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I. INTRODUCTION AND SUMMARY OF FINDINGS

PURPOSE

The purpose of this report is to develop a conceptual plan
to accommodate storm water runoff from the 2-year return
period storm in the Arcadia Area of the City. The study
area limits are generally described as the ridge line of
Camelback Mountain, Cudia Wash, the Arizona Canal, and 64th
Street (Invergordon). The study contains two major
elements:

1s The hydrology for the study area is computed using the
Soil Conservation Service's TR-20 method for a 2-year

return period storm.

2 The available data is analyzed and evaluated and a
conceptual plan developed for accommodating the
computed flows from a 2-year return period storm,
inecluding the preliminary size, location, and a cost
estimate for each proposed major storm drain.

SCOPE OF WORK

The Scope of Work for the project includes the City of
Phoenix TR-20 Procedure and Administrative Procedure No. 40
dated July 1, 1979 regarding the preparation of aerial
contour maps. Copies of each of the above documents are
included in Appendix A of this report.

In addition to the preparation of this report, a total of 9
contour quarter-section maps were produced as outlined in

the Scope of Work. The quarter section maps complete the

contouring of the Arcadia Drainage Area.

HYDROLOGIC DESIGN METHOD

The hydrology of the Arcadia Drainage Area is based on the
use of the Soil Conservation Service's TR-20 computer
program which takes into account the physical characteris-
tics of the drainage area (ie: soil type, ground slope,
zoning, land use, drainage patterns, on-site retention) and
computes the peak run-off from the drainage area. Expected
changes in land-use patterns within the drainage area were
incorporated in the calculation of the peak design runoffs.

EXISTING DRAINAGE SYSTEMS

The Arcadia Drainage Area is currently served by storm
drains in Camelback Road from approximately 45th Street,
west, to the Arizona Canal; by short storm drains serving
small areas adjacent to the Arizona Canal; by drainage
channels, especially in the mountainous areas north of
Camelback Road; by direct discharge into the Arizona Canal,
various washes, or roadways; by on-site stormwater retention

I1-1
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in most commercial and residential areas downslope of the
steep mountain areas to the Canal; and by overland flow

whenever the runoff exceeds the capacity of the existing
drainage systems.

Flooding has been reported to occur on lands just north of
the Arizona Canal, especially after major rainstorms. Other
localized problems have been reported in the steep slopes of
Camelback Mountain where the construction of a street or
other development has altered the natural drainage patterns
and directs runoff on a particular homesite.

SELECTION OF ALTERNATIVES

The existing system consists of two storm sewers in
Camelback Road which are not adequately sized to transport
the runoff generated by the 2 year design storm. The
existing system's maximum capacity is approximately 56 cfs
and the expected runoff for this portion of the drainage
area is 302 cfs.

New storm sewers have been sized on the basis of expected
runoff from the 2 year design storm to collect and transport
runoff.” Two alternatives have been developed which differ
only in their treatment of runoffs from that portion of the
drainage area west of U4U4th Street. In Alternative 1, flows
west of Ul4th Street are discharged to the proposed Arizona
Canal Diversion Channel (ACDC), flows from the remaining
portions of the drainage area are brought to 48th Street and
the Arizona Canal and discharged to the 0ld Cross-Cut Canal.

- In Alternative 2, runoff from the entire Arcadia Drainage

Area is discharged into the 01d Cross-Cut Canal.

An evaluation of the two alternatives was performed using
the following criteria: '

e Construction Costs
2. Flood Relief in Problem Areas
3. Implementation
The construction cost of the two alternatives are summarized
in Table I-1 below. A contigency item of 15% has been added
for undeveloped details and miscellaneous work items.

TABLE I-1

ESTIMATED COST SUMMARY

COST ($)
Alternative 1 8,100,000
Alternative 2 8,246,000




The alternatives provide an equal amount of flood relief in
problem areas along the Arizona Canal. The ease of
implementing each alternative is an important criterion for
evaluating both alternatives. Alternative 1 is the most
difficult to implement because it requires coordinating with
additional governmental agencies such as the Corps of
Engineers and it is dependent upon the construction of the
ACDC for the servicing of those areas west of U4l4th Street.

F. RECOMMENDED PLAN

It is recommended that Alternative 2 be implemented by the
City for the following reasons:

1. Alternative 2 is the easiest to implement.

24 Alternative 1 is dependent upon the construction of the
ACDC for drainage of those areas west of U4l4th Street.
Present indications are that the ACDC would not be
completed for several years. No construction schedule
has been finalized.

3 The Arcadia Drainage Area is outside the ACDC drainage
limits. The addition of Arcadia runoff may create
surcharged conditions in the ACDC under certain storm
flow conditions.

Approval from the ACDC's responsible agencies for the
acceptance of a portion of Arcadia flows to the ACDC is
unknown at this time.

The recommended plan, Alternative 2, is shown in Figure I-1.
Appendix D contains preliminary water surface profiles of the
recommended plan to demonstrate the feasibility of the chosen
conduit routing and to determine the extent of utility
interferences.




II. STUDY AREA CHARACTERISITICS

STUDY AREA LOCATION

The project study area is in the east portion of the City of
Phoenix known as Arcadia. The study area is bounded on the
north by the ridge line of Camelback Mountain, on the west
by 40th Street and the Cudia Wash, on the south by the
Arizona Canal, and on the east by 64th Street (Invergordon).
The limits of the study area are shown in Figure II-1; the
detailed delineations of the study area are shown in Appen-
dix B.

ZONING AND LAND USE

Zoning within the study area was obtained from the City of
Phoenix Planning Department. The drainage area 1is
predominantly residential in nature with large lots (14,000
sq.ft. to 35,000 sq.ft.). A commercial and multi-family
strip is found along Camelback Road from approximately 45th
Street, west, to the Arizona Canal. A majority of the
single-family residences south of Camelback Road irrigate
their yards by the flooding method, while most of the single
family residences in the steep hillsides of Camelback Moun-
tain have desert landscaping on relatively small areas of
their 1lots.

Little undeveloped land remains within the study area. 1t
was assumed that "in-fill" growth would take place at the
same densities as adjacent parcels of like zoning.

TOPOGRAPHY

The study area has a diverse topography. Elevations vary
from elev. 1250 at Camelback Road and the Arizona Canal to
elev. 2704 at the summit of Camelback Mountain. The lands
north of Camelback Road are moderately steep to excessively
steep with average slopes in the 15% to 25% range; several
cliffs and nearly vertical slopes are also found on the
mountainside. Gentler grades are found south of Camelback
Road. Slopes in these areas are in the 0.5% to 1.5% range
with nearly level ground along the Arizona Canal.

The area's storm drainage is controlled by Camelback
Mountain and the Arizona Canal. Storm flows are generally
north-to-south from the steep mountain hillsides to the flat
lands adjacent to the canal. Drainage off of Camelback
Mountain is through washes or ditches, drainage south of
Camelback Road is along the grid street pattern. The
Arizona Canal acts as a barrier to prevent natural overland
flow at the canal location.




The alternatives provide an equal amount of flood relief in
problem areas along the Arizona Canal. The ease of
implementing each alternative is an important criterion for
evaluating both alternatives. Alternative 1 is the most
difficult to implement because it requires coordinating with
additional governmental agencies such as the Corps of
Engineers and it is dependent upon the construction of the
ACDC for the servicing of those areas west of 4U4th Street.

RECOMMENDED PLAN

It is recommended that Alternative 2 be implemented by the
City for the following reasons:

1. Alternative 2 is the easiest to implement.

2w Alternative 1 is dependent upon the construction of the
ACDC for drainage of those areas west of 44th Street.
Present indications are that the ACDC would not be
completed for several years. No construction schedule
has been finalized. :

3. The Arcadia Drainage Area is outside the ACDC drainage
limits. The addition of Arcadia runoff may crezte
surcharged conditions in the ACDC under certain storm
flow conditions.

Approval from the ACDC's responsible agencies for the
acceptance of a portion of Arcadia flows to the ACDC is
unknown at this time.

The recommended plan, Alternative 2, is shown in Figure I-1.
Appendix D contains preliminary water surface profiles of the
recommended plan to demonstrate the feasibility of the chosen
conduit routing and to determine the extent of utility
interferences.
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c. 56th Street to Royal Palm Road (approx.): flow is
along Camelback Road to a low point at 54th
Street, here, runoff is transported across
Camelback Road in a 36-inch CMP.

d. Royal Palm Road to Arcadia Drive: flow is along
Camelback Road to a 24-inch CMP culvert
discharging across Camelback Road at Arcadia
Drive.

e. Arcadia Drive to the Arizona Canal: all runoff is
directed west in drainage channels to 45th Street;
from this point, runoff is collected in a 36-inch
and 24-inch diameter storm drain system to the
Arizona Canal.

Some neighborhoods south of Lafayette Boulevard drain
directly to the Arizona Canal through small drainage
channels. Drainage channels were noted extending to
the canal from Calle Felix alley, U46th Place, 50th
Place, and an alley perpendicular to Calle Redonda at
53rd Way.

A major drainage channel has been constructed from 64th
Street, west, to 56th Street, immediately north and
paralleling the Arizona Canal. This structure is
trapezoidal in cross-section with a 10 ft. wide bottom
and side slopes of approximately 2.5:1.0 (Horiz:Vert.).
This channel intercepts all runoff from an area bounded
by 56th Street and 64th Street. Discharge is to the
Arizona Canal through dual 48-inch plpellnes. s P

I A T e -
The drainage channel also receives runoff from a
portion of the City of Scottsdale approximately bounded
by Jackrabbit Road, 68th Street, the Arizona Canal, and
64th Street including the east basin of Camelback
Mountain. Erie and Associates, Inc. have recently
performed a drainage study for the above-described area’
and their results for runoff from a 2 year storm to the
drainage channel at 64th Street are incorporated in
this report.

Camelback Road Storm Drains

A 24-inch and 36-inch diameter storm drain system has
been installed on the north side of Camelback Road from
45th Street west to the Arizona Canal. Catch basins
located along Camelback Road and its north side streets
collect runoff which is transported west to 4U4th Street
and then south west, to the Arizona Canal in a 36-inch
storm drain. The approximate area’ served extends from
Arcadia Drive to U4l4th Street.




A 36-inch and 18-inch diameter storm drain has been
installed on the south side of Camelback Road; it
extends from 600 feet east of 4U4th Street, west, along
Camelback Road, to the Arizona Canal. This storm drain
services the areas north of Camelback west of 44th
Street to approximately U40th Street through a 27-inch
storm sewer extending 300 feet north of Camelback in
4yth Street. The drain also collects runoff from a
strip of land adjacent to the south side of Camelback
Road from 44th Street to the canal. This storm sewer
system discharges to the 40th Street system, a portion
of the City's large diameter storm sewers installed in
ma jor North-South streets which eventually discharge to
the SRP Canals or the Salt River.

3. Curbs and Gutters

Most of the streets south of Camelback Road have rolled
curb and gutters which collect and transport storm
water to drainage ditches and the Arizona Canal. The
carrying capacity of these rolled curb and gutters may
be approximated to that of vertical curb and gutters
for the following reason:

- most of the land is irrigated by flooding. The
water applied on the soil is contained within the
parcel by a berm. This berm is generally
installed just behind the curb and it acts as a
channelization device which increases the carrying
capacity of the rolled curb and gutter system.

Street drainage in areas north of Camelback Road is
generally by sheet flow along or across the paved
surfaces, as influenced by local topography. Some
streets have side ditches or swales which carry the
runoff.

4. Discharge to the Arizona Canal |

As previously discussed, some of the areas located |-~
ad jacent to the north bank of the Arizona Canal have ! AT
drainage facilities which discharge directly into the @i .. 7'
canal. In three locations, there are no existing storm [/ .
drains, and the canal's north bank is several feet
higher than the adjacent property. Thus, the only!:
method of draining these properties and streets is to! -
drain into the canal. ’

There are two features of interest associated with the
Arizona Canal. At 64th Street, provisions are made to
feed the Grand Canal through the Cross-Cut Canal. The
division of flows between the two canals is performed
remotely by the Salt River Project from their
operations center. There also exists, at 48th Street,
a 3 1/2 mile canal known as the 01ld Cross-Cut Canal

I1-4
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which fed the Grand Canal from the Arizona Canal before
the construction of the Cross-Cut Canal in 1912. The
0ld Cross-Cut, also known as the Water Power Canal, is
not currently in active use.

On-Site Retention

Throughout the Arcadia Drainage Area, off the steep
slopes of Camelback Mountain, on-site retention of
stormwater is provided both for legal requirements and
as a by-product of the method of irrigation used.
Three types of on-site retention systems are discussed
below: :

a. Retention Basins: On new commercial and multi-
family 2zoned developments, existing City
ordinances and development policies require that
each property must provide on-site retention of at
least the 10-year frequency storm which falls on
the property. Compliance with the requirements is
normally done by constructing a retention basin
designed to hold a volume of water equal to the
runoff calculated for the particular property.
Therefore, this amount of stormwater never reaches
the street drainage system.

On-Site retention is required of all commercial,
office, and multi-family residential zoning
classifications, except for the following notable
exceptions:

- Developments of one-half acre or less are
normally not required to provide on-site
retention if the developer proves that it
would be uneconomical or would grossly impair
the use of the property.

- When an existing developed property is
redeveloped, the on-site retention of
stormwater is required only if the existing
development provides it.

b. Non-Irrigated Residential Developments: 1In new
developments of single-family residential
classifications which do not plan for the use of
flood irrigation, existing City ordinances require
that each lot be finished with depressed front and
back yards, such that stormwater from the lot does
not runoff to the street. The depth of
the depression is usually 4-6 inches below the
sidewalk or top of curb.

C. Irrigated Developments: In developments designed
to be flood-irrigated, the lots are bermed up to
retain the irrigation water. Total depth inside




the berms is normally at least 8 inches. As a
result of this berming, these lots also will re-
tain any stormwater which falls on it.

F. FUTURE LAND USE

1. Future Development

The project area's existing land use is primarily
residential in nature, and is not expected to change
appreciably in the foreseeable future. The area is
almost completely developed, and is noted as being
among the most desirable residential areas in the City
of Phoenix.

Some redevelopment on the Camelback Mountain hillside
is noted from large lot residential estates to resort
and planned community developments with required reten-
tion facilities. These changes in land use patterns
are not expected to greatly modify the runoff
characteristics of the drainage area.

2. Future Irrigation Practices

It is expected that the existing practice of flood
irrigation of many residential lots, parks, churches
and schools will continue with its added benefit of
stormwater retention.

Future Stormwater Management Policies

The existing ordinances and development policies for
stormwater retention are expected to be continued into
the future for all types of development. These
policies are particularly important in the wurban
development areas south of Camelback Road, where
existing policies of stormwater retention should be
rigidly enforced to prevent future problems
with drainage.

G. EXISTING PROBLEM AREAS

Reports of localized flooding during rainstorms can be
subdivided into three types: a) Flooding along the north
bank of the Arizona Canal, b) Street flooding along North-
South Streets carrying storm flows from Camelback Road, and,
¢) Flooding along hillside washes and drainage channels.

1. The Arizona Canal acts as a barrier to the north-south
movement of runoff. The north bank is generally
several feet in elevation above the adjacent land and,
during rainstorms, runoff ponds against the north bank
of the canal. Drainage is sluggish, in a NW direction
along the canal to a drainage ditch or other facility
which intercepts the surface flow and discharges the
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accumulated runoff directly to the canal. Complaints
of this nature have been received from homeowners in
the vicinity of Calle Redondo and 52nd Street, Camel-
back and 40th Street, and 57th Street and Calle del
Paisano/Calle Camelia.

Runoff from the area south of Camelback Road generally
drains in curb and gutters. The north-south streets
act as major drainage ways, bringing stormwater to the
Arizona Canal. Arcadia Drive, 54th Street, 56th
Street, and 64th Street carry additional runoffs from
areas north of Camelback Road. The hillside flows are
generally discharged to these streets through corru-
gated metal culverts which have been installed under
Camelback Road. These culvert discharges to streets
south of Camelback Road have occasionally caused local
flooding when the runoff exceeds the curb and gutter
capacities. Several complaints have been received from
homeowners near Exeter Boulevard and 54th Street, and
64th Street and just south of Camelback Road of lot
flooding or excessively deep water in the street caused
by upstream culvert discharges across Camelback Road.

In developing the south slopes of Camelback Mountain,
the existing drainage swales were modified by the con-
struction of steets and homesites. In many locations,
several small swales were routed into a single, large
drainage channel by the construction of berms or by
regrading. During rainstorms, runoff has been reported
to leave the drainage ways and spill onto adjacent lots
and streets. Erosion of the rerouted swales and
downstream deposition on streets and lots has been
noted in many locations. Complaints of flooding are
noted in two areas: a) Rockridge Road from Arcadia
Drive to Camelhead Road, and, b) Wonderview Road from
56th Street to 53rd Street. The Rockridge Road com-
plaints are from a relocated drainage swale which
occasionally "jumps" its channel or erodes a portion of
an adjacent lot. The Wonderview Road complaints stem
from the relocation of a system of small drainage
swales into erodible channels.

The area between Dromedary Road and Camelhead Road
between Rockridge and Palomino Roads deserves special
mention. Prior to the development of this portion of
the hillside, runoff was concentrated in three major
drainage swales which ran through the area in a
generally northeast to southwest direction. The con-
struction of Rockridge and Palomino Roads greatly modi-
fied this drainage pattern: the three swales have been
combined into one "collector" swale which parallels
Rockridge Road from Dromedary to Camelhead Roads.
Runoff is now concentrated and is more likely to spill
from its designated channel onto adjacent 1lots
especially during intense storms. This situation was
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further aggravated by the 1971 paving improvements of
Rockridge and Palomino Roads which raised the roadway
and filled the road swales or 'dips' which had
previously allowed some relief to the concentrating
runoff in the roadway drainage channels; the roadways
now perform as "levees" which funnel all runoff to a
discharge point at Camelhead Road. Numerous complaints
have been received by the City from property owners in
this area in which the concentrated runoff deposits
stones and sand onto their properties.
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III. HYDROLOGIC DESIGN PARAMETERS

METHOD OF ANALYSIS

The method of analysis used for the determination of peak
discharges in the drainage area is the Soil Conservation
Service TR-20 program. This method of analysis conforms to
existing City of Phoenix standards for hydrologic design of
storm drainage systems, and requires the following input
data:

1s Rainfall intensity and duration.

2. Drainage area size.
3. Time of concentration -
by, Drainage area runoff characteristics, expressed as a

Composite Curve Number.
5. Distance and Velocity of routing between drainage areas.

For reference, the City of Phoenix TR-20 Procedure is in-
cluded in Appendix A of this report.

RAINFALL INTENSITY AND DURATION

The rainfall intensity and duration used in the hydrologic
design is based on the 2-year, 24-hour return period storm,
with a rainfall distribution and intensity in accordance
with the above-mentioned City of Phoenix TR-20 Procedure
(Tables II and III). For purposes of evaluation and compari-
son, the 1-year, 24-hour return period storm is also used in
this project.

DRAINAGE SUB-AREA DELINEATION

The overall Arcadia Drainage Area was divided into 20
drainage sub-areas for purposes of determining the drainage
characteristies. In making the sub-area delineations, the
following general criteria was used:

1. Maximum size of each sub-area of approximately 0.25
square mile.

e Minimum concentration time within each sub-area of 10
minutes.

3. Location of existing surface drainage features.

4, General direction of ground slopes.

5e Location of existing and/or planned storm drains.
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Delineation of these sub-areas is shown on the dralnage maps
included in Appendlx B of this report.

CURVE NUMBER DETERMINATION

The Curve Number (CN) or hydrologic soil cover complex, used
in the TR-20 procedure combines the effects of soil type,
land use and ground cover to determine runoff from a
drainage area. For this project, CN's for various zoning
classifications and soil types are contained in the City of
Phoenix TR-20 Procedure and are therefore used as a basis
for producing CN's for the project.

There are several zoning classifications in the Arcadia
Drainage Area which are not included in the established CN
list. Field investigations, contour quarter-section maps,
aerial quarter-section photographs, and investigation of the
zoning ordinances which created these new classifications
were all used in the development of CN values for these
unlisted zoning classifications. A summary of all CN values
used in the project appears in Table III-1.

1 Planned Area Development (PAD)

For this zoning classification, a field observation of
such areas in the Arcadia Drainage Area showed that the
PAD's varied widely in their makeup, but overall they
appeared to have drainage characteristics similar to
that of a small single-family residential lot develop-
ment (i.e., RI-6 zoning). For this reason, all PAD
zoning classifications have been given a CN of 84 for
this project.

Using a method similar to the above example, CN's were
established for the P-1 zoning classification which
does not appear in the TR-20 Procedure memorandum.

2. R-2 SP(PC) and PC

These zoning classifications are found in sub-area 20.
From the review of all available information and
conversations with representatives of the City Planning
Department, it was assumed that all lands zoned PC
would be developed as R-2 SP(PC) lands, a lower density
multi-family zoning classification (e.g. Townhomes).
The regular CN value was given the same value as for R-

3.

Soil group 'D' CN values were also taken from R-3
values for 'D' soils.
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Zoning

Class

RESORT

RE-35
RE-35PAD
RE-35(PC)

RE-35SP

SP RE-35
(PC)

SP RESORT
(PC)

SP (PC)

RE-24

RI-18

RI-14

RI-10

Reg.
CcN

77,86*§

79*’87i*

T7

79*%
80*
80%
81%

R-2 SP(PC) 85,90%%

PC
R-3
R-4,5
C=1,2
oy
PAD(all)

P-1

®¥ Source:

*%* Tbid:

85%
86*
g2%
88*
84
95

City of Phoenix,

PROJECT NO. ST-813840

'B' Soil Group

TABLE III -1

ARCADIA STORM DRAINAGE STUDY
CURVE NUMBER SELECTION

Slopes 10% If Irrig.
or more % Contrib.

95 8.7

95 9.8

95 -

95 11.4

95 17.7

95 217

95 26.0

95 50.0

95 -

95 -

95 -

95 -

95 -

95 -

CN for 'D' Soil Group

ITI-3

N

95

95

95
95
95
95
95

Curve Number Selection for

If Design 10-Yr
Lot's Retention,
Lot Contrib.

33
33
15
15
15
15
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. Golf Courses

The following zoning classifications were identified as
golf courses, driving ranges, and like useages from
field verifications and aerial photographs: RE-35SP, SP
RE-35(PC), SP RESORT(PC), and SP(PC). The CN value was
assumed to reflect the lowest density zoning classifi-
cation found in the curve number selection table: RE-

43/s5-1.
4, RE-35

Zoning classifications RE-35 (PAD) and RE-35 (PC) were
found to have similar land use characteristiecs to RE-35
and were all given the same CN values. Soil group 'D!
CN values for RE-35 were assigned to RE-35 (PAD) and
RE-35 (PC).

5. Resort

The City Planning Department identified the lands so
zoned in sub-areas 8 and 20 to the planned First
Phoenician and Jokake resorts.

CN values from RE-43/S-1 were chosen as being the most
representative of the drainage characteristics of this
zoning category for soil groups 'B' and 'D'.

It is recognized that ground slopes have a major impact in
determining the rapidity with which rain water runs off the
ground's surface. The TR-20 Procedures stipulate that all
subareas having a ground slope exceeding 10% will be
assigned a curve number of 95 regardless of zoning.
Subareas 2, 3, 4, 6, 7, 8, and 20 have slopes ranging from
10.6% to 25.1%, are classified as mountainous, and all
zoning designations are given a CN = 95.

The steep grades in subareas 2, 3, 4, 6, 7, 8, and 20
require a correction to the area calculations. The area for
each subarea 1is measured from a two-dimensional map.
Subareas having slopes between 10% and 17% require a 1%
addition to their areas; subareas with 18% to 22% require a
2% addition, and subareas with 23% to 26% require a 3%
addition to correct for their steep slopes. The following
table identifies the area corrections for each hillside
subareas:
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Initial Slope Correction Factor

Subarea Slopes in Degrees (1 - COSINE of angle)

2 0.1204 6.87 0.007, say 1%

3 0.1829 10.36 0.016, say 2%

l 0.2501 14.04 0.029, say 3%

6 0.2614 14.65 0.033, say 3%

7 0.2310 13.01 0.026, say 3%

8 0.2657 14.88 0.034, say 3%

20 0.1426 8.12 0.010, or 1%

The additional area is apportioned between the largest
zoning classification areas in each subarea.

EFFECTIVE SLOPES

The calculation of a subarea's slope is generally performed
by first calculating the net change in elevation between the
highest point in the subarea and its point of concentration,
or outlet. This elevation difference is divided by the
length of flow of the runoff, Lc, determined from
topographical and development patterns to obtain the
subarea's slope.

In mountainous areas which have been developed, the above
procedure is modified to reflect the grading which occurs in
homebuilding and road construction. Homesites are generally
level, or near so, and runoff which flows down the steep
hillside onto a graded property is retarded, its velocity
greatly reduced. The time of concentration within the
subarea is somewhat increased and adjustments to the time of
concentration calculations are required to reflect the
hillside slope modifications.

9 Subareas 2, 3, 4, 6, 7, and 8 have hillside develop-
ments which require an adjustment to the slope calcula-
tions. There is no hillside development in subarea 20;
the remaining subareas have slopes less than 10% and
are not considered to be significantly affected by
homesite and street grading.

2. In each of the above-referenced subareas, a count is
taken of all homes graded within the hillside. All
homes within a retention area are excluded from the
count because ground slope in these areas is much less
than 10%.

From aerial photographs, field verifications, and con-
tour quarter-section maps, it has been determined that
each hillside dwelling has approximately 10,000 sq.ft.
of its lot levelled for the house, driveway, pool,
garage, and similar structures. The total area of
"levelled" lands within a subarea is obtained by multi-
plying the hillside house count by 10,000 sq.ft.
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The subdrainage area which is unaffected by hillside
development is obtained by subtracting the "levelled”
area computed in 2. above from the total area of the
subarea. This figure is then calculated as a percent
of the total area.

The "effective" slope, that is the subarea's slope
corrected for influences from hillside developments, is
calculated by multiplying the initial slope by the
percent value computed in 3 above. The results of this
analysis are shown below:

Initial Correction Effective
Subarea Slope for Hillside Dev. Slope
2 0.1204 /¢ 0.88 0.1062 /!
3 0.1829 0.84 0.1534
L 0.2501 0.92 0.2310
6 0.2614 0.96 0.2501
T 0.2310 0.90 0.2078
8 0.2657 0.94 0.2510

The effective slopes are used to generate velocities

and times of concentration (Te) for the affected
subareas.

STORMWATER RETENTION FACILITIES

Within the Arcadia Drainage Area, three types of stormwater
retention exist:

1.

Single-family residential lots which are irrigated by
the flooding technique. These lots are bermed to trap
the water on-site, with berms averaging 6 to 8 inches
in height. During storm events, these berms also trap
the rainwater which falls on the lot, except for fringe
areas of the lot and areas on each lot which are
elevated above the irrigated area (primarily driveways
and sidewalks). To account for this type of retention,
the estimated percentage of impervious, unretained
surface area associated with an "average" lot within
each zoning classification was made. An example of
this calculation is as follows, for R1-18 zoning:
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Lot Area
50% of adjacent 50' R.O.W.

"nn
—_
(0]
o
o
o

|
N
—
(@)
o
o

Gross Area Per Lot
Unretained Area:
Street R.O.W.

Driveway & Sidewalk
Roof Area Over Driveway

3,000
400
320

3,720

% Unretained = 3,720/21,000 = 17.7%

w Lunn
o omm

"

Total Unretained Area

This 17.7% of the gross area which is unretained con-
sists primarily of paved or concrete surfaces, and
contributes to storm drainage within the drainage area.
This percentage of gross area is then assigned a CN of
95, and the runoff computed on that basis.

Other single family zoning classifications are treated
in a similar manner.

Single-Family residential lots which are not irrigated
by flooding. This type of development is landscaped by
desert landscaping, or is irrigated by sprinklers
connected to the Phoenix water system.

By zoning ordinance, these lots are required to have
depressed yards, so that on-site stormwater is re-
tained. New subdivisions are developed according to
this ordinance, but subsequent improvements to the
individual lots, such as swimming pools, building
additions, or landscpaing revisions frequently result
in the filling of these retention areas. Since this
type of activity is difficult to detect, the rigorous
enforcement of the ordinance regarding stormwater
retention on single-family 1lots has not been
accomplished in the past. It is therefore concluded
that this source of stormwater retention should be
neglected during the hydrologic portion of this report.

Other zoning classifications, such as Multi-Family,
Commercial, and Office, which are required by ordinance
to be designed to retain stormwater on-site for storms
of up to and including the 10-year frequency storm.
This type of retention usually involves a retention
basin designed for a specific volume of water; subject
to approval by the City of Phoenix prior to the start
of construction.
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For the purposes of this report, designed retention
basins in the above zonings are included in the
drainage area hydrology when a field check verifies its
existence 'in developed areas, and for undeveloped
parcels which are zoned for other than single-family
residential uses. As was done above for irrigated
single-family lots, a certain percentage of gross area
is assumed to be unretained, to account for adjacent
streets and for fringe lot areas which do not drain
into the retained areas. The unretained percentage of
gross area differs with each zoning classification in
accordance with both field observations of existing
systems and discussions with City of Phoenix staff
regarding existing and planned retention practices
which are acceptable to the City.

Two notable exceptions to the above practices are
apparent, after discussing the matter with the City:

- Developments on undeveloped parcels of one-half
acre or less are normally not required to provide
on-site retention. (This generally involves the
commercial strip zonings along major street corri-
dors, where much of the lot is paved parking
area).

- In areas undergoing redevelopment, the proposed
construction is required to provide on-site
retention only when existing occupations already
have on-site retention. ’

To verify the above discussions concerning on-site
stormwater retention, the entire drainage area was
driven and observed. The results of this field
observation was then incorporated into the above
data, and a set of CN's and on-site retention data
was developed. A summary of the resulting infor-
mation which is used for the Arcadia Drainage Area
appears in the Table III-1.

DRAINAGE SUB-AREA CHARACTERISTICS

Input data required for each sub-area to perform the TR-20
procedure generally consists of the following:

Net contributing area (Square Miles)

Composite Curve Number

Location of concentration point for each Sub-Area
Time of Concentration (Hours)

The following discussions generally note the methods used in
the formulation of the required data.




l 1 Net Contributing Area of each drainage sub-area is
I’ calculated from the overall dimensions of each sub-

area, less the total area which is flood irrigated or

has designed retention and does not contrlbute to
runoff.

2. Composite Curve Number is the weighted average of CN's
of each zoning classification which is found in the-
sub-area. To arrive at this composite CN, the
contributing area of each zoning classification within
the sub-area is multiplied by its respective CN. The

- sum of the resulting products is then divided by the

sum of the contributing areas to compute the Composite
CN.

3. Point of Concentration is the location at which flows

originating within each sub-area would tend to concen-
trate.

4, Time of Concentration (TC) is the time required for
flows to reach the point of concentration from the most
remote part of the sub-area. To compute this TC, the
length of travel from the remote part of the sub-area,

and the average velocity along the length of travel are
required.

l The length of travel is determined by measuring the
distance along existing curbs, gutters and drainage
r ways from the point of concentration to the most remote

part of the drainage sub-area.

The velocity is determined by finding the average

ground slope along the length of travel as corrected

for hillside development, if necessary, and entering

the Gutter Flow Chart shown in Figure III-1 for the

full gutter flow condition in paved roadways, and the

utilization of the Overland Flow Nomograph (Figure III-

2) for flow through drainage ways assuming 'Bare Soil! =
conditions to obtain the concentration time.

The average velocity for the subarea is obtained by
adding the travel lengths for roadway and overland
(drainage swales) flow and dividing by the sum of
roadway overland flow travel times.

A summary of the data and computations for all sub-area
characteristics appears in Appendix B of this report, on
either the data sheets or on the drainage maps.
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IV. HYDRAULIC DESIGN PARAMETERS

b

BASIC DESIGN CRITERIA

The hydraulic sizing of the storm drainage system in the
Arcadia Drainage Area is based on the following major
criteria:

1. Stormwater flows from the study area will be collected
by storm sewers in major north-south streets and routed
south to the Arizona Canal where large conduits
transport the runoff to the 0ld Cross-Cut Canal in 48th
Street.

2 Sizing of conduits in the study area will be based on
the following hydraulic conditions:

a) Manning's "n" = 0.012 for pipe, "n" = 0.015 for
concrete box culverts (CBC).

b) Minimum Pipe Velocity = 5 feet per second.

c) Surcharging of conduits is allowable, but the
hydraulic grade line must remain at least 3 feet
below ground level at all times during the design
conditions. This provides the head required for
catch basins to function properly.

d) Ground elevations and slopes are taken from
available contour maps and from maps which were
produced as a part of this project.

e) The steep grades within the study area required
the control of velocities within the proposed
conduits. The maximum pipe velocity was set at 14
feet per second to minimize scour and obectionable
hydraulic conditions within the storm drain
system.

Control of velocity in the conduits was obtained
by oversizing the lines and assuming a "stair
step" piping design in which each manhole has a
drop connection to the upstream line and an in-
creased depth to reduce downstream pipe slopes.

3 Owing to the large flows and relatively small slopes
for the proposed conduits along the Arizona Canal,
double and triple barrel conduits were chosen to reduce
inverts and minimize installation difficulties along
the Canal. Concrete Box Culverts may be used in lieu
of reinforced concrete pipe when necessitated by
utility conflicts or other requirements uncovered
during the final design. /N
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y, The existing drainage system in the vicinity of Camel-
back Road and 4L4th Street has been allocated storm
water flows equal to its carrying capacity, 56 cu.ft.
per sec. These flows are diverted from the computer-
generated routing path along 44th Street to the Camel-
back and 40th Street system.

Flows carried by the existing 36-inch storm sewer which
discharge directly to the Arizona Canal at 42nd Place
are included in the computer analysis of the drainage
area because the 36-inch storm sewer will be
intercepted by a proposed conduit to be installed along
the Arizona Canal.

5 Storm flows from this project will be discharged into
the existing 01d Cross-Cut Canal which begins at 48th
Street and the Arizona Canal.

PEAK DISCHARGES FROM DRAINAGE AREA

Using the hydrologic data which was developed in Section III
of this report, the peak discharges for the 2-year storms
were computed using the TR-20 Procedure contained 1in
Appendix A. Peak flows for the 2-year storm are shown on
the drainage maps in Appendix B, and on the TR-20 Summary
Table included in Appendix C of this report. Table IV-1
shows a summary of peak 2-year storm flows at various loca-
tions within the drainage area.
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TABLE IV-1
DRAINAGE AREA PEAK FLOW SUMMARY

ARCADIA AREA MASTER DRAINAGE STUDY

PEAK FLOWS (CFS)

LOCATION ALT,

Camelhead and Camelback 141
Camelback and 44th Strest 180
4hth Street and Arizona Canal 262
Arizona Canal and Arcadia Drive (West) ' 271
Camelback and Arcadia Drive T7
Camelback and 54th Street 123
54th Street and Lafayette Blvd. 130
Arcadia Drive and Lafayette Blvd. 213
Arizona Canal and Arcadia Drive (North) 211
Camelback and 6U4th Street 118
64th Street and Arizona Canal 161
60th Street and Arizona Canal 167
Camelback and 56th Street 132
56th Street and Lafayette 150
56th Street and Arizona Canal 310
Arizona Canal and Arcadia Drive (East) 305
Flows to 01d Cross-Cut Canal 755

//’—’,"—. EY e T et e e i APl 5 0, B, o S e RO N o i S

1) Plus 56 cfs diverted to existing storm sewer system.
2) 1Includes 30 cfs from Scottsdale. o

IV-3

1 ALT 2.

141
180
289
297

77
123
130
213
211

118
161
167
132
150
310
305
780
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V. EVALUATION OF ALTERNATIVES

FORMULATION OF ALTERNATIVES

In preliminary discussions with members of the City staff
concerning this project, the following alternatives were
considered:

1. Alternative 1

a.

The existing 36-inch storm drain in Camelback Road
which discharges to the 40th Street storm drain
system is used to carry as much runoff as possible
from subarea 2. The excess flows are routed south
on ?Mth Street to the Arizona Canal. (See Figure
V-1).

Flows from the subareas west of U44th Street are
discharged to the Arizona Canal Diversion Channel
(ACDC) at L4Oth Street and Camelback. Runoff from
subareas east of 44th Street are not routed to the
ACDC because this proposed structure will be
designed to carry runoff from areas north of the
Arizona Canal to 40th Street. Little excess
capacity remains and the addition of large
quantities of runoff would result in design
changes to the ACDC.

Runoff from subareas north of Camelback Road and
east of U4th Street are collected at the major
north-south streets and brought across Camelback
in adequately sized culverts to a proposed storm
sewer network servicing the area between Camelback
and the Arizona Canal. It is proposed to install
storm sewers in 44th Street, Arcadia Drive, 56th
Street, . 60th Street, and 64th Street. Flows from
these storm sewers would be collected by the
existing Arcadia Drainage Channel (64th and 60th
Streets) or by a large diameter storm sewer
installed just north of the Canal. Ultimate dis-
charge is to the 0l1d Cross-Cut Canal at U48th
Street. The depth of the 01d Cross-Cut Canal and
the relative flatness of the grades between 4U4th
and 48th Streets permits the installation of a
storm sewer "against grade" on the north side of
the Arizona Canal between those two streets.

The runoff originating from Scottsdale 1is
discharged into the Arcadia Drainage Area at 64th
Street through the existing Arcadia Drainage
Channel. It has been determined from review of
the results of a drainage study performed by Erie
and Associates, Inec., that the 2-year storm event
will generate approximately 30 cu.ft. per sec. of
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runoff from Scottsdale at 64th Street. These
flows will be incorporated in the storm sewerage
of the Arcadia Drainage Area but are not expected
to have a great impact on the recommended drainage
solutions.

Alternative 2

This alternative resembles Alternative 1 but no runoff
is discharged to the ACDC (See Fig. V-2). It is recog-
nized that approval may not be given for the addition
of runoff to the ACDC from lands east of 40th Street.
Flows from subareas 1, 2, and 9 in excess of the
capacity of the existing storm sewers in Camelback Road
would be collected at the north side of the Arizona
Canal and brought southeastward to the 01d Cross Cut
Canal in a large diameter storm sewer as discussed in
Alternative 1. The flatness of the grades between U40th
and U48th Streets and the depth of the 01d Cross Cut
Canal make this a viable solution.

The other elements of Alternative 1 are unchanged in
this alternative.

Other Considerations

a. New Storm Drain Outfalls

The possibility of directing runoff from the
Arcadia Drainage Area to major streets such as
4L4th or 56th Streets south of the Arizona Canal to
the Salt River bed was studied but dropped from
consideration after preliminary discussions with
City Staff and further investigations. A major
storm drain along the section or half-section line
streets would be in conflict with the Papago
Buttes, .the Papago Park Military Reservation, or
the Hohokam Expressway depending on the drain's
location. Forty-eighth street offers the only
unimpeded alignment for drainage facilities be-
cause of the 01d Cross-Cut Canal. The use of the
Canal for the transport of runoff has been incor-
porated in Alternatives 1 and 2.

b. Retention Facilities

The possibility of utilizing stormwater retention
basins with controlled discharge outlets has also
been considered as a method of reducing the peak
flows which are generated within the study area.
However, no City-owned land exists at strategic
locations where retention would benefit the pro-
Jject, and land acquisition required from existing
businesses and residents would be quite expensive,
due to the nature of the area. In addition,
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retention basins might also be considered unaccep-
table for the heavily developed areas bordering
the Arizona Canal. For these reasons, the use of
retention basins has been eliminated from further
consideration.

y, Preliminary profiles along the route are included in
Appendix D for the recommended alternative. This
information is prepared to demonstrate the feasibility
of the project and to assist in determining the extent
of utility conflicts along the proposed storm sewer
alignments.

ESTIMATED PROJECT COSTS

In order to obtain estimated costs for each of the
alternatives described above, bid tabulations of recently
bid storm drain projects in the City of Phoenix were
obtained from City staff, with correction factors applied to
account for inflation and project variations. A 15%
contingency factor has been applied to each alternative to
account for undeveloped design details and other unlisted
project costs for the purpose of comparison and preliminary
budget estimates.

Tabulation of cost estimates for both alternatives are
presented in Tables V-1 and V-2.

DISCUSSION AND EVALUATION

Factors considered to be of primary importance to the
project include costs of construction, ease of
implementation, and degree of resolution of problem areas
were frequent flooding occurs. '

1. Costs of Construction

Comparison of costs between Alternative 1 and
Alternative 2 reveals that Alternative 2 costs are
somewhat higher because of additional piping length
required to bring runoff from Camelback and 40th
Street to 44th Street and the Arizona Canal. The
impact on the proposed conduit system east of 4l4th
Street by the addition of runoff from those areas west
of 44th Street is minimal. Inspection of Figures V-1
and V-2 reveals that the conduit sizes and lengths for
those areas east of U4U4th Street are identical for both
alternatives.

2. Ease of Implementation

The primary factors involved in project implementation
-are the degree of coordination with other affected
utilities and the ability of the project to be
segmented for construction purposes.




TABLE V-1
Il ESTIMATED COSTS - ALTERNATIVE 1

ARCADIA AREA MASTER DRAINAGE STUDY

QUANTITY UNIT
' ITEM & UNIT COST TOTAL |
96" Storm Drain¥ 400 L.F. $220 88,000
| 84" Storm Drain*¥ 11,400 L.F. $205 2,337,000
78" Storm Drain¥*#¥ 8,600 L.F. $190 1,634,000
66" Storm Drain 4,300 L.F. $110 473,000 ‘
60" Storm Drain 4,200 L.F. $ 95 399,000 ‘
48" Storm Drain 9,150 L.F. $ 75 686,250
42" Storm Drain 7,400 L.F. $ 60 444,000 |
Storm Drain MH 60 $2,600 ea. 156,000
38" x 60" HEP Drain¥*# 1,500 L.F. $100 150,000
Pavement Replacement 16,310 S.Y. $ 20 326,200 E
Modifications to 01d §

X-Cut Canal LS $350,000 350,000 i
SUBTOTAL ¢ 7,043,250
Undeveloped Details and Mise. Work (15%) 1,056,750

TOTAL $/8,100,000

. P
~—

* triple pipe run

** double pipe run
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TABLE V-2.

ESTIMATED COSTS - ALTERNATIVE 2

ARCADIA AREA MASTER DRAINAGE STUDY

iy
D, QUANTITY UNIT
ITEM oipl s & UNIT COST
/_'__—__-‘——
96" Storm Drain%* ' 400 L.F. $220 27°
. : v £33k
84" Storm Drain** /' (11,400 L.Fy o~
. o | PN J— /
78" Storm Drain*¥® ;.5 _ 4,300 L.F. $190
4o
66" Storm Drain 1 (:Elégg;giff"V’Q’ $+H10 /30
: ~ Yo
60" Storm Drain 5 <3LEEE/L'F'3?7Y' $ 95 /10
48" Storm Drain g 9,150/L.F.4253 $ 75 ¢7°
\‘\_/ S — 5
42" Storm Drain ¥ 9,3'D‘L.F.5;40 $ 600 7 °
Storm Drain MH \—’/65 $2,600 ea.
38" x 60" HEP Drain¥#® 1,500 L.F. v $100
Pavement Replacement 16,310 8.%. $ 20
Modifications to 01d e i
. X-Cut Canal LS ~7 $350,000
o Flsdy o™
’fﬂy/jﬁ::;,¢¢ SUBTOTAL

Undeveloped Details and Misc.-Work‘(15%)

* triple pipe run

*¥* double pipe run
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TOTAL
88,000

$200 Z'© 2,337,000

1,634,000
473,000
399,000
686,250
558,000
169,000
150,000

326,200

350,000

$ 7,170,450

1,075,550

$ 8,246,000




Alternative 1 is dependent upon the completion of the
ACDC for the servicing of those areas west of LUljth
Street. Additional coordination is also required
between the City of Phoenix and the Corps of Engineers,
the Maricopa County Flood Control District, and other
public and private entities. The scheduling of the
ACDC construction to 40th Street will have a direct
impact on the time of completion of this portion of
Alternative 1. At this time, no firm schedules for the
construction of the ACDC to 40th Street are known.

The implementation of both alternatives is also
dependent on the successful negotiation by the City of
Phoenix with the Salt River Project for the use of the
0l1d Cross-Cut Canal as a conduit for accumulated runoff
in the Arcadia Drainage Area. The use of the 01d
Cross-Cut Canal and approval for the installation of
large diameter storm sewers on the north bank of the
Arizona Canal is expected from the Salt River Project.

Both alternatlves have substantlally equal segmentatlon
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SCOPE OF SERVICES
ARCADIA AREA MASTER STORM DRAINAGE STUDY
PROJECT NO. ST-813840

DECEMBER 2, 1983

GENERAL

The purpose of the project is to analyze the existing storm
drainage system in the Study Area and to investigate alter-
natives to upgrade the existing system to properly manage
the 2-year frequency storm within the drainage area. The
work will conform to the requirements of the Project Design
Memorandum dated November 21, 1983, and.the attached TR-20
Procedure. :

As a part of the project, contour quarter section maps will
be produced for a portion of the Study Area, with a total of
9 quarter-sections being prepared.

STUDY AREA

The proposed Study Area for the project is bounded by the
Arizona Canal on the south, 64th Street (Invergordon) on the
east, the ridge line of Camelback Mountain on the north, and
Cudia City Wash and Echo Canyon Wash on the west and
northwest. Total surface area of the proposed- Study Area is
approximately 4.6 square miles.

. CONTOUR QUARTER-SECTION MAPPING

As a part of the project requirements, a total of 9 contour
quarter-section maps will be prepared for portions of the
study area. The following maps numbers will be required:

16-42, 17-39, 17-%0, 17-41, 17-42, 19-36, 19-37, 20-37,
21-37

All work involved in the prepaﬁation of the contour maps
will be done in striet accordance with Administrative
Procedure No. 40, dated July 1, 1979.

STORM DRAINAGE STOUDY

The study of the storm drainage within the drainage area is
proposed to be produced in six steps, with two interim
review periods, as described below:

EXHIBIT "A"
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Daﬂa-Collecfion‘

During this step, the Consultant will gather from the
City and other agencies all information and data on
facilitites within the dralnage area which may affect
the results of the study. Typical information which
may be requested includes the following:

1. City of.Phoenix quarter-sections for water, sewéy,
right-of-way, and existing contour mapping.

2. As-built plans of existing storm sewers in the
drainage area.

3. Zoning maps of the drainage area.

4, Major or critical facilities of other utilities.

5. Other existing storm water management facilities,
such as existing washes and culverts, retention
areas, dry wells, canal inlets and/or overflows,
and other items which may have an effect on area
drainage.

Pertinent data regarding proposed drainage systems by

others (Flood Control District, Corps of Engineers,
Salt River Project, Etec.) which may affect the results

of this study, will be requested from the appropriate

agency.

In addition to the above, the Consultant will schedule
meetings with appropriate City of .Phoenix staff as
required to discuss areas known to have drainage
problems, and to gather data on proposed or future
projects within the drainage area which could affect
storm water management. )

Drainage Area Maps and Sub-Area Breakdowns

When sufficient data is available from the mapping.

portion of this project, the drainage area base maps
will be prepared. These maps, done at a-scale of
approximately 17=1400',. will show the following
information:

1. Limits of study area

2. Zoning -

3. Drainage patterns

4, Sub-area delineations

5 = General elevation data

6. Other features which directly affect storm
drainage

>
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In delineating the drainage sub-areas, factors such as
area, concentration time, zoning, soil type and point
of concentration will be considered, so that the sub-
area evaluation will produce the best information for
study purposes.

For each delineated sub-area, the following 1list of
data will be tabulated: ‘

. Area

2. Zoning

3. Soil Type

4. Composite Curve Number (CN).. :
B Travel distance, slope and concentration time

= . Surface velocities between concentration points

.Existing drainage facilitiés, such as storm sewers,

culverts, washes, and drainage channels, will be
located, and approximate capacities will be established

for each major segment.

The above data will be submitted to the City for review
and comment, prior to the start of hydrologic computa-
tions.

Analysis of Existing System

Using the data prepared in A and.B above, én initial
routing of the 1 and 2-year freguency storm will be

performed on the existing system, utilizing the TR-20"

computer program. Results of this computed hydrology
will then be studied to locate points of deficiency in
the existing stormwater system, and to determine the
required capacity of additional storm sewers in the

areae.

Proposed Alternatives

Using the existing system analysis, a total of not more
than four alternative storm sewer routings will be
investigated to alleviate deficiencies in the existing
system for the 2-year frequency storm. Each alterna-
tive will seek to maximize the use of the existing
system, and will be arranged to allow for discharge
into other drainage systems as identified in Part A

above, or for direct discharge to the Salt River.:

Based on the preliminary investigation, the recommended
alternative will be developed.

-Preliminary sizing for the recommended storm drainage

system will be estimated on the basis of a design
velocity of approximately 5 feet per second, at a slope
equal to the general ground slope of the area, and an
outlet elevation compatible with the method of
discharge proposed.




Preliminary Report

After part D above, but before final computer analysis
of the recommended alternative routing, a preliminary
report which discusses the findings and conclusions of
the study will be prepared and submitted to the City
for review and comment. Three coplies of the
Preliminary Report will be submitted. "

Up to four feasible alternatives may be developed,
including preliminary location, sizing and costs.
Comparison of the alternatives will include the
advantages and disadvantages of each system. .

Final Analysis and Report

After receipt of comments and/or revisions based upon
the preliminary review by the City, the computed
hydrology of the recommended alternative will be run,
using the TR-20 computer program. _Based on the results
of this final run, a final report will be prepared.

The final report will contain a summary of recommenda-
tions, a general location plan, estimated construction
costs, and a 1ist of special considerations which are
deemed appropriate for use by the City in making a
decision on the route selection. Up to ten (10) copies
of the Final Report and up to 35 copies of an Executive
Summary of the Report, will be submitted. -

.
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TR-20 PROCEDURE

Prepzre a map of the drainage area (approximatel
P . 8

Divide the study area into sub areas. Select sub
maximum area does not exceed 0.5 square miles and
time of concentration is greater than 10 minutes.
topography of the study area will be importent in

On the map, indicate the flow pattern within each

1" = 400").

areas such that the

also such that the
Of course, the

sub area selection.

individual sub area

to the concentration point.

Show how the flow is routed from one point cf concentration to
another.,

For each sub area provide the following:

a) The zoning. Use the City of Phoenix zoning maps. If more
than one zoning class is found within a sub area, list all
and establish 2 weighted average based on the area of each
class. 1If the slope of the ground exceeds 107, designate
the sub area as mcuntainous and, regardless of the zcning,
assign a2 curve number of 95.

b) The hydrolecgic soil type or types. The different hydrologic
soill types found in the City of Phoenix are contained in a
publication entitled "Soil Survey of Mzricopa County, Arizona,
Central Part" by the U.S. Department of Agriculture, Soil
Conservation Service. If zny sub area contains more than
one soil type, each soil type must be used separately to
assign 2 curve number. The various curve numbers can then
be used to obtain a weighted average curve number based on

- areas.

c) The contributing area in squzre miles.

1) 1If zny part of a sub area is bermed or has any
features that prevent contribution, exclude such
part.

2) If a sub area is zoned commercial or industrial
and i1s already developed without retention, use
1007 of the area as contributing. If there is

" retention, exclude the aresz for which the reten-
tion is effective.

3) If a sub area is zoned commercial or industrial
and is nect yet developed, use 15% of the area
as contributing with an equivalent curve number
of 9§8.

d) The equivalent curve number, CN, see Table I.




e) The time of concentration, t_ Analyze the terrain and the
developzment called for by the zoning when computing the
velocities of flow for each reach of the system.

\

1) For surfzce flows use ground slopes amd either
gutter flow charts or the "upland method" to
compute time of concentration.’

2) For the first computer run, assume velocity in pipes
to be 5 fps; then later perform the first iteration
using calculated pipe velocities.

6. Use the rainfall tzble shown in Table II ia the input to the TR-20
program.

7. Depending on the service to be provided, use the 24-hour precipitation
values given in Table III in the executive command part of input to the
TR-20 program.

8. Request that the printout include Summaryv Tables 1, 2, and 3.
9. Show the following calculaticns:

a) 1Ia tabular form, the time of concentration for each sub zarea
(show hydrzulic distance and the velocity used).

b) 1In tabular form, the determination of the equivalent curve
nuzber for each sub arez (show hydrologic scil type, zoning,
and weighted averaging).

10. Add to the drazinage area map the computer node numbers so easy identification
can be made between locations and the expected flows as computed and printed
out.




. TERLE I T macwn oM
l I SOIL AND ZONING
i l O AU S CN fcr soil type....unn.. ...
ZOKING ' TYPE B TYPE C TYPE D
i I RE-43 ) 77 ' 83 86
I sS-1 ) '
a RE-35 79 , 84 o
I RE-25 79 84 g7
R1-18 80 84 87
I R1-14 . , 80 85 ge
l R1-10 ~ 81 86 8g |
. R1-8 82 87 30 1
I R1-6 84 - g8 %0 |
I R -3 g5 88 S5 f
R -4 )
R =40 ) 86 89 1
l R-5 ) _ .
_ A-1 ) 88 91 3
E I A-2 )
. c-1. )
c-2 ) 52 Sh 35 |
c-3 )
T ‘ : .
. PSC o5 95 95
E I KR 95 o5 c5
RLA 87 90 02
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TABLE II

Rzinfall Table

(Percent tetal razinfall/100 by 0.5 hour increments for 24 hour storm)
I l .000 .004 .008 .013 .018
I .022 .026 .031 .035 .040
.041 .048 .053 .057 .062
. .066 .071 .075 .080 093
I .107 .120 .14 .17 .60
.86 .86 .88 .893 .907
I .92 .924 .928 .933 .937
.942 .947 .951 .956 .96
i ' .964 .969 .973 .978 982
I I .987 .991 995 1.00 1.00
1
I I TABLE III
l _ ' PHOENIX WBO RECORDS™
i

(24-hour duration storm)

Return Periods, Years Frecipitation, Inches

2 1.02

2 1.44
10 | 2.58

50 3.57
100 4.04

*Technical Memorzndum WBTM WR—44

l 25 3.12




'

e

. %

B R e ’
\

T

p 5 % N ’ NI i "
= . “' . et . _ NS o, .
. A s & - - \_ -« v-t
x st O L oWy : .. " % 4= Y .
x . S St gb it . FRC % " FAE, S
. ‘ " N e .

7

l . CITY OF PHOENIX, ARIZONA . .- - - " .= % .. ‘=5 :d.- 1 iah o T
_ ENGINEERING DEPARTMENT'_ R

1;1.‘ scopx-: OI-‘ WOR.K

C "and. a11 ‘work’ necessary to execute and dellver to “the C1ty of Phoenlx,
._Arlzona 1n strlct accordance wlth these spec1f1catlons certaln fln-;

N

¢ 11‘ 'FIELD SURVEY PR.EPARATION":

AL Al S _.--_._- .', -

: The horlzontal and vertlcal’- contro shall he sufflclent to control the
'ffaerlal mapping.: The horlzontal contrdl will be” establlshed ‘on the -7 rff
7o Arlzona State Plane Coordlnate System and the vertlcal control will be el ’,
;-f} establlshed on the U.S.’ Coast and Goedetlc'benchmarks de51gnated hy~' ‘.i_;3
7" the City.'” All Horizontal znd vert1cal ‘control will be of third order g,
s accuracy.l ‘The horlzontal control’ p01nts located An” paved eas w111 s B
w3, . be paneled with paint and other horlzontal ‘control points w111 be': “iL-; L
7.7 “paneled with white flagging which will be ‘removed after the area is- N o
' flown.;'Haps are avallable in the Englneerlno Department show1ng whleh
7 _section ‘corners, 1/4° corners, and center of section markers have been
found along with the type_ of marker._ Al establlshed sectlon corners
1/4 corners, and center of sectlons w111 be’ premarked or ‘a_ statlon in
the approx1mate locatlon of sa1d corners will be 1dent1f1ed.; Thrs

*f set’ 1n approxlmate locatlon.

.sc _‘..

&%= EQUIP}‘"NT AND MATERIALS
<AL The equ1pment end materlals used and methods of procedure shall be~t,»-€::;,
sultable for the productlon of photographs and maps of the quallty and '
aCCU*acy required to meet these spec1f1catlons. S W J ;:.~':r4_-;p:

;i'gr Cameras for Maopljg. Cazeras used for mapping w1th stereo—plottlng .:}g_:v*F;
: instruments  shall be- callbrated, prec151on cartograpnlc type,. sultable w5 5 e
t for use w1th Pprecision’ stereosc0p1c mapplng inst uments. Said’ cameras
f_ shall’ have a callbratlon .certificate, not over three (3) years old, as:
' of ‘the date ‘of the’ concract._ The certificate shall be issued by the
U. S. Geologlcal Survey or. any other competent testlng oroanlzatlonmu _
The report shall precede or accompany the contract.‘ The’ cameras shallpfﬁff-
be equ1pped w1th an Av1gon, Pleogon, or equal type d1stort10n free o e AT
lens, and shall nave the follow1ng cnaraterlst1cs.ﬂ S N

(1) The size of the necative im -ge shall be 9 oy 9 inches. |

(2) Usable anoular rleld of at least 65 degrees; _;;l o : ;' B
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(6) Cameras snall be equ1vped w1th .a_means of flattenlng the f11m
"v{flff:{ the 1nstant “of exposure._ The platen agalnst which the fllm 1s
i pressed at tne instant of" exposure Shall not depart from true®
g e planE'by more than & 0 005 1ndh.A o ' ' e

P S (7) An approprlate mlnus-blue fllter w1th an anL1v1onettlnc metal— ~“l¥'f“.
5~F:’3--."g~__ lic’ coatlng shall be used._ The f11ter shall have its two sur-\ D
e & faces parallel to wltnln 10 seconds of arc,_and 1ts optlcal
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(10) Came*as Lsed for photograohlc work only shall be prec1se SLndle 5 2

S , ~ _lens aerlal ‘mapping cazzmeras with be*ween—the‘lens snutter, pfo-—fjfi 4
Sy e AT . _ cuc1ng neoatlves 9 by L] 1ncHes ln 512 VR B Tt g ~L=:,“;tm;ff“sf"
f'{;. (11) Sa1d cazerzs skall be so equlpped tnat the 1ocat10n or' $ =% L
7 .- - principal point is directly ‘shown or_may be determlned ; N

: . f1duc1a1 marks on each uegatlve." : 2
e, :

_and’ s1ze w1th suff1c1ent stereoscoplc overlapJ freedom from; 1nsurf1— 7
c1ent film flatLEDIHO, and free of other_failures. that’ would prevent--“‘sj}- e
" use of the photographv in’ prec1se, pho;ogremmetrlc 1nerc:ents to : if" !
cohplle topographic maps to the scale, contour interval” znd ca ap accu-"""

racy required and/or when necessary to complle plaﬂlmetrlc mzps and - -
mezsure profiles and cross sections by photogrammetric methods to ;he
_ scales and accuracies required. . .r oo 2 le T Nt
_2..'
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'SUBJEGT: FRIAL CONTOUR MAP PRLPA.RATION AND STANDARDS

-

(1) Aer1a1 Fllght Lines. Unless otherw1se stated fllght line

shall .be _ la1d out by the contractor ‘to best’ serve the requlre;ifig- ;
ments, based on ‘maps and/or photographs and 1nstructlons.' = 4
C erlap.p Photographlc overlap in the 11ne of fllgnt shallcaver--;,h i’ ot
age apprOerately 60 percent, and’ any overlap of less tnan DD fﬂ';if?

percent or more than 65 percent will be- grounds for reJectlng
all. photooraphs of the series.  Side- lap shall not be in excess
of 40 percent nor. less than 20 percent ‘and will average 30 per=

photographs, and shall “not” average more than 5 degrees on any
‘one fllght 11ne nor more than 2 degrees for the entlre area.,;

Tllt. Aer1a1 photooraphlc negatlves made w1th the opt1ca1 ax1si
of the czmera in a“vertical p051tlon ‘are. requlred ‘znd rale: (de—
parture frcm the vertlcal) of any . negatlve exceedlno 5 degrees
or any_average tllt of more than 1 degree ror the’ entlre area, -
or relative tilt between any two succe551ve 1eoat1ves exceedlng
6 degrees nay be cause for reJectlon._rg< T ;5jj o

Tlme of Photoeraphy. Unless otherw1se dlrected'hy che Clty
Vnglneer, photograpny snall be unaertaken at the time of day

-z consistent with. the terraln, phy51ca1 condltlons, and’ use of
. ,_photograpny. 'Long ot dark shadows may he cause_ for rejectlon

(6) ,Image Quallty The photographlc 1magery shall'be snarp and free
of any dlscernaole 1_ave motlon. Sr ; L

(7) Stereoscoplc Coverage : Lo '-:{;j: B '.,_:Vjﬂ

lcally covered within the usable portlon of the fleld of e B
e P R = T lens. Thls stlpulatlon 1s a prlme requlSlte of tnese-:uf
snec1f1cat10ns. - e

- (b) Wonattalnment of acceptable stereoscoplc ‘covérage’ Caused by
the contractor s failure to adhere to the _required photo=
graphic mission cdesign shall be corrected by a retake of’
the unusable areas or a comolete retake of the mlSSlon, all

T at his exn_use.

l T cow s La)s The entlre area to he photographed shall be stereoscop—
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= <
(c) Nonattalnment of - acceptable stereoscoplc coverage caused'by

'},”5-i factors whlch cannot be overcome by the exerc1se of reason—.
277~ able. dlllcence .and ‘care on the part of the contractor ‘shall”
Be corrected at Clty Englneer expense, ‘when authorlzed by
‘the Clty Enalneer.: s ',“" ERa ‘;-.~:o 3 :

.

(d) Aerlal Negatlves. The aerlal neoatlves shall be lettered
i‘and numbered in a 1e01b1e manner (as per exadple). “Thé:
progect number w111 be supplled by the Clty Englneer

.A_f‘ -

A« L ¢ : Pl
-. v i SRRV N L : 3 . ‘
) ;o St t o s X S ot St
N < ik P . ® g
: . . ¥ e
. & e . '
\
)
J

SROJECT NO. . FLT LINE NO. &
RIS ;sw S EXPOSURE NO)
i e 3 "

- (@), sT-75000..; -

of “Flight

o= . B

EXAMPLE oz, o B, el ot w FUlaenge

Direction




L T R f*f;ﬁr ADMINISTRATIVE A:i5 :};
ST e T aei Yo PROCEDURE NO. 40 7
»;jvJuly,l,j;979 B :

SUBJECT: ~AERTAL CONTOUR MAP PREPARATION AND STANDARDS'

. ;' (e) Control Prlnts._ The contractor 'shall’ furnlsh a complete\; T
; et of contact prlnts that show the phot01dent1f1ed p051—~-'7’

{

N N I .
' ' ln‘..
1
:
!
:

&5 P - £ S - i o L= =

'

O . v a p T " oo 3
LEELLS 3 < .\ s
- - ' - "- -
) i Tk .
Wy o K i . oz Sak =R
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: 5 L] ‘ e : I . ’

If photoorammetrlc control methods have been used the'con-'
“tractor shall ‘distinguish between which’ control p01nts were.
"btalned by fleld methods and whlch control p01nts Wers o

L

‘1rc1e The horlzontal control is to be 1dent1fed by an
‘ifiked: trlangle surroundlna its pnoto p051tlon. The horl-:' h
"zontal control point is to be further identified with a
) name or number .inked adgacent to the tr1<-_n01e wnlch will
i‘ reference it to its. 1lsted coordlnates values._ If a2 point
'._—1s both.a vert1ca1 end horizontal control” poxnt it is to_be
1dent1f1ed w1th both .an. 1nked c1rc1e and a trlangle.g~;_‘: _

-

'-»-.: _."-\:-' = ".‘ '_'-

P In order to av01d tne expense of a’ dupllcate set of contact o ‘;:i;A
prlnts and the ‘cost of ‘any reldentlflcatlon of the control,. - ..

{f the contractor shall’ comply with this® prov151on by furnlsh—~ R
1ng the orlglnal control pr1nts that were used for and dur—.‘-‘_>: -
1ng stereocompllatlon of the mcpplng.' g ok ket

-'"C" Factor.- "C" Factor is deflned as‘the average fllgnt
helght above g;OUﬂd elevatlon d1v1ded'by _the” contour 1nter— g
o vali Example.' 3000’ flight height’ = 11500 "c" réctor L PP
= 2 2’ contour 1nherval . e o ad

2 TN The follo#1ng "C" ractors for various mapplno 1nstru:ent
" tvPes llsted shall not be exceeded' s b A R

(1) Double prOJectlon 1nstru:=nts. 2 aw S ,:r ;l_ ) ;
S Kelsh or, equlvalent.'-~ . 1000 ("C" Factor) -

5 (2)."opt1551 mecnanlcal instruzents:
‘.%?L;:_Kern PG-2, steréosimplex G6, . a0 B s
_Wild B-8, ———fff?f or QQleaIQBC.“ 1)00 e ractor)

(3) "C" :actors for mapplng 1nstrn“ents not 1lst=d are.
subJect to review and approval.

. o . 0" .
R I BN - Em T O am =
y ' . . ie 2 e o N
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SUBJECT' ALRIA.L CON’I‘OUR MAP PREPA_RATION AND éT-‘sNDA.RDS
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IV. F INISN’D I*‘APS

A, Accuragy of Yaps

(1) The plotted posxtlon of each plan coordlnate grld llne shall not oD
vary by more than one‘hundredth (O 01) of an 1nch from thelr-
s o Bl calculated p051t10n. . . E

(2) Nlnety percent (902) of all contours shall be wlthln one nalf
contour of true elevatlon, and the remalnlng ten’ percent (102)

(3) At least seventy percent (702) of all spot elevatlons placed on -

the maps ‘shall be accurate to w1th1n at least one-f0urth the
contour 1nterval . 7

(4) Nlnety percent (902) of all map worthy plan1 etric features - -
=7w . w7 -7 which are well ‘defined on the photographs shall be accurate to : - .
w1th1n one—fortleth (1/40) of an inch of tnelr true coordlnate_ 3
p051t10n as determlned'by test surveys and none of .the Features
4 " tested shall be mlsplaced on the- finished map by more than one-
twentleth (1/20) of an 1nch from thelr true coordlnate p051tlon.

Materlal Fylar (Preferred thlckness .005 mlnlmum allowed 003) -
= Suggested Brand — K & E Herculene. : z

- Top of Sheet wll1 be NORTH

i E. Scale = l 1n_h ecuals 100 feet unless otherwise noted.:- -- -

F, Lecterlng A , - 7 T : . . . B

= (l) Tltle = THe Tltle shall 1nclude the follow1ng.u,, :

]

Tne ords "ClLy or Phoen*x" (LeRoy —Den 3) : g

Llne 2; Quarter sectlon number LSln° Clty s systen (LzRoy
240 3) -

Line 3. . The uords "Contour Interval ;s Scale 1" = 100'
(L=Roy 100 oo)

Line 4. The words "Date Flown " with date (LeRoy 100-00)

Ml EE BN N T R B GE I BN BN I O aE . .
;
i}
w !}
.



. S5 L e Lol ADMINISTRATIVE
P B TR o R e TR Tl PROCEDURE 'NO. 40
S . 3 s R tgy W= Lt g TR e el o July 1 1979 T

SUBJECT: AERIAL CONTOUR MAP PREPARATION AND §TANDARDS

ng.i. B G;' ~Contours._';::ift'?‘ ;“;;ng“ o -5' ; " ) ;‘v~ = N -
. ) (1)_- Index contours are those contours ‘nav:.ng even elevatlons whlch ‘_ 2
we el ___are mu1t1ples ot lO feet. ;7,'__ ﬁ_g;:_.th; __f}?;j'?.z:-”:.  e AL
' {2} Contours shall be on two (2) foot 1ntervals unless otherw:Lse—‘ ’
i spec1f1ed. : = =
' .'_(3)._-;'.L1ne Welonts iy
.,_7 __f'ﬁflflfii(a) Index contours_— 1 Repldooraph 'i ,xw_*~ A T, vt T 2
l ; R -“'-'___('b) Con..Ours ot‘ler than Index - 00 Rapldograph o SR
- ' - = . (4) ‘..' - 3 ;._--._ -'.
l : ‘elevatlon. s
{5) No l=ss ‘than four (+) contours per map shall have the full fi,f
I : EIEVELIOH l1crure, regerdless of .contour elevatlon flvure.: e
(6) Low spots or holes snall be cenoted w1th hachures on the down—'? ?vj.:Aj-;
l "slope 51de.~ < VIR W P -_ e —':‘:-‘z"-_-'"‘.‘:_:f_‘_ LE -

K g =i {7) -»IKnown elevatlons, hlgn and low po:mts w1ll be noted by é "+“
' eER wlth the elevatlon flcrure._v E -2 : v

- N

(8) Spot elevatlons s‘lall be shown as outllnea in (G7) plus every
" 1/8 of a amile along ..He center 11'1e of the boundary streets of
t‘le Quarter section. - - .




T _ LTI PEELS (8 - ; '_"PROCEDURE NO. 40
July 1, ,1979 5

AERIAL CONTOUR MAP PREPARATION AND.STANDARDS.™

l " 'SUBJECT: _ AERIAL

AR ;are more than l 1/2 1nches apart.; 4;{‘- i, g .
- ,fiA (b) 8 1ncnes as’ measured along the contour wnen Cthe® contours_ 5
s _fe:  “are more than 1/2 1nch apart. In tlght meanderlno contours Fs
. A ;’_ rollow G9c._~‘_~ ".; R : : r,»- A i

f_are less than l/2 11cn apart or 1n tlcnt meanderlnw con- s o
'tours.: In these’ 51tuat10ns every contour shall have~ an.f"t‘f«v‘;{f
" ‘elevation -Figure. Where necessary An abbrev1ated floure ff}:ﬁﬁf{'-'
'.'may be Lsed.r'fi, s Sy, e . - e L

(10) Wherever 1ndex contours are closer together tnan one querter of rf,*?"i“' |
: “an inch (1/4"), the interzediate contours may be ‘omitted wher-

Tl .. & ever the ground slope is unlform, but wherever it is not unl—’3 ,
S ,1.5_‘rorm, omission, will not be permlssable unless contours are shown « = I ..
: uat changes in ground slope. R B i e s 7 ‘~;--:-;‘» s
A‘When scribed film is used'ln the process’ of_prepar1n° a, contour~ ;

Ziimap the flnlshed product wlll be a cronorlex p051t1ve ‘or an’
fapproved equal (preferred thlckness;.OOS mlnlmum allowed 003).“

:(?);fScrloe p01nts shall be of equal size uhen used in place of LeRoy |

i Profe551onallsm

(l) Profe531ona1 standerds of claltszanshlp shall be malntalned

i } throuchout the preparatlon of all maps.: Fa ",'L-iL'Z*'
"J,-:-Tooooraphy.'“i_l' él R = L F
N (1); The svmools to be used for'cne plenlmetrlc and topo*r“pnlc fe :
FUT. “tures shall be 1n accordance w1th the U S. Geologlcal Survey !#@' ,
' ' ’Standards. K LR R ;£ L] RS e

(2)  Streets with curbs end gutters snall snow the curb 11“8 solld.» .A;'f?;
.0 Rapidogrzph. - -

(3) _All other roads and streets shall be shown as a broken line "
i deplctlng the outer boundarles. OO Rapldooraph.~ R

;8-‘

l:‘ IR 'or Rapldoorap‘n pens.v - et AR




'v.

'erts,'heaq walls,‘canals,
shown by” 5011d llne{

e~

tw1th the type of marker,vl._., 1]2" rébar, 3/4'—¥1pe, brass cap,“
? or brass cap in HH, 1th the marker elevatlou and” cround line <"
elavatlon (GL)“ 5% 40 :

et

dellvered in accordance"w1th 1nstruct10nsz;rom the C1ty Englnegr.

the perlod the negat ve§ are in posse551on of tﬁe confr ctor"he may.méke'

sl ey o> [ el RY

only such reproductlons as are‘*uthorlzea'by tne Clty Englneer cnd (lf _for

stereo plottlng equlpment) under no condltlon wiil he be- allowed to make -

SPECIAL SYMBOLOGY'

_A'. o A '

£t
/

-k 2 - S T E. Attébery . i .
Clty Enalneer :







arthur beard engineers, Inc. gz;';p'b’— ;:réby—" Project Subject  SUB-AREA CHARACTERISTICS E.’.‘Z’n?°“—7..3 _S/—ho‘-;zi_
DRAINAGE TOTAL AREA LAND USE GROSS _ % NET CONTRIB.| LAND USE [ToTAL coNTRIB] WEIGHTED Le - | avG. SLOPE VELOCITY Te AREA.W/I0 YR, A o v =
AREA NO. (SQ. ML) (ZONING) AREA CONTRIBUTING | AREA (SQ. ML) CN AREA (sQ.MI.) : CN (FEET) (1/FT.) (FPS) (Hours) | RETENTION (sami) | - REMARES{.,
l 0.2625 = ' : t : 485 Caierie:
-0 00025 ~Joo.0 0.0025 88 | a ?
*(-0 0.02({% 15.0 0.0033 %8 i :
C-Z 0,021 100,0 0.0812 92
* (-7 0.0/58 15.0 0.0024_ 92
* P-1 0.003% /5.0 0.0004 9q
R-5 0.0008 J00.0 0.000 8 36
X RI- /4 0.0%3 VIA: 0.00%3 )
RI-I8 0.0229 /00.0 0.029 8
RE-24 0.1204 /00.0 0./ 264 £9 .
*RE-2) - 0.008( 4 0.00/0 43 ! i =
Mo Skl 0.0 /000 0,0072 95 i N I . T e
{\) » - 1 = » 0.1%12 82.0/ A500: | 0.00%2. | L9 0.68 LD s
V/ 0. 240 - (Mepsp 2 102)
*(-o 0.0020 /5.0 0.0003 s
rC-{ 0.0058 IS0 0.0003 25
*C-2 0.6010 /5.0 0.0007 as
¥ P-/ 0.0083 5.0 0.00/3 4%
PAD 4 0, 0247 [00.0 0.024%F 25
X PAD / 0.0401 5.0 0.006/ 35
* pAD 2 0.0/76 150 0.0026 9
XPAD 3 St 0.0135 Ko | ooop 4%
RE-24 O.1124 0.0 : 04124 ° 95 i
RE - 35 0.035 00,0 0035 | - 9% '
RE-35 PAD . 0.005F 100.0 0.005% % =
Hop. Yok | 0.0093 00,0 0.0093 ° | 9% ' ' ' R
(\ - 0. 1520 95,00 5700 0.1002 25 0.41 30" CAMECBACI A
s STORM: DRAIA/
- (orun > 107)
0. 1334 RE-2% . | 0.0430 J0.0 0.0ho. | ' 4g ;
RE -35 0.0640 /0.0 0.0660 95
RE-3S PMY  0.02/5 /00.0 0.0215 46
Moo S|l ©.0op2% /00.0 0.0028 45 ‘ - - : i T
d 0.13% 45.00 4,100 0.1534 34 H.33 T4 CAIECERCK R
L : ’ STORM: LRAIN
6, 2221 | : -~ s > 10
RE-35 | 02221 loo.o 0.2221 osEE i ~ | o e
' ‘ 0.2221 45.00 4 100 0.73/0 2.6 037 REACH TO 3




C by _|Chk.by______ ) ; ST
arthur beard engineers, Inc. s y Project Subject Pro).No. 231 She

e et SUB-AREA CHARACTERISTICS g e P
DRAINAGE TOTAL AREA LAND USE GROSS _ % NET CONTRIB.| LANDUSE |TOTAL cONTRIB] WEIGHTED Le - | AVG. SLOPE VELOCITY Tc AREA.W/I0 YR. T AT
AREA NO. (sQ. ML) (ZONING) AREA CONTRIBUTING | AREA (SQ. M1.) CN AREA (SQ.M1.) . CN (FEET) - (/FT) | (FPS) (HOURS) | RETENTION (sa'mr) | . i REMARKS =~

Sh 0. 0457 R o | i
U B potl RE-3S | ©.0807 Jo0.0 0.0802. I b |
* RE -38 0.0/11 9.8 0.0l 3 ¥l 0.085" b, SRRl : ) T
Mo;. Stk | 0.0038 100,0 0.0038 852 \__20.93 4,000 0.0703 2,1 0.53 247 (AMELRACI
( < [ Rl STORM DRAIA
56 1 00109 | »
azs D' a6k RE-35 9,0109 /00,0 0.010% 5t 0,0109
‘ ’ S (Alem>107o) ’
A 01735 RE-3S | 0.44%2 160.0 0./432 L
*RE-3SSP| 0. 084 5.0 0.00l - 95
Mai k| 0.001F Jo0.0 0.0017 | - 4§ : ' | ] | | T -
\ ' ik 0. 1463 2500 | 5300 0.2501 A.8 0.3} NEACH _TO /3
T 0.2644 (Menes >10%)
Rz - 35 0.2390 /00,0 0.2300 BT
> RE =35 0.0287 4.9 0.0028 35 - T
Mo ok | 0.005F J00.0 0.0057 s N R ! w . .
\ ’ : e : ' 0.2385! 35,00 ‘610005 0.201& A6 0.3 | , REACH - TO #/ 2%
: o : A&m}/oz)
g 0257 | ResorT 0.0530 100.0 0.0520 'gg
‘ RE -35 0.2008 J00.0 0.200% 45
Mo Szt | 0.00% Jo0.0 0.003% 95 , i - < e e | T
(I z s 02502 | ‘%500 2loo. | 0.7540. | 40 | 0% | S REACH: TO {2
) 0.0753%
C-o 0.0043 J,o - 0.0043 38
Cedi 0.6025 /00.0 0.0045 32
Pofis 0.0013 /00, 0.0013% 95
R-3 00241 102.0 0.0211 g5
*p-3 0.0525 32,0 . 0.Co0f 45
R¢-10 0.07%2 100.60 0.02%92 &l
¥R1-10 0.00F7. 2¢.0 0.00/9 25
Ha Anuk|  0.0012 /00,0 0.0072 - 45

@ bois | 953 | 240 | ©.605E | JZ | 058 ST




arthur beard englineers, Inc. gz';;p'l_’y"“ CD';:‘éby—‘ Project Subject  SUB-AREA CHARACTERISTICS Z’i?r;?Q ' ET}?_
DRAINAGE TOTAL AREA LAND USE GROSS % NET CONTRIB.| LAND USE |TOTAL COnTRIB] WEIGHTED Le AVG. SLOPE VELOCITY Tc AREA.W/IO YR. - S : 3%
AREA NO. (sQ. ML) (ZONING) AREA CONTRIBUTING | AREA (SQ. M1.) CN AREA (SQ.ML.) | CN (FEET) - (1/FT) (FPS) (HOURS) | RETENTION (SQ. ML) e
10 O. 1406 , : -
(-0 | o.01l4 100.0 ©.0114 gy
c-1 0. 0002 /00,0 0.0008 92
P-4 0.002) 100.0 0.0022 45
R-4 0.0007 /00,0 0,0007 86
RI-10 0.01b1 /00,0 0-0/6{ 3l
¥RI-/0 0.03%3 o 0.0033 05
RA-18 0.0013 /00.0 0.00/3 &
X RI-18 0.0l 113 0.00% g5 i
RE-24 0.0109 /00,0 0.0108 . i) 4
*pe-Jh 0.0%1 A | 0.0033 | - 95 R ,
Ny Streh | 0.0068 /00.0 0.006% 35 - . | - X - S
QA s . - 0.0670 9747 | A50o: | 0.0104 7.0 0.63 D
2 0, 2619
*R(-Jo 0,0/65 2.0 0.0043 3%
¥ R1-4R 0.0222 1.7 0.003¢ 45 -
RE-Z -0.0239 " 100.0 0.023% 19
¥pe-2h - | 0.4%345 WA 0.0772 | . 85 .
W Hehs | 0.0048 100.0 | 0.0048 4c . ’ ' ' ~ . S
\ : , 0.05%0 g8.52 6,000 0.0/0t K 0.6{ “ENB
/Z 0.0117 R=S 0,0045 J09.0 0.0045 A - K
RI-16 | ©.00/¢ ~ J00,0 0.0018 8/ !
* R1-10 0.04/)} 260 0,007 - 55 ;
R1-/4 0.0183 J00.0 0.0123 80
Re-2 0.0659 1000 1 0.0053 19
. . ; e 0.0h12 .45 | 72300 | 0,0049 12 0.0
12 0,219 ‘
PAD - 9 0.0038 100.0 0.0032 &4
RE-Z4 0.0046 100.0 0.00% i
* RE -4 0.0348 1.4 0.0040 95
RE-35 0.0029 /00.0 0.002% - 12
*RE-35 0.2163 9.8 0.0212 4 .
Mo Hels] 0,015 /%0.0 0.0125 95 ‘ - e S e _. ,
(k 0.0520 | - %991 5,900 | _0.00U 4.2 0.39 REACH 70 /4




arthur beard engineers, Inc. gzr;;p'by_“ gz:&by"— Project Subject ~ SUB-AREA CHARACTERISTICS Zlfi‘zlr-n’“- _
DRAINAGE TOTAL AREA LAND USE GRbSS : % NET CONTRIB. LAND USE TOTAL CONTRIB] WEIGHTED Le AVG. SLOPE VELOCITY Te AREA.W/I0 YR. - e
AREA NO. (sQ. ML) (ZONING) AREA CONTRIBUTING | AREA (SQ. M1.) CN "| AREA (sQ.m1.) CN (FEET) (I/FT) (FPS) (Hours) | RETENTION (sa.'mL) | ¢ .REW.RFS.
A 0.2400 e o R ar =
Ri-10 0.0011 100.0 Qoo U el ; T
_RI- 4 0.0053 100.0 0.00%% | 80 ' | :
*R/ - 14 0,139 21,1 00410 45
RE-Z, 0.000% /00,0 0.000§ 14
* RE-Z4 O, 0404 4 0.00%% 45
Nos, Stmbs | 0,0029 /00.0 0.0029 S
&\ 0,053 37.5% 6100 | 0.C034 | /.8 0.%4 Ep
5 0./318
Re-24 0.0077 j00.0 . 0.0072 9
* hE-2 0.0125 LA 0.00l4 45
RE-35 00221 100.0 0.027% 79
¥ Re-35 0.0%3{ 3,8 0008 | - 49
Moz, et 0.6023 100,0 0.002% 35 : - e wRR
Q | ' 0.047% §3.80 | 3te0 0.0157 70 0.50 REACH TO. /R
16 O.47/8 FRI-10 0,005’ X0 | 0.£020 33 S
. RI- I 0.0073 /00.0 0.007 > go RES =
*RI-14 0.0185 L1 | 000 %5 . -
R1-4§ 0.00/3 fc0.0 0.004% 20 e
Re-24 - 0.0045 f00.0 ~ | 0.0045 9 i x
*Re-24 0.0/69 4 0.00/9 95 5 :
Hﬁj%ot 0.0052 /00.0 O-OOSZ 63 . o : i G e i o p
(I 'f 0038 | 8572 | 3900 | 0.002 | [% 0.8% S
/? 0-21{41 ¥ ) : , ' i
RE-Z '0.0032 160.0 : 0.0032 79
X RE-Z4 0.1251 11.4 0.0/43% I9
RE-35 0,054% 1¢0.0 0.0549 2
¥ Re -35 0.0488 4.8 0. 0048 95 e
Niin Sk 0.0/24 100,0 0.012{ A4S : RN e ;
1 0.08%3 24.59 4,900 | _0.0100 13 049 REACH: TO /[ 55
] ' ! : . X ; .“g‘» : :
iRy )
—e—ess—-r—T |




Proj.No.

|:Sheet |

i
L 1
‘

el

arthur beard engineers, Inc. gz‘:"b’—— CD::‘:"—‘ Project Subject ~ SUB-AREA CHARACTERISTICS e o ]
DRAINAGE TOTAL AREA LAND USE GROSS ] % NET CONTRIB.] LAND USE |TOTAL CONTRIB] WEIGHTED Le AVG. SLOPE VELOCITY Te AREA.W/IO YR. v o il
AREA NO. (sQ. ML) (ZONING) AREA CONTRIBUTING | AREA (SQ. M1.) CN AREA (SQ.M1.) . CN (FEET) (1/FT.) (FPS) (HOURS) | RETENTION (5Q. ML) o RE.MA:lev?}_.'»:
/8 0.2/65 : : ' ‘ i
*RI-J4: | 01405 217 0,0240 % ! i
*RE-Z4 0.0 #£5 J4 0.0088 99 :
RE-35 0.00% 100.0 0.0017 19
¥ RE-35 0.00%/, 9.8 0.0009 %%
Mo .k | 00121 100.0 0.021 95 e
d 0.0530 32.93 4,100 0.014¢ 51 0.20 ARIZOMA CAvAC:
! ' ' ' DRAIVAGE CHAMIEL|
19 .49 R1-14 0.0065 /00,0 0.0065 30
- : * R4- 14 0.020% 21,1 0.0045 35
¥RI-18 0,012 1.t 0,0020 %S
RE-24 0,0033 100.0 0.0093 9
* Ae-2 0.0415 14 0.0047 . 95
RE-3S | 0.0711 /00.0 0.021% 2
¥ RE-36 0.0347, 9,9 0.00% %%
Hpi S/ﬁm{: 0.0/08 }90.0 0.0108 p " o it |
B e i GomT | 8597 | 6300 | 0.0088 | 7.8 [0.63 FRIZOVE CAMKL - |.
Y O ST s T o SRR TR o sk G PRAINVAGE CHAMMEL |
_ = » CIIA)
20 O0.3T4( | RESOAT 0. /2%1 Jo0.0 0234 | '35 7
= ¥ RESORT 0.0/%% g1 0.00/b . 45 ,
EC 0.0 /09.0 0.0/#f 39 | .
L. 0.03% %0 0.0135 55 i
¥Cp RE-3S(P)  ©.04% 5,0 0.00/0 %2 '
¥op hesot(p]  0.0089 5.0 ooos | %
*pe-3s(pey | 0.0H 38 0.002F 35
¥SP.(P.c) | ©0.0003 . 50 mog . ac
*R-2 SP.(RCY _0,01F3 00 : | 00083 39
RE-35 0.0404 J00.0 0.010% A5
+* RE-3S 0.04LY K3 0.0041 95
Hos . Fracky | 0.0033 J00.0 0.003% % , » | vy |
q g 0.2350 3500 1noo ' | 0,426 4,6 0.42 ReA(H T0 /93]
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SUMM“ARY TABLE 1
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