to contribute to this objective. Contributions to the NED are 
increases in the net value of the national output of goods and services, expressed in monetary units. 

2.5.2 Soecific Plannine Obiectives 

The water resource (flood hazard) problems, opportunities, and constraints in the study area have led 
to the development of the following specific planning objectives: 

Reduce public and private flood-related innundation damages and costs to residential, 
commercial, and industrial property, and to bridges and road crossings within the study area. 

Provide opportunities for environmental restoration and protection/conservation of open space 
in environmentally sensitive areas. This objective would be an integral part of any actions 
implemented to reduce flooding, and could include the creation or restoration of microphyll 
woodlands and or riparian habitat as well as the creation ofwildlife corridors linking local open 
space areas. 

Reduce transportation-related damages and reductions in transportation efficiencies caused by 

flooding of roadways. 
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2.0 Need for and Objectives of Proposed Action 

Develop a comprehensive federal project for flood control which would: 

- Address specific flooding characteristics which affect existing development on the alluvial 
fan. 

- Provide an acceptable means of capturing and conveying alluvial fan flows into and through 
a formal flood-control system. 

- Include detention basins to reduce peak discharges and to ensure that the comprehensive 
system of flood water collection on the fan would not increase flood flows or worsen 
flooding conditions downstream in the existing developed areas. 

- Provide an opportunity to implement a comprehensive flood-control plan on the alluvial fan 
that would comply with FEMA guidance for total fan proteetion. 

- Reduce NED losses for on-going and future development costs required to comply with 
FEMA and municipal flood-control requirements on the alluvial fans. 

- Reduce the land requirements for flood control. 

- Provide a framework for responding to future urban development drainage requirements in 
a wise and orderly manner consistent with Executive Order 11988. 

- Eliminate the requirement for FEMA flood insurance. 

Design alternatives to match existing and proposed flood control modifications where possible 
to take advantage of those modifications and to be consistent with future flood-control plans of 

the local community. 

Identify and maximize incidental recreation opportunities associated with future flood control 
projects. 
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3.0 Alternatives Analysis 

3.0 ALTERNATIVES ANALYSIS 

[This section to be included in the future EIS] 
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4.1 Overall Project Setting 

4.0 DESCRIPTION OF BASELINE CONDITIONS 

4.1 OVERALL PROJECT SETTING 

The Northeast Phoenix A 0  Zones study area is located in the northern portion of the Phoenix 

metropolitan area. The study area encompasses three jurisdictions, including the cities of Phoenix 

and Scottsdale (which comprise the majority of the area) and the County of Maricopa (see 

Figure 1-2). The area is geographically bounded by Black Mountain and the Continental Mountains 

to the north, the McDowell Mountains to the east, the CAP aqueduct to the south, and the Cave 

Buttes Recreation Area and Union Hills to the west. 

Land uses within the study area range from broad tracts of rurallsuburban development to scattered 

high density residential communities and cornmerciaYindustria1 uses. The northeast quarter of the 
study area is largely undeveloped, as are several isolated parcels of land throughout the study 

location. The undeveloped portions of the area are consistent with typical Sonoran Desert 
environments, vegetated with saguaro, paloverde, and other desert scrub species common to this 

habitat. 

Many of the developed land uses within the study area are located within the designated FEMA A 0  
Zones. The A 0  Zones signify flooding hazards associated with four desert washes that flow through 

the area in a southwesterly direction (see Figure 1-2). From north to south, the washes include, the 

Fan 6 Wash, the Fan 5 Wash, the Rawhide Wash, and the Reata Pass Wash. The Fans 5 and 6 

Washes and the Rawhide Wash cover over one third of the study area, whereas the Reata Pass Wash 

covers only a small portion ofthe southeast comer of the study area. The flows associated with these 

washes emanate from intense rainfall in the confined upstream channels of the North Scottsdale 

drainage area. 
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4.2 EARTH RESOURCES 

The study area encompasses approximately 56 square miles (145 square kilometers) of northern 
Phoenix and Scottsdale in the south central portion of Arizona. The area is bordered by Black 
Mountain and Continental Mountains to the north, the McDowell Mountains and the Tonto National 
Forest to the east, the Phoenix and Scottsdale metropolitan area to south, and the Cave Creek 
Recreational Area and Union Hills to the west. Aside from an unnamed peak in the northeast comer, 
the study area is a regular alluvial slope dissected by numerous small to mid-sized drainages flowing 
from northeast (elevation 2,200 feet [670 meters]) to southwest (elevation 1,540 feet [470 meters]). 

Elevations range from approximately 4,030 feet (1,230 meters) above sea level at McDowell Peak 
to 1,520 feet (460 meters) at the CAP aqueduct along the southern boundary of the study area. 

Soils 

Soils in the area consist primarily of loams, sandy loams, and clay loams. The soils found within 
the immediate study area and outside of the floodplains are primarily coarse sandy loams, typically 
associated with valley plains and alluvial fans. Within the floodplains, finer loams and clay loams 
are more common. 

Geologic Structure 

Arizona is comprised of three geologic provinces: Colorado Plateau, Transition Zone, and Basin and 
Range Province. The Colorado Plateau in northern Arizona is a region of broad plateaus and mesas 
composed ofpicturesque sedimentary rocks deposited during the Paleozoic and Mesozoic Eras (570 
to 245 million years [my.] ago). The Plateau is incised by deep canyons, such as the Grand Canyon 
and Canyon de Chelly, and is home to several extinct volcanos. 

The study area is located in the Basin and Range Province of southern and western Arizona. This 
province is characterized by alternating mountain ranges and broad valleys, most of which were 
formed by block faulting during the last part of the Cenozoic Era (15 to 5 m.y. ago). The basement 
complex in the surrounding mountainous areas consists of Precambrian schists and metaigneous 
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4.2 Earth Resources 

rocks that have been intruded by igneous rocks (e.g., granite, andesita, etc.). The younger bedrock 
exposed in the nearby mountains consists of Tertiary sandstone, siltstone, and conglomerates. 

The third province, the Transition Zone, is between the Basin and Range Province and the Colorado 
Plateau and has geologic characteristics intermediate between the two. It contains narrow, sediment- 
filled valleys and broad, high mountain ranges mostly composed of rocks of Proterozoic (late 
Precambrian) age (1.0 to 1.8 billion years old). The Transition Zone trends northwest across the 
center of the state (Arizona Geological Survey 1998). 

Faulting and Seismicity 

The rate of seismicity in the Phoenix area has historically been very low; only seven small 
earthquakes (magnitudes 3 to 5) have been recorded within a 60-mile (95-kilometer) radius of the 
city since 1830. The Phoenix area is, however, affected by earthquakes occurring in northern 
Mexico or southern California. In 1887, a 7.2 magnitude earthquake occurred approximately 240 
miles (385 kilometers) southeast of the study area along the Pitaycachi fault. The Sonoran 
earthquake resulted in ground shaking in the Phoenix area that triggered rock falls. 

The most recent earthquakes to occur in the Phoenix area were located in the Cave Creek area in 
1974 (M 2.5 and 3.0). Growth of urban areas has spread population onto alluvial plains (such as the 
study area) and steep slopes that are otten the most hazardous areas in earthquakes. The Phoenix area 
is located in the Basin and Range geologic province where reactivation of faults has occurred with 
devastating results in the past (e.g., the 1887 Sonoran earthquake). The nearest mapped potentially 
active faults to the Phoenix area are the Sugarloaf and Horseshoe faults located about 40 to 43 miles 
northeast of Phoenix, respectively. The largest credible earthquakes that could occur on these faults 
are about magnitude 6.75. (Bausch and Brumbaugh 1994) 

4.2.3 Deposited Sediments 

The valley area of the Basin and Range Province is generally underlain by thick sequences of 
consolidated sediments (mostly gravel, sand, and silt) that are the main aquifers for the region. The 
depth of alluvium in the vicinity of the study area ranges from about 500 feet (150 meters) to 1,500 
feet (450 meters). The alluvium consists of silts, sand, gravel, and cobbles in various stages of 
cementation. Significant portions of the Phoenix metropolitan area (south of the study area) are 
located in areas of potential subsidence and earth fissures due to sediment compaction from 
groundwater withdrawal (Arizona Geological Survey 1998). 
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4.2 Earth Resources 

4.2.4 Proiected Future Geologic Conditions 

Generally, the geology and soils of the project area will remain the same under the projected future 
conditions. Although the project area is expected to reach full buildout within 50 years, the 

underlying geologic and soils conditions would remain relatively unchanged. The upper soil layers 
will probably be modified by development-related grading and some impacts related to subsidence 
and ground fissures may occur due to excessive groundwater withdrawal. 

The study area is located in a region ofrelatively low seismic activity, given that most young faults 
and historical earthquakes are concentrated in the northwestern and nod-central regions of Arizona. 
Earthquakes in the Basin and Range province also have relatively long and uncertain recurrence 
times, meaning the time between large earthquakes occurs on a scale of tens to hundreds of 
thousands of years. Given these factors, the likelihood of alarge damaging earthquake in the vicinity 
of the study area within the next 50 years is very low. A repeat of the 1887 Sonoran earthquake 
could, however, result in damage to the Phoenix metropolitan area. 

The most probable impact of an earthquake on the Phoenix community would be the economic 
impact of acatastrophic southern California event, and its disruption of about 60percent ofArizona's 
fuel and 90percent of Arizona's food goods that are shipped from the southern California area. Other 
earthquake impacts for Phoenix include the economic impact of earthquake destruction within 
Arizonas high earthquake risk areas such as Yuma and the Flagstaff- Grand Canyon region (Bausch 
and Brumbaugh 1994). 
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4.3 Water Resources 

4.3 WATER RESOURCES 

This section provides an overview of water resources in the study area. Existing groundwater 

resources and surface water features are described, as are projected future conditions in the study 

area. 

4.3.1 Ground Water 

The study area is located in the Phoenix Active Management Area (AMA), one of five AMAs 
established pursuant to the 1980 Groundwater Management Code. The Phoenix AMA consists of 

approximately 5,646 square miles (1 4,622 square kilometers), including most of Maricopa County 
and small portions of Yavapai and Pinal Counties (Arizona Department of Water Resources 1999). 

The study area is located within the East Salt River Valley groundwater subbasin within the Phoenix 

AMA. The groundwater depth is highly variable and reacts substantially to groundwater pumping 

within the subbasin. Groundwater elevation has historically dropped asmuch as 250 feet (75 meters) 

between 1946 and 1972 due to overpumping resulting from population growth in the area. Detailed 

water surveys from 1981 through 1992 indicated rising groundwater levels that were attributable to 
increased availability of surface water and incidental recharge of surface water. In the outlying 

portions of the subbasin, water levels have continued to decline in recent years, possibly because of 
groundwater depressions elsewhere in the subbasin. In particular, a major groundwater cone of 

depression exists in the Scottsdale-Paradise Valley area due to groundwater withdrawals. Water 

levels in the study area range from 100 feet (30 meters) to more than 400 feet (120 meters) below 

the ground surface. No evidence of associated subsidence has been found thus far (USACOE 1996). 

Some caliche exists on the Scottsdale portion ofthe project study area. Caliche is a layer at or below 

the ground surface where soil particles have been cemented together by carbonates of calcium or 

magnesium. Subsurface caliche formations can impede groundwater recharge and possibly 

contribute to perched water conditions. Surface caliche would prevent or minimize absorption of 

storm runoff. 
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4.3 Water Resources 

4.3.2 Surface Water 

Existing Washes 

The study area and its surrounding watershed are characterized by steep mountains interspersed on 
dry, flat, and sandy desert ranging from about 1,500 feet (460 meters) to over 4,000 feet (1,200 
meters). When excessive rain falls on these steep slopes that contain impervious soils, the result is 
large amounts of rapid runoff. The capacities of the small braided washes in the area range from 25 
to 250 cubic feet per second (cfs) (0.7 to 7 cubic meters per second) and cannot contain large 
floodflows, such as 100-year flows, within their banks. 

Three major wash systems influence the study areas. These wash systems generally flow from 
northeast to southwest and include Flood Zone Fans 5 and 6, Rawhide Wash, and a small portion 
of Reata Pass Wash. Figure 1-2 shows the locations of these washes. 

Fans 5 and 6 are located on the northlnortheast part of the study area. These fans are formed by 
washes that originate north of the Rawhide Wash and drain in a southwesterly direction. Fan 5 
encompasses approximately 1,254 acres (508 hectares) within the boundaries of the City of 
Scottsdale and Fan 6 covers approximately 2,906 acres (1,176 hectares). Rawhide Wash starts just 
north of Dynamite Road and the 96" Street alignment, moving in a southwesterly direction and 
crossing into the City of Phoenix, and terminating in the BORJTPC basin. The Reata Pass Wash fan 
begins just north or where Pinnacle Peak Road ends. The predominate wash heads southward along 
the foot of the McDowell Mountains. When the wash reaches the Beardsley Road alignment, it 
continues southwest to the 96" Street alignment. The wash then continues south until it reaches the 
BORIWestWorld retention basin. 

Central Arizona Project 

Reach 11 of the Central Arizona Project canal runs along the southern portion of the project study 
area. This feature is part of a state water system that supplies water to the Phoenix and Tucson 
metropolitan areas. Water is pumped through the system from the Lower Colorado River to central 
Arizona via a system of pumps and aqueducts. 

Page 4-6 Northeast Phoenix A 0  Zone Baseline Conditions Report 
9 8 - 8 0 l % . C M W  5/>Ol99 



4.3 Water Resources 

Waters of the United States 

The project study areacontains numerous desert washes of varying lengths and widths that generally 
cross the study area from northeast to southwest. Some of these washes are regulated under 

Section 404 of the federal Clean Water Act. Any activities that place fill or dredged material into 

regulated washes would require issuance of apermit under the provisions of the Act. Generally, the 

regulations apply to wetlands and other "waters of the United States." Other waters includes desert 

washes that have defined beds and banks. The area between the ordinary highwater marks comprises 

the area that is subject to regulation. There are no wetland areas in the project study area; however, 

many of the washes would be considered other waters of the United States and would be subject to 

the provisions of the Clean Water Act. 

Flooding 

In general, the north Scottsdale area consists of relatively flat desert areas with steep interspersed 
mountains. Defined channels exist in some areas and convey runoff; however, other areas have 
alluvial fans with less defined drainage channels. Rain events that cause flooding usually consist 

of summer thunderstorms that last for relatively brief periods of time but generate substantial local 

rainfall that collects in desert washes. As rain falls in the mountain areas, the storm runoff quickly 
flows to the desert floor, conveying a combination of water and sediment materials. As the 

floodflows reach the desert floor areas, runoff is directed into the poorly defined channels in the 
alluvial fan areas. As debris is deposited and shifted by subsequent events, runoff creates new 

channels in different directions. This results in flow paths that are unpredictable and constantly 

changing. 

For the purposes of developing flood insurance rate information, the Federal Emergency 

Management Agency (FEMA) assigns flood zone designations to areas that are at risk of inundation 

during a 100-year flood event. Figure 1-2 shows the extent of the FEMA A 0  zone in the project 

study area. Although this zone does not necessarily correspond to the current 100-year floodplain 

for these washes, it can be used for illustrative purposes to show floodprone areas within the study 

area. 

4.3.3 Proiected Future Conditions 

The project study area is expected to eventually buildout with urban land uses. Continuing 
development in the study area will increase the demand for water in this region and will contribute 
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4.3 Water Resources 

to the ongoing use of groundwater resources. Under future conditions, the demand for water to 
support development will also increase the amount of surface water that is used via the Central 
Arizona Project. Under these conditions, there may be continued impetus for construction of 
groundwater recharge facilities in the region to maintain groundwater levels. This may include 
recharge of stormwater runoff or recharge of treated effluent, a practice that currently takes place in 
the Phoenix metropolitan area. Water demand may also result in increased use of treated effluent 
for landscape or golf course irrigation. 

If development in the study area continues without development and implementation of a regional 
flood control solution for this area, development projects would be designed on a project-by-project 
basis with no overall coordination of effort. This approach to providing flood protection would 
likely be more costly overall and possibly more damaging to environmental resources compared to 
an overall basin-level approach for the study area. As the study area develops, the amount of storm 
runoff in this area will increase as more open space areas are covered with impervious urban 
surfaces. This runoffmay continue to collect in the Reach 11 area, depending on the nature of future 
flood control work in the study area. 
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4.4 Air Resources 

4.4 AIR RESOURCES 

This section describes the existing climate, meteorology, and ambient air quality in the region of the 
study area, along with the regulatory requirements associated with the management of air pollutants 
and predicted future conditions. 

4.4.1 Meteoroloev and Climate 

The climate in Maricopa County is characteristic of the Sonoran Desert region with hot summers, 
mild winters, and low precipitation. The study area is located in the northeastern portion of 
Maricopa County, which is higher in elevation than much of the Sonoran Desert and tends to have 
generally higher levels ofprecipitation compared to lower areas in the region. Table 4.4-1 provides 
a summary of climatological data (1968 to 1985) for a reporting station in Scottsdale near the study 
area obtained from the Western Regional Climate Center (WRCC). Data for the Scottsdale station 
were not collected after 1985, but can still be used to show average conditions for the area. In 1998, 
as a result of the El Nifio event that occurred that year, above average precipitation occurred in the 
Phoenix metropolitan area, with rainfall approximately 35 percent above normal levels (WRCC 
1999b). Thus far in 1999, rainfall has been below average as the El Nifio event subsided and a 
subsequent weather event, known as La Nifia, has become prominent, resulting in precipitation levels 
that are almost 60 percent below average for the first quarter of the year. 

Mean wind speeds in the region are 6.2 miles (10 kilometers) per hour and generally come from the 
east. The exception is July, when the prevailing direction is westerly (WRCC 1999~). 

4.4.2 Air Qualitv Setting 

Regulatory Setting 

Air quality management in Arizona is governed by the federal Clean Air Act, which is implemented 
by the U.S. Environmental Protection Agency (EPA). The Arizona Department of Environmental 
Quality (ADEQ) and Maricopa County oversee air quality planning and control throughout Maricopa 
County. ADEQ is responsible for portable and refinery source control, whereas Maricopa County 
is responsible for stationary and indirect source control, airmonitoring, and preparation of air quality 
attainment plans. The federal Clean Air Act mandated the establishment of ambient air quality 
standards and requires areas that violate these standards to prepare and implement plans to achieve 
the standards. These plans are called state implementation plans (SIPS). 
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4.4 Air Resources 

Table 4.4-1. Summary of Climatological Conditions for Scottsdale, Arizona, 1968 to 1985 

Source: WRCC 1999a 

Areas with air quality that does not meet the standards are designated by EPA as "nonattainment areas." 
Several areas within Arizona have been designated by EPA as nonattainment areas for some criteria 
pollutants. Once an area has been designated as a nonattainment area, a SIP must be developed to 
demonstrate the measures that will be undertaken in the area to reduce the pollutant levels to meet the air 
quality standards. The Phoenix area has been designated by EPA as a nonattainment area for carbon 
monoxide (CO), ozone, and particulate matterPM,,) @PA 1999). Maricopa County was reclassified 
as a "serious" CO and PM,, nonattainment area in June 1996 and was classified as a "serious" non- 
attainment area for ozone in February 1998. The Maricopa Association of Governments (MAG) is 
currently preparing SIPS to address the control of nonattainment criteria pollutants (ADEQ 1999). No 
nonattainment areas for lead or oxides of nitrogen are located within Arizona. 

Sensitive Receptors 

Sensitive receptors are existing land uses that would be sensitive to increased emissions of criteria 
pollutants from activities occurring within the study area. In the project study area, there are 
numerous single-family residential developments of varying densities that are located primarily on 
the eastern and northern portions of the study area. A single-family residential development and a 
mobile home park exist on the southern portion of the study area. Golf courses and other 
recreational uses are also located in or in close proximity to the project study area. Lastly, a hospital 
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clinic (Mayo Clinic) is located on the southernmost portion of the study area. Refer to Section 4.7 
(Land Use) regarding the distribution of land uses within the study area. 

4.4.3 Existing Air Quality 

Air quality is evaluated by measurement of ambient concentrations of pollutants that are known to 
have deleterious effects. EPA has promulgated primary and secondaryNationa1 Ambient Air Quality 
Standards (NAAQS) for six criteria pollutants: CO, nitrogen dioxide (NO,), PM,,, ozone, sulfur 
dioxide (SO,), and lead. Primary standards are adopted to protect public health, while secondary 
standards are adopted to protect public welfare. States are required to adopt ambient air quality 
standards that are at least as stringent as the federal NAAQS. The ADEQ is responsible for 
regulating air quality in the state and has adopted the federal NAAQS as state standards. The 
primary standards are presented in Table 4.4-2. 

Table 4.4-2. State and Federal Ambient Air Quality Standards 

Pollutant 

Carbon monoxide (CO) 

Nitrogen dioxide (NO,) 

Particulate matter (PM,,) 

Particulate matter (PM,,) 

Ozone (0,) 

The ADEQ and Maricopa County Bureau of Air Pollution Control (BAPC) operate a countywide 
network of air pollution monitoring stations in the study area. Data from specific monitoring stations 
was not immediately available for this study. However, general air pollution conditions can be 
described for the project study area. Data from 1995 measurements indicates that the highest one- 
hour ozone concentrations for the project study area were approximately 0.10 parts per million 
compared to a federal and state standard of 0.12 parts per million. There were eleven days for which 

Sulfur dioxide (SO,) 

Lead 
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Average Time 
1 hour 
8 hour 
Annual 
24 hour 
Annual 
24 hour 
Annual 
l hour 
8 hour 
3 hour 

Primary Standard 
35.00 ppm 
9.00 ppm 

0.053 ppm 
150 pg/m3 
50pg/mJ 
65 ug/mJ 
15 pg/mJ 
0.12ppm 
0.08 ppm 

NS 

NS = No standard; ppm =parts per million; ~g lm '  = micrograms per cubic meter. 
Note: Arizona and national standards are identical. 

- ~~~ ~~~ 

24 hour 
Annual 

Calendar quarter 

. - 
365 pg/m3 (0.14 ppm) 
80 i.lg/m3 (0.03 ppm) 

1.5 pg/m3 



exceedances of the ozone standards were recorded in the Phoenix metropolitan area. Carbon 

monoxide concentrations are generally low in the project study area because the area is still 
developing and does not yet experience heavy traffic congestion, which can cause high levels of 
carbonmonoxide. However, higher levels of carbon monoxide are foundin the central Phoenix area. 
Eight-hour standards were exceeded on 3 days in 1995. Data for particulate matter near the study 
area were not available. (Maricopa Association of Governments 1998) 

Carbon Monoxide 

Federal CO standards have been set for both 1-hour and 8-hour averaging times. The federal 1-hour 
standard is 35 parts per million (ppm). The federal standard for the 8-hour averaging period is 9 
ppm. CO is a public health concern because it combines readily with hemoglobin and thus reduces 
the amount of oxygen transported in the bloodstream. 

Motor vehicles are the dominant source of CO emissions in most areas. High CO levels develop 
primarily during winter when periods of light winds combine with the formation of ground level 
temperature inversions (typically from the evening through early morning). These conditions result 
in reduced dispersion ofvehicle emissions. Motor vehicles also exhibit increased CO emission rates 
at low air temperatures. 

Ozone 

Ozone is not emitted directly into the air, but is formed by a photochemical reaction in the 
atmosphere. Ozone precursors, which include reactive organic gases and oxides of nitrogen, react 
in the atmosphere in the presence of sunlight to form ozone. Because photochemical reaction rates 
depend on the intensity of ultraviolet light and air temperature, ozone is primarily a summer air 
pollution problem. Ozone is a respiratory irritant and an oxidant that increases susceptibility to 
respiratory infections and can cause substantial damage to vegetation and other materials. 

Federal standards for ozone have been set for a 1-hour averaging time, and arecent standard has been 
developed for an 8-hour averaging time. The federal 1-hour ozone standard is 0.12 ppm, not to be 
exceeded more than three times in any 3-year period. The new federal 8-hour standard is 0.08 ppm, 
not to be exceeded on a 3-year average of third highest daily %hour maximum values. The 8-hour 
ozone standard replaces the federal 1-hour standard after nonattainment areas reach attainment of 
the 1-hour standard. 
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4.4 Air Resources 

Particulate Matter 

Health concerns associated with suspended particulate matter focus on those particles small enough 

to reach the lungs when inhaled. The EPA has recently added a new standard for particulate matter 

less than 2.5 microns in diameter (PM,,,). 

The federal PM,, standards are 150 micrograms per cubic meter as a 24-hour average and 50 

micrograms per cubic meter as an annual arithmetic mean. The federal PM,,, standards are 65 
micrograms per cubic meter as a 24-hour average and 15 micrograms per cubic meter as an annual 

arithmetic mean. 

PM,, conditions in Maricopa County are a result of a mix of rural and urban sources, including 

agricultural activities, industrial emissions, dust suspended by vehicle traffic, and secondary aerosols 

formed by reactions in the atmosphere. 

4.4.4 Proiected Future Air Oualitv Conditions 

As the project study area develops with urban land uses, additional criteria pollutants will be 
generated that will contribute to pollutant levels in the air basin. These pollutants would primarily 

be generated in the form of short-term emissions from construction activities and mobile sources 

emissions from increased traffic in the study area. The potential also exists for new point source 

emissions, particularly from new industrial uses that may be constructed in the study area. The goal 

for the SIPS that will be implemented to address existing and future pollutant levels is to reduce 

criteria pollutants to levels below the ambient air quality standards established under the federal 

Clean Air Act. The expectation is that implementation ofthe SIPS will eventually achieve this goal, 

though establishment of local rules and regulations, improvements to exhaust systems for internal 

combustion engines, and other factors. 
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4.5 BIOLOGICAL RESOURCES 

This section characterizes the biological resources within the study area. The following methods 
were used to both characterize and map vegetation areas: 

Reviewing aerial photography of the study area (scale of 1 inch = 1,000 feet) to provide an 
overview ofthe patterns and distribution ofvegetation and to identify significant vegetation areas 
and wash corridors. 

Conducting an extensive literature review. 

Conducting field reconnaissance. Several sites within the study area were visited to field-check 
habitat characteristics, such as visible topographic features, soil or substrate characteristics, and 
plant diversity and density. Plant and wildlife species were inventoried at each site and species 
that were not present, but which had the potential to occur in the area, were also described. 

Preparing a biological resources map. 

Refining the biological resources map based on hrther field visits. 

From this process, two biotic subdivisions of the Sonoran Desert were observed as described in 
Brown et al. (1982): the Lower Colorado River Valley Sonoran Desert scrub and Arizona Upland 
Sonoran Desert scrub (see Figure 4.5-1). These communities were found to occur in the study area 
in a range of conditions from relatively undisturbed to highly disturbed and degraded. 

4.5.1 Re~ional  Biolopical Resources 

From a regional perspective, the study area is biologically significant because it contains 
representative examples of two subdivisions of the Sonoran Desert scrub community present in 
Arizona. Both the Lower Colorado River Valley Sonoran Desert scrub and Arizona Upland Sonoran 
Desert scrub communities meet in the study area without a distinct break between them. 
(Representative photos of these two Sonoran Desert scrub community subdivisions are included in 
Figure 4.5-2.) The study area demonstrates well the transition between these community types. 

The study area ranges between approximately 1,500 and 2,200 feet (460 and 670 meters) in 
elevation, while the surrounding watershed is characterized by rugged terrain ranging from 
approximately 1,500 feet (460 meters) to over 4,000 feet (1,200 meters) in elevation. Three major 
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4.5 Biological Resources 

wash systems influence the study area. These wash systems generally flow from northeast to 
southwest and include Flood Zone Fans 5 and 6 and Rawhide Wash (see Figure 1-2). When 

excessive rain falls on the steep slopes to the east ofthe study area, rapid and large amounts of runoff 
occur. The regional watershed that runs off into major drainage networks during storm events has 
enriched the species diversity of the northeastern areas of the site where good drainage and sloping 
topography promote drainage to the southwest. The high banks of the CAP aqueduct at the southern 
end of the study area restrain the flows from the north and have created a more mesic habitat than 
would normally occur in this location. 

4.5.2 Local Biological Resources 

The study area has significant biological resources, including the two subdivisions of the Sonoran 
Desert scrub plant community and the transition between them. Within both of these communities 
are numerous washes and runnels that are especially rich in resources because of the greater 
abundance ofwater and hence greater amount of vegetation. The study area contains both low- and 
high-density housing, the former providing substantial habitat for native wildlife species. Golf 
courses are also present within the study area and provide open water habitat for wildlife that would 
otherwise not exist in the area. Although most of the study area is of gradual relief, the extreme 
northeastern section containsrockyhabitat, which adds habitat for a different complement ofwildlife 
species. Sonoran plant species occurring or expected to occur within the study area are listed in 
Table 4.5-1. 

4.5.3 Description of Biotic Communitv Tvpes 

The two communities present within the study area are subdivisions of Sonoran Desert scrub, which 
is characterized by a bimodal rainfall pattern. They differ from other shrub-dominated desert 
communities such as the Great Basin, Mojave, and Chihuahua by having characteristic large cacti 
and greater structural diversity of shrubs, trees, and perennial succulents present along drainages 
even in the most arid portions. This bimodal pattern allows for two wet seasons (winter and summer 
monsoons) rather than one, increasing growth conditions and limiting drought severity. The project 
study area encompasses the transition between these two subdivisions of the Sonoran Desert. 
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A. Arizona Uplands Subdivision 

B. Lower Colorado Valley Subdivision 

Figure 4.5-2 
Comparison of Biotic Communities in the Project Study Area 
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4.5 Biological Resources 

Table 4.5-1. Sonoran Plant Species Observed or with Potential to Occur in the Study Area 

Note: Many of these species occur in both the Arizona Upland and the Lower Colorado River Valley regions, particularly as 
they transition. If multiple codes appear, priority of representation applies sequentially. 

AU - Species can be found in Arizona Upland region LCRV - Species can be found in Lower Colorado River Valley region 
A W  - Arizona Upland dominant LCRVd - Lower Colorado River Valley Upland region 

LCRVe - Species endemic to the Lower Colorado River Valley region 
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4.5 Biological Resources 

Lower Colorado River Valley Sonoran Desert Scrub 

Vegetation 

The northern limit of the Lower Colorado River Valley region runs from Palm Springs, California 
in the west, to northeast Phoenix in the east. The southern limit of this range wraps around the Gulf 
of California on both the east and west sides to just north of the Californiamaja border. This region 
or subdivision is also referred to as the microphyllus desert due to the adaptation of small compound 
leaves on most dominant species found within it. These adaptations are important because this 
Sonoran region receives the least rainfall and experiences the most extreme temperatures. In areas 
between drainages, plant growth and diversity is typically sparse as a result of the intense 
competition existing between plants for scarce water resources. 

Drainages vary from shallow runnel networks to deeper flow through channels. Plants vary by both 
species diversity and robustness within these areas, and the species associated with microphyllic 
woodland, such as ironwood, mesquite, paloverde, and catclaw, occur more prevalently. As aresult, 
these drainage areas have greater structural diversity and offer greater habitat richness than the areas 
between drainages. 

The dominant community type occurring in the study area within this Sonoran subdivision is the 
Creosote-Bursage series. Both bursage and creosote are well adapted to drought responses with leaf 
adaptations to conserve water or rapidly photosynthesize in periods after rainfall. Representative of 
the transition to Arizona Upland is the predominance of triangle leaf bursage within areas closer to 
the north of the study region. Due to the different competitive advantages that both of these species 
demonstrate, creosote is more dominant and usually occurs regularly spaced in areas with less 
available water. Conversely, bursage increases in dominance as water availability increases and 
usually occurs in clumps rather than being regularly spaced. The vegetation of the Creosote-Bursage 
series (as in the lower section of our study area) is the least diverse series within the Lower Colorado 
River Valley subdivision and is also more common in highly disturbed areas than is the upland 
vegetation on the more northeastern sections. 

Wildlife 

The upland portion of this habitat (creosote and bursage) is the poorest subdivision of the Sonoran 
Desert for birds. This upland zone's open, sparsely vegetated habitats simply do not support the 
more diverse avifauna associated with the structurally taller and denser vegetation of the other desert 
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scrub habitats. The avian inhabitants are mostly lesser numbers of the typical arid-adapted desert 

species (see Appendix A for a list). The LeConte's thrasher is the only bird species whose primary 

habitat preference falls within this desert scrub subdivision and its range does not extend into the 

study area. 

Ephemeral washes do exist throughout this habitat and although narrow, offer a much more lush and 

diverse habitat for wildlife. The extra soil moisture associated with these washes allows for tree 

species, such as velvet mesquite, blue paloverde, ironwood, and desert hackberry. These washes 

contain a wide variety of bird species, most commonly mourning and white-winged dove, cactus 

wren, Gambel's quail, greater roadrunner, Phainopepla, house finch, Abert's towhee, verdin, curved- 

billed thrasher, Gila woodpecker, black-throated sparrow, black-tailed gnatcatcher, ash-throated 

flycatcher, common raven, and turkey vulture. 

Because of the high diurnal temperatures characteristic of this subdivision, most mammals spend 
much of the day underground or estivating (sleeping for long periods of time). This habitat's sandy 

plains and washes host populations primarily of burrowing rodents, including the round-tailed 
ground squirrel, which is characteristic of this subdivision. Others of somewhat more widespread 

occurrence include desert pocket mouse, desert and Meniam's kangaroo rat, and Arizona cotton rat. 

Other mammals commonly encountered also include coyote, black-tailed jackrabbit, desert 

cottontail, gray fox, and bobcat. 

Rocky outcrops, bajadas, talus slopes, washes, and gravel plains each support a varied and often 
different herpetofauna, including chuckwalla, desert spiny lizard, southern desert homed lizard, 

western whiptail, and desert glossy snake (see Appendix A). The desert tortoise, whichis state-listed 
as sensitive, occurs in the area and is addressed under State-Listed Species, below. 

Transition Between Lower Colorado River Valley Sonoran Desert Scrub 
and Arizona Upland Sonoran Desert Scrub 

Based on the combined work of Shreve (1951), Lowe (1980), and Brown et al. (1982), the Sonoran 
Desert scrub subdivisions meet within the study area. This transition zone is difficult to accurately 

map because of the subtle and gradual transition. Several characteristics of the two regions overlap 

within the study area. Characteristics of this transition include a gradual increase in trees and shrubs 

in the uplands in between washes and runnels, a feature that is absent from the Lower Colorado 

River Valley subdivision. 
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Arizona Upland Sonoran Desert Scrub 

Vegetation 

The northern limit of the Arizona Upland region runs south below the Mogollon Rim and abuts the 
edge of the Lower Colorado River Valley region to the east. To the west, the limit of the region 
undulates, following lower elevations and continuing south to Querobabi, Mexico. The Arizona 
Upland region is appropriately named given that at least 90 percent of this region is on slopes, 
broken ground, or multi-dissected sloping plains. Within the study area, it occurs adjacent to the 
Lower Colorado River Valley subdivision in Phoenix. The distinction between the Lower Colorado 
River Valley Sonoran Desert scrub and the Arizona Upland region is clear because the Arizona 
Upland region differs in appearance due to substantially more precipitation, which results in agreater 
diversity of plants. Large cacti are an important vegetative component within this region, giving it 
a characteristic diversity of form and making this region the most picturesque of the Sonoran region. 
Within this region, the Paloverde-Cactus community type is most representative of the study area. 
Dominant plant species within this subdivision include paloverde, saguaro, crucifixion thorn, 
mesquite, and ironwood. One major difference between this subdivision and the Lower Colorado 
River Valley subdivision is the structural diversity found throughout the Arizona Upland region, 
which in the Lower Colorado River Valley region occurs only adjacent to drainages. The Arizona 
Uplands region, while being rich in diversity of species and structure throughout, also has the 
greatest vegetation density and habitat value adjacent to major drainage areas. 

The structural complexity within this subdivision can be demonstrated by describing the community 
association that occurs within the study area: triangle leaf bursage clumps mixed with succulent 
perennials such chuparosa; cactus mosaics with large shrubs such as cilindrillo, desert hackbeny, 
crucifixion thorn, yucca, and cholla; with an overstory of velvet mesquite, paloverde, saguaro, and 
ironwood. The bursage and cactus vegetation is found solely between the washes and intermixed 
with the overstory vegetation as described above. The overstory vegetation is found in greater 
abundance and density adjacent to the washes. The percentage cover ofvegetation throughout this 
upper sonoran desert scrub subdivision averages 70 percent, with 35 percent tree cover (if only 
looking along the washes, this number would be much higher). In comparison, the Lower Colorado 
River Valley subdivision area within our study area is estimated to average 30 percent vegetation 
cover throughout with 15 percent tree cover (mostly along the washes and runnels). Major 
differences could be noted in soil texture and topography as well. The Lower Colorado River Valley 
subdivision appears more compacted, with poor drainage and water availability on relatively flat 
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expanses, whereas, the Arizona Uplands region was found to have good drainage, with fine gravels 

of decomposed granite and rock outcrops within slopes of varying degrees. 

Wildlife 

The Arizona Upland subdivision includes some of the most famous and picturesque portions of the 

Sonoran Desert. Many of the tree species throughout this area are the same as those confined to the 
washes and runnels in the Lower Colorado River Valley subdivision described above. The 

paloverde-cacti-mixed scrub series represented in the study area is especially noted for its rich bird 

life. Many of its best known inhabitants include Hanis' hawk, white-winged dove, Inca dove, elf 

owl, brown-crested flycatcher, and Pyrrhuloxia. All of the species listed in the Lower Colorado 

River Valley habitat also live here, only in greater numbers (Appendix A). During reconnaissance 

surveys, two Hams' hawk nests were found in this area, as well as a red-tailed hawk nest; all three 

nests were found in large, mature saguaros. The abundant saguaros throughout this area provide 

nesting substrate for the three primary cavity nesters in the area: Gila woodpecker, Gilded flicker, 

and ladder-backed woodpecker. Secondary cavity nesters are abundant in this habitat also and use 
cavities excavated by woodpeckers. These include elf owl, western screech owl, ash-throated and 

brown-crested flycatcher, American kestrel, European starling, and many other species. 

For neotropical migrant bird species, this habitat is especially important during migration. A 
biologist from the Arizona Game and Fish Department's Breeding Bird Atlas program has conducted 

surveys in the area and has recorded as many different species using this habitat type for foraging 

on theirway north as there are locally breeding species (pers. comm., T. Corman, Arizona Game and 

Fish Department 1999). Species groups that are well represented during migration include 

flycatcher, sparrow, and warbler. 

As with the birds, the herpetofaunal diversity in the Arizona Upland subdivision contains more 

species than the Lower Colorado River Valley subdivision because of the increase in substrate 

diversity and greater amount of vegetation diversity. Reptiles characteristic of the Arizona Upland 

subdivision include Gila monster, desert tortoise, Arizona glossy snake, Arizona coral snake, and 

the tiger rattlesnake. A complete list of potential species is provided in Appendix A. 

Mammal species are also very similar to that described above for the Lower Colorado River Valley 

subdivision. However, as with the birds, abundance is much greater in this habitat type because of 

the denser vegetation. Jackrabbits and cottontails are favorite prey for Hams' hawks, and the 

increased abundance in this subdivisionmay help explain theincreased abundance ofHarris' hawks. 
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The desert woodrat is also more abundant here, possibly because of its fondness for cactus, 
especially various chollas. 

Rocky Areas 

The northeast section of the study area has some rocky habitat, both as a small hill and along the 
Rawhide wash. Many species of wildlife can only be found in the rockier substrate. Bird species 
include Bendire's thrasher. Many reptile species prefer rocky outcrops and include short-homed 
lizard, Western collared lizard, desert spiny lizard, chuckwalla, and desert night lizard (Appendix A). 
One mammal that might occur in the rockier habitat is the ringtail. 

Built Environment 

Low-Densitv Housing Areas 

Low-density housing areas are mostly characterized as having the same vegetation as the surrounding 
natural areas. Although many people have planted some non-native plants, most of dominant plant 
species characteristic of the Sonoran Desert scrub communities are present, including saguaro, 
paloverde, mesquite, ironwood, and various cacti. 

Low-density housing has many configurations, all ofwhich have different effects on wildlife species 
native to the area. Some areas have solid fences that can restrict movement of small mammals and 
reptiles, although not larger mammals that can jump or climb. Other areas have either open fences 
or no fences and thus allow movement throughout for most species. One aspect that is common to 
all residential areas is an increase in certain bird species associated with human development. These 
include European starling, house finch, Inca dove, great-tailed grackle, house sparrow, and brown- 
headed cowbird. As a result of this increase in bird abundance, several predators are often attracted 
to these areas, at least during migration. Common predators include Cooper's and sharp-shinned 
hawks, which feed on small passerine birds. 

Certain wildlife species are very sensitive to human disturbance and development and do not tolerate 
human presence. There are many reasons for this, including predation or disturbance from pets, 
noise, roads (as barriers), and killing by humans because of safety concerns, etc. Species that may 
no longer be present in these low development areas include elf owl, rattlesnake, desert tortoise, 
many shrub or low tree canopy nesting birds, and lizards. 
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However, many native wildlife species tolerate low levels of development and habitation as long as 
their prey remains abundant and disturbance is minimized. Species in this category include 

burrowing mammals; larger nocturnal mammals, such as skunks, raccoons, coyotes, gray fox; fast 

reptiles, such as whiptails and zebra-tailed lizards; and birds, such as Harris' hawks, great-horned 

owls, northern mockingbirds, cactus wrens, and hummingbirds. 

High-Densitv Housing Areas 

High-density housing areas have a much greater affect on wildlife species than does low-density 

housing. The primaryreason is loss ofhabitat. wildlife habitat is converted to urban lots often with 

non-native vegetation. If native vegetation is present, many common desert species will remain, 
although in lower abundance than elsewhere. These include cactus wren, verdin, northern 

mockingbird, and mourning dove. Most small mammals and reptiles may not be present due to 

predation from pets and other predators. Certain species will increase in abundance and are similar 

to those listed in low-density housing areas. Bird species that do especially well in inhabited areas 

include rock dove, house finch, house sparrow, European starling, and great-tailed grackle. 

Golf Courses 

Five golfcourses are located within the study area, and theyprovide conditions for wildlife that normally 

would not be present (see Section 4.12 for golf course locations). The primary features that add a new 

component of wildlife habitat to the area include open water lakes and lush grass fairways. Many bird 

species find this habitat attractive, including waterfowl, shorebirds, and diving birds such as grebes. 
Canadian geese are especially attracted to the grass fairways. Open water also provides habitat to certain 

amphibians, including lowland leopard &ogs and Arizona toads. Many bat species also need open water 

to drink from and will frequent golf course lakes. Swallows are also attracted to the usually greater 

abundance of flying insects associated with wet areas and will use the lakes for drinking. 

Although the potential for wildlife use of golf course habitat is high, no surveys have been done in 

the study area to document occurrence. 

Reach 11 Recreation Area 

This area encompasses the lower part ofthe study area adjacent to the Colorado Aqueduct. The plant 

community is classified as Lower Colorado Subdivision of the Sonoran Desertscrub Community 

(Brown, 1982) as described previously. However, because ofthe construction of the Paradise Valley 
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Flood Detention Basin and dike, the natural drainage and vegetation patterns are somewhat different 
in this area. Runoff from rainfall within the watershed accumulates along the detention basin and 
dyke, which results in a much denser vegetation cover than would normally be expected in this area 
(see Figure 4.5-1). A relatively dense and diverse xeroriparian habitat consisting of mesquite, palo 
verde, occasional ironwood and desert hackbeny is found along the washes and especially in the 
southwest comer of the study area (Figure 4.5-1). This area contains a dense canopy of young 
mesquite about 5 feet (1.5 meters) tall with scattered taller mesquite and palo verde. 

The denser vegetation in this area has provided especially rich habitat for wildlife. During a 

reconnaissance visit to this area, numerous wildlife species were observed, including large numbers 
of Gambel's quail, desert cottontails and jackrabbits, ground squirrels, white-winged and mourning 
doves, phainopepplas and a pair of red-tailed hawks. The plant species diversity is similar to the 
surrounding Lower Colorado River Valley subdivision and lacks saguaros and abundant cactus 
species, also similar to the upper sonoran desertscrub habitat described above. As a result, wildlife 
species diversity is similar to the surrounding vegetative communities, only more abundant. 

4.5.4 Saecial-Status Saecies 

Special-Status Plants 

Federallv Listed S~ecies 

Of the four special-status plant species with the potential to occur in the study area, Arizona agave, 
Arizona cliffrose, and Arizona hedgehog are federally listed. 

Arizona Agave (Agave arizonica) Arizona agave is federally listed as endangered. It occurs in the 
transition habitat between oak-juniper woodland and mountain mahogany-oak scrub in an elevation 
range between 3,000 and 6,000 feet (900 and 1,800 meters). This species is not likely to occur 
within the study area because the elevation range is 1,500 to 2,200 feet (460 to 1,200 meters) and 
the juniper-oak-mahogany transition habitat is not present. 

Arizona Cliffrose (Purshia subintegra) Arizona cliffrose is federally listed as endangered. It is 
limited to the habitat of tertiary limestone lakebeds. This species is not likely to occur in the study 
area because in Maricopa County the only available habitat is the Horseshoe lake area, which is 
located approximately 15 miles (24 kilometers) northeast of the study area. 
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Arizona Hedgehog Cactus (Echinocereus triglochidiatus arizonicus) Arizona hedgehog cactus 
is federally listed as endangered. It occurs in an elevational range between 3,700 and 5,200 feet 
(1,100 and 1,600 meters) and grows within boulder cracks or within the understory of shrubs in the 

transition between Madrean evergreen woodland and interior chaparral. Because this habitat type 
and elevation does not occur within the study area, it is unlikely that this species would occur there. 

State-Listed Species 

There is only one plant considered by the State of Arizona to be a species of special concern with 
potential to occur in the study area. Hohokam Agave is classified as Highly Safeguarded, as defined 
by Arizona Plant Law (Appendix B). 

Hohokam agave is usually found on bajadas within benches or prehistoric agricultural sites. 
Hohokam agave occurs at an elevation range of 1,300 to 2,400 feet (400 to 730 meters); however, 
because there are no bajadas (foothill areas) within the study area, it is unlikely to occur within the 

study area. 

In addition, the ArizonaNative Plant law (Ariz. Rev. Stat. $3-906.A) provides protection to certain 
plant species that are not listed as state species of special concern. The Arizona Native Plant Law 
calls for the, "noncommercial salvage of highly safeguarded native plants whose existence is 
threatened by intended destruction." Examples ofprotected native species are ironwood, paloverde, 
mesquite, and all cacti. The salvage of such listed plants requires prior notification and the submittal 
of aNotice of Intent, whereupon the Arizona State Department of Agriculture would issue a salvage 
permit. The Department of Agriculture will also issue tags and seals intended for taking, 
transporting, and possessing these plants. The Anzona Native Plant Law states that "a person shall 
not take, transport, or have in his possession any protected native plant taken from the original 
growing site in this state without having in his possession a valid permit issued by the division [of 

Agriculture]." 

Special-Status Animals 

Special-status animals are species in the following categories: 

animals listed or proposed for listing as threatened or endangered under the federal Endangered 

Species Act (SO CFR 17.1 1 [listed animals] andvarious notices in theFederal Register [proposed 

species]); 
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animals that are candidates for possible future listing as threatened or endangered under the 
federal Endangered Species Act (61 FR 40: 7596-7613, February28, 1996); 

species of concern to the U.S. Fish and Wildlife Service; 

species listed as threatened or endangered by the State of Arizona; and 

wildlife species of special concern to the Arizona Department of Game and Fish (AGFD) 
(Arizona Department of Game and Fish 1996). 

The following discussions summarize the habitat requirements and distribution of the four special- 
status wildlife species that potentially occur in the study area: American peregrine falcon, lesser 
long-nosed bat, cactus fermgineous pygmy owl, and Sonoran desert tortoise. Table 4.5-2 lists 
federally listed species that may occur in Maricopa County. 

Federallv Listed S~ecies 

Of the four special-status wildlife species with the potential to occur in the study area, American 
peregrine falcon, lesser long-nosed bat, and cactus fermgineous pygmy owl are federally listed. 

American Peregrine Falcon. The American peregrine falcon is listed as endangered under the federal 
Endangered Species Act and by the State of Arizona. Peregrine falcons nest on ledges on steep cliffs and 
hunt exclusively for birds in a wide variety of habitats. Peregrine falcons do not nest in the study area but 
may use the area for foraging. The foraging range for peregrines can be as much as a 13 mile radius 
around the nest location. The closest known nesting pair of birds is approximately 8 miles (13 
kilometers) to the south in an urban setting. With an abundant urban prey base (pigeons and doves) 
available to them, it is unlikely they would need to forage very far. Sabra Schwartz (pers. comm.) From 
Arizona Game and Fish Department's Heritage Data Management System has no records for peregrine 
in this study area. However, since golf courses do provide habitat for waterfowl and other birds, 
wintering peregrines may be attracted to this area. However, the closest known nesting pair of birds is 
approximately 8 miles (13 kilometers) to the south. Sabra Schwarz (pers. comm.) from Arizona Game 
and Fish Department's Heritage DataManagement System has no records for peregrine in this study area. 
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4.5 Biological Resources 

Table 4.5-2. Common and Scientific Names of Federally Listed 
Threatened and Endangered Species in Maricopa County, Arizona 

Common Name Scientific Name Status' Potential for 
Occurrence 

Plants 

Arizona agave Agave arizonica E Low 

Arizona cliffrose Purshia subintegra E Low 

Arizona hedgehog cactus Echinocereus triglochidiatus E Low 
arizonicus 

Mammals 

Lesser long-nosed bat Leptonycteris curasoae E Low 
yerbabuenae 

Sonoran pronghorn Anfilocapra americana E Low 
sonoriensis 

Fish I I 
Desert pupfish I Cyprinodon macularius E Low 

Gila topminnow I Poeciliopsis occidentalis 
occidentalis I I 

Razorback sucker I Xyrauchen texanus E Low 

Birds 

American peregrine falcon Falcoperegrinus anafum E Moderate 

Bald eagle Haliaeetus leucocephalus T Low 

Mexican sponed owl Strix occidentalis lucida T Low 

Southwestern willow flycatcher Empidonax traiNii extimus E Low 

Cactus ferrugineous pygmy-owl I Glaucidium brasilianum I I Moderate 
cacforum 

Yuma clapper rail I RaNus longirostris yumanens I E I Low 
E=Endangered 

Lesser Long-Nosed Bat. The lesser long-nosed bat is listed as endangered under the federal 
Endangered Species Act. This bat is a summer resident of central and southeastern Arizona. It 
roosts colonially innumbers that historically were in the thousands and currently are in the hundreds. 
It's distribution in Arizona is from the Picacho Mountains south and west to the Aqua Dulces and 
south and east to the Chiricahua Mountains. Two individual bats were found in the Phoenix area 
recently, although both were juveniles believed to be dispersing out of their natal areas (Schwartz 
pers. comm.). This bat feeds on agave and saguaro flower nectar and pollen. The lesser long-nosed 
bat population has declined because of human disturbance at breeding and roosting sites and habitat 
loss; however, the population appears stable (AGFD 1996). 
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The habitat quality for lesser long-nosed bats appears to be low in the study area. Although a fair 
number of saguaros exist in the upper reaches of the washes, there are few to no agaves. The closest 
known siting of this species was on the northeast side of the McDowell Mountains (Schwartz pers. 
comm.). 

Cactus Ferrugiueous Pygmy-Owl. The cactus ferrugineous pygmy-owl is listed as endangered 
under the federal Endangered Species Act. The last record for Maricopa county was in 1971 in 
which the cactus fenugineous pygmy owl occurred as far north as the confluence of the Salt and 
Verde Rivers. Current distribution is not well known, although recent surveys have found birds in 
xeric riparian washes in Organ Pipe CactusNational Monument, riparia&forests along the lower San 
Pedro River, and in saguaro-ironwood forests near Tucson. This owl nests in cavities created by 
woodpeckers (primarily in saguaros). The species has declined because of urban development, 
reduction of suitable habitat, and competition from other cavity-nesting birds (AGFD 1996). 

Habitat is considered suitable for the cactus fermgineous pygmy-owl in the upper northeast section 
of the study area as defined by the U.S. Fish and Wildlife Service (USFWS 1997). This area is 
characterized as being both vegetatively dense and diverse, with saguaros, ironwoods, mesquite, and 
paloverdes dominating the large treetshrub layers. Many pygmy owl studies have been done in and 
around Phoenix since this species was listed as endangered, and no birds have been located 
(Schwartz pers. comm.). The northernmost location for this species since 1971 is the Picacho Peak 
area south of Phoenix. 

State-Listed Svecies 

Of the four special-status wildlife species with the potential to occur in the study area, only the desert 
tortoise is considered by the State of Arizona to be a species of special concern. 

The desert tortoise is on the draft review list ofwildlife of special concern in Arizona (AGFD 1996) 
and is a federal species of concern. This tortoise occurs across much of Arizona's Sonoran Desert, 
including the Phoenix area, principally in rocky foothills and less often on lower bajadas and in 
semidesert grassland. The Sonoran Desert populations in the Tucson and Phoenix areas have 
declined due to habitat fragmentation, habitat loss and degradation from urban and agricultural 
development and roads, illegal collection, overgrazing, and irresponsible use of off-highway vehicles 
(AGFD 1996). 
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4.5 Biological Resources 

The study area is in the desert tortoise's geographic range. The northeastern section ofthe study area 
appears to be suitable habitat and probably contains this species. This section of the study area 
contains fairly wide sandy washes with rocky substrates for cover and a diverse herbaceous layer for 
forage. 

4.5.5 Identification of Restoration and Conservation O~portunities 

There are several potential restoration concepts that could be implemented in association with flood 
control facilities within the study area. The overall strategy would be to add or retain water within 
the wash system to promote potential growth of desert microphyll woodlands and perhaps riparian 
vegetation that would allow for creation of higher value wildlife habitat. It may be possible to place 
check dams along Rawhide wash to hold water for a longer period of time. Such ponding would 
encourage development of microphyll woodlands and perhaps riparian thickets and mesquite 
bosques. This alternative could be incorporated with protection of adjacent upland habitats for both 
maintenance of existing habitat types and to provide wider wildlife movement comdors 
(see Figure 4.5-3). 

It may be possible to use water from Fan 5 supplemented with groundwater and treated wastewater 
to create ponds that would serve as both recharge basins and would provide habitat for water birds 
and waterfowl as well as providing cover for upland species. This concept could be used 
independently or in association with creation of check dams, as described above. 

Another option might be to preserve the washes as open space areas serving as wildlife comdors as 
well as upland wildlife habitat. These areas would be protected to prevent future development and 
use by off-highway vehicles. Some areas could potentially be enhanced to increase wildlife habitat 
values. An important aspect of this restoration concept would be to keep wildlife movement 
corridors intact (Figure 4.5-3). 

Two corridors may be of special importance as shown in Figure 4.5-3. The Rawhide Wash corridor 
would provide a connection between the McDowell Mountains and other wild lands to the northeast 
ofthe study area withReach 1 1 which is rich in wildlife values. The second corridor potential would 
be just south of Jomax Road (see Figure 4.5-3) and would connect the McDowell Mountains with 
the proposed Cave Creek Sonoran Desert Preserve to the northwest of the study area. Though roads 
such as Cave Creek road act as barriers to movement for reptiles and small mammals, larger 
mammals such as coyotes and fox and most bird species would be able to move freely between the 
two areas. 
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Another area of special wildlife importance is the small rocky hill located in the extreme northeast 
comer of the study area. This area could be considered for preservation for those species dependent 
on rocky substrate for habitat, such as desert tortoise, ringtail cats, and many reptiles. 

4.5.6 Projected Future Biological Resource Conditions 

It is anticipated that substantial urban development will occur within the study area due to the 
proximity of the area to metropolitan Phoenix. It is assumed that development will occur both 
outside of the A 0  zones as well as within the these zones through construction of project-specific 
and/or comprehensive flood control measures. It is also projected that'a substantial amount of the 
Lower Colorado River Valley Sonoran Desert scrub and Arizona Upland Sonoran Desert scrub will 
be eliminated or substantially altered by this increased urbanization. 

Loss ofthe Lower Colorado River Valley SonoranDesert scrub and ArizonaUpland Sonoran Desert 
scrub will also substantially reduce the wildlife resources in the area that are characteristic of these 
two communities and favor retention of those species that are more adapted to urban environments. 
Low density housing will have amuch less dramatic affect on wildlife than will high density housing 
areas (see discussion above). The greater the housing density, the fewer native species of wildlife 
and more domestic species associated with urban development. Additional golf courses will add a 
habitat type (i.e., open water and grassy areas) not native to the area as described above. This will 
attract its own complement of wildlife species dependent on open water. 

Remaining natural areas within the study area will tend to become more like wildlife "islands" that 
are more prone to disturbance by off-road vehicle (ORV) use and other human intrusion, depending 
on their isolation from human habitation. Besides actual disturbance from humans use of these 

areas, human pets such as cats and dogs are documented to have a very deleterious effect on native 
wildlife. Those species most susceptible include ground living reptiles, mammals, and birds which 
nest either on the ground or in low shrubs. 

Washes are especially important habitat to wildlife and increased human use of them (trails, 
horseback riding, ORV use) will degrade their value. Of particular concern will be the potential for 
restriction or blockage of wildlife movement corridors within the study area. Without corridors 
linking natural habitat islands, local extinctions will not be balanced by immigration and a decline 
in species numbers and diversity will take place. 
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4.5 Biological Resources 

It is also likely that potential habitat for the pygmy owl will be reduced. Furthermore, there will be 

a loss of foraging habitat for peregrine falcon and the long-nosed bat. Direct habitat conversion as 

well as the increase in human disturbance and presence of dogs in the area will substantially reduce 

any desert tortoise populations in the area. 
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4.6 Cultural Resources 

4.6 CULTURAL RESOURCES 

Prehistorically, peoples representing the Hohokam culture inhabited the study area. Migrating from 
Mexico in about 300 BC, they established villages along the rivers of central Arizona. This group 
based it existence on desert farming, mostly along the Gila and Salt Rivers. The Hohokam 
distinguished themselves from other similar southwestern prehistoric cultures such as the Mogollon 
to the northeast and the Anasazi to the north. They lived in pit structures scattered within villages. 
These villages were generally associated with irrigation canal systems. One structural feature 
apparently borrowed from Mexico was the ball courts present at many sites. The main burial 
practice was cremation. Ceramics were characterized by plainwares gray, brown, and red-on-buff 
decorated pottery. In addition, the Hohokam produced more elaborate material culture items such 
as religious and decorative objects made of carved bone and shell (Gummerman and Haury 1979). 

A records and literature search of the study area was conducted through the Arizona State Museum 
(ASM), located at the University of Arizona, Tucson. The site record files at ASM contain the most 
complete listing of previously identified archeological sites within Arizona. In addition, records 
available at the Los Angeles District Corps of Engineers office were reviewed. 

Therecords search indicated that several cultural resources field surveys have been conducted within 
the A 0  portion of the study area. These surveys were conducted on behalf of private developers and 
public agencies. Previous survey coverage is approximately 75 percent. The information in this 
document is based on a review of the results of these previous studies. No new field surveys were 
conducted. Additional field studies will be conducted once specific alternatives are designated. 

For the purposes of this study, all cultural resources that are ultimately determined to be located 
within the area ofpotential effects must be evaluated as to their eligibility for listing on the National 
Register of Historic Places (NRHP). The criteria for eligibility are found in 36 CFR 60.4: 

The quality of significance in American history, architecture, archeology, engineering, and 
culture is present in districts, sites, buildings, structures, and objects that possess integrity 
of location, design, setting, materials, workmanship, feeling, and association, and (a) that 
are associated with events that have made a significant contribution to the broad patterns of 
our history; or (b) that are associated with the lives ofpersons significant in our past; or (c) 
that embody the distinctive characteristics of a type, period, or method of construction, or 
that represent the work of a master, or that possess high artistic values, or that represent a 
significant and distinguishable entity whose components may lack individual distinction; 
or (d) that have yielded or may be likely to yield, information important in prehistory or 
history. 
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4.6 Cultural Resources 

The records and literature search for the project area revealed the presence of 15 prehistoric 
Hohokarn cultural resources sites, one historic site, and two-historiciprehistoric sites (Table 4.6-1). 
These include lithic .and ceramic sherd scatters, campsites, resource procurement, and habitation 
sites. The historic site consists of domestic debris from the 20s and 30s. Several ofthese are, or may 
have been, eligible for listing on theNRHP. Based on the geographic setting for these recorded sites, 
it is anticipated that sites are present within areas not yet surveyed. 

In addition to prehistoric resources, there are likely to be historic features and sites present. Any 
historic feature older than fifty years must be evaluated for the NRHP under the National Historic 
Preservation Act. 

Table 4.6-1. Recorded Sites within the Study Area 

If any projects are proposed which require federal involvement, compliance with Section 106 of the 
National Historic Preservation Act (36 CFR 800) would be required. This would require 
consultation by the lead federal agency with the StateHistoric Preservation Officer, and the Advisory 
Council on Historic Preservation. If any resources would be found to be NRHP eligible, and would 
be adversely affected, mitigation measures would be required. In most cases, a memorandum of 
agreement is executed, outlining mitigation measures to be implemented prior to construction. 
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the eastern US., which further facilitated population growth in the Phoenix area. The advent of air 
conditioning finally allowed for great expansion of the metropolitan area. Between 1950 and 1960, 
Maricopa County more than doubled its population from 33 1,5 10 to 663,510 for an annual growth 
rate of 7.2 percent (Maricopa Association of Governments 1998). Over the past 40 years, the 
population of the metropolitan area has increased to more than 2.56 million. By 1995, development 
had encroached to the southern boundary of the CAP, averaging at least 1,500 people per square 
mile, (580 people per square kilometer) immediately south of the study area boundary. 

Phoenix 

The Phoenix portion of the study is located within the city's Desert View Urban Village area (see 
description below). In 1990, the population of the Desert View Urban Village was estimated at 
2,500 residents in approximately 1,100 households (City of Phoenix 1998). Since 1995, however, 
the rate of new development in the Desert View Village has decreased. Significant residential 
development has occurred within the designated A 0  Zones. 

Upon incorporation on June 25, 1951, the City of Scottsdale occupied 2 square miles (5 square 
kilometers) and was populated by approximately 2,000 residents. As described above, population 
growth was greatly accelerated in the region beginning in the 1950s. The city'spopulation expanded 
from less than 10,000 to 65,000 between 1958 and 1965. To accommodate this growth, the City of 
Scottsdale annexed rapidly, initially southward from downtown and later northward towards the 
study area. During the late 1960s and early 70s, planned communities and commercial/industrial 
developments outpaced general residential growth which established a trend for upper middle and 
high end housing in the city. Throughout the 1980s and 90s, cyclical booms in development and 
further annexation pushed development northward into the study area, much of which was 
developed as late as the early to mid-1990s. As of 1996, the population of Scottsdale was 
approximately 174,490. 

Over half of the residential development that has occurred in Scottsdale portion of the study area is 
located within the designated A 0  Zones of the Rawhide Wash, Fans, Fan 6, and the Reata Pass 
Wash. 
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Summary of Existing Land Uses 

As discussed above, the study area is located in one of the more recently developed locations in the 
Phoenix metropolitan area. Figure 4.7-1 (based on the same aerial photograph) shows that the portion 
of the study area located within the City of Scottsdale is largely built out with low to high density 
residential areas, commercial/industrial uses, and open space. This map is based on an aerial photograph 
flown in December 1998 (Rupp 1998). As demonstrated in Figure 4.7-1, the western half of the study 
area is located within the City of Phoenix and is considerably less developed. 

The aerial extent and population of the Cities of Phoenix and ~cottsdale are provided in Table 4.7-1 

Table 4.7-1. Areal Extent and Populations of Phoenix and Scottsdale 

Areal Extent (1995) Percentage of Population 
Municipality Sq. Miles Sq. km Study Area' 1990 1995 2015" -- 
Phoenix 470 -om- 56 --- 983,392 NIA 

Scottsdale I84 477 49 130,069 168,176 201,980' 
308,2304 

Sq. = Square; km = kilometers; NIA = Not Available. ' Approximately five percent of the study area is within unincorporated Maricopa County; not described in this table 
Projected future condition 
Scottsdale Planning and Community Development Department low-growth scenario projections 
Scottsdale Planning and Community Development Department high-growth scenario projections 

Sources: U.S. Bureau of the Census 1990; U.S. Bureau of the Census, 1995 Special Census; Scottsdale General Plan 

Phoenix 

The Phoenix portion of the study area and the Cave Butte Recreation Area (which is outside the 
study area) together comprise the majority of the Desert View Urban Village. The urban village is 
bounded by Carefree Highway to the north, the CAP aqueduct to the south, the eastern city limits 
near Scottsdale Road to the east, and the Union Hills and unnamed mountains on the west (generally 
along the Seventh Avenue alignment). This urban village is distinguished by its Sonoran Desert 
environment, including the major features of Cave Creek Wash, Union Hills, and the unnamed 
mountain range. The village spans the range of urban to rural land uses with a core that is home to 
major employers such as the Mayo Clinic and the Surnitomo Sitix Corporation. Cave Buttes 
Recreational Area and Reach 1 1 are open space areas. An extensive system of trails, both in washes 
and along roadways, provide a village-wide recreational circulation system. The majority of the 
undeveloped land in this area is either privately owned or owned by the State of Arizona. 
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4.7 Land Use 11 
A significant portion of the development in the Phoenix portion of the study area is located within 
the designated A 0  Zones. The following subsections identify the extent and types of development 
within each of the A 0  Zones. 

a 
Fans 5 and 6 .  The A 0  Zones associated with Fans 5 and 6 occupy approximately one half of the 

I 
area between Lone Mountain and Jomax Roads (see Figure 1-2). Within this area, approximately 
0.5 square mile (1.3 square kilometers) of low to medium density residential housing, 1 square mile 
(3 square kilometers) of high density housing, and 20 acres (8 hectares) of commerciaYindustrial 

I 
structures are located within the A 0  zones. I 
Rawhide Wash. The Phoenix portion of the study area within the Rawhide Wash A 0  Zone is 
relatively undeveloped. The only development within the A 0  Zone is the Mayo Clinic, the 
Sumitomo Sitix Corporation, Chauncey Ranch (southwest comer of Mayo and Scottsdale Roads), 
and a construction staging area located west of the intersection of Pinnacle Peak and Scottsdale 
Roads. 

Reata Pass Wash. The Reata Wash A 0  Zone only slightly enters the Phoenix portion of the study 
area. The existing land uses within this zone are a comrnerciaVindustrial complex and hotel near 
Scottsdale Road and the CAP. 

Scottsdale 

Approximately 60 percent of the study area within the City of Scottsdale is developed as residential, 
commercial, or industrial uses (see Figure 4.7-1). As with the general development pattern for the 
City of Scottsdale, development within the study area decreases toward the northern boundary. The 
following subsections identify the extent and types of development within each of the A 0  Zones. 

Fans 5 and 6. Fans 5 and 6 enter the Scottsdale portion of the study area at the northeast corner of 
the near the intersection of Dove Valley and Pima Roads. The A 0  Zone associated with Fan 6 

encompasses roughly 50 acres (20 hectares) of medium to low density residential development; 
whereas the A 0  Zone for Fan 5 covers approximately 2 square miles (5 square kilometers) of 
medium to low density residential development. 

Rawhide Wash. Aside from a segment of the wash north of Jomax Road, the Scottsdale portion of 
the Rawhide Wash AOZone is largely developed. Less than 1 squaremile (2.6 square ki1ometers)of 
low to medium residential development is located within the zone. South of Happy Valley Road, 
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the A 0  Zone encompasses approximately 2.5 square miles (6.55 square kilometers) of high density 

residential uses, the OldMuseum at Rawhide, a small portion of the Talon Golf Course, and roughly 

150 acres (60 hectares) of commercial/industria1 development. 

Reata Pass Wash. The Reata Wash A 0  Zone enters the Scottsdale portion of the study area near 

the southern boundary above the CAP. Approximately 1 square mile (2.6 square kilometers) of high 

density residential development and associated golf course are located within the A 0  Zone. 

Countv of Maricopa 

The portionof the study area encompassing the county lands are fully developed with low to medium 

density housing. Approximately 2 square miles (5 square kilometers) of this land are located within 

the designated A 0  Zones of Washes 5 and 6. 

4.7.2 Proiected Future Conditions (Planned Land Usel 

Projected future landuse conditions are described in terms ofgeneral plan land use designations, the 
projected timing and conditions of buildout, and applicable land use development policies. The 

general plans of all local jurisdictions within the watershed are discussed separately in this section. 

Figure 4.7-2 shows the City of Phoenix and City of Scottsdale general plan land use designations for 

the study area. 

Land Use Designations 

Citv of Phoenix 

The City of Phoenix General Plan designates 12 categories of land use in its Land Use Element. The 

categories present within the study area are listed below: 

0-2 Dwelling Units /Acre: This designation encompasses land in the northern and eastern 

portions of the study area. Within this designation, the General Plan land use map also indicates 

some areas where there is a cap of 1.2 or 1.5 dwelling units per acre. 

2-5 Dwelling Units /Acre: The majority of the study area is comprised of this land use 

designation. 
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4.7 Land Use I 
5-IODwelling Units /Acre: Located in the vicinity of the Primary Core of the Desert View Urban 
Village (immediately north of the CAP). 

10+ Dwelling Units /Acre: Limited area in the vicinity of the Primary Core. 

Mixed Use: The mixed use commerciaVindustria1 area is located near the Primary Core. Mixed 
I 

use areas are an integrated variation of uses which may include residential, service and basic 
commercial, general office, entertainment and cultural functions, with a compatible relationship. 
This designation would allow any or all of these uses within the mixed use area to be determined 

I 
by more specific plans, which would consider General Plan goals, existing zoning and uses and 
site considerations. 

I 
Commercial: Approximately 10 locations designated for commercial use are located within the 8 
study area. 

Industrial: The designation for industrial land uses is limited to the mixed use areas near the 
Primary Core and a separate area west of the intersection of Mayo and Scottsdale Roads. 

Public/Quusi-Public: Three areas located near the Primary Core are designated for publiclquasi- 
public use. 

Parks/Open Space: Areas designated for parks and open space are limited to the four areas near I 
the Primary Core. The open space designation included public or private recreation areas. 

Floodplain: The entire southern boundary ofthe study area is designated as a floodplain area, due 
I 

to the proximity to the CAP aqueduct. 

Citv of Scottsdale 

The City of Scottsdale General Plan designates 26 categories of land use in the Land Use Element. 
The 9 categories present within the study area are listed below: I 

No. 10 Residential (0.2 Dwelling Units/Acre): This category includes single-family 
neighborhoods with very large lots. Special care is taken to preserve the desert character and 
environmental features. Equestrian uses may be suitable given site conditions. 

I 
No. 11 Residential (0.6-0.5 Dwelling Units/Acre): This category includes large lots with 
residential neighborhoods in areas of gentle slopes intersected by several washes. Equestrian 

I 
uses may be suitable given site conditions. 
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No. I2 Residential (0.5-1.0 Dwelling Units/Acre): This land use designation includes 1-2 

acre subdivisions, some ofwhich were developed under county standards prior to annexation 
by the city. 

No. 13 Residential (I-2 Dwelling Units/Acre): Included in this category are single-family 
homes with medium sized lots at suburban densities. Clustering is encouraged to preserve 
desert vegetation, washes, and natural features. 

No. I4 Residential (2-4Dwelling Units/Acre): This category includes small-lot single-family 
neighborhoods or subdivisions, typically on gentle sloping terrain. Preservation of 
environmental features usually requires a master plan or cluste; development. 

No. I7 Residential (12-22 Dwelling Units/Acre): This land use designation includes multi- 
family dwelling unitshousing. These densities are expected to be located in proximity to 
retail centers, offices, or other compatible non-residential uses. 

No. 32 Major Office: This category includes offices and related uses that have more than one 
story and potentially underground parking. This use is typically located in and around major 
city cores or freeway interchanges. 

No. 42: Limited Use Area: This land use designation identifies locations where significant 
environmental amenities or hazards may exist (i.e., mountainous terrain, flood hazard areas, 
and sensitive biological resources). Uses permitted in these areas should be low-intensity 
and carefully regulated. Preservation of these land areas is encouraged by the city. 

No. 44 Cultural/InstitutionaI: This designation includes a variety of public and private 
facilities. Some areas north of the CAP are labeled "Cultural/Tourism," which include a 
mixture of recreation, tourism, destination attraction, equestrian facilities, hotels or resorts, 
and cultural uses serving a large area. 

Countv of Maricova 

The portion of the study area located on unincorporated County land is zoned as rural residential and 
is fully developed as such. 

Buildont and Major Planned Projects 

The term "buildout" refers to reaching full development of an area as specified in the applicable land 
use planning document, typically a specific plan or general plan. For example, a city would reach 
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buildout when all vacant land designated for development in the city's general plan is developed in 
amanner consistent with that plan. This subsection addresses buildout with regard to the Phoenix, 
Scottsdale, and unincorporated Maricopa County portions of the study area. This subsection also 
addresses major planned developments within the study area that would contribute to buildout 
conditions. Development buildout in the study area is projected to occur in 2040. 

Citv of Phoenix 

There are several large-scale development projects locatedin the City ofPhoenix portion ofthe study 
area. The following projects are anticipated to be completed prior to 2000 (Maricopa Association 
of Governments 1998): 

Desert Ridge: This 1,524-acre (617-hectare) residential development includes an 18-hole 
golf course. The majority of the Desert Ridge development, which is located east and west 
of Tatum Road and south of Pinnacle Peak, has been completed. 

Tatum Ranch: This 1,402-acre (568-hectare) housing development is largely completed. 
Tatum Ranch is located immediately east and west of Cave1 Creek Road between Dynamite 
and Lone Mountain Roads. 

ParadiseRidge: A 2,191-acre (887-hectare) housing development scheduled for completion 
prior to 2005. This development would be located west of Scottsdale Road and south of 
Pinnacle Peak. 

All of the major planned residential developments listed above, excluding Paradise Ridge, are 
depicted on Figure 4.7-1 as high density residential areas. 

In addition, it is anticipated that the major roadway network will be completed within the Phoenix 
portion of the study area by 2017 (Maricopa Association of Governments 1998). The Outer Loop 
Pima Freeway (Loop 101) will also be constructed through the project area, which will be located 
immediately north of the existing Mayo Road alignment. Additional information regarding these 
freewaylroadway improvements is included in the Section 4.13, Transportation. 

Citv of Scottsdale 

The following projects within the Scottsdale portion ofthe study area are anticipated to be completed 
prior to 2000 (Maricopa Association of Governments 1998): 
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Greyhawk: The Greyhawk residential community is located between Pima and Scottsdale 
Roads south of Pinnacle Peak. The 2,035-acre (824-hectare) development is partially 
completed. 

Boulders: This partially completed 1,000-acre (405-hectare) development is partly located within 
the study area, west of Scottsdale Road and north of Dove Valley Road. 

Troon North: Upon completion, this residential development will encompass approximately 
1,803 acres (730 hectares) east of Pima Road and north of Dynamite Road. The portion of the 
development within the study area is partially completed. 

All of the major planned residential developments listed above are depicted on Figure 4.7-1 as high 
density residential areas. 

In addition, it is anticipated that the major roadway network will be completed within the Scottsdale 
portion of the study area by 2017 (Maricopa Association of Governments 1998). The Outer Loop 
Pima Freeway (Loop 101) will also be constructed through the project area, which will be located 
immediately north of the existing Mayo Road alignment. Additional information regarding these 
freewaylroadway improvements is included in the Transportation section. 

Countv of Maricova 

The portion of the study area occupying County land is fully developed with rural residential uses; 
therefore there are no major planned projects in this area. 

Applicable Land Use Development Policies 

Each of the respectivejurisdictions' general plans contains development policies applicable to future 
projects within those jurisdictions. The following is a summary of those policies most applicable 
to the development of a comprehensive flood control project within the study area. Policies are 
listed by jurisdiction. 

Citv of Phoenix 

The General Plan for Phoenix 1985-2000 (City of Phoenix 1985) contains goals, policies, and 
objectives to intended to guide the development of the city through the year 2000. Preparation of 
a new general plan is underway at the city; however, until the current plan is repealed and the new 
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4.7 Land Use t 
plan adopted, the 1985-2000 General Plan will serve as the guide for land use development within 
the city. The General Plan land use designations are provided in Figure 4.7-2. 

The Phoenix General Plan is predicated around the "urban village" concept. The city is divided into 
the following 13 urban villages: Ahwatukee Foothills, South Mountain, Central City, Estrella, 

1 
Maqvale, Encanto, Camelback East, Alhambra, Paradise Valley, North Mountain, Deer Valley, 
Desert View, and North Gateway. I 
The study area is located entirely within the Desert View Urban Village. According to the revised I 
General Plan Land Use Map (City of Phoenix 1998), development in the Desert View Village is 
intended to include: E 

Undeveloped Sonoran desert and foothills 
Very low density rural and equestrian lifestyle 
Scenic corridors, open spaces, washes, and trails 
Lush native desert flora and fauna 

The city General Plan was amended in 1987 to include the Peripheral Areas C and D Plan (City of 
Phoenix 1987), which also encompasses the Phoenix portion of the study area. In addition to the 
goals provided in the General Plan, the plan for Areas C and D includes specific goals, including: 

I 
I 

Goal 1: Continue the Urban Village pattern 
Goal 2: Preserve environmental amenities 
Goal 3: Provide supporting infrastructure in an orderly manner 
Goal 4: Assure a fiscally sound land mix 
Goal 5: Achieve a balance of residential and employment opportunities 
Goal 6:  Conserve Water 
Goal 7: Assure development under environmentally conscious design standards 

In 1994, General Plan amendments were submitted to the City of Phoenix requesting modifications 
to the Peripheral Areas C and D Plan to incorporate strategic planning concepts. As a result, the 
North Land Use Plan was prepared which addressed the following key features: regional 

I 
employment, desert preservation, hydrology, infrastructure efficiency, and character areas. Changes I 
resulting from the North Land Use Plan have been incorporated into the revised General Plan land 

use map. I 
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4.7 Land Use 

Citv of Scottsdale 

The City of Scottsdale General Plan was last updated in 1998. The city's General Plan states that 
the plan is (1) an expression of community goals and priorities; (2) a guide to decision-making; and 
(3) a fulfillment of the state legal requirements. The General Plan consists of five elements, 

including: landuse, environmental design, circulation, public facilities, and economic. The landuse 
designations contained in the City of Scottsdale General Plan are provided in Figure 4.7-2. 

The following General Plan land use guidelines are relevant to development in the study area: 

. Environmental Resources Guideline 3: The natural desert character should be preserved in 
north Scottsdale, because the desert is a valuable environmental and economic asset. 

. Environmental Resources Guideline 4: People and property should be protected fromnatural 
hazards such as flooding, range fires, rockfalls, and unstable slopes. 

. Environmental Resources Guideline 10: Drainage facilities should be planned to control 
flooding north of the CAP canal, and all facilities should be planned as recreational and 
visual amenities that will embrace surrounding developed areas andlor blend in to the natural 
desert character. 

Similar to the "urban village" concept adopted by the City of Phoenix, the City of Scottsdale has 
implemented character-based General Planning. The character-based General Plan consists of the 
general guiding principles and three distinct and interrelated levels. The three levels of character- 
based planning include city-wide planning, Character Area planning, and Neighborhood Planning. 
The city is currently in the process of preparing the Character Plans for the entire city, including the 
portion of the city within the study area. The majority of the Scottsdale portion of the study area will 
be included in the Desert Foothills and Dynamite Foothills Character Plans. 

Countv of Maricopa 

The County of Maricopa does not have a General Plan land use map that is applicable to the 
unincorporated county lands within the study area. Accordingly the applicable land use development 
policy for the unincorporated Maricopa County portion of the study area land is the county zoning 
ordinance. The zoning maps for the study area are the north and south sheets (Sheets A88 and A87, 
respectively) of the Zoning Map for Township 5 north and Range 4 east (Maricopa County 1967, as 
amended). 
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4.8 NOISE 

This section describes general noise characteristics and the regulatory setting for noise in the project 
study area. Noise sources and sensitive land uses in the project study area are also discussed. I 
4.8.1 General Noise Characteristics I 
Noise is measured on the decibel (dB) scale, which quantifies sound intensity. Because the human 
ear is not equally sensitive to all frequencies within the entire spectrum, noise measurements are 
weighted more heavily within those frequencies of maximum human sensitivity in a process called 

I 
"A-weighting." The human ear can detect changes in sound levels of approximately 3 A-weighted 
decibels (&A) under normal conditions. Changes of 1 to 3 dBA are typically noticeable under 

I 
controlled conditions, while changes of less than 1 dBA are only discemable under controlled, 
extremely quiet conditions. A change of 5 dBA is typically noticeable by the general public in an 
outdoor environment. Background information on noise characteristics is included in Appendix C. 

I 
I - 

Noise may be generated from a point source, such as a piece of construction equipment, or from a 
line source, such as a road containing moving vehicles. Noise attenuates (decreases) with distance. 
Noise from a line source will also attenuate with distance, but the rate of attenuation is a function 
of both distance and the type of terrain over which the noise passes. Hard sites, such as developed 

I 
areas with paving, attenuate noise at a rate of 3 dBA per doubling of the distance. Soft sites, such 
as undeveloped areas, open space, and vegetated areas, attenuate line source noise at a rate of 4.5 

I 
dBA per doubling of the distance. 

These attenuation rates represent the extremes and most areas will actually contain a combination 
of hard and soft elements with the noise attenuation falling somewhere in between these two 
attenuation factors. Objects that block the line of sight attenuate the noise source if the receptor is 
located within the "shadow" of the blockage, such as behind a sound wall. If a receptor is located 
behind the wall, but has a view of the source, the wall will do little to attenuate the noise. 

I 
Additionally, a receptor located on the same side of the wall as the noise source may experience an 
increase in the perceived noise level because the wall will reflect noise back to the receptor, possibly 

I 
compounding the noise. I 
Time variation in noise exposure is typically expressed in terms of the average energy over time 
(called L,), or alternatively, as a statistical description of the sound level that is exceeded over some I 
fraction of a given observation period. 
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High noise levels can interfere with a broad range of human activities in a way that degrades public 
health and welfare. Such activities may include: 

speech communication in conversation and teaching 
telephone communication 
listening to television and radio 
listening to music 
concentration during mental and physical activities 
relaxation 
sleep. 

Interference with listening situations can be determined in terms of the level of the environmental 
noise and its characteristics. The amount of interference in nonlistening situations often depends on 
factors other than the physical characteristics of the noise. These may include attitude toward the 
source of an identifiable noise, familiarity with the noise, characteristics of the exposed individual, 
and the intrusiveness of the noise. 

4.8.2 Regulatory Setting 

The Environmental Protection Agency (EPA) has determined that over a 24-hour period, a noise 
level equivalent (L,,) of 70 dBA will result in some hearing loss. Interference with activity and 
annoyance will not occur if exterior levels are maintained at an LC, of 55 dBA and interior levels at 
or below 45 dBA. Although these levels are relevant for planning and design and useful for 
informational purposes, they are not land use planning criteria because they do not consider 
economic cost, technical feasibility, or the needs of the community. 

In addition to the L, limitations discussed above, in accordance with 24 CFR 5 1, Subpart B, "Noise 
Abatement and Control," EPA set 55 &A day-night average sound level (L,) as the basic goal for 
residential noise intrusion. However, other federal agencies, in consideration of their own program 
requirements and goals, as well as difficulty of actually achieving a goal of 55 dBA L,, have settled 
on the 65-dBA L,, level as their standard. At 65 dBA L,,, activity interference is kept to aminimum, 
and annoyance levels are still low. It is also a level that can realistically be achieved. 

The federal government regulates occupational noise exposure common in the workplace through 
the Occupational Health and Safety Administration under EPA. Noise exposure of this type is 
dependant on work conditions and is addressed through a facility's or construction contractor's 
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4.8 Noise 

health and safety plan. With the exception of construction workers involved in facility construction, 
occupational noise is irrelevant to this study and is not further addressed in this document. 

4.8.3 Noise Sources 

The project study area consists primarily of large areas of undeveloped open space with urban and 
semi-rural residential development concentrated along the northern and eastern edges and in 
noncontiguous developments on the south central part of the study area. Noise sources would 
include vehicle traffic along the primary roadways through the project study area, such as Tatum 
Road, Scottsdale Road, Pima Road, and Cave creek Road. Other noise sources include the 
wastewater facility at the southwest comer of the study area and aircraft from Scottsdale Airport 
departing or landing the facility, which is south of the project study area. Aircraft overflights affect 
only the southernmost portion of the study area. 

4.8.4 Sensitive Land Uses 

Sensitive land uses are those land uses on or near the project study area that would be adversely 
affected by increased noise from activities in the study area. There are several areas that would be 
sensitive to increased levels of noise. Medium density residential uses and associated golf courses 
and recreational use areas are located along much of the eastern and northern portions of the study 
area. In addition, a mobile home park and an residential subdivision are located on the southern 
portion of the study area. Lastly, a hospital clinic (Mayo Clinic) is located on the southernmost 
portion of the study area. 

4.8.5 Proiected Future Conditions 

As the project study area develops with urban land uses, the ambient noise levels in the area will 
steadily increase. Traffic volumes on existing roadways will increase, generating additional noise 
that would affect properties in the vicinity of the roadways. In addition, new roadways will be 
constructed in this area to support development, which will introduce new sources of noise to areas 
where ambient noise levels are relatively low. Construction activities will contribute noise that 
would also increase ambient noise levels, though the effects would be temporary. Lastly, some 
future land uses, particularly industrial facilities, may become new sources ofnoise in the study area. 
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4.9 SOCIOECONOMICS 

Socioeconomics information is provided for baseline and projected future population, employment, 
income, and housing conditions. Since the study area encompasses portions of the City of Phoenix, 
City of Scottsdale, andunincorporated Maricopa County, existingdata in thesejurisdictions are used 
to forecast trends in the study area. 

4.9.1 Population 

Population in the Phoenix Metropolitan area has increased ~i~nificantly'in recent years, as reflected 
by the growth of Maricopa County from a population of approximately 330,000 in 1950 to 
2.5 million in 1995 (US Census 1995). Within the metropolitan area, the population of the City of 
Phoenix grew from approximately 800,000 in 1980 to 1,050,000 in 1994. The City of Scottsdale 
grew at a faster rate with its population increasing from approximately 90,000 in 1980 to 160,000 
in 1995. 

In regard to ethnicity, the Hispanic population increased by 25 percent from 16.3 percent in 1990 to 
20.5 percent in 1995 in the Phoenix metropolitan area. Also, during this time period, the African 
American population increased from 3.5 percent to 3.7 percent and the Asian population increased 
from 1.7 percent to 2.0 percent. The Native American population remained unchanged at 
1.8 percent. 

In 1995 all of the census tracts in the study area showed populations less than 15 percent for 
Hispanics, less than 3 percent for African Americans, and less than 2 percent for Native Americans 
and Asians. 

In general, the population of the study area is relatively affluent with a high percentage of the 
residents working in executive, management, and professional occupations. For example, the annual 
median householdincome for most ofthe study area was over $55,000 with some areas in the eastern 
portion (Scottsdale) over $85,000. On the other end of the economic scale, less than 10 percent of 
the households within the study area had incomes less than the poverty level. 

While overall employment has increased substantially in Maricopa County since the early 1990s, the 
rate of unemployment has declined. In November 1997 Maricopa County's unemployment rate 
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4.9 Socioeconomics I 
stood at 2.7 percent compared to the State of Arizona's 4.6 percent and the national rate of 4.8 
percent. Unemployment rates in the study area are similarly low. I 
4.9.3 Housing 

Over 75 percent of the homes in the study area are owner-occupied compared to an average of 63 
percent home ownership in the Phoenix Metropolitan area. Most of these homes are of above 

average value compared to the metropolitan area with several large developments having values from 
$85,000 to $150,000. The locations of five existing and one proposed large scale developments of 
over 1,000 acres are shown in Section 4.7, Land Use, i s  high density areas. The largest existing 

I 
housing development that is entirely in the study area is Desert Ridge 1,525 acres (61 8 hectares) with 
Tatum Ranch (partially in the study area) being the second largest at 1,402 acres (568 hectares). 

The study area is expected to continue to gmw rapidly for the next 20 years with the annual rate of 1 
growth being determined primarily by economic factors. According to the Maricopa Association 
of Governments (MAG), high growth rates are expected to continue for the next 20 years in the 
North Phoenix, Scottsdale, and Cave Creek areas, with growth being limited only by geographic or 
political boundaries. The Urban Atlas, Phoenix Metropolitan Area (Maricopa Association of 

I 
Governments 1998) projects that by 2020 the vast majority of the study area will be populated at a 
density of 1,500 or more people per square mile (580 or more people per square kilometer), with full 

I 
buildout occurring by 2050. The direction and timing of this growth will be controlled primarily by 
the General Plan Elements of the Cities of Phoenix and Scottsdale. 

I 
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4.10 PUBLIC SERVICES AND UTILITIES 

4.10.1 Baseline Conditions 

Public Services for the study area are provided by the Cities of Phoenix and Scottsdale, Maricopa 

County, water districts, school districts and other smaller governmental entities. Police services for 
the area are provided by the Cities of Phoenix and Scottsdale and the Maricopa County Sheriffs 

office. Fire Protection services are provided by the City of Phoenix Fire Department for the city's 
portion of the study area. RuralMetro provides fire protection for the remainder of the study area. 

Educational services are provided by three school districts. Deer Valley Unified School District 

provides services to the northern portion, Cave Creek Unified District to a small eastern portion, and 

Paradise Valley Unified School District to the southern portion (see Figure 4.10-1). 

Electrical service to the study area is provide by Arizona Public Service. Water Service is provided 
to approximately two thirds of the study area by municipal water districts. The southeasterly one 

third of the study area was not shown to have existing water service in1 998 (Maricopa Association 

of Governments 1998). The City of Phoenix joined with the City of Scottsdale and other adjoining 
cities to provide wastewater collection and treatment facilities for most of the region. As of 1998 

only the southernmost portion of the study area had over 80 percent of the households using the 

public sewer system. 

4.10.2 Predicted Future Conditions 

The Phoenix metropolitan area is one of the fastest growing areas of the nation-Phoenix ranks 2nd 
in population growth and 3'd in employment growth nationwide (Greater Phoenix Chamber of 

Commerce 1999). With 300 days of sunshine, numerous recreational amenities available nearby, 

and a diverse and vibrant business base (95,000 new jobs were created in 1998), growth in new jobs 

and population is expected to continue at an accelerated pace for several more years. 

This type of growthis expected to put significant demands on public services and utilities. However, 

with an increase in the tax base and number of utility customers, revenues should be available to 

accommodate this expected growth. The ability to continue to provide these services in an orderly 

manner will depend on successful implementation of the General Plans of the Cities of Phoenix and 

Scottsdale and other agency or private entity forecasts and planning documents. 
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I 4.11 Hazardous and Toxic Materials 

I 4.11 HAZARDOUS AND TOXIC MATERIALS 

I 
4.11.1 Baseline Conditions 

A Phase I Site assessment of hazardous and toxic materials was prepared for the study area to 
) identify locations where hazardous materials are or may be present. A records search was conducted 

that included data bases from eleven state and federal agencies. In addition, a registered 

environmental assessor conducted a reconnaissance level vehicular field investigation to identify 1 obvious visible signs of site contamination. 

( Federal and state databases that were searched to inventory known hazardous rnaterialshuaste site 
included: 

EP.4.s Comprehensive Environmental Response, Compensation and Liability Information System 
(CERCL1S)INo furtherremedial action required (NFRAP); Resource Conservation andRecovery Act 

I (RCRA) corrective sites (CORRACTS); RCRA registered small or large generators of hazardous 
wastes (GNRTR); National Priority List (NPL); RCRA permitted treatment, storage, disposal 

I facilities (RCRA-TSD); and Emergency Response Notification System (ERNS). 

State of Arizona's Leaking Underground Storage Tanks (LUST); State Equivalent Comprehensive 

( Environmental Response Compensation and Liability Information System (CERCLIS) list (SCL); 
State equivalent priority list (SPL); Solid waste landfills, incinerators, or transfer stations (SWLF); 

I and registered underground storage tanks (UST). 

Table 4.11-1 summarizes by category the sites identified during the data base search. NPL sites 1 (commonly referred to as Superfund sites) are known hazardous sites requiring immediate cleanup. 
CORRACTS sites are RCRA facilities undergoing corrective action. SPL and SCL sites are sites with 
state involvement in cleanup activities at known locations and sites where no further cleanup is required, 
respectively. CERCLISiUFRAP sites have been removed kom CERCLIS after initial investigation found 
either no contaminates, or contamination was quickly removed, or contamination was not considered I s&ous enough to wmant Federal Superfund action or NPL consideration. LUST sites are sites with 
subsurface hazardous material contamination resulting form underground tank leaks. SWLF sites are 

( solid waste landfills, incinerators, or transfer stations. USTs are simply registered underground tanks 
(designation carries no connotation of contamination as does a LUST). GNRTR sites are facilities that 
generate hazardous or toxic waste streams as an integral part of their economic activities. SPILLS sites 1 are locations with reported spills. 
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4.1 1 Hazardous and Toxic Materials I 
Table 4.11-1. Site Distribution Summary I 

Source: Vista Information Services 1999 (see Appendix D) 

Since the study area has been largely undeveloped in the past, there are very few sites related to 
hazardous materials/waste that show up in the records search. For example there are no EPA NPL 
(Superfund), EPA RCRA Corrective Action, RCRA facilities sites, or State Equivalent sites that are 
listed in the study area. Of the 27 sites that were identified, almost half (12) are registered 
underground tank locations that have no evidence of contamination. There have only been 5 state 
spill incidents reported and 4 underground tanks that have leaked during the past. The incidents 
appear to have been since resolved and should not be a source of present or future contamination. 

4.11.2 Proiected Future Conditions 

A review of land use maps of the study area indicate that only a relatively small amount of land has 
been designated for industrial use ( a potential source of hazardous pollutants). Thus, even though 
the area is expected to grow significantly in the near future in terms of population, the number of 
potential hazardous waste sites is not expected to increase significantly from the few sites that are 
present in the area now. Current regulations and controls pertaining to hazardous wastelmaterials 
that are in place further limit the potential risk of future release to the environment. 

The complete Phase I Site Assessment for the study area is incorporated into this Baseline 
Conditions Report as Appendix D. 
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4.12 Recreation 

4.12 RECREATION 

4.12.1 Baseline Conditions 

The following section provides a brief discussion the recreational facilities in and around the study 

area. As shown in Figure 4.12-1, the majority of the recreational uses are located within the City of 
Scottsdale. 

City of Phoenix 

The City of Phoenix has over 24,000 acres (9,700 hectares) of mountain parks and approximately 
5,000 acres (2,000 hectares) of flatland parks, and open space comprises approximately 14 percent 
of Phoenix's land. At the neighborhood and community level, developed parkland is severely 

deficient (City of Phoenix 1998). 

There are two golf courses located within the Phoenix portion of the study area. The Tatum Ranch 
Golf Course is located at 29888 N. Taturn Ranch Drive. The course is over 6,800 yards (2,073 
meters) long and is considered a world-class target style course. The Desert Ridge development is 
home to the Wildfire Golf Course, the second golf course in the Phoenix portion of the study area. 
The Wildfire course is located at 5225 E. Pathfinder and is approximately 7,200 yards (2,200 meters) 
long. 

The Reach 11 Recreational Area is located north of the CAP aqueduct along the southern boundary 
of the study area. The recreational area is operated by the City of Phoenix Department of Parks and 
Recreation and offers the following recreational amenities: equestrian center, hikinghiding trails, and 

a wildlifelnature area. 

The undeveloped portions of the project area contain an informal network of recreational trails, used 
by pedestrian and vehicular traffic. 

City of Scottsdale 

There are three golf courses located within the Scottsdale portion of the study area and an additional 

eight courses located within approximately one mile ofthe study area boundary. The three eighteen- 

hole courses located within the study area are the Talon Golf Course (8620 E. Thompson Peak 

Parkway), the Boulder Resort South Course (3463 1 N. Tom Darlington Drive), and the Tournament 
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Players Club of Scottsdale, Stadium Course (17020 N. Hayden Road). The three courses are each 

slightly under 7,000 yards (2,100 meters) long. The courses located near the study area boundary 

include the Boulders Resort North, Troon North (Pinnacle Course), Troon North (Monument 

Course), Desert Highlands, and ~ r e ~ h a w k  golf courses. 

Also located within the study area is the Old West Museum at Rawhide, located at the southeast 

comer of Pinnacle Peak and Scottsdale Road. The Rawhide Museum is an "old west" theme park 

with a variety of passive recreational opportunities and local/cultural special events. 

County of Maricopa 

There are no developed recreational resources located within the unincorporated county portion of 

the study area. 

Surrounding Areas 

The study area is surrounded by regional recreational facilities. There are several small recreational 

facilities located approximately 5 miles (8 kilometers) north of the study area at the Cave Creek 
Recreational Area. Uses at the Cave Creek Recreational Area include baseball, volleyball, 
picnicking, and hiking. Along the western border of the study area is the Cave Buttes Recreational 

Area, which offers a variety of passive outdoor recreation opportunities. 

The Tonto National Forest and the McDowell Mountains Park are located several miles to the east 

of the study area and offers open space recreation activities, including hiking and horseback riding. 

4.11.2 Proiected Future Conditions 

As the residential population of the study area increases, there will be a corresponding increase in 

the use of recreational resources by the local population. This increase has not been quantified, but 

should be considered in the context of the regional growth patterns described in Section 4.9, 
Socioeconomics. Increased residential development within the study area is expected to coincide 

with increases in golf courses and small neighborhood parks. This discussion of predicted future 

conditions focuses on planned new major recreational facilities and planned improvements to the 

existing recreational resources that are described in Section 4.12.1, as well as general plan policies 

that are applicable to recreational development in the study area. 
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4.12 Recreation 

Planned New Facilities and Improvements to Existing Facilities 

The City of Phoenix Department of Parks and Recreation plans to construct two parks near the 
intersection of Cave Creek Road and Jomax Road in the Cave Buttes Recreational Area. The Cave 
Buttes Park and the Desert Willows Park would offer lighted basketball courts, a picnic area, a 
playground, ramadas, soccer areas, and a lighted volleyball court. In addition, a golf course and 
related facilities are proposed for the currently undeveloped northeast comer of Scottsdale Road and 
Lone Mountain Road near the northeast comer of the study area. 

General Plan Policies 

Future recreational development within the study area will be guided in part by the general plan 
policies of those jurisdictions that encompass the area. General plan policies that may be applicable 
to future recreational development in the study area are listed below. 

Citv of Phoenix 

The Recreation Element of the City of Phoenix General Plan (1998) provides general guidance for 
the planning and development of recreational facilities within the city. The goals of the recreation 
element discuss the importance of accessibility, convenience, and diversity of locations and facilities; 
the need to protect and preserve unique natural open spaces; and the need for urbanparks, pedestrian 
linkages, and trails. None of the policies contained in the recreation element pertains specifically to 
the study area; however, the following two policies are relevant to the development of a 
comprehensive flood control project in that area: 

Acquire additional open space prior to urbanization. 

Preserve wildlife corridors and significant desert ecologies along drainage ways by encouraging 
drainage systems that preserve the natural desert wash characteristics such as low velocity, 
sedimentation, dispersed flows, etc. 

Citv of Scottsdale 

The City of Scottsdale General Plan does not contain a Recreation Element; however, recreational 
resources are addressed in the Open Space Element of the Plan. Recreational areas are defined by 
the City of Scottsdale as "developed green open space," which includes golf courses, parks adjacent 
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I 4.12 Recreation 

to schools, recreational sites, and major developed channels. The following General Plan guideline 1 is relevant to the study area with respect to development of recreational resources: 

( EnvironmentulResources Guideline 10: Drainage facilities should be planned to control flooding 
north of the CAP canal, and all facilities should be planned as recreational and visual amenities 

( that will embrace surrounding developed areas andior blend in to the natwal desert character. 

There are no existing or planned recreational resources in the unincorporated County of Maricopa 1 portion of the study area; therefore, no discussion of County General Plan recreational guidelines is 
provided. 

Page 4-58 Northeast Phoenix A 0  Zone Baseline Conditions Report 
98-8OISn<-OOd.nnl 1/10/9Y 



4.13 Transportation I 
4.13 TRANSPORTATION I 
The section provides an overview of the roadway network and other transportation facilities in the 
project study area. Traffic conditions on these roadways are also described. Lastly, a description I 
of expected future transportation conditions is provided. 

4.13.1 Existing Roadwav Network I 
The project study area consists of a combination of developing master planned communities, low- 
density semi-rural residential properties, and large tracts of undeveloped open space. Although no 

I 
freeways exist in the vicinity ofthe study area, a network ofprimary roadways provides ready access 
to this area. 

I 
Figure 4.13-1 shows the locations of primary roads in the project study area. Other minor streets, 
both paved and unpaved, have also been constructed to provide access to developedproperties in the 

I 
area. The following major streets are located in the project study area: I 

Cave Creek Road: a two-lane paved roadway running southwest to northeast 
Tatum Road: a north-south four-lane divided roadway south of Dynamite Road and a two-lane 
roadway to the north 

I 
Scottsdale Road: a north-south four-lane divided roadway 
Pima Road: construction is currently underway to upgrade this north-south road to a four-lane 

I 
divided roadway 
Pinnacle Peak Road: an east-west two-lane roadway 

I 
Dynamite Road: an east-west two-lane roadway 
Jomax Road: a discontinuous two-lane road 
Dixileta Drive: an east-west two-lane roadway. 

I 

4.13.2 Existing Traffic Conditions 
I 

Table 4.13-1 provides a summary of existing traffic conditions on primary roadways in the project I 
study area. 
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4.13 Transportation 

Table 4.13-1. Traffic Conditions on Major Roadways in the Study Area 

I I Aooroximate Average Weekdav Traffic 

I 
. -. ...~ ...-- 

Deer Valley Road to Pinnacle Peak Road 
Pinnacle Peak Road to Jomax Road I 

Roadway 

I Jomax Road to Dynamite Road I 10,000-20,000 I 

. . 
(1996 estimates) 

I Cave Creek Road 1 I 

Dynamite Road to Dixileta Road 

Tatum Road 

Scottsdale Road 

1,000 to 10,000 

1,000-10,000 

10,000-20,000 

Pima Road 
Bell Road to Pinnacle Peak Road 
Pinnacle Peak Road to Dixileta Road 

Pinnacle Peak Road 
Cave Creek Road to Scottsdale Road 

4.13.3 Other Trans~ortation Facilities 

10,000-20,000 
1,000-10,000 

1,000-10,000 
Scottsdale Road to Pima Road 

Dynamite Road 

Jomax Road 

Dixileta Road 

Airports 

10,1000-20,000 

1 ,OOC-10,000 

less than 1,000 

less than 1,000 

Although no airport facilities are located in the project study area, Scottsdale Airport is located 
approximately 0.5 mile (0.8 kilometer) south of the study area. Incoming and outgoing aircraft 
overfly the southern portion of the study area. 

Source: Maricopa Association of Governments 1998. 

Bikeways 

Bike lanes are located on Cave Creek Road and along Scottsdale Road north of Pinnacle Peak Road. 
A bike lane is defined as a one-way, on-street bikeway with pavement markings that route bicycle 
traffic in the same direction as vehicular traffic (Maricopa Association of Governments 1998). 

Transit Facilities 

No transit facilities currently exist in the project study area and no transit routes are in place 
(Maricopa Association of Governments 1998). 
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4.13 Transportation 

4.13.4 Proiected Future Conditions 

The assumed future condition for the project study area is buildout with urban land uses. Under this 
scenario, additional roadways would be built and existing roadways extended and widened to 
provide local access and accommodate additional traffic demand. As residential communities 

develop, additional bikeways of varying types would likely be incorporated into development plans 
with linkages established on major streets in the area. Transit service may potentially be extended 
to this area to meet demand for alternate means of commuting. 

In May 1996, the Outer Loop Freeway Specific Plan was adopted by the city ofphoenix. The Outer 
Loop Freeway (Loop 101) will pass through the study area immediately north of the existing Mayo 
Road alignment and is scheduled for completion in April 2001. Rough grading has been completed 
for several segments of the alignment through the study area; however, no major construction in this 
area has taken place (see website "http://www.dot.state.az.uslroads/rfslpin.h" for construction 
schedule updates). The Primary Core of the Desert View Village is located just north of the 
proposed freeway, near Scottsdale Road. It is anticipated that multiple off-ramps will be constructed, 
connecting the proposed freeway with the Primary Core area and the major arterial streets in the 
study area. No other major highways are currently proposed for the study area. 
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4.14 AESTHETICS 

4.14.1 Baseline Conditions 

This section describes the visual character of the study area, including its general appearance, typical 

views within the area, and some of the area's more prominent visual features. This description is 

followed by a discussion of viewers that may be sensitive to visual change within the study area. 

Visual Character 

The study area includes a variety of visual features ranging from the typical Sonoran Desert 

environment to highly developed planned residential communities and golf courses. Gently sloping 

desert terrain comprised of numerous washes, undeveloped hills, and surrounding mountainous 
features define the visual character of the areas natural environment. Paloverde, saguaro, and 

associated desert scrub plants are the visually prominent vegetation within the study area. 

The visual character of the majority of the study area between Jomax and Dixileta Road and east of 

Scottsdale Road reflect the area's developed nature. The built environment is predominantly a low 
to medium density residential landscape with typical southwestern style architecture (i.e. earth tones, 

some tile roofs, unimgated lawns, faux-adobe walls). In contrast to the typical rural/suburban 

character, a number of large high density residential communities are being developed throughout 

the study area. Figure 4.14-1 provides photographs depicting typical residential development in the 

study area. 

Places where the study area has been developed with residential, commercial, and industrial uses are 

generally not considered scenic focal points (i.e., places that are expected or intended to draw 

viewers' attention). Within the built environment of the study area, visual resources that are 

intended to draw attention include more aesthetically pleasing features such as buffered setbacks, 

native landscaping, and streetscaping (see Figure 4.14-2). Additionally, many views in the study 

area are directed toward the surrounding topographical features. Visible from most ofthe study area 

are the Boulders, Black Mountain, and the Continental Mountains to the north; the McDowell 

Mountains and Pinnacle Peak to the east; the Phoenix and Camelback Mountains to the south; and 

the Union Hills to the west. Figure 4.14-3 includes apanoramic view of the study area as seen from 

near its northeast comer. 
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I Twical mal/suburban residential development. View east near Hayden and Jomax Roads. I 

Typical high density planned residential community. View southwest near Dynamite and Tatum Roads 

Figure 4.14 -1 
Photographs of the Study Area (Residential) 

I I 
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I View no& on 56Ih Street between Dynamite and Dixileta Roads. I 

Typical desert wash. View west near Dynamite and Tatum Roads 

Figure 4.14 -2 
Photographs of the Study Area (Desert Character; 

I I 
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View southwest from the northeast comer of the study area 

Figure 4.14-3 

Photograph of the Study Area (Regional) 



4.14 Aesthetics 

Sensitive Viewers 

Visual sensitivity is dependent upon viewer attitudes, the type of activities in which people are 

engaged whenviewing the respective project, and thedistance from which the project would be seen. 

Overall, higher degrees of visual sensitivity are correlated with areas where people live, are engaged 

in outdoor recreational pursuits, or participate in scenic or pleasure driving. Conversely, visual 

sensitivity is considered low to moderate in industrial or commercial areas where the scenic quality 

of the environment does not affect the value of that activity. 

Within the study area, sensitive viewers include residents and people engaged in recreational 

activities at the local golf courses and recreational areas described in Section 4.12.1. Additionally, 

the City of Scottsdale has identified Visually Important Roadways, travelers on which would be 

considered sensitive viewers. The Visually Important Roadways within the Scottsdale portion of the 

study are include Pima Road and Scottsdale Road from Dove Valley to the CAP and Dynamite Road 
from 96th Street to the western city boundary. 

4.14.2 Proiected Future Conditions 

Visual Environment 

The future visual environment of the study area will depend primarily on the extent to which 

development expands into currently undevelopedportions ofthe area. Those areas that have already 

been developed will likely retain much of their current appearance. Undeveloped lands that are 

converted to residential use are anticipated to appear much like the existing planned communities 

and low to medium density residential areas described in Section 4.14.1. 

General Plan Policies 

General plan policies related to the visual environment will help determine future aesthetic 

conditions. Rather than list all applicable policies related to the visual environment, this section 

focuses on those general plan policies most likely to be applicable to development of flood control 

facilities within the study area. 
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4.14 Aesthetics 

Citv of Phoenix General Plan 

The City of Phoenix General Plan does not contain an aesthetics or visual resources element; rather, 
it provides limited design guidance in the Land Use Element. One of the stated goals of the land use 
element is that, "the unique character and image of each (urban) village should be retained and 
enhanced." As discussed in Section 4.7.2, the desired character and image of the Desert View 
Village includes undeveloped Sonoran Desert and foothills, very low density rural and equestrian 
lifestyle, scenic corridors, open spaces, washes, trails, and lush native desert flora and fauna. 

Citv of Scottsdale General Plan 

The City of Scottsdale General Plan does not contain an aesthetics or visual resources element; 
however, aesthetic guidelines are included in the Open Space Element. The following open space 
design guideline pertains to the Scottsdale portion of the study area: 

The primary design determinants for open space should include aesthetics, public safety, 
maintenance needs, water consumption, drainage considerations, and multi-use and desert 
preservation. 

For flood control channels, a high priority in the design criteria should be placed on: 
- sensitive aesthetic treatment 
- multiple uses that harmonize with the character of the adjacent neighborhood. 

Also included in the General Plan are Streetscape Design Guidelines. 

As discussed above, the General Plan designates Visually Important Roadways within the city that 
reflect the unique visual character of the area. In addition to the existing streets identified in section 
4.14.1, the Outer Loop Freeway (when completed) would be designated as a Visually Important 
Roadway within the Scottsdale portion of the study area. 

Countv of Maricooa 

Aesthetic design guidance for the Maricopa County portion of the study area is contained in the 
County's Desert Foothills Policy and Development Guide. 
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5.0 Environmental Impacts 

5.0 ENVIRONMENTAL IMPACTS 

[This section to be included in the future EIS] 
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6.0 Mitigation 

6.0 MITIGATION 

[This section to he included in the future EIS] 
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8.0 Coordination 

8.0 COORDINATION 

8.1 AGENCY COORDINATION 

The following agencies were contacted during the course of preparing this Baseline Conditions 

Report. 

City of Phoenix Planning Department 

City of Scottsdale Planning Department 

Maricopa Association of Governments 

U.S. Bureau of Reclamation 

Arizona Game and Fish Department 

Maricopa County Environmental Services Department 

U.S. Fish and Wildlife Service 

Arizona Department of Environmental Quality 

Arizona Department of Water Resources 

8.2 PUBLIC INVOLVEMENT 

A Scoping Meeting was held on September 8, 1998 at the Paradise Valley Community Center at 

17402 N. 40'h Street, Phoenix, Arizona. (Additional information on attendees and meeting content 

may be provided for the Final Baseline Conditions Report). The purpose of the meeting was to 

provide agency and public input for the preparation of an EIS for the Northeast Phoenix Drainage 

Area. 

8.3 MAILING LIST 

[A mailing list will be provided aspart of the EZS for the proposed action. 
This Baseline Conditions Report is not being distributed for public review.] 
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9.0 Permit Requirements 

9.0 PERMIT REOUIREMENTS 

[This section to be included in the future EIS] 
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10.0 Laws and Regulations 

10.0 LAWS AND REGULATIONS 

This section describes the environmental compliance requirements associated with implementing 
a comprehensive flood control project at the study area. 

10.1 NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) 

The USACOE will prepare an Environmental Impact Statement (EIS) addressing the potential 
proposed action. The EIS would be prepared in compliarice with the National Environmental Policy 
Act (NEPA) of 1969 (42 U.S.C. 3 4332 (1996)) and its Council on Environmental Quality 
Regulations (40 C.F.R. $ 5  1500-1 508 (1994)) and following guidelines containedin the Army Corps 
of Engineers Regulations for Implementing NEPA Procedures (33 CFR 230; 45 FR 56761, August 
25,1980, Amended by 46 FR 14745, March 2,1981, Revised by 53 FR 3127, February 3,1988). 

NEPA is the nation's primary charter for protection of the environment. It establishes national 
environmental policy, provides a framework for federal agencies to prevent environmental damage, 
and requires federal agencies to evaluate the potential environmental impacts of their proposed 
actions. 

An Environmental Assessment is a concise public document containing an analysis of the potential 
environmental impacts of a proposed action. Pursuant to CEQ regulations, the purpose of an EA is 
to briefly provide sufficient evidence and analysis for determining whether to prepare an EIS or a 
finding of no significant impact (FONSI). Upon completion, an EA is made available for a 30-day 
public review period. Under NEPA, a federal agency (in this case, the USACOE) must prepare an 
EIS describing the environmental effects of any proposed action having a significant impact on the 
environment. If it appears probable that a proposed action could have a significant effect on the 
environment, a federal agency may forgo the preparation of an EA, and instead proceed directly with 
the preparation of an EIS. The EIS must also identify measures necessary to avoid or minimize 
adverse impacts resulting from the proposed action. 

If an EIS is prepared for the proposed action, the Draft EIS will be distributed for public review and 
comment in accordance with the NEPA process. The public, public agencies, and interested 
organizations will have 45 days to provide the USACOE with their written comments on the 
adequacy of the environmental analyses and mitigation, the range and merits of the project 
alternatives, and validity and accuracy of the data, assumptions, and methodologies. 
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10.0 Laws and Regulations 

The USACOE will review the comments received during the public review period and prepare 
responses to the comments. The responses may elaborate or clarify information in the draft 
document or may lead to changes in analyses, the recommended mitigation measures, or the 
alternatives. These responses will be compiled into a Final EIS for consideration by the USACOE. 

As the ultimate federal decision maker for selection of an alternative, the USACOE will issue a 
Record of Decision (ROD). The ROD serves as notification that appropriate procedures and 
consultations have been executed and the project can proceed with implementation. 

10.2 CLEAN WATER ACT 

Federal and state laws for the control of water quality establish requirements for adequate planning, 
implementation, management, and enforcement of actions designed to improve the quality of the 
nation's water resources, including penalties for non-compliance. In addition, federal regulations 
have been developed to augment and clarify the laws and to provide details not included in the law. 
Regulations and plans that are adopted by the applicable governmental body have legal stature and 
are enforceable. Federal guidelines and state policies, on the other hand, express the intent of the 
governing body and, while they are not legally enforceable, set forth direction that should be 
followed to achieve the goals expressed in the laws. 

The Clean Water Act (CWA) of 1972 (33 U.S.C. § 1251 (1996)) is the major federal legislation 
concerning improvement of the nation's water resources. It provides for development of municipal 
and industrial wastewater treatment standards and a permitting system to control wastewater 
discharges to surface waters. State operation of the program is encouraged, and in Arizona, the 
Arizona Department of Environmental Quality (ADEQ) is the state agency responsible for carrying 
out the CWA. Arizona's water quality standards are contained in the Arizona Administrative Code 
(Title 18, Chapter 11, Supp. 96-3). The ADEQ implements a water quality permit program to 
protects groundwater and surface water quality by controlling discharges from domestic wastewater 
treatment plants, mining operations, industrial facilities and on-site sewage disposal systems. The 
program also regulates stormwater discharges to dry wells. ADEQ receives and reviews applications 
for a number of specific permits, approvals and certifications, including the NPDES Storm Water 
Program, Wastewater Reuse Permits and certificates approving federal Individual and Nationwide 
404 permits. 

The CWA is the primary federal statute governing the discharge of dredged andlor fill material into 
Waters of the United States. Executive Order 11990, Wetlands Protection (42 Fed. Reg. 2696 

Page 10-2 Northeast Phoenix A 0  Zone Baseline Conditions Report 
9a-a01s~-o1oyul s/zotw 



10.0 Laws and Regulations 

(1977)), andExecutive Order 11988, FloodplainManagement (42 Fed. Reg. 26951 (1977)), are also 
applicable federal regulations. The key requirement of these orders is determining whether a 

practicable altemative to locating an action in wetlands or floodplains exists. If there is lio 

practicable altemative, the action must include all practical measures to minimize or mitigate harm 
to the wetlands. 

10.3 BIOLOGICAL RESOURCES 

Biological resources within the study area are addressed in Section 4.5. 

10.3.1 Endangered Species Act of 1973 (16 U.S.C. 6 1531 (1996)) 

The Endangered Species Act (ESA) protects threatened and endangered species by prohibiting 
federal actions that would jeopardize the continued existence of such species or by minimizing 
actions that would result in the destruction or adverse modification of any critical habitat of such 
species. The ESA requires that consultation regarding protection of such species be conducted with 
the U.S. Fish and Wildlife Service (USFWS) prior to project implementation. During the project 
design process, the lead agency evaluates potential impacts of proposed actions on threatened or 
endangered species. The USFWS is asked to certify or concur with the lead agency's findings that 
the proposed activity will not adversely affect endangered or threatened species, and the USFWS's 
findings are issued in the form of a Biological Opinion (BO). 

10.3.2 Migratory Bird Treatv Act (16 U.S.C. 6 703 (1996)) 

The Migratory Bird Treaty Act (1916) between the United States and Canada, the Convention for 

the Protection of Migratory Birds and Animals (1936) between the United States and Mexico, and 
subsequent amendments to these acts provide legal protection for almost all breeding bird species 
occurring in the United States. These acts restrict the killing, taking, collecting, and selling or 

purchasing of native bird species or their parts, nests, or eggs. Certain gamebird species are allowed 
to be hunted for specific periods determined by federal and state governments. 

10.3.3 Arizona Native Plant Law (Ariz. Rev. Stat. 6 3-906.A) 

The Arizona Native Plant Law calls for the "noncommercial salvage of highly safeguarded native 
plants whose existence is threatened by intended destruction." Examples ofprotected native species 

are ironwood, paloverde, mesquite, and all cacti. The salvage of such listed plants requires prior 
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10.0 Laws and Regulations 

notification and the submittal of a Notice of Intent, whereupon the Arizona State Department of 
Agriculture would issue a salvage permit. The Department of Agriculture will also issue tags and 
seals intended for taking, transporting, and possessing these plants. The Arizona Native Plant Law 
states that "a person shall not take, transport, or have in his possession any protected native plant 
taken from the original growing site in this state without having in his possession a valid permit 
issued by the division [of Agriculture]" (Ariz. Rev. Stat. § 3-906.A). 

10.4 CULTURAL RESOURCES 

Cultural resources are buildings, sites, structures, or objects with historical, architectural, 
archaeological, cultural, or scientific importance. A number of laws exist that protect cultural 
resources potentially affected by federal undertakings or permitted actions. Key federal legislation 
includes the National Historic Preservation Act P A )  of 1966 (16 U.S.C. 470 (1996)), the 
Archaeological Resources Protection Act (ARPA) of 1974 (16 U.S.C. 470aa (1996)), and theNative 
American Graves Protection and Repatriation Act (NAGPRA) (25 U.S.C. 9 3001 (1996)). 

A key provision under the NHPA is Section 106, which requires a federal agency to take into account the 
potential effect of aproposed action on properties listed on or eligible for listing on the National Register 
of Historic Places. Under NHF'A, the State Historic Preservation Officer and the Advisory Council on 
Historic Preservation (ACHP) are part of the consultation process. Regulations of the ACHF (36 C.F.R. 
$800 (1994)) outline the procedures used by a federal agency to meet the requirement of Section 106 of 
NHF'A. Section 4.6 of this report addresses cultural resources within the study area. 

10.5 LANDUSE 

Executive Order 12372, the Intergovernmental Review of Federal Programs (7 C.F.R. 5 3015, 
Subpart V and final rule-related notices published at 48 Fed. Reg. 291 14 (1 983), and 49 Fed. Reg. 
22676 (1984)), regulates land use for federal actions. The order directs federal agencies to make 
efforts to accommodate state and local elected officials' concerns regarding federal development. 
It requires that agencies consult with and solicit comments from state and local officials whose 
jurisdictions would be affected by the federal action. Land uses within the study area are described 
in Section 4.7. 
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10.6 FEDERAL CLEAN AIR ACT 

The Federal Clean Air Act (CAA) of 1970 (42 U.S.C. 5 7401, amendments of 1977,1990, and 1993) 
sets forth National Ambient Air Quality Standards (NAAQS) for several criteria pollutants. The 
NAAQS for the criteria pollutants must not be exceeded more than once per year. The criteria 

pollutants regulated under the CAA are ozone (O,), carbon monoxide (CO), sulfur dioxide (SO,), 
nitrogen dioxide (NO,), particulate matter less than ten microns in diameter (PM,,), and lead (Pb). 

The EPA has also recently added a new standard for particulate matter less than 2.5 microns in 
diameter (PM,,,). The CAA requires individual states to adopt standards that set acceptable pollutant 

concentrations equal to or less than the federal standards. The State of Arizona standards for these 
pollutants are the same as federal standards. In Arizona, the ADEQ is the implementing agency for 
federal air quality regulations. Air quality is addressed in Section 4.4. 

10.7 HAZARDOUS MATERIALS 

Executive Order 12088 - Federal Compliance with Pollution Control Standards 
(43 Fed. Reg. 47707 (1978) (Codified as 3 C.F.R., 1978 Comp., p. 243) 
as amended by Executive Order 12580,52 Fed. Reg. 2923 (1987)) 

This order directs that federal agencies consult with state and local agencies concerning the best 
techniques and methods available for the prevention, control, and abatement of environmental 
pollution. A federal agency must also comply with applicable pollution control standards concerning 
air pollution, water pollution, hazardous materials, and hazardous substances. 

Resource Conservation and Recovery Act (RCRA)(42 U.S.C. 5 6901 (1996)) 

RCRA was the first step in regulating the potential health and environmental problems associated 
with hazardous waste disposal. RCRA and the regulations developed by the EPA to implement its 
provisions provide the general framework of the national hazardous waste management system. 

RCRA provides criteria for the determination of whether hazardous wastes are being generated, 
techniques for tracking wastes to eventual disposal, and the design and permitting of hazardous 

waste facilities. 
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Hazardous and Solid Waste Amendments (HSWA)(40 C.F.R. § 280 (1994)) 

HSWA address regulatory gaps in the RCRA program in the area of highly toxic wastes. For 
example, these include regulation of carcinogens, listing and delisting of hazardous wastes, 
permitting for hazardous facilities, underground storage tank (UST) management, and the 
elimination of land disposal of hazardous wastes. 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 1980 
(42 U.S.C. 9 9601 (1996)) 

CERCLA, also h o w n  as Superfund, ensures that a source of funds is available to clean up past 
hazardous waste sites, address releases ofhazardous substances, and establish liability standards for 
responsible parties. CERCLA also requires the creation of a National Priorities List (NPL), which 
sets forth the sites considered to have the highest priority for clean-up under Superfund. 

Superfund Amendments and Reauthorization Act (SARA) 
(Pub. L. No. 99-499,100 Stat. 1613) 

SARA was enacted in 1986 to increase the Superfund to $8.5 billion, modify contaminated site 
clean-up criteria scheduling, and revise settlement procedures. It also provides a fund for leaking 
UST clean-ups and a broad, new emergency planning and community right-to-how program. 
SARA establishes directives for selecting permanent remedies, complying with state requirements 
by federal agencies, and establishing the role of the state in the clean-up process. 

10.8 EXECUTIVE ORDER 12898 - ENVIRONMENTAL JUSTICE 
(59 Fed. Reg. 7629 (1994)) 

This order was issued by President Clinton on February 11,1994, and requires each federal agency 
to achieve environmental justice by addressing "disproportionately high and adverse human health 
and environmental effects ... on minority and low-income populations." 
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10.9 EXECUTIVE ORDER 13045 -PROTECTION OF CHILDREN FROM 
ENVIRONMENTAL HEALTH RISKS AND SAFETY RISKS 
(62 Fed. Reg. 19885 (1997)) 

This Executive Order was issued April 21, 1997 by President Clinton. Specifically, each federal 

agency 

(a) shall make it a high priority to identify and assess environmental health risks and safety risks 
that may disproportionately affect children; and 

(h) shall ensure that its policies, programs, activities, and standards address disproportionate 
risks to children that result from environmental health risks or safety risks. 

10.10 FEDERAL RELOCATION REQUIREMENTS 

In order to acquisition private property, the federal government must follow guidelines set forth 
under the Federal Uniform Relocation Assistance and Real Property Acquisition Policies Act of 
1970 (42 U.S.C. 5 4601 (1996)). The Federal Uniform Relocation Assistance and Real Property 
Acquisition Policies Act was created to ensure that (1) owners of real property to be acquired for 
federal and federally assisted projects are treated fairly and consistently; (2) persons displaced as a 
direct result of federal or federally assisted projects are treated fairly; and (3) agencies implement 

these regulations in a manner that is efficient and cost effective. The Federal Uniform Relocation 
Assistance and Real Property Acquisition Policies Act also contains provisions for just 
compensation, policies for acquisition, and relocation requirements. 
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11.0 Conclusions 

11.0 CONCLUSIONS 

[This section to be included in the future EIS] 
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12.0 Report Preparation Personnel 

12.0 REPORT PREPARATION PERSONNEL 

This report was prepared for the U.S. Army Corps of Engineers (USACOE), Los Angeles District 
by KEA Environmental, Inc. The USACOE project manager for this report is David Compas, 

Environmental Coordinator, Environmental ResourcesBranch. TheUSACOE prepared the cultural 
resources section of this report in-house. 

Key personnel from KEA who contributed to this project include: 

George Fitzpatrick, Project Manager Eric Wilson, Environmental Analyst 

B.S.Chemistry, University of Minnesota B.A. Environment, Economics, and Politics, 

M.A.Industrial Psychology, University of Minnesota Claremont McKenna College 

Years of Experience: 27 Years of Experience: 3 

Michael Schwerin, Regional Manager 
B.A. Engineering, Damouth College 
Years of Experience: 9 

Jones & Stokes Associates prepared the biology, water resources, air quality, transportation, and 
noise sections of this report. Key personnel from Jones & Stokes Associates who contributed to this 
report include: 

Michael Langley, Branch Manager Randolph Wilson, Wildlife Biologist 
B.S. Meteorology, University of Oklahoma B.S. Wildlife Biologist, University of California 

Years of Experience: 10 M.S. Wildlife, Biology California State University 
Years of Experience: 17 

John Westermeier, Regional Manager 
B.A. Biology: California State University Ruthanne Henry, Restoration Specialist 
M.A. Biology, California State University B.L.A. Landscape Architecture, University of Guelph 

M.B.A. Business, Chapman University Years of Experience: 4 

Years of Experience: 25 
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APPENDIX A 
1 COMMON AND SCIENTIFIC NAMES OF WILDLIFE SPECIES 

1 I IN THE NORTHEAST PHOENIX AREA 



Appendix A. Common and Scientific Names of Wildlife Species in the Northeast Phoenix Area 

Common Name Scientific Name Status 

Turkey vulture Cathartes aura R 

Cooper's hawk 

Red-tailed hawk 

Harris' hawk 

American kestrel 

Prairie falcon 

Gambel's quail 

Killdeer 

Rock dove 

Mourning dove 

White-winged dove 

Inca dove 

Greater roadrunner 

Great homed owl 

Elf owl 

Accipiter cooperii 

Buteo jamaicensis 

Parabuteo unicinctus 

Falco sparverius 

Falco mexicanus . 

Callipepla gambelii 

Charadrius vocgerus 

Columba livia 

Zenaida macroura 

Zenaida asiatica 

Colombina inca 

Geococcyx calfornianus 

Bubo virginianus 

Micrathene whitneyi 

Western screech owl Otus kennicottii R 

Cactus fermginous pygmy-owl Glaucidium brasilianum cactorum U 

Lesser nighthawk Chordeiles acutipennis S 

Common poorwill 

Black-chinned hummingbird 

Phalaenoptilus nuttallii S 

Archilochus alexandri S 

Anna's hummingbird Calypte anna R 

Costa's hummingbird 

Gila woodpecker 

Calypte costae S 

Melanerpes uropygialis R 

Northern (gilded) flicker Colaptes auratus 

Northern (red-shafted) flicker Colaptes auratus 

Ladder-backed woodpecker 

Gray flycatcher 

Westem wood-pewee 

Picoides scalaris 

Empidonax wrightii 

Contopus sordidulus 

Say's phoebe Sayornis saya M 



Appendix A. Continued 

Black phoebe 

Ash-throated flycatcher 

Brown-crested flycatcher 

Western kingbird 

Homed lark 

N. rough-winged swallow 

Common raven 

Verdin 

Cactus wren 

Ruby-crowned kinglet 

Black-tailed gnatcatcher 

Barn swallow 

Northern mockingbird 

Bendire's thrasher 

Curve-billed thrasher 

Phainopepla 

Loggerhead shrike 

European starling 

Yellow warbler 

Sayornis nigricans 

Myiarchus cinerascens 

Myiarchus tyrannulus S 

Tyrannus verticalis S 

Eremophila alpestris M 

Stelgidopteryx serripennis M 

Corvus corm R 

Auriparus jlaviceps R 

Campylorhynchus brunneicapillus R 

Regulus calendula 

Polioptila melanura 

Hirundo rustica 

Mimus polyglottos 

Toxostoma bendirei 

Toxostoma curvirostre 

Phainopepla nitens 

Lanus ludovicianus 

Sturnus vulgaris 

Dendroica petechia 

Yellow-rumped warbler Dendroica coronata M 

Towndsend's warbler Dendroica townsendi M 

Wilson's warbler Wilsonia pusilla M 

Northern cardinal 

Green-tailed towhee 

Abert's towhee 

Black-throated sparrow 

Brewer's sparrow 

Chipping sparrow 

Lark sparrow 

Cardinalis cardinalis 

Pipilo chlorurus 

Pipilo alberti 

Amphispiza bilineata R 

Spizella breweri M 

Spizella passerina M 

Chondestes grammacus M 



Appendix A. Continued 

Common Name Scientific Name Status 

Lark bunting Calamospiza melanocoiys W 

Lincoln's sparrow Melospiza lincolnii M 

Dark-eyed junco 

White-crowned sparrow 

Junco hyemalis M 

Zonotrichia leucophiys W 

Rufous crowned sparrow Airnophila ruficeps R 

Western meadowlark 

Brewer's blackbird 

Sturnella neglecta , 

Euphagus cyanocephulus 

Great-tailed grackle Quiscalus mexicanus 

Bronzed cowbird Molothrus aeneus 

Brown-headed cowbird 

Hooded oriole 

Scott's oriole 

House finch 

Molothrus ater 

Icterus cucullatus 

Icterus parisorurn M 

Carpodacus mexicanus R 

House sparrow Passer domsticus R 

Reptiles 

Desert tortoise 

Banded gecko 

Earless lizard 

Tree lizard 

Side-blotched lizard 

Zebra-tailed lizard 

Desert spiny lizard 

Western whiptail 

Gila monster 

Western rattlesnake 

Western diamondback rattlesnake 

Western coral snake 

Sonoran lyre snake 

Gopherus agassizi 

Coleonix variegatus 

Cophosaurus texanus 

Urosaurus ornatus 

Uta stansburiana 

Callisaurus draconoides 

Sceloporus magister 

Cnemidophorus tigris 

Heloderma suspectum 

Crotalus viridus 

Crotalus atrox 

Micruroides euiyxanthus 

Trimorphodon biscutatus 
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Common Name Scientific Name Status 

Black-tailed rattlesnake Crotalus molossus 

Tiger rattlesnake Crotalus tigris 

Southwestern black-headed snake Tantilla hobartsmithi 

Night snake Hypsiglena torquata 

Ground snake Sonora semiannulala 

Common kingsnake Lampropeltis getulus . 

Gopher snake Pituophis melanoleucus 

Glossy snake Arizona elegans 

Gila monster Heloderma suspectum 

Gila spotted whiptail Cnemidophorus flageNicaudus 

Western whiptail Cnemidophorus tigris 

Short-horned lizard Phrynosoma douglassii 

Side-blotched lizard Uta stansburiana 

Tree lizard Urosaurus ornatus 

Western collared lizard Crotaphytus collaris 

Desert spiny lizard Sceloporus magister 

Desert Iguana Dipsosaurus dorsalis 

Desert night lizard Xantusia vigilis 

Common Chuckwalla Sauromalus obesus 

Lesser earless lizard Holbrookia maculata 

Zebra-tailed lizard CaNisaurus draconoides 

Sonoran desert toad Bufo alvarius 

Mammals 

Lesser long-nosed bat 

Southern yellow bat 

Leptonycteris curasoae 

Laziurus ega 

Black-tailed hare Lepus calijornicus 

Desert cottontail Sylvilagus audubonii 
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~- 

Common Name Scientific Name Status 

Desert pocket mouse Perognathus peniciuatus 

Mesquite mouse Peromyscus merriami 

Desert kangaroo rat Dipodomys deserti 

Cactus mouse Peromyscus eremicus 

Round-tailed ground squirrel 

Arizona cotton rat 

Spermophilus tereticaudus 

Sigmodon arizonae 

Coyote Canis latrans 

Gray fox 

Bobcat 

Urocyan cinereoargentens 

Felis rufus 

Raccoon Procyon Iotor 

Striped skunk Mephitis mephitis 

Ringtail Bassaricus astutus 

Badger Taxidea taxus 

Note: 
Bird status codes: R = year-round resident, S = summer resident, W = winter visitor, M =migrant, 



APPENDIX B 
ARIZONA NATIVE PLANT LAW 



ARTICLE 1 
ADMINISTRATION 

3-901 . Definitions 
In this chapter, unless the context otherwise requires: 

1. "Associate director" means the associate director of the division. 
2. "Division" means the plant industries division of the Arizona department of 
agriculture. 
3. "State agency" means any agency or political subdivision of the state. 
4. "State land" includes land owned by this state or by a state agency. 

3-902 . Administration and enforcement 
The director shall administer and oversee the enforcement of this chapter. 

3-903 . Protected groua of alants: botanical names govern: categories of protected alants: 
power to add or remove alants: annual hearing 

A. The protected group of native plants shall include, and protected native plants shall 
be, any plant or part of a plant, except, unless otherwise specifically included, its seeds or 
fruit, which is growing wild on state land or public land or on privately owned land 
without being propagated or cultivated by human beings and which is included by the 
director on any of the definitive lists of protected categories of protected native plants 
described in this section. The director by definitive lists may divide any protected 
category into subcategories which are to receive different treatment under the rules 
adopted under this article to conserve or protect such plants. In the preparation of each list 
of plants within a protected category or subcategory the director shall list by botanical 
names all of those protected plants which are to fall within the protection of that category 
or subcategory. The botanical names of the listed plants govern in all cases in the 
interpretation of this article and any rules adopted under this article. 
B. The director shall establish by rule the lists of plants in the following categories of 
protected native plants: 

1.  Highly safeguarded native plants to be afforded the exclusive protections, 
including the use of scientific or threatened collection and salvage permits, 
provided this category in this chapter. This category includes those species of 
native plants and parts of plants, including the seeds and fruit, whose prospects for 
survival in this state are in jeopardy or which are in danger of extinction 
throughout all or a significant portion of their ranges, and those native plants 
which are likely within the foreseeable future to become ieopardized or in danger - a - 
of extinction throughout all or a significant portion of their ranges. This category 
also includes those plants resident to this state and listed as endangered, 
threatened, or category 1 in the federal endangered species act of 1973 (P.L. 93- 
205; 87 Stat. 884; 16 United States Code sections 1531 et seq.), as amended, and 
any regulations adopted under that act. 
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2. Salvage restricted native plants to be afforded the exclusive protections 
involving the use of salvage permits, tags and seals provided in this chapter. This 
category includes those native plants which are not included in the highly 
safeguarded category but are nevertheless subject to a high potential for damage 
by theft or vandalism. 
3. Export restricted plants to be afforded the exclusive protections, involving the 
use of safeguards against their overdepletion through interstate sale or shipment, 
provided in this chapter. This category includes those protected native plants 
which are not included in the highly safeguarded category but are nevertheless 
subject to overdepletion if their exportation from this state is permitted. 
4. Salvage assessed native plants to be afforded the exclusive protections, involving 
the use of salvage tags and seals and annual salvage permits, provided in this chapter. 
This category includes thosenative plants which are not included in either the highly 
safeguarded or salvage restricted categories but nevertheless have a sufficient value 
if salvaged to support the cost of salvage tags and seals. 
5. Harvest restricted native plants to be afforded the exclusive protections involving 
the use of harvest permits and wood receipts provided in this chapter. This category 
includes those native plants which are not included in the highly safeguarded 
category but are subject to excessive harvesting or overcutting because of the 
intrinsic value of their by-products, fiber or woody parts. 

C. The director by rule may add or remove a native plant to or from the protected group or 
any of the categories of protected native plants. 
D. The director shall hold a public hearing on native plants at least every twelve months 
after giving notice as required by section 3-912, subsection B. 

3-904. Destruction of protected plants bv private landowners: notice: exception 
A. Except in an emergency, this chapter does not prevent the destruction ofprotected native - .  

plants or clearing of land or cleaning brremoving protected native plants from acanal, lateral 
ditch, survey line, building site or road or other right-of-way by the owner of the land or the 
owner's agent if: 

1. The land is in private ownership. 
2. The protected native plants are not transported from the land or offered for sale. 
3. The owner or the owner's agent notifies the department pursuant to this section 
of the intended destruction at least: 

(a) Twenty days before the plants are destroyed over an area of less than one 
acre. 
(b) Thirty days before the plants are destroyed over an area of one acre or 
more but less than forty acres. 
(c) Sixty days before the plants are destroyed over an area of forty acres or 
more. 

4. The protected plants are destroyed within one year of the date of destruction 
disclosed in the notice given the department in paragraph 3 of this subsection. 
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B. The notice under subsection A, paragraph 3, subdivision (a) may be oral or written. The 
notice under subsection A, paragraph 3, subdivisions (b) and (c) must be in writing. The 
notice under subsection A, paragraph 3, whether written or oral, shall include: 

1. The name and address of the owner of the land and, if the owner is not a resident 
of this state, the name and address of the owner's agent in this state to be contacted 
regarding the destruction or salvage of the native plants. 
2. The earliest date that destruction of the protected native plants will begin. 
3. A general description of the area in which the protected native plants will be 
destroyed. 
4. Whether the owner intends to allow salvage of the plants to be destroyed. 

C. The director by rule shall: 
1. Prescribe the form and content of the notice which shall be adequate and comply 
with subsection B and shall provide landowners with copies of the notice on request. 
2. Provide for an alternative procedure in cases in which the landowner is not 
required to notify the department in writing. The alternative procedure shall include: 

(a) Oral notification by the landowners to the department. 
(b) Preparation by the department of a written notice form. The department 
shall transmit a confirming copy to the landowner, and the owner may not 
begin destruction of protected native plants until he receives the written 
confirmation and the time prescribed under subsection A, paragraph 3 has 
elapsed. 

D. The written notice form, whether completed by the landowner or the department, shall 
include the following notice in bold-faced type: 

Notice: Consent of the landowner is required before entering any lands 
described in this notice. 

E. Within five working days after receiving the notice required under this section the 
department shall post a copy of the notice in a conspicuous location in the public area of the 
division office that administers the department activities in the county where the land is 
located on which the native plants are to be destroyed. The division shall also mail a copy 
of the notice to any salvage operator or interested party that has requested notice of such 
activities occumng during the current calendar year. The director by rule may establish and 
the associate director shall collect a reasonable fee from those receiving copies of the notice 
to cover the cost of providing this notice. 
F. If the department receives anotice of intended destruction under subsection A, paragraph 
3 and subsequently receives a complete and correct application for a salvage permit executed 
by the owner of the land or his agent for any highly safeguarded or salvage restricted native 
plants intended to be destroyed under the notice, the department shall facilitate the prompt 
salvage of the plants by issuing a permit, and any associated tags and seals, within four 
working days. 
G. The notice requirements of subsection A, paragraph 3 do not apply to the destruction of 

Arizona Native Plant Law 
3 



native plants that occurs in the normal course of mining, commercial farming and stock 
raising operations. 
H. This section does not apply to the destruction of protected native plants on individually 
owned residential property of ten acres or less where initial construction has already 
occurred. 

3-905. Destruction of protected plants bv state 
A. Except in an emergency, if a state agency proposes to remove or destroy protected native 
plants over an area of state land exceeding one-fourth acre, the agency shall notify the 
department in writing as provided in section 3-904 at least sixty days before the plants are 
destroyed, and any such destruction must occur within one year of the date of destruction 
disclosed in the notice. The department shall post and disseminate copies of the notice as 
provided in section 3-904, subsection E. This state and its agencies and political subdivisions 
are exempt from any fees established for salvaged plants. 
B. Ifthe director determines that the proposed action by the state agency may affect a highly 
safeguarded plant, he shall consult with the state agency and other appropriate parties and 
use the best scientific data available to issue a written finding as to whether the proposed 
action would appreciably reduce the likelihood of survival or recovery of the plant taxon in 
this state. If the determination is affirmative, the director shall also specify reasonable, 
prudent and distinct alternatives to the proposed project that can be implemented and are 
consistent with conserving the plant taxon. 
C. The director shall adopt rules for the disposal and salvage of native plants subject to 
removal or destruction by a state agency either under permit to other government agencies 
or nonprofit organizations or sale to the general public or commercial dealers. The 
department may issue permits to donate, sell, salvage or harvest the plants after the it 
ascertains the validity of the request and determines the kinds and approximate number of 
the plants involved. The permit shall specify the number and species of protected native 
plants and the area from which they may be taken. 

3-906 . Collection and salvage of protected plants: procedures. aermits. tags and seals; 

A. Except as provided in this chapter a person shall not take, transport or have in his 
possession any protected native plant taken from the original growing site in this state 
without having in his possession a valid permit issued by the division. The division shall 
issue permits in either aname or business name. A permit to take, transport or possess native 
plants is nontransferable, except that a permittee, by subcontract or otherwise, may allow its 
agents to workunder the pennit if the permittee remains primarily responsible for the actions 
of persons acting under his expressed or implied authority. 
B. Permits applicable to highly safeguarded native plants may be issued only for collection 
for scientific purposes or for the noncommercial salvage of highly safeguarded native plants 
whose existence is threatened by intended destruction, or by their location or by a change in 
land usage, and if the permit may enhance the survival of the affected species. 
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C. Permits issued for the salvage of salvage assessed native plants shall be issued for a 
period of one calendar year without respect to the land from which the plants will later be 
taken. The associated tags and seals shall be issued individually or in bulk on payment of any 
fees required under section 3-913, subsection A, without respect to the specific plants for 
which they will be used. All such tags and seals remain valid for use in subsequent years as 
long as the permit is renewed. 
D. The division shall provide tags and seals for each permit issued for taking, transporting 
or possessing highly safeguarded, salvage restricted or salvaged assessed native plants. The 
director by rule shall establish procedures and forms for permits, tags and seals to be issued 
for the collection and salvage of highly safeguarded native plants and the salvage of salvage 
restricted and salvage assessed native plants. The director by rule may establish and modify 
the form and character of the tags and seals described in this section. All such tags and seals 
shall be attached to the plants at the time of taking and before transporting. It is unlawful to 
remove a tag or seal from a protected native plant that has been taken and tagged pursuant 
to this article before the plant has been transplanted at its designated site. A tag or seal may 
be removed only by a designated agent of the division or by the owner of the plant. 
E. This section does not apply to the transporting of protected native plants by a landowner 
or his agent from one of his properties to another if the plants are not offered for sale. 

3-907. Cutting or removal of hawest restricted plants for their by-products. fiber or wood; 
procedures: exce~tions 

A. The division shall provide harvest or wood permits, and wood receipts with each wood 
permit, authorizing the taking, transporting or possessing of harvest restricted native plants 
cut or removed for manufacturing or processing purposes, for their by-products, fiber or 
wood. It is unlawful for aperson to take, transport or possess such aplant for its by-products, 
fiber or wood if he is not in possession of a permit and any required receipt. A permit or 
receipt is not transferable by the permittee or his agent, nor may it be used by anyone other 
than the person to whom it was issued, except that the permittee shall transfer the receipt to 
the purchaser as proof of ownership of the wood covered by the receipt. 
B. A person in possession of a valid permit for the removal of dead plants, wood, fiber or 
other by-products issued by the United States department of agriculture or the United States 
department of the interior kom lands under the administration of the United States forest 
service or the United States bureau of land management is exempt from the permit required 
by subsection A. 
C. This chapter shall not be construed to prohibit any person from cutting, removing, 
transporting or possessing any harvest restricted native plant or part for manufacturing or 
processing purposes in amounts of one hundred pounds or less, or any such plant or part as 
wood in amounts of two cords or less in quantity from land owned or leased by that person, 
other than state-owned land or other public land, or from land if the owner has given written 
consent to the person to cut, remove, transport or use the plant, or its fiber or wood. 
D. This section does not apply to the use of dead wood for branding fires or at permissible 
camping or cooking sites for camping or cooking fires or cutting, removing, transporting or 
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possessing dead harvest restricted plants or the dead parts from such plants from land owned 
or leased by that person. 

3-908. Prohibited acts: use of permits. taps. seals and reeeiats 
A. Except as provided in this chapter, it is unlawful for a person to destroy, dig up, mutilate, 
collect, cut, harvest or take any living highly safeguarded native plant or the living parts of 
any highly safeguarded native plant, including seeds or fruit, or any other living protected 
native plant or the living parts of any other protected plant, except seeds or fruit, from state 
land or public land without obtaining any required permit, tags, seals or receipts from the 
department, or from private land without obtaining written permission from the landowner, 
and any required permit, tags, seals or receipts from the department. It is unlawful for a 
person to falsify any paper or document issued to give peimission for a person to take native 
plants of the protected group or to take more protected native plants than authorized by the 
permit or to take protected native plants from areas other than authorized by the permit. 
B. Permits issued for the removal ofprotected native plants, or any parts ofprotected native 
plants, except permits issued for the salvage of salvage assessed native plants, shall be 
granted only on submission to the division of an application executed by both the landowner 
or his agent and the party who intends to be the permittee, after being completed by either 
or both, and are valid for a stated period oftime to allow the permittee to remove the specific 
amount ofplants, by-products, fiber or wood stated in the permit, or that period oftime stated 
by the landowner as part of the landowner's permission, whichever is shorter. The permit 
expires on the termination date shown on the permit, when the tags and seals issued with the 
permit have been attached to the plants covered by the permit and the plants are no longer 
in the possession of the permittee or when the receipts have been transferred to the purchaser 
of the wood covered by the receipts. 
C. A permit is valid for taking plants or parts of plants listed on the permit but not removed 
from the land described in the permit until the permit's expiration or for one year from the 
date of issuance, whichever occurs first, except that for any permit the tags and seals, or 
receipts, issued therewith but not yet used by the permittee become invalid if the land on 
which the plants are growing, and described in the permit, changes ownership, unless the 
new owner certifies in writing that the permittee may continue taking the plants or parts of 
plants as specified on the permit. 
D. It is unlawful for a person or scientific or educational institution to misuse a permit in 
any manner. A permittee shall make permits, tags, seals and receipts available for inspection 
by the department or any peace officer as provided for in this chapter. A tag, seal or receipt 
is invalid unless it is issued with a valid permit. A permit is invalid unless it bears the 
required tag numbers or receipt numbers on its face. It is unlawful to alter or deface any 
permit, tag, seal or receipt. 
E. The director may give written permission for a person or a scientific institution to take 
a definite number of specified plants in a protected group from areas specified by the 
department for scientific purposes. In addition the director may give written permission for 
aperson to take specific plants or parts of plants not in the highly safeguarded category from 
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areas specified by the department for salvage or for manufacturing or processing purposes 
or for the cutting or removal of wood and assess reasonable and proper fees for such taking 
of the plants or parts of the plants. The director may give written permission for a landowner 
to transfer specified plants in the protected group from land he owns to another property 
owned by him, and such permits shall be exempt from fees. 

3-909. Shipment of plants: exhibition of permit and certificate of ins~ection to carrier: sale 
of highlv safeguarded plants 

A. No person or common canier may transport a plant, or any part of a plant, belonging to 
the protected group, nor receive or possess a protected native plant for transportation within 
or without this state, except for manufactured wood articles, unless the person offering the 
plant for shipment exhibits to the person or common cirrier a valid written permit for the 
transportation of the plant or part of a plant and has securely and properly attached a valid 
required native plant tag and seal to the plant. If for transport without the state, the plant shall 
also bear a certificate of inspection by the department. All protected native plant species or 
varieties, ifnot grown in Arizona and imported into this state, shall be declared at an Arizona 
agricultural inspection station or a district office of the department and proceed to their 
destination under quarantine orders issued by agents of the department employed at such 
station or office. 
B. Plants of the protected group which are shipped into this state shall be accompanied by 
all permits, tags and seals required by the exporting state or country. 
C. It is unlawful for a person to commercially sell or offer for commercial sale in interstate 
commerce any highly safeguarded native plant or in the course of interstate commercial 
activity to deliver, receive, cany, transport or ship by any means any such plant in 
furtherance of a commercial sale or offer for commercial sale. 
D. The seller of export restricted native plants shall make a good faith effort to sell the 
export restricted native plants within the state prior to export. 

3-910. Compiling information: reports; native plant suwevs: investigations: technical advisorv 
board 

A. At the request of any person, including a state or federal agency, and if the person 
provides the department with a suitable description of the land in question, the director may 
enter into agreements with any such person to conduct native plant surveys on the applicable 
private or state land. Unless the survey is limited to the simple determination ofwhether or 
not protected species exist on the land, the department may collect fees as reimbursement for 
the services which are reasonably based on the time factor, vegetation density and acreage. 
Notwithstanding section 35-148, subsection A, the director shall deposit any monies received 
under this subsection in the fund established under section 3-913. 
B. The director by rule may require written reports Erom persons engaged in salvaging or 
harvesting protected native plants as to the location and quantities of protected native plants 
and their parts which have been salvaged or harvested under this chapter. The director by rule 
may make the filing of these reports a condition to the issuance or renewal of any permits, 
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tags, seals or receipts provided for in this chapter. 
C. The department may conduct investigations of the status of all species of native plants 
in order to develop information relative to population distribution, habitat needs, limiting 
factors and other biological data and to determine measures and requirements, including 
transplantation and propagation, necessary for their conservation or survival. If protected 
native plants or significant communities of such plants are vulnerable to depletion from their 
collection or harvest as a commercial resource, the department may collect statistical 
information and conduct investigations to determine what harvests are sustainable without 
depleting the plants or plant communities or destroying significant habitat provided by such 
plants or plant communities. 
D. The director may appoint, utilize and contract with a technical advisory board to 
annually review the numbers of native plants harvested and salvaged in order to assess 
whether plant species, communities or populations are being depleted, to recommend 
revisions to the orotected categories and to recommend vriorities for additional monitoring - - 
and scientific study. The board shall consist of representatives of the scientific community, 
including the botanical and zoological fields, and representatives from the native plant 
industries, including salvage, revegetation, propagation, landscaping and harvesting 
concerns. 

3-911 . Conservation and aublic education 
A. The department may conserve the highly safeguarded native plants including the use, and 
encouraging the use, of all methods and procedures that are necessary to bring the highly 
safeguarded native plants to the point where they are no longer in need of federal protection 
as endangered or threatened plants or state protection as highly safeguarded native plants. 
These methods and procedures include all activities associated with scientific resource 
management such as research, census, law enforcement, habitat protection and maintenance, 
propagation and transplantation. 
B. The department shall encourage commercial businesses engaged in land development 
or other activities conducted on private land to salvage protected native plants to the greatest 
extent feasible. 
C. The deoartrnent mav oroduce. and collect reasonable fees for. seminars. courses, - .  
pamphlets k d  other educational and publications concerning'the effect, intent and 
interpretation ofthis chapter, the identification, nature or condition ofprotected native vlants - .  

and ;he feasibility and techniques for their conservation and salvage for and 
dissemination to: 

1. State agencies and political subdivisions, including state and local law 
enforcement agencies and counties or municipalities which have enacted or consider 
enacting ordinances preserving protected native plants. 
2. Real estate and other commercial businesses engaged in land development and 
other activities conducted on private land. 
3. Landowners and the public at large. 
4. Persons or entities that are convicted of violating this chapter or rules and 
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ordinances adopted pursuant to this chapter and that are ordered by the court to attend 
educational classes or programs as part of their sentences. 

D. Notwithstanding section 35-148, subsection A, the director shall deposit any monies 
received under this section in the fund established under section 3-913. 

3-912 . Rules: additional notice reauirements 
A. The director shall adopt rules to enforce this chapter pursuant to title 41, chapter 6. 
B. In addition to the notice requirements prescribed in title 41, chapter 6, at least thirty days 
before any hearing at which a new rule or a change in a rule will be considered the 
department shall send a copy of the notice by first class mail to persons or entities requesting 
notice pursuant to section 3-904, subsection E. 

3-913 . Fiscal provisions: fees: Arizona protected native plant fund 
A. The department shall collect nonrefundable fees for issuing permits, tags, seals and 
receipts under this article, except for scientific purposes, from landowners moving protected 
vlants from one of their vroverties to another, or from the independent owner of residential 

A .  

property of ten acres or less if no such plants are to be offered for sale. 
B. The director shall establish the amount of the fee by rule to reasonably reflect the cost 
to the department for administering this chapter or to reflect the value of the service, permit, 
tag, seal or receipt, including at least the following amounts: 

1.  For cereus giganteus (saguaro), at least three dollars for each plant. 
2. For native plants which the director determines to be useful for revegetation and 
which cannot be salvaged economically at a higher fee, at least twenty-five cents per 
plant. 
3. For all other native plants, at least two dollars for each plant. 
4. For all receipts for live harvest restricted native plants cut or removed for wood, 
at least one dollar per cord. 
5. For a permit for the by-products or fiber of harvest restricted native plants, at 
least one dollar per ton. 

C. The Arizona protected native plant fund is established. All fees and other monies 
collected under this chapter except civil penalties assessedpursuant to section 3-933 or 3-934 
shall be transferred to the state treasurer for credit to the fund. The monies deposited with 
the state treasurer constitute a separate and permanent fund for use by the director, subject 
to legislative appropriation, to administer and enforce this chapter. The director shall 
administer the hnd. On notice from the director, the state treasurer shall invest and divest 
monies in the fund as provided by section 35-313 and monies earned from investment shall 
be credited to the fund. 

3-914. Board of supervisors: power to preserve plants 
The board of supervisors of each county is authorized to adopt and enforce ordinances not 
in conflict with law for the preservation of protected groups of plants. 
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3-915. Exem~tions 
A. This chapter does not apply to existing canals, laterals, ditches, electrical transmission 
and distribution facilities, rights-of-way and other facilities, structures or equipment owned, 
operated, used or otherwise possessed by public service corporations and special districts 
established under title 48, chapter 11, 12, 17,18,19,21 or 22. 
B. This chapter does not apply to normal and routine maintenance of improvements which 
may cause the incidental or unavoidable destruction of native plants. 

ARTICLE 2 
ENFORCEMENT 

3-931 . Enforcement Dowers and orocedures 
A. An employee, officer or agent of the department may enter in or on any premises or other 
place, train, vehicle or other means of transportation within or entering this state, if he has 
reason to believe there is present or on such premises or means of transportation a protected 
native plant taken, transported or possessed in violation of this chapter. 
B. A power granted pursuant to this chapter to any person may be exercised by a deputy, 
inspector or agent of the authorized person. A person who is authorized to enforce this 
chapter, including an employee of a state, the United States or an Indian tribe with which 
cooperative agreements have been made by the director, has powers of a peace officer to 
enforce this chapter. It is unlawful to interfere with or hinder the actions of a peace officer 
or an officer or employee of the department in the enforcement of this chapter. 
C. In the enforcement of this chapter, a peace officer or an officer or employee of the 
department may make arrests without warrant for a violation of this chapter which he may 
witness and may confiscate, or seize by the attachment of a "warning hold" notice, any 
protected native plant found without a valid and properly affixed tag and seal when required 
by this chapter, or any plant by-product, fiber or wood from protected native plants found in 
the possession of a person without a valid receipt if a receipt is required under this chapter. 
It is unlawful to move or otherwise handle or dispose of any protected plant or part of a plant 
held under a "warning hold" notice, except with the express written permission of the 
enforcing officer, and for the specified purpose. Plants, by-products, fiber or wood 
confiscated under this subsection, if not released to the person from whom they were seized 
before such time, shall be disposed of by the department or pursuant to court order at the 
conclusion of the proceedings. 
D. Devices, equipment or vehicles used in the illegal taking, transportation, destruction or 
mutilation of protected native plants may be seized by a peace officer or officer of the 
department on a temporary basis, not to exceed one working day, to permit the protected 
native plants or parts of plants involved in the illegal act to be moved to a secure location. 
E. An officer, employee or agent of the department who is duly authorized to enforce this 
chapter, in addition to peace officers, may enforce title 41, chapter 4.1, article 4 and sections 
13-3702 and 13-3702.01. Such an officer, employee or agent may make an arrest without 

Arizona Native Plant Law 
10 



warrant for violations witnessed by the officer, employee or agent and may confiscate 
archaeological and other specimens or objects if unlawfully excavated or collected. 

3-932 . Violation: classification; penalties 
A. A person commits theft of protected native plants if, without the express consent of the 
landowner, the person knowingly removes or destroys any protected native plants from 
private or state land. Theft of protected native plants with a value of: 

1. One thousand five hundred dollars or more is a class 4 felony. 
2. At least seven hundred fifty dollars but less than one thousand five hundred 
dollars is a class 5 felony. 
3. At least five hundred dollars but less than seven hundred fifty dollars is a class 
6 felony. 
4. Less than five hundred dollars is a class 1 misdemeanor. 

B. A knowing violation of this chapter involving either the misuse of permits, tags, seals, 
orreceipts, or the collection, salvage, harvest, transportation or possession ofprotected plants 
without any required permits, tags, seals or receipts is a class 1 misdemeanor. A subsequent 
conviction for a violation of this subsection is a class 6 felony. 
C. All other violations of this chapter are class 3 misdemeanors except that if a prior 
conviction is a class 3 misdemeanor, a subsequent conviction is a class 2 misdemeanor, and 
if a prior conviction is a class 2 misdemeanor, a subsequent conviction is a class 1 
misdemeanor. 
D. From and after June 30, 1990, on conviction of any violation of this chapter the director 
may request of the court that the convicted person, or a responsible person from a convicted 
entity, be ordered to attend educational classes or programs pursuant to section 3-911, 
subsection C. 
E. On conviction of a violation of this chapter, the director may also request of the court as 
a provision of the sentence, the revocation of all permits issued to the person convicted and 
the permittee shall be required to surrender any unused tags or seals or receipts to the 
division, and the division shall not issue new or additional permits to the permittee for a 
period of one year from the date of conviction. The director may further request of the court 
that the sentence include a provision prohibiting a person convicted of a violation of this 
chapter from engaging in the salvage of protected native plants or acting as agent for any 
other permittee for a period of up to one year. In considering any such request to revoke or 
deny permits or prohibit work in salvage or with another permittee the court shall consider: 

1. The nature of the offense. 
2. The nature of any prior convictions. 
3. The overall performance record by the convicted party in terms of its violations 
of this chapter compared to its efforts to salvage native plants as intended by this 
chapter. 

3-933 . Violation: civil aenaltv 
A. The knowing violation of this chapter or a rule, order or ordinance issued or adopted 
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under this chapter is punishable by a civil penalty in an amount of not more than five 
thousand dollars. 
B. The director may bring an action in superior court in the county in which a violation of 
this chapter or any rule or order is alleged to have occurred. On the finding of a knowing 
violation by the defendant in any such action the court may impose the civil penalty provided 
by this section in an amount as it deems appropriate for each violation. 
C. Each day of violation constitutes a separate offense. 
D. All civil penalties assessed pursuant to this section shall be transmitted to the state 
treasurer for deposit in the state general fund. 

3-934. Iniunction; violation; civil ~ e n a l t v  
A. The department's legal counsel, on request of aprivate party or the director, or the county 
attorney of the county in which a violation of this chapter or any rule or order issued or 
adopted under section 3-912 or 3-914 is alleged to have occurred may bring an action in the 
county requesting the court to enjoin or otherwise restrain the defendant from further 
violations of this chapter or the rule or order. If the alleged violation occurs through the 
actions of a state agency, the agency may be made a party defendant. 
B. A person who violates an order or injunction issued by a court of competent jurisdiction 
pursuant to this section, in addition to any other penalty or remedy for contempt of court, 
shall forfeit andpay to this state a civil penalty of not more than ten thousand dollars for each 
violation as the court deems just and proper. For purposes of this section, the superior court 
in the countyissuing any order or injunctionretainsjurisdiction. The attorney general or legal 
counsel for the department acting in the name of this state may petition for recovery of civil 
penalties pursuant to this section. All civil penalties assessed pursuant to this section shall 
be transmitted to the state treasurer for deposit in the state general fund. 
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BALICACEAE Willow Family 
Sol& misonlea ~~ willow 

B. Salvage RestrlcM h M c d  Nattve Plan& 
The following list incluho @ow specie8 of noti* plants lbat a; not iniacded in tho trigtrly afcguacded 
category but are Nbjwt to damage by theft or vaddism. In addition t q k  p l W  Uartd under A g a ~ i l ~ c .  
Cactaceae, Lititmuse, and OrohidrrCebt, aU cahcrlpccies in &CEO kmiities an salvage nstrlaled protcctcd 
native plants. 

AOAVACEAE Agavc Family 
Agave chryscrirtha Pablea 
Agwe derrplf lhgclm. ssp. s l ~ l e r ~ - ~  ag.ve 
Agave m c k e l ~ y o ~  Chby 
Agavepal& Engcba. 
Apavoponyl DPgelm, vu. cweU mlm. ex TmL) K m s y  k Pwbles 
Agavepsryl Engeh. var. huachmmcir (Baku) Little ex L Bensm 

Syn.: Agave hwc- Baker 
Agawparryi Eagelm. va~.parrvf 
Agav~? schonii h g e h  w. ~chottii - W g g a  
Agmre f0KWIey~o Tfel, wp. bella (Bninmg) Oentry 

tOUm&pM Trvl. Wap. lo- 
Agous urahenrtt En&%. w. kalbabensir @fcKdvey) Ckntry 

Sp.: Agave kaWenrLr MoKeW 
Agave ura?msis b g e h  vmr. vkah& 
Lku)#ition w h l q r i  Wh.-Sotel, &$a¶ rpam . 
Nollm bigclon'i ~m.)Wata-Bigslow's wlinr 
Nolinu mlcrocarpa W a - m  SaEahW'sta 
Nolinaparryi Writs,-Pnny'e m h  
Nolina fama WDB. W. wmpaau Clk.1.) Jolmst-Bnncbe 
Y u w  a n g w & ~ h  Engclm. MI. angvstittimcr 
YUCW m g u r ~ h ~ h  Enpk w. h m  ( M c W ~ y ) h d  

Sp.: Yuea k m h &  McKclvey 
Yucca arixonlm McKeksy 
Yucca baccrua TOR. w, bmaa-Banm yucca 
Yucca bacata Tan. w. ywpdnu MoKelvey 
Yuow bailq.'Wo& & S d .  w. i n d a  (M~Kelvoy) Revad 

Syn.: Yuun navqfoa W o b k  



Yuaw bnvifilia lhgdnl. w* bmyolia-lP;Ihli tnc  
Y W  ImvgoIlo EPgeIm. var. J#U&ma Wlvy 
Yucua el@ Ehgelm. w. skrtu-ihpa# ypcco, MmU!a 
Yucca slafa bplm 00. (McKchrcy) Rsvcrl 

Sm: . Yueoa uuhauii MeKclw 
IZlcm rlara Eapkn. vw, wrdiauir (MdleIwy) Revwl 

Syh: h a  wdlmrbMcEchy 
Yucar M n ~ a n U T d  
Y m  achi&era hul . -Mokvo yuoor, Spurtb bgea . 

Yvew rehonll E@m.-U& ywca 
Yvcaa hnbal McRBhby 
YYCCO whfpplel Ton. w. wh&ial& ~ o n f ' a  candle 

Sm.: Yucca nm6cyl McKehny 

CACTACEAE CactucFmily . 
Camugfea gl@w(o.(hrpIm) Bdtt & R w M @ ~  

SYn: ca*u ~~ Enselm. 
%hanth lIll5.r-b (Swea) Britt & Rwr 
C o m l h  rnbsour&& (Sweet) EMU &Rosa w.krmjIoni1 (Clover) L Benson 
Cbrypbnrha clscheen' (Kmtro) I.. Bcnun vrr. @I& (Pagolm.) L 8awn 
C a ~ h m f k  ~tt&Ui/ormir @&$a) W. @I (Ro~o) L, W 
m t h a  m o b N ~ &  (Pwlger) vu. rhobi@wa& 
Cozvpkcnfha v f v m  (Nutt) Brit & Raa vu. olmEm5 (Cwlt) L. BarPon 
C b m t h a  vfulpm (Nu&) Britt & Ram *Y. shonlm GWm- l  W. T. Murh.U 

Syn.: MammU&?La fukwnim Engoha 



Cowhantha vivipom w.) Brit& & R a b  w. bbbawn (Om&) L. Bmm 
Coryphanrha viYIpar (Xu&) BritL &Rose var. dss& Wgelm.) W. I. Mamhdl 

Syn: Momndlkuin drlorrmfha Engcbn. 
Corphonrh vivQma (Nutt.) Ffritt &Rose var. ma (Cloby) L. Bm~an 
Echfitocaetuspdyeeghalw fn+ & B i d .  w.p0&&ak 
Eehfno~cl~rpOIycspMKI EngeIm. & Bigcl. var. xur~hmoidar EngeIm ex Coult 

Syn.: Ecklnocd#ulunarl.ihsnoldPs Enselm. ex CouIt 
F&inocerau engcInmni'ii @any ax J(eIm.) Lanaii vsr, acWrLr L. Benson 
Echlnocarm engeImunnl[ @any exBngsIm) lemnire w. m o t u s  L. Bewon 
Echinocwew engdmandf @my u EngeIm.) Lemaln var. c h t y z o c e ~ w  I.. Bonsoa 
Rcklnocomu e n g a l m d  (Pny ex Ena~la) L~rrmire VP. c n g v h n i i  
EcbInocemu cngdmunnil (Parry) Lunnirc w. vorlepcrmU &&Irp.) m l m .  ax RIirnpler 
E~hinoc- f(uc&uIotw (Engehn a B. D. facbm) L Bmson var. fasoiaulahls 

Sjn.: Echhocw8w~%~&~i (Engcb.) Rompla w. farelculahrr (hgclm. ex B. D. 
Jackm) N. P. Tayla.&hhmwm f d c r l  (engelio) RQtnpler vat. mbIn  L Bcnson; 
MdmmiUario fnroiarLurr Gngslm. 

Echlnocerewjitsctcu&m (EngeIm. ex B. D. J a c k )  L. Benm var. bonkvao ~ r n b c t  & 
Bonka) L. Berwn 

Sya.: Echlrcacunu b o ~ h o m p r o n I i  OmU vw. bonkerao Pablcs; Ecbtnocereus 
fendled (Fagelm.) R b p l a  w. bonkerae CI'homber & Bank) L. B~lscn  

&hfnommu faacykum @npb ex B. D. Jackson) L Bensoaw. b o y c ~ o m p ~ o n i i  (Oreutt) 
L. B s ~ m  

Sya.: Echbumraw boyee.lhsmgsonil O r d  
Eehinae- farllul (engelm.) Rfbnpla var. boyec.fhompsmil (Onott) L. B m m  
Echino~~m fmdleri (EqeIm.) RUnplar w. f i l d  
E c N n o m w  f ~ ( E n g c l r n . )  ROmplez w. redqlnus (Pceblcs) L. Beawn 
Echhuweus l&piiPecblcs 
E c h i n o m  nicholii (L. BRIEOII) Pa&& 

Syn.: Echinocerrau ar-It (Puy ex EnpIm.] Le& var. nnlcAoNl L. Bcnson 
E & i n o m e m p ~ 6 ~ ~  (Schddw.) figelm w. daryacunfhus (EnSelm.) N. P. Taylor 

Syn: &$tin-- (Schddw.) Enpclm. var. t a w n e k u l l ~ ~  (Coult.) L. Benson 
R c h i n ~ e w p d y o ~ k r c  Bugelm. (1848) var.poIy~o~rkur 
~ c - p a ~ d ~ ~ h u  (N. P. 'hylot) N. P. Taylor 

Syu.: Echinocarvr brktoU1 W. T. Mashall vat. pmnrdopecilnarus N .  P. Taylor, 
E c ~ a ~ ~ e w p e d P I M l r  (Scheldw.) FageIm. var.pech'Mhu s a w  Kccuaey and Pccblw, 
A h a  Ron, and L. &nron, lhc Qcti of Arizona aad 'lhc Cacti of the United States 
and Canadr 

W~~G#WIU n'gtdi~sirnus (EngelmJ H~rt .  P, A. Iraage. 
Sp.: i 3 c h - w  (Sehsih.) Ebg8ln1. var. ligiaksimw (Eogalm.) Engolm. 
cx Rbmpl~-Wbaw caatu 

Edrinocwcu~ hfploENdhnu hgch. var. g m a c a n h  B g c h .  & Bigel.)Boiss. 
E c h i ~ ~ e r e ~ 9  Itlglochldlatw Fagoh. var. tneIana~(inthur (Engeh.) L. Benson 

Echfnocumu i ~ l o c h f d l o m  G e h .  var, ~ k a r i 4 m r u p  (~tandl.) Stmdl. ex W. T. Murhall. 
Syn: l M b a a m s  triglofli-Eagehn. v n r . p o & ~ h w  (Ibgclm. 1859 non 1848) 
L. Btnson 



..- - 

~ m a s h r  &omtms ( ~ o u h ) ~  &-bw w. u a ~ r ~ c w m u  
Syo.: N m I I N h  ~ o c u w a  (W) I.. Bcnson w. ascfoconf~~ 

~fnomashu  in f~ i~w (Rugelm) %hid. B Rose 
Sp.; NwIIoydh ii* ~ g o l g . )  L. BQI*m 

BckIaomashu j h o n l i  @my) Bnskr-Bdim uctuD 
S~IL: N m l ~ j a ~ ~ )  L h a m  . 

Epfrhelanfha nlwW @lyplm) W & u  Britt & RW 
' 

F~OODCNI cy1- (6lgeIm.) omm var. d1ndm-BMel cacm 
sya; Fmcnrtw &alu W) Mti & Row w. atanthod& 

Fcmwefu? wI- @a@m.) Omrtt w. earfna&e rynvDodb0h.) N. P. Taylor 
8ya: FQIWC~U taxdunfa (hamh) BM. & Raae \nr. eomwodloe L. &own: 
F n o c a c a u m  (L. Beam) L BdaeDa 

Pernarcnu c y ~ w u (  @gclm.) (houtL w, baauIcl (rggeba) & &avo 
SF.: Fmwaaw a m h a &  (Lawire) Bfi &Rase YP. lmntd him.) Lindrry; 
FcracaUY( Lconul (Eqetm) BritL & Rorc 

Favmdw cmorj+ &nlelm.) Om#-Btml 
Sya: Ferocnhu Wkl BrttL &Rosa 

Fuoci?oIUSwiTIMI (Eageh.) ma. & Rw-Barel bnom 
-haesmu ~&#fi (hpIm.)  B&. & b d d U  
M a W W  g r a h a m l i ~  v m . g r h U  
MommllJavia pahamll Ea@m. w. o l h  (Orcutt) L. Bawm 

SF: MammIIIorla dlvh Om!i 
Mpl~u~I&ria h4ydm'hfahlapC w. licydai 

Sya: M n n r m m  pmvwa E@m. opr. apm @a&.) L Bnrson 
Mommlllada hydalhWh& vsr. ma&ugdlim) L Bcnson 

Syh: ~ o a n d l l m i ~ l ~ ~ n p h n .  YP. rnuedm&dif@bab)L Bmbq M m i l k a  
nacdouplitr(we, 

M ( ~ ~ u ' I k r i o  k y d d  MOhlcapf. v ~ .  melaantha @ngrh) L. B- 
Syo,: M a m m ~ ~ f / c m  Engelm. w. nroSaarprtha (Ewrn.) L. Bcnron 

M a m d h n h  iwacdha ml&m. 
Momml.ihricr icriniaen Brad. 
Mmnmtlbrio m l c r m  E@m. 
MIIAI1AnJlhrkrt-&hph. 
MamrnflMo lhodul Orcutl 
MmmNMa vlddgwa (Ma. &Rose) Mdcku. ' 

Sya.: MmnUlorla omsbo L. Baum 
Mnmmfllmin M#hfIl Eogolm. w. wilimii floumeycx K Schumaan),W. T. MmMl 

Sya: Momrnilkvfo wilcrmrmiToumy 
MmilIarla  wrightil &dm. vn. !wl&Wl 
OpunNa a c a n ~ m  Lingah. & big el.^. arrmlhoaupn-Buc!hn chollr 
OpUntb aa#nthocrypo ~~ & Bigel. w. dolorodrrulr L. Benson 
Op~mlio a- Engeh. 8 Bigel, va. nqlor L Bmon 

Syn.: Opu& aanfhampa Eryoh. &S&d vu. ?mato Peebla 
Opwrllo acanflbmrpo &g&u & Biwl. w. rihadoi OBomber k Bonka) L. Benson 

Syn: O p u n h l r n h a i h n b u i h b a k ~  
QunrIo arbw*Ja Wlm-Pmcil cholla . 



Opuntla h f t a r l c  &g&. & B*l. w. mrrea (BW) W. T. Marshall-Yellow baavatoil 
Syn: bpMlla a- Btxtn 

0punli.a bailoris Engebn. & Bhel, var. l i r u U ~ - B a ~  aclu 
Opvnrfa ~ f l w i s  Engala & Bigcl. vsr. longiareolaIa (Clew & Jotter) L. Benson 
Opuntia barilorlp Engthe & Blgel. vor. hpl.(ud (Coult.) Toumey 
Vpunria b&dovff BgcInr.-Ta&-&ar chollt . 
Opuntia m p i i  bad. 
Opunlla can& GfifBh (0. p h a 8 a ~  Ba~tlm. var. I m L s  X m&r and 0. g[Iwcom 
Oriffithn). 
Opuntla chIoro1lea Pngalm. & Bigel.-Pmake pn'ckty-peur 
Opmtia cfavatu Engclm.-Club chah 
*nth ~ p l t u l  OrimthL 
Opuntia echlnocorpo Engelm. & Bigel-Silver chollp 
Opunria emovi hph-Den1 cholla 

Syn.: Oprtula sranlyl EbpLn. ox B. D. J a c h  Mi. rfanfyi 
OpunNo engdmonnii Srlm-Dyck sx Bagelm vsr. m g s ~ l l - ~ l m e n n ' s  prickly-pear 

Syn: waphaeacan!ha  Enplm. w, dircata ( M t h s )  Benson & W d k i i c n  
Optutia e n g e h d  S h - D y c L  cx Eagclm ~ . J ~ o Y L v ~ ~ M  (L.Bens6n) Aufin $ Pinkam 

Syn.: Op~phaeaanthaEagelm.  w.JWs.uina I, Benson 
Opuntta erinacca Ihgelm. &Bigel. var. ulnaceo-Mobve #loMy-pear 
Opunria &ma Engchn. & Bigel.var. h y s m  (En@. & Bigel.) L. Emson 

Syn.: Opmbfo hysMciw Engclm. & Bigel. 
Opwrricr erinacecr Ergehn &Bid .  var. foaw ( W c b e r ) P ~ b a r p r i c k l y - p c a f  Syn.: 
Opunfh ursina webcr 
Opvnlh errMca Ensla. & Blgel. var. ufalhmrLs @g&.) L. Bmon 

Svn: bnuula rhe&nfha Schum. 

&ttntroXkrv~n&rlr V. R orant p o  SF. 
Syn.: Opuntia b W u  V. 61 K Giant 

opunlia klelnfae DC, w. telmmnllha (Tourney) W. T. Marshall 
Syn.: Opunfia tclmncirba Toumey 

OpunHo humel Rose. 
Sun: Qmda rm&fEngeh ex B. D. Jpckson w. hutzet (Rose) I.. Banon; Opunth 
kwud Rota var. wn$htiana (EM. Barn) Peebles; @untia wighttonu E. M. Bnxter 

Qwuh I@oawlir X-Dernt Chri~tmro W, Pahl choh 
M i a  lirt& (Ebgehn.) Cwkl. vsr. ~ 0 9 ~ 1  (Coult) Benson & Walkington 
Opunllo matrocenfw Engelm.-Purple pricklygerr 

Syn.: C+untk v iokm lkgthn, a B. D. Jaelrsbn vat. mamcentra &gclm.) L. Bcnson; 
Opuntia vlolaceo &gelat. ea B. D. Jaolrsoa m. vwIawa 

Opunria mauvrhka &gelm. var, nacrorhkrr-Plsins pricldy-pear 
Syn.: Opral iap l~CO Rose 

@unIla m a m r h k  EngJm. wr.porlril (Salm-Dyck) L. Benson 
Opunrirr maninlana (L, W n )  Psmtr 



SF.: Opynrro Ilaomlls (Engelm) ChckucII VU. mrtbdma (L. Benroa) L Bewon: 
qp"& IMOOCIMO En+ nr. H a m  L Bwon 

Opunrto nlcblUL Bcnwn-Nlvrfo B- prlclobcpcrr 
O p ~ J u ~ ~ k i i  Omutt 

S y a i  Q m W ~ ~ ~ ~ e l m .  CXB. D. Jdw~vnr.pmtrIVf (Orout!) L, B a o n  
OpmMjxhacan~ha Eng*m w. la& (Coutt) I, Benam 

sya: Qullnu la&¶ Cbllll. 
opunfia-ha Enphr w, m#or Hngdre 

syn.: cawgre&qiiEa* 
PUIOCUUU g~rppli (Eagehp) Bria & Rose w. m w m a r u m r o f  the-Night 
~ - r m a t l u ~ ~ ) B u z b u m L  

Syn.: N . f a  @na&gea) SIOCber-Meion&; Cerw slrlahu BMdegcc: 
Wd& dryl t  (W* PObh 

SdorocouUrpr?~@o~) Clovu & Jotter w. InlwmuUur (Peebles) Woo&uEf& L. Eeisca 
Sp.: Sck- WQlMdIw P& 

Scl~ocaC(IUparu~onu Qawr & Jotkc v.r.por$lonu 
Sya.: Sclemwchr( whfppld (8ogckn. & Bigel.) Brie &Rase var. meus [Clovu) L. 
BoMon 

S d @ c a u w p u b ~  &npIm) L. Pablfs 
Selerocactw apinon0T (hgdm.) W d b .  L Bauon 

Syn: S ~ I ~ ~ p u b i r p l ~ n u  (Bnech) L. B ~ ~ I I  w, sUnJ L. 009~0~ 
Sclwocaeht whipplvi (EI&u. & Biil.) Brit!. &Rose 
h o w m a  b b d  (EngcIm) P. BLRbwm- pipe vnohu 

Syn.: Ckrw IM m; k r n a l r ~ a r ~ t  f h ~ b c r l  CEa8eh) Bdn. & ROK 



CHElYOPODXACEAE QooscfbolFrmily 
AMplex hynrenCryfm (Ton.) W&. 

CRASSULACEAE StmumpFMily 
DudIeya dzoniea (Nut&) Britt. & Rnm 

Syn.: B e M p d w d m f a  NUn ESP. A n i m  (Rose) Clokzy 
Dudley s m a  (M.E. J a w )  Britt 8i ROW) asp. collomiae @OM) Moran 

Syn.: Echewrfa eolIomlw (Root) Kcrmcy & PeebIes 
Grqlopcefum barbmull Rosa 

Syn. bchcvoM bartramit (Rose) K. & P. 
Cmptopotdum barm~mii  W - B h r n ' n  atonem, BYbam'a Iivuforovw 

Syn.: B&mM k?nrpnrll We) Keruncy & Pecblcs 
Gmptopetalwn nu& ( h o )  Roso 

Syn.: Echerta w b y l  (Gncas) Ncla. & Macbr. 
Sedm c o M I U M U .  
Sedum gr&ZIhrii RosO 
Sedm Imrcedohun Tar. 

Syn.: Srdvm #fmpefalurn Pursh 
Sodwn rhodantlum Gray 
Sedum s t d l f o m  Wrtr. 

CROSS08OMATACEAE cmsmama Fomily 
A p d c b k  o h ~ ~ 6 1 u L P  C T. M~m-Chiricbhuarock flower 

PABACEAE Ptm Family [=bpuminassc] 
Asbugalur wrbmL Gray MI. WIU@&WI Kuuney 
Astragulur aenuropFp1a Bameby w. myrlonaphls Bmcby-Cliff milk+=tch 
Arrraealw h w l w  Wan.-Hwb &.velob 
A s n ~ o l w  ni?f&arls Swdasmr-Nudm milk-vetch 
As~rapohw u'phoidac (Baneby) Eunebydladiator &-vetch 
~ e r &  &a& ~&.-~a~ifomir d u d  
Errazurizia rotunduta (WOOL) Baneby 

Syn.: Pawy6lla ratun&ra Woot 
LysUoma mlcrophylla Benth. var. thornberl @nu. & Rose) Issly-Putha bwb 



Syn.: Lysionra &&Brit& & Rnst 
Pmklnsonia acu~ealo t . - J d a m  h 
Piuvdw suplnw W* &RaM 

U C E A E  Lily Fanily 
A111m widmum Hook 
A U i m  blgslovll wa.  
Allturn bIr@rrmn Wau. w.patmuf(WaU.) Oonp. - w: AUkunpoknaiWats 
AUHrm cenunon Roth. W, ruom- (Rydb.) M¶&.-Noddi mion 
AUim cemuum Rdk olt. &hUun CUI. 
Alnum WOtE. vat, 
AUiwggalWlts.w.tau?nm~Jmts 
AlIInm kathll Don 
ANlw mawopadwn Wdb. 
AUiwn m a d m e  WI~ ,  w. drtatwn (Wata.) Drunbsy 
UNum d n u d  W1ta. var. new'auc 

' A l I i u m ~ M 1  W d .  
AlllumpIununeoc Wnts. 
Altivnrhiaamasum Wmt ik Sbd.ltwI: AUkunghnduIasum Link & Olt~scnru  K e ~ m s y  & 
Pcablts 
Andrwtcphlrrm &&hum Wm-MIUy 
Calochoriw diguur (lonos) Qwnbsy 
C o l o c W  aww Wan, 

Sya,: Calochorhu &IU Tm. & Gny var. opau Wats.) Ownbey ' 

C o l ~ j r ~ ~ o s u r  wmistnlrdipp LuRipra , 

Caloebmu gunn&onU Wits, 
Calohmu kmn&dPatavar, hmedyt-Dant maiposs 
Calocbmu hkc&iPorcrr w. nunuit Jwa. 
D i ~ ~ w ~ p v l c h r l l u n  (SJiebi) RoUa m.pmcc@q CrmJ Hwvu 
Dbponm trac&wptw (Wnb.) Bmth k Hook. W. subglabnan kho 
Dlsponun t r a c ~  (Wa) Benth &Hook w. Pachjxarpum 
Echenndia-c~u (Sohulsr & SohuMce) Wen . 

Syn.: AtUhuim tomql B a k  
Eremoatnm a l b a ~ ~ d ~  Jan01 ' 



FAtillmlrr onopurp~arr Nu(f 
HcrperocaNLc undulato Otay-Ajo lily 
Lilirrmpanyi Wak-Laaan lily 
LiIlm wnbeIIatum Pureh 
Mal&emum racenaMn 6.) Link. jrp. rnplukude (Nun.) Ldbnbe 

Syn.: .Smlhiha raemwa (L.) best w. &ltai~yIis  (Nutt.) Wats. 
Malanrhmum racenantm (L.) Link tsg. nuunanan-Fab So~omon's 4 

Syn.: SniWna mcaaara (L..) Dcsf. par. ms+maca; Smlhclna m o m  CL.) Dctf. var. 
cyIindrata F a n  

Mahnlhmuac sIsll0~1 (I,.) Link 
Syn.: snilacina rWI& a M f . - S t a r f l ~ ~  

Mllla biflora Cav.-M8xiioan afar 
Notho~co~dwl te.zawm Jcsrsr 
Polygonatum wbrrnrr (Woot. bc Stmdl.) Gates 
Swqtoprci amplex~olhu (L.) DC.-'IMaed ntdk 
W/ekia lemmo~a (Watr.) Gretpc 
~fe le iops l s  palmmi Wafs.) Hoom 
Vumrvm ml~@miaia hand-Pala hclloborc 
&phpawhw longi/dio Hnu1.-PI& rain lib 
Zlgadenw elegam Pumh-White can~q rfhrt'.(p.rs 
Zigaabw porrlcula~ (Nu(L) W~6.-*d-~m \ 

aigoderuu VUCJCCN (H. B. K) Mach. 

M A L V A ~  Mallow Famib 
Abufilon p&Nf WW.-'&cam ~ m m a U o w  
AbfUfIon dwbar Gray-Baboqulvarl Indian mallow 

ONAGRACEAE Evmin$ Rimreto Family 
C ~ o n i Q  d l &  (Raven) Bawl 

ORCBEDACEAE M d F M i l y  
Calypso bulbosa (L.) Odrm w. me4wwp Br.) Lun 
Cklo@arsum vlrfde Q h k m m  vu, v f t w w u  (MUM.) Lucr 

Syn.: Hob- virlrlir Q R Br. vp: bracteata (MUM.) G n y  
Com?iorh&a maarlata Rat-SpoW cotel root 
Corallorhiu slrioro Lid.-Stxipod caul mot 
Codorhka wkferka31~ Gnnnd-Springaord root 
Epipacii! & ~ J c I (  I h g h  ~~Ho~k-Giwt houobarin~ 
Gwdyea obIw&601& Rat 
abadyera rcperu (L.) R Lir. 
H~dlec!rLP apiara (WIIt)Bkmh&wWd a d  too! 
Lfstera cowlIurloIdrs (Swcrb) Nut-Broableaved hvaybladc 
Malark c o m a  (S. Wa.) Kw(ze 
M a l h  cirrenbmgii (Raichb. f.) Kuntm 
Malmu m c r c r a s ~  (Lunm) K ~ M o u u &  rmlmia 

syn.: MdmLc d e I  L. 0. WilliPmr 
Makub rwvfs (S. Wata) Amos 





ROSACEAW ROK P d l y  
Rwo rrellora Wont.-q, ubyssa A. Phillips Onnd Canyon rose 
Y&uquIIn?a a&Yorn& (Ton.) Saq. rsp. &ma (Stud.) Hew & Hauiokson-Few- 
flowered Arlzoarmaewood 

~ ~ 

Peumon chdd ~ . . ~ e b r  
Pensfenon d & w  N. Holmgrat-Mt. Trumbd b e d t o w e  
Penstanon Ilnarloldu spp. mngdrd 

C Salvage Asrcoscd Protected NItivo ph.b 
lh following list iwluder rhore c p h  o f ~ ~ v a  p h t s  thPc me not inchdcd in eitk the hifly 
safeguarded or salvage ncoiotcd category but have b suiseicnt d u e  if sdvaged to b v p ~ ~ I  thc casl of 
rolvsgc. 

BIGNOEnisCEAE Bignmi Fmnily 
Chil~puis I ~ u A  (Cav.) Sweet var. cmwaFo:osbug-kat.willow 
C%IIopz& linearla (Clv.) Swcct var. pluhmo @ngtlm.) Posbag 

FABACW PraFPmily [ - L e ~ l  
C e r c i d i u m f l o ~  Bmtb.-Bhre palo vnds 
CercWium mfcmpbllun, (Ton.) Row & lolmsr-Foothill pslo verdc 
Olnw t40ba dray-Darat hwood 
PmopLc gland~lara Tar. w. g ~ o s a - X o n y  merquite 

Sn.: P ~ w o p L t i J ~ r a  (Smrtz) DC. vu. ghndulosa (Ton.) CWI. 
Prosoplj gluufukaTan. w. ronqvana (8aooo) M, C Johnst.-Wcskm hmcy mesquite 

Syn.: Pr(htaplsjId~0m (Swartt) DC, vrr. rorropM Bsnson 
Prosopis piWc6ns B'cmrk-Scmwbsan mquitc 
hosoplc velulka WOOL-Veb mequit0 

syn.: mwlr jul(llwa (SWartL) DC. var. ~ I A O  (WOOL) sag. 
Psorolhamnru s p i n m  (Oiny) Bmtby-Smake tne. 

Syn.: D a h  a p h m  Gny 



D. Buvert Reetrlcbd Rotraed Nuhe Phnu 
'Iho following Ust includen tbbse sgteiu of native plants that pc not i c l u b d  in chc highly d c ~ ~ n r d c d  

PABI.cm& Per PPnily 11-1 
O~nsvo tarora Gny-Dc#r m w o a d  
Prosoplr gbnddw Taa. w. g - m  mtrpuida 

SYIL: PrOSopLtfYElllom (Svarlz) Dc. w. g W w 4  (Tar.) Cldl. 
&010p& gfan&&a Ton. va. t m s y o ~  (Bw) M C Johtt-Wwkm bony meequlw 

Syn.: Pmbpi(jd@m (Sanrb) DC. w. lor#pna BasQl 
Rosopirpubucgv BmQ+mwbm m W t c  
Prosopt drrlftuc Woot-Voivctm@ta 

Sm: Ro~opirfulUbr0 (~watz) DC. w: vdulho Wmt) hug. 
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BACKGROUND INFORMATION ON ACOUSTICS 

Sound Terminology 

Sound travels through the air as waves of minute air pressure fluctuations caused by some 
type of vibration. In general, sound waves travel away from the sound source as an expanding 
spherical surface. The energy contained in a sound wave is consequently spread over an increasing 
area as it travels away from the source. This results in a decrease in loudness at greater distances 
from the sound source. The following terms are commonly used in acoustics. 

Decibel 

Sound-level meters measure the pressure fluctuations caused by sound waves. Because of 
the ability of the human ear to respond to a wide dynamic range of sound pressure fluctuations, 
loudness is measured in terms of decibels (dB) on a logarithmic scale. This results in a scale that 
measures pressure fluctuations in a convenient notation and corresponds to our auditory perception 
of increasing loudness. 

A-Weighted Decibels 

Most sounds consist of a broad range of sound frequencies. Because the human ear is not 
equally sensitive to all frequencies, several frequency-weighting schemes have been used to develop 
comuosite decibel scales that a~~roximate  the wavthe human ear resuonds to sound levels. The "A- 
weighted" decibel scale ( d ~ ~ j i ' s  the most wideliused for this purpdse. Typical A-weighted sound 
levels for various types of sound sources are summarized in Figure 1. 

Equivalent Sound Level 

Time-varvine sound levels are often described in terms of an eauivalent constant decibel , "  
level. Equivalent sound levels (L ) are used to develop single-value descriptions of average sound :'' 
exDosure over various veriods of tlme. Such average sound exvosurevalues often include additional - 
weighting factors for annoyance potential attributable to time of day or other considerations. The 
LC, dataused forthese average sound exposure descriptors are generally based on A-weighted sound- 
level measurements. 

Day-Night Average Sound Level 

Average sound exposure over a 24-hour period is often presented as a day-night average 
sound level (L,). L, values are calculated from hourly L,, values, with the L,, values for the 
nighttime period (10:OO p.m.-7:00 a.m.) increased by 10 dB to reflect the greater disturbance 
potential from nighttime noises. 

Community Noise Equivalent Level 
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The community noise equivalent level (CNEL) is also used to characterize average sound 
levels over a24-hourperiod, with weighting factors included for evening and nighttime sound levels. 
L,, values for the evening period (7:OO p.m.-10:OO p.m.) are increased by 5 dB, while L,, values for 
the nighttime period (10:OO p.m.-7:00 a.m.) are increased by 10 dB. For given set of sound 
measurements, the CNEL value will usually be about 1 dB higher than the L, value. In practice, 
CNEL and L, are often used interchangeably. 

Percentile-Exceeded, Maximum, and Minimum Sound Level 

The sound level exceeded during a given percentage of a measurement period is the 
percentile-exceeded sound level (L,). Examples include L,,, L,,, and L,,. L,, is the A-weighted 
sound level that is exceeded 10% of the measurement period, L,, is the level exceeded 50% of the 
period, and so on. L,, is the median sound level measured during the measurement period. bo, the 
sound level exceeded 90% of the time, excludes high localized sound levels produced by nearby 
sources such as single car passages or bird chirps. L,, is often used to represent the background 
sound level. L,, is also used to provide a less conservative assessment of the background sound 
level. 

The maximum sound level (L,,,) and the minimum sound level (L,,,,) are the maximum and 
minimum sound levels respectively, measured during the measurement period. When a sound meter 
is set to the "slow" response setting as is typical for most community noise measurements, the Lmax 
and Lmin values are the maximum and minimum levels measured over a one second period. 

Ambient Sound 

Ambient sound is the all-encompassing sound associated with a given community site, 
usually being a composite of sounds from many sources, near and far, withno particular sound being 
dominant. 

Equivalencies between Various Sound Descriptors 

The L, value at a site calculated from a set of measurements taken over a given 24-hour 
period will be slightly lower than the CNEL value calculated over the same period. Except in 
situations where unusually high evening sound levels occur, the CNEL value will be within 1.5 dB 
of the L, value for the same set of sound measurements. 

The relationship between peak hourly L,, values and associated L, values depends on the 
distribution of traffic over the entire day. There is no precise way to convert a peak hourly L,, value 
to an L, value. However, in urban areas near heavy traffic, the peak hourly L,, value is typically 2-4 
dB lower than the daily L, value. In less heavily developed areas, the peak hourly L, is often equal 
to the daily L, value. For rural areas with little nighttime traffic, the peak hourly L,, value will often 
be 3-4 dB greater than the daily L, value. 
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Carrier deck jet operation 

Civil defense siren (at 100 feet) 

Jet takeoff (at 200 feet) 

Riveting machine (at 1 foot) 
Rock music concert 

Pile driver (at 50 feet) 
Ambulance siren (at 100 feet) 

Heavy truck (at 50 feet) 

Pneumatic drill (at 50 feet) 
Freight train cars (at 50 feet) 

Garbage disposal in home 

Freight train cars (at 100 feet) 
Freeway traffic (at 50 feet) 

Vacuum cleaner (at 10 feet) 

Air conditioning unit (at 20 feet) 

Speech in normal voice (at 15 feet) 

Residence-typical movement of 
people, no TV or radio 

Soft whisper (at 5 feet) 

Recording studio 

Painfully loud 

Threshold of feeling and pain 

Very loud 

Moderately loud 

Quiet 

Threshold of hearing 

'Typical A-weighted sound levels in decibels. "A" weighting approximates the frequency response of the human ear. 

Jones a Stokes Assoc~ates, Inc. Figure 1 
Weighted Sound Levels and Human Response 



Working with Decibel Values 

The nature of the decibel scale is such that the individual sound levels for different sound 
sources cannot be added directly to give the combined sound level of these sources. Two sound 
sources producing equal sound levels at a given location will produce a composite sound level that 
is 3 dB greater than either sound alone. When two sound sources differ by 10 dB, the composite 
sound level will be only 0.4 dB greater than the louder source alone. 

Most people have difficulty distinguishing the louder of two sound sources if they differ by 
less than 1.5-2.0 dB. Research into the human perception of changes in sound level indicates the 
following: 

a 3-dB change is just perceptible, 
a 5-dB change is clearly perceptible, and - . . 

a 10-dB change is perceived as being twice or half as loud. 

A doubling or halving of acoustic energy will change the resulting sound level by 3 dB, 
which corresponds to a change that is just perceptible. In practice, this means that a doubling of 
traffic volume on a roadway, doubling the number of people in a stadium, or doubling the number 
of wind turbines in a wind farm will, as a general rule, only result in a 3-dB, or just perceptible, 
increase in noise. 

Outdoor Sound Propagation 

There are a number of factors that affect how sound propagates outdoors. These factors, 
described by Hoover and Keith (1996), are summarized below. 

Distance Attenuation 

As a general rule, sound from localized or point sound sources spreads out as it travels away 
from the source and the sound level drops at a rate of 6 dB per doubling of distance. If the sound 
source is long in one dimension, such as traffic on a highway or a long train, the sound source is 
considered to be a line source. As a general rule, the sound level from a line source will drop off at 
a rate of 3 dB per doubling of distance. If the intervening ground between the line source and the 
receptor is acoustically "soft" (e.g., ground vegetation, scattered trees, clumps of bushes), an 
attenuation rate of 4.5 dB per doubling of distance is generally used. 

Attenuation from Barriers 

Any solid structure such as a berm, wall, or building that blocks the line of sight between a 
source and receiver serves as a sound bamer and will result in additional sound attenuation. The 
amount of additional attenuation is a function of the difference between the length of the sound path 
over the bamer and the length of the direct line of sight path. Thus, the sound attenuation of a 
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barrier between a source and a receiver that are very far apart will be much less than the attenuation 
that would result if either the source or the receiver is very close to the barrier. 

Molecular Absorption 

Air absorbs sound energy as a function ofthe temperature, humidity of the air, and frequency 
of the sound. Additional sound attenuation on the order of 1 to 2 dB per 1,000 feet can occur. 

Anomalous Excess Attenuation 

Large-scale effects ofwind speed, wind direction, and thermal gradients in the air can cause 
large differences in sound transmission over large distances. These effects when combined result 
in anomalous excess attenuation, which can be applied to'long-term sound-level estimates. 
Additional sound attenuation on the order of about 1 dB per 1,000 feet can occur. 

Other Atmospheric Effects 

Short-term atmospheric effectsrelating to wind and temperature gradients can cause bending 
of sound waves and can influencechanges in sound levels at large distances. These effects can either 
increase or decrease sound levels depending on the orientation of the source and receptor and the 
nature of the wind and temperature gradient. Because these effects are normally short-term, it is 
generally not practical to include them in sound propagation calculations. Understanding these 
effects, however, can help explain variations that occur between calculated and measured sound 
levels. 

Guidelines for Interpreting Sound Levels 

Various federal agencies have developed guidelines for evaluating land use compatibility 
under different sound-level ranges. The following is a summary of federal guidelines. 

The federal Noise Control Act of 1972 (Public Law 92-574) established a requirement that 
all federal agencies administer their programs to promote an environment free of noise that 
jeopardizes public health or welfare. The U.S. Environmental Protection Agency (EPA) was given 
the responsibility for: 

providing information to the public regarding identifiable effects of noise on public 
health or welfare, 

publishing information on the levels of environmental noise that will protect the public 
health and welfare with an adequate margin of safety, 

coordinating federal research and activities related to noise control, and 
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w establishing federal noise emission standards for selected products distributed in 
interstate commerce. 

The federal Noise Control Act also directed that all federal agencies comply with applicable 
federal, state, interstate, and local noise control regulations. 

Although EPA was given major public information and federal agency coordination roles, 
each federal agency retains authority to adopt noise regulations pertaining to agency programs. EPA 
can require other federal agencies to justify their noise regulations in terms of the federal Noise 
Control Act policy requirements. The Occupational Safety and Health Administration retains 
primary authority for setting workplace noise exposure standards. The Federal Aviation 
Administration retains primary jurisdiction over aircraft noise standards, and the Federal Highway 
Administration (FHWA) retains primary jurisdiction over highway noise standards. 

In 1974, in response to the requirements of the federal Noise Control Act, EPA identified 
indoor and outdoor noise limits to protect public health and welfare (communication disruption, 
sleep disturbance, and hearing damage). Outdoor L, limits of 55 dB and indoor L, limits of 45 dB 
are identified as desirable to protect against speech interference and sleep disturbance for residential, 
educational, and healthcare areas. Sound-level criteria to protect against hearing damage in 
commercial and industrial areas are identified as 24-hour L,, values of 70 dB (both outdoors and 
indoors). 

TheFHWA has adovtedcriteria for evaluatingnoise imvacts associatedwith federallv funded - 
highway projects and for determining whether these impacts are sufficient to justify funding noise 
mitigation actions (23 CFR 772). The FHWA noise abatement criteria are based on peak hourly L,. - - .Y 

sound levels, not L,, or 24- hour'^,, values. The peak 1-hour L, criteria for residential, educational, 
and healthcare facilities are 67 dB outdoors and 52 dB indoors. The peak 1-hour L,, criterion for 
commercial and industrial areas is 72 dB (outdoors). 

The U.S. Department of Housing and Urban Development has established guidelines for 
evaluating noise impacts on residential projects seeking financial support under various grant 
programs (44 FR 135:40860-40866, January 23,1979). Sites are generally considered acceptable 
for residential use if they are exposed to outdoor L, values of 65 dB or less. Sites are considered 
"normally unacceptable" if they are exposed to outdoor L, values of 65-75 dB. Sites are considered 
unacceptable if they are exposed to outdoor L, values above 75 dB. 

Reference 

Hoover, R. M., and R. H. Keith. 1996. Noise control for buildings and manufacturing plants. 
Hoover and Keith, Inc. Houston, TX. 
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SITE ASSESSMENT - SPECIAL REPORT 

Site Distribution Summary 

Agency I Database - Type of  Records 

PROPERTY 
INFORMATION 

Project NamelRef #: Not Provided 
FEMAAO ZONES 
SCOTTSDALE 
PHOENIX. AZ 85037 
LatiludelLonqitude: (33.706303. 11 1.950224 ) 

within 1 . 1/8 
mile 

CLIENT 
INFORMATION 

GEORGE FlTZPATRlCK 
KEA ENVIRONMENTAL 
350 SOUTH GRAND AVENUE 
SUITE 3420 - A  
LOS ANGELES, CA 90071 

- .  . . 

A) Databases searched to  1 mile: 

0) Databases searched l o  112 mile: 

US EPA NPL National Priority List 
US EPA CORRACTS RCRA Corrective Actions 
STATE SPL State equivalent priority list 

0 
0 
0 

118 10 
1/4mile 

I I I I 
C) Databases searched to  114 mile: 

US EPA RCRA-TSD RCRA permitted treatment, storage, disposal 
facilities 

STATE SCL State equivalent CERCLIS list 
US EPA CERCLISI Sites under review by US EPA 

NFRAP 
STATE1 LUST Leaking Underground Storage Tanks 
REGICO 
STATE1 SWLF Solid waste landfills, incinerators, or transfer 
REGICO stations 

W 10 
1Emile 

1/2 10 
1 mile 

0 
0 

0 

4 

0 

STATE1 UST Registered underground storage tanks 
co 

D) Databases searched to  118 mile: 

UhWATlON OF UABIUTV 
Customer proceeds a1 its own risk in chwsing to rely on VISTA r e ~ i c e r ,  In whole or in part prior to proceeding with any uansaction. VISTA cannot be an insurer of 
the accuracy or the information, errors occurring in conversion of data, or for customer's use of data. VISTA and its allilialed compnies, ollicers, agents, employees 
and indepndentcontraclorr cannot be held liable lor accuracy, storage, delivery, loss or expense suffered by customer resulting direcuy or indirecUy f rm any 

US EPA GNRTR RCRA registered small or large generators of 
hazardous waste 

US EPAl SPILLS ERNS and state spills lists 
STATE 

For more information call VISTA Information Solutions. Inc. at 1 - 800 - 767 - 0403. 
Report ID: 245398-001 
"emion26 

Date of Report: May 6. 1999 
Page l l  

0 
0 

0 

1 

0 

12 

6 

5 .  

0 
0 

0 

2 

0 

1 



SITE ASSESSMENT - SPECIAL REPORT 

Overview Map 

- -: - --- ,,. -. 
Rlsk Sites Plotted 

Search Area as Polygons 
C/2 

I \/\ Highways and Major Roads I 

I I I 
For More Information Call VISTA Information Solutions, Inc. at 1 - 800 - 767 - 0403 
Report ID: 245398001 Date of R e ~ o r t :  Mav 6.1999 

.. ....,.. ..'..... Rivers or Water Bodies 

? .  
Page #2 

Categories correspond to database searches described in 
the Site Distribution Summary, beginning on Page #I. 



SITE ASSESSMENT - SPECIAL REPORT 

Detail Map I 

Categories correspond to database searches described in 
the Site Distribution Summary, beginning on Page #I 

For More lnforrnation Call VISTA Information Solutions, Inc. at 1 - 800 - 767 - 0403 
Report ID: 245398001 Date of Report: May 6, 1999 

Page #3a 



SITE ASSESSMENT - SPECIAL REPORT 

1 v q I  Detail Map 2 

Subject Category: 
Centerline 

A 

a .  
-. @ Single Sites 

Search Area 
+ 

- ,  Multiple Sites 

Risk Sites Plotted 
as Polygons - Highways and Major Roads 

'-,,'-, Roads 
. . >, * . Categories correspond to database searches described in 

.. .... Railroads 
'.. _... the Site Distribution Summary, beginning on Page #I. 

' '  Rivers or Water Bodies 
8 ' Utilities 

For More Information Call VISTA Information Solutions, Inc. at 1 - 800 - 767 - 0403 
Report ID: 245398001 Date o f  Report: May 6, 1999 

Page #3b 



= 
- - -. - . - . 

Detail Map 5 

Categories correspond to database searches described in 
the Site Distribution Summary, beginning on Page #I 

Reporl ID: 245398001 Date of Report: May 6, 1999 
Page #3e 



SITE ASSESSMENT - SPECIAL REPORT 

Detail Map 6 



SITE ASSESSMENT - SPECIAL REPORT 

Detail Map 7 

Subject Category: B C D Risk Sites Plotted 
as Polygons 

Single Sites 
Search Area 0 

Multiple Sites - 
\/\ Highways and Major Roads 

Roads 
Categories correspond to database searches described in 

Railroads .....___..~.... the Site Distribution Summary, beginning on Page #I. '. Rivers or Water Bodies 
' . ' Utilities 

I I I 
For More Information Call VISTA Information Solutions, Inc. at 1 - 800 - 767 - 0403 
Report ID: 245398001 Date of Report: May 6,1999 . . 

Page #3g 



SITE ASSESSMENT - SPECIAL REPORT 1 
.'v Detail Map 8 



SITE ASSESSMENT - SPECIAL REPORT 

Detail Map 9 

Roads 
., _ 

.._ _..'... '" Railroads 
..__. '. Rivers or Water Bodies 

A Utilities 

Categories correspond to database searches described in 
the Site Distribution Summary, beginning on Page #I. 

For More lnformation Call VISTA lnformation Solutions, Inc. at 1 - 800 - 767 - 0403 
Report ID: 245398001 Date of Report: May 6, 1999 

Page #3i 



SlTE ASSESSMENT - SPECIAL REPORT 

An 'X' meets search criteria; a dot exceeds search criteria. 
For more information call VISTA Information Solutions. InC. at 1 - 800.767 - 0403. 
Report ID: 245398.001 Date of Report: May 6, 1999 
V e ~ t o o  2.6 Page l 4  

SlTE INVENTORY 

WSTA 10 
DISTANCE 

DIRECTION 
1832473 
000Ml 

NA 

8470891 
000 Mi 

NA 

7217514 
0.00 MI 

NA 

7026722 

715334 
DO0 MI 

NA 

11644448 
000 MI 

NA 

717021 
DOOM1 

NA 

1832058 
0.00 MI 

NA 

2912243 
0.OOMI 

NA 

11644447 
0.00 MI 

NA 

1832412 
0.00 Mi 

NA 

C 

X 

X 

X 

X 

X 

X 

- 
D 

E 
I- 

X 

X 

X 

V) 
d 

X 

X 

X 

X 

X 

A 

V) 

!3 
MAP 
ID 

1 

2 

2 

2 

2 

3 

4 

5 

6 

7 

8 

9 

9 

B 

3 
z 2 

2 E d a d k 2 G 5 + = d  
a 0 n w o u a Z V ) z L  z o m + m o d V ) a O V )  

PROPERTY AND THE ADJACENT AREA 
(within 118 mile) 

TOM CHAUNCEY 
18000 N SCOTTSDALE RD 
PHOENIX. AZ 85024 
OBYASHI 
19801 N. TATUM BLVD 
PHOENIX, AZ 85024 
SUMITOMO SlTlX INC 
19801 NORTH TATUM BLVD 
PHOENIX. AZ 85024 
ClTlX 
19801 N. TATUM BLVD 
PHOENIX. AZ 85024 
SlTlX OF PHOENIX INC 
19801 N TATUM BLVD 
PHOENIX, AZ 85024 
ATKO BUlLDlNG MATERIALS INC 
22255 N SCOTTSDALE RD 
PHOENIX. AZ 85024 
PINNACLE PEAK GENERAL STORE 
8711 E PINNACLE PEAK RD 
SCOTTSDALE. AZ 85255 
CAMEO CLEANERS 
8936 E PINNACLE PEAK RD H4 
SCOTTSDALE, AZ 85255 
PARADISE VALLEY PINNACLE #I43142 
8700 E PINNACLE PEAK RD 
SCOTTSDALE, AZ 85255 
GIANT SERVICE STATION #32 
23609 N SCOTTSDALE 
SCOTTSDALE, AZ 85255 
COMET ONE HOUR CLEANERS 
23425 N SCOTTSDALE RD BLDG A13 
SCOTTSDALE. A2 85255 
SCOTTSDALE WELL SlTE 42 A B 
26602 N PlMA RD 
SCOTTSDALE, AZ 85255 
SCOTTSDALE WELL SlTE 42 A B 
26602 N PlMA RD 
SCOTTSDALE, AZ 85255 

X 

X 

X 



(within 118 mile) 

SITES IN THE SURROUNDING AREA 
(within 118 - 114 mile) 

An X' meets search criteria; a dot exceeds search criteria. 
For more ~nformation call VISTA Information Solutions, Inc. at 1 - 800 - 767 - 0403. 
Report ID: 245398.001 Date of Report: May 6,1999 
version 2.6 Page Y5 1 



An X' meets search criteria; a dot exceeds search criteria. 
For more information call VISTA Information Solutions, I ~ c .  at 1 .800.767 - 0403. 

I Report ID: 245398-001 Date of Report: May 6,1999 
Version 2 6  Page 66 

VISTA ID 
DISTANCE 

DIRECllON 
716899 
0 28 MI 

s 

73905 
033MI 

N 

MSTA ID 
DISTANCE 

DlRECnON 

No Records Found 

SITES IN THE SURROUNDING AREA 
MAP (within 112 - 1 mile) 3 

ID 
awl 

C 

* *  

C 

SITES IN THE SURROUNDING AREA 
MAP (within 114 - 112 mile) 

ID 

BELL RD SCOTTSDALE RD 
20 7102 E BELL RD 

SCOTTSDALE, AZ 85254 
CAVE CREEK SCHOOL DlST 93 

21 33606 N 60TH ST 
CAVE CREEK, AZ 85331 

A 

A 

6 D 

2 
5 

d a A a d % % y t - z d  e ~ a e g % z E % % a  
E 

X 

x 

wl 

6 D 



A B C D 

UNMAPPED SITES 3 
u 

VISTA ID 

No Records Found 

Report ID: 245398.001 
verrion 26 

ogle of Repod: May 6,1999 
Page t 7  



SITE ASSESSMENT - SPECIAL REPORT 

DETAILS 

- .  
Spill Date Time: 
Case Number: 
Spill Location: 
Discharger Name: 
Discharger Org: 
Material S~illed: 

i I 

MARCH 14.2000 03:lS:OOPM 

380280 

19801 N. TATUMBLVD 

OBYASHI 

OBYASHI 

HYDROFLUORlCAClD/49%. 300.00 (GAL) 

VISTA 
Address': 

I ~aterwav'~ffected: CONCRETE 1 

PROPERTY AND THE ADJACENT AREA (within 118 mile) 

I Agency Address: SAME AS ABOVE 

VISTA ID#: 
DistancelDirection: 
Ploned as: 

Aqency ID: 

OBYASHI 
19801 N. TATUM BLVD 
PHOENIX, AZ 85024 

, 
Fields Not Reported: source ~gency. D~scharger Phone 

Air Release: Land Release: Water Release: Ground Release: Facility Release: Other Release: 
NO NO NO NO NO NO 

LERNS - Emergency Response Notification System I SRW 5598 1 Aqency ID: / 380280 
I Aoencv Address: SAMEASABOVE 

8470891 
0.00 MI I NA 
Point 

380280 I ERNS - Emergency Response Notification System I SRW 5598 

" 
Spill Date Time: MARCH 14,zooo O~:~S:OOPM 

Case Number: 380280 

Spill Location: 19801 N. TATUMBLVD 

Discharger Name: OBYASHI 

Discharger Org: OBYASHI 

Material Spilled: HYOROFLUORlCAClD/49%, 300.00 (GAL) 

Waterway Affected: CONCRETE 

Fields Not Reported: Source Agency. Discharger Phone 

Air Release: Land Release: Water Release: Ground Release: Facility Release: Other Release: 
NO NO NO NO NO NO 

1832473 
0.00 MI I NA 
Point 

0-001027 

'VISTA address includes enhanced city and ZIP. 
For more information call VISTA Information Solutions. Inc, at 1 - 800 - 767 - 0403. 

Agency Address: TOM CHAUNCEY 
18000 N SCOTTSDALERD 
SCOTTSDALE A2 85255 

Underground Tanks: I 

Aboveground Tanks: NOT REPORTED 

Tanks Removed: I - 
Tank ID: 1.000 Tank Status: REMOVED 

Tank Contents: GASOLINE (UNSPECIFIED) Leak Monitoring: 
Tank Age: NO1 REPORTED Tank Piping: UNKNOWN 

Tank Size (Units): 1000 (GALLONS) Tank Material: NOTAVAIUBLE 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

Aqencv ID: 

VISTA 
Address': 

Report ID: 245398-001 
Version 2 6  

TOM CHAUNCEY 
18000 N SCOllSDALE RD 
PHOENIX, AZ 85024 

Date of Report: May 6,1999 Page #a 

STATE UST . State Underground Storage Tank I SRCl4534 

- 
Map ID 

- 
Map ID 



PROPERTY AND THE ADJACENT AREA (within 118 mile) CONT. 
-- 

ERNS - Emergency Response Notification System I SRW 5598 I Aqency ID: 1380280 
Agency Address: SAME AS ABOVE 

Spill Date Time: MARCH 14,2000 O J : ~ ~ : O O P M  

Discharger Name: 
Discharger Org: 
Material Spilled: 
Waterwav Affected: 

380280 

19801 N. TATUMBLVD 

OBYASHI 

OBYASHI 

HYOROFLUORICACID/4~%, 300.00 (GAL) 

CONCRETE 

Fields N ~ I  Reported: Source Agency. Discharger Phone 

Air Release: Land Release: Water Release: Ground Release: Facility Release: Other Release: 
NO NO NO NO NO NO 

Fields ~ o t  Reported: s o u r n  Agency. Discharger Phone 

Air Release: Land Release: Water Release: Ground Release: Facilitv Release: Other Release: 
NO NO NO NO NO NO 

I State Spills I SRW 5770 I EPAlAqencv ID: 1 NIA 
Agency Address: SITIXSUMITOMO OFPHOENIX 

19801 N. TATUMBLM) 
PHOENIX AZ 

Spill ID#: 98.062.8 

Spill Date: 06rn21g8 

Spiller Company: SITIXSUMITOMO OF PHOENIX 

Substance: HYOROGENSULFIOE 

Spill Cause: RELEASE 

r 

PHOENIX. AZ 
Spill IDt: g ~ o 8 8 . c  

Spill Date: 0 3 ~ 1 / 9 8  

Spiller Company: SIXSUMITOMO OFPHOENIX 

Substance: NITRIC ACETIC ACID ETC 

Spill Cause: RELEASE 

Spill Source: UNKNOWN 

Comments: P R O P E R N M G :  PRIVATEREPORTASSIST. REPURT 

7217514 
0.00 MI I NA 
Point 

- 
Map I0 

~ERNS - Emerqency Response Notification System1 SRW 5598 Aqency ID: 442718 
Agency Address: W E  AS ABOVE 

Spill Date Time: MARCH31, ZWLl O4:OO:W PM 

Case Number: 442718 

Spill Location: rg801 NORTH TATUMBLVD 

Discharger Name: SUMITOMO s l n x  INC 

Discharger Org: SUMITOMO SITIXINC 

Material Spilled: ACETIC ACID, 0.00 (UNV 

Waterway Affected: SEWERSYSTEM 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

VISTA 
Address': 

'VISTA address includes enhanced city and ZIP. 
For more information call VISTA Information Solutions, Inc. at 1 -800 - 767 -0403. 
Report ID: 245398.001 Date of Report: May 6,1999 
Venmn 2.6 Page l o  

SUMITOMO SlTlX INC 
19801 NORTH TATUM BLVD 
PHOENIX, AZ 85024 



PROPERTY AND THE ADJACENT AREA (within 118 mile) CONT. 

lstate Spills I SRCU 5770 I EPAlAgency ID: I NIA 1 Agency Address: SlTMSUMlTOMO OFPHOENIX 
19801 N. TATUMBLVD. 
PHOENIX AZ 
98.118-D 

Spill Date: 03/16/98 

Spiller Company: SITIX SUMITOMO OF PHOENIX 

Substance: ALKANOMNE 

Spill Cause: RELEASE 

Spill Source: TRUCK 

Comments: PRoPERTYMGMT: PRIVATEREPORTASSIST: REPORT 

[state Spills I SRC# 5770 I EPAlAqency ID: I N/A 
Agency Address: SlTlXSUMlTOMO 

19801 N TATUMBLVD. 
PHOENIX A2 

Spill ID#: 99.057.~ 

Spill Date: 1~104198 

Spiller Company: SITIXSUMITOMO 

Substance: SODIUMHYDROXIDE 

Spill Cause: RELEASE 

Spill Source: TRUCK 

Comments: PROPFRNMGME PRIVATEREPORT ASSIST REPORT 

[state Spills I SRCU 5770 I EPAlAqency ID: 1 N ~ A  
Agency Address: SlTlXSUMlTOMO 

19801 NO. TATUM BL VD. 
PHOENIX A2 

Spill Date: 03114187 

Spiller Company: SlTlXSUMITOMO 

Substance: NITRIC HYDROFLURIC ACID 

Spill Cause: RELEASE 

Spill source: PIPELINE 

Comments: PROPERNMGMT. PRIVATEREPORTASSISP REPORT 

I Stale Spills I SRCU 5770 I EPAlAqency ID: 1 NlA 
Agency Address: SITIXSUMITOMO 

19801 NO. TATUMELW. 
PHOENIX A2 
97.029-E 

Spill Date: 03/19/91 

Spiller Company: SITIXSUMITOMO - 

Substance: SODIUMHYDROXIDE 

SD~N Cause: RELEASE 

Spill Dale: 06/061g7 

Spiller Company: SITIXSUMITOMO OF PHOENIX 

Substance: UNKNOWN (AIR RELEASW 

I 

'VISTA address includes enhanced city and ZIP. 
For more information call VISTA Information Solutions. Inc. at 1 - 800 - 767.0403. 
Repon ID: 245398.001 Date of Repon: May 6,1999 
Venion 2 6  Page # l o  

Spill Source: LINE 

Cleanup Start Date: 03/zo/g7 

Comments: PROPERNMGMT: PRIVATEREPORTASS1ST:ASSIST 

Stale Spills I SRC# 5770 I EPAlAqency ID: 1 NIA 
Agency Address: SITIXSUMITOMO OF PHOENIX 

19801 NO. TATUMBLVD. 
PHOENIX, A2 

Soill ID#: 97.064.~ 



PROPERTY AND THE ADJACENT AREA (within 118 mile) CONT. 1 
Spill Cause: RELEASE 

Spill Source: STACK 

Comments: PRWERTYMGMT PRIVATEREPORTASSISP REPORT 

Spill Date Time: APRIL 12.2000 08:40:ooAM 

Case Number: 383437 

Spill Location: 19801 N TATUMBLVO 

Discharger Name: CITIX 

Discharger Org: CITIX 

Material Spilled: HYDROFLUORIC ACID. 500.m (18~1 

Material Spilled: ,85.W (ACJ 

Waterway Affected: ASPHALT 

Fields Not Reported: swne Agencu, Discharger Phone 

Air Release: Land Release: Water Release: Ground Release: Facility Release: Other Release: 
NO NO NO NO NO NO 

CERNS - Emergency Response Notification System I SRW 5598 I Agency ID: 1383437 
Agency Address: SAME AS ABOVE 

Spill Date Time: APRIL 12.2000 O~ :~O:OOAM 

Case Number: 383437 

Spill Location: 1g801 N. TATUMBLVD 

Discharger Name: c l n x  

Discharger Org: CITIX 

Material Spilled: HYDROFLUORICACID, 500.m (LBSJ 

Material Spilled: ,85.w (ACI 

Waterway Affected: ASPHALT 

VISTA 
Address': 

Fields ~ o t  Reported: Source Agency, Obcharger Phone 

Air Release: Land Release: Water Release: Ground Release: Facility Release: Other Release: 
NO NO NO NO NO NO 

ERNS - Emergency Response Notilicalion System I SRW 5598 1Aqency ID: 1383437 
Agency Address: SAMEASABOVE 

spill h t e  Time: 
Case Number: 
Spill Location: 
Discharger Name: 
Discharger Org: 
Material Spilled: 
Material Spilled: 
Waterway Affected: 

CmX 
19801 N. TATUM BLVD 
PHOENIX, AZ 85024 

APRIL 12,2000 08:4O:OOAM 

383437 

1980IN. TATUMBLVO 

c1nx 

ClTlX 

HYDROFLUORIC ACID, M0,W (LBSJ 

.85.00 (ACl 

ASPHALT 

[ERNS - Emergency Response Notification System I SRW 5598 

Fields NOI Reported: Source Agency. Discharger Phone 

Air Release: Land Release: Water Release: Ground Release: Facilitv Release: Other Release: 
NO NO NO NO NO NO 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

I 
1 

Map ID 

E 
21 a 
I 
0 
I 
I 
I 
d 
I 
1 
1 
I 
I 

)Agency Address: SAME AS ABOVE 

7026722 
0.00 MI I NA 
Point 

Aqency ID: 

'VISTA address includes enhanced city and ZIP. 
For more information call VISTA Information Solutl~nS, Inc. at 1 800.767 .0403. 
Report ID: 245398-001 Date of Report: May 6,1999 
Veston 2 6 Page 111 

383437 



PROPERTY AND THE ADJACENT AREA (within 118 mile) CONT. 

19801 NO. TATUMBLVD. 
PHOENIX. AZ 
97-028-0 

PHOENIX A2 
98-006-0 

Spill Source: UNKNOWN 

Comments: PROPERTY MGm: PRIVATEREPORTASSIST: REPORT 

VISTA ATKO BUILDING MATERIALS INC VISTA ID#: 711581 

Address': 22255 N SCOTTSDALE RD DistanceIDirection: 0.00 MI I NA 

PHOENIX, AZ 85024 Plotted as: Point 
I STATE UST - State Underqround Storage Tank I SRC# 4534 Agency ID: 0-002651 

Agency Address: ATKDBUILDINGMATERIALSINC 
22255 N SCOTrSDALE RD 
SCOTTSDALE. A1 85255 

Underground Tanks: 2 

Aboveground Tanks: NOT REPORTED 

Tanks Removed: 2 

Tank ID: 1 . 0 0 ~  Tank Status: REMOVED 

Tank Contenls: DIESEL Leak Monitoring: 
Tank Age: NOTREPORTED Tank Piping: GALVANIZED STEEL 

Tank Size (Units): l o r n  (GALLONS) Tank Material: NOTAVAILABLE 

Tank ID: zmu Tank Status: REMOVED 

Tank Contents: GASOLINE (UNSPECIFIED) Leak Monitoring: 
Tank Age: NOT REPORTED Tank Piping: GAL VANIED STEEL 

Tank Size (Units): 10000 (GALLONS) Tank Material: NOT AVAILABLE 

'VISTA address includes enhanced city and ZIP. 
For more information call VISTA Informalion Solutions, Inc. at 1 - 800 - 767.0403. 
Report ID: 245398.001 Date of Report: May 6,1999 
Vers!on 2.6 Page a12 

Map ID 

2 

Map ID 



PROPERTY AND THE ADJACENT AREA (within 118 mile) CONT. 

[STATE LUST. State Leakinq Underground Storage Tank I SRW 5646 I EPAlAqency ID: 1 NlA 
Agency Address: ATKO BUILDING MATERIALS INC 

22255 N SCOTSOALE RD 
SCOTISDALE, ME5255 

Facility ID: 0.002651 

Leak ID#: 2143.01 

Leak Date: 12/09/1992 

Case Closed Date: 02/02/1993 

Remediation Status: CLOSED 

Priority: 5 

Description I Comment: PRIORIN: CLOSED LUST SOIL CASE 

Description I Comment: 0WNERADDRESS:ATKO BUILDING MATERIALS INC. 22255NSCOTSDALE RD. SCOTISDALE. M, 
85255 

Description I Comment: FACILITY COUNN: WRICOPA 

Tank Contents: DIESEL Leak Monitoring: 
Tank Age: NOTREPORTED Tank Piping: GALVANIZED STEEL 

Tank Size (Units): swo (GALLONS] Tank Material: NOTAVAILABLE 

Tank ID: 3 . 0 0 ~  Tank Staas: OUT OFSERVICE 

Tank Contents: GASOLINE (UNSPECIFIEW Leak Monitoring: 
Tank Age: NOTREPORTED Tank Piping: GALVANIZED STEEL 

Tank Size (Units): 5 m  (GALLONS1 Tank Material: NOTAVAILABLE 

Tank ID: 4oou Tank Slatus: ACTIVENNSERVICE 

Tank Contents: GASOLINE (UNSPECIFIED] Leak Monitoring: MONITOR PRESENT 

Tank Age: 8 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): IWOO (GALLONS) Tank Material: NOT AVAILABLE 

Tank ID: 5 . 0 0 ~  Tank Slatus: ACTIVEIIN SERVICE 

Tank Contents: GASOLINE (UNSPECIFIEOI Leak Monitoring: MONITOR PRESENT 

Tank Age: 8 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): IWW (GALLONS1 Tank Material: NOTAVAILABLE 

Tank ID: 6.090 Tank Status: ACTIVENIYSERVICE 

Tank Contents: GASOLINE (UNSPECIFIED) Leak Monitoring: MONITORPRESENT 

Tank Age: l o  Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): IOOOO (GALLONS] Tank Material: NOT AVAILABLE 

Tank ID: 7 . ~ 0 ~  Tank Slatus: ACTIVEIINSERVICE 

Tank Contents: DIESEL Leak Monitoring: MONITOR PRESENT 

Tank Age: 18 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): IW (GALLONS] Tank Material: NOT AVAILABLE 

Map ID -4 715334 
0.00 MI I NA 
Point 

'VISTA address includes enhanced city and ZIP. 
For more lnformat~on call VISTA lnformatlon Solullons, lnc at 1 - 800 - 767 - 0403. 
Report ID 245398.001 Date of Report May 6,1999 
Version 2 6 Page t l 3  I 

VISTA ID%: 
DistancelDirection: 
Ploned as: 

VISTA 
Address': 

PINNACLE PEAK GENERAL STORE 
8711 E PINNACLE PEAK RD 
SCOTTSDALE, AZ 85255 

I 
Agency Address: SAME AS ABOVE 

Underground Tanks: 7 

Aboveground Tanks: NOTREPORTED 

Tanks Removed: NOT REPORTED 

Tank ID: 1 . 0 0 ~  Tank Status: OUT OF SERVICE 

Tank Contents: GASOLINE lllNSPEClFlEDl Leak Monitoring: 
Tank Age: NOT REPORTED Tank Piping: GALVANIZED STEEL 

Tank Size (Units): 5000 (GALLONS] Tank Material: NOTAVAILABLE 

Tank ID: 2 . 0 0 ~  Tank Status: OUTOFSERVICE 

Aqency ID: STATE UST . Slate Underqround Storage Tank I SRW 4534 0.003503 



PROPERTY AND THE ADJACENT AREA (within 118 mile) CONT. 

[STATE UST - State Underground Storage Tank I SRW 4534 1 Aqency ID: 10-006156 

Agency Address: PINNACLE PEAKCC M I N T  SHOP 
8701 E PINNACLEPEAK RD 
SCOTTSOALE. A285255 

Underground Tanks: 2 

Aboveground Tanks: NOTREPORTED 

Tanks Removed: 2 

Tank ID: 1 . 0 0 ~  Tank Status: REMOVED 

Tank Contents: GASOLINE (UNSPECIFIED) Leak Monitoring: MONITOR PRESENT 

Tank Age: NOT REPORTED Tank Piping: BARE STEEL 

Tank Size (Units): 5000 (GALLONS) Tank Material: NOTAVAIUBLE 

Tank ID: LOOU Tank Status: REMOVED 

Tank Contents: DIESEL Leak Monitoring: MONITOR PRESENT 

Tank Age: NOT REPORTED Tank Piping: , 
BARE STEEL 

Tank Size (Units): 2000 (GALLONS) Tank Material: NOT AVAILABLE 

[state Spills I SRW 5770 I EPNAqency ID: 1 NiA 
Agency Address: APYPINNACLE PEAK SUBSTA. 

PINNACLE PEAL RD SCOTTS 
SCOJEDALE. A2 

Spill ID#: 95-037.G 

Spill Date: OUOQ/95 

Spiller Company: APYPINNACLE PEAK SUBSTA. 

Substance: PCB's 
Spill Cause: RELEASE 

Spill Source: CAPACITOR 

Comments: P R O P E R N M G ~  PRIVATEREWRTASSIST: REPORT 
~p-~-~ 

Underground Tanks: 
Aboveground Tanks: I -  - 

2 

NOTREPORTED 

11644448 
0.00 MI I NA 
Point 

Y 
Generator Class: Generafes loo  kg.lmonlh burlerr lhan 1000 kg./monlh olnon-acutefyhazardous wane 

Tanks Removed: 1 

Tank ID: 1 . 0 0 ~  Tank Status: REMOVED 

/ RCRA-SmGen . RCRA-Small Generator I SRCX 5596 EPA ID: AZR000033605 
I Aoencv Address: SAME AS ABOVE 

VISTA ID#: 
DistanceIDiredion: 
Plotted as: 

VISTA 
Address': 

Tank Contents: DIESEL Leak Monitoring: 
Tank Age: NOT REPORTED Tank Piping: GALVANIZE0 STEEL 

Tank Size (Units): 1000 (GALLONS) Tank Material: NOTAVAILABLE 

Tank ID: t o o u  Tank Status: ACTIVEIIN SERVICE 

Tank Contenu: DIESEL Leak Monitoring: MONITOR PRESENT 

Tank Age: 6 Tank Piping: FIBERGUSS REINFORCED 
PLASTICSECONDARY CONTAINMENT 

Tank Size (Units): 1000 (GALLONS) 
Tank Material: NOTAVAILABLE 

CAMEO CLEANERS 
8936 E PINNACLE PEAK RD H4 
SCOTTSDALE, AZ 85255 

717021 
0.00 MI I NA 
Point 

'VISTA address includes enhanced city and ZIP. 
For more information call VlSTA Information Solutions, Inc. at 1 - 800 - 767 - 0403. 
Report ID: 245398-001 Date of Report: May 6,1999 
Venton 2.6 Page d l 4  

VISTA ID#: 
DistancelDirection: 
Plotted as: 

VISTA 
Address*: 

STATE UST . State Underground Storage Tank I SRCX 4534 

PARADISE VALLEY PINNACLE #I43142 
8700 E PINNACLE PEAK RD 
SCOTTSDALE, AZ 85255 

Aaencv Address: SAME AS ABOVE 

Aqency ID: 0-003410 



PROPERTY AND THE ADJACENT AREA (within 118 mile) CONT. 

[STATE LUST. State Leaking Underground Storage Tank I SRCU 5646 I EPAlAqency ID: 1 NlA 
SAME AS ABOVE Agency Address: 

Facility ID: 0003410 

Leak IDX: 2469 01 

Leak Date: 09/15/1992 

Remediation Status: OPEN 

'VISTA address includes enhanced city and Z!P. 
For more information call VlSTA Information S~lullons, I ~ c .  at 1 - 800 - 767 - 0403. 
Report ID: 245398.001 Date of Report: May 6,1999 

Page l l 5  Version 2.6 

1 

Map ID 

I 

4 
I 
fJ 

I 
I 
1 

d 
I 

priority: 2 

Description I Comment: PRIORITY: UNDEFINED OR UNKNOWSOIL CONTAMINATION 

Description I Comment: OWNERAOORESS: us WESTCOMMUNICATIONS, 3033 N 3RO STSUITEZlbPHOENIX U. 85012 

Description I Comment: FACILINCOUNTY: MIIRICOPA 

1832958 
0.00 MI I NA 
Point 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

VISTA 
Address': 

GIANT SERVICE STATION #32 
23609 N SCOTTSDALE 
SCOTTSDALE, AZ 85255 

I 

[STATE UST - State Underqround Storage Tank I SRCU 4534 Aqency ID: 0-001646 
Agency Address: SAMEASABOVE 

Underground Tanks: 4 
NOTREPORTED Aboveground Tanks: 

Tanks Removed: NOT REPORTED 

Tank ID: 1 .0~0  Tank Status: ACTIVWN SERVICE 

Tank Contents: GASOLINE (UNSPECIFIED) Leak Monitoring: MONITOR PRESENT 

Tank Piping: FIBERGLASSREINFORCED PLASTIC Tank Age: 7 
12000 (GALLONS) Tank Material: NOTAVAILABLE Tank Size (Units): 

Tank ID: LOOU Tank Status: ACTIVEIIN SERVICE 

Tank Contents: GASOLINE (UNSPECIFIEDJ Leak Monitoring: MONITOR PRESENT 

Tank Age: 7 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): 12wo (GALLONS) Tank Material: NOTAVAILABLE 

Tank ID: 3 . 0 0 ~  Tank Status: ACTIVEIIN SERVICE 

Tank Contents: GASOLINE (UNSPECIFIED) Leak Monitoring: MONITORPRESENT 

Tank Age: 7 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): 12000 (GALLONS) Tank Material: NOT AVAILABLE 

Tank ID: 4.000 Tank Status: ACTIVCTN SERVICE 

Tank Contents: DIESEL Leak Monitoring: MONITORPRESENT 

Tank Age: 7 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): 12WO (GALLONS) Tank Material: NOT AVAILABLE 

2912243 
0.00 MI I NA 
Point 

RCRA.SmGen - RCRA-Small Generator I SRCU 5596 EPAID: AZD982441305 
Agency Address: COMET I HOUR CLEANERS 

23425NSCOTTSOAlE RD BLDGA13 
SCOTTSDALE, AZ 85255 

Generator Class: Generates 1W kg.hMnLh bulless UNln 1000 kg.lronLh olnona~~~eiyhazsrdous was18 

VISTA ID#: 
DistancelDirection: 
Ploned as: 

VISTA 
Address': 

COMET ONE HOUR CLEANERS 
23425 N SCOTTSDALE RD BLDG A13 
SCOTTSDALE, AZ 85255 



PROPERTY AND THE ADJACENT AREA (wiUlin 118 mile) CONT. 

VISTA SCOTTSDALE WELL SITE 42 A B VISTA ID#: 11644447 

Address': 26602 N PlMA RD DlstancelDirection: 0.00 MI I NA 

SCOTTSDALE, AZ 85255 Plotted as: Point 

I STATE LUST - State Leakinq Underground Storage Tank1 SRC# 5646 EPNAqency ID: NIA 

Agency Address: SAMEASABOVE 

Facility ID: 0.002692 

Leak ID#: 4998.01 

Leak Date: 11/12/1998 

Remediation Status: OPEN 

priority: / 

Description I Comment: PRIOI, - Y  UNDEFlNEDORUhd~3NSOIL CONTU.'NArOR -. 

I Descri~tion I Comment: 0Nh'ERADDRESS OTY OF SCOTTSOAI E FI'~~AG!AT, 9388 E SAN SA-VAOOR UR SCDTrSDALE 
. . . . . . . 
M, R5d8 

Description I Comment: FACILITY COUNN: MARICOPA 

VISTA SCOTTSDALE WELL SITE 42 A B VISTA ID#: 1832412 

Address': 26602 N PlMA RD D~stancelDirection: 0.00 MI I NA 

SCOTTSDALE, AZ 85255 Plotted as: Point 

STATE UST - State Underground Storage Tank I SRW 4534 Aqency ID: 0-002692 

Agency Address: SAME AS ABOVE 

underground Tanks: 
Abovearound Tanks: NOTREPORTED 

Tanks Removed: NOT REPORTED 

Tank ID: 1 . 0 0 ~  Tank Status: ACTlVOlN SERVICE 

Tank Contents: DIESEL Leak Monitoring: 
Tank Age: NOTREPORTED Tank Piping: UNKNOWN 

Tank Size (Unils): sso (GALLONS) Tank Material: UNKNOWN 

VISTA CIRCLE K STORE # 5303 VISTA ID#: 6810326 

Address': 26290 N TATUM BLVD DistanceIDirection: 0.00 MI I NA 

PHOENIX, AZ 85024 Plotted as: Point 

LSTATE UST - State Underqround Storage Tank I SRW 4534 Aqency ID: 0-008904 
Agency Address: SAMEASABOVE 

Underground Tanks: 3 

I Aboveground Tanks: NOT REPORTED 

I Tanks ~emoved: WnT Dconr?TFn 

rank ln. f.oou 

, . - , . . -. -. . . - - 
,w,,m .-. Tank Status: ACTIVUIN SERVICE 

Tank Contents: GASDLINE (UNSPECIFIED) Leak Monitoring: MONITOR PRESENT 

Tank Age: 2 Tank Piping: FIBERGLASS REINFORCED PLASTIC,DBL 
WALLED 

10000 (GALLONS) NOT AVAILABLE 

S: ACTIVOMI SERVICE 

Tank Contents: GASOLINE (UNSPECIFIEDJ Leak Monitoring: MONITOR PRESENT 

Tank Age: 2 Tank Piping: FIBERGLASS REINFORCED PLASTIC,DBL 

10000 (GALLONS) 
WALLED 

Tank Size (Unils): Tank Material: NOTAVAILABLE 

Tank ID: 3 . m ~  Tank Status: ACTIVUIN SERVICE 

Tank Contents: GASOLINE (UNSPECIFIEDJ Leak Monitoring: MONITOR PRESENT 

Tank Age: 2 Tank Piping: FIBERGLASS REINFORCED PLASTIC,OBL 

l w 0 0  (GALLDNSJ 
WALLED 

Tank Size (Units): Tank Material: NOTAVAILABLE 

'VISTA address includes enhanced city and ZIP. 
For more information call VlSTA Information Solutions, Inc. at 1 - 800 - 767 - 0403. 
Report ID: 245398-001 Date of Report: May 6, 1999 
Verubn 2.6 Page116 

Map ID 

- 
Map ID 

- 
Map ID 

10 



I 

'VISTA address includes enhanced city and ZIP. 
For more information call VISTA Information Solutions. Inc. at 1 -800 - 767.0403. 
Report ID: 245398-001 Date of Report: May 6,1999 

I 
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PROPERTY AND THE ADJACENT AREA (wiUlin 118 mile) CONT. 

I 
1 

I 
I 
1 

11644511 
0.00 MI 1 NA 
Point 

2912101 
0.00 MI I NA 
Point 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

VISTA 
Address': 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

VISTA 
Address': 

LSTATE LUST - Stale Leaking Underground Storage Tank1 SRW 5646 

TATUM RANCH GOLF COURSE 
29888 N TATUM RANCH DR 
CAVE CREEK, AZ 85331 

STATE UST - State Underqround Storage Tank I SRCt 4534 

PINNACLE PARADISE MAlNT YARD 
28460 N PlMA RD 
SCOTTSDALE, AZ 85255 

EPAlAqency ID: NIA 

Agency Address: SAMEAS ABOVE 

Underground Tanks: 3 

Aboveground Tanks: NOTREPORTED 

Tanks Removed: NOT REPORTED 

Tank ID: 1 . 0 0 ~  Tank Status: ACTIVUIN SERVICE 

Tank Contents: GASOLINE (UNSPECIFIEDI Leak Monitoring: 
Tank Age: I I Tank Piping: FIBERGLASS REINFORCEDPLASTIC 

Tank Size (Units): 6000 (GALLONS) Tank Material: NOTAVAILABLE 

Tank ID: 2 . 0 0 ~  TankStalus: , ACTIVEWN SERVICE 

Tank Contents: DIESEL Leak Monitoring: 
Tank Age: 11 Tank Piping: FIBERGLASS REINFORCEO PLASTIC 

Tank Size (Units): 6000 (GALLONS) Tank Material: NOTAVAILABLE 

Tank ID: 3, wu Tank Status: ACTIVUIN SERVICE 

Tank Contents: GASOLINE (UNSPECIFIEO) Leak Monitoring: 
Tank Age: 11 Tank Piping: FIBERGLASS REINFORCEO PLASTIC 

Tank Size (Units): 6000 (GALLONS) Tank Material: NOTAVAILABLE 

Aqency ID: 0-006521 

I 

Agency Address: SAME AS ABOVE 

Facility ID: 0.0~9287 

Leak ID#: 4964.01 

Leak Date: I l/ow1008 

Remediation Status: OPEN 

Priority: 2 
PRIORITY. UNOEflNED OR UNKNOWSOIL CONTAMINATION Description I Comment: 

Description I Comment: 0WERAODRESS:AMERICAN GOLFCORP, 2951 28THST. SANTA MONICA C A  9045.2961 - 
Description I Comment: FACILITY COUNTY: MRICOPA 

6810087 
0.00 MI I NA 
Point 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

VISTA 
Address': 

STATE UST . State Underground Storage Tank I SRW 4534 

AMERICAN GOLF CORP 
4410 E DlXlLETA 
PHOENIX, AZ 85024 

Agency Address: .SAME AS ABOVE 

Underground Tanks: 2 
Abovegmund Tanks: NOT REPORTED 

Tanks Removed: NOTREPORTEO 

Tank ID: 1 . 0 0 ~  Tank Status: ACTlVOlNSERVICE 

GASOLINE (UNSPECIFIED) Leak Monitoring: MONITOR PRESENT Tank Contents: 
Tank Age: 11 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): 2000 (GALLONS) Tank Material: NOT AVAILABLE 

Aqencv ID: 0.005882 



PROPERTY AND THE ADJACENT AREA (within 118 mile) CONT. 

Tank ID: zoou Tank Status: ACTIVUIN SERVICE 

Tank Contents: DIESEL Leak Monitoring: MONITOR PRESENT 

Tank Age: I I  Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): 1000 (GALLONSJ Tank Material: NOTAVAILABLE 

I Agency Address: SAME AS ABOVE I 

8038329 
<0.01 MI 1 E 
Point 

712900 
<0.01 MI I SE 
Point 

/ RCRA-SmGen . RCRA-Small Generator I SRW 5596 EPA ID: AZR000031138 
Agency Address: SAMEASABOVE 

Generator Class: Generales I00 kglmonlh bul less Ulan I000 kglmonlh olnon.acule&hazardous wasle 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

VISTA 
Address': 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

VISTA 
Address': 

'VISTA address includes enhanced city and ZIP. 
For more information call VlSTA Information Solutions, Inc. at 1 - 800.767 - 0403. 

I 
Repoll ID: 245398.001 Date of Report: May 6.1999 
Venion 2.6 Page 118 

PATSCLEANERS 
23359 N PlMA RD UNIT 151 
SCOTTSDALE, AZ 85255 

1 STATE UST - State Underqround Storaqe Tank1 SRW 4534 

TOURNAMENT PLAYERS CLUB OF S C O n  
17020 N HAYDEN RD 
SCOTTSDALE, AZ 85255 

Map ID 

Underground Tanks: 2 

Aboveground Tanks: NOTREPORTED 

Tanks Removed: NOTREPORTED 

Tank ID: 1 . 0 0 ~  Tank Status: ACTIVUINSERVICE 

Tank Contenls: GASOLINE (Uh8SPECIFIEDI Leak Monitoring: MONITOR PRESENT 

Tank Age: 10 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): 2000 (GALLONS) Tank Material: NOTAVAILABLE 

Tank ID: LDDU Tank Status: ACTIVUIN SERVICE 

Tank Contents: DIESEL Leak Monitoring: MONITOR PRESENT 

Tank Age: 10 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): 2000 (GALLONS) Tank Material: NOTAVAILABLE 

4595311 
0.07 MI I SW 
Point 

Aqency ID: 

2911600 
<0.01 MI I NW 
Point 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

I 

0-006257 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

VISTA 
Address': 

I 

[STATE UST - State Underground Storage Tank I SRW 4534 

TATUM RANCH TREATMENT PLANT 
29201 N CAVE CREEK RD 
PHOENIX. AZ 85024 

VISTA 
Address*: 

0-007779 

TRANSPORTATION DEPT 
20621 N 32ND ST 
PHOENIX, AZ 85024 

Agency Address: SAMEASABOVE 

Underground Tanks: I 
NOT REPORTED Aboveground Tanks: 

Tanks Removed: NOTREPORTED 

Tank ID: 1 . 0 0 ~  Tank Status: ACTIVEON SERVICE 

Tank Contents: DIESEL Leak Monitoring: MONITOR PRESENT 

Tank Age: 9 Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): 1000 (GALLONS) Tank Material: NOT AVAILABLE 

Aqency ID: 

Agency Address: SAME AS ABOVE 

Underground Tanks: 3 

Aboveground Tanks: NOT REPORTED 

C Tanks Removed: NOT REPORTED 

Aqency ID: I 

0-000536 

STATE UST - State Underqround Storaqe Tank1 SRW 4534 



PROPERTY AND THE ADJACENT AREA (wilhin 118 mile) CONT. 

Tank ID: 1.0oU Tank Status: ACTIVUIN SERVICE 
DIESEL MONITOR PRESENT Tank Contents: Leak Monitoring: 

Tank Age: 5 Tank Piping: FIBERGLASS REINFORCED PLASTIC.DBL 

20000 (GALLONS) WALLED 
Tank Size (Units): 

Tank Material: NOTAVAILABLE 
ACTlVENiY SERVICE Tank ID: 2.000 Tank Status: 
MONITOR PRESENT Tank Contents: DIESEL Leak Monitoring: 

Tank Age: 5 Tank Piping: FIBERGLASS REINFORCED PLASTIC.DBL 
WALLED 

Tank Size (Units): 20000 (GALLONS) 
Tank Material: NOTAVAILABLE 

Tank ID: 3 . 0 0 ~  Tank Status: ACTIVU/NSERYICE 

I 
I 
I 
I 

Tank Contents: GASOLINE (UNSPECIFIED) Leak Monitoring: MONITOR PRESENT 

Tank Age: 5 Tank Piping: FIBERGLASS REINFORCED PLASTIC,DBL 

20000 (GALLONS) WALLED 
Tank Size (Units): 

Tank Material: . NOTAVAILABLE 

I PHOENIX, AZ 85024 I PloUed as: 1 Point 
LRCRA-~m~en  - RCRA.Small Generator I SRW 5596 1 EPA ID: 1 AZR000005504 

I Aaencv Address: SAMEASABOVE 

/ L 

I 

" .  
l~enerator  Class: Generates I00 kg.lmonlh bur less UNln lo00 kg./monh ofnon.acutephazardnus wasle 

VISTA ID#: 16906347 
DistancelDirection: 10.07 MI I SW 

VISTA 
Address': 

PARADISE VLY USD SUPPORT SVCS COMPLEX 
20621 N 32ND ST 

SITES IN THE SURROUNDING AREA (wiUlin 118 - 114 mile) I 

VISTA 
Address': 

'VISTA address includes enhanced city and ZIP. 
For more information call VlSTA Information Solutions, Inc. at 1 - 800 - 767 - 0403. 
Report ID: 245398.001 Date of Report: May 6,1999 

I 
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Agency Address: SAME AS ABOVE 

Generator Class: Generates 100 kg,/monh but less ihan 1000 kgJmonUl olnon.acurephazardnus wasre 

VISTA ID#: 
DistancelDirection: 
Plotted as: 

EPA ID: 

MAY0 CLINIC HOSPITAL 
5777 E MAY0 BLVD 
PHOENIX, AZ 85024 

11503586 
0.10 MI I SW 
Point 

AZR000032235 LRCRA-~m~en  - RCRA.Small Generator I SRW 5596 

I 
I 
I 
1 

VISTA 
Address': 

Agency Address: SAME AS ABOVE 

Underground Tanks: 2 

Aboveground Tanks: NOTREPORTED 

Tanks Removed: 2 
Tank ID: I.OOU Tank Status: REMOVED 

Tank Contents: GASOLINE (UNSPECIFIEDI Leak Monitoring: MONITOR PRESENT 

Tank Age: NOT REPORTED Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): TWO (GALLONS) Tank Material: NOTAVAILABLE 

Tank ID: 2.00U Tank Status: REMOVED 
MONITOR PRESENT Tank Contents: DIESEL Leak Monitoring: 

Tank Age: NOTREPORTED Tank Piping: FIBERGLASS REINFORCED PLASTIC 

Tank Size (Units): 1000 (GALLONS) Tank Material: NOTAVAILABLE 

VISTA ID#: 
DistancelDirection: 
PloUed as: 

Aqency ID: 

UNION HILLS WATER TREATMENT PLAN 
2210 E LONE CACTUS DR 
PHOENIX, AZ 85024 

437831 
0.21 MI I W 
Point 

0-003888 [STATE UST - State Underground Storage Tank I SRW 4534 



SITES IN THE SURROUNDING AREA (within 118 - 114 mile) CONT. 

I STATE LUST - State Leaking Underground Storaqe Tank I SRC# 5646 I EPNAqency ID: 1 NIA 
/ Aaencv Address: SAMEAS ABOVE 

'VISTA address includes enhanced city and ZIP. 
For more information call VISTA Information Solutions. Inc. at 1 - 800 - 767 - 0403. 
Report ID: 245398-001 Date of Report: May 6, 1999 
Version 2 6  Page l2O 



I SITES IN THE SURROUNDING AREA (within 118 - 114 mile) CONT. I 
I STATE LUST. State Leaking Underground Storage Tank I SRW 5646 I EPAlAgency ID: 1 NlA 
I Agency Address: SAME AS ABOVE - - 
Facility ID: 0.003888 

Leak ID#: 4250.05 

Leak Date: ol1lu1998 

Remediation Status: OPEN 

priority: 3 

Description I Comment: PRIORITY. SOIL cohr#,UNAr!o& DEFIAEO BUT > SSCLS IN GROUIVD ! 

'Description I Comment: ~ ~ N E R A D D R E S S  ... .. -,An, C,TfOFPHOE)rlXPUBrlC WORKS OPT. 101 s CENTRAL A X  STE 400. - I 
rn"tN,*, HL. OJVW 

Description 1 Comment: FACILINCOUNTY: MARICOPA 

I STATE LUST - State Leaking Underground Storage Tank I SRW 5646 I EPAlAqencv ID: I N/A 
1 Aaencv Address: SAME AS ABOVE 1 - - 
Facility ID: 0.003888 

Leak ID#: 4250.06 

Leak Date: 01/14/1998 

Case Closed Date: 07/14/1998 

Remediation Status: CLOSED 

SITES IN THE SURROUNDING AREA (within 114 - 112 mile) I 
VISTA BELL RD SCOllSDALE RD VISTA ID#: 716899 

Address': 7102 E BELL RD DistancelDireclion: 0.28 MI I S  

SCO'ITSDALE, AZ 85254 Ploned as: Point 
LSTATE LUST - Stale Leaking Underground Storage Tank1 SRW 5646 EPAlAqency ID: NIA 

Agency Address: SAME AS ABOVE 

Facility ID: 0 . ~ 0 8 ~  

Leak ID#: 3492.01 

r 
Leak Dale: 04fzm998 

Case Closed Dale: 051101r894 

Remediation Status: CLOSED 

Priority: 5 

Description I Comment: PRIORITY: CLOSEDLUSTSOIL CASE 

Description / Comment: OWNER ADDRES* USBUREAU OFRECLAMTION, POBOX81169, PHOENIX.AZ, 85069-1169 

Description I Comment: FACILITY COUNTY: hURICDPA 

'VISTA address includes enhanced city and ZIP. 
For more information call VISTA Information Solutions, Inc. at 1 - 800.767 -0403. 
Repon ID: 245396.001 Date of Report: May 6,1999 
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Map ID 

1 1 1  
73905 
0.33 MI I N  
Point 

LSTATE LUST - State Leakinq Underground Storage Tank I SRCY 5646 EPAlAqencv ID: NIA 
Agency Address: SAME AS ABOVE 

Facility ID: 0 . ~ 0 9 8 3  

Leak ID#: 0731.01 

Leak Date: 05/17/1989 

Remediation Status: OPEN 

VISTA ID#: 
DistancelDirection: 
Ploned as: 

VISTA 
Address': 

CAVE CREEK SCHOOL DlST 93 
33606 N 60TH ST 
CAVE CREEK, AZ 85331 



SITES IN THE SURROUNDING AREA (within 112 - 1 mile) 

No Records Found 



UNMAPPED SITES 

No Records Found 

'VISTA address includes enhanced city and ZIP. 
For more information call VISTA Information Solulions. Inc. at 1 - 800 - 767 - 0403. 
Report ID: 245398-001 
Version 2.6 

Date of Report: May 6,1999 
Page (23 



SITE ASSESSMENT - SPECIAL REPORT 

DESCRIPTION OF DATABASES SEARCHED 
r 

A) DATABASES SEARCHED TO 1 MlLE 

NPL VISTA conducts a database search to identify ail sites within 1 mile of your property. 
SRCk 5691 The agency release date for NPL was March, 1999. 

The National Priorities List (NPL) is the EPA's database of uncontrolled or abandoned hazardous waste sites 
identified for priority remedial actions under the Superfund program. A site must meet or surpass a predetermined 
hazard ranking system score, be chosen as a state's top priority site, .or meet three specific criteria setjointiy by the 
US Dept of Health and Human Sewices and the US EPA in order to become an NPL site. 

SPL VISTA conducts a database search to identify all sites within 1 mile of your property. 
SRCU: 4161 The agency release date lor Superfund and WQARF Priorities List was May. 1997. 

This database is provided by the Department of Environmental Quality. The agency may be contacted at: 
602-207-2202. 

CORRACTS VISTA conducts a database search to identify all sites within 1 mile of your property. 
S R M  5596 The agency release date for HWDMSlRCRlS was February, 1999. 

The EPA maintains this database of RCRA facilities which are undergoing "corrective action". A "corrective action 
order" is issued Dursuant to RCRA Section 3008 (h) when there has been a release of hazardous waste or 
constituents into ihe environment from a RCRA facility. Corrective actions may be required beyond the facility's 
boundary and can be required regardless of when the release occurred, even if it predates RCRA. 

B) DATABASES SEARCHED TO 112 MlLE 

CERCLIS VISTA conducts a database search to identify all sites within 112 mile of your property. 
SRC#: 5594 The agency release date for CERCLIS was January, 1999. 

The CERCLIS List contains sites which are either proposed to or on Ule National Priorities List(NPL) and sites which 
are in Ule screening and assessment phase for possible inclusion on the NPL. The information on each site includes 
a history of all pre-remedial, remedial, removal and community relations activiies or events at the site, financial 
funding information for the events, and unrestricted enforcement activities. 

NFRAP VISTA conducts a database search to identify ail sites within 112 mile of your property 
SRW. 5595 The agency release date for CERCLIS-NFRAP was January. 1999. 

NFRAP sites may be sites where, following an initial investigation, no contamination was found, contamination was 
removed quickly, or the contamination was not serious enough to require Federal Superfund action or NPL 
consideration. 

For more information call VlSTA Information Solutions, Inc. at 1 - 800.767 - 0403. 
Reoort ID: 245398-001 Date of Report: May 6,1999 
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SCL VISTA conducts a database search to identify all sites within 112 mile of your properr/. 
SRCt: 5771 The agency release date for Cercla Information Data System (ACIDS) was March. 1999. 

This database is provided by the Department of Environmental Quality. The agency may be contacted at: 
602-207-2202. 

The ACIDS list is an inventory of facilities subject to investigations concerning possible contamination of soil, surface 
water. or aroundwater. The state cautions that inclusion of any facility or site on the listing does not mean that the 
location iscontaminated, is causing contamination, or is in viiation if State or Federal statutes or regulations. 

RCRA-TSD VISTA conducts a database search to identify all sites within 112 mile of your property. 
SRCX: 5596 The agency release date for HWDMSlRCRlS was February, 1999. 

The EPA's Resource Conservation and Recovery Act (RCRA) Program idenlifies and tracks hazardous waste from 
the point of generation to the point ol disposal. The RCRA Facilities database is a comp;lation by the EPA of facilities 
which report generation, storage. transportation, treatment or disposal of hazardous waste. RCRA TSDs are faci1:ries 
which treat, store andlor dispose of hazardous waste. 

SWLF VISTA conducls a database search to identify all sites within 112 mile of your property. 
S R W  4993 The agency release dale for Active Landfills List was May, 1998. 

This database is provided by the Department of Environmental Quality, Solid Waste Dept.. The agency may be 
contacted a t  602-207-4123. 

The inventories of solid waste facilities mentioned above contain information regarding the following sites: Closed 
Solid Waste Landfills, Closed Solid Waste Dumps, Municipal Solid Waste Landfills. Rubbish Landfills, and Private 
Solid Waste Landfills. The inventory does not provide a facility street address and what addresses are given may be 
cut off due to space constraints. Further information may be obtained by contacting us at (800)877-3824. 

SWLF VISTA conducts a database search to identify all sites wkhin 112 mile of your properly. 
SRCR 4993 The agency release date for Inactive Landfills List was May, 1998. 

This database is provided by the Department of Environmental Quality, Solid Waste Dept.. The agency may be 
contacted at: 602-207-41 23. 

LUST VISTA cond~cls a database search to identify all sites wiUlin 112 mile of your property. 
SRW: 5646 The agency release d a b  for LUST File Listing was February, 1999. 

This database is provided by the Department of Environmental Quality. UST Compliance Unit. The agency may be 
contacted at: 602-207-4345. 

C) DATABASES SEARCHED TO 114 MILE 

UST's VISTA conducts a database search to identify all sites within 114 mile of your property. 
SRC#: 4534 The agency release date for Ust.DMS Facility Tank Data Listing was February, 1998. 

This database is provided by the Department ol Environmental Quality, US1 Compliance Unit. The agency may be 
contacted at: 602-207-4345; Caulion.Many states do not require registralon of hearing oil tanks, especially those 
used for residential purposes. 



D) DATABASES SEARCHED TO 118 MILE 

ERNS VISTA conducts a database search to identify all sites within 118 mile of your property. 
SRCW: 5598 The agency release date for was December, 1998. 

The Emergency Response Not licalion System (ERNS) is a national oatabase containing recoros from October 1986 
10 the release oate aoove and is useu to collect .nlormation for reported releases of oil and hazardous substances. 
The database contains informaton from soill reDorts made to federal aulhoritics includlnq the EPA, the US Coast 
Guard. the Natlonal Response Center and the bepartment of Transportation. The ~ ~ ~ S - h o l l i n e  number is (202) 
260-2342. 

RCRA-LgGen VISTA conducts a database search to identify all sites within 118 mile of your property. 
SRC#: 5596 The agency release date for HWDMSIRCRIS was February, 1999. 

The EPA's Resource Conservation and Recovery Act (RCRA) Program identifies and tracks hazardous waste from 
the point of generation to the point of disposal. The RCRA Facilities database is a compilation by the EPA of facilities 
which report generation, storage, transportation, treatment or disposal of hazardous waste. RCRA Large Generators 
are facilities which generate at leas1 1000 kg.1monlh of non-acutely hazardous waste (or 1 kg.lmonth of acutely 
hazardous waste). 

RCRA-SmGen VISTA conducts a database search to identify all sites within 118 mik of your property. 
S R W  5596 The agency release date for HWDMSIRCRIS was February, 1999. 

The EPA's Resource Conservation and Recovery Act (RCRA) Program identifies and tracks hazardous waste from 
the point of generation to the point of disposal. The RCRA Facilities database is a compilation by the EPA of facilities 
which report generation, storage, transportation, treatment or disposal of hazardous waste. RCRA Small and Very 
Small generators are facilities which generate less than 1000 kg.lmonth of non-acutely hazardous waste. 

SPILL VISTA conducts a database search to idenlii all sites within 118 mile of your property. 
S R W  5770 The agency release date for Hazardous Materials Logbook was March, 1999. 

This database is provided by the Department of Environmental Quality. The agency may be contacted at: 
602-207-2202. 

Due to inconsistency in agency reporting, some city fields in the current status of the Arizona Department of 
Environmental Quality Hazardous Materials Logbook may also contain address information. 

End of Report 
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NORTHEAST PHOENIX, ARIZONA 
FEASIBILITY STUDY 

I 
ECONOMIC APPENDIX 

Economics & Social Analysis Group 
December 1999 



1.0 INTRODUCTION 

1.1 PURPOSE 

The purpose of this Economic Appendix is to: 1) evaluate flooding and related problems in the alluvial fan 
floodplains located in Northeast Phoenix and North Scottsdale. Arizona; and 2) determine the National 
Economic Development (NED) benefits and costs associated with potential solutions. 

1.2 METHODOLOGY 

Methodology employed for this economic analysis is in accordance with current Principles and Guidelines and 
standard economic practices. Benefits and costs are computed at October 1999 price levels. The analysis 
employs the currently established Federal discount rate of 6 518 percent. The period of analysis is 50 years. 
with a project Base Year of 2006. 

2.0 STUDY AREA 

2.1 LOCATION 

The study area is located primarily in the northeast portion of Phoenix and northern portion of Scottsdale, 
Arizona. The study area is bounded on the north by the Carefree Highway, on the south by the Central 
Arizona Project (CAP) canal, on the west by Cave Creek Road and on the east by Pima Road. This area is 
subject to alluvial fan flooding, and consequently, the requirement for all future development to comply with 
Federal and state floodproofing requirements. 

2.2 FEMA-DEFINED FLOODPLAINS 

The Study Area includes several alluvial fan floodplains. Delineations of these floodplains were obtained 
from the Federal Emergency Management Agency (FEMA) flood insurance rate maps (FIRMS). Exhibit 1 
(page 2) shows the delineation of the FEMA-defined 100-year overflow areas, which encompass 
approximately 5,920 acres in incorporated and unincorporated areas of the City of Phoenix, as well as 
approximately 5,400 acres in North Scottsdale. 

The overflow areas are comprised of alluvial fans. As will be described later, alluvial fans exhibit erratic 
flowpaths during flooding. Therefore, the exact location of flooding during an actual flood event cannot be 
accurately predicted. The overflow boundaries displayed on Exhibit 1 depict the entire area which could be 
subject to flooding during a 100-year event. The flowpath during an actual flood event would be located 
somewhere within these boundaries. However, the width of the overflow area during an actual flood event 
would only represent a narrow strip within the boundaries depicted on Exhibit 1. 

As shown on Exhibit 1, the three alluvial fans included in the analysis for this Feasibility Study consist of 
those formed by Rawhide Wash and the Fan 5 and Fan 6 washes. Two additional alluvial fans located east of 
the Rawhide Wash alluvial fan (Beardsley and Reata Pass washes) are not included in the analysis for this 
Feasibility Study. 



EXHIBIT 1 -- FEMA A 0  ZONES (RAWHIDE, FANS 5&6) 



2.2.1 Rawhide Wash 

The Rawhide Wash alluvial fan encompasses approximately 3.160 acres east of Scottsdale Road in North 
Scottsdale, and approximately 4,000 acres west of Scottsdale Road in incorporated and unincorporated areas 
of the City of Phoenix. As shown on Exhibit 1, Rawhide wash onginates north of Dynamite Boulevard and 
east of Pima Road. Runoff from tributaries and the main wash flows to the southwest along narrow braided 
washes crossing Jomax Road, Happy Valley Road and Pinnacle Peak Road prior to emptying onto state land 
within the City of Phoenix west of Scottsdale Road. The Rawhide Wash 100-year overflow area widens 
considerably south of its apex (which is located just north of Happy Valley Road) and extends south to the 
Central Arizona Project canal. 

2.2.2 Fans 5 and 6 

Fans 5 and 6 are formed by washes which originate north of the Rawhide Wash and drain in a southwesterly 
direction. Fan 5 encompasses approximately 1,254 acres within incorporated and unincorporated portions of 
the City of Scottsdale. Fan 6 consists of approximately 2.906 acres. of which 986 acres are located in 
Scottsdale, and 1,920 acres are located in phoenix'. 

As several washes converge, the Fan 5 overflow boundary widens considerably southwest of Dixileta Drive 
and Scottsdale Road. The Fan 5 drainage area continues to widen as it extends southwesterly nearly to 56th 
street. 

The upstream end of Fan 6 (which is located directly above Fan 5) originates near the intersection of Dove 
Valley and Pima Roads in the City of Scottsdale. However, the drainage fan does not begin to widen 
substantially until it reaches 64th Street. Fan 6 continues to spread in a southwesterly direction into the City 
of Phoenix south of Dixileta Drive. The downstream limit of the fan extends to Cave Creak Road. 

2.3 Corps of Engineers-Defined Floodplains 

Detailed hydrologic and hydraulic analysis performed for this Feasibility Study indicates that the boundaries 
of the alluvial fans, primarily for Fans 5 & 6, are substantially larger than those defined by FEMA and 
displayed in Exhibit 1. Exhibit 2 (page 4) shows the fan boundaries which will be used to calculate potential 
inundation damages in the study area. Note that for Fan 5, while the FEMA floodplain extends only to about 
56th Street, the Corps-defined floodplain extends southwesterly all the way to the CAP Canal. For Fan 6, 
FEMA shows floodplain boundaries for several channel branches north of Dixilita Drive ending between 64th 
Street and 56th Street. However, the Corps analysis revealed that these channels essentially combine to form 
one large alluvial fan which extends the FEMA northern boundary for Fan 6 farther north to beyond Lone 
Mountain Drive from Scottsdale Road through 40th Street. 

' ~ o t e :  Portions of both Fan 5 and Fan 6 are located within Maricopa County land boundaries. For simplification 
purposes, acreage estimates were divided between the Cities of Phuenix and Scottsdale according to City planning unitizone 
boundaries. Scottsdale Planning Zone E's western boundary extends to 56th Street, which has been used as the dividing line 
between Phoenix and Scottsdale Tor these acreage estimates. 



EXHIBIT 2 -- CORPS FLOODPLAIN BOUNDARIES 



2.4 POPULATION 

2.4.1 Phoenix Metropolitan Area 

The City of Phoenix, along with the cities of Scottsdale, Tempe, Glendale, Mesa and Chandler, comprise the 
Phoenix metropolitan area. According to the U.S. Census, the Phoenix metropolitan area's 1998 population 
exceeded 2.93 million. Roughly 95% of the Phoenix MSA population resides within Maricopa County. By 
the year 2025, the Phoenix metropolitan area's population is projected to reach over 5.2 million2. 

2.4.2 Cities of Phoenix and Scottsdale 

Combined, the cities of Phoenix and Scottsdale comprise about 50% of the total Phoenix MSA population. 
Based upon US Census data, the combined population of the cities totaled about 1.39 million in 1998. This 
represents an increase of over 271,000 (or 24.2%) since 1990. Gbwth in Scottsdale has significantly 
outpaced growth in Phoenix. Over the same time span, Phoenix's population grew only 21%, relative to 50% 
for Scottsdale. The corresponding average compound growth rates were 2.4% and 5.2%, respectively. 

2.4.3 Study Area 

The Maricopa County Association of Governments (MAG) maintains historical population data and projects 
future population growth in subareas of the County referred to as Regional Analysis Zones (RAZ). which are 
further segregated into even smaller Traffic Analysis Zones (TAZ). Seven RAZs comprise the area bounded 
on the west by 24th Street, on the east by 136th Street, on the north by Carefree Highway, and on the south by 
Bell Road. This area approximately coincides with the study area as defined in Section 2.1. MAG data 
indicate that the current population of the study area is approximately 81,000. This figure represents about 
5.8% of the total population for the Cities of Phoenix and Scottsdale. MAG projects population within this 
area to grow to over 267,000 by the year 2020, which represents an annual compound growth rate of nearly 
6.2 percent. Hence, the study area is projected to grow substantially faster than the cities of Phoenix and 
Scottsdale as a whole. 

The current estimated population within the FEMA-defined alluvial fan floodplains (also estimated based 
upon MAG data) totals about 6,800. MAG projections indicate that the population within this area will grow 
to over 41,000 by the year 2020. This substantial growth will require floodproofing efforts by developers to 
comply with FEMA's development criteria for alluvial fans. This will be discussed in detail later in the report. 

3.0 FLOOD PROBLEM 

3.1 NATURE OF FLOOD PROBLEM 

There are several alluvial fans located in the study area. Alluvial fans are triangular or fan shaped, gently 
sloping landforms which often provide attractive development sites due to their commanding views. Alluvial 
fans are located primarily in western states, where infrequent but intense storms typical of arid climates 

2 
Arizona's Economy, Fall Issue (October 1999). 
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combined with abrupt changes in topography create the necessary conditions for fan formulation. 
Streamflow from intense rainstorms emanates from the confined upstream channels of study area washes and 
proceeds downstream onto the relatively flat valley area below. Canyon outlets form the apex of each fan, 
which represents the highest point of elevation on the fan. As described in FEMA's "Alluvial Fans: Hazards 
and Management" publication (February 1989, page 2), flow leaving the apex of a fan spreads onto the upper- 
fan area, where it may either follow a pre-existing path cut from past flood events or cut a new path 
downslope. As the topography flattens, the channels widen and become shallower, losing velocity and 
depositing sediment and debris. Toward the base of the fan, water velocities are reduced as the fan surface 
becomes more uniform, its slope flattens and water infiltrates the soil surface. In these areas, sheet flow 
flooding is common. 

Alluvial fans represent severe flood hazard areas due to the unpredictable location and high velocity of their 
flowpaths during flooding, which usually occurs with little or no advance warning time. According to FEMA 
(page 3), "An often-overlooked 'hazard' is the tendency to underestiinate both the potential and severity of 
alluvial fan flood events. The infrequent rainfall, gently-sloping terrain, and often long time spans between 
successive flood contribute to a sense of complacency regarding the existence of possible flood hazards. 
Though the intense rainstorms which produce fan floods occur randomly, they nevertheless can develop very 
rapidly at any time, and can recur with any frequency." 

3.2 HISTORICAL FLOODING 

The study area alluvial fans were sparsely developed until fairly recently. Most of the existing development 
has taken place within the past decade. As a result, historical flood damages in the study area have been 
insignificant. Representatives of the Maricopa County Flood Control District and the City of Scottsdale did 
not have any information regarding historical inundation damages to structures in the study area, citing the 
small amount of development (relative to the more densely populated areas of Phoenix and Scottsdale) and the 
fact that there have been few flood events during the period since development in the study area has taken 
place. 

Although inundation damages during the past few years have been negligible, the City has been required to 
make expenditures for repairs and preventative maintenance due to minor flooding and associated erosion. 
During 1993 and 1994, Scottsdale spent $121,231 on contract repairs and maintenance. Clean up costs city 
wide, including barricades and sand bags, totaled $27,000 in 1993 and $32,275 in 1994. These amounts do 
not include expenditures made by private developments for repairs, maintenance and clean-up. 

In addition, motorists on occasion have tried to navigate through flooded dip crossings (usually despite posted 
road signs and barricades). As a result, Scottsdale's Emergency Management Department has been required 
to send an emergency team to assist these motorists. 

4.0 FLOODPLAIN INVENTORY 

The Rawhide Wash, Fan 5 and Fan 6 floodplains (defined by Corps analysis) were surveyed in 1999. 
Inventoried floodplain structures were categorized as follows: 

Single Family Residential 
Mobile Home 
Industrial 

Multi-Family Residential 
Public Gathering Facilities 
Commercial 



4.1 MAJOR EXISTING DEVELOPMENTS 

The following represent the primary existing developments in the 500-year floodplain: 

4.1.1 Rawhide Wash Floodplain 

Scottsdale Princess ResortIHotel: This large, plush resort, which is located near the toe of the Rawhide Wash 
alluvial fan between Scottsdale and Hayden Roads, includes hotel rooms, a large conference center, 
restaurants, retail shops and two golf courses. In addition, there are several residential subdivisions located 
north and east of the resort. including Crown Point, Princess Views, Crown Court, Alkazar. and Resort Suites. 

Los Portones: This 136 acre development is located in the Rawhide Wash alluvial fan at the northeast comer 
of Scottsdale Road and Pinnacle Peak Road. It contains mostly single-family residences. This development 
also includes the "Pinnacle of Scottsdale Mall". which contains a Safeway grocery store, a hank, and various 
other retail establishments. 

Vistana: A portion of the Rawhide wash runs through this development. which is comprised of about 131 
acres and is located south of Jomax Road between Hayden and Pima Roads. Vistana contains many large, 
upscale single-family residences. As a result of recent studies conducted by the Federal Emergency 
Management Agency (FEMA), a large portion of this development has been removed from the FEMA 
designated 100-year floodplain. 

Grav Hawk: This 2,379 acre development is located south of Dear Valley Road between Scottsdale and Pima 
Roads. According to the City of Scottsdale's Growth and Development Report (June 1994), Gray Hawk 
received approval for the construction of over 7,000 residential units, six hotels, and 550 acres of commercial 
and office space. The western portion of Gray Hawk is located in the Rawhide Wash alluvial fan, a large 
portion of which has already been developed. 

Scottsdale Core South: This proposed project is located between Scottsdale and Pima Roads, just north of the 
Princess Resort. The site. which is currently in the design phase, will encompass 1,299 acres, including a 
regional shopping center, an auto mall, and two parks. 

Sonoran Hills: Sonoran Hills will eventually include 241 acres of residences, 35 acres of commerciaVoffice 
space, and a school. It is located south of Pinnacle Peak Road and west of Hayden Road in the Rawhide Wash 
alluvial fan. A large portion of the development has already been built. 

Pinnacle Reserve: This development is located in the Rawhide Wash alluvial fan south of Happy Valley Road 
between Scottsdale and Miller Roads. Once completed, it will contain approximately 300 single-family 
residences. 

Other significant developments in Rawhide Wash alluvial fan floodplain include: Rawhide (a western theme 
park just south of the Los Portones development which contains shopping, arenas and cookout areas); 
Westworld (which contains arenas, stables, and restaurants and holds horse shows, rodeos, and similar 
events); and the Mayo Clinic Hospital, which is situated at the southwestern toe of the fan near 56th Street. 



4.2 Fans  5&6 Floodplains 

Most of the existing development within the Fan 5 and Fan 6 floodplains, as defined by FEMA, is comprised 
of low-density residential structures. The primary exception is the Tatum Highlands Master Planned 
Community. This development, located between 40th Street and Tatum Boulevard along Jomax Road, is 
approximately 425 acres in size and is built out with primarily single family residences. However, there is 
substantial development within the Corps-defined fan boundaries, which (as discussed previously) are 
substantially larger than the FEMA boundaries. The major developments within the enlarged floodplain 
include Tatum Ranch and Desert Ridge. 

Tatum Ranch Golf Club and Master Planned Community This development spans about 1,800 acres and is 
bounded on the north by Lone Mountain Road, on the south by Dynamite Boulevard, and the west by 40th 
Street and on the east by 56th Street. The development is mostly buiit out. 

Desert Ridee: A syndication of developers is currently developing Desert Ridge. Desert Ridge will 
encompass approximately 5,723 acres bounded by the CAP on the south, 32nd Street on the west, Pinnacle 
Peak on the north, and 64th Street on the east. The State is in the process of disposing of the property through 
public auction. Approximately 1,284 acres have been sold thus far. Additional acreage (most likely in 300 to 
600 acre parcels) will be sold as the infrastructure in the area is developed. A large existing tract has been 
developed which is approximately 700 acres in size. This tract is located north of Deer Valley Road, east of 
40th Street, west of 56th Street, and south of Pinnacle Peak. 

4.3 NUMBER O F  STRUCTURES 

Table 1 displays the total number and type of structures in the Corps-defined floodplain. It is important to 
note that the number of structures displayed on Table 1 represents structures in the 500-year overflow area 
boundaries which could possibly be flooded. As described in Section 2.1, the study area is subject to alluvial 
fan flooding, in which the exact location of the flowpath is uncertain. As such, only a small "strip" within the 
overflow area boundary will be flooded during an actual flood event. All structures in the overflow area 
boundary were counted because it is hydraulically impossible to determine exactly where the "strip" will be 
located when flooding occurs. 

Table 1 
Study Area Alluvial Fans 

Total Number of Structures 

Structure T v ~ e  Rawhide Wash Fan Fans 5 &6 

SFR 2,014 3,88 1 5,895 

MFR 898 3 90 1 

MH 1 22 23 

Commercial 47 1 48 

Industrial 11 34 45 

Public - 10 0 - 10 

TOTAL 2,981 3,941 6,922 



4.4 VALUE OF STRUCTURES 

The total value of structures in the floodplain has been estimated using the following methodology: 

1) Square footage estimates were made based upon: a) information obtained from local subdivision 
rental offices; 2) unit dimensions from aerial photographs; and 3) visual estimates made during 
field surveys. 

2) Structures were categorized according to construction classification. 
3) Condition and age were noted from field surveys. 
4) Structure replacement value multipliers were obtained from Marshall & Swift Valuation Service. 

These multipliers reflect structure type, construction type and construction quality. 
5) Adjustments were made to the multipliers to reflect current cost levels for the 

PhoenixIScottsdale, Arizona area. 
6) Adjusted square foot multipliers were applied to square footage estimates for each structure. 

4.5 VALUE OF CONTENTS 

Content values were calculated as a percentage of the corresponding rep1a:ement values of structures. 
The following ratios were applied: 

Structure Tvoe Ratio 

Single Family Residences 50% 
Multi-Family-Residences 50% 
Mobile Home 50% 
Commercial 100% 
Public 24% 
IndustriaYFarm 113% 

The above content percentages are based upon previous studies performetl in the L.A. District 

Table 2 (page 10) provides a detail of structure and content values by allutial fan floodplain. As shown on 
Table 2, there are about 6,922 structures in the study area alluvial fans with a combined value of over $1.5 
billion. Residential structures, including single family residences, multi-family residences and mobile homes. 
represent 98.5% of the total structure count and about 95% of total structrre and content value. 

In addition to the structures located in the study area alluvial fans, there are also structures located in the 
upstream end of the drainage areas before flows are anticipated to fan out Since the nature of flooding for 
these structures differs from those within the alluvial fans, they have been s8:gregated for analysis purposes. In 
the riverine flooding area (all upstream of Fans 5 and 6), there are 287 structures. Table 3 on page 11 
summarizes structure and content values in the riverine floodplain. Table : shows that the nverine floodplain 
is primarily comprised of single-family residences with a combined structu~e and content value exceeding $55 
million. 



Table 2 
Study Area Alluvial Fan Floodplains 

Value of Structures & Contents (in $1.000~) I 
Rawhide Wash Fan # Struct. Value Content % Avg. Struct. Avg. Content 

Value 

SFR 2014 $314,826 $157,413 50% $156 $7 8 

MFR 898 $112,864 $56,432 50% $126 $63 

MH 1 $14 $7 50% $14 $7 

Commercial 47 $34,080 $34,080 100% $725 $725 

IndustriaVFann 11 $1,283 $1,450 113% $117 $132 

Public 10 $9.803 $2.353 24% $980 $235 

Total 298 1 $472,870 $251,735 53% $159 $84 

Fans 5&6 # Struct. Value Content % Avg. Struct. Avg. Content 
Value 

SFR 3881 $536,938 $268,469 50% $138 $69 

MFR 3 $1,068 $534 50% $356 $178 

MH 22 $577 $288 50% $26 $13 

Commercial I $3,233 $3,233 100% $3,233 $3,233 

IndustriaWam 34 $950 $1,073 113% $28 $32 

Public - 0 $0 $0 0% $0 a 
Total 3941 $542,766 $273,597 50% $138 $69 

Total # Struct. Value Content % Avg. Struct. Avg. Content 
Value 

SFR 5895 $851,764 $425,882 50% $144 $72 

MFR 901 $113,932 $56,966 50% $126 $63 

MH 23 $591 $295 50% $26 $13 



48 $37,313 $37,313 100% $777 $777 

45 $2,233 $2,523 113% $50 '?'I . . 

10 $9.803 - $2.353 24% $980 $235 

otal 6922 $1,015,636 $525,332 52% $147 $76 

Table 3 
Study Area Riverine Floodplains 

Value of Structures & Contents (in $1,000~) 

# Struct. Value Content % Avg. Struct. Avg. Content 
Value 

5.0 FLOODPLAIN DAMAGE EVALUATION (EXISTING DEVELOPMENT) 

This section describes the methodology used to compute the damages expected to be sustained in the study 
area alluvial fan floodplains to existing development. These damages include inundation to floodplain 
structures and contents. 

5.1 DAMAGES BY FLOOD EVENT 

Inundation damages to existing structures have been calculated for five frequencies of events for without- 
project conditions. The following methodology was employed: 

1) Estimated first-floor elevations were noted during floodplain surveys. 

2) Average flood depths for discharges associated with the 10,25,50,100 and 500-year floods 
were provided by Engineering Division. Note that for all structures subject to alluvial fan 
flooding, these flood depths only apply to a narrow "strip" which could be located anywhere 
within the overflow boundary during an actual flood event. There are also some structures 
near the upstream limit of the study area which are subject to riverine-type flooding. 
Damages to these structures were calculated separately using traditional methods. 



3) Inundation depths for each structure were determined by subtracting the first floor elevation 
from the appropriate average flood depth. These inundation depths are based upon the 
assumption that the structure will be located within the path of flooding during aflood event. 

4) Structure and content damages were estimated as a percentage of structure and content 
values. The percentages, provided by the Federal Emergency Management Agency, vary 
according to structure type and inundation depth. 

5) The probability that a particular structure would be located within the tlowpath (and 
therefore sustain damages) during a given flood event was estimated by dividing the width of 
flooding for the event by the width of the entire floodplain at the location (cross section) of 
the structure. 

6 )  Structure and content damage estimates were discounted by applying the probabilities 
discussed in 5) above. 

The non-damaging event has been estimated to be between the two and five-year event for most of the study 
area except for several of the existing developments which have substantial flood control infrastructure in 
place, including the Princess Resort and Los Portones. Table 4 details structure and content damages by event 
for each fan under without-project conditions. 

Table 4 
Study Area Alluvial Fans 

Structures & Content Damages By Event (Existing Conditions) 
(in $1.000~) 

RAWHIDE 

FANS 5&6 F 

l 0YR 25 YR 50YR IOOYR 500YR 
STRUC CONT STRUC CONT STRUC CONT STRUC CONT STRUC CONT 

$1.010 $649 $2,487 $1.597 $4,147 $2.669 $5.766 $3.736 $7,445 $5,072 

l0YR 25 YR 50YR IWYR 500YR 
STRUC CONT STRUC CONT STRUC CONT STRUC CONT STRUC CONT 



Public B a a  82 B x! U $Q l 
Total $710 $478 $1,567 $1,056 $2.274 $1,531 $2,643 $1,766 $3,459 $2,231 

TOTAL IOYR 25 YR 50YR 100YR 5OOYR 

STRUC CONT STRUC CONT STRUC CONT STRUC CONT STRUC CONT 

$1,441 $936 $3,373 $2,186 $5,270 $3,409 $6,762 $4,337 $8,783 $5,712 
$157 $98 $386 $242 $649 $407 $918 $573 $1,180 $775 
$54 $22 $131 $52 $204 $81 $266 $117 $343 $154 

$60 $64 $145 $157 $250 $273 $359 $424 $465 $591 
$5 $6 $11 $14 $17 $22 $23 $29 $30 $40 

ublic $ 1 $ 8 $ 2 $ 2 l  $ _ X $ 8 1 $ 1 0 3  $2l 

Table 5 which follows summarizes damages by event for those structures within the riverine floodplain 
areas. 

Table 5 
Riverine Flooding 

Structures & Content Damages By Event (Existing Conditions) 
(in $1,000~) 

lOYR 25 YR 50YR lOOYR SOOYR 

STRUC CONT STRUC CONT STRUC CONT STRUC CONT STRUC CONT 

$721 $543 $1,599 $1,202 $2,264 $1,701 $1,629 $1,238 $2,256 $1,699 

Riverine Fan 6 

tr id 
$90 $68 $201 $153 $356 $270 $473 $359 $573 $430 

$ 2 % ! 2 & ! ! i $ 1 8 $ u $ B $ B  
$96 $75 $213 $169 $370 $288 $488 $378 $592 $453 

As the study area surrounding the floodplain develops over time, resulting in increased discharges and depths 
and widths of flooding within the floodplain, inundation damages to existing development are projected to 
escalate. Most of the study area is expected to be built out by the year 2025. Thus, damages by event for 
existing development are expected to peak by about that year. 

The Hydrology & Hydraulics Section will be providing estimated future discharges associated with build-out 
development conditions. These discharges will be utilized to calculate future expected annual damages and 
equivalent annual damages once they are available. 



5.2 ANNUAL DAMAGE CALCULATIONS 

The damages expected to result from each of the various sized floods used in the analysis were weighted by 
the probability of occurrence of each flood. Annual damages were then calculated by using standard damage- 
frequency integration techniques, and applying the capital recovery factor (partial payment series) for a 6 518 
percent discount rate. The expected annual flood damage (EAD) Computation program developed by the 
Hydrologic Engineering Center in Davis, California was used for these computations. 

As described in the previous section, discharges for both existing (1999) and future (2025) conditions will be 
input into the EAD program. The program utilizes the future discharges to project increases in damages by 
event over the period of analysis. Equivalent annual damages represent a uniform distribution of annual 
values and are computed by discounting and amortizing each year's expected annual damage value over the 
period of analysis. The discounting and amortization takes into account the time value of money associated 
with damage values. 

Expected annual damages for existing (1999) conditions by reach and structure type are shown on Table 6. 
Future conditions and equivalent annual damages will be completed once frequencyldischarge data for future 
conditions are available. 

Table 6 
Northeast Phoenix Study Area 

Equivalent Annual Structure & Content Damages by Structure Type 
(In $1,000'~) 

Bv Structure Category EAD (Existine Condsl 2025 EAD Eauivalent Annual Damages 

SFR 
MFR 
MH 
Commercial 
Industrial 
Public 
TOTAL 
Bv ReachRvae of Flooding 
Rawhide (Alluvial) 
Fan 5 (Alluvial) 
Fan 6 (Alluvial) 
Fan 5 (Riveline) 
Fan 6 (Riverine) 

$1,164 TO BE TO BE 
$88 COMPLETED COMPLETED 
$25 BEFORE F4 BEFORE F4 
$44 
$7 

$3 
$1,331 

TOTAL $1,331 

As shown above, total expected annual damages equate to $1,331,000. Damages to existing residential 
development (SFR, MFR and MH) account for 96% of total damages. Alluvial fan damages represent about 
70% of expected annual damages, while riverine damages represent about 30%. Damages (riverine and fan) 
for Rawhide, Fan 5 and Fan 6 represent 43%, 37%, and 20% of total expected annual damages, respectively. It 
is important to note that equivalent annual damages will be higher than these figures, since increased 



development in the study area will result in increases in future discharges. The scale of this impact is 
uncertain. 

6.0 FLOODPLAIN DAMAGE EVALUATION (FUTURE DEVELOPMENT) 

Costs associated with future development in the floodplain consist of future floodproofing expenditures made 
by developers to comply with alluvial fan development restrictions. In the section which follows, alluvial fan 
development restrictions will be discussed. floodplain development projections will be presented, and 
expected future floodproofing expenditures will be quantified. 

6.1 ALLUVIAL FAN DEVELOPMENT RESTRICTIONS 

6.1.1 FEMA Restrictions 

The Cities of Phoenix and Scottsdale are participants in the National Flood Insurance Program (NFIP). 
FEMA, which administers the NFIP, identifies and delineates special flood hazard areas on flood insurance 
rate maps (FIRMS) for communities participating in the NFIP. FEMA established preliminary FIRMS for 
Northeast Phoenix and North Scottsdale and surrounding areas in July 1991. In addition to delineating 
special flood hazard areas, the FIRMS provided base flood elevations for the 100-year flood event. FEMA 
received appeals from the cities of Scottsdale and Phoenix and Maricopa County relating to information 
contained on the FIRMS. These appeals were taken into consideration by FEMA and resulted in revised 
FIRMS for the area in 1993. 

FEMA has established minimum requirements which developers within special flood hazard areas must 
comply with in order to meet NFLP reg~~lations and to be eligible for flood insurance coverage. These 
requirements are addressed in Chapter 44 of the Code of Federal Regulations, Part 60.3 and include: 

1) The first floor must be  elevated above the highest adjacent grade to at least a 
high as the depth number specified on the flood insurance map (FIRM), which is equal to 
the depth of flooding in the 100-year event; 

2)  Adequate drainage paths around structures on slopes must be provided, with 
floodwater guided around and away from proposed structures: and 

3) Floodflow cannot be deflected onto adjacent properties. 

Compliance with these minimum requirements enables developers to build within the 100-year floodplain. 
However, the structures (once they are built) are still considered to be susceptible to damage during the 100- 
year flood event. For example, a structure with a the first-floor level at or above the 100-year flood depth 
could still be damaged during a 100-year event, since its foundation could he exposed to floodwater. 
Communities participating in the NFLP must assure developments within their communities comply with the 
minimum FEMA requirements to remain eligible for participation in the program. 

A developer can submit an application to FEMA requesting a letter of map amendment or letter of map 
revision to he removed from the 100-year floodplain. Section 65.13 of FEMA's "National Flood Insurance 



Program and Related Regulations" (revised October 1, 1993) identifies the procedures which must be 
followed and the types of information FEMA requires to recognize on a NFIP floodplain map that a structural 
flood control measure provides protection from the base flood in an area subject to alluvial fan flooding. 
Section 65.13 specifically states: "In general, elevations of a parcel of land or a structure by fill or other 
means, will not serve as a basis for removing areas subject to alluvial fan flooding from an area of special 
flood hazards. FEMA will credit on NHP maps only major structural flood control measures whose design 
and construction are supported by sound engineering analyses which demonstrate that the measures will 
effectively eliminate alluvial fan flood hazards from the area protected by such measures." FEMA's review 
criteria require that the construction include elements which: 

I) Do not cause the disturbance of natural flood processes on the fan; 

2)  Allow for the safe collection passage, and disposal of flood-related water, sediment 
and debris without negative impact on adjacent property; 

3) Address erosion, scour, deposition, impact and hydrostatic forces; and 

4) Provide that the design and maintenance of the project elements he coordinated with 
the local jurisdiction andlor agency responsible for flood control within the 

community. 

By meeting the above requirements, a development may be removed from the floodplain, thereby eliminating 
flood insurance requirements for structures within the development. 

The Cities of Phoenix and Scottsdale have regulations which are consistent with FEMA's minimum 
requirements for floodplain development. However, they do not meet FEMA's requirements for removal from 
the 100-year floodplain. Accordingly, it is possible to develop within the floodplain without providing 
protection up to the 100-year flood event. However, those purchasing structures within the development via 
Federally-insured loans would be required to purchase flood insurance. 

According to FEMA's Office of Risk Assessment, flood insurance purchase requirements can have a very 
adverse impact on the marketability of structures within such developments, especially if there are nearby 
developments located outside the FIRM boundary. He stated that most alluvial fan developers therefore strive 
to meet FEMA's requirements for removal from the FIRM delineated floodplain. 

6.1.4 Floodproofing for Existing Developments 

After FEMA developed its preliminary FIRMS for the Northeast Phoenix and North Scottsdale area in 1991, 
several private developments made appeals for removal from the FIRM-delineated 100-year floodplain. Los 
Portones and Ironwood Village were the two major developments in the study area for which appeals were 
made. Both applications were rejected by FEMA despite the fact that both had elevated structures on fill and 
provided channelization through the development. 

A letter dated January 4, 1993 from Mr. John Matticks, Assistant Administrator for FEMA, to Mr. Herbert 
Drinkwater, the City of Scottsdale's Mayor, stated the following regarding FEMA's rejection of the appeal for 
the Los Portones development: 



Field inspection and the review of available aerial photographs ar~d 
topographic maps indicate that the,flow path of a majorjZood below the 
apex of Basin 4 is not certain. Therefore, ajlood corztrol meamre czrrznot 
depend on theiZow being delivered to its upstream end ... Because it is not 
certain that all of the $ow expected once in 100 yearc. woull be in the 
channel at the upstream end of the improvements rve cannot credit the 
chunnel on our maps with providing protection from alluvial.farz,flood~. 

Ironwood Village's flood control measures include a collector channel and seven channels which convey 
flood waters through the development. FEMA rejected a FIRM revision for Ironwood Village. in part, because 
none of the channels individually could convey the flow from a 100-year flood event (although they could 
collectively). In addition, Mr. Crossman stated that FEMA determined that since there was no improved 
channelization upstream of the development, channelization through the development could quickly become 
obstructed with sediment. The same letter from FEMA referenced atiove stated the following regarding its 
rejection of a FIRM map revision for Ironwood Village: 

Because of the potential failure of the system resulting from part of the 
collector channel filling up with sediment and/or resulting from a ,flow 
distribution other thun the specific design distribution, we cannot credit the 
system on our maps as providing protectionfrom alluvia1,fanflooding in 
the area. 

According to Mr. Karl Mohr of FEMA, there are two primary considerations which are often inadequately 
addressed by developers in their floodproofing efforts on alluvial fans: 

I)  The flood control system must have the ability to capture flood flows 
upstream of the development regardless of the angle and location of these 
flows. This criteria is especially difficult to meet on alluvial fans, since the 
angle and location of floodflows is highly uncertain and can change from 
event to event. 

2) The flood control system cannot become obstructed with sediment. 

Although meeting FEMA's requirements for removal from an alluvial fan floodplain can be difficult and 
costly, Mr. Mohr stated that there have been developments which have been successful in doing so. One such 
development includes Del Web Sun City, which is located in the Thousand Palms, California area. He stated 
that successful floodproofing measures have often included combinations of walls/berms/levees and 
channelization which diverts the flows away from structures within the development. He stressed that 
developers can submit preliminaty designs for review to FEMA. After reviewing the designs, FEMA will then 
either provide approval or will state what modifications would be necessary in order to meet compliance with 
Section 65.13. 

Based upon conversations with representatives of and information furnished by FEMA and the City of 
Scottsdale, the following analyses will assume that under the without-project condition, future developers 
within the study area would attempt to conform with Section 65.13 of FEMA's regulations. It follows from 
this assumption that future development under the without project condition would: 1) be protected from 
flooding up to the 100-year event; and 2) would not be subject to NFIP requirements for flood insurance. 



6.2 ALLUVIAL FAN OWNERSHIP 

6.2.1 Phoenix 

Most of the FEMA-defined alluvial fan area west of Scottsdale Road in the City of Phoenix is owned by the 
State of Arizona. However, two major developments are currently in the planning or early construction 
phases. 

Desert Ridge: As discussed in Section 4.1, a small portion of the Desert Ridge development 
has already been built. At buildout, Desert Ridge will encompass approximately 5,723 acres 
bounded by the CAP on the south, 32nd Street on the west, Pinnacle Peak on the north, and 
64th Street on the east. The State is in the process of disposing of the property through 
public auction. Over 1,000 acres have been sold thus far. Additional acreage (most likely in 
100 to 600 acre parcels) will be sold as the infrastructure in the area is developed and in 
accordance with demand. 

Paradise Ridge: This development will be approximately 2,230 acres in size, bounded by the 
CAP on the south, 64th Street on the west, Pinnacle Peakon the north, and Scottsdale Road 
on the west. Construction has yet to commence on this project. However, a representative 
from the State Land Department indicated that there is substantial development pressure in 
the area. Combined, the Paradise Ridge and Desert Ridge developments comprise most of 
the remaining developable land in the Rawhide Wash alluvial fan floodplain. 

6.2.2 Scottsdale 

Most of the alluvial fan area within the City of Scottsdale is owned by private developers. Section 4.1 
described the major existing developments in the alluvial fan floodplains. Most future development will be 
comprised of ongoing build-out of those developments. 

6.3 PROJECTED ALLUVIAL FAN DEVELOPMENT 

Separate development projections have been made for the Rawhide Wash alluval fan and Fans 5 and 6. This 
is because two large developments within the Rawhide Wash fan (Desert Ridge and Paradise Ridge) will 
heavily impact future development within its boundaries. As a result, development growth rates, particulary 
over the next ten years, are anticipated to be substantially higher in Rawhide Wash fan relative to Fans 5 and 
6. 

6.3.1 Risk & Uncertainty Development Model 

The following sections detail the various components to the Risk & Uncertainty Development Model. The 
Model is a ~ i c r o s o f t ~  Excel 97 spreadsheet with a Palisade Corporation @RISK add-in. The three major 
sections of the Model are: (1) Population Sector; (2) Housing Stock Sector; and (3) Compliance Cost Sector. 

Population Sector 

The population sector determines future population and household formation. From the base year, the model 



applies a random growth rate (a truncated normal probability function as negative growth is not contemplated 
for the study area) to forecast the net change in population. The net change in population is then divided by 
the persons per household rate (held constant in this analysis) to establish the change in households. This 
change added to base households forms the new household level. This iterative process is repeated 
throughout the life of the study period subject to a land constraint requirement of the Housing Stock Sector. 
Mathematically this sector appears as such, 

Pop,  * P,  = A POPI 

Pop, + A pop ,  = Pop, 

A POP, - 
HHo+-- H H I  

hhl 

where p, =population growth,factor 
P~ip, = Base population 
hlzl =persons per household rare 
HHl, = Base  household.^ 

In the analysis of the Rawhide Wash alluvial fan, the population growth factor assumed the following 
characteristics: 

For Fans 5&6, population growth was assumed to exhibit the following characteristics: 

2020 onward 

5 

3% 

0% 

10% 

The population growth rates above are based upon growth projections obtained from MAG for the specific 
regional analysis zones applicable to each fan. MAG'S projections are based upon a regional allocation 
model, which allocates the overall projected population growth within Maricopa County down to subregions 
based upon historical demand, land use plans, proposed developments, building permits, availability of 
developable land, employment center growth, etc. As discussed above, the high growth rates for Rawhide 
Wash fan are attributable to the anticipated development of Desert Ridge and Paradise Ridge. 
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The persons per household rate for the analysis of all fans was held constant at 2.6 and was based upon 
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historical ratios obtained from the US Census. 

Housing Stock Sector 

The demand for housing is a function of household creation and the vacancy rate factor. By definition there is 
a one-to-one correspondence between household creation and housing. To this one-to-one correspondence an 
additional amount of housing stock must be added to account for vacancies. Thus thechange in housing stock 
is: 

~ H S , = s * ( l + v r ~ )  
hhl where vr, = vacancy rate 

In RUDM the vacancy rates for the entire study area are assumed to take on the following statistical 
characteristics: 

Function Percentage 

Mean 6% 

Standard Deviation 5% 

Minimum 3% 

Maximum 15% 

Vacancy rate statistics were based upon projected vacancy rates projected by MAG for the study area and 
historical fluctuations. 

The random nature of Model's vacancy factor is constructed to only effect the annual net change in housing 
demand and not the base housing stock. By not effecting the base housing stock, extremely wide swings in 
the supplyldemand balance for housing is avoided. 

The demand for housing creates a concurrent demand for land. This land demand is represented by: 

A HS,  
LDI=-  

hsd I where hsd = housing density factor 

For Rawhide Wash alluvial fan, the housing density factor was held constant at 4.6 units per acre. For Fans 
5&6, the ratio was held constant at approximately 2 dwelling units per acre. These densities were based upon 
a detailed examination of the land use zoning for all developable land in the floodplains, as well as specific 
development data for Desert Ridge and Paradise Ridge. 



Demand for housing is constrained by the availability of land (zoned residential). For Rawhide Wash this 
constraint is 2,556 acres. Therefore, 

For Fans 5&6, the constaint is 1,754 acres. These figures are based upon an examination of aerial 
photography and land use plans to determine acreage available for development and allocation between 
residential and non-residential purposes. 

This constraint has a feedback element to population in that when the cumulative land demand reaches the 
constraint population growth ceases. 

Although the above reflects the demand for land from the change in households, it does not reflect actual 
construction practices. Construction practices do not usually correspond one-to-one to current demand. 
Housing developments generally anticipate future demand. The Model attempts to model this real world 
practice by employing a housing construction demand with a two year build-out based on theaverage housing 
demand of the preceding three years. Therefore the Model's housing demand is: 

An additonal check is included in the model which determines whether the existing housing stockexceeds the 
amount required to supply two years of future population growth, based upon growth in the preceeding three 
years. Once this constraint is reached, land demand for that year is held at zero until the subsequent year. 

Comoliance Cost Sector 

Development in the Rawhide Wash alluvial fan is projected to occur in the following manner: 

1 Parcel Sirc I Dcvclopmnt Percentage I 
<= 1 Acre 21% 1 
40 Acres 10% 

160 Acres 19% 

1 320 Acres 1 20% 1 
640 Acres 28% 

This allocation is based upon information obtained from the Arizona State Land Department regarding its 
proposed disposition plan for land west of Scottsdale Road. To incorporate uncertainty the Model employs 



truncated normal probability functions for three development sizes with a controls on the third and fourth to 
assure the development percentage totals 100. The statistical data for the probability functions are: 

640 Acres 320 Acres I60 Acres 40 Acres <= I Acres 

Mchn 28% 20% 19% 10% 23% 

Standard I)cviatton 10% 111% 10% 10% 10% 

Minimum 0% 0% 0% 0% 10% 

Maximum 40% 40% 30% 30% 40% 

In order to project future floodproofing expenditures, estimated floodproofing costs per acre must be applied 
to the development projections. Research revealed little data regarding historical floodproofing expenditures 
made by developers, due primarily to: 1) the limited amount of existing development in the FEMA 
floodplains; 2) the apprehension of developers to reveal such detailed information; and 3) the difficulty in 
separating out floodproofing costs from other costs for the development, e.g, general drainage requirements. 
In addition, FEMA's criteria for floodproofing in A 0  Zones, as detailed in Alluvial Fans: Hazards and 
Management, was not published until 1989. Floodproofing measures implemented prior to that date would 
likely be considered inadequate compared to the new more stringent standards. Therefore, costs incurred for 
floodproofing prior to 1989 would not be representative of what developers would be required to expend now 
to floodproof their developments. 

Ironwood Village and Los Portones are two of the primary existing developments in the study area. 
Approximately $1 million was spent on floodproofing for a 40 acre subdivision of Los Portones. This equates 
to $25,000 per acre, which does not include engineering and design. At least $3 million (or$10,500 per acre) 
was spent of flood control infrastructure for Ironwood Village. 

As discussed earlier in this report, attempts were made to obtain FIRM map revisions for both Ironwood 
Village and Los Portones. FEMA considered the floodproofing designs inadequate and reiected both - - - 
applications. It should be noted that the flood control infrastructure for these developments had already been 
designed and was either under construction or constructed prior to FEMA's 1989 publication of alluvial fan 
flood protection criteria. Thus, the designs were developed without full knowledge of what criteria would 
have to be met. 

Due to the lack of sufficient and applicable historical data, projections of future floodproofing costs will rely 
on floodproofing design and cost estimates developed by the Los Angeles District. The following estimates 
are based upon floodproofing designs and cost estimates developed for several Los Angeles District studies, 
including the Tropicana &Flamingo Washes Feasibility Study, the Whitewater Feasibility Study, the Tortolita 
Drainage Area Reconnaissance Stndy, and the North Scottsdale Reconnaissance Study. 

Developrnnl Si'e Compliance Cast 

40 Aaes $33,200 

160 Acres $31,000 

320 Acres $29,000 



For single lots which cannot be consolidated into larger parcels. separate Floodproofing costs were calcluated. 
Individual lot owners can develop their parcels if they raise the single home development above the FEMA 
100-year flood level, install drainage capacity, and provide erosion protection to both the fill and drainage 
system. The estimated cost per acre for single lot floodproofing is $7,400. 

I>evel(~pmnt S i x  

Annual compliance cost is thus the weighted average of large scale development plus the compliance cost of 
individual small parcel development. 

Cornpliarice Cost 

Non-Residential Sector 

MO Acrcs I 516.000 

In addition to the 2,556 acres of residential acreage available for development in the Rawhide Wash 
floodplain, there is an additional 1,441 acres of available land zoned for commercial and public uses. This 
land has been assumed to be developed at the same growth rate as the residential sector for the area. The 
floodproofing cost per acre for non-residential acreage has been estimated at $30.000, based upon the range of 
values determined for residential parcels of between 40 acres and 160 acres. 

I 6.3.2 Growth Projections -- Summary 

Table 7 summarizes expected cumulative population growth for the study area FEMA A 0  Zone floodplains, 

I as well as the associated cumulative growth in the housing stock, based upon the expected variables specified 
in the R&U Model in the prior section. 

I 
-- 

Table 7 
FEMA A 0  Zones 

I 
Summary of Growth Projections 

Population Housing Units 

I L 
Note: Excludes existing population 

Based upon the land available for development, the projected growth in population, demand for housing, and 

I the land use zoning, Rawhide Wash and Fans 5&6 are projected to be built out prior to the year 2025. As 
shown in Table 7, buildout of housing units preceeds population buildout by a couple of years. This is due to 



the assumption regarding construction practices of developers discussed in the prior section. Table 8 displays 
cumulative land developed over the period of analysis. 

6.4 PROJECTED FUTURE FLOODPROOFING EXPENDITURES 

Table 8 
FEMA A 0  Zones 

Cumulative Projected Land Development (Acres) 

The Risk & Uncertainty Development Model was designed to simulate development through buildout for 
each fan in an iterative process. In each iteration, once buildout is reached, the net present value of future 
floodproofing expenditures is calculated separately by fan (using a discount rate of 6.625%). These NPVs are 
then annualized over the 50-year period of analysis. The Model iterations continue until a 0.5% convergence 
threshold is reached. As more and more iterations are executed during a simulation, the output distributions 
generated become more "stable". Distributions become stable because the statistics which describe them 
change less and less as additional iterations are performed. The number of iterations required to generate 
stable output distributions varies depending on the model being simulated and the distribution functions in the 
model. By monitoring convergence one can insure that a sufficient, but not excessive, number of iterations is 
run. The convergence threshold controls the maximum amount of change allowed for a converged 
distribution. When the statistics calculated change less than 0.5% for two consecutive calculations, the 
statistic is marked by the @Risk program as converged. Approximatley 2,000 iterations were required to 
reach the threshold for mean expected annual floodproofing expenditures. 

y~ 
2C 
2C 
2C 
2C 
2C 

Table 9 shows the results of the Risk & Uncertaint Development Model. The mean, standard deviation, and 
95% confidence interval values are shown for expected annual floodproofing expenditures over the period of 
analysis (2006-2055). 

Residential 
1 Commercialh 1 I 

45 
268 I 

1 707 2 
2 988 3 
4 1,44 1 5 

Table Y 
FEMA A 0  Zones 

Expected Annual Floodproofing Expenditures 
(Oct. 99 Price Levels) 

Mean Standard Deviation - 95% 

Rawhide 
Residential $1,898,000 $178,000 $1,613,000 $2,198,000 

Non-Residential $1.48 1.000 $202.000 $1.163.000 $1.840.000 



I 
1 Total $3,379,000 $380,000 $2,776,000 $4,038,000 

Fans 5&6 $967.000 $107.000 $799.000 $1.144.000 

I Grand Total $4,346,000 $487,000 $3,575,000 $5,182,000 

As shown on Table 9, expected annual floodproofing expenditures equal about $3.38 million for the Rawhide 

I Wash A 0  Zone and nearly $1 million for Fans 5&6. 

I 7.0 OTHER DAMAGES 

7.1 EMERGENCYICLEAN UP COSTS 

1 There is very little data available regarding historical flood damages in the study area, since the alluvial fan 
has only recently begun to experience significant develop~nent activity and still remains primarily 

I undeveloped. According to Mr. Colis Lovely. TransportationIDrainage Planner for the City of Scottsdale, the 
area experienced flooding in 1992 and 1993, during which several cars were washed down a wash. Neither 
the Maricopa County Flood Control District nor the City had estimates regarding the frequency of these 

I events or additional information regarding flood damages. 

Scottsdale's Municipal Services Department estimated contract repairs and maintenance expenditures for 

I 1993 and 1994 at $121,23 1. These figures included repairing dip sections and other road repairs. Clean up 
costs for the entire city of Scottsdale, including bamcades and sand bags, totaled $27,000 in 1993 and 
$32,275 in 1994. Information regarding the proportion of these costs attributable to the North Scottsdale 

I study area was not available. Further. these amounts do not include expenditures made by private 
developments for repairs, maintenance and clean-up. 

I 
Due to the lack of necessary historical data for the study area, expected annual emergency and clean-up costs 
have been estimated based upon research and analysis conducted for prior Corps flood-control studies 
involving alluvial fans. Prior Corps studies indicate that combined emergency and clean-up costs represent 

I 
between three and nine percent of equivalent annual inundation damages. For purposes of this analysis. 
combined annual emergency and clean-up costs for the study area will be estimated at 5 percent of equivalent 
annual inundation damages. Table 10 below details expected annual emergency and clean-up costs by fan. 

I Table 10 
Expected Annual EmergencyICleanup 

I Damages 
(In $1,000'~) 

Expected Annual EmergICleanup 

I Fan - Inundation Damages (5%) 
Damages 

I 
Rawhide (Fan) $573 $29 

Fan 5 (Fan) $143 $7 

Fan 5 $349 $17 

I (Riverine) 

I 25 

I 
I 



Fan 6 (Fan) $210 $1 I 

Fan 6 x?6 $2 
(Riverine) 

Total $1,331 $67 

7.2 FLOOD INSURANCE EXPENDITURES 

Those people either constructing a new home or purchasing an existing home in an alluvial fan floodplain 
( A 0  Zones) via a federally-insured loan are required to purchase FEMA flood insurance. In addition, some 
banks mandate the purchase of flood insurance even if the mortgage is not insured by a federal agency. The 
amount of the premiums paid by policyholders is comprised of two components: 1) funding for NFIP 
administrative and overhead costs, including policywriting, floodplain management, salaries, etc.; and 2) 
funding for payouts after flood events. The amounts paid by policyholders for administrative and overhead 
costs represents an National Economic Development (NED) loss, since this money would not have to be 
expended if the properties were not located in a floodplain. Overhead and administrative costs represent about 
$XXX per policy. 

Flood insurance policy data was obtained from FEMA by zip code to estimate the number of properties in the 
study area covered by flood insurance. This data indicates that there are about XXX properties covered by 
flood insurance in the study area. Approximately $XXXXX in premiums are collected annually on these 
policies, which provide roughly $XXXX million in coverage. This indicates that the average premium and 
amount of coverage per policy are $XXX and $XXXXXX, respectively. About $XXXXX of the premiums 
paid by policyholders represents overhead and administrative costs, which represents an NED loss. 

8.0 WITHOUT PROJECT SUMMARY 

The following table summarizes annualized without project damages in the study area. 

Table 11 
Summary of Without Project Annual Damages 

(In $1,000'~) 

Inundation Reduction* $1,331 

Future Floodproofing Expendtiures $4,346 

EmergencyICleanup Costs $67 

Flood Insurance Admin Costs** N c  

Total $5,744 
* EAD based upon Existing Conditions. Equivalent Annual Damage analysis still he to completed. 
**Still to be completed. 



9.0 WITH PROJECT CONDITIONS 

9.1 NED BENEFIT CATEGORIES 

All of the alternatives which were analyzed meet FEMA criteria for protection from the 100-year flood. With 
this in mind, the calculation of NED benefits from flood control is the same for all alternatives. NED benefits 
include: 

1) Inundation reduction benefits; 
2) Savings in future floodproofing expenditures; 
3) Reductions in emergency and clean up costs; and 
4) Savings in flood insurance administrative costs. 

9.1.1 Inundation Reduction Benefits 

Inundation reduction benefits are equal to the difference between the damages without project and the 
residual damages with project (for flood frequencies greater than the 100 year event). With-project equivalent 
annual damages and damages reduced are detailed on the tables below. 

9.1.2 Savings in Future Floodproofing Expenditures 

By far the largest NED benefit resulting from project construction is savings in future floodproofing 
expenditures. The NED benefit which accrues to a federally sponsored alluvial fan flood control project in the 
Northeast Phoenix study area is in the nature of an efficiency of scale. As it is projected, the study area 
alluvial fans over time are going to develop without the intervention of the federal government. This 
development will be piecemeal with various small scale methods to meet FEMA's floodproofing 
requirements. As such, for the nation the potential exists that a single unified measure to control alluvial fan 
flooding may be less costly in terms of the diversion of national resources than the projected piecemeal 
approach, e.g., if 100 developers were to individually expend $10 million to control flooding, but a 
comprehensive system to protect all of these developers existed and had a cost of $9 million, the construction 
of the comprehensive system would be in the nation's interest as it represents a savings (resources not 
diverted) of $1 million. 

In this analysis, the NED benefit for federal flood control is measured by the difference between the federal 
cost to build a comprehensive flood control system and the equivalent present day value of the future 
piecemeal system which would be developed without federal intervention. The present day measure of the 
future piecemeal system is the net present value (NPV) of the estimated future expenditures. Amortization of 
the NPV over 50  years at 6 518% converts the NPV figure to an annual figure comparable to that of expected 
annual inundation damage for ease in comparisons of benefits and costs. The amortized value of the 
piecemeal system for all fans has been calculated at $4.346 million (see Table 9). Thus, the NED benefit is 
equal to the difference between this cost and the annualized federal costs for a comprehensive flood control 
system. Estimated costs for the proposed comprehensive flood control system will be analyzed separately in 
Section 9.2. 

9.1.3 Savings in EmergencylClean Up Costs 

Emergency and cleanup costs will be reduced under with project conditions, as the proposed alternatives will 



I provide flood protection up to the 100-year event. With-project equivalent annual damages and damages 

I 
reduced are detailed on the table below. 

Table XX 

I Northeast Phoenix Study Area 
Emergency & Clean Up Costs 

Equivalent Annual Damages & Damages Reduced by Reach 

I 
(In $1,000'~) 

With Proiect Damaees Reduced 
Rawhide Wash Fan 

I Fan 9 (17an) 
Fan 5 (Ilivcrine) 

Pan 6 (I'an) 

I Fan 6 (Iliverinc) 

TOTAL 

I 9.1.4 Savings in Flood Insurance Administrative Costs 

I As indicated above, all proposed alternatives meet FEMA 100 year requirements. In meeting these 
requirements, homeowners in the alluvial fans will no longer be required to purchase flood insurance. 
Therefore, annual flood insurance administration costs of $94,700 calculated in Section 7.2 are eliminated, 

I which also represents an NED benefit. 

9.1.5 Summary of Annual Benefits 

I Table 49 below summarizes annual project benefits. 

Table XX 
Northeast Phoenix Study Area 

Annual Benefits 

I (In $1,000'~) 

Annual Benefits 
Inundation Reduction 
Future Floodproofing Costs Foregone 

m Reductions in EmergencvIClean up costs 

I 
S a v i n ~ s  in Flood Insurance Admin. Costs 
TOTAL 

I 9.2 PROJECT ALTERNATIVES 

I 
9.2.1 Description of Alternatives 

9.2.2 Project Costs 




