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ABSTRACT

In rapidly growing urban areas of the arid

Southwest, increasingly larger proportions of paved

surfaces heighten both stormwater runoff rates and their

volume. Retainment of runoff within new land developments

is now required by many cities.

This study looks at policies and design specifica-

tions that enable neighborhood-scale flood control facili-

ties to be utilized as recreational amenities. Its major

objective is to exhibit an expanded range of design

solutions that encourage "dual-use," in the form of a

design guidelines manual aimed toward engineers, landscape

architects, and other design professionals.

v i i i



CHAPTER 1

INTRODUCTION

The rapidly advancing urbanization in the Salt

River Valley of Arizona has resulted in greatly increased

runoff rates and stormwater volumes, due to the impervious

nature of this type of land use. To reduce peak flows, and

flooding dangers downstream, many cities now require

on-site retention of specified stormwater volumes; or

detention of runoff for controlled release to reduce peak

loads moving through the drainage network (Verna, 1978;

Robertson, 1984).

In commercial or industrial areas, these detention

or retention basins are commonly observed as moderate

depressions in the landscaped portion of each lot.

Remaining lot area is then sloped in the direction of the

basin. During significant rains, runoff collects in the

depressed basin, and is slowly recharged into the earth.

This is called retention.

A basin site may have a pipe or outlet designed to

slowly release stormwater into streets or storm drains.

The intention is to detain the peak flow in the event of a

heavy storm. This type of design is known as detention.

1



2

Justification of Study 

Where large tracts of developed land (such as

residential neighborhoods) are designed to drain into one

communal basin, this results in a large, undeveloped open

space located within, or adjacent to, otherwise intensely

developed land. Both retention and detention basins of

varying depths and sizes are becoming a common visual

element in the rapidly growing east/southeast valley which

comprises the four major Phoenix suburbs of Scottsdale,

Tempe, Mesa and Chandler.

As suburban areas become more densely populated,

demand for recreational and green space will most likely

rise (Tempe General Plan, 1978). Byrne (1973) estimated

that the Phoenix metropolitan area was lacking some 38,000

acres of space for water oriented activities, 2800 picnic

units and 1000 multi use courts. Currently, it appears

that very few of these sites have been designed with

dual-use (recreational and flood control) in mind. An open

grassy expanse, sparsely planted with small trees, is the

commonly observed treatment at most floodwater control

sites. In a few instances, some truly innovative treat-

ments have been observed, making the stormwater retention

site one of high recreational opportunity, as well as a

flood controlling device.
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Objectives 

In her article "A Stormwater Management Primer,"

Robertson (1984) points out:

Landscape architects are in a unique position. They
can remove stormwater control from a strictly
engineering realm and integrate aesthetic concerns
and enhancements. . . . In turn, this produces
stormwater control which enhances quality of life,
rather than primarily a functional addition to a
site plan.

With this in mind, the major objectives of this study are

threefold:

1. To illustrate to municipalities, 	 designers,	 and

suburban residents, some innovative dual use sites

that have been built in the Phoenix area.

2. To inspire those faced with incorporating stormwater

runoff storage into a land development project, and

give them an expanded view of the range of possible

solutions.

3. To outline design problems associated with recrea-

tional facilities that are regularly inundated with

floodwaters; and to discuss solutions in the form of

product information, plant lists, and construction

methods designed to accommodate these conditions.

Scope of Work 

These	 suggestions	 apply	 primarily	 to	 projects

located in the Phoenix, Arizona metropolitan area, although

they may find application in other urban areas in dry
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climates as well. Suggested plant materials, pavement

sections, and construction specifications may vary widely

from climate to climate, and would need to be carefully

reviewed for application outside the study area.

This study is primarily focused on retention sites

of a "neighborhood scale," ranging from less than one to

several acres. Regional facilities, like the Indian Bend

Wash in Scottsdale, usually command different and heavier

patterns of use, and are beyond the scope of this study.

This study does not in any way evaluate basins on

their compliance with engineering or hydrology require-

ments. The subject of basin site design for strictly flood

control requirements has been more than adequately covered

in other texts (see Literature Review). For the purposes

of this study, it has been assumed that all basin sites

illustrated meet the flood control requirements for which

they were designed.



CHAPTER 2

LITERATURE REVIEW

By far, the greatest proportion of literature today

concerning detention basin design is centered on its func-

tioning as a stormwater management device. The engineering

approach covers a very standardized set of considerations,

including rainfall intensity charts, methods for computing

stormwater runoff, sizing of detention basins, methods of

draining, etc. According to Poertner (1974), detaining

urban runoff as a part of stormwater management had been in

existence for at least 15 years prior to his study, leaving

us with some 25 years plus of engineering-oriented

information.

Poertner's study (1974) recommended that the

"beautification of land areas adjacent to . . detention

ponds should be considered an integral part of

planning, designing and constructing stormwater drainage

facilities and flood control facilities." He also spoke of

multi-use sites, and benefits derived from permanent ponds

and waterways designed with built-in detention storage.

Later articles by Byrne (1979), Bassett (1981),

Ferguson (1981) and Robertson (1984) also mention the

5
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integration of recreational facilities with flood control,

as well as benefits derived from aesthetic considerations

in the design and planning of these basins, leading one to

believe that the dual-use concept is a fairly recent one.

Public relations literature issued by the city of

Scottsdale, Arizona, describes the aesthetic blending of

flood control and recreation created within the Indian Bend

Wash Flood Control Greenbelt facility, which may be one of

the most highly publicized, larger scale dual use projects

in the Southwest. Many community advertising brochures

issued by developers promote recreational opportunities

within greenbelts or waterways located in their develop-

ments, but fail to mention the fact that these facilities

also protect the community from flood hazards.

In conclusion, although the bulk of material

addressing aesthetics and dual-use potential of detention

and retention sites is recent, and not found in readily

circulating sources, it is hoped that the increasing

attention given this relatively new form of land use by

practicing professionals (Clay, 1979; Bassett, 1981; Fergu-

son, 1981; Yen, 1982; Robertson, 1984) and city governments

(Poertner, 1974) will result in the inclusion of design

standards to facilitate dual use in future standard

engineering volumes.	 Certainly, with the interdisciplinary

nature of basin design, "function" will soon be expanded to
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include recreational opportunity and visual enhancement, in

addition to flood control.



CHAPTER 3

THE STUDY SETTING

The Phoenix Metro Area 

Geography and Climate

The city of Phoenix, Arizona and its suburbs

(Figure 1) occupy most of the Salt River Valley: an

oval—shaped, flat plain oriented east to west in central

Arizona. Although it is called a "river," the Salt has

been dammed since the early 1900s to provide a reliable

water supply for the valley below. The dam system is not

designed for flood control, and water must be released

periodically after heavy rains -, when runoff from upland

areas become too great for the system to handle (Hay,

1984). When this happens, the Salt can become a raging

river, creating a major barrier between Phoenix and its

southeastern suburbs.

The climate is dry, warm desert with an annual

rainfall of 7.1 inches and an average maximum daily

temperature of 105 ° in July, and 67° in January. There are

two pronounced seasons of rainfall. Winter storms occur

from November to March as storms roll in from the Pacific

Ocean. This rainfall is highly variable in occurrence, and

8
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Figure 1. Map of Phoenix, Arizona, and suburban communi-
ties (Source: Western Savings, 1980).
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is usually of lighter intensity than summer storms. During

July and August, widespread thunderstorms occur as moisture

is pumped up from the Gulf of Mexico and Mexico's western

coastline (National Oceanic and Atmospheric Administration,

1981). These storms vary widely in location and intensity,

often causing flashflooding in otherwise dry drainage

networks, road closures, and sometimes property damage.

Elevation above mean sea level for the city of

Phoenix is about 1100 feet. Various mountain ranges

surrounding the metropolitan area rise to elevations of

2400 to 4100 feet. Elevations of the gently sloping

terrain within Scottsdale, Mesa*and Chandler vary between

1200 and 1300 feet; most of Tempe is situated between 1100

and 1200 feet (United States Geological Survey, 1971).

Sunshine in the valley averages about 86% of

maximum possible amount. Relative humidity is low.

Soils

According to a 1972 compilation of data by the

United States Department of Agriculture (U.S.D.A.), Soil

Conservation Service, the southern part of the study area

(Tempe—Mesa—Chandler) is comprised of six general soil

associations (Figure 2). Two of these associations occur

in mountainous terrain, and one occurs in and adjacent to

stream channels. The majority of developable land lies in
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the broad,	 flat valleys outside these areas, 	 and it

comprises three general soil associations:

1. Laveen

2. Mohall-Contine

3. Gilman-Estrella-Avondale

The Soil Conservation Service has interpreted all

soils in their survey areas for varying kinds of

recreational use, specifically: camping, lawns and golf

fairways; paths and trails, picnic areas; and playgrounds.

Suitability is ranked by assigning one or more of three

degrees of limitation for each soil type for a particular

use. Names and meanings are as follows:

Slight:	Limitations, if any, are of only minor
consequence and are easy to overcome.

Moderate:	Limitations are of a magnitude	 to
require	 careful	 planning,	 design,	 and
management.	 The cost of correcting or of
overcoming them is an important consideration.

Severe: Limitations are serious enough that the
cost of overcoming them may be too high to
justify the intended use of the soil or site

(Soil Conservation Service, 1974).

Soil properties which may limit the use of a site

for recreation are "slope, flooding hazard, permeability,

texture, presence of coarse fragments on the surface,

rockiness, depth to bedrock and to water table, available

water capacity, salinity, and alkalinity" (Soil Conservation

Service, 1974).
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Laveen soils appear to have "none to slight" limita-

tions for all types of recreational uses mentioned

previously, with the most limiting factor being slope (not

applicable). The Mohall-Contine associations are ranked as

having moderate and severe limitations (respectively) for

lawns, golf fairways, and playgrounds, due to a slow to

moderately slow permeability. This translates to a

percolation rate of 0.06 to 0.63 inches per hour. The

problems associated with a slow percolation rate could be

further complicated by combining a recreational facility

with the function of stormwater retention or detention at a

site where these soils predominate.

In Estrella soils, suitability for lawn and play-

ground use is also termed "moderate" due to moderately slow

permeability. A clay loam surface layer in Avondale soils

(which affects percolation) makes them only "moderately"

suitable for any type of recreational use considered in the

SCS survey.

To summarize, it appears that dual-use sites could

occur in nearly all of the soil types found in Parts of the

study area requiring on-site retention, providing the

specific soil locations and their limitations are known

prior to the design and planning stages of this type of

facility. Where limitations are "severe" due to

permeability through the soil layers, perhaps alternate
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methods of draining the site could be employed, i.e.,

drywell, outfall into drainage network, pumping, etc.

Lifestyle Analysis

A "Lifestyle Analysis" was done for Phoenix and its

suburbs in "Foresight Eighty" (Western Savings, 1980) to

gain insight into the number of households in ten different

lifestyle categories. The category most closely linked to

recreational activities was "Sports Participant: Members

. . are into jogging or some other regular exercise, play

golf, tennis, and racquetball, go swimming and/or

bicycling" (Western Savings, 1980).

These types of activities all suggest a need for

spaces in which to conduct these activities.	 In the

communities surveyed by Western Savings,	 the highest

percentages of residents participating in this type of

lifestyle were in Tempe and Scottsdale, with Mesa not far

behind (Figure 3).

Growth

During the 1970s, Phoenix was the second fastest

growing metropolitan area among the top 50 cities in the

United States.	 Maricopa County population figures jumped

from 971,200 in 1970 to 1,650,400 in 1980.	 This rapid pace

of growth is expected to continue through the 1980s, with a

projected county population of 2,250,000 in 1990, a 36.3%
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Figure 3.	 Percentages of city populations participating
in sports activities (Source: Western Savings,

1980).
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change in ten years (Western Savings, 1980). These figures

indicate a constantly increasing demand for recreational

facilities in the valley.

Strongest growth is expected to occur in the

southeastern suburbs of Mesa, Tempe, and Chandler, where,

as mentioned, there is a greater percentage of the popula-

tion participating in sports activities. These former

"bedroom communities," on which this study is focused, are

also changing in character by offering a full range of

services to their residents, thus becoming separate towns

or communities in themselves (Western Savings, 1980).

Scottsdale 

The city of Scottsdale is located directly east and

northeast of Phoenix; its eastern boundary is decidedly

fixed by the Pima Indian Reservation.	 It is bound by

Tempe, directly to the south (Figure 1).	 The major

drainage network within the city is the Indian Bend Wash,

running northwest to southeast across its southern section.

It is a strongly defined system, with the land surface

generally sloped in its direction throughout the town

(United States Geological Survey, 1971). Stormwaters are

carried	 via	 streets	 and	 open	 drainage channels	 and

ultimately deposited in the Indian Bend.

The tightly bound east, west and south sides of

Scottsdale have directed the voluminous northward expansion
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of its populace, which has grown to approximately 106,000

in 1984 from only 88,622 in 1980, and 2000 thirty-five

years ago. The city has thrived on tourism, offering

resort hotels, unique shopping and art galleries (D. Smith,

1984). It is a sophisticated city; its residents are

affluent, and a larger percentage involve themselves in

sports activities (48%) than in any other community in the

Phoenix metropolitan area except Tempe (Western Savings,

1980) (Figure 3).

Tempe 

Tempe was founded in 1871 by Charles Trumbull

Hayden, who started the river ferry and flour mill at that

location.	 Later, in 1885, the Territorial Normal School

was founded with 35 students.	 The school is now called

Arizona State University, has an enrollment of 40,000

students, and serves "as the mainstay of Tempe's cultural,

business, religious, and social activity" (Western Savings,

1980).

Tempe's population increased by 70% between 1970

and 1980; from 62,907 to 106,920.	 The • 1984 projected

population is 138,600 (Western Savings, 1980).	 It is

expected that this rapid growth will parallel improving

economic conditions, focusing on southern sections of the

city, where vacant land is available for development (Tempe

General Plan, 1978).
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The average age of Tempe residents is the youngest

of any community in the valley. This is due not only to

the large university population, but also to a high

percentage of households with children under 18 (52%).

Tempe also has the lowest percentage of households with

people 56 years and over (7%). The Tempe General Plan

(1978) cites these figures to demonstrate a need for

recreational planning.

Tempe is located south/southeast of Phoenix, with

most of its area lying south of the Salt River Valley. The

valley is the major terminus for surface drainage in

approximately two-thirds of the city. The Western Canal

transects Tempe from east to west between Guadalupe and

Elliot Roads, acting as a barrier to the surface flow from

that line southward. Drainage procedures and options in

this area are discussed in Chapter 5.

Mesa 

The city of Mesa is named for its location on the

high ground south of the Salt River.	 Mesa is Spanish for

table,	 or	 flat-topped	 hill	 (D.	 Smith,	 1984).	 Its

elevations, landforms, soils and climate closely parallel

the rest of the study area.	 Mesa is the easternmost of the

Phoenix suburbs,	 located east of Tempe and north of

Chandler (Figure 1).



19

Mesa is the second largest city in the Phoenix

metropolitan area, and is the third largest in Arizona.

Its 1980 population of 152,453 was an increase of 142% from

its 1970 population of 62,853 (Western Savings, 1984).

Estimates of future population vary from 300,000 to 400,000

by the year 2000. Its location 16 miles from Phoenix,

availability of undeveloped land and good freeway access

help to explain this phenomenal rate of growth (D. Smith,

1984).

Sixty percent of the residences in Mesa are single

family dwellings, but 43% of the mobile homes in the entire

Phoenix metropolitan area are located in Mesa. The

lifestyle analysis done by Western Savings for "Foresight

Eighty" indicates a higher percentage of Mesa residents are

outdoor enthusiasts and sports participants, when compared

to the averages for the Phoenix metropolitan area

(Figure 3) (Western Savings, 1980).

Mesa has an abundance of parks and recreational

facilities, many of which also serve as stormwater reten-

tion basins. Twenty-five parks encompass over 1,100 acres

of land and include tennis courts, ballfields, grills, and

picnic tables. Many Mesa residents cite recreational

opportunities as one of the reasons for their choosing to

live there (Western Savings, 1980).
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Chandler 

Geographically, Chandler is located south of Mesa

and Tempe (Figure 1) about mid-way between the Salt River

drainageway to the north, and the Gila River to the south.

The topography is relatively flat, without any well-defined

drainage patterns (United States Geological Survey, 1971).

The city of Chandler has continually experienced

the highest rate of growth in recent years of all four

communities studied: 13.4% from 1982-83 and 11.4% from

1983-84. The 1984 population estimate is 46,000, up from

13,763 in 1970 (Western Savings, 1984). Founded in 1912,

it remained a small agricultural community for 50+ years,

but its cotton fields are now being replaced by

manufacturing plants and planned communities (Smith, 1984).

The lifestyle analysis included for the other three

communities in the study area was not available for

Chandler.



CHAPTER 4

THE RESEARCH PROCEDURE

After the study sites were chosen, the research

procedure fell into three distinct phases: data collection;

synthesis of data; and illustration of principles and

recommendations (summarizing).

The data collection phase began with a literature

search centered around the topic "stormwater management."

Next, the study community was researched for information on

geography and drainage, climate, soils, growth potential,

and population characteristics. Approximately two days

were then spent in the field in each of the four

communities within the study area.

During the field surveys, a wide range of basin

sites was visited. Site ownership included commercial,

municipal, industrial, and residential. It is estimated

that 50-60 sites were visited, with a total of 16 being

used in the study. These 16 sites were chosen to represent

a variety of treatments; some are dual use, others are not.

At 16 sites, a previously prepared site visit

survey	 form	 was	 filled out	 to	 record	 measurements,

character of and facilities at the site (see Appendix A).

21
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A visual record was made in the form of color slides taken

from nearly the same angles at each site.

In each community, city offices were visited to

interview people involved with regulating basin design in

the city. All ordinances, plans and policies relating to

the topic were obtained at this time. A variety of

employees were interviewed informally, including landscape

architects, engineers, planners, and parks employees.

A synthesis phase followed the collection of data,

during which the policies and site information recorded

were compared and contrasted. A compilation of general

principles and products led to the identification of struc-

tures and design detailing that were successful in making

these flood control facilities double as recreational

sites. Along with these successes came a list of problems

observed and hypothesized, common to dual use sites.

This synthesis led to a second phase of data

collection, covering products, methods of construction, and

appropriate plant materials. This phase was heavily

communication oriented, and directly preceded the final

recommendations and compilation of the research effort.



CHAPTER 5

STORMWATER MANAGEMENT POLICY AND PRACTICE

This chapter contains the research findings which

consist of both written policy, and observations made in he

field under the jurisdiction of these policies.

Stormwater Detention Policies 

The following sections highlight each city's policy

with regard to urban stormwater runoff and management,

specifically concerning retention and/or detention require-

ments. This information was gathered from an engineering

firm in Phoenix which specializes in hydrologic design for

projects occurring in all four cities; and by requesting

all city policies and guidelines relevant to the

construction of stormwater retention basins during visits

to each city office. By using two sources, one inside and

one outside the municipal offices, a more comprehensive

amount of information was obtained. Where there were

conflicts or discrepancies between policies generated from

the same cities, the most recently dated set of guidelines

was used.

23



Scottsdale

The city of Scottsdale does not require on site

retention	 of	 stormwater	 runoff	 from	 single	 family

residential lots. Scottsdale building regulations permit

"local runoff" to be carried in the streets, to a maximum

depth of 8 inches. Much of Scottsdale has a strongly

defined surface drainage network, eventually taking

stormwaters	 through	 the	 Indian	 Bend	 Wash	 flood

control/greenbelt project.

On site detention of a 50-year storm is required in

Scottsdale at all multi-family (apartments, townhouses),

industrial, and some commercial sites. It is important to

note that due to the well-defined surface drainage network,

runoff is detained to reduce peak loads moving through the

system. There is very little retention in Scottsdale

(Kivela, 1984).

It is ironic that Scottsdale's written policies

mention detention basins only briefly, strictly as a flood

control device, since the Indian Bend Wash is perhaps one

of the most exemplary multi-use food control facilities in

the Southwest, if not the country (Byrne, 1979). Scotts-

dale planner Larry Kivela (1984) sees a "definite need" for

specific guidelines addressing landform and landscape

treatments of detention/retention areas. 	 He mentioned

basin location, landforms and grading, percent of site used



25

for containment, plant varieties for slopes and bottom of

basins, appropriate inert groundcovers, depth, shape, and

textural changes through planting design to break up sight

lines, as important considerations in basin design that

could be addressed by city policy and landscape architects.

Kivela also indicated the city of Scottsdale was in

the process of producing a set of specifications covering

landscaping of detention and retention sites. Currently,

the city issues specifications for the sizing of detention

basins, and "Landscape Submittal Requirements" covering all

open space and street rights-of-way landscaping. The idea

of multi-use does not seem to be a priority, perhaps

because no detention or retention is required from the

largest category of land use in Scottsdale: single family.

Tempe

Surface drainage of stormwater is a major problem

in Tempe south of the Western Canal. This canal creates an

impassable barrier for runoff waters flowing toward the

Salt River, which is the major drainage channel in the

area. Most of Tempe's undeveloped land lies in this

region, where 66% is presently undeveloped or in

agricultural use. South of the canal stormwaters of the

100-year duration must be fully retained on site, drained

to the Gila River, or a combination of both. (The Army

Corps	 of	 Engineers	 has	 studied	 the	 feasibility	 of
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transporting all storm drainage to the Gila River and found

it not to be cost effective.)	 Retention may either be on

individual lots,	 in centralized communal basins, or a

combination thereof. It is these communal basins which may

be established at the rate of one per section, or 30 acres

of retention for every 640 acres of developed land that

provide an opportunity for recreational use, in addition to

flood control. The city of Tempe has recognized this, both

in policy and in practice. The city's General Plan (1978)

states: "Care must be exercised in the design and location

of basins if they are to form a part of a viable, open space

system." Figure 4 is an illustrative site plan, typical of

the many retention area/parks (dual-use sites) owned and

maintained by the city.

According to Thomas Ankeny (1984), civil engineer

for the city, nearly all the runoff in this area of Tempe

is retained, not detained. Basin sites are drained within

36 hours through use of a drywell, which recharges the

runoff into porous strata within the earth. Mr. Ankeny

stated that Tempe soils are well-suited to this practice

due to a porous stratum derived from the shifting course of

nearby riverbeds many years ago.

The	 ability	 to	 drain	 basin	 sites quickly	 is

important if they are being considered for recreational use

as well.	 Mr. Ankeny stated that the neighboring community
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of Mesa does not have soil strata that are as well suited

for drywells. The ability of this type of structure to

drain standing water can be precluded if sedimentation and

cementation occurs in a zone outside the well.

Mesa

The city of Mesa Storm Drainage Policy for

residential subdivisions (1975, 1983) requires that all

runoff from a 50-year storm of 24-hour duration be retained

within the subdivision boundaries. However, the method of

retention is not specified, and is presumably left to the

developer. This means individual lots may be "depressed"

to hold lot and roof runoff, with a neighborhood communal

basin for street runoff only; or a larger neighborhood

basin may be designed to hold the stormwater from all

surfaces in the development; or several developers may

collaborate on a regional retention facility to hold runoff

from more than one subdivision.

If neighborhood or regional-scale retention basins

are used, Mesa's policy limits their depth to 3.5 feet, and

water may stand no longer than 36 hours after the end of a

storm. The 1975 policy stipulated that the developer must

"install complete improvements on the parcel. These

improvements are to include landscaping (grass and trees),

irrigation system, and lighting all subject to the approval

of the City Engineer."
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The June 1983 Mesa Engineering Procedure Manual

contains "Guidelines for Flood Retention Basin Development

and Installation." These guidelines comprise four

sections: Grading and Mounding, Irrigation Systems, Lawn

Construction, and Planting of Trees, Shrubs and Ground-

cover. An "Approved Retention Basin Tree List" is included

in the Appendix. While all four sections read like any set

of standard specifications, some design criteria for basins

4 acres or larger are set forth in the grading section

(Appendix B), and the listing of approved trees is a good

idea but is in need of corrections and additions (see

Appendix C). The Mesa list of trees encouraged the

research which resulted in the additional lists included in

Chapter 6 of this report.

Although recreational equipment was observed at

dual-use sites in Mesa, its use and specifications are not

covered in any publication relating to retention basin

design by the city of Mesa. And although floodwater

retention facilities seem to be incorporated into many park

sites, an overall system for greenspace and its regional

distribution does not occur in materials published by the

city that are readily available to developers and inquiring

persons.
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Aside from plant materials, there is no section

covering pavements, site furniture, or conveniences for use

at dual-use sites.

Lighting is called for by.city policy, but specific

guidelines as to type, shielding, height and special

provisions for use in flood zones are not given (see

Chapter 6).

Mesa's Engineering Procedure Manual does include

details of drywells and silt traps which would be helpful

at dual-use sites. These are included in Appendix D.

Chandler

Chandler's city code stipulates that all water from

a 100-year storm of 6-hour duration must be retained within

the boundaries of the subdivision on which it falls. Two

or more developers may join together to provide a common

facility. All basins must have a design capacity to

preclude a water depth over 3 feet during the design storm.

Side slopes permitted vary with depth, from 4:1 for a basin

up to 3 feet deep to 14:1 at a basin 9-12 feet deep.

Basins must drain in 36 hours.

Chandler's code requires basins not privately

maintained to be dedicated to the city in fee as stormwater

retention basins or drainage rights-of-way.	 In these

cases, developers are required to improve the retention

sites per the city's "Retention Basin Landscape Standards."
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This is the most design-specific policy found in any

community within the study area, and covers paved pedes-

trian and bicycle ways, basin contours and embankments,

acceptable plant materials (see Appendix C), maintenance

considerations, and sample design solutions (Figure 5). It

does not include acceptable standards for recreational

equipment, paved surfaces, or lighting.

Siting of neighborhood-scale retention facilities

is encouraged outside the developments, along the bordering

major arterial street. The result of this practice is that

the site is usually bound by streets on two sides, and a 6'

wall along the back of adjacent lots on the other two sides

(Figure 5). In this manner, the site is not a focal point

within the development, as in Tempe, but rather the

development turns its back on these sites. Users were

never observed in sites located this way, where, in

contrast, interior sites were in use by one or more persons

in every case.

Chandler's arterial retention sites do function as

a buffer zone between neighborhoods and busy streets. But

as land costs escalate, this may not be a cost effective

way of using large tracts of land.

Policy Discussion and Comparisons 

Policies within the four communities within the

study area tend to be distinctly separate, and related to
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the physiography of their community. The briefest, nearly

non-existent policy appears to be in Scottsdale, both in

terms of promoting dual-use of these sites, and influencing

their appearance. This is explained by the fact that on

site retention or detention is not called for in Scottsdale

on a smaller scale, due to the massive dual-use project

(Indian Bend Wash) acting to protect most parts of the

city.

Tempe appears to have put forth the most developed

policy	 concerning	 the	 use	 of	 retention	 sites	 as

recreational facilities. A drainage problem south of the

Western Canal in conjunction with large areas of soon-to-be

developed land, has most likely encouraged Tempe officials

to outline more specific and desirable solutions.

The smaller city of Chandler has chosen a different

approach by encouraging the function of basin sites as

"buffer zones" between major arterial streets and new

residential developments. Their policy relates to this

location by stipulating design geared toward aesthetics

rather than dual use.

And finally, - although many dual-use sites were

observed in Mesa, it was difficult to find any part of

their policy relating to stormwater retention that could

explain their occurrence and character.
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It seemed in some cases (see Review of the Study

Sites in this chapter) that the role of the municipality

had little to do with the recreational development of a

flood control basin. Perhaps the value of a recreational

facility as a sales tool is the motivating factor in

promoting alternate use and/or development of the

small-scale retention site to the developer. If this is

indeed the case, then dual-use sites may become a more

widely practiced alternative in the future. Hopefully city

governments will respond by becoming involved in the

planning, locating and specification of equipment at these

sites. It is also a good opportunity for landscape

architects to get involved in planning the land-use

relationships and design of these sites as they move out of

the civil engineer's domain.

Review of the Study Sites 

As mentioned in Chapter 4, a large number of sites

was observed throughout the study area. Design data,

measurements, and notes were taken at sixteen sites, four

in each of the four cities. These 16 sites were chosen as

representative of the wide range of treatments within the

study area through the recommendations of municipal

employees and at the discretion of the researcher. The

choices in no way represent the entire range of possible

solutions; some are not at all designed for dual-use, while



35

others exhibit a strong recreational orientation.	 Table 1

displays the information .collected. 	 Figure 6 illustrates

the location and distribution of the study sites throughout

the research area.

Next, the study sites were classified into two

categories: Suitable for Recreation, and Not Well Suited

for Recreation. Criteria used to classify the basins were

the presence or absence of any facilities or equipment not

necessary for flood control, or standard revegetation of

the recessed land area (i.e., turf only) which could be

used for recreational purposes. This ranged from water, to

playgrounds, to athletic courts. It was decided that for

this study, a conventional sidewalk along or through the

basin did not qualify a site as "Suitable for Recreation."

Table 2 lists the sites according to their classification

based on these criteria.

There is a variety of design features and equipment

present at the sites classified as more suitable for

recreational use. Table 3 illustrates the range of

features and their prevalence Or absence throughout the

study area. Wet-pond retention basins located at the

Woodridge Lake and Scottsdale Ranch developments were not

analyzed in this table. Their recreational potential was

basically reliant upon the maintenance of a water body in

the basin even during dry months. It was felt that a
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Table 1.	 Compilation of field data from the sixteen study sites.

Basin Location City Size Horizontal
Layout

Depth Side Slopes Ownership	 Surrounding	 Drywell
Land Use

Bottom Is Water
An Asset?

Watershed
Characteristics

Vegetation	 Basin
Quality	 Access

Scottsdale Ranch Lakes Scottsdale 4 acres + Linear 20' + 4:1 Homeowners	 Single-family No Lake liner Yes Streets/ Good	 Open
Association Undeveloped land

The Villages at
McCormick Ranch

Scottsdale 250' x 400' Triangular 10' + 5:1 Association Multi-family Yes R"-12"
riverstone

No Streets/
Parking

Good	 Open

Sweetwater Ranch Scottsdale 4 acres + Irregular to 6' 6:1 to 10:1 Homeowners	 Single-family Yes Granite No Streets Average	 Open
Association

Scottsdale Airpark Scottsdale 36' x 60' Rectangular 3.5' Vertical Private	 Industrial/ No Granite No Roofs/Parking Average	 Open
(14809 N. 73rd St.) Commercial

Diamond Park Tempe 450' x 600' Rectangular 3-6' 10:1 Municipal	 Single-fPmily Yes Grass No Streets Excellent Open

Goodwin Park Tempe 4 acres + Irregular to 6' 10:1 Municipal	 Single-family Yes Grass No Streets Excellent Open

Alta Mirada Tempe 85' x 130' Rectangular 3' 7:1 Homeowners	 Multi-family Yes Grass No Streets Poor	 Open
Association

Estrada Park Tempe 4 acres + Rectangular 4-6' 10:1 Municipal	 Single-family/ Yes Grass No Streets Good	 Open
Arterial street

Woodridge Lake Mesa 4 acres + Linear 4'-8' 6:1 Homeowners	 Single-family No Lake liner Yes Urban Good	 Fenced
Association

Chaparral Park Mesa 420' x 780' Irregular Multi- 10:1 Municipal	 Single-family Yes Grass No Streets Good	 Open
level

Alma School and Pampa Mesa 420' x 350' Rectangular 15' + 4:1 Municipal	 Single-family No Grass No Streets Average	 Open

Sherwood Park Mesa 4 acres + Irregular 20' + 6:1 to 12:1	 Municipal	 Freeway/
Local streets

No
data

Grass No Streets/
urban

Poor	 Open

W. Brooks St. and
Blackstone

Chandler 180' x 200' Rectangular 5' 4:1 to 7:1 Homeowners	 Single-family/
Association Arterial street

Yes Concrete
courts/

No Streets Good	 Partially
Fenced

Riverstone

Williams Field Rd. Chandler 300' x 720' Rectangular 8' 4:1 to 10:1 Municipal	 Single-family/ No Grass No Streets Average	 Open
Arterial street

Intel Basin Chandler 4 acres + Irregular 12' + 4:1 Private	 Commercial Yes 8"-12" No Roofs/ Excellent Open
Riverstone Parking

Frye and 132nd St. -Chandler 4 acres + Irregular to 10' < 10:1 Municipal	 Single-family No Granite,
Grass,
RiverstoDe

No Streets Good	 Open



Figure 6.	 Location of the sixteen study sites within the
study area (refer to Table 2 for numeral-to-site
coordination).
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Table	 2.	 Classification	 of	 study	 sites
bility	 for	 recreational	 use.

based on suita-

Name	 or	 Specific Location City

Group A:	 Sites	Suitable	for	Recreational Use

1. Diamond Park Tempe
2. Goodwin Park Tempe
3. Woodridge	 Lake Mesa
4. Chaparral	 Park Mesa
5. Scottsdale	 Ranch	 Lakes Scottsdale
6. The Villages	 at	 McCormick Ranch Scottsdale
7. W.	 Brooks	 Street	 and	 Blackstone Chandler
8. Williams Field Road and Galaxy Chandler

Group B:	 Not Well	 Suited	for	Recreation

Tempe9. Alta	 Mirada
10. Estrada Park Tempe
11. Alma	 School Road	 and	 Pampa Mesa
12. Sherwood	 Park Mesa
13. Sweetwater	 Ranch Scottsdale
14. Scottsdale	 Airpark Scottsdale
15. Intel	 Basin Chandler
16. Frye	 and	 132nd	 Street Chandler
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discussion centered on the construction of artificial lakes

and the entire subject of wet ponds was beyond the scope of

this report. It was also felt that the pumping of precious

groundwater in a desert climate was not the highest and

best way to provide recreational opportunity at retention

sites.



CHAPTER 6

DESIGN SOLUTIONS FOR DUAL-USE SITES

In the planning and design of any recreational

site, facilities can be specified to provide recreational

opportunity, access, parking, illumination, and ease in

maintenance. The landscape architect, engineer or park

designer is faced with the usual decisions on style of

equipment, material, cost, and method of installation. For

most parks, there are standard details and specifications

used for these facilities.

But in planning for a dual-use (flood control/

recreational) site, all equipment and site improvements

must be chosen with the fact in mind that they will be

periodically inundated with water several feet deep.

Design of landforms, paved areas, fencing and signage must

also respond to this hazard. It is the intention of this

researcher that the remainder of this report take the form

of a "design guidelines manual" geared toward enlightening

and aiding practitioners interested in dual-use design of

detention and retention basin sites.

41
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Designing to Reduce Silt Accumulation 

The accumulation of silt in the detention basin

bottom, especially on paved surfaces, has been acknowledged

as causing two serious problems in the dual-use facility:

build-up and eventual burial of pavements; and possible

safety hazard while silt is wet and slippery in areas of

foot traffic (Elder, 1984). Significant accumulations may

also result in reduced volume available for holding storm-

water, thus leading to decreased flood control (Whipple,

1983). In severe cases, vegetation and/or turf may be

killed if the deposits are heavy enough (Jones, 1984).

Whipple (1983) cites a study which focused on

dual-use basins designed not only for flood control, but

also to improve the quality of water discharged from the•

facility through the settling out of urban runoff

pollutants. A mean detention time of 18 hours was

sufficient to settle out 60% of the solids suspended in

floodwaters. Although this type of design consideration

(protection of streams and rivers from nonpoint sources of

runoff pollutants) does not appear in the desert, the study

illustrates how little time it takes for suspended

materials to settle. Most municipal policies reviewed for

this study allowed water to stand in basins for up to 72

hours, or four times as long.
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The undeveloped nature of portions of the study

area may add to silting problems within detention basins,

according to one engineering consultant. 	 Runoff from less

urbanized or developed land,	 and especially that in

agricultural use, tends to have a higher silt content

(Keegan, 1984).

While problems resulting from discharge of silt and

pollutant containing runoff can be curtailed by retention

of the noxious materials within the basin, this would not

be a desirable solution if the basin were used for

recreational purposes. The basin itself can be protected

by installation of silt traps where runoff enters the

facility. A silt trap is simply a catch basin or similar

device designed to still the water before it enters the

basin, allowing suspended sediments to settle out (see

Appendix D). Periodically, these traps must be cleaned,

but this is a routine matter and does not pose a safety

hazard unless they are neglected. Trash racks may also aid

by obstructing larger debris from entering the silt trap

and/or basin (Keegan, 1984).

Closely linked to the problems caused by silt

accumulations is the design of paved areas located within

the flooded zone at a basin site. This is discussed in the

following section.
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Designing to Accommodate Periodic Flooding 

Areas which experience periodic flooding should be

specially designed to increase their tolerance to that

hazard.	 Vegetation must be carefully selected for its

tolerance to wet and saline soils.	 Irrigation systems

require specialized piping layouts and suitable sprinkler

heads.	 Some types of inert groundcovers maintain better

appearances than others.	 Pavements are renowned for their

hazardous accumulation of silts.

When equipping the site for recreational use, play

structures and site furnishings must be designed and

constructed to withstand flooding.	 Lighting also demands

special pole and footing designs.	 The remainder of this

chapter discusses materials and solutions for the special-

ized problems of dual-use basins.

Vegetation Selection and Placement

Selection	 and	 placement	 of	 vegetation	 at	 a

retention basin offering recreation is not merely a

revegetative effort. Location, selection and planting

methods of shrubs and trees must all respond to both the

flood control purpose of the site as well as its

recreational nature.

Location of Plant Materials.	 Planting design, or

the physical location of plants on the dual-use site, is

important for a number of reasons. They must not be placed
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so as to impede the proper drainage and engineering

functions of the facility; they must not be in an area

where they will be inundated with water and/or silt if they

are not tolerant of those conditions, and their location

may either impede or enhance the site as a recreational

facility. Planting for visual enhancement of the site is

also an important consideration.

Compatibility with Engineering Functions 

It is very important that plant material be located

so as not to interfere with the function of the basin as a

flood control facility. In general, this means keeping

vegetation out of flow channels, especially shrubs or

groundcovers with a thick, matted growth habit. Density of

plant materials may also be a factor: densely planted

shrubs or trees may trap debris and impede the flow of

water. Shrubs or groundcover may also make removal of silt

difficult, and may reduce the stormwater capacity of the

basin in some cases. All of these considerations should be

kept in mind by the planting designer, and it is

recommended that the final planting design be reviewed by

the hydrologic engineer prior to its installation.

Designing for Plant Survival 

To assure the survival of plant material, it is

probably best to keep shrubs and groundcovers other than

turf out of the basin bottom. Low-growing plants may not
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survive inundation by standing floodwaters, or they may be

buried by silt.	 Common Bermudagrass is recommended for

basin bottoms due to its resilience. It is able to grow

back quickly if silt removal by scraping is required, or it

can grow up through slight silt deposits. It is also

tolerant of less water during dry periods (Jones, 1984).

Other types of grass are recommended for shaded areas (see

Table 6).

It is acceptable to plant trees in the basin

bottom, providing varieties are selected with care.

Sideslopes and areas out of the flood zone are better areas

for locating shrubs and non-turf groundcovers. Trees also

are not in danger at these locations (Jones, 1984).

If shrubs are desired in the basin bottom, they

could be located on slight berms or raised areas adjacent

to play equipment or picnic tables. This practice would

allow drainage of water away from roots, and sooner; and

would discourage silt build-up around plants with minimal

reduction of basin capacity.

Plant Compatibility with Recreational Use 

Plant materials can be selected and placed to

perform a variety of functions at the dual-use site,

including screening, space defining, and climate control.

Mature plant size and form, branching habit, whether it is
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evergreen or deciduous should be considered in plant

selection for the above functions.

Plant location and selection is important in

screening noise and light generated at dual-use sites if

they adjoin residential property. Thick hedges of Nerium 

oleander, planted 4-6 feet apart, or columnar trees

(Eucalyptus microtheca) 10-15 feet apart are effective in

screening noise and light. Thick hedges or large masses of

shrubs 3 feet and higher provide effective barriers between

play areas and busy streets. Groups of trees or shrubs may

be used as a space definer between zones of different

activities. Care must be exercised to allow visibility of

play areas from the street for supervisory purposes and

safety.

Climate control is an important function of plant

materials at any site within the study area, the main

concern being protection from harsh summer sun. A group of

large, deciduous trees (Populus  fremonti, Fraxinus 

arizonica) near areas of intense activity (play equipment,

picnic tables) would provide shade in summer, but allow

warming sun in winter. This is especially important near

equipment made of heat absorbing material such as powder

coated steel or concrete, as is required for durability in

flood zones. Trees should be placed west and northwest of

play	 and	 fitness	 equipment;
	 and	 shade patterns	 cast
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throughout the summer months should be studied by the

designer before the planting design is finalized.

Other considerations to be taken into account are

leaf and seed pod drop, thorns, and branching habit. Messy

trees should not be located near paved surfaces, especially

if a porous pavement is used. Varieties with thorns should

be avoided, especially near walks, parking and activity

zones. Trees with low branching habits should not be used

near activity zones unless adequate maintenance can be

assured to keep the crown pruned above 8', or higher near

swings and play equipment.

Visual Enhancement 

The aspect of visual enhancement of the dual-use

site	 through	 planting	 design	 will	 be	 only	 briefly

discussed. On a very general level, basic design

principles appropriate for other large, recreational land

areas should be employed in the planting design phase of

these sites. Two special aspects should be kept in mind

and compensated for: scale, recessed landform, and the

combination thereof.

The scale of a retention basin is usually quite

large	 in	 proportion	 to	 the	 surrounding	 residential

community.	 In combination with its recessed landform, it

may look very much like a "big hole."	 This large expanse

can be somewhat compensated for by using larger plant
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materials: 24" box trees as opposed to 15 gallon; and by

creating larger masses of groundcovers or shrubs: a 20' x

50' area as opposed to a 15' x 5' area. The designer

should strive to keep vegetation in proportion to the

overall site.

Large masses of undulating shrubs of differing

heights, or of grouped trees, may also compensate for the

recessed nature of landform. If the site is of minimal

area, and ground plane undulation cannot be permitted due

to stormwater volume requirements, the illusion of

elevational change can be done with trees and shrubs.

Plant Selection for Flood-prone Areas. Two

problems have been identified relating to plant selection

in these flood-prone basins: accumulation of salts, and an

influx of disease-causing organisms (specifically

Phytothora parasitica) at the site, carried in by runoff

waters. To combat these threats, it is suggested that

designers utilize salt-tolerant plant varieties, and avoid

species that are highly susceptible to these organisms. It

is also suggested that soils and plant pits be specially

prepared (Wheeler, 1984). Instructions for soil prepara-

tion follow in the next sub- -section.

Two of the cities in this study had prepared lists

of plant materials recommended for use at retention basin

sites (Mesa and Chandler). Unfortunately, one list
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contained only trees, and both lists contained errors and

included varieties this research has concluded should be

avoided. To improve on these recommendations, and to aid

the landscape architect and designer, recommendations in

this report will include:

1. Plant materials to be avoided at retention sites

(Table 4).

2. Salt-tolerant species highly recommended for use

(Table 5).

3. Plant material acceptable for use in frequently

flooded zones, categorized under trees, shrubs,

screens and barriers, groundcovers, and turf

(Table 6).

These lists were compiled with the help of Warren

D. Jones, co-author of Plants for Dry Climates (1984), from

recommendations made in "Planting Concepts for the Rio

Salado Project," again by Jones; and with recommendations

from Gerald Wheeler of Acre, Inc.

Soil Amendments and Planting Pit Specifications.

When amending the soil within a retention basin for the

installation of turf, Wheeler (1984) recommends that

general specifications for alkaline soils be followed:

Add 3-400 pounds of dispersul sulfur, and 2000

pounds	 of	 gypsum	 per	 acre	 (Wheeler,	 1984a).	 Disk

thoroughly to a depth of six inches.	 Allow to dry enough



Table 4. Plant materials to be avoided at retention
sites.*

Genus/Species	 Common Name

Buxus microphylla japonica 	Japanese boxwood

Citrus (all species)	 Citrus

Cynodon dactylon "hybrids" 	 Hybrid Bermudagrass

Hedera (all species)	 Ivy

Leucophyllum frutescens 	Texas ranger

Lolium multiflorum	Annual ryegrass

Rosmarinus officinalis	 Rosemary

Washingtonia (all species)	 Palms

* Due to disease susceptibility.

51
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Table 5. Salt-tolerant species highly recommended for use
at retention sites.

Genus/Species	 Common Name

Acacia species	 Acacia

Atriplex species	 Saltbush

Baccharis sarothroides 	 Desert broom

Cassia species	 Cassia

Larrea tridentata	 Creosote

Populus species	 Cottonwood

Prosopis species	 Mesquite

Salix species	 Willow

Tamarix species	 Salt cedar
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so that sod or hydroseeding can be accomplished. Mulch

added to the hydroseed blend and thatch in the sod should

supply enough added organic material. If common

Bermudagrass is used, the seeding rate is 3 pounds per

1,000 square feet (Wheeler, 1984b).

More gypsum and sulfur will probably need to be

added approximately every 2 years. Soils should be tested

at the same interval, as salt build-up will occur under the

best of conditions (Whe .eler, 1984a).

Specifications for the backfill mixtures used in

tree and shrub planting pits are as follows:

For each cubic yard of mix in areas of sandy loam

soils, the composition should be:

30% good, decomposed mulch

5 pounds 16-20-0 fertilizer

3-5 pounds dispersul sulfur

20 pounds gypsum

70% native soil

If the native soil is clay loam (like much of the

study area),	 the remaining 70% native soil should be

reduced to 35%,	 and 35% sand added to make up the

difference (Wheeler, 1984a).
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Irrigation Systems

Although stormwaters channeled from large surface

areas will be beneficial to plant materials during flood

occurrences, the limited amount and highly variable nature

of rainfall in the study area means that supplemental

irrigation will be necessary (Jones, 1984a).

System Design and Piping. The irrigation designer

should be aware of the potential and degree of flooding

expected at the basin prior to designing the system. Both

the overall piping layout and the specification of parts

must respond to flooding hazards.

The most important consideration is the way the

system is piped and controlled. The portion of the system

servicing the bottom must be designed so that it may be

shut off separately from the remainder of the system. In

fact, the bottom, portions of the sides below the expected

water level, sideslopes above expected water level, and the

areas above the basin itself, should all be controlled

separately. Each of these four zones should be piped

separately, and have the capacity to operate independently

of one another (George, 1984).

Parts of the system that are not submersible

(valves, controllers, wire connections, main line piping)

should be located above the high water mark, typically at

the top of slope, preferably out of sight or screened. It



57

is also recommended to locate controlling devices in an

obscure area, away from activity zones, to guard against

vandalism and tampering by unauthorized persons (George,

1984).

A drip, or trickle irrigation system is not

recommended for use in the flooded zone of a retention

basin (George, 1984). Drip systems are typically used for

tree and shrub irrigation in the study area, and operate at

a lower pressure (20 psi) than a conventional bubbler

system. The higher water pressure in a bubbler system

would help keep silt and debris out of the bubbler, where

low pressure and very small orifices in the drip system

emitters leave them open to intrusion by silts, clogging

and maintenance problems.

Specification of Parts. Parts for an irrigation

system designed to be flooded must be selected with this in

mind. The controller should be a model that is "pedestal

mounted," or be placed within a security cabinet above the

high water mark. Valves should be "dirty-water" models if

the water supply is other than city water (canal, effluent,

runoff).

Different kinds of sprinklers will be needed for

the bottom, sides, and top of the basin.	 Again, different

sprinkler heads	 should	 be	 specified	 for flooded and

non-flooded locations.	 All heads in the basin bottom
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should be mounted on swing joints for adjustability in

response to minor accumulations of silt. Heads at the

lower locations must either be piped so as not to allow

water to drain from them when the system is off, or models

can be specified that guard against this (George, 1984).

There are typically two types of sprinklers

designed to water large areas of turf: gear driven, and

impact driven. The impact driven head is typically a

"cannister design," which would allow silt inside the head

during times of operation. It is not recommended for use

in turf areas prone to flooding (George, 1984). The gear

driven sprinkler is typically of a "closed case" design.

It is this head which has been used successfully in Mesa's

turfed retention sites. It is also recommended by the

source consulted for this study.

Inert Groundcover Materials

Two types of inert groundcovers observed in the

study are: decomposed granite and riverstone of various

sizes. In areas where groundcover is needed and turf is

not wanted (a desert landscape) granite works well

providing water is not channeled through it, and street

runoff does not stand on it. The finer particle sizes (3/4

inch and below) may be eroded and washed away if in a flow

area. And in many cases, retention basins with a granite
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groundcover exhibited gray to black stains from asphalt

deposits carried in street runoff.

Stones mined from the Salt River bed in Phoenix are

sold in size ranges from "pea gravel" to "12 inch and up."

The larger sizes contain more pore space for drainage, but

cover less area per ton, and are difficult to walk on.

They are not recommended for use in activity zones for this

reason. A medium to large range of stone sizes (e.g., 8"

to 12") is recommended for use in areas of standing water.

Stones of this size can be "hand set" or "grouted" to form

"rip—rap"--an erosion resistant surface for use in low—flow

channels or on steep banks.

Decomposed granites are sold in sizes from "1

inch—minus to 1/4"—minus."	 Granite is not recommended in

areas of flow, as it can be washed away. 	 It does provide

an acceptable groundcover in areas around picnic or fitness

facilities.	 It should be avoided in areas where water will

pond, if stored water is primarily street runoff.	 Colors

range from light to medium gold, to pink, bronze and dark

gold.

Paved Surfaces

In many	 instances,	 land	 owners or	 developers

consider the land given up for constructing a retention

facility as lost income, as it cannot-be lotted and sold.

Thus, this tract of land is oftentimes as small as the
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hydrological calculations will allow. The slope downward

to form the basin begins at the back of the curb or

sidewalk, and there is very little, if any, land area

within the tract that will not be under water when the

basin is functioning as a flood control device.

At dual-use sites of "neighborhood scale," paved

surfaces are often needed for access roads, parking,

athletic courts, or bike trails. Some of these areas could

be located at an elevation outside the flood zone, if space

were available. Oftentimes it isn't. Sometimes, due to

the function or design of a feature (linear bike trail,

access road), it is more desirable to penetrate the flood

zone.

Many engineers and municipalities have vetoed the

installation of features adding to the recreational

opportunities of a retention site if it cannot be located

outside the flood zone. Paved surfaces rank high on the

list due to liability and high maintenance resulting from

silt deposits after flooding. This is especially

problematic on court surfaces and sidewalks/trails.

The obvious answer to making these facilities safer

and easier to maintain is, again, to locate them in higher

areas where they will not flood. A "two-tiered" basin

design (Figure 7) with paved areas located on the highest,

less-often-flooded plateau, will reduce maintenance require-



(Prefered Recreation
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Figure 7.	 Two-tiered retention basin.
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ments (Elder, 1984).	 The use of a "low flow channel"

(Figure 8) can carry smaller, routine amounts of runoff

through a detention facility without flooding the basin

per se (Finn, 1984). Either of these designs would be

helpful in prolonging the number of useable days for

recreational use at a dual-use facility.

Where	 hydrologic	 calculations	 indicate	 that

flooding of paved areas is unavoidable, alternatives to

conventional paving may help alleviate problems. 	 For

parking or court surfaces, access roads, and even

bike/jogging trails, many engineering consultants feel that

porous paving may help reduce silt and sediment accumula-

tion, thus reducing required maintenance and decreasing

safety hazards (Finn, 1984; Morris, 1984; Campbell, 1984;

Turner, 1984).

Porous pavement (Figure 9) was developed by the

Franklin Institute Research Labs in 1968, and has since

been used and monitored at a variety of sites throughout

the United States. The original intention of its founders

was that it would aid in the control of urban runoff, and

in the recharging of groundwater supplies.	 Research by

Thelen and Howe (1978)	 indicates that this is indeed

feasible.

This technology has been extensively researched for

application in the design and planning of a major arterial
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in Chandler, Arizona (Morris, 1984). Its function will

essentially be to allow rainfall to permeate the street

pavement, thus reducing runoff and peak flows. The

pavement base course acts as a storage reservoir, thereby

reducing surface flow of the stormwater.

The use of porous pavement for recreational and

parking surfaces in dual-use facilities would rely on its

open-graded surface to admit and flush sediments through

the pavement, rather than having them accumulate on the

surface as ponded water evaporates. While porous paving

has not been used for this purpose, all three engineering

consultants interviewed for this study endorsed this

theoretical application with limited or no reservations.

It should be noted that design of a porous pavement

section must respond specifically to soil conditions of the

site and the anticipated load (Thelen and Howe, 1978).

General soil surveys of the study area indicate that most

of the soil types will accommodate porous paving; but it

must be carefully engineered in soils with permeabilities

of 0.20" to 0.63" per your. In soils with less than 0.20"

per hour, porous pavement is not recommended (Whipple,

1983).

Another paving solution for less intensely used

areas, where silt is not a major problem is modular paving

units: concrete forms designed with void areas to be filled
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with pervious materials such as sod, gravel or sand.	 This

type of system can be poured-in-place, or precast concrete

grids (Figure 10). All of the pavers are placed on a

porous sand/gravel base, Overlaying the existing soil.

Voids are then filled with the desired material (Whipple,

1983).

This	 type	 of	 "pavement," while	 providing	 for

maximum infiltration, would not seem well suited for courts

or trails. It might, however, be appropriate for use

beneath playground or fitness equipment, where mud or soft

soils after flood occurrences might be problematic.

Another appropriate use might be for roads and/or parking:

its use has been specified in the construction of an access

road into a dual-use site at Paradise Land and 60th Street

in Phoenix (Keegan, 1984).

Playground and Fitness Equipment

The following list was generated from observations

made within the study area, and through communication with

equipment manufacturers and their representatives. It is

aimed at educating designers to the wide range of possible

• facilities that can be located in flood control basins:

1.	 Children's play structures

Slides

Swings

Gliders



CASTELLATED TYPE PAVERS

Figure 10.	 Modular paving units (Source: Whipple, 1983).
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Spring animals

See-saws

Climbers

Sandboxes (elevated)

Ground sleeves

2. Fitness equipment

3. Football and soccer goals

4. Basketball set-ups

5. Tetherball outfits

6. Volleyball outfits

7. Tennis, raquetball, and sport courts

8. Backstops for ballfields

In general, there were no types of playground or

fitness equipment observed or warned as being unsuitable

for flood situations. One manufacturer warned against

children's roller-slides that utilize steel ball bearings

(F. Smith, 1984).

There are definite limitations on the construction

materials of playground and fitness equipment recommended

for flood-zones. Generally, most equipment is made of

steel (with a protective coating), galvanized aluminum,

wood, concrete, or a combination thereof.

Wood has been popular for these types of facilities

for its strength, rustic appeal, and ability to maintain a

more even surface temperature on very cold or hot days.
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Both representatives of various manufacturers consulted for

this study advised against the use of wood-constructed

play/fitness equipment where flooding occurs. The extreme

high temperatures common to the study area in summer,

coupled with inundation of water to 3 feet deep or more,

were cited as the main reasons (Widen, 1984; F. Smith,

1984). It was felt that even most pressure-treated woods

would not perform well under these conditions.

There are some exceptions.	 Widen cited a new wood

play system called "Interplay" by Timberform as being a

"good possibility" due to extremely heavy Douglas fir and

red cedar timbers, and the lack of steel fasteners--all

joints are wood on wood, with galvanized lag bolts for

connectors. Farrell Smith recommends "AlumaCore" play

systems by Landscape Structures, which use extruded alumi-

num columns with 5/8" Douglas fir veneer.	 The aluminum

portions are ribbed to reduce glare and	 temperature

extremes (Figure 11).

A very wide variety of playground and fitness

equipment is available from Patterson-Williams Manufactur-

ing Company of Santa Clara, California. The primary

component in their systems is "Schedule 40" galvanized

steel pipe.	 Mexico Forge makes play systems called

"Playboosters" from "powder coated steel."	 This finish

comes	 in	 bright	 blue or	 brown,	 and	 elicits a more



R113 DESIGN REDUCES'
HOT & COLD EXTREMES

LAMINATED WOOD INSERTS

NO WOOD COMES IN GROUND CONTACT

Figure 11. "Alumacore" construction by Landscape
Structures.
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contemporary feel than galvanized steel. Playboosters are

recommended for use in retention basin areas by the

manufacturer's representative (F. Smith, 1984), who has

used them at dual-use sites in the city of Mesa.

Cast concrete "climbers" are no doubt adequately

durable for flood situations, and were recommended by

Widen. The "Moon House" by Form Products of Newport Beach,

California, would be appropriate for these sites

(Figure 12). However, there may be residual dampness after

flood occurrences, and concrete would tend to be

temperature-sensitive in the hot summer months typical in

Phoenix.

Listed in the appendices are various manufacturers

and their addresses, who manufacture play and fitness

equipment recommended for dual-use sites. Designers should

keep in mind the suggestions set forth in this report when

choosing appropriate equipment.

Conveniences and Site Furnishings

The flood retention basin equipped for recreational

use may also include conveniences and furnishings for site

users. These may include:

Picnic tables

'Benches

Drinking fountains

Litter receptacles



Figure 12. "Moon House" cast concrete play structure by
Form Products.
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Grills

Bicycle racks

Signage

Fencing

Both Smith and Widen agree there is no conflict with flood-

ing if furnishings are constructed from the proper

materials.

Material Recommendations. Widen feels wood is not

suitable for site furnishings, and highly recommends

concrete. All of the above-mentioned furnishings (except

signage and fencing) are available in cast concrete from

Form Products.

Smith recommends flexible signage and even flexible

fencing for the dual-use site. Fencing (boundary or

backstops) can sometimes cause problems in detention sites

where water is moving, trapping trash and debris in the

chain link, and finally causing the fence to fail. Special

"break-away" backstops were observed at ballfields in the

Indian Bend Wash. They are designed to easily "lay down"

upon pressure, thereby reducing resistance and damage.

Design Features 

Beyond material selection, design features that

minimize damage from flood occurrences should be watched

for. There are litter receptacles mounted on poles off the

ground, or attached to fencing that would evade most
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low-flow events. Picnic tables designed with a see-through

vinyl mesh seat and top would dry quickly and not be

temperature-sensitive in hot climates. Elevated grills

would be better than the lower "camp fire rings."

In conclusion, there is a myriad of styles, materi-

als and different kinds of site furnishings from which to

choose to outfit a dual-use site. The most important

consideration,	 that of materials	 selection,	 has	 been

briefly discussed.	 But with innovative and appropriate

design, most any material would be suitable.

Lighting

At the beginning of this study, there was some

controversy over whether or not recreational sites

subjected to periodic flooding to depths of 3 feet or more

could be lighted at all. The presence of light poles over

100 feet high at the Indian Bend Wash facility was pointed

out by one source as evidence that it can be done (Albert,

1984).

The three major design requirements for lighting at

a dual-use sites are outlined by Albert as:

1. Keeping splice points higher up on the pole--above

the high water mark.

2. Solid grouting inside the bottom of the pole (depth

depending on flood and soil conditions).
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3. Requiring and utilizing on-site soils testing for

the design of appropriate footings.

It is recommended that a pole manufacturer be

consulted prior to making any specifications for light pole

installations at these sites. It would also be prudent to

employ the services of an electrical engineer experienced

in lighting areas of this type, for specifications on

wiring, circuitry, and fixture selection.

Some general notes on lighting the neighborhood

scale retention basin: Large, high-angle outdoor lighting

may cause eye strain, be dangerous to drivers, and be a

nuisance to those living nearby. Care should be exercised

in selecting a fixture that shields glare, keeps a low

profile, but still efficiently lights the desired area.

Preclusion of Use 

Combining recreational and flood control facilities

at one site will mean precluding the use of recreational

equipment during flood occurrences. Preclusion of use can

be minimized through design of a low-flow channel (paved or

non-paved) to carry the lesser flows of stormwater to an

outlet or drywell; or by underground piping of riiinimal flow

to these same outlets. A "two-tier" basin design can

retain moderate amounts of runoff in the bottom tier, while

users enjoy courts and equipment on the second tier
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(Figure 7). Adequate slope (2%+) of both paved and grassed

areas can help rid playing surfaces of water faster. And

finally, if adequate land is available, minimal conflict

occurs when recreational equipment is located outside the

basin itself.

Safety Concerns 

Maximum Slopes

There are two safety concerns related to basin

side-slopes at a dual-use site:

1. Provision for ingress and egress (especially during

flooding), and

2. Assuring visibility into the bottom of the basin.

Side slopes should not exceed a 6:1 ratio, or 17 7 .	 If in

some areas this slope is exceeded, steps should be provided

for each exit from the basin in case of flooding. The 6:1

ratio, coupled with a minimum depth in proportion to the

area of the site, allows easier supervision of children

playing there.

Groundplane Materials.	 Another safety concern is

the ground material below play and/or fitness equipment.

Concrete was observed at some sites in the study area.

This could be a dangerous surface should silt build up

after flooding, causing children to fall; or people may

slip off exercise equipment mounted on concrete and be
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injured.	 In areas not subject to flooding, sand pits are

often used.	 Sand is not a good choice in the dual-use

facility as it may wash away.	 Turfed area is acceptable,

but muddy conditions may cause problems for users after

flood occurrences.

The best alternative is to locate play and fitness

equipment on slightly sloping ground where water does not

pond.	 Another alternative could be a product called

"Elastocrete" (Figure 13),	 a resilient water-permeable

paving surface composed of rubber fibers, and designed to

reduce playground injuries (F. Smith, 1984). Although use

of EIastocrete in this situation was not found in the study

area, a supplier of this product is located in Tempe, and

recommends its use under these conditions.

Another safety problem, silt deposits on paved

court and walkway surfaces, could be reduced through the

use of porous pavement.

Water Quality.	 In	 some	 areas,	 concern	 over

pollutants and the general water quality of runoff from

urban areas has been expressed. 	 No data on runoff water

quality could be found for the study area.	 In nearby

Tucson, an area of similar climate and urban composition,

studies have shown urban runoff to be of good quality for

recreational/aesthetic uses (Dharmadhikari, 1970; Watertest

Corp., 1984).



RibiteLCMate MILMISIOWILN IMMININEMIKIS

A ELASTOCRETE PAVERS

B FILTER FABRIC
C 1-INCH LAYER OF LIMESTONE SCREENINGS

D 3/4 INCH CRUSHED OR ROUND GRAVEL BASE

E DRAINAGE SYSTEM, IF REQUIRED

F SUB-BASE

Figure 13.	 "Elastocrete" section.



CHAPTER 7

POLICY RECOMMENDATIONS

The primary aim of the preceding chapter was to

recommend specific design solutions that encourage dual-use

at retention or detention sites. To help facilitate

implementation of these ideas, some changes in municipal

policy are recommended.

As a result of this study, four critical issues

have been identified from a policy standpoint as having a

significant impact on the development of basins for

dual-use. They are:

1. Basin siting or location.

2. Providing for a sense of human scale.

3. Basin depth.

4. Basin slope.

It is recommended that these issues be dealt with

through specific policy issued by governing municipalities.

Specifics regarding design and selection of plantings, and

site/recreational furnishings would be somewhat more diffi-

cult to prescribe through policy, and are therefore not

recommended.

79
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Basin Siting 

Initial observations made in this study have indi-

cated that basins sited within a residential neighborhood

(Tempe) are more frequently used for recreation than basins

located along major arterial streets, as in Chandler. Both

Tempe and Chandler address the locations of stormwater

retention basins in their respective policies. Tempe

stipulates that "care must be exercised in the design and

location of basins if they are to form a part of a viable

open space system" (Tempe General Plan, 1978). A design

review board is active in the review and approval of all

basin site plans.

The city of Chandler encourages basin siting along

major streets, usually walled off from adjacent neighbor-

hoods. Basins sited in this manner exhibited minimal

recreational development. Conversely, interior basins

within Mesa (Woodridge Lake, Chaparral Park) were more

highly developed and equipped for recreational use, and

initial observations indicated they were more frequently

used.

It is a conclusion of this study that basin siting

is important for dual-use sites, and that municipal policy

should stipulate interior, centralized locations within

residential areas where stormwater retention is required,

and where recreational use is desired. Integration into a
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regional or city-wide open space network could be an even

more positive solution.

A strong inference from this work is that it is

very important to move the dual-use concept out of a

strictly engineering realm and into a landscape

architectural one. Professionals in the latter field are

highly trained in dealing with the integration of site

engineering, aesthetics and functional use requirements,

all of which are required in orchestrating a design

solution for combination stormwater retention and

recreational facilities.

Providing for a Sense of Human Scale 

In addition to location, providing a sense of human

scale is important where vast, depressed turfed basins

adjoin intensely developed urban fabric. It is theorized

that the value of the dual-use basin as open space can be

heightened through inclusion of "people spaces," be it

playground, picnic area, seating, walks for strolling, or

recreational courts. Again, to be too specific about

facility requirements would probably inhibit the creative

design process, and be beyond the policy level.

It is recommended, however, that municipal policies

be amended to require some form of "human use zone."	 The

use' o f comfort,	 and	 spatialvegetation	 for	 shading,

definition should be kept in mind by municipal review
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boards as another factor aiding the promotion of humani-

zation of these open spaces.

Basin Depth and Slope 

All municipal policies reviewed for this study

stipulated maximum depths for retention basins,	 or a

preferred depth to slope ratio.	 Cities that allowed a

relatively steep slope (4:1) were usually more restrictive

in the depth allowed.

It appeared that shallower basins again enjoyed the

most use, and were more developed for recreational use

(Goodwin and Diamond Parks). Basins < 8' deep appeared to

be	 a	 more	 integral	 part	 of	 the	 neighborhood	 and

streetscape.	 Depths < 4' were hardly discernable as

depressed from street level.

From a recreational standpoint, it would probably

be more desirable to restrict depths to 8' for safety and

adult supervision of play areas. It is recommended that

all policies be amended to stipulate very gradual slopes

(14:1) in basins deeper than 8', as does the city of

Chandler in their current code.

Acceptable basin slopes on turf are important for

providing easy exit during flood occurrences.	 For safety

at dual-use sites, it is recommended that policies

stipulate stepped exit walkways in turfed slopes greater

than 6:1. Permitted slopes should vary with depth, from
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4:1 for basins < 3' deep to 14:1 at basins 9-12 feet deep.

These stipulations are already in effect in the city of

Chandler, and it is recommended that depth/slope ratios be

made a part 'of policy covering retention basin design

criteria where dual-use is desired.



CHAPTER 8

SUMMARY AND CONCLUSIONS

In conclusion, research into the geography, soils

and climate of the eastern Phoenix suburbs indicates that

recreational development in stormwater retention basins is

not only feasible, but highly desirable in light of the

rapid growth experienced by those areas and the active

lifestyle of their residents. Field observations indicated

that about half of "neighborhood scale" sites were set up

for recreational use. Investigation of pertinent municipal

policies governing these sites revealed policy which

promoted dual-use stormwater retention sites (Tempe and

Chandler), as well as policy which virtually ignored this

opportunity (Scottsdale and Mesa).

Design issues discussed pertinent to dual-use sites

included reduction of silt and sediments; preclusion of

use; safety concerns; and design features geared to

accommodate periodic flooding. Recommendations regarding

specific design features included selection, location and

planting of plant materials for viability, and to humanize

the scale of larger basins. Irrigation system design and

specifications applicable to flooded zones were outlined

84
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due to the highly variable and scant amounts of rainfall

within the study area. Information on inert groundcovers

and pavements suitable in flood situations was also

included.

A wide range of site furnishings, conveniences,

playground equipment and athletic equipment were found to

be suitable for flood situations, with avoiding wood

furnishings the major restriction on materials. Some

equipment was hypothesized as being more suitable by virtue

of design, and various manufacturers are included in

Appendix E for general reference and obtaining more

information.

Municipal policy was theorized as having an

important role in siting basins, providing for zones of

"human use," and stipulating desirable depth and slope for

dual-use facilities. Several policy recommendations were

specified that would promote safety, visual enhancement,

and maximum use of the site should recreational equipment

be installed. It is hoped that these recommendations will

help cities promote the idea of dual-use retention basins,

just as the design information included may spark the idea

in consultants who are responsible for their planning and

design.

There are several perceptual issues which will most

likely affect the implementation of these policies at a
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municipal level, and implementation of design opportunities

at a consulting/planning level.

The fact that city authorities have issued "recom-

mended design guidelines" indicates that they perceive

basin sites as providing opportunities for dual-use;	 but

generally unexplored opportunity. The fact that these

guidelines are in fact only guidelines, and have not been

incorporated into enforceable ordinances, may indicate

ambivalence toward administrative policies governing these

sites, and/or a feeling that they are still primarily

within the engineering realm.

Another stumbling block to innovative design imple-

mentation is the trapezoidal mindset of the engineering

community; or perception of retention sites as purely a

functional addition to a site plan.

Conversely, the land developer's perceived (and

often real) loss of revenue from the portion of land

dedicated to retention that cannot be lotted and sold, may

be instrumental in pushing toward sensitively located

dual-use sites which function as an amenity within the

community, thus raising values of adjacent properties. If

aesthetic and/or recreational development of a retention

tract could be fully developed, it is conceivable that lost

dollars scould be completely recouped.
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The idea of developing these sites to their fullest

potential leads to another perceptual issue: that of the

homeowner. Past public opinion of retention and/or

detention basins has been decidedly fixed upon the word

"basin." Poorly drained, excessively deep, unattractively

landscaped sites seem to have soured general public

opinion. The "big hole" image prevails, especially in

lig ht of the sometimes complex hydrologic considerations

necessary in basin siting and design. The fact that basins

serve to protect people from flooding at locations

sometimes miles away may be another factor in the poor

reception they have been given by those living nearby.

The entire dual-use concept, including the involve-

ment of landscape architects skilled in the integration of

engineering and aesthetic/multi-use principles, will most

likely be instrumental in upgrading perceived value of

these sites. It is an educational process. It is the hope

of this researcher that this study will be useful in

expediting that process.



APPENDIX A

FIELD DATA COLLECTION CHECKLIST
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FIELD DATA COLLECTION

LOCATION OF RETENTION SITE:

1. Size?

Area (Volume estimate)

2. Shape?	 Parabolic	 Trapezoidal	 Other 	

3. Horizontal layout? Linear	 Square	 Round

Other

4. Depth?

5. Side slopes? 	

Bottom slope? 	

6. Ownership?	 Residential	 Municipal

Commercial Industrial	 Other    

7. Location relative to other land uses? Describe:

8. Possible wildlife habitat, if any--characterize:

9. Presence of drywell or other type of drain inlet?

yes	 no	 Description of type:

10. Bottom material:	 grass	 concrete	 rip-rap

undiscernable	 other 	

11.	 Is water an asset to the site?	 yes	 no	 Or does it
preclude the intended use of the site? Describe:
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12. Watershed characteristics: street runoff vacant land

landscaped surfaces	 other 	

13. Maintenance requirements?

14. Vegetation quality?

Occurrence of, and density of veg? Describe:

Type of design (random vs. formal):

General map of vegetation types:	 (trees, g/c, shrubs,
etc.) (Attach separate sheet if necessary)

15. Basin area access:	 Fenced	 No fence

Describe:

16. Is basin an asset to its location?	 An eyesore?

17. What is the drainage/detention design criteria of the
governing municipality? Attach:

18. Does water appear to drain away from basin site within

the time specified in the city detention policy?

19.	 Other possible uses besides detention/retention?



APPENDIX B

RECOMMENDED RETENTION BASIN GRADING--
CITY OF MESA, CITY OF CHANDLER
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SLOPE
6:1

Max.

9                                    

/220                                                                                                                                                                                                                                                                   

1230.

Minimum: 10' Radius
(Radii varies to allow
for uniform slope)

Not to scale

(1) Uniform straight slope runs
not to exceed 400',

For Retention
(2) Retention Basin slopes to	 Basins 4 acres

have a major horizontal	 and larger
and/or vertical change for
every 400 feet of linear
slope length.

(3) Retention Basin to have a
minimum of 3 different
slopes 6:1, 8:1, 10:1.

	 400 Max.	

Not to scale
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APPENDIX C

LISTS OF APPROVED VEGETATION FOR
RETENTION AREAS
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APPROVED RETENTION BASIN TREE LIST 

TREES FOR TOP AREA/UPPER HALF OF BASIN: 	PREFERENCE RATING 

Acacia farnesiana	 - Sweet Acacia	 B
*Acacia salicina	 -	 A
*Acacia stenophylla	 - Shoestring Acacia	 A/C
Brachychiton populneus	 - Bottle Tree	 A
Casuarina equistifolia	 - Horsetail Tree	 B
Casuarina stricta	 - Beefwood	 B
Cercidium floridum 	 - Blue Palo Verde	 A

*Eucalyptus viminalis	 - Manna Gum	 A
*Eucalyptus rudis	 - Desert Gum	 A
*Eucalyptus camaldulensis

(rostrata)	 - River Red Gum	 A
Eucalyptus sideroxylon	 - Red Ironbark	 B
Geijera parvi flora 	-	 B

Gledits a triacanthos inermis- thornless Honey locust
- 'Moraine'	 B
- 'Imperial	 A
- 'Shademaster'	 A

Lysiloma microphylla (var. Thornberi)	 A/C
Pinus canariensis	 - Canary Island Pine	 A
Pinus brutia eldarica	 - Eldania Pine	 A
Pinus halepensis	 - Aleppo Pine	 A
Pithecellobium flexicaulli 	 - Texas Ebony	 B
Rhus lancea	 - African Sumac	 A

TREES FOR LOWER HALF OF BASIN 

Casuarina equistifolia	 - Horsetail Tree 	 B

Casuarina stricta	 - Beefwood	 B
*Eucalyptus viminalis	 - Manna Gum	 A
*Eucalyptus camaldulensis	 - River Red Gum	 A
Cercidium floridum	 - Blue Palo Verde	 A

NOTE: ALL TREES WITH SPREADING HABID, SEED PODS, OR
THORNS TO BE PLANTED A MINIMUM OF FIFTEEN (15)
FEET FROM WALL, WALKS, AND PAVEMENTS.

- Indicates trees which require three (3) stakes.

A/C - Indicates trees good for specimen use, but not
preferred in large quantities.

93



96

1.3 PLANT MATERIAL

A. GENERAL: QUANTITIES STATED HERE ARE NOT INTENDED TO
BE ABSOLUTE NUMBERS BUT RATHER "RULE OF THUMB" FOR
THE DESIGNER AND REVIEWER.

BASIN DESIGNS SHALL BE EVALUATED ON AN INDIVIDUAL
BASIS CONSIDERING QUALITY OF DESIGN AND ENVIRONMENTAL
CONTRIBUTION TO THE COMMUNITY.

SUBMITTALS WHICH REFLECT A PARTIAL EFFORT, SUCH AS
PROVISION OF THE REQUIRED NUMBER OF TREES WITHOUT
DESIGN CONSIDERATION, WILL BE GROUNDS FOR A REQUEST
FOR FURTHER STUDY AND RESUBMITTAL. IN THE CASE OF
A DIFFERENCE OF OPINION, THE DIRECTOR SHALL REFER
THE ISSUE TO THE PLANNING COMMISSION FOR RESOLUTION.

B. TREE MATERIAL: THE MINIMAL ALLOWABLE NUMBER OF TREES
IN THE BASIN SHALL BE ESTABLISHED AT THE RATE OF 20
(TWENTY) PER ACRE.

THE MINIMAL ACCEPTABLE SIZE WILL BE 15 (FIFTEEN) GALLON.
ONE SPECIE WILL ACCOUNT FOR 50 (FIFTY) PERCENT OF THE
TREE MATERIAL. THE NATURE OF THE BASIN AND DESIGN
CONCEPT WILL DICTATE THE MIX OF TREE TYPE.

A MIX OF SIZE WILL BE DESIRABLE WHERE TREES ARE PLANTED
IN CLUSTERS.

ACCENT PLANTING AT POINTS OF ENTRY WILL NECESSITATE THE
USE OF 24 (TWENTY-FOUR) INCH BOX MATERIAL.

THE MINIMAL ALLOWABLE SIZE FOR SHRUB MATERIAL WILL BE
5 (FIVE) GALLON.

C. LIST OF ACCEPTABLE MATERIAL: FOLLOWING IS A GENERAL
LIST OF ACCEPTABLE PLANT MATERIAL. THIS LIST IS NOT
INTENDED TO LIMIT THE VARIETY OF PLANT MATERIAL TO
BE USED. THE CITY WILL WELCOME FOR REVIEW CREATIVE
PLANTING SCHEMES FROM THE INDIVIDUAL LANDSCAPE
ARCHITECTS.

EVERGREEN TREES:

RHUS'LANCEA	 SOUTH AFRICAN SUMAC
OLEA EUROPAEZ	 OLIVE
BRACHYCHITON DIVERS IFOLIA	 BOTTLE TREE



EVERGREEN TREES: (CONT I ())
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EUCALYPTUS MICROTHECA
EUCALYPTUS POLYANTHEMOS
EUCALYPTUS RUDIS
EUCALYPTUS ROSTRATA
ULMUS PARVIFOLIA
FRAXINUS UHDEI
PINUS HALEPENSIS
PISTACHIO CHINES'S

DECIDUOUS TREES:

CHILOPSIS LINEARIS
ACACIA FARNESIANA
ALBIZIA JULIBRISSIN
GLEDITSIA TRIANCANTHOS

INERMIS MORAINE
MORUS ALBA "MABLELEAF"
SALIX BABYLONICA

SHRUBS:

CASSIA ARTEMISIOIDES
LEUCOPHYLLUM TEXCONUM
DODONAEA VISCOSA PURPUREA
PENNISETUM SETACEUM
CORTADERIA SELLOANA
THEVETIA NEREIFOLIA
LYSILOMA MICROPHYLLA
POINCIANA GILLIESSII

GROUND COVER:

ELAEAGNUS PUNGENS
EUONYMUS JAPONICA
JUNIPERS (JUNIPERUS)

LIGUSTRUM JAPON ICUM
PYRACANTHA VARIETIES
XYLOSMA SENTICOSA

CARISSA GRANDIFOLIA
PROSTRATA

ROSMARINUM OFFICINALIS
GAZANIA UNIFLORA

LITTLELEAF EUCALYPTUS
SILVER DOLLAR GUM
DESERT GUM
RED GUM
EVERGREEN ELM
EVERGREEN ASH
ALLEPPO PINE
PISTACHIO

DESERT WILLOW
SWEET ACACIA
MIMOSA
MORAINE HONEY LOCUST

MULBERRY
WEEPING WILLOW

CASSIA
TEXAS SAGE
PURPLE HOP BUSH
FOUNTAIN GRASS
PAMPAS GRASS
YELLOW OLEANDER
LYSILOMA
BIRD OF PARADISE BUSH

SILVERBERRY
EVERGREEN EUONYMUS
MINT JULEP JUNIPER
TAM JUNIPER
PFITZER JUNIPER
SEA GREEN JUNIPER
JAPANESE PRIVET
VARIOUS
SHINY XYLOSMA

NATAL PLUM

ROSEMARY
TRAILING GAZANIA



APPENDIX D

CITY OF MESA DRYWELL AND SILT CHAMBER DETAILS
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FJLAL-,L miRAH FAaRic UNDER THE GRATE\
UNTIL THE PAVING IS COMPLETE OR UNTIL
THE GRASS IS ESTABLISHED IN THE
RETENTION AREA.
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*A 48 DIAMETER INLET
GRATE IS REQUIRED IF
IT IS INTENDED TO
CLEAN ThE DRYWELL
BY HAND.

6 MIL. PLASTIC
UNER TO PREVENT
INFILTRATION TO PAVING
BASE MATERIAL. ( NOT
REQUIRED IN TURF RETENTION
BASINS!) 

2' SECTION (MIN.) SCREEN

SCUD PIPE WITH OUT
PERFORATIONS 

8 PERFORATIONS PER
UNEAR FOOT IN
CONCRETE LINER

TO 1 1/2" WASHED ROCK

4"TO le PERFORATED PIPE
BELOW CHAMBER BASE.
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,

/

// 
/. // ,	 / .// .
/

, ,

/ '/, o
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0	 00 0--
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/ /' ,/ °,-, o 0 co °  / /
0 0 0 0 0 0

,/ / ./. 7 7 ./ 7°/ / /
/ / / / / / /

THE OVERALL DEPTH
OF THE DRYWELL SHALL
BE NO DEEPER THAN
75 FEET.

THE BOTTOM IC' OF
PIPE SHALL BE A
SCREEN WITH 10' IAN
PENETRATION INTO
SAND OR GRAvEL.

NOTE- DETAIL A MAY BE USED IF NO MORE THAN
2 DRYWELLS ARE REQUIRED IN A SINGLE RETENTION
AREA. SEE DETAIL B IF 3 OR MORE ORYWELLS ARE
REQUIRED.

DRYWELL DETAIL A 
(N.T.S.)



4" PIPE TO

DRYWELLS(TYP)

12" PIPE FROM
CATCH BASIN(S)

PRE-CAST
SILTING CHAMBER 1

osit	NIN	

4 is OVERFLOW
PIPE (TIR)

12" PIPE FROM ONE OR
MORE CATCH BASINS

NOTE- THIS DETAIL SHALL BE USED WHENEVER A SINGLE RETENTION
AREA REQUIRES 3 OR MORE DRYWELLS. ONE SILT CHAMBER MAY SERVE

UP TO 4 DRYWELLS. SEE PAGE 20r2 FOR THIS DRYWELL CETAL. THE
SILT CHAMBER SHALL BE DESIGNED TO SUPPORT THE TRAFFIC LOADS
EXPECTED IN THE PROJECT.

DRYWELL DETAIL 8 ( SILT CHAMBER) 
(P115 .)	 PAGE I OF 2
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TEE SECTION 

REMOVABLE CAP SOLID 24 .C.I.MANHOLE COVER

4aPIPE FROM
SLT CHAMBER

CONCRETE BOTTOM

3N
 	 iiFILL WITH /8 TO 1i1, 2

WASHED ROCK

/
	  7

/ ////,•	 coogio

,-,
/• ./

0
 9 C)

0
,_ •-• op 

// // /

/ / / / / / / /

STANDARD CONCRETE
MANHOLE CONE

6 MIL PLASTIC LINER TO
PREVENT INFILTRATION INTO
PAVING BASE (NOT REQUIRED
IN TURF AREAS) 

THE OVERALL DEPTH
OF THE DRYWELL SHALL
BE NO DEEPER THAN

/ 75 FEET DEEP.

THE BOTTOM 10 1 0F
/ APE SHALL BE A

,/ / SCREEN WITH 10'MIN.
PENETRATION INTO

/ SAND OR GRAVEL.
//

7

10 1

NOTE-ALL DRYWELLS SHALL BE SPACED A MINIMUM
OF 25' IN ANY DIRECTION.

DRYWELL DETAIL B 
(N.T. S.)

PAGE 20E 2
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LIST OF MANUFACTURERS
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Name, Address, Telephone	 Major Products 

Ameron Pole Products Div.
1020 "B" Street
P . 0. Box 755
Fillmore, CA 93015
(805) 524-0223

Carsonite International
2900 Lockheed Way
Carson City, NV 89701
(702) 883-5104
(800) 648-7974

Columbia Cascade Timber Co.
1975 S.W. Fifth Avenue
Portland, OR 97201
(800) 547-1940

Iron Mountain Forge
P . 0. Box 897
One Landrum Circle
Farmington, MO 63640-0897
(800) 325-8828

Kim Lighting, Inc.
P . 0. Box 1275
16555 East Gale Avenue
City of Industry, CA 91749
(213) 968-5666

Tapered steel lighting poles

Recreational signage, flex-
ible fencing, bollards

"Interplay" play structures

Park equipment, shelters,
bridges, athletic equipment

Light fixtures/poles

Landscape Structures, Inc.	 "AlumaCore" play structures
Route 3, 601 7th St. South
Delano, MN 55328
(612) 479-2548

Mexico Forge
	 Playground, park equipment

P . 0. Box 565
Reedsville, PA 17084
(717) 667-2157

Northwest Design Prod., Inc.	 "BigToys" play structures
2601 South Hood
Tacoma, WA 98409
(800) 426-9788

Patterson-Williams
	

Playground, park equipment
P. O. Box 4040
Santa Clara, CA 95054
(408) 988-3066
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Name, Address, Telephone	 Major Products 

Playworld Systems
	

"Wood Structures" play equip-
P. O. Box 227
	

ment
New Berlin, PA 17855
(717) 966-1015

Quick Crete Products Corp.	 Cast concrete products
P. O. Box 3005
Newport Beach, CA 92663
(714) 673-4617

Romaflex, Inc.	 "Elastocrete" pavers
7280 Dixie Road
Mississauga, Ontario
Canada L5S 1E1

Western Art Stone Co., Inc.	 Cast stone landscape products
541 Tunnel Avenue
Brisbane, CA 94005
(415) 467-2175
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