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PREFACE plrritr delineation and 54 miles of erusioir haz- 
ard zone delineation was conducted. 

The North Peoria ADMP study area encom- 
passes approximately 73 square miles within 
unincorporated Maricopa County and the 
City of Peoria. Numerous watersheds drain 
the area to the Agua Fria River. Major zunter- 
coirrsrs draining to the Agua Fria River are 
Morgan City Wash, nine unnamed washes, 
Caterpillar Tank Wash, and Twin Buttes Wash. 
Approximately 66 linear miles of zuatur- 
courses are considered in the development of 
the North Peoria ADMP. 

At the request of the City of Peoria, the Flood The North Peoria ADMP provides a regional 

Within non-urbanized/rural watersheds natu- 
ral environmental hazards associated with 
runoff from storm events exist. Without suffi- 

Control District of Maricopa County (District), 
under the authority of Arizona Revised Stat- 

Title 48, Chapter 21, initiated the North 
Peoria Area Drainage Master Plan (North Peo- 
ria ADMP). The North Peoria ADMP is a 
regional approach to watershed manage- 
ment. The District prefers a regional approach 
to watershed and floodplain management 
because it enables the District to develop flood 
control strategies that are both sustainable and 
sensitive to the environment. This approach 
works to minimize the public cost of protect- 
ing citizens from flooding that may result 
from private and public development's cumu- 
lative effect on drainage characteristics. The 
North Peoria ADMP provides a uniform and 
coordinated approach to watershed manage- 
ment. A multi-faceted approach will ensure 
that present and future residents are protected 
from the damaging effects of flooding. 

cient planning and management, natural haz- 
ards are compounded as development occurs 
within a watershed. In order to protect pri- 
vate and public property, natural occurring 
environmental hazards and hazards created 
by urbanization are identified. Environmental 
hazards associated with storm runoff are cate- 
gorized into flood hazards and erosion haz- 
ards. As part of the North Peoria ADMP, 
approximately 36 linear miles of new flouil- 

approach to flood control management. 
Development of flood control management 
alternatives and policies that form the founda- 
tion of the plan takes into account engineer- 
ing, environmental, landscape, social, and 
economic considerations. Watershed manage- 
ment alternatives are developed to mitigatel 
minimize the effect of urbanization on storm- 
water runoff and conveyance while recogniz- 
ing the values of the community and the 
opportunity to protect the unique characteris- 
tics of the region. The primary purpose for 
flood control management alternative devel- 
opment and evaluation is to develop a range 
of plans that provide public safety from flood 
and erosiotl hazards, determine the cost and 
benefits of each alternative, qualitatively 
determine impacts of the alternative on identi- 
fied environmental resources, and select a pre- 
ferred management plan. 

Flood control management alternatives devel- 
oped and evaluated for the North Peoria 
ADMP are categorized into two groups, 
watercotruse management alternatives and 
stormwater storage alternatives. W~ztrrcot~rse 
management alternatives evaluated include a 
non-structural, a partial structural, a low 
impact structural, a full structural, and a no 
action. Stormwater storage alternatives evalu- 
ated include the standard practice of retaining 
the volume of flow from the 100-year, 2-hour 
event, in-stream, in-line detention alternative 
and an in-stream, off-line retention alternative 
Descriptions of the five zucztercol~rse manage- 
ment alternatives evaluated are: 

The full structural alternative is based on cur- 
rent federal, state and local floodplain man- 
agement regulations that allow encroachment 
into thefloo~fzuuy f~ i t tge .  The full structural 
alternative typically requires at a minimum, 
structural stabilization of wash side slopes for 
the entire reach. 



The partial structural alternative also is based 
on current floodplain management regula- 
tions, however the partial structural solution 
is applied at only specific locations along the 
zo~lterconvse. 

The low impact structural alternative allows 
for development activity to occur within the 
erosion hazard zone as long as the activity 
does not significantly alter the natural form 
and function of the -tontercoursr. 

The non-structural alternative defines a corri- 
dor that allows the zonterconvse to function 
naturally 

The no action (do nothing) alternative pro- 
vides flood control management based on cur- 
rent federal, state, and local floodplain 
management regulations that allows 
encroachment into t h e f l o o c l ~ o n y f i i n g ~ ~ .  Typi- 
cally, under current regulations encroach- 
ments into the floodzony fringe are allowed on 
a piece-meal fashion without taking into con- 
sideration the effect of the encroachment or 
collective encroachments on the entire zonfer- 
course. 

Flood control management alternatives are 
evaluated on how well each alternative meets 
the goals of the North Peoria ADMP. The 
evaluations of the alternatives are based on 
weighted elements of four criteria. The crite- 
ria are Public Safety, Social Impacts, Environ- 
mental Impacts, and Economic Impacts. 
Preferred alternatives selected for the plan are 
based on the overall score that an alternative 
receives in the evaluation process relative to 
the other alternatives evaluated. 

The preferred .ionterconrse management flood 
control management alternative recom- 
mended by the plan is the non-structural alter- 
native. The non-structural alternative defines 
a corridor that allows the zoatereotirse to func- 
tion naturally and is defined by the 100-ye~zr 
floodplain, erosion hazard zone, and a buffer, 
if applicable, between human activity and a 
wash corridor. The plan recognizes that there 
may be situations in which development 

activities may be required or desired within 
the erosion hazard zone. For this situation the 
plan presents a low impact structural alterna- 
tive. Channelization is not a preferred flood 
control management alternative, however the 
plan also recognizes that there may be situa- 
tions in which channelization may be 
required. The preferred stormwater storage 
alternative is the standard practice of retaining 
the volume from the 100-year, 2-hour rainfall 
event, however this practice may not be prac- 
tical for certain portions of the study area. The 
standard retention practices, if implemented 
within an entire watershed, would have nega- 
tive impacts in regards to sustaining native 
vegetation along zontercowrses. The plan 
offers two alternatives to the standard prac- 
tice, which are the in-stream, off-line retention 
and in-stream, in-line detention. The in- 
stream, off-line retention is the preferred alter- 
native of the two. 

Implementation of and guidance provided by 
the plan is based on a set of management 
goals, objectives, and policies for each of the 
four elements of the plan. The elements are 
Environmental Hazard Identification, Devel- 
opment & Planning Considerations, Environ- 
mental, and Multiple-Use Opportunities. 

The North Peoria ADMP is one of the many 
tools that have been developed to guide 
growth and development in the study area so 
that impacts of urbanization on the environ- 
ment are minimized. The focus of the North 
Peoria ADMP is flood and evosion control 
management, however the plan takes into 
consideration the impacts of different flood 
control management alternatives on environ- 
mental, cultural, and visual resources and 
looks at multi-use opportunities. The intent of 
this plan is to work in conjunction with other 
planning documents and ordinances devel- 
oped by the City of Peoria and Maricopa 
County. The plan is to be used by policy mak- 
ers in the City of Peoria and Maricopa County, 
future residents, and developers when mak- 
ing decisions concerning development in the 
area. 
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The natural physical character of the North 
Peoria Area Drainage Mas& Plan study area 
is lrnique to north central Marimpa County, 
the City of Peoria, and the Phcmix metropoli- 
tan area. The area is charaderkd by diverse 
landforms, sinuous washes that dissect the 
terrainf and varied plant commrrnities. The 
area is also rich in wildlife, and andhistorical and 
cultural m u r c e .  The natural topography 
and vegetation t y p e  &aad with topgra 
phy offer a scenic quality that is u n p d d e d  
anywhere else in the valley. The naturai phys 
ical character also includes f h d  prone areas 
and d a t d  hazards which are 

Twin B u t k  

Peoria ADMP provides a uniform and mordi- 
natd appmch to waterski management A 
multi-faceted approach will ensure that 
present and future residents are prokcted 
from the damaging effects of flooding- - 

The District mnhted with Stank Consult- 
ing Inc. (Stank) to develop the North Peoria 
ADMP. S t a n k  assembled a qualified team 
ccmsisting of hydrologists, engineers, environ- 
mental archeologists, h d x q e  
archikb, and pplanners to assist in the devel- 
opment and evaluations of f b d  control man- 
agement alternatives. The team worked with 
District and City of Peoria pmnnel in h e  
preparation of the ADMF! 

Due to impending development in 
north Peoria, the F l d  Control District of 
Maricopa County (District) in cooperation 
with the City of Peoria and under the author- 
ity of Arizona Revised Statuts (ARS) ntle 48, 
Chapter 21, initiated the North Peoria Area 
Drainage Master Plan (North Peoria ADMF'). 
The North Peoria ADMP is a regional 
appmach to watershed management The 
District prefers a regional approach to water- 
shed and floodplain management because it 
enables the District to develop f l d  cmhl  
strategies that are both sustainable d sensi- 
tive to the environment. This approach works 
to minimize the public cost of protecting &ti- 
zens from flmdkg that may &ult fro& p& 
vate and public development's cumulative 

The North Peo- 
ria ADMP 
study area 
encorn- 
approximately 
73 quaremiles 
wiw unin- 
corporated 
Maricopa 
County and the 
City of Peoria. 
Numerous 
wa*& 

I drain thearea 
tolheAgua 
Fria R i m  
Major water- 
courses drain- ~ c r p  ~ t y  w d  
ing to the Agua 
Fria River are Morgan City Wash, nine 
unnamed washes, Caberpillar Tank Wash and 
Twin Bum Wash. Appmrdmakly 66 linear 
mils of wafercorrrses are considered in the 
development of the North Peoria ADMP. The 
study m a  does not indude the Agua Fria 
River and a s d t e d  r w ~ ~ .  The 
hation of the study area relative to City of 
Peoria, City of Phoenix, and Maricopa C m t y  
boundaries is displayed on f i r e  I. 

Development of the North Peoria ADMP 
includes, public coordination, survey and 



hydruulics, hydrology, d i m e n  ta- 
~ a n d ~ e v a l ~ , s r w i r e r n -  
mentalandvirn;ral-m-, 
i d e n ~ P i o n o d ~ ~ #  Bdenii5ation 
0 f a r o s i o n ~ ~ ~ ~ -  
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minimize the effect of urbanization on stom- 
water runoff and conveyance while recogniz- 
ing the values of the community and the 
opportunity to protect the unique characteris- 
tics of the region. A holistic approach insures 
that public's safety and quality of life is main- 
tained. Goals of the North Peoria ADMP are: 

Identify flood and i~i .~~sio~l hazards along 
major zi~rrtcrr.i~rrrsi~s. 

Develop policies and strategies to protect 
residents from flood and ~,n~sioit hazards. 

Preserve the natural flood control function 
of the existing washes and clrnt111c.1~. 

Incorporate public and private interests, 
issues, and concerns. 

Minimize future expenditures of public 
funds for flood control and emergency 
management. 

Consider environmental and landscape 
characteristics of the watershed in the 
development of watershed management 
alternatives. 

Minimize disturbance of existing flood- 
plain andfloorizorz!/ ecosystem and habi- 
tats. 

Consider multiple-use activities for flood- 
plain areas. 

PROIECT AREA 
The North Peoria ADMP study area encom- 
passes approximately 73 square miles within 
unincorporated Maricopa County and the 
City of Peoria. The study area is divided into 
four planning areas based on physical charac- 
teristics and/or geographic location of each 
planning area. The four planning areas are the 
Morgan City Area, Big Spring Area, East Ter- 
race Area, and the Twin Buttes Area. The 

Hieroglyphic Mountains, located within the 
Morgan City Area, Big Spring Area, and the 
northern portion of the Twin Buttes Area are 
characterized by peak, ridge, wash, and valley 
landforms. Terrain slopes within the Hiero- 
glyphic Mountains range from less than 10 
percent to greater than 25 percent. Rock out- 
crop and rock fragments typify soil constitu- 
ents within the Hieroglyphic Mountains. 
Within the Morgan City Area and Big Spring 
Area, washes are typically incised in rock or 
well-cemented alluvial material. The East Ter- 
race area located east of the Agua Fria River 
and the southern portion of the Twin Buttes 
Area have landforms characterized with ter- 
rain slopes of less than 10 percent and are 
underlain typically by alluvial material. Sinu- 
ous natural char~nels that are cut into alluvial 
material characterize washes in the East Ter- 
race Area and in the southern portion of the 
Twin Buttes Area. With the exception of the 
lower reach of Morgan City Wash, washes 
draining the study area watersheds are 
ephemeral. Springs deliver water to the lower 
reach of Morgan City Wash providing flow 
year around. Figure 2 displays major wuter- 
cotruses that drain from the study area to the 
Agua Fria River, specific planning areas delin- 
eated by unique physical characteristics, and 
photographs of some of the physical charac- 
teristic of the area. 

One of the unique characteristics of the area is 
the contrast in terrain from the planes and flat 
lands of the valley to the varied landforms of 
the Hieroglyphic Mountains. Figure 3, Ter- 
rain Slope Map, is a graphic representation of 
terrain slope in the area. Terrain slope is often 
used by communities and agencies to define 
significant areas of preservation or areas 
where special development considerations 
must be met. Maricopa County encourages 
preservation of, and applies development con- 
siderations for significant mountainous areas 
with terrain slopes of greater than 15 percent 
where as the City of Peoria applies special 
development considerations for areas with 
terrain slopes of greater than 10 percent. 



LAND USE 

Planning documents developed by communi- 
ties have a land use element that provides a 
framework for defining future development 
patterns. The Land Use element helps guide 
future growth, revitalization and preservation 
efforts in the community. An understanding 
of future or anticipated land use is key to the 
development of an area drainage master plan. 
Urbanization of an area typically alters exist- 
ing rainfall runoff relationships that ulti- 
mately could result in flooding impacts to the 

LAND OWNERSHIP Currently the study area is predominately 
undeveloped, however to identify future There are four primary entities with land own- 
trends in stormwater runoff and conveyance, ership in the area: the United States Federal 
the City of Peoria's Land Use Plan developed Government, Arizona State Trust Lands, Mari- as part of the city's General Plan is utilized in copa County, and private interests. The per- 

REGIONAL AND LOCAL PLANNING EFFORTS 

There are a number of planning documents 
that have been developed by county and city 
agencies to provide direction and guidance in 
regards to development and future land use 
within the North Peoria ADMP study area. 
Planning documents reviewed as part of the 
data collection are listed in Table 1. A brief 
summary of the purpose of the document and 
relevance to the North Peoria ADMP is pro- 
vided in the following sections. 

cent of land owned by each entity is 35% 
Federal, 32% State Trust, less than 1% County, 
and 31% private. Figure 4 displays the distri- 
bution of land ownership in the study area. 

community. I 

the development of the North Peoria ADMP. 
Figure 5, Ttctltre Conilitiorrs Constraints; 
depicts land use designations, floodplains, 
and areas of impending development in the 
study area. 

Table 1 
Regional and Local Planning Documents 

Agency Document 

City of Peoria General Plan 

Lake Pleasant/North Peoria Area Plan 

Peoria Desert Lands Conservation Master 
Plan 

River Master Plan 

Trails Master Plan 

Flood Control District of Maricopa County Agua Fria Watercourse Master Plan 
~p - 

Maricopa County Comprehensive Plan-Maricopa County 
Eye To The Future, 2020 

White Tank/Grand Avenue Area Specific 
Plan 

Maricopa County Association of Desert Spaces 
Governments 

Desert Spaces-Environmentally Sensitive 
Development Areas 
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Peoria General Plan 

The Peoria General Plan is the fundamental 
planning document for the City of Peoria to 
guide growth and development within the 
City and its planning areas. The plan was 
updated to include increased planning efforts 
mandated by Growing Smarter and Growing 
Smarter Plus legislative statutes. The General 
Plan adopted by Peoria's voters went into 
effect June 15,2001. Land Use, Recreation and 
Open Space, Safety, and Environmental 
Resources elements of the plan provide policy 
level guidance for development that are 
directly applicable to the North Peoria ADMP. 
The General Plan recognizes the unique char- 
acter and natural resources of the northern 
half of the city which includes the North Peo- 
ria ADMP study area and provides guidance 
so that there is a balance between facilitating 
development without endangering the protec- 
tion of the natural resources in the area. 

Lake PleasantiNorth Peoria Area Plan 

The Lake Pleasant/North Peoria Area Plan, 
completed by the City of Peoria in November 
of 1999, provides guidelines to assist in the 
preservation and enhancement of the environ- 
mental, recreational and aesthetic values of 
the Lake Pleasant Area while allowing for 
controlled development that is sensitive to the 
goals of the plan and the natural environment. 
The Plan recognizes the assets of the unique 
physical characteristics, flood hazard, biologi- 
cal and visual resources, as well as existing 
development constraints within the area. The 
eastern portion of the Morgan City Area lies 
within the Lake Pleasant/North Peoria Plan 
boundaries. 

Peoria Desert Lands Conservation Master 
Plan - 
The major goal of the Peoria Desert Lands 
Conservation Plan, completed in August of 
1999 is to "Maintain the vitality of the unique 
Sonoran Desert environment by providing 
high quality passive and active open space 
areas, while encouraging development that is 
sustainable and suwwortive of the environ- 

mended policies that prescribe a course of 
action are provided to help guide develop- 
ment. In addition to recommended policies, 
sensitive land areas identified for potential 
preservation or conservation are presented. 
Sensitive land areas referred to as drainage 
corridors include, Morgan City Wash in the 
Morgan City Area, Unnamed Washes 1,2, and 
3, and their major tributaries in the Big Spring 
Area, and Twin Buttes Wash in the Twin 
Buttes Area. 

White TankslGrand Avenue Area Plan 

Adopted in 1997, the Comprehensive Plan- 
Maricopa County Eye to the Future 2020, 
requires that County-area plans be updated to 
ensure consistency with the Comprehensive 
Plan. The White Tanks/Grand Avenue Area 
Plan adopted December 6,2000 is a n  update 
of the White Tank/ Agua Fria Policy and 
Development Guide and the Grand Avenue 
Corridor Area Land Use Plan. The plan recog- 
nizes the scenic beauty in the northern portion 
of the North Peoria ADMP study area and 
encourages preservation while recognizing 
property rights of landowners to develop their 
property. 

Desert Sflaces 

In 1995, the Maricopa Association of Govern- 
ments (MAG) adopted the Desert Spaces plan. 
Desert Spaces is a regional open space man- 
agement plan designed to guide the members 
of MAG in protecting open space while allow- 
ing for future community growth and devel- 
opment. The intent of the plan is to preserve, 
protect, and enhance significant natural and 
cultural resources. Natural resources include 
upland landforms, rivers and washes, and 
wildlife habitat. The plan also presents a 
regional network of trails that when imple- 
mented would allow the public to enjoy the 
diversity of open space that the plan pre- 
sents. Mountainous areas designated for open 
space preservation includes the Hieroglyphic 
Mountains. Approximately half of the North 
Peoria ADMP study area is located in the ' 

Hieroglyphic Mountains. 
1 L 

ment". To meet the intent of the goal, recom- 
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The hvhnmentally Sertsitive Dwelopment 
Areas IES[IA) Plan adopted by MAG in June 
of 20, presents policies and design guide- 
l i n ~  for areas identified in the Desert Spa- 
h as "Fk4mtion Area". The p q m e  of the 
design p i d e b  is to provide guidance for 
both the public and private Wrs for devel- 
opment pmjds within Envirmmentally Sen- 
sitive Development h a s .  Envhmmmtally 
W t i v e  &as p m t e d  m the P h  include 
the mrhm portion of t)te North Peoria 
A D W  s M y  area north of the Central Ari- 
zonaProjedCanal. 

wthin rum-urbanized/rural watersheds nab- 
ral mvhmmntal d d s  asmciated with 
runoff from sbrm events exist. Without suffi- 
cient planning and management, natural haz- 
ards are m m p o d e d  as development occurs 
within a watershed. In order to protect pri- 
vate and public property, naturally mxmhg 
envimnmental hazards and hazards mated 
by urbanization need to be identified. Envi- 
ronmerr ta lhazards~Mwi thsmrun-  
off can be categorized into flood hazards and 
m*rr &. Under the authority of ARS 
48-3605, the Arizona lhprtmmt of Water 
Rmmcs (ADWR) has -tab- criteria 
an8staradaPdsfordetmmq - .  flood and ero- 
dam hazard areas. The North Peoria ADMP 
d e r s  w- -and geomr-  
phic evaluations, d h m t  d 
criteria etabhhd by ADWR in the identifi- 
catim of flood and mwim ham&. 

Hydrologic analysis evaluates rainfall-runoff 
relationships for a given area (wakmhd) 
where the volume and rate of runoff is esti- 
matd at s-c l & m  An understanding 
of the kydmlogy of an area, both in existing 
and future watershed conditions is key in 
determining flood taazards and in identifying 
potential impacts to draining 
the watershed due to u r ~ t i o n .  The 
results of hydrolo@ analyses conducted as 
part of the North Peoria ADMP are used for: 

Delineation of *w at 
selected locations. 

Hydraulic evaluation of flood control 
management alternatives. 

Hydraulic evaluation of stormwater stor- 
age alternatives. 

Approximately 126 watersheds were delin- 
e a t d  within the study area to determine rain- 
fall runoff relationship for the 2-, 5-, 10-, 25-, 
50-, and 100-year frequency s b m  events for 

depicts watersheds Amfed for me Norm 
Peoria ADMP. 





Hydraulic analyses are conducted to deter- 
mine the physical characteristics of a I w- 
c~ during a rainfall-rudf went. 
H y d d c  comprrter lrrodeIs faditate tfie anal- 
ysis and are developed to determirte extent of 
fl- water surface elevations, depth of 
ftow, and velocity of flow for a runoff event 
Mdek am developed for existing natural 
conditions and b evaluate di€fermt flood corn 
trol management alternatives. Fksulb of 
models d&&@ to evaluate flood mtml 
management alternatives are compared to thd 
results horn models that evaluate e~ 
c d i W  to a s e x  the impacts of an artam 

n d l s  utilized for iheNorth Peorii 
ADMP w e  developed as part of the ADMF 
or a~ models fmm dective Federal Emer- 
gency Management Agency (FEEVLA) foo-year 
fioodglai~ delineah. Hydraulic models 
were dweloped for Unnamed W& 1,Z 
and 3 that drain the Big Spring Area to the 
Agua Fria River. Existing models dweioped 
for the FEMA IWyearflomlpZain delineatioa 
amusedastIaebforhydraulicmodeling 
of flood eontml management alternatives 
develaped for the Wh Bum Area. 

FlOodpIain debt ion  conducted as part of 
the North Peoria ADMP were perfarmed uti- 
lizing detail and approximatre m&od flood- 
plain@ is. Detail &mEics q u i m  
the dwdopment of a co uter rr 'el that 
defines IDOyearflaorZpk+.,~ and j . - k y  
limits. Appmximate method hydraulic uti- 
lizes an quation ref& to as Manning's 
quation to define : plrsin limits. 

- 
Nauml erode lontrcl wrMin Unrmned Wash 2 



Geomorphology 
is the study of 
landhrms, the 
p h r s i c a l ~  
cesses that forms 
the fand surface 
and the changes 
that take place in 
tfie wolutim of 
t h e l a n d h  
Geomorphic 
evaIuatim con- 
ductd for the 
North Pmria 
ADMP focused 

~ ~ Z - * k o c k  -fo-and 
lateral stability ot 
a watercourse. 

Geomorphic evaluations conducted are based 
on field observations, a d  photographs 
(both hisbric and remit), historid 
position, stream longitu- profile and 
allowable velocity guidelines. The results of 
the evaluation documents physid changes to 
the watercourse that have occurred over time 
and suggest the types of changes that can be 
expeckd in the future. 

h general, historical and field evidence sug- 
gests that the floodplains of the wafmolrrses 
in the study area, where not incised in bed- 
rock, are subject to lateral m d m .  The 
streams in the study area flow within shallow 
canyons c o m p M  of Middle to Late Pleisr 
tocme alluvium or bedrock. Within m t  
geologic time, the streams appear to have 
migrated over the entire canyon bottom, grad 
ually widening the canyons through lateral 
mmba The h i w t  dnQPlon hazards mar on 
these canyon bottoms and at lhe margins of 
the older surfaces that form the canyon walls. 
The mults of the geomorphic evaluation idi 
cate there is a potential for l a w  migration in 
the study wrrikrcmrses and thus a potential 
public safety hazard, Results of the evalua- 
tions are used to develop mQll hazard 
zones. 

I,, , 

Scour Hde, Unnamed Wash 2 

The primary oQe&ve of the sediment engi- 
neering analysis for the North Peoria ADMP is 
to estimate the existing and future sediment 
yield, wi&i emphasis on sediment deposition 
and maintenance requirements upstream of 
the Central Arizona Project (CAP) canal drain- 
age &@, and sdhent storage for future 
regional retention/detention facilitis. 

Sediment yield is the amount of solid material 
transported past a given point in a stream sys- 
tern, or alternately the amount of material 
d-td in an enclosed basin. Sediment 
yield includes parhcles small enough to be 
carried in suspension by the flowing water 
( suspdd  load) and particles moved along 
the bottom of a channel by rolling, sIiding or 
bouncing (bed load). When flow velocities are 
reduced, sediment carried by a stream is 
deposited. Flow velocitis can be redwd by 
natural or manmade changes in slope 
or c b m d  geometry, or by impoundment in 
0ood control basins. Sediment yield is a major 
concern h r  public officials in h r g e  of main- 
taining the eHedveness of f l d  control struc- 
tures because sedimentation behind dams or 
in- reduces the volume of water 
that can be stored or tramportmi through the 
system. A reduction in effective storage vol- 
ume increases the Likelihood of a spillover in 
larger runoff events, increasing the chance of 
injuries, damage to the structure itself, prop- 
erty damage downstream and possible loss of 
human life. 



FLOOD AND EROSION HAZARD 7X)NES oped as part of ihe North Peoria ADMP, and 

L 
floodplains previously delineated by other 
studies are displayed on F i  7 "'m 8, 
F i e  9, and FW-0 lQ. 

ENVIRONMENTAL CHARACTERISTICS 

zones form the basis for the identification of 
potential public safety hazards a h t e d  
with natural processes that form Ihe physical 
characteristics of v s  w i t h  the 
study area. Floodplains based on a 1Oayea-r 
peak discharge and hazards zone 
delineation were &&d for watlrolcrses 
in the Morgan City Area, Big Sptings Area, 
and the Twin Buttes Area, whezleas only flood- 
plain delineation was condud for the East 
Terrace Area. 

Environmental overviews were conducted to 
define the ecological/biologid resources, cul- 
tural/historical remurces, regulatory w- 
ws waste sites, and visual resources of the 
area. The overviews are based on available 
existing information and data collwtd during 
rec- level field visits. Results of the 
overviews am then utilized in the formulation 
and evaluation of flood control management 
a1 ternatives. 

BIOLOGICAL BESOURCE OVERVIEW 

I The ~IXUS of the biological reso- overview 
was to d& and map vegetation commu- 

I nities to the M t i o n  Level, identify the 
-. 

€<=ion ai Stock Tank Darn 

W i t h t h e e x ~ o f t h e E a g t T e m c e A r e a  
1011-yearfloodplaitrs d himd 
mms wkre delineated fm -s with 
draimgemof apgmxhadyonequare 
mile* rntfteEastT~ehea,duetosoilcan- 
d i b ,  rainEall runoff r e l a h  were higher 
tlaan m h e  mt of the study ares, -fore 
M p h  were delineated for wafmolrrses 
withahhageareasoflessth;tna~&~ 
F1OOdp~ and emdm haaard mesdmel- 

potential occurrence of m i t i v e ,  thmtened, 
and endangered s@es and assess sensitive 
or special status habitats within the project 
area. Mapping of vegetation comnlrnities 
and assessment of sensitive or s@al status 
habitats were based on low intensity field sur- 
veys. Threatened, endanged, and sensitive 
s F e s  that potentially occur in the planning 
area were dekrmined by consulting the spe- 
cies list from the U.S. Fish and Wildlife Service 
for Marimpa County, and through a =& of 



the heritage database at the Arizona Game 
and I?& Department. 

Twelve plant associations were identi6ed 
within the project area Sweral of the associa- 
tions have large numbers of plant species in 
common, such that the associations differ only 
in respect to lhe relative proportions of each 
species. The location and distribution of plant 
communities are displayed on F e e  11, 

lrwo special sta- 
tus species, smw 
ran M 
wise and low- 
land Leo* 
hog are known 
tooccurwithin 
fhe planning 
area. The di&- 
htion of low- 
land leopard 
frogsisnstricted 
to the lower lim- 
*of Mmgan 
City Wash and 

-*wmCidlnl  &--Fria w River drainage, 
while Sonoran Desert tortoise probably occur 
throughout mmt of the phmhg area. Addi- 
t i d y ,  soutfiwestem willow Bycatdms and 
lesser-long n o d  bats rnay not occur within 
the area at vt, but suitable and s d c i e n t  
habitat exists to support individuals of both 
species. Additional s w e s  might become 
listed as threatend or endangered by the fed- 
eral government before development is initi- 
ated in the ama (e.g., yellow-billed mckcMb 
Swveys for wes that are m t l y  listd or 
that may became listed as threatmd or 
endangered, and possibly d t a t i o n s  with 
the US. Fish and Service, will be nec- 
essary to minimize or avoid development 
impacts to these Wes. At present, there are 
no critical habitat designations for any species 
within the planning area. 

Velvei Mesquite V*. A w n m i &  

, The only sensitive and biologidly unique 
habitat within the phmmg area is the aquatic 

, area d the accompanying riparian gallery 
forest that occur along the lower r e a k  of 
Morgan City Wash. This habitat extends horn 
thmn£lmwith$LeApFria&er  

I updmam to above the springs that deliver 
water to the wash The riparian gallery k t  
is well dewloped and mature thoughout this 
arpaThes&mmsupportsnumemusspecies 
of wetland plants and aquatic s@s includ- 
ing~tivefishsuchaslonghdaoe(Agos# 
-ask) and lowland leapard frqp. 

C u l ~ ~ i s a v e r y b m d t e r m ,  For 
tkpuqmsofheNorthPeoriaADMP,we 
* b o d ~ ~ w i t h i n ~ c m ~  
ofpmmatim A d t u r a I ~ ~ u d e s  
pmwtark, hismic, ad&chd,and wadi- 
tiad cultural &hs. - sibes are m i d -  
ere dim port ant,^^^^^ 
locations and data that can inform us about 
Cul~andcul~chsKlgethrOught ime. 

C u l d  E3oume 
laws are designed 
toaffordpeotec 
tiantosigdkmt 
site3 w that impor- 
tant cullad and 
w i n f o r a a -  
~ i s n o t h ~  
Pmtelimcan 
-by &ply 

pmtedng s i b ,  or by p m & d y  excavat- 
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ingdwmbeforeheyamdestroyedinorderto W could be incorporated him the design 
gather relevant idonmation, ~f flood control management alternatives. 

The Cultural Resotames Ovaview is b a d  on 
a literature review of existing archmlogid 
da-. The ~YerYiew d e b  the loca- 
tion and sigrtificance of h w n  cultural 
m e s .  Of the 46,720 acms within the 
study area approximately 7,7[113 a c m  have 
tmlplevidysumqd. This computes to 
approximately 17 percent coverage of the 
plopct area, with 83 percent of the project 
not surveyed. A total of 239 surveys were 
accomplishd w i f i  the project ma, of 
which 325 archaeological sites w m  obwrveuea 
w i t h 2 7 3 o f t k o s e p ~ c , 3 5 o f t h ~ h i s -  
taric, and 12 of thae r n u l t i - m m ~ t  sim, 

12 displays the location of archeologi- 
cal sites in the project area determined from 
the overview. 

Assessthesa 
nic 
attractiveness 

To aid in tfie development of -pe 
d ~ ~ ~ t k a a t w i z l a c h i e v e t h e  
d&md hriwter $leme(s) as they apply 
& pmsible flood control management 
~ ~ t i v e s .  

V i i ~ a m d e f i n e d b y t k w e d c  
qmlity/attracthreneser of the rratuPal and cul- 
tural feature3 of an area. Lmeely defined 
nic amid- rate3 the inherent 
attracti- of a landscape on a scale of (A) 
dismve,  ccrmnon, (B) typical, or (C) indis- 
tinctive. Landforms such as mountain peaks 
and ridges, plains, valleys, and washes are 
taken into consideration along witb the pres- 
ence of water in defining scenic attractiveness. 
Criteria published in the Landscape Character 
Types of the National m t  in Arizona and 
New M d c o  by the U S A  Forest Semite 
(1989) wper! utilized to rate scenic attractive- 

LandscapeQlarac- re 13 displays scenic attractiveness 

ter and ViuaI m rnsttq -. 
- -- 

merit evaluations 
are conductd as 
partoftheNorth I Peoria ADMP for 
the pupae tm 

of the existing 

turd features. 

Asseasthe---or I Landscape &wader miis far the study area 
are defind u- criteria p r  the Land- 
scape Aesthetics Handbook Y 701 publkhd 

DeveloplandscapedraractEr- 
(including existing, future, and historic) 

by the USDA Forest Services (1895). Land- ' ~capechamctmisthe"particularattributes, 

qualities and traits of a hickape hat  give an 
image and make it identifmble or unique''. In 
the project - landscape character units are 
b a s d o n ~ p ~ , v e g e t a t i o n t y p e s  
and existing land use. Within the project area 
six d t i n g  l a n b p e  character units w e  



identified-. Mountain TAIL&, Slopes, Plains, 
Commercial Use, Rural Subdivisims, and 

Multiple-use opportunities are opportunities 
identified to meet local community needs for 
mxeaticm, open space, p-on and 
enhamanent of natural landscape and local 
community character as related to prop& 
flood cmtroI management alterrtatives. Exist- 
ing and proposed recreational facilities, man- 
agement plans and trails plans are inventoried 
on a regional and local level so that the extmt 
to which f b d  mtrol manaperrt alkrna- 
t i v e s c o u l d b e u s e d t o e n h a t n c e d ~  
these resourres can be identified. Regional 
e v e  n t i d  -es (existing and 

I 
p M )  adjacent to the study area include, 
Lake Pleasant, Hells Canyon Wddemess Area, 
Castle Hot Sprinp, and linear park/open 
space networks (City of Peoria's Rivers Master 
Plan (January 1999)) that connect with a trail 
sys- pmptlsed in the City of Peoria Trails 
Master Plan dong the A p  Fria River. Figun 
14 displays the recreational regional context o 
the ~IWI. Existing local recreational reswtrces 
are charactmiad by the privately owned Can- 
yon Raceway, Pleasant Vdey Airport, and 
open space land use proposed in the City of 
Peoria's General Plan. Ttae City of Pmria's 
G e d  Plan r e c o d  that the enviran- 
menially sensitive areas in the northern region 
(includes portions of the No* Peoria ADMP 

d y  area) of the City, a d d i t i d  h d s a p d  
~ e n t i o n ~ w i t R i n m a r r n e d ~ D w e l p p  
merits, water dwge -, open p= truff- 
ers adjacent to Lake Pleasant Regiad Park, 
daeAguaFriaandNewRivermaeatiand- 
dorsandNewRiwrlknretmtimamabe 
u s e d t o m e & i t s ~ ~ ~ ~ f ~  
l a a m 3 o f ~ ~ p e r r O O O ~ a n .  

As an el-t of the North Peotia ADMP, an 
assmmmt of -ties and limihtims 
60F inwthg r n u l t i p w  rwrealiaml ka- 
t u r e s ~ p r e i e r r e d W a 3 n t r O l ~ t  
alternatives was dd. OpgmrtdW 
i d a t i f k d a r e ~ y ~ a h g M ~  
City Wash in the Magan City Area, Umamd 
~ 1 , 2 d 3 i n t P l e B i g S p r i n g A r e a , d  
CaterpiUarWaAasld'Z$vinBu~Wstshinhe 
Twin Buttes h. The kxation of multiple 
use m t i d  facilities alang these wash 
corridorsamprimarilylimitedtottakl~ 
~ r c i n a n d / o r m ~ ~ ~ a m r d  
psible d ~ t i a n / ~ o p ~  racilides, h a t e d  

u m i d o r t m i l s ~ f o r t h e n o t d r P ~  
ADMP- 

Typical Vqdution Along Bonks 
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Pusuc INVDLVEM~NT 

An intqgral part of the preparation of the 
NO& Peoria ADMP was public ahd ~ ~ n m u -  
nity participation. N i - e i @ t  percent of the 
p p w t y  in the shady area is held by federal, 
state and private inkrest with the majority of 
the private in- (apximaaely 31% of the 
arm) held by a few individuals or partneT- 
shipthatarepIanningonckvdopingtheir 
prom. Wcally private lands are undevel- 
opedandownmamabsenteecrwne~s. The 
nature and dbtrihticm of land ownership 
does nut lend i t d l  to a typical public involve- 
ment process of conducting a series of public 
idormation meetings. A public ou- pro- 
gram cumisling of newslet- 
ters, individual meting& with landowners 
and federal, state and M agencies and a 
public meeting m initiated to obtain public 
and community participation 

Landowners in h e  area were notilied of the 
development, gods, and progress of tfie plan 
t h m u g h i n d i v i d u a l ~ d ~ ~ ,  
questiormaires, d public mmumements in 
local newspapers. A public workshop 
held to pmmt data colkctkm d t s ,  plicy 
dw-ent. alternative stormwater m e -  - - -  - - -  

men? a+ developd for the plan 
to obtain commmts and mggstians from par- 
ticipants. 

llwoughout the term of the project, hdividlaal 
meetings were held with erghers and/or 
planners qmsmting the i n m t s  of ongoing 

development ptojects. Dwehpmmt pmjezts 
within the plan area include Lake Pleasant 
Vltas, Saddleback Heights, Whik Peaks 
Ranch, Lake Pleasant Heights, Lalceland Vd- 
lage, U p ,  and the groundwater recharge 
propct d u c t a l  by the C W  Atizoara 
m- 

ALTERNATIVES I)N~LDPMENT AND 

The North Peoria A M P  provides a regional 
approach to B o d  control management. 
Dwelopma 0fBood c m t d  management 
alternatives and polides that forms the foun- 
dation of the plan t a b  into account engineer- 
h e n v i m m n d ,  l a d w p , d a n d  
economic d d e r a t i a  Wakrshed manage 
ment altemativ~ are devehpd to mitigate/ 
m i n i m i z e t h e e f f e c t o £ ~ c m o n ~ -  
water mff d conveyance while nxoph- 
ing the values of the community a d  the 
0pporturritg.tOprotecttheuniqwchar~ 
tics of the mgkm flood conW management 
alternative am d u a t d  onhow well each 
alternative meets the goals ofthe North Peoria 
ADMP. 'ihe primary for flod cmtrol 
-ent alternative dmebpment and 
wdmtion b ta dwelop a r m g ~  of p h  that 
providespubl icdetyfromfloodand~ 
hazards, de&mhe the cost and bmefits of 
each d-tive, qualitatively determirae 
impacts of tk alternative an identified envi- 
~~ and to select a preferred 
-nt plan- 

Fled ccmtrol management alternatives devel- 
oped and waluaid for the North Peoria 
ADMP aze ca- into two gmups: 
watercourse management. Albemaiiw and 
stomwater storage ~ t i v e s .  W- 
managanent alternatives evaluated Included 
a nundmtud, a partial structural, a low 



impact structural, a full structural, and a no 
action. The full structural alternative is based 
on current federal, state, and local floodplain 
management regulations that allow encroach- 
ment into theJ/oo~i?o~z?j~:~t~q~. The full struc- 
tural alternative typically requires, at a 
minimum, the structural stabilization of wash 
side slopes for the entire reach. The partial 
structural alternative also is based on current 
floodplain management regulations, however 
the partial structural solution is applied at 
only specific locations along the iontrrcozrrsr?. 
The low impact structural alternative allows 
for development activity to occur within the 
erosiotz hazard zone as long as the activity 
does not significantly alter the natural form 
and function of the ic~cztcrcorti.se. The non- 
structural alternative defines a corridor that 
allows the rc~rzt~~rcortrsc to function naturally 
The no action (do nothing) alternative pro- 
vides flood control management based on cur- 
rent federal, state and local floodplain 
management regulations that allows 
encroachment into theJluod7urry/c,ing~i. Typi- 
cally, under current regulations encroach- 
ments into thej/f(uod7~1zy/c,ittge are allowed on 
a piece-meal fashion without taking into con- 
sideration the effect of the encroachment or 
collective encroachments on the entire 7o~rter- 
cotrvse. Typical sections of ~v~zterco~~rse-based 
alternatives are depicted in Figure 16, Figure 
17, Figure 18, and Figure 19. Stormwater stor- 
age alternatives evaluated include the stan- 
dard practice of retaining the volume of flow 
from the 100-year, 2-hour event, in-stream, in- 
line detention alternative and an in-stream, 
off-line retention alternative. Perspectives of 
the in-line detention alternative and the off- 
line retention alternative are presented as Fig- 
ure 20 and Figure 21. 

The evaluation/application of an alternative 
for a given r~~rrtrvcoltrse is based on physical 
and data constraints. Physical constraints 
include land use, topography, the location, 
and distribution of rock outcrop, and charac- 
teristics of the floodplain (i.e. Jlootl~c~ny limits 
coincidental with floodplain limits). Data con- 
straints are the availability of hydraulic mod- 
els. Hydraulic evaluations of ioatercottrsr- 

based alternatives are developed for rvnter- 
couiAses in which detail hydraulic models were 
developed as part of the study or available 
from previous studies. The full structural 
alternative is applied only to ioatercuzrrses in 
the Twin Buttes area below the CAP canal. 
The partial structural alternative is evaluated 
for the three unnamed washes that drain the 
Big Spring Area to the Agua Fria River. The 
low impact structural alternative is evaluated 
for all zontercottrses in which erosion hazard 
zones have been delineated as part of this 
study. The non-structural alternative and the 
no action alternative are evaluated for all 
~unte~~cotrrses in which hydraulic models were 
available. 

Both Maricopa County and the City of Peoria 
require retention/detention (stormwater stor- 
age facilities) for all new developments. The 
goal of this requirement is to reduce/mini- 
mize the impacts of the increased runoff due 
to development in the watershed. Ideally, this 
is accomplished by controlling the post-devel- 
opment runoff such that it is equivalent in 
magnitude, duration, and temporal distribu- 
tion to the pre-development conditions. To 
achieve this goal, both Maricopa County and 
the City of Peoria use the 100-year, 2-hour 
storm as the design event for sizing retention/ 
detention facilities. 

Traditionally, retention has been accomplished 
by storing the 100-year, 2-hour runoff volume 
in below grade basins. These basins typically 
are drained by percolationinto the soil and/or 
a small outlet structure connected to a 7r1ater- 
course often via an extensive storm drain sys- 
tem. The effectiveness of this type of facility, 
both economically and hydraulically, is a 
function of the soil and terrain characteris- 
tics. Shallow soils with low permeability rates 
and/or soils that occur on steep slopes are not 
conducive to this particular application. 

/ Fifty percent of the North Peoria ADMP 
project area have soils types that are character- 
ized by moderate to moderately slow perme- 
ability; low to very low available water 
capacity and shallow depth to bed rock or 
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hard pan, typically less than two feet. Addi- 
tionally, these soils typically occur on steep 
slopes. The steep terrain associated with these 
soils combined with the shallow depth to bed- 
rock results in physical conditions that are not 
suitable to the traditional technique for pro- 
viding retention. As a result, the retention/ 
detention requirement for development sites 
with these characteristics has, in the past, 
often been waived; however, the presence of 
such physical characteristics does not mean 
that alternative methods of retentioddeten- 
tion shouldn't be investigated or required. 
Therefore, two alternative methods for reduc- 
ing or decreasing the effects of increased run- 
off due to development are evaluated for this 
study area. These methods are in-stream, off- 
line retention and in-stream, in-line detention. 

Flood control management alternatives are 
evaluated on how well each alternative meets 
the goals of the North Peoria ADMP. The eval- 
uations of the alternatives are based on 
weighted elements of four criteria. The crite- 
ria are Public Safety, Social Impacts, Environ- 
mental Impacts, and Economic-Impacts. A 
weighting factor was developed by the steer- 
ing committee that represents the "relative 
importance" of each element in the evaluation 
process. The weighting factors were mea- 
sued  on a scale of 1 to 10, where a factor of 10 
represented highest importance. Weighing 
factors of 10,3,6, and 4 were used for Public 
Safety, Social Impacts, Environmental 
Impacts, and Economic Impacts, respectively. 

Each criterion is made up of several elements 
that are individually rated. A rating system is 
used to measure the effectiveness of each 
alternative at meeting the elements of each cri- 
terion. The rating system ranges from 1 to 5. 
A value of 1 represents a "very low" rating at 
meeting the criteria element, a value of 2 rep- 
resents a "low" rating, a value of 3 represents 
a "moderate" rating, a value of 4 represents a 
"high" rating, and a value of 5 represents a 
"very h igh  rating. Rated values for each ele- 
ment are averaged to obtain an average value 
for the criterion. The average rating value is 

then multiplied by the appropriate weighting 
factor to obtain a score for the criterion. Scores 
determined from the four criterion are then 
added together to obtain an overall score for 
the alternative. 

Public Safetu Criterion 

The public safety criterion is based on evaluat- 
ing the threat for loss of human life, possible 
damage to structures and property and 
impacts to water quality resulting from imple- 
mentation of a given alternative. This crite- 
rion is an indicator of how well the proposed 
alternative will succeed in reducing or elimi- 
nating life threatening, or potentially life 
threatening, flood and erosion related haz- 
ards, as well as reducing the potential for 
flood and eiosior~ related damage to public 
and private properties. The evaluation of the 
public safety criterion is based on the effec- 
tiveness of each alternative in satisfying the 
two elements of the Public Safety Criterion. 
The two elements are Protect Life and Prop- 
erty and Water Quality. 

Protect Life and Property. Historically, society 
has experienced loss of life and property due 
to flooding and erosion that is associated with 
a stormwater runoff event. This element rates 
the function of the alternative to keep the pub- 
lic out of harms way during a 100-year stoirrt 
event while minimizing ~otential downstream 
impacts to life, property and structures. 

Water Quality. Federal guidelines mandate 
that communities develop Best Management 
Practices (BMPs) to promote water quality. 
This element accounts for the impacts of an 
alternative on water quality. 

Social Criterion 

The evaluation of the social impact criterion is 
based on the effectiveness of each alternative 
in satisfying the elements of Community 
Acceptance, Multiple-use Opportunities, and 
Compatibility with Other Plans. 

Community Acceptance. This element accounts 
for the input received from the public involve- 



ment process. There is a nationwide trend 
towards promoting non-structural approaches 
and ecosystem preservation, as witnessed by 
the removal of flood control structures in 
many parts of the country Federal agencies 
such as the U.S. Army Corps of Engineers and 
the U.S. Bureau of Reclamation have, in recent 
years, significantly changed their focus from 
hard engineering solutions to include non- 
structural alternatives, preservation of natural 
hydrologic functions, and ecosystem restora- 
tion. The specific input from the public 
involvement process was that the preservation 
of roateraorrises and their associated habitat is 
more important than maximizing developable 
land by destroying the natural hydrologic pro- 
cesses, which results from encroaching into 
?r~atrrco~~i~scs. 

Multiple-use Opportunities. This element is an 
indicator of the multiple-use opportunities of 
an alternative. Examples of such uses 
included passive and active recreation, trails, 
and open space. The effectiveness of the crite- 
rion is based on the extent of multi-use oppor- 
tunities that result from implementing a given 
alternative. 

Compatibility with Other Existing Plans. This 
element is an indicator of the compatibility of 
a proposed alternative with planning policies 
cited in other existing planning documents. 
Planning documents reviewed are, Compre- 
hensive Plan-Maricopa County's Eye to the 
Future 2020 (1997), and White Tank/Grand 
Avenue Area Plan (December 6,2000); MAG'S 
Desert Spaces Plan (1995) and ESDA (June 
2000); and the City of Peoria's General Plan 
(June 2001), Desert Lands Conservation Mas- 
ter Plan (Auusst 1999), Lake Pleasant/North 
Peoria Area Plan (November 1999) and Trails 
Master Plan (January 1999). 

Environmental Criterion 

The evaluation of the Environmental Criterion 
is based on the effectiveness of each alterna- 
tive in satisfying the three elements of Envi- 
ronmental Impacts, Visual Resources and 
Aesthetic Compatibility, and Impacts on Cul- 
tural ~esources. 
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Environmental Impacts. This element consists of 
two sub elements: complexity of environmen- 
tal permitting and impacts on biological 
resources. Complexity of Environmental Per- 
mitting focuses on the acquisition of the U.S. 
Army Corps of Engineers 404 Permits and 401 
Water Quality Certifications. The alternatives 
are measured based on the potential for need- 
ing a 404 Permit, the level of 404 Permit 
required (Nationwide vs. Individual), and the 
level of mitigation necessary to gain federal 
approval to construct the alternative. To eval- 
uate this element, it is assumed that alterna- 
tives with structural features will cause 
disturbance to the land within the Waters of 
the United States. The more extensive the 
structural features, the lower the rating. As an 
example, constructing a wide, rectangular, 
concrete chnrriiel would place fill within the 
Waters of the United States, require an Indi- 
vidual 404 Permit and 401 Water Quality Cer- 
tification, and require extensive mitigation 
measures to replace the relatively high-value 
habitat and vegetation associated with the 
undisturbed desert riparian wash. Impacts on 
biological resources accounts for the potential 
impact on biological resources by the pro- 
posed alternatives and how well the proposed 
management alternative will succeed in pre- 
serving or restoring the natural riparian envi- 
ronment found along the study ~r~atevcorrrs~s. 
The most important indicator of this is the 
ability of a given alternative to preserve wild- 
life habitat or minimize disruption to existing 
habitat. 

Visual Resource and Aesthetic Compatibility. 
This element evaluates the relative degree of 
contrast between the various components of 
the alternatives and their setting in the land- 
scape. Visual contrast is based on spatial 
dominance, visual compatibility, color, line, 
and form. 

Impact on Cultural Resources. This element 
accounts for the potential impact on cultural 
resources by a given alternative. It is also an 
indicator of how well the alternatives will suc- 
ceed in preserving cultural resources. 



Economic Critevion tive. It has been assumed that such costs are 

The evaluation of the economic criterion is proportional to the length of bank protection 

based on the effectiveness of each alternative proposed for a given alternative. The greater 

in satisfying two elements: Implementation the bank protection length, the higher the 

Cost and Maintenance Cost. potential maintenance cost and the lower the 
1 rating. 

Implementation Cost. This element represents 
the estimated cost of the proposed alternative 
to the public, either through increased devel- 
opment costs passed on to future residents of 
the area who will directly benefit from the 
improvements (local public) or the costs to the 
general public. The cost for a structural alter- 
native considers the cost of the structural 
improvements necessary to implement the 
proposed alternative (a positive cost), the 
value of land that is reclaimed from the flood- 
plain/i~rosior~ hazard zone by the structural 
improvements (a negative cost, i.e., benefit). 
Added together, these costs represent the total 
net cost of the alternative. The effectiveness of 
a given alternative is measured by using the 
total net cost. The lower the net cost the 
higher the rating for the Economic Criterion. 

Maintenance Cost. This element accounts for 
the potential maintenance costs associated 
with the structural components of an alterna- 

Flood control management alternatives were 
developed for il~,rtercostrses in the Morgan 
City Area, Big Spring Area, and Twin Buttes 
area. Table 2 lists the 7ciatnrco~ir;e evaluated 
within the specific planning areas. The iorrL'ar- 
roiirses within a planning area have similar 
physical and hydraulic characteristics and 
therefore are evaluated collectively. Results of 
the evaluation are applied to all 711rrt~~co1trses 
in a specific planning area. Scoring results, for 
ivnte~cor~rse management alternatives, for 
planning areas are listed in Table 3. 

Stormwater storage flood control manage- 
ment alternatives were developed and evalu- 
ated for the Big Spring Area with the intent 
that the results are applied to other planning 
areas that have characteristics such that the 
standard practice of retaining the 100-year, 2- 

Table 2 
Watercourses Evaluated 

Planning Area iVaie~course 

Morgan City Morgan City Wash 

Big Spring Unnamed Wash 1 

Unnamed Wash 2 

Unnamed Wash 3 

Twin Buttes Caterpillar Tank Wash 

Twin Buttes Wash 

East Garambullo Wash 

West Garambullo Wash 

White Peak Wash 

West Fork of White Peak Wash 
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I Table 3 
Summary of Evaluation Results W~ntercolwse Management Alternatives 

Planning Evaluation Weighting Non-Structural Low Impact Partial Structural Full Structural Do Nothing 
Area Criteria Factor Structural 

Rating Score Rating Score Rating Score Rating Score Rating Score 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Morgan City Public Safety 10 8 80 8.3 83 NA NA NA NA 6 60 

Social 3 11 33 9.8 29.4 N A N A N A N A 7.5 22.5 

Environmental 6 14 84 10.8 64.8 NA NA NNA N A 5 30 

Economic 4 6 24 6.6 26.4 N A NA NA NA 2 8 

Total Score = 221 203.6 120.5 

Big Spring Public Safety 10 8 80 8.3 83 7.5 75 N A N A 6 M) 

Social 3 10 30 9.8 29.4 9 27 N A NA 7 21 

Environmental 6 15 90 10.8 64.8 7.8 46.8 NA NA 5 30 

Economic 4 6 24 6.6 26.4 4.4 17.6 N A N A 2 8 

Total Score = 224 203.6 166.4 119 

Twin Buttes Public Safety 10 7.9 79 8.3 83 N A NA 6.7 67 6 60 

Social 3 10.9 32.7 9.8 29.4 NA NA 7.2 21.6 7 21 

Environmental 6 14.5 87 10.8 64.8 NA N A 4.6 27.6 5 30 

Economic 4 6 24 6.6 26.4 NA NA 4 16 2 8 

Total Score = 222.7 203.6 132.2 119 



Table 4 
Summary of Evaluation Results Stormwater Storage Based Alternatives 

Planning Evaluation Weighting In-Sheam, Off-Line In-Stream, In-Line 
Area Criteria Factor Retention Detention 

Rating Score Rating Score 

1 2 3 4 5 6 7 

Big Spring Public Safety 10 7 68 6 64 

Social 3 11 34 10 31 

Environmental 6 10 60 9 53 

Economic 4 6 24 6 24 

Total Score = 186 172 

hour event is not practical. Scoring results for 
the stormwater storage are listed in Table 4. 

PREFERRED FLOOD CONTROL MANAGEMENT 
ALTERNATIVES 

~ ~ ) L c ~ ( , ~ c o ~ I ~ s P  to function naturallv and is I 

reduction alternatives to the standard prac- 
tice. The stormwater storage alternatives are 
based on reducing post-development peak 
discharges to pre-development magnitudes. 
The alternatives are referred to as the in- 

The preferred 7r1~1t~~rco~1rse-based flood con- 
trol management alternative is the non-struc- 
tural alternative. The non-structural 
alternative defines a corridor that allows the 

def ied by the IOU-yrzar jloorlpl~~ii~, eiosiorl 
hazard zone and a buffer if aoolicable 1 COMPATIBILITY WITH OTHER 

stream, off-line retention alternative and in- 
stream, in-line detention alternative. The in- 
stream, off-line retention is the preferred alter- 
native of the two. 

1 L 

between human activity and a wash corridor. 
The plan recognizes that there may be situa- 
tions in which development activities may be 
required or desired within the ~rosion hazard 
zone, for this situation the plan presents a low 
impact structural alternative. Channelization 
is not a preferred flood control management 
alternative; however, the plan also recognizes 
that there may be situations in which channel- 
ization may be required. The preferred storm- 
water storage alternative is the standard 
practice of retaining the volume from the 100- 
year, 2-hour rainfall event, however this prac- 
tice may not be practical for certain portions of 
the study area. The standard retention prac- 
tices if implemented within an entire water- 

Components of preferred flood control man- 
agement alternatives are compared to compo- 
nents of environmental resources, safety, and 
open space elements of other planning docu- 
ments to ensure that there is consistency 
between the intent of the North Peoria ADMP 
and the intent of other planning documents. 
Table 5 lists the themes of objectives and poli- 
cies from the North Peoria ADMP and other 
applicable planning documents that have sim- 
ilar goals. 

shed would have negative impacts in regards 
to sustaining native vegetation along 7oater- 
corrrsrs. The plan offers two stormwater 





Communities develop drainage ordinances, 
policies, and standards with the intent to miti- 
gate/minimize flooding impacts due to 
urbanization of a watershed. The purpose of 
these regulations is to minimize the occur- 
rence of losses, hazards, and conditions 
adversely affecting the public health, safety, 
and general welfare that might result from 
flooding caused by the surface runoff of rain- 
fall. Potential rainfall runoff relation impacts 
to a watershed due to urbanization are: 

Decrease of stormwater infiltration capac- 
ity within a watershed due to urbaniza- 
tion increases peak discharge from a 
watershed unless measures are under- 
taken to reduce post development peak 
discharges. 

An increase of peak discharge, frequency, 
and runoff volume due to urbanization in 
a watershed increases the potential for 
~w~:;rorr and : i r ' r f i i l l c ~ i i l : , t l i ~ : ~ ~  within ioczi-rr- 
CoIiP!;r"s. 

An increase in ~ro:;iort potential can result 
in loss of property and riparian habitat. 

Due to an increase in peak discharge, 
existing drainage structures downstream 
of newly urbanized areas will be under- 
sized. 

Increase in peak discharge increases the 
amount of property within a floodplain. 
Existing structures within or adjacent to 
the predevelopment floodplain are at risk 
of a greater flood impact. 

Disruption of natural flow paths can dis- 
rupt the natural system equilibrium and 
induce bank rrosioir and long-term drgr11- 
rlcrt~oi~ of the cl~rrrlrl~l bed. 

An increase in bank orosiiirr and long-term 
r / r ! l r t t~ i  bed L ~ ( : ; ; I , : T ! E I ~ L Z ~ ~ O ~ ~  can result in the 
need of grade control structures and bank 
stabilization. 

Increased eiosiorr and deposition will 
result in greater costs for future structures, 
higher potential damage and likelihood of 
failure of existing structures, and 
increased maintenance cost. 

Increased deposition results in loss of 
~linwizci capacity and increased flood lev- 
els. 

NORTH PEORIA AREA DRAINAGE MASTER 
PLAN ELEMENTS 

The North Peoria ADMP is one of the many 
tools that have been developed to guide 
growth and development in the study area so 
that impacts of urbanization on the environ- 
ment are minimized. The focus of the North 
Peoria ADMP is on flood and   rosin:^ control 
management; however, the plan takes into 
consideration the impacts of different flood 
control management alternatives on environ- 
mental, cultural, and visual resources and 
looks at multi-use opportunities. The intent of 
this plan is to work in conjunction with other 
planning documents and ordinances devel- 
oped by the City of Peoria and Maricopa 
County. The plan is to be used by policy mak- 
ers in the City of Peoria and Maricopa County, 
future residents, and developers when mak- 
ing decisions concerning development in the 
area. 

Implementation of and guidance provided by 
the plan is based on a set of management 
goals, objectives, and policies for each of the 
four elements of the plan. The elements are 
Environmental Hazard Identification, Devel- 
opment and Planning Considerations, Envi- 
ronmental, and Multiple-Use Opportunities. 
The following definitions of goal, objective, 
and policy area are offered as a guide for the 
users of the plan. 

Goal: A statement that describes in  general 
terms a desired firtrri,~ corlrlitioiz. 
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Objective: A statement that describes a spe- 
cific condition to be attained. 

Policy: A course of action or rule of con- 
duct to be used to achieve the goals 
and objectives of the plan. 

The plan area for the North Peoria ADMP lies 
within two jurisdictional areas, Maricopa 
County and the City of Peoria. The specific 
guidance that is offered by each of the govern- 
mental bodies within their adopted planning 
programs vary depending on their needs and 
their vision for managing growth. The goals 
objectives and policies developed for the 
North Peoria ADMP are applicable to both 
jurisdictions; however, reference is made to 
other planning documents that offer develop- 
ment guidance. The user of this document 
should also take into consideration specific 
goals, objectives and policies developed for 
the area by both jurisdictions. 

North Peoria ADMP elements, goals and 
accompanying objectives and policies that are 
similar or the same as guidance/direction pro- 
vided in adopted planning documents, and/ 
or ordinances are presented or repeated for 
this plan because they are instrumental to the 
implementation and maintenance of the pre- 
ferred flood control management alternatives 
of the plan. 

Environmental Hazards Ident{fication 

Within non-urbanized/rural watersheds natu- 
ral environmental hazards associated with 
runoff from storm events exist. Without suffi- 
cient planning and management, natural haz- 
ards are compounded as development occurs 
within a watershed. In order to protect pri- 
vate and public property and the health and 
general welfare of the public, naturally occur- 
rine environmental hazards and hazards cre- " 
ated by development need to be identified. 
Environmental hazards associated with storm 
runoff can be categorized into natural flood 
hazards, erosion hazards, sediment deposition 
hazards, and flood hazards associated with 
development. 

The following environmental hazard identifi- 
cation Goals, Objectives, and Policies seek to 
advance the intent of Federal, State, County, 
and City of Peoria guidelines for the treatment 
of identified environmental hazards. 

Goal EH1 - Identtfj environmental hazards associ- 
ated with stormwater runoff. 

Objective EH.l.l  
Identify special flood hazard zones per the 
guidelines of FEMA and the District. 

Policy EH.l.l . l  
Require all development to use at least 
the regulatory 100-yeaufloodplain 
delineation identified by FEMA and/ 
or the District and associated 100-year 
peak discharges in their planning and 
design efforts. 

Policy EH.1.1.2 
Require all development to delineate 
flood hazards zones for areas not cov- 
ered by delineation conducted by 
FEMA or the District. 

Objective EH1.2 
Identify potential flood hazards associated 
with existing man-made structures within 
the planning area. Possible examples of 
man-made structures include, but are not 
limited to, stock tanks, drainage crossings 
at roadways and canals, levees, bridges, 
and retention basins. 

Policy EH1.2.1 
Evaluate the structural integrity and 
possible failure of existing earthen 
dams along .roatercoz~rses. (Earthen 
dams have been identified in the Big 
Spring, East Terrace, and Twin Buttes 
planning areas.) 

Policy EH1.2.2 
Evaluate ponding limits upstream of a 
zontercoltrse crossing of roadways and 
canals. 



Objective EH1.3 
Identify :vosion hazard zones associated 
with 711aii~rconisi~s. 

Policy EH1.3.1 
Require all new development to use 
the erosior~ hazard zone identified by 
the District in their planning and 
design efforts. 

Policy EH1.3.2 
Require all new development to delin- 
eate euosiorr hazard zones for areas not 
covered by delineation's conducted by 
the District. 

Objective EH1.4 
Identify stream reaches that have experi- 
enced historical and/or recent long-term 
c/~~gri?di~l  io;r or a~y~qra~l~ztion.  

Polfcy EH1.4.1 
Require all new development to take 
into account the effect of nggmdnfioit 
and ricgrirdrrtrorl on drainage facilities 
(such as retention/detention, off-line/ 
in-line facilities). Drainage facilities 
constructed in the ronterco~o.sr shall 
strive to maintain the ~ L , L I ~ P Y C O I I I ~ S ( ~  sed- 
iment continuity. 

Develoament lPlannin~ - Considerations 

The following Development/Planning Goal, 
Objectives, and Policies provide guidance to 
minimize potential impacts to a watershed 
due to development. 

Goal DP1 - Establish area-specgc Design and 
Planning Standards to promote development that 
acknowledges environmental hazards associated 
with stormwater runoff, preserves the natural 
integrity and function of c[~nte~.co~trses within a 
watershed and minimizes the potential to increase 
the magnitude ofthe hazards due to urbanization. 

Objective DP1.l 
Discourage development in 100-y~nr  
floodyl~tirz and associated ei.osiorr hazard 
setbacks. 

Policy DP1.l.l 
Encourage non-structural flood con- 
trol techniques over typical structural 
flood control techniques. 

Policy DP1.1.2 
Where structural control measures are 
deemed necessary, encourage the use 
of low impact structural flood control 
techniques. Low impact structural 
measures shall not adversely affect the 
stability of a ?r~rrtc:rolrrse or adversely 
alter flooding and rrosion conditions 
on adjacent property. Low impact 
structural alternatives shall comple- 
ment the visual integrity of the area. 

Policy DP1.1.3 
Development in, or modification of, 
the floodplain is discouraged. Should 
there be a need to modify the flood- 
plain, the modifications shall result in 
minimum disruption of the natural 
sediment transport capacity of the 
ch~zi~nel  and floodplain. 

Objective DP1.2 
Encourage design and planning efforts 
that mitigate potential disruptions to the 
predevelopment function of a watershed 
due to development. 

Policy DP1.2.1 
Discourage changes to natural drain- 
age patterns in rural and low-density 
residential land use areas. 

Policy DP1.2.2 
In areas where the non-structural alter- 
native is applied, preserve vegetation 
on and adjacent to the chclnnel banks, 
and in the floodplain in order to main- 
tain the stability of existing channel 
banks and minimize the potential for 
lateral chnr~rrel movement. 

Policy DP1.2.3 
Design roadway alignments in such a 
manner that runoff collected by the 



roadway is conveyed to its historic 
zuntc~rcourse. 

Policy DP1.2.4 
Design roadway 7o~rl1~rco~11.se cross- 
ings such that the alignment of the 
roadway is perpendicular to the 
7o~1tercorrrsr alignment and at loca- 
tions where the floodplain and erosion 
hazard limits are narrow. 

Policy DP1.2.5 
Discourage roadway crossing of 
~ U L ~ ~ ~ Y L O I I I ~ S ~ ~ S  at locations where the 
7urrterconrse is brrricied. 

Policy DP1.2.6 
Provide access roads to culvert or 
bridge roadway crossing of 7v~zter- 
ronrs(vi to facilitate access by mainte- 
nance vehicles. 

Policy DP1.2.7 
Culvert/bridge crossings shall mini- 
mize disruption to the natural rhnnrrc.1 
form and function. 

Policy DP1.2.8 
Design culvert crossings to account for 
potential clogging due to the accumu- 
lation of sedilnc;r t and debris. 

Policy DP1.2.9 
Design drainage crossings to minimize 
downstream scolrr; minimize the risk 
of prosio~r of roadway approaches, and 
maintain sediment continuity up to 
the bank full discharge. 

Policy DP1.2.10 
At-grade roadway crossings of 7uuter- 
conrses should only be considered for 
.ronterconrses that are characterized by 
shallow flow conditions. At-grade 
roadway crossings in rural and low- 
density residential land use areas are 
acceptable (specific design criteria 
such as allowable depth of flow over 
the roadway will need to be met) with 
agency approval. 

Policy DP1.2.11 
The standard practice for retaining the 
volume of runoff from the 100-year, 2- 
hour storm event should be employed 
unless it is demonstrated not to be 
practicable. The standard retention 
practice is encouraged for commercial, 
business park/industrial and high- 
density residential land use areas. An 
acceptable alternative to the standard 
practice is a facility that reduces post- 
development peak discharges to pre- 
development magnitudes. 

Policy DP1.2.12 
Encourage the use of in-stream, in-line 
detention or in-stream, off-line reten- 
tion where it can be demonstrated 
through engineering analyses that 
infiltration rates, and/or topography 
does not merit incorporating stormwa- 
ter retention facilities, and where 
reducing post-development peak dis- 
charges and runoff volumes to pre- 
development conditions can be 
achieved. These stormwater storage 
facilities inherently to not have water 
quality benefits for managing pollut- 
ants in stormwater. Stormwater qual- 
ity best management practices will 
need to be employed in the watershed 
within or upstream of the receiving 
facility. Typically, the first flush from a 
runoff event will need to be retained 
and treated. 

Policy DP1.2.13 
Prohibit use of irrigation canals as an 
outfall for stormwater runoff. 

Environment 

The project area for North Peoria ADMP 
offers a unique biological resource, aesthetic 
character, and is rich in natural and cultural 
resources. The plan offers guidelines for 
future development in a comprehensive man- 
ner that strives to identify and integrate envi- 
ronmental features such as the existing 
biology, visual resources, watersheds and 
drainage patterns and cultural resources for 



the purpose of watershed and :oater.colrrse 
management. 

Biological Resources 

Goal BRI - Preserve sensitive habitats within the 
North Peoria ADMP Peoria project area. 

Objective BR1.1 
The reach of yerrwrrral flo7o for Morgan 
City Wash and Agua Fria River and the 
adjacent riparian habitats should be pro- 
tected from future development in order 
to maintain the ecological integrity and 
intact condition of these habitats. 

Policy BRl . l . l  
Encourage that developers contact the 
Arizona Game and Fish Department 
for specific development design con- 
siderations for areas adjacent to the 
pui .~~irninl / lo i~~ reach for Morgan City 
Wash and the Agua Fria River located 
in the Morgan City Area. 

Objective BR1.2 
Riparian vegetation habitats should be 
preserved along major washes in the Mor- 
gan City, Big Spring, East Terrace, and 
Twin Buttes areas to enhance bank stabil- 
ity, to decrease lateral erosion, and to 
maintain the existing sediment balance of 
streams. 

Policy BR1.2.1 
Recommend that vegetation and an 
adjacent buffer zone be preserved 
along major washes. 

Other applicable policies and guidelines for 
preservation of sensitive habitats, buffer areas 
adjacent to riparianriparian corridors, preser- 
vation of significant stands of representative 
plant communities and revegetation of dis- 
turbed areas are presented in the Comprehen- 
sive Plan-Maricopa County Eye to the Future 
2020 (1997), and the ESDA (June 2000) for 
areas within Maricopa County. For areas 
within the City of Peoria, applicable policies 
and guidelines are presented in the City of 
Peoria's General Plan (June 2001), Peoria 

Desert Lands Conservation Master Plan 
(August 1999), and the Lake Pleasant/North 
Peoria Area Plan (November 1999). 

Visual Character 

Goal V C 1 -  Maintain the existing visual character 
(natural, historic) ofthe region. 

Objective VC1.l 
Minimize the visual impact of stormwater 
storage facilities. 

Policy VC1.4.1 
Encourage that stormwater storage 
facilities be designed to appear in con- 
formance with the natural contours 
and alignment of the terrain. 

Objective VC1.2 
Encourage maintenance of the natural 
wash side-slope texture and color in areas 
of disturbance. 

Policy VC1.2.1 
Where constructed, flood control facil- 
ities and side-slope stabilization mea- 
sures should match the adjacent 
terrain in color and texture. 

Objective VC1.3 
Minimize the number of wash crossings in 
order to prevent disrupting views up or 
down the wash. Minimize impacts to 
plant and animal habitats, and avoid dis- 
turbing the existing sediment balance, 
decrease the need for public maintenance 
and minimize scolir and deposition. 

Policy VC1.3.1 
Where utility, trails, or roadway cross- 
ings are necessary, cross perpendicular 
to wash, at the narrowest point and/or 
at the point of least vegetation distur- 
bance. 

I Policy VC1.3.2 
Replant disturbed areas using existing 
native plant species types and densi- 
ties that are consistent with existing 
conditions. 
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Other applicable policies and guidelines for 
preservation of landform visual resources are 
presented in the Comprehensive Plan-Mari- 
copa County Eye to the Future 2020 (1997), 
Maricopa County's Zoning Ordinance (Hill- 
side Development Standards (August 1993)) 
and the ESDA (June 2000) for areas within 
Maricopa County. For areas within the City of 
Peoria, applicable policies and guidelines are 
presented in the City of Peoria's General Plan 
(June 2001), Peoria Desert Lands Conservation 
Master Plan (August 1999), Lake Pleasant/ 
North Peoria Area Plan (November 1999), 
Zoning Ordinance (september 1995 (~ill'side 
Development Overlay District)). 

Cultural Resources 

Our cultural resources inform us of prehistoric 
and historic cultures and cultural change 
through time. Both Maricopa County and the 
City of Peoria recognize the importance of cul- 
tural resources and have adopted conserva- 
tion and preservation policies that strive to 
protect our cultural resources. Applicable pol- 
icies and guidelines for the identification, pro- 
tection and conservation of cultural resources 
are presented in the City of Peoria's General 
Plan (June 2001), Comprehensive Plan-Mari- 
copa County Eye to the Future 2020 (1997), 
and Maricopa County's Desert Spaces Plan 
(1995). 

Multiple-Use Opportunities 

As an element of the North Peoria ADMP, an 
assessment of opportunities and limitations 
for integrating multiple-use recreational fea- 
tures into preferred flood control management 
alternatives was conducted. 

Opportunities identified are primarily located 
along Morgan City Wash in the Morgan City 
Area, Unnamed Washes 1,2, and 3 in the Big 
Spring Area, and Caterpillar Wash and Twin 
Buttes Wash in the Twin Buttes Area. The 
location of multiple-use recreational facilities 
(identified as part of this study) along these 
wash corridors are primarily limited to the 
1100-!jrnr floodpl~zin and/or erosior~ hazard 
zone and possible detentiodretention facili- 

ties, located within a wash, that may be con- 
structed by developers. Multiple-use 
opportunities constraints are the physical 
dimensions of the 200-yc~rr~JIoodpl(tirt and 
erosiorr hazard zone and steep terrain. Wash 
corridors in the Morgan City Wash Area, Big 
Spring Area, and the Twin Buttes Area above 
the CAP canal are typified by incised clzrrn- 
rrels, steep banks, narrow flood?ony limits that 
are coincidental with floodplain limits (mini- 
mum development potential with floodplain) 
and erosiorr hazard zones that are not signifi- 
cantly different than the 100-ye~ru flooriplnirr 
limits. Twin Buttes below the CAP Canal is 
characterized by a wider floodplain and pro- 
sion hazard zone than the reach above the 
CAP. Given the 1 00-11o~zr floo~lulnin and pro- 

< ,  

siorr hazard zone dimensions and steep ter- 
rain constraints multiple-use opportunities 
associated with flood control management 
alternatives are primarily limited to trails and 
open space located within a wash corridor 
(the wider the floodplain/erosiorr hazard 
zone the greater the opportunity). Multiple- 
Use opportunities could be enhanced by plan- 
ning recreational facilities located outside of 
the wash corridor that connect to potential 
trail systems/open space areas within and 
adjacent to a 7i~ntercotrrsr. 

Planning efforts for multiple-use recreational 
facilities in the North Peoria ADMP shall 
include where merited the incorporation of 
guidelines and standards developed for the 
City of Peoria and Maricopa County in vari- 
ous planning documents that include, the City 
of Peoria's Trails Master Plan (January 1999) 
and River Master Plan (January 1999), the 
Flood Control Districts Agua Fria Watcv- 
corrise Master Plan (2001), Maricova County's, 
Highway 74 Scenic corridor Overlay zoning 
Ordinance XXII-F-1, (August 1993) and, Mari- . - 
copa County's Parks and Recreation Depart- 
ment, Proposed Maricopa County Regional 
Trail System (on going). 

The following general goals are offered as 
opportunities to meet local community needs 
for recreation and open space. Specific objec- 
tives and policies are not developed as part of 



the North Peoria ADMP. Users of the North 
Peoria wiB the According to A& &-A and rnder the 

jdctim c-g 'pecific plan- au&ority in ARS 4&3&)54\ fld- 
ning elements, design criteria, and standards plain delineatiom - be condd on an 
for multipleuse recreational needs. Discus- w- *vith drainage than san~0n-g ~ ~ t i ~ ~ d c - ~ - ~  or a mile or having a lmyear ed- for multiple-use m a t i o n ,  idenaed as part mated rate of more man nmd- of the North Peoria ADMP, is located in North pbin delineatiOm shall be in Peoria ADMP, Technical Data Notebook, 
Attachment 5, Multi-Use Opportunities conformance with State Standard 2-% guide- 

&E3!3mmt Report. lines, guidelines p-ted in Maricopa 
County Drainage Design Manual Volume IT- 
~ajdraulics andguidehes p-td in the 

Gal RRI - Pmmote continuous bnB a d  oistos of City Infrs- Dwelopment 
scenic a m  alongnccessibk washes. Guid&lu?s. 

C;oaI RR2 - Pnnqwt~ mnndistiy betmen possible 
m s h  wnriciw h i 1  systems a d  to &veIpmenf, 
arm & t i n n h ,  and other shared-= rtme- 
atbd@iiifies. 

Gonl RR3 - Protd the bttegrify ufuxzsk while 
proding opportunitiesjbr r e n d o n  and the 
enjoymmt ofthe natural enDinm& and wmic 
arm. 

mswn Hazards 

The following design/plarming guidelines arc 
presented to aid designers and planners in 
their efforts. The guidehe are in part from 
and in addition to guidelines and criteria pre- 
sented in Maricopa County Ikainage Design 
Manual Volume II-Hydrmlics, State Stan- 
dards developed by the Arizona Department 
of Water Reso- and the City of Peoria 
Infrastmcture Welopent Guidelines. 

lit* tu estabkhiq I lbsyearfloodplah 
W, erosion hazard zme delineations shall 
be conducted on all urahwmws with drain- 
age amas more than 34 of a square mile or have 
a IOeyear estimated flow rate of more than 
500 cfs. Erosion hazard delineation small be 
conducted at a minimum in confmance with 
State Standard for Wntercouae System Sedi- 
mentation B a h m  (State Standard 596) 
g u i d h .  Depending an the level of detail 
needed, State Standard 5% presenb k lev- 
els of evaluation. Lwd I waluatiun assumes 
that the ~ u l b  of the evaluation will be more 
conservative than d t s  horn a Level II or III 
evaluatian. This assumption maybe generally 
true, h t  may not be valid in m a s  of potential 
c h m d  a u ~ h  or lateral migration. Level I1 
and Level III evaluations are technically more 
rigomus and the results may or may not indi- 
a t e  reduced erosio~ hazard zones relative to 
the results of a Level I evaluation Caution 



should be used ininaerpmthgandapplying 
the results of a h e 1  I evaluation. Wa- 
cwms characterkd with wide geologic 
floodphin~, multiple or -1 

highly erosive banks, poorly vegetatd banks, 
and potential for channel nvulsims should be 
evaluated at a higher level than LRvd I. 

Areas located within the recommended ma- 
sioffhazardmxlesdevelopedaspartofthe 
North Peoria ADMP may be subject to 
h u e a d  r k h  to public safety that warrant 
specific development restrictions. Given the 
level of detail used to develop the recom- 
mended erosion hazard zones the developer/ 
landowner is given the option of completing a 
more detailed mwba hazard zone evaluation. 
A typical scope of work for such an analysis is 
lismlbelm 

-- 

Grample of Undar-Desigd Shuctud Bonk P d e c b n  

Typical Swpe of Wink for D d a i l d  Erosion 
H a z d  A n d y s i s  

Uwmd stability, or the potential for lateral 
migration, will be evaluatd using the follow- 
ing types of analyses: 

Inteqxvtation of Geologic Surfaces 

Historical A n a l p  

field  anal^ 

Hydraulic and Empirid Analyses 

Sediment Transport Modeling 

Sediment Meld Analysis 

Sediment Gradation Analysis 

!3peci6c tasks likely ta be conducted with each 
of these analyses are outlined below. 

I Technicd Analysis Work Plan 

I Tak 1 - Hydraulics Analysis 

Hydraulic Data - HEC-RAS Moldels. Hydraulic 
data wiU be obtained from modeling prepared 
for the effective FEMA F h d  Insurance Stud- 
ies or new modeling prepared for this study. 
Specific tasks include the following. 

Convert HEC-2 to HEC-RAS Format. In 
addition to simple translation of the file 
format from line-based HEC-2 input to 
window-bad m-RAS input, the input 
Hes will be m e d  for consistent chm- 
d1Pank stationing extraneous GR points, 
and ineffective flow areas. 

Plot Cross Sedions. Cross section plots 
showing existing condition 2-, lo-, and 
100-year water smface elevations will be 
prepared. If t h e m  m s  flow 
rates change significantly £ram 
m&#im flow rates, then water surface 
etevatims and draffnsl georne will also 
be plotted f o r j b w  d i t i o n s .  Ineffec- 
t i v e f l o w a r e s i n ~ d o 1 1 ~ w i l l a l s o  
be dolmmend. 

Pwpare Plots of Hydraulic Data from HEC- 
MS. Plots of top width, hydraulic depth, 
flow cros e o n  area, maximum flow 
depth, mean channel veIocity, and other 
data, as needed, will be prqmd. At min- 
hum,  data from h e  lwyear went will 
be plotted. Additional plots for the 10- 
year event may be made to dimate condi- 
tions for the dominant dkharge. 

] D$ne Stibr-. Plots of HEC- 
RAS data will be used to define character- 
istic hydraulic reaches based on uniform 
flow sections, W o n  prone sections (nar- 
row width, high velocity), choke s&im 



(short, constricted reaches), backwater sec- 
tions upstream of choke sections, longitu- 
dinal profile, and potential grade controls. 
To eliminate potential data scatter 
between cross sections that may mask 
trends, running averages of hydraulic data 
will also be examined to help define 
reaches. Reach definition will be coordi- 
nated with results of geomorphic analyses 
described below. 

Sediment Gradations. Sediment data for the 
i . / r r t r r i r ~ ~ /  bed and banks will be collected for 
use in hydraulic and geomorphic analyses. 
Specific tasks include the following: 

Sediment Sampling. Samples of bed sedi- 
ments from representative locations at 
approximately one-mile increments 
throughout the study reach will be 
obtained for sieve analysis. In addition, 
surficial sediment size data will be esti- 
mated using pebble counts. Bank sedi- 
ment data will be collected from detailed 
descriptions and photographic records. 
These supplemental bed and bank sedi- 
ment data will be collected at cross sec- 
tions spaced approximately 1,000 feet 
apart throughout the study reach. All 
sampling locations will be noted on a 
detailed exhibit. 

Sediment Analysis. Sediment gradations 
showing D90, D84.1, D50, D15.9, and Dl0 
will be prepared for each sediment sam- 
ple. Sediment gradations will be reviewed 
to verify that reach definitions are sup- 
ported, and to quantify reach-averaged 
sediment gradation data. Bed, bank, and 
overbank sediment characteristics will be 
compared and quantified. Armored 
reaches will be identified. Size gradation 
for HEC-6 model input will be quantified 
for each subreach. Ranges of size grada- 
tion will be defined so that various scenar- 
ios of sediment transport analyses can be 
constructed to identify zones of potential 
nggirtdntiorl or drgntdntiorr, for use in 
sensitivity analyses of HEC-6 modeling. 

Sediment Yield. Sediment supply to the study 
reach will be evaluated to quantify sediment 
sources outside the study limits. Specific tasks 
include the following: 

Regional Sediment Yield Estimates. Sedi- 
ment yield information will be compiled 
and analyzed from published reports, 
regional data, and site specific analysis. 
Regionalized estimates of sediment yield 
will be made for the 2-, lo-, and 100-year 
events. Rough estimates of sediment yield 
will made using pre- and post-develop- 
ment conditions. 

HEC-6 Modeling. Sediment yield estimates 
will be used as HEC-6 inflow boundary 
conditions, and will also be used to assess 
long-term impacts due to sediment accu- 
mulations in ponding areas or other back- 
water areas. 

HEC-6 Modeling. HEC-6 models of <?xisting 
andfirl'~tic (alternative) conditiorts will be pre- 
pared to estimate trends in scuiir and deposi- 
tion in the study reach. The primary goal of 
the HEC-6 modeling is single event simulation 
of general sedimerztmtiori trends of aggmda- 
t i o ~  or deg.~r~rrl~riion, as reflected in a net sedi- 
ment deficit or surplus. The HEC-6 model 
will be used to assess sediment transport and 
related channel stability for the 10-year, domi- 
nant clrarrrlei forming discharge, 100-year 
flood discharge, and possibly an extreme cata- 
strophic discharge event. Specific tasks 
include the following: 

Base Condition Modeling. HEC-6 models 
for existirty corrrlitiorrs will be prepared, 
defined as the conditions indicated by the 
District's topographic mapping. 

Alternatives Modeling. Base condition 
HEC-6 models will be modified, as appro- 
priate, as alternatives are evaluated and as 
floodplcrlfz encuo~rthil~rnt alternatives are 
considered. 

Model development will be based on hydrau- 
lic geometry, with appropriate adjustments, 

29 



Task 2 -Lateral Stability Assessment Prepare time line of watershed and C I I L L I ~ -  

interpretation of  Geologic Surfaces. Geologic rrcl changes. 

from the HEC-RAS models, sediment yield Measure historical rlrnrrrrrl characteristics 
estimates, and size gradations as previously (width, sinuosity, etc.). 
discussed, and on the in-flow hydrographs. 
Initial model development and verification Plot and compare historical longitudinal 
will be prepared for a test reach. Upon satis- profiles. 
factory verification of the proposed modeling 
technique, HEC-6 models will be developed in 
a similar manner for the other study reaches. 

Interpret aerial photographs. 

Catalogue types of human impacts, plot 
locations. 

data'will be used to ildentify and map ricent 
geomorphic surfaces near the stream. The age 
and position of these surfaces will be used to 
constrain the rate of lateral and vertical move- 
ment over recent geologic time. Specific tasks 
include the following: 

Select index cross section spacing and 
locations. 

Field Analyses. Field data will be collected to 
identify areas of clr~inrrrl instability, quantify 
rlr~irrr~cl and bank characteristics, and docu- 
ment existing ~lrrrrttrrl conditions. Specific 
tasks include the following: 

Describe surficial soil characteristics. Measure bank characteristics at index 
cross sections. 

Select soil test pit locations. 

Describe soil profiles in soil test pits. 

Inspect surfaces in field. 

Prepare geomorphic mapping. 

Measure ~lr~trrrrrl characteristics at index 
cross sections. 

Document ~~xrstiir:(- corrdiliorrs with photo- 
graphs and notes. 

Historical Analyses. Historical data will be Perform boulder counts for clirrnn(~1 bed 

used to identify historical patterns of rlrnrrtrc~l sediments. 

Collect historical maps and topography. Geomorphic Analysis. A geomorphic descrip- 
tion of the stream characteristics will be are- 

behavior, historical impacts on the stream by 
humans, and past rates of lateral and vertical 
clrnr~rrrl change. Historical data will be used 
to set the context for interpretation of existirrg 
1 ~~rrditiorrs and prediction of future chrrnnrl 
response. Specific tasks include the following: 

Describe soil pits excavated in the C I I I I I I I I ~ I  
bottom. 

Collect sediment samples from the chrrn- 
rrrl bottom for sieve analysis. 

Determine rates and types of chnrlnel 
Describe regional geologic history. change from digitized cl~rrrrr~rl plots. 

Collect historical aerial and ground photo- 
graphs. 

Digitize historical ch~zittiel position. 

pared to identify appropriate types of 
hydraulic and empirical analyses, identify 
existing rh~znnc~l processes, and to predict 
trends in future cl~~rtrtrcl behavior. Specific 
tasks include the following: 



Collect hydrologic data - peak discharge Define stream reaches using hydraulic 
rates, flow duration curve, mean and data and physical stream characteristics. 
monthly flow rates, annual flood series, 
flood history, climatic data, etc. Determine reach-averaged hydraulic data. 

Measure 1 hir>inei planform characteristics 
- ~!rirnrrrL pattern, meander features, pool 
and riffle spacing, width, slope, periodic- 
ity of narrow and wide reaches. 

Evaluate tributary characteristics - drain- 
age area, slope, sediment type, sediment 
yield, flow rates, location of confluence. 

Compute allowable velocity. 

Compute scu*~l.depths (general, local, and 
long-term). 

Identify evidence of paleofloods. 

Identify stream analogs on adjacent water- 
sheds. 

Assess impacts of tributaries and tributary 
sediment load on main c!rlrr?nrl morphol- 
ogy. 

Compute armoring potential & depth to 
armor. 

Compute equilibrium slope. 

Apply applicable methodologies from the 
District Piedmont Flood Hazard Assessment 
Manual (Draft, August 1998) to identify 
surface ages and stability. 

Compute reach sediment continuity rela- 
tionships. 

Apply lane relation to stream reaches. 

Apply regime equations to stream reaches. 

Apply hydraulic geometry relationships to 
stream reaches. 

Apply empirical ci~nn;rul geometry rela- 
tionships to stream reaches. 

Perform stream classification. 

Define stream reaches. 

Hydraulic and Empirical Analyses. Engineering 
analyses based on hydraulic data obtained 
from a HEC-RAS model of the study reach 
will be performed to assess the potential for 
bank ~ r o z r u n  and scol~i: These analyses will 
be used to determine whether a stream is sta- 
ble, whether it is likely to experience bank ero- 
siorl and/or S L O ~ ! ;  and what amount of lateral 
erosion is likelv to occur. Where hvdraulic 

Revision of HEC-RAS model as described . Discussion of assumptions and limits- 
above. tions of methodologies. 

Apply appropriate regional lateral stabil- 
ity prediction methodologies - these may 
include the AMAFCA Prudent Line, 
ADWR State Standard 5-96, King County 
(WA) methodology, Rosgen bank assess- 
ment techniques, etc. 

Impacts Analysis. The proposed development 
will be modeled to assess the potential down- 
stream and upstream impacts, using the same 
procedures and methodologies listed above. 

Final Product 
data are the be 
based on 2-, lo-, and 100-year reach-averaged 
hydraulic data. Specific tasks include the fol- 
lowing: 

The final product for these tasks will include a 
map showing the recommended erosiort haz- 
ard zone boundaries and a final report, The 
final report will include the following: 



Discussion of how the results of the vari- civil engineering as related to dam technol- 
ous analyses were combined with the sed- ogy, shall conduct evaluation and/or design 
iment transport modeling results, sand of an earthen structure. 
and gravel mining impact assessment 
analysis, and were translated into the ero- RetentionlDetention Facilities 
siorr hazard zone(s). I All detentionlretention facilities incor~orated 

Recommendation for future updates of 
hazard zone boundaries. 

within new developments will be desi'gned to 
retain the peak flow and volume of runoff 
from the 100-year, 2-hour duration storm 

Recommendation for long-term monitor- 
ing. 

Earthen Dams (Stock Tanks) 

event. In thespecial case when a detention 
only facility is allowed, the requirement to 
retain the 100-vear 2-hour runoff volume mav 

Recommendations for how modify the 
erosion hazard boundaries and/or under 
what conditions can Occur 

within the boundaries. 1 detentian only facility must be determked. 

be waived; however, the post-development 
peak discharge leaving the site can not exceed 
predevelopment conditions. In addition to the 
100-year event, the effects of more frequent 
events (2- and 10- year events) of using a 

There are anumber of stock tanks in the North I Standard Retention Practice 
Peoria ADMP study area. Stock tanks typi- 
cally consist of a non-engineered earthen dam 
of varying height placed across a rontcrcol~rsr 
to impound stormwater runoff. Vegetation 
typically lines the impoundment area. Should 
downstream areas become urbanized these 
earthen dams would present a hazard. The 
ADWR Dam Safety Section, has legal jurisdic- 
tion over dams (embankments) w6ch exceed 
certain height and storage limits. ADWR 
defines a jurisdictional dam as "either 25 feet 
or more in height or stores more than 50 acre- 
feet. If it is less than six feet in height regard- 
less of the storage capacity or does not store 
more than 15-acre-feet regardless of height, it 
is not jurisdictional". However even though a 
structure may not be considered jurisdictional 
all dams (embankments) in an urban environ- 
ment are considered as having high hazard 
potential. 

The structural integrity and safety of existing 
stock tanks shall be evaluated to access down- 
stream impacts to existing or proposed devel- 
opment due to a dam break. Criteria for the 
design and evaluation of dams can be found 
in the book entitled "Design of Small Dams", 
third edition (1987, Bureau of Reclamation). A 
professional engineer registered under the 
laws of Arizona, and having proficiency in 

Guidelines for the standard practice of retain- 
ing the volume of runoff from the 100-year, 2- 
hour event can be found in "Drainage Regula- 
tions for Maricopa County, Maricopa County 
Drainage Design Manual Volume 11-Hydm11- 
lics and City of Peoria Infrastructure Develop- 
ment Guidelines. 

1 In-stream, b-Line Detention Basins 

In-stream, in-line detention basins are storm- 
water peak reduction facilities, which could be 
employed with authorization, from the 
reviewing agency, instead of the standard 
practices of retaining the volume of runoff 
from the 100-year, 2-hour event. The deten- 
tion facility is typically located in a rulzler- 
coirrsc and functions only to reduce post 
development peak discharges. The facility 
typically consists of an encroachment into the 
100-yenu floodplairrplir (possibly at a roadway 
crossing), an outlet structure sized to convey 
runoff from frequent events such that the nat- 
ural form and function of the -rc~afrrcoi~rse is 
not disturbed (sediment transport capabilities 
are maintained), and to impound runoff suffi- 
ciently, so that there enough storage provided 
to reduce peak discharges. The following 
guidelines/consideration should be 
addressed in the design of such a facility: 

32 



Basin Outlet (Culvert). The basin outlet 
structure should be sized to convey the 
100-year existing (pre-development) con- 
dition peak discharge without disrupting 
the sediment transport capabilities of the 
, !111ill7~! for the 2-year and 10-year events. 
If the basin is to be located at a roadway 
crossing (collector and arterial roadways), 
then at a minimum, the 100-year future 
(post-development) condition water sur- 
face elevation must not be more than 0.5 
feet above the minimum roadway eleva- 
tion and flow from the 50-year future con- 
dition event must not overflow the 
roadway. Other design guidelines for cul- 
verts such as sediment deposition, sco11i. 
holes and long-term rl(,xr,rdotioii must 
also be considered and these guidelines 
are presented in subsequent sections. 

Basin Volume. The storage volume that is 
required to satisfy the discharge require- 
ments stated above must consider the 
potential loss of storage due to sediment 
deposition. Sediment deposition could 
potentially impact the hydraulic operation 
of the basin ultimately effecting the maxi- 
mum water surface elevation. The storage 
volume must also be checked in conjunc- 
tion with the embankment height in 
regard to the jurisdictional classification. 
Structures that meet jurisdictional dam 
classification requirements must be 
designed in conformance with ADWR 
requirements, and the design must be 
approved by ADWR. Jurisdictional classi- 
fication is discussed previously in the 
earthen dam guideline section. 

Drain Time. The basin must be drained 
within 36 hours after the end of the design 
storm. 

Downstream Impacts. Hydrologic model- 
ing shall be done to determine if the 
detainment of m o f f  or the increased run- 
off due to development worsens existing 
coilditiorrs. Modeling of multiple storm 
frequencies (at a minimum 2-, lo-, and 
100-year events) may be required. 

In-stream, in-line detention basins should not 
be considered for areas that are characterized 
by wide flood plains, significant conveyance 
in the overbank area or multiple c!cirilir(~ls. 

The opportunity to enhance stormwater qual- 
ity is minimal for an in-stream, in-line deten- 
tion basin and is not recommended for 
watersheds in which the land use is high den- 
sity or because of the land use, the percent of 
impervious cover is greatly increased unless, 
stormwater quality concerns have been 
addressed within the watershed draining to 
the site. 

In-stream, Off-line Retention Basin 

In-stream, off-line retention basins are storm- 
water storage basins that could be employed, 
with authorization from the reviewing agency, 
instead of the standard retention practice. In- 
stream, off-line retention basins function to 
reduce post development peak discharge and 
volume to pre-development values. Major 
elements of the facility are channelization and 
grade control structures to control the lryrfrnzr- 
lics of the flow; inlet works (typically a weir) 
to direct flow to the basin, low level outlet to 
drain the basin and a basin of sufficient vol- 
ume to reduce peak discharges. The following 
guidelines/consideration should be 
addressed in the design of such a facility: 

Modeling Software. The current recom- 
mended modeling software is the Corps of 
Engineers HEC-RAS v3.0 using the 
unsteady flow module. 

Flow Regime. The flow regime in the 
?oatercor~~sc at the lateral weir structure 
should be subcritical. This may require 
the channelization and/or construction of 
grade control structures. Design guide- 
lines for channelization must also be con- 
sidered and those guidelines are 
presented in following sections. 

Grade Control Structures. Grade control 
structures or drop structures may be 
required to control flow in the natural 
channel to subcritical flow conditions. 



The armored length of the structure 
should be sufficient to eliminate develop- 
ment of a scorrr hole downstream of the 
structure. 

Lateral Weir. The lateral weir must be 
sized such that the remaining peak flow 
and total runoff volume is equivalent to 
existir~g ~orr~liiior~s for the design storm. 
The weir crest elevation must be suffi- 
ciently high enough to eliminate potential 
backwater conditions caused by the pon- 
ded water in the basin that would reduce 
the efficiency of the weir. The potential for 
scorrr at the downstream toe of the weir 
must be addressed. Sediment deposition 
within the cl1r~trrrc4 at the toe of the weir 
could significantly alter the hydraulic 
operation of the weir and thus the basin. 
Sediment deposition at the toe of the weir 
must be regularly removed. 

Drain Time. The basin must be drained 
within 36 hours after the end of the design 
storm. To accomplish this, it may be nec- 
essary to provide a small bleed-off culvert. 
For this situation, the minimum practical 
culvert size should be used. Design 
guidelines for culverts must also be con- 
sidered and those guidelines are presented 
in subsequent sections. 

Basin Volume. The storage volume that is 
required must consider the potential loss 
of storage due to sediment deposition. 
Sediment deposition could potentially 
impact the hydraulic operation of the 
basin ultimately effecting the maximum 
water surface elevation. The storage vol- 
ume must also be checked in conjunction 
with the embankment height in regard to 
the jurisdictional classification. Structures 
that meet jurisdictional dam classification 
requirements must be designed in con- 
formance with ADWR requirements, and 
the design must be approved by ADWR. 
Jurisdictional classification is discussed 
previously in the earthen dam guideline 
section. 
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Downstyeam Impacts. Hydrologic model- 
ing shall be done to determine if the 
detainment of runoff or the increased run- 
off due to development worsens c,xisiirt~ 
r:nrrdifio~rs. Modeling of multiple storm 
frequencies may be required. 

An in-stream, off-line retention basin reduces 
peak discharge in a ic~rztcrrolirst, by cap- 
turing flow near the peak of the 
hydrograph and therefore offers minimal 
opportunities for enhancement of storm- 
water quality. Stormwater quality 
enhancement deals with managing flow at 
the beginning of the ascending limb of a 
hydrograph. Stormwater quality concerns 
and best management practices shall be 
addressed/employed upstream of the 
facility 

Floodalain Encroachment 

For most reaches of the major c~uzterl o~r~sc>s in 
the North Peoria ADMP study area, the flood- 
plain andfloockc~rry are coincident due to the 
L I I L L ~ ~ I I P I  and floodplain geometry in the deep, 
narrow canyons, and theflfiood71~~1y modeling 
techniques used for the floodplain delineation 
studies. Therefore, in reaches where the 
flood7uny and floodplain are coincident, it is 
unlikely that any jToorlplcun encrorlchttrel~t 
will occur. The majority of the widerf/oo~l-ic~rrl/ 
~ Y ~ I I ~ P  areas in the study area occur on Cater- 
pillar Tank Wash, Twin Buttes Wash, and the 
Twin Buttes Wash tributaries. 

Where flood~orzy fri~lg(, areas exist in the 
North Peoria ADMP study area,floocfpllrirr 
~~rrcrorzchrtrrwt should be avoided except 
where it meets the low-impact criteria defined 
below. Encroachment that exceeds the low- 
impact criteria should be allowed only where 
it can be demonstrated that no long-term or 
short-term off-site impacts to i:llrt~trzrl stability 
occur, the encroachment is adequately pro- 
tected from erosiott and flooding, and a long- 
term maintenance and inspection program is 
adopted. 



Low Imaact Structural Alternative 

For the purposes of the North Peoria ADMP, a 
"low-impact" development alternative is 
defined as any activity within thef/~~o,lirvry 
/i.i:i:;:, or ~ ~ i . i ~ : ; i ( l r ~  hazard zone that does not 
significantly alter the natural form and func- 
tion of the i i l r r  /!,rct>~ci.:<~l. The following stan- 
dards are proposed to quantify the definition 
of "low impact": 

Minimal velocity increases. 

The average 10-year velocity in the 
I !~~ru!rr,l or overbank should not change 
(+ 0.0 fps). 

The average 100-year velocity in the 
Iirrr!irr~l or overbank should not change 

(increase or decrease) by more than 10 
percent or one-foot per second (fps), 
whichever is less. 

Minimal water surface elevation increase. 

The 10-year water surface elevation 
should not change (+ 0.0 ft.). 

The 100-year water surface elevation 
should not increase or decrease by more 
than 0.1-foot. 

Minimal disturbance of the main r l r ~ ~ i ~ i r r ~ l .  

No decrease in the bankfull width of the 
main c I I ~ I I ~ I ~ ~ ~ I .  

No excavation or deepening of the stre- 
ambed in the main i~lrr~irrrrl. 

No removal of bank vegetation. Where 
bank vegetation is temporarily dis- 
turbed by construction, it should be 
replaced, monitored for health, and irri- 
gated if required to assure its survival. 

No relocation of the low-flow i.l~rzrrrrcl 
within the floodplain. 

No offsite impacts. 

No I , ~ , ~ ) s ~ o : I ,  : s ~ ~ O i ~ ; ! ~ ~ ~ r f ~ ' r i ~ i ~ > ! ! ,  or flood 
impacts to adjacent properties without 
written permission of affected property 
owners. 

Engineering and geomorphic analysis 
required to demonstrate no long-term, 
short-term, or 100-year off-site impacts. 

Preservation of natural landscape charac- 
ter and habitat within the floodplain. 

Alternatives that exceed the standards listed 
above are not considered low-impact alterna- 
tives. Such alternatives may be acceptable 
methods of mitigating flood and c ios i r~ t r  haz- 
ards, if properly engineered. 

Examples of and design guidelines for a low- 
impact structural alternative are provided in 
the North Peoria ADMP, Technical Data Note- 
book, Attachment 3, ';c~cliiirc~irfrti~u~~ Engineer- 
ing and Geomorphic Evaluation Technical 
Memorandums, Chapter 5. 

Channelization 

Channelization is defined as construction of 
an engineered cl~rrr~:rr~i with bank protection 
and grade control structures. Channelization 
is generally known to have the following 
impacts on L . I I [ I ~ ~ I ~ P I  stability: 

Velocity. Channelization generally 
increases L lrcrrzircl velocities. Velocity is 
exponentially related to sediment trans- 
port rate and rmsiorr potential. 

Depth. Channelization can increase the 
flow depth by eliminating the floodplain 
area available for conveyance. Increased 
depths result in greater scorti depths and 
higher velocities. 

Discharge. Channelization eliminates the 
area available for storage of floodwaters 
on the floodplain, resulting in decreased 
attenuation and increased peak discharges 
downstream. Increased peak discharges 
are directly related to increased sediment 
transport rates and rrosiorr. 
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h i p  S W d .  Engine& f l d  control 
are typically designed to a 100- 

year standard. Therefore, damage may 
occur to development adjjent to a 100- 
year ch-1 (or to the chamekatian 
itself) if flow rates greater than tRe 1W 
year event occur. If design discharp 
changeduetowatershedchangesorrevi- 
siom to hydrologic modeling standards, 
retrofit solutions are q u i d  to maintain 
the same standard of pro&tim 

Design L@. En-red stntctures have a 
Wtd design life, and quire  regular 
m a h h m m  and inspection, and even- 
tual replacement. 

Equilibrium Slop.  Because of the increase 
in &charge, velmity, and depth, the sta- 
ble slam is generally flatter than the exist- 

term: olrrandrequiregradecontmlto 
prevent undercutting of bmk p d o n .  

Hnbifat. Channelization typically elimi- 
nates most of the natural fI80dplain and 
s m  bank habitat, and feclu&s mitiga- 
tion measures. 

Whmt Supply. Bank erosion is an 
important source of sediment supply for 
the streams in the study area. C~ISITUC- 
tim of bank protectbn elidnates this 
source of sediment, h a s i n g  the likeli- 
hood of rrPsiOa of adjjent and down- 
stream re&. 

lkumdream Impucts. Excessive instability 
should be e x p d d  at the outlet of a chan- 
roelized reach due to the changes in veloc- 
ity, sediment supply, and dkharge. 
~ ~ ~ - g e o m e t r y , *  
v t e d  mqmme can mge from lateral 
-don and scour to sediment deposition 
and oymbmk flooding. 

Qmudhtiun, a stmcbral Aood control 
measure, is not recommend& as a develop- 
ment dkmtive in the North Peoria ADMP 
study area. Chamelizatim should be allowed 

O n l y w ~ i t m b e ~ M t h a t r e o  

'~tyoecur,thatdownstnam 

d i n s * ~ i s a d * .  when? 
s t r u c k r t a l a c l o d a 3 n ? d ~ a r e ~ e s -  
s a r y , ~ ~ d ~ ~ o f s u c R ~ c -  
m s h d d  ~ p ~ t  theenvimnment 
and be ~ r n ~  with the least distur- 
bance60 themtld smhg. D!sip guide 
l inandstaradardafor~aoodc.lontrol  
i m p r n ~ a r e ~ @ d i n ~ M a r I c a p a  

a n d ~ C i t y o f P ~ ~ -  

u A t ~ c K s h p " ~ b o n l y ~  
imd or l a a k d  impacts an I rnal stability. 

g r a d e ~ m t k ~ v l c e v e r s r i .  Flow 
aver t h e a t ~ e ~ m ~ m e e r o s i o n  of 
tfre pavement stnd Zmbgrde, depitian of 
sedimentintbrmd~on,anddimption 
ofb.afE$&w. ~ ~ ~ ~ c o m -  
~ ~ ~ " a t - g d e ~ "  
include the fdhvhg including zmmmenda- 
b for m i t i g a w  

k hole often forms on the dawn- 
dream side of an "at-grade mmsing'' due 
to acceleration of flow over the hydrauIi- 
cally smooth pavement surface and 
inmead turbulence as flaw trdtim 



back at the natural I 1rrr11111~l bed. In most 
cases, formation of a .i 11rri. hole doesn't 
impact stream reaches located far from the 
"at-grade crossing", however the develop- 
ment of a st.oitr. hole could undermine the 
"at-grade crossing", leading to failure of 
the facility. Upstream and downstream 
cut off walls shall be designed for at grade 
crossings. 

An "at-grade crossing" of a ic~rlii~rt-ol~rsc 
reach which is experiencing ~I:~,~r!rii~iiioir 
will ultimately function as a grade control 
structure. Until equilibrium is achieved, 
down stream ili~gr.rrifrrfioi! will continue 
increasing the drop immediately down- 
stream of the "at-grade crossing". Long 
term il~~~;ri~rlrr~ii~rr shall be considered in 
determining the depth of cut off walls. 

If the "at-grade crossing" is constructed at an 
elevation slightly above the natural icllirr~rlr!l 
bed, deposition will occur upstream of the 
crossing. Deposition leads to expansion of the 
floodplain, and may increase the risk of i r n i r l  
:;iorr:; and accelerate formation of the down- 
stream sl,orri. hole. The minimum elevation of 
an "at-grade crossing" shall not be higher 
than the existing i.lri7rrrrr~l invert. 

"At-grade crossing" is not a recommended 
ic>lrii,r.i r~rir.~,~~/roadway crossing in the City of 
Peoria. 

The design of culvert structures takes into 
consideration public safety, long term function 
and maintenance, and impacts to the natural 
i~!rri!rrri~l form and function. Typically, the 
impact of culvert crossings on a ~r~lrirrcorivsr 
system is primarily a function of their size in 
relationship to design discharge, natural clrrrrl- 
rrr.1 and floodplain morphology, clogging 
potential, sediment transport capacity and 
srrlrrr potential. 

stream properties. The impacts of undersized 
culverts on r,lrir:r!c!~l stability include the fol- 
lowing including recommendations for miti- 
gation: 

Sediment Depositton. Much of the stream's 
sediment load will be deposited in the 
headwater pool at the culvert inlet. The 
volume of sediment deposited depends on 
the culvert capacity relative to the dis- 
charge, the duration of the ponding condi- 
tion, the geometry of the ponding area, 
and the size of the sediment in transport. 
Sediment deposition decreases I I I ~ ~ I I I ~ , , /  
(and culvert) capacity, increases the poten- 
tial for overbank flooding and rii~rrI~.ro~r+, 
and requires maintenance to restore natu- 
ral conditions. Culvert rise (height) at a 
minimum should be as high as the aver- 
age main ~!!irliiir,l bank height. In the 
event of width and height limitations due 
to natural conditions, the structure does 
not convey the design event, increasing 
the height dimension or providing relief 
culver<structures in the overbankareas 
should be considered before increasing the 
width. Culverts that do not obstruct the 
main c l r r r r r i ~ i ~ !  will have less frequent 
impacts on clr!rrrrr~~l stability 

F~tl(~~f~~/riirl E~r~:ri~!r(:l~~:~~~rrt. A culvert is a 
form of/'~~~oii:~~rriir r~rlci~o~fr/r~rrc.Iri, with the 
same types of encroachment impacts 
described in theJlr:orlplrrirr r~rrr:ri:izc!rrr~crrt 
discussion above. 

Scour Hole. A sr olir hole may form at the 
culvert outlet due to accelerated velocity 
through the culvert, discharge of sedi- 
ment-deprived water, and turbulence at 
the culvert/natural clrizrrrrr~l interface. 
Design of culvert structures shall include 
an evaluation of the scorlr potential at the 
outlet of the structure and provisions for 
cli~rntrr4 protection at the outlet shall be 
provided. 

Undersized (relative to natural clrrrrnrrl and 
floodplain geometry) culverts and culverts Long-term 13c:yradntiorr. Where a signifi- 

that create headwater ponding can have detri- cant percentage of the sediment load is 

mental impacts to both upstream and down deposited upstream of a culvert due to 
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The impacts of oversizd culverts on 
stability include h e  following: 

ing and d m  likelihood of headwater 

I m g -  

hg-term huedng the Bridge span (width) at a minimum should 

natural wib& uf n &-el to accomme 
be a s w i d e a s ~ e & m d o r ,  loodwq 
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lesser than the ddgn capacity of the cul- dw main chatr#sl will have l s  frequent 

vert structure sediment would be deps- impacts on c h d  stab- than culverts 

ited in the d m  of ckattnel that has been that block the main edrrcgrsd 

widened. Accumulation of sediment 
would d e c e e  both the capacity of the 

Where h h k t  w multiple exist, 

I me1 and the capacity d the stmw 
reliefs- outside of the main &a- 

ultimately resulting in 0- impacts to nel should be prwided to maintain over- 

adjjcent p e e s .  Culvert span (width) bank flow paths, preserve overbank 
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stability, and to assure structure perfor- 
mance. 

The need for L ' Y I ) . : ~ ~ J ~  protection should be 
evaluated at all bridge crossings of ~ L ' I I ~ I , T -  

C,IIII ' : .I ' , , .  

Utilitv Crossinw 

Utility crossings, if properly constructed, have 
no inherent impact on i:ir~~:ritcI stability since 
they are typically buried beneath the L : I ~ I I I I I Z P I  
or extended overhead. Direct impacts on 
~~/riziri~r~i stability can occur during utility con- 
struction due to disturbance of bank and 
floodplain vegetation. Where vegetation is 
removed, the underlying soils are more vul- 
nerable to ~>rosioil and sci~lll: If floods occur 
before the vegetation is reestablished, rrosioir 
of the construction alignment may occur and 
initiate i,i.osiotl of adjacent cl~r~irrrcl reaches. 

The following guidelines for utility construc- 
tion in the floodplain and izrosio~r hazard zone 
are recommended: 

Bank and floodplain vegetation removed 
or damaged during construction should 
be replaced immediately. Irrigation, 
inspection, and maintenance may be 
required to assure survival of the replace- 
ment vegetation. 

Underground utilities should be buried 
below the 100-year general sr-ortr depth in 
the main L I I I I I I I I ( ~ I  plus the long-term scour 
depth. Utility lines have been damaged 
due to exposure by long-term scour on 
numerous streams in Arizona. 

Where the potential for lateral movement 
exists, underground utilities should be 
buried at the same depth in the overbank 
areas or (~rosiorr hazard zone as in the 
main clrarrrrcl, to prevent exposure after 
movement of the main cl~rzrtrrrl. 

Support structures for overhead utilities 
should not be located within the flood- 
plain or erosiorl hazard zone. Where the 
length of the span requires that support 

structures be constructed within the flood- 
plain or r z i . r ~ . , l o ~ l  hazard zone, the struc- 
tures should be designed using the 100- 
year general scour plus long-term scour in 
the main clirrirr~r~l burial depth. No struc- 
tures should be placed in the main L l r i i i i  

f 1 ~ I .  

Aesthetic DesLPn Guidelines 

Aesthetic guidelines are developed as a tool to 
be used by planners and designers to incorpo- 
rate aesthetic quality into their design that is 
sensitive and consistent with the natural envi- 
ronment. As part of the North Peoria ADMP, 
landscape character themes are developed 
that could be incorporated into the design of 
flood control management alternatives. Spe- 
cific themes developed are a Mountain Theme 
with a Mining Theme Overlay, and a Plains 
Theme with a Native American or Ranching 
Theme Overlay. Design guidelines and exam- 
ples are present in the North Peoria ADMP, 
Technical Data Notebook, Attachment 4, 
Landscape Character and Visual Assessment 
Report. The following general design guide- 
lines are offered: 

Structural Erosion Protection Measures 

Structural prosioit protection measures can 
consist of a variety of engineered materials. 
Most common types of engineered materials 
used in Maricopa County are rock filled wire 
baskets Cyribroits, Reno illnttress),gurritc and 
soil rcrrzrnt. Structural erosion protection 
measures could be aesthetically enhanced by 
designing them to blend in color, texture and 
form with the surrounding environment and 
desired landscape character theme. Treat- 
ments include selection of material to provide 
the desired color and texture, artificially color- 
ing material, and treatment of freshly exca- 
vated native material with Eonite or a similar 
aging product. 

Channels 

Cltnnrtcl alignments and side slopes should be 
consistent with natural cl~nrrrtrls in the area. 
Alignments should be sinuous and side slopes 
should vary in the angle of slope. 

9 



Drainage Structures implemented to sustain the goals of the plan. 

Landscape character themes could be incorpo-   he maintenance plan is pr&ented in the 

rated into the design of bridge and culvert North Peoria ADMP Technical Data Note- 

headwalls. Figure 22 and Figure 23 devict book. - - 
some possible landscape character themes that I 
could be incorporated-into a roadway drain- 
age structure. / CONSIDERATIONS  OR EXISTING 

structural type i;nprovements. Theblan will I 

MAINTENANCE PLAN 

A maintenance plan shall be develoved for all 

document reiuired maintenance to 6e I c o w c n n r  

STUMCTMI(ES IN f LOUD HAZARD 
AREAS 

Type of facility. 

provided by the owner/owners of structural 
type drainage improvements. The plan shall 
include the following discussions as 
applicable: 

Owner of facility. 

-L,Tu..mL 

Within the North ADMP 
one permanent residential structure was iden- 
tified within a flood and er,osioti hazard zone. 
The structure is located within Unincorpo- 

Required maintenance activity 

Vegetation maintenance. 

Bank protection maintenance. 

Grade control maintenance 

Removal of debris and sediment from 
structures. 

Required permits for maintenance activity 

Required inspection/monitoring activity. 

Schedule for inspection and monitoring 
activity. 

Required agency notification. 

The North Peoria ADMP presents l ~ ~ a t r r -  
rolrrse and stormwater storage flood control 
management alternatives. For this plan to be 
successful, a monitoring and maintenance 
plan is required that address the overall non- 
structural goals as well as the specific ele- 
ments of potential structural and low-impact 
structural measures. The maintenance plan 
establishes monitoring and maintenance crite- 
ria and inspection time frames that should be 

rated Maricopa County, approximately 0.6 
miles north of Happy Valley Road along 115th 
Avenue alignment in the Twin Buttes Wash 
flflood?c~n!y. Flood Insurance Study work maps 
[Flood Insurance Study for Caterpillar Tank 
and Twin Buttes Washes From Agua Fria 
River to CAP Canal Maricopa County, Ari- 
zona, (Flood Control District of Maricopa 
County, 1991)] indicate that the structure was 
built prior to the original floodplain delinea- 
tion of Twin Buttes Wash. 

As part of the North Peoria ADMP, rhl~rrrtc~l 
improvements that would mitigate impacts to 
the alignment of 115th Avenue and to the resi- 
dential structure from a 100-year runoff event 
were evaluated. Improvements evaluated 
consist of a chnrrirrl, side slope protection con- 
sisting of rock-filled wire-tied baskets and an 
11 cell 10-foot by 4-foot concrete box culvert. 
The cost estimate for construction of the charr- 
riel improvements (not including land costs) is 
estimated at $1,299,137. 

Currently Maricopa County has no capital 
improvement plans to provide roadway / 
cltnrtrlel improvements along the 115th align- 
ment between Happy Valley and Jomax 
Roads. City of Peoria personal related that 
should the City of Peoria annex the area, any 
improvements would be funded through an 
improvement district. There are plans being 
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developed for the Estrella Roadway, which 
will cross the alignment of 115th Avenue, and 
Twin Buttes Wash approximately 1000 feet 
downstream of the subject structure, however 
there are no improvements proposed that 
would mitigate flooding to the structure or to 
the alignment of 115th Avenue. 

Under current Maricopa County floodplain 
regulations the existing structure could not be 
rebuilt if, due to flooding, fire, or some other 
catastrophic event, the structure suffered 
damages of greater than 50 percent of its 
appraised value. In addition, the current or 
future owners could not obtain building per- 
mits for new structures. A possible option to 
address the problem is to recommend the 
property be considered for a voluntary acqui- 
sition or on-site relocation program managed 
by the District. If the home qualifies for the 
program, the homeowner would have the 
option of selling their parcel to the District 
and having the structure removed from the 
site so that the land could return to its natural 
or near natural state or, if there are areas of the 
parcel outside the/loolfi[~~lr/ and c,.,osron haz- 
ard zone, and the homeowner wishes to move 
their home, the homeowner would have the 
option of relocating the residence on-site, but 
outside the high hazard areas. 
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( : i ~ i l l t ~ > .  A structural bank/channel stabiliza- 
tion measure consisting of cement, sand and 
water. 

.Flyiir!ifc/ir.:;. For purpose of this study, 
hydraulics is how stormwater moves through 
a watercourse. Through hydraulic evalua- 
tions, depth, velocity, width and energy of 
stormwater flow within a watercourse are 
estimated. 

Nljc/io~r~g!y. For the purpose of this study, 
hydrology is the estimation of the magnitude 
of runoff from a rainfall event within a given 
watershed. Typically runoff is that portion of 
rainfall that does not instormwaterfiltrate into 
the soil. 

Lc~f i~~. i : /  ( / I ! L I I I ~ I > ~  ~!d~gi.iliioc~. The horizontal 
movement of a channel wifiin the natural 
floodplain by erosive processes defines lateral 
channel migration. 

I ~ ~ I / ~ o J ~ / o I ) ~ .  A flood event at a given time in 
the geologic past.riparian 

Prir'ii~~irrl Floi13. Watercourses or a portion of 
watercourses that flow year around. 

Scoilr. Erosion due to the mechanical process 
of water removing earthen material from a 
channel bottom or banks. 

Se~l i i r~<~r~l i : t~ot i .  The natural process of flow- 
ing waters depositing soil, sand, gravel, cob- 
bles and boulders within a channel and 
associated natural floodplain. 

Sot1 C~111ivii. A type of structural channel 
stabilization consisting of cement and native 
materials. 

W ~ ~ l e r ~ c u r ~ ~ ~ s ~ .  For the purpose of this study a 
watercourse is defined as a natural drainage 
way defined by the 100-year floodplain limits 
and the erosion hazard zone. 
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