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INTRODUCTION

The hydraulic analysis presented in this report is for the following washes and tributaries

within the south portion of the incorporated area of the Town of Fountain Hills.

WASHES TRIBUTARIES

Powder Wash None

Cereus Wash Chukar Wash
Logan Wash

Cyprus Point Wash None

Jacklin Wash Kingstree Wash
Mangrum Drain

Emerald Wash None

Malta Drain None

Colony Wash Sycamore Wash
Greystone Wash
Sunburst Wash
North Colony Wash
Fountain Channel

Laser Drain None
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The hydraulic analysis for Laser Drain was performed for the Flood Control District of
Maricopa County (District) under Contract FCD 94-16, of which AGK Engineers, Inc. was
subconsultant to George V. Sabol Consulting Engineers. The work for the rest of the
washes and tributaries was performed by AGK Engineers, Inc. for the District under
Contract FCD 92-05.

The study area and its associated watershed is located at the Town of Fountain Hills,
within Sections 14, 15, 16, 17, 20, 21, 22, 23, 26, 27, and 28, Township 3 North, Range
6 East, Gila and Salt River Base and Meridian, Maricopa County, Arizona. (See Figure 1)

The Town of Fountain Hills is an incorporated community with a population of
approximately 20,000 people. The Town is surrounded by the McDowell Mountains on the
west, Fort McDowell Indian Community on the north and east, and the Salt River Pima
Maricopa Indian Community on the south. Topography of the study area is generally
desert hill slopes in various phases of urbanization.

The study watershed is approximately 7.6 square miles, with a general drainage direction
from west to east toward the Verde River. Washes in the study area are characterized as
well defined channels with steép banks and grades. However, the natural drainage pattern
of the study area has been somewhat altered since the development of this community in
the early 1970's. In addition, roadway and culvert construction in conjunction with

urbanization have greatly affected runoff peak discharges throughout the study area.

Climate of the study area is characterized by hot summer, mild winter and infrequent
rainfall. The mean annual rainfall is about 8.5 inches, falling normally in two seasons. One
season, primarily resulting from local convective storms, lasts from July to mid-September;
the other season, mainly formed by cyclonic (frontal) storms, extends from December
through March. Of the two types of storms, the summer convective storm is considered
to be the more critical flood producing event in this area.
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In the early 1970's when urban development commenced in Fountain Hills, a master
drainage study was performed by Trico International, Inc. to quantify flows in the study
area. However, the assumptions, methodology and procedures used in that study are
incompatible with the current criteria set forth by the District and the Federal Emergency

Management Agency (FEMA).

As the urbanization progress continued, numerous localized drainage studies have been
prepared by various consultants and developers. Nevertheless, it does not appear that
any of the previous studies has been specifically performed or used for floodplain
delineation purposes in the study area. Due to the differing methodology used in the |
preparation of these studies and the alteration of development schemes in some areas,

few of the results could be reused in this study.
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SECTION 1: GENERAL DOCUMENTATION AND CORRESPONDENCE

The entire contents of this section are found in Section 1 of Fountain Hills South

Floodplain Delineation Study, Technical Data Notebook, Hydrology.
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SECTION 2: MAPPING AND SURVEY INFORMATION

Topographic Mapping

Topographic mapping for the study area within the Town limits was furnished by the
District. The base mapping has a scale of 1" = 200" with a contour interval of 2 feet.
It was prepared by Kenney Aerial Mapping, Inc. in 1991 under a subcontract with
Anderson-Nelson, Inc. who was under contract with the Town of Fountain Hills.
Horizontal and vertical controls were set by Anderson-Nelson, Inc.

The base mapping was prepared using a Digital Terrain Model (DTM), based on
grid spot elevations using a 75-foot interval, and break lines defining wash flowlines
and ridges. Reproducible mylars and digital drawings in Auto CAD format were
provided by the District.

The mapping covered Sections 14, 15, 16, 17, 20, 21, 22, 23, 26, 27, and 28,
Township 3 North, Range 6 East, Gila and Salt River Base and Meridian, Maricopa

County, Arizona.

Topographic information for watershed outside the base mapping area was
obtained from the United States Geological Survey (USGS) 7.5 minutes quadrangle

maps.

Survey

Field survey was performed by Valco Surveying Corporation, a subconsultant to
AGK Engineers, to provide supplemental topographic information as needed for this

project. The horizontal and vertical controls used in field survey were compatible

to what were used in the base mapping.

2-1
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Survey Field Notes

The Elevation Reference Marks (ERMs) are presented in Appendix A. Copies of

survey field notes are included in Appendix B.

Watershed Maps

Refer to Section 3.

Hydraulic Analysis Maps

The Floodplain and Floodway Maps as well as their index are presented in
Appendix G in reduced scale. Full size copies are bound separately from this
report.

Draft FIRM Maps

Full size copies of the draft Flood Insurance Rate Maps (FIRM) are bound

separately from this report.

Community Maps

The community street layout is shown on the Floodplain and Floodway Maps.

2-2
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SECTION 3: HYDROLOGIC ANALYSIS

The entire contents of this section are found in Section 3 of Fountain Hills South

Floodplain Delineation Study, Technical Data Notebook, Hydrology.”
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SECTION 4: HYDRAULIC ANALYSIS

Method Description

The floodplains are analyzed using ProHEC2. ProHEC2 is an enhancement of
version 4.6.2 of the standard Corps of Engineers program. This enhanced version
was developed by Dodson and Associates, June 1992 and provides utilities that
allows for plotting of HEC-2 data using AutoCAD.

Cross sections were digitized from the topographic mapping as discussed in
Section 2.1. Dimensions and elevations of hydraulic structures such as culverts
and catch basins were obtained from field survey. Ground elevations at some
selected locations that required more detailed information were also determined
from field survey. In addition, a minimum of ten (10) percent of the digitized cross
sections were field verified. Results of the verification are presented in Appendix

B. Elevations used in this study were based on the NGVD 1929 datum.

Starting water surface elevations for the flooding sources at the downstream limit
of the study were obtained by the slope-area or critical depth options of the HEC-2
computer program. The same methods were used for the tributaries since the
times of concentration for the contributing drainage areas are significantly different
from the main channel. Results of the HEC-2 runs for all study reaches are
presented in Appendix E. The flood profiles are included in Appendix F.

4-1
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4.2 Parameters Estimation

4.2.1 Manning’s n Value

4.2.1.1 Introduction

There are 8 separate washes and 16 tributaries contained within the
study area and approximately 20 miles of floodplain to be delineated
under this project. The washes were divided into reaches of similar
hydraulic characteristics and Manning’s n values. Each reach was
identified by four-character identifier. The first three represent the
name of the wash, and the fourth is the reach number. For example,
CER2 denotes Cereus Wash, Reach 2. The reach number starts with

“1" at the downstream end and increases in the upstream direction.

The limits, location of photographs and n values for each reach are
shown on Plate 1 entitled, “Manning’s n Value Map.” In calculating

the n Value, the following factors were considered:

Bed material particle size

Degree of irregularity of bank slopes
Effect of obstructions

Degree of meandering

Vegetation

4-2
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The density and type of vegetation have a significant impact on the
roughness coefficient (n value). The vegetation within the floodplain

were identified as follows:

Brittle Brush

Cactus - Barrel, Cholla, Prickly Pear, Saguaro
Canyon Ragweed
Catclaw

Cottonwood Tree
Creosote brush
Desert Broom

Desert Hackberry
Desert Willow
Grayhorn

Ironwood

Mesquite

Native Grasses
Ocaotillo

Palm Tree

Palo Verde Tree

Seep Willow

Triangle Leaf Bursage

4.2.1.2 Methodology
Each reach was identified based on the 1" = 100" aerial photographs.

The discerning characteristics were: channel size, vegetation density,

and bed materials. Each reach was photographed during the field

4-3
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reconnaissance at a representative and accessible location. The

photography locations are summarized on Plate 1.

Manning’s roughness coefficients were determined in accordance
with the methodology described in Estimated Manning’s Roughness
Coefficient for Stream Channels and Floodplain in Maricopa County,
Arizona (USGS, Water Resources Division, April 1991). The method
described in this publication selects a base value for the roughness
coefficient based exclusively on bed material. This value is then
adjusted to account for vegetation, irregularities, obstructions and
cross-section variations. In addition, a multiplier can be applied to the

adjusted n value if meandering of the reach is significant.

The base roughness coefficient in this study was selected based on
the average particle size observed in the field. The typical average
size of the bed material in the study area ranges from 0.08" to 2.5".
For this range of bed material, the typical values of the roughness
coefficient ranges from 0.028 to 0.035. For some of the reaches
where the conveying channel is a golf course pathway or street, n

values as low as 0.018 were used.
4.2.1.3 n Value Determination
The base values, adjustments and the adjusted values for the

Manning’s roughness coefficients are shown in Appendix C, along

with the pictures used in determining these values.

4-4
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4.2.2 Expansion and Contraction Coefficients

The expansion and contraction coefficients used in the HEC-2 model were
determined from the HEC-2 User’s Manual. For gradual transitions which
include most reaches in this study, the contraction and expansion
coefficients were set to be 0.1 and 0.3, respectively. At culvert locations
where the change on cross sectional geometry is abrupt, the coefficients
were set to be 0.3 for contraction and 0.5 for expansion. At locations where
the cross sectional area changes significantly, a value of 0.2 and 0.4 were
used for these coefficients.

Cross Section Description

4.3.1. Channel and Overbanks

Prior to obtaining GR records for exact locations, the channel bank stations
were approximated by field observation. The stations were then determined
with the aid of 1" = 100' aerial photographs. In general, the majority of the
washes have a low-flow channel with significantly distinct hydraulic
characteristics of those of the surrounding floodplain. The boundaries of the
low-flow channel are clearly marked by change in slope, amount of
vegetation and bed material. The plotted channel cross sections are

presented in Appendix D.

4-5
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4.3.2 Bridges and Constrictions

4.3.2.1 Minor Hydraulic Structures

There are no bridges within the study area. Culverts at roadway
crossings comprise the constrictions in the floodplain. There are 33
culverts located within the study area. Culverts range from small 18"
x 28" CMP-Arch to multiple barrel concrete boxes. Many of these
culverts would be overtopped during a 100-year storm. In this study,
all culverts were assumed to be able to withstand an overtopping
event. Clogging of the culverts were not assumed in the analysis
since no significant amount of debris was encountered during field
reconnaissance. On Malta Drive, there are several small culverts that
are designed for nuisance flows and are likely to clog during a large
event.' For floodplain delineation purposes, these culverts were
ignored and cross sections along the roadway were used to
determine the floodplain boundaries. Some of the culverts appear to
have significant amount of storage upstream from the inlet. The
effect of upstream storage was accounted for in the hydrology model
(HEC-1) and reflected on the HEC-2 by reduced flows through the
culvert.

4.3.2.2 Major Hydraulic Structures

There is a major hydraulic structure, namely Stoneridge Dam
(Structure No. 19) within the study area. This dam was constructed
in the 1970's and is regulated by the Arizona Department of Water
Resources (ADWR). The structure was designed to pass the 100-
year flow through the principal spillway (culvert) only. The emergency

4-6
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spillway was designed to pass the 2 PMF. This structure is
described in more detail under Section 3 of this report.

Calibration

4.4.1 HEC-2 Model Calibration

Since gauging records are not available in the study area, results of the
HEC-2 modeling was unable to be calibrated. However, the results were

carefully examined and found to be reasonable.

4.4.2 Flow Split

The following five flow split locations were identified within the study area:

Cereus Wash culvert under Saguaro Boulevard. The roadway is overtopped
at the existing culvert under Saguaro Boulevard, and the overtopping flow
would travel west along Saguaro Boulevard to Laser Drain, where it would
be conveyed back to Cereus Wash about 200-feet downstream from the
culvert outlet. For modeling purposes, the flow was assumed to stay in the
wash but the area between Cereus Wash and Laser Drain, as well as,
between Saguaro Boulevard and the confluence of Cereus Wash with Laser
Drain were depicted as Zone A.

Cyprus Point Wash culvert under Saguaro Boulevard. The catch basin at
the inlet of the culvert under Saguaro Boulevard is not adequate to pass the
100-year flow. The structure was designed for overtopping and most of the
overtopping flow would travel north along Saguaro Boulevard for about 800-

feet to a low point on the road, then spill over the east side of the road and

4-7
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re-enter Cyprus Point Wash downstream from the town limits. The flow

conditions are further discussed in Section 4.5 Special Problems.

South side of Kingstree Boulevard. The south side of Kingstree Boulevard
is not high enough to contain the 100-year flow and overtopping would occur.
The split flow option of the HEC-2 program was used for modeling the
floodplain of this wash. The spill flow from Kingstree was added to Mangrum
Wash. A more detailed discussion of the flow conditions at this location is
described in Section 4.5 Special Problems.

Kingstree Boulevard at Saguaro Boulevard. Most of the flow on Kingstree
Boulevard would enter Jacklin Wash upstream from the culvert at Saguaro
Boulevard. However, a portion of the flow may spillover Saguaro Boulevard
and enter Jacklin Wash downstream from the culvert under Saguaro
Boulevard. For modeling purposes, it was assumed that the entire flow
entered the wash at the upstream end of the culvert but the floodplain of
Kingstree Boulevard was extended to include the area of Saguaro Boulevard

that may be inundated.

East side of Fountain Channel. Fountain channel does not have enough
capacity to convey the 100-year flow and some of the flow would spill to the
adjacent Fountain Lake. This condition is discussed in Section 4.5 Special

Problems.

4-8
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Special Problems

There are several locations that required detailed analysis to better understand the
extent of flood flow conditions. The methodology used in the analysis is discussed

below.
451 Powder Wash at Leo Drive

The detailed analysis of Powder Wash indicated that the culvert at Leo Drive
has enough capacity to pass the 100-year flow without overtopping the road.
During the field reconnaissance, water marks were observed on the road.
These water marks appeared to be caused by local flows along Leo Drive,
instead of by culvert overflow. Even though the analysis of local flows is not
a part of the scope of this study, the road was included in the floodplain

because flooding of this area is likely.
4.5.2 Cereus Wash at Saguaro Boulevard

The double 10' x 8' concrete box culvert do not have enough capacity to
pass the 100-year flow. The excess flow (about 385 cfs) would spill over and
travel west along Saguaro Boulevard to Laser Drain, and eventually would
return to Cereus Wash about 200-feet downstream from the culvert outlet.
The Manning’s formula was used to determine the flow depth along Saguaro
Boulevard. Since the flow depth was estimated to be approximately 1.5
feet, which is well above the top of roadway curb, the area bounded by
Cereus Wash, Laser Drain and Saguaro Boulevard would be inundated
during a 100-year flood. Therefore, this area was designated as Zone A on
the Floodplain and Floodway Maps. Detailed calculations are included in

Appendix E.

4-9
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Cyprus Point Wash at Saguaro Boulevard

The catch basin at the inlet of the 48-inch CMP does not have enough
capacity to pass the 100-year flow and 167 cfs would spill over the road.
Most of the flow would travel north along Saguaro Boulevard and some
would spill over the curbed island to the frontage road. The overflow was
estimated by means of the weir formula (as shown in Appendix E). Since
the estimated water surface elevation at the downstream end was
approximately 1514, this elevation was used for the determination of Zone
A limits. The house directly across the street from the catch basin were
excluded from the Zone A because there is a wall along the east side of the

frontage road in front of these houses.

Kingstree Boulevard at Saquaro Boulevard

See Section 4.4.2 Split Flow

Kingstree Drain

Kingstree Drain is a small earthen channel connecting Kingstree Boulevard
with Mangrum Drain. At the time of the field reconnaissance, the inlet of the
drain at Kingstree Boulevard was blocked by an earthen dyke. The
geometry of the inlet was not available due to the blockage. A total of 300
cfs was assumed to flow from Kingstree Boulevard to the drain. This was
considered a conservative estimate since the flow in Kingstree Boulevard at
this point is only estimated to be 380 cfs. Limits of Zone A were determined
with the aid of the HEC-2 computer program.

4-10
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Kingstree Boulevard Floodplain Boundary

The south side of Kingstree Boulevard is not high enough to contain the 100-
year flow and a portion of the flow would spill towards Jacklin Wash at
several locations. Since the bank is man made and do not meet FEMA
levee requirements, the boundary of floodplain along the south side of
Kingstree Boulevard was assumed to coincide with the north floodway
boundary of Jacklin Wash. The north floodplain boundary for Kingstree
Boulevard was obtained assuming the existing geometry of the south side
is maintained. The HEC-2 split flow option was used for determining the
spill. Since it is difficult to establish the exact location where the spill flow
would enter Jackling Wash, the entire 300-cfs were added to Mangrum
Wash at Cross-Section 0.07. This is the highest point where the diverted

flow may enter Jackiin Wash or its tributary.

Zone A at Confluence of Mangrum Drain and Jacklin Wash

According to the HEC-2 results, the confluence of Mangrum Drain and
Jacklin Wash would not be inundated by the 100-year flow. In reality,
however, flood water may be able to flow through this area from some low
spots between the cross-sections. Therefore, this area was designated as

Zone A on the Floodplain and Floodway Maps (See Appendix G).

North Colony Wash at Chama Drive

The 60-inches CMP under Chama Drive does not have enough capacity to
convey the 100-year flow without overtopping the road. Approximately 90
cfs would spill over and flow southwesterly along Chama Drive, and then
southward along Arroyo Vista Drive until it enters Colony Wash at Cross-

4-11
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Section 3.65. The flow depth of the split flow was calculated to be

approximately 6 inches. For detail calculations, see Appendix E.

4.5.9 South Side of Malta Drain

According to the HEC-2 results, the south side of Malta Drain would not be
inundated by the 100-year flow. However, flow once entering the south
roadside ditch would not be able to return to the north side of roadway.
Therefore, this area was depicted as a Community Designated Special
Hazard. This area includes Malta Drive itself and a part of the house at the
southeast corner of Malta Drive and Ram Drive. This house, according to
city officials, has experienced some flooding in the past before the lining of
Malta Drain.

; . 4.5.10 Spill from Fountain Channel into Fountain Lake

According to the hydraulic analysis, Fountain Channel does not have
sufficient capacity to carry the entire 100-year flow. Therefore, a portion of
the flow would spill over the channel bank and discharge into Fountain Lake.
The amount of flow entering the lake was determined by use of the HEC-1
computer program. The diversion table for the HEC-1 diversion cards was
generated using the multiple profile and split flow options contained in the
HEC-2 program. The increase of lake surface elevation due to the spill flow
and other inflows was estimated to be 0.37 foot. Since the maximum
operational surface of the lake is one (1) foot below the spillway crest, no
spillage is expected from the lake. The detailed calculations are shown in

Appendix E.

4-12
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Floodway Modeling

The washes within the study area generally have steep banks, with the 100-year
floodplain contained within the banks, as depicted on the individual cross-section
plots in Appendix D. Each wash is within a platted drainage easement. For these
reasons, and for floodplain management purposes, the floodplain will be regulated
as floodway. Therefore, all washes shown on the Floodway and Floodplain Maps
(Appendix G) have a floodplain coincident with floodway. The floodway data for

all study washes are included in Appendix H of this report.

Final Results/Computer Model

The final printout of the HEC-2 output files are included in Appendix E. The three
letter tabs represent an abbreviation of the wash name. The HEC-2 output files are
presented in an order based on the wash location from south to north. The

tributaries are presented after the main wash from downstream to upstream.
Computer Model Diskette

The computer diskette included with this report contains all the HEC-2 files
generated in this study. This file contains the information used to generate the

floodway/floodplain maps and the output printouts presented in Appendix E. The
diskette is located in a plastic pocket at the back of this report.
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SECTION 5: EROSION/SEDIMENT TRANSPORT ANALYSIS

Erosion/sediment transport analysis is not a part of this study.
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SECTION 6: REFERENCE MATERIALS

Other Published Flood Studies

There are no significant published flood studies of record other than those listed

under Section 6.6 of this report.

Previous FEMA Studies

There are no previous FEMA studies for the study watershed.

Other Applicable Studies

There are several previous studies of portions of the study area. Refer to Sections
6.5 and 6.6.

Published and Unpublished Historical Flood Information

There is no significant historical flood information of record for this watershed.
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SECTION 7: CROSS-REFERENCING AND LABELING INFORMATION

Cross-referencing and labeling information are not a part of this report.
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SECTION 8: FLOOD INSURANCE STUDY REPORT

See Appendix H
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ELEVATION REFERENCE MARKS
(ERM)

JANUARY 1996

Prepared by

Valco Surveying Corporation
6426 East Virginia Avenue
Scottsdale, Arizona 85257

(602) 990-2412




ELEVATION REFERENCE MARKS (EMR)
FOUNTAIN HILLS SOUTH PLOODPLAIN DELINEATION STUDY

Description

ID Elevation
Number (ft)
1 1591.21
2 1619.95
3 1659.58
4 77 155010
5 1656.11
6 1730.16
7 1782.62
8 1772.76

Top of Brass Cap, at intersection of Last Trail Drive and
Saguaro Boulevard, being in the Southeast 1/4 of Section
27, Township 3 North, Range 6 East.

Top of Brass Cap, at intersection of Leo Drive and Saguaro
Boulevard, being in the Southwest 1/4 of Section 27,
Township 3 North, Range 6 East.

Top of Brass Cap at a point of curvature of center line of
Powderhorn Drive, 180 feet East of center line of Powder
Wash and 600 feet Southeast of Tombstone Drive, being in
the Southwest 1/4 of Section 27, Township 3 North, Range
6 East.

Top of Brass Cap, at intersection of Firebrick Drive and
Last Trail Drive, being in the Southwest 1/4 of Section 26,
Township 3 North, Range 6 East.

Top of Brass Cap, at intersection of Laser Drain and
Saguaro Boulevard, being in the Southwest 1/4 of Section
26, Township 3 North, Range 6 East.

Top of Boat Spike at intersection of Nicklaus Drive and
Keota Drive, at North 1/4 Section corner of Section 27,
Township 3 North, Range 6 East.

Top of Brass Cap at intersection of Kingstree Boulevard
and Keota Drive, being in the Southwest 1/4 of Section 22
Township 3 North, Range 6 East.

Top of Boat Spike at intersection of Pinto Drive and
Fountain Hills Boulevard, being in the Southeast 1/4 of
Section 21, Township 3 North, Range 6 East.
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. ELEVATION REFERENCE MARKS (EMR)
‘ FOUNTAIN HILLS SOUTH PLOODPLAIN DELINEATION STUDY

ID Elevation Description
Number (ft)
9 - 155177 Top of Boat Spike at intersection of Montery Drive and

Rough Circle, being in the Northwest 1/4 of Section 26,
Township 3 North, Range 6 East.

10 1564.01 Top of Brass Cap at intersection of Indian Wells Drive and
Armour Court, being in the Southwest 1/4 of Section 23,
Township 3 North, Range 6 East.

11 1643.42 Top of Boat Spike at a point of curvature of center line of
Nicklaus Drive, 200 feet West of Indian Wells, being at the
Northeast corner of Section 27, Township 3 North, Range 6
East.

‘ 12 - 1704.96 Top of Boat Spike at intersection Nicklaus Drive and
‘ o o Nelson Drive, being in the Northeast 1/4 of Section 27,
Township 3 North, Range 6 East.

13 1710.57 Top of Brass Cap at intersection of Emerald Drive and
Baron Drive, being in the Southeast 1/4 of Section 22,
Township 3 North, Range 6 East.

14 1727.68 Top of Boat Spike at intersection of Emerald Drive and
Fountain Hills Boulevard, being in the Southwest 1/4 of
Section 22, Township 3 North, Range 6 East.

15 1631.57 Top of Boat Spike at intersection of Chama Drive and
Arroyo Vista Drive, being in the Southeast 1/4 of Section
15, Township 3 North, Range 6 East.

16 1663.65 Top of Boat Spike at intersection of Chama Drive and
Fountain Hill Boulevard, being in the Northwest 1/4 of
Section 22, Township 3 North, Range 6 East.

17 1714.61 Top of Brass Cap at intersection of Sycamore Drive and
Greystone Drive, being in the Northeast 1/4 of Section 21,
. Township 3 North, Range 6 East.




ID

Number

18

19

20

21

22

23

24

ELEVATION REFERENCE MARKS (EMR)
FOUNTAIN HILLS SOUTH PLOODPLAIN DELINEATION STUDY

Elevation Description
(ft)

1742.56 Top of Brass Cap south of point of curvature of Sycamore
Drive, 440 feet south of Sunburst Drive, being in the
Northeast 1/4 of Section 21, Township 3 North, Range 6
East.

1537.91 Top of Boat Spike at intersection of Malta Drive and Parlin
Drive, being in the Northeast 1/4 of Section 23, Township 3
North, Range 6 East.

1564.81 Top of Brass Cap at center line of Malta Drive, 50 feet East
of Quinto Drive, being in the Northwest 1/4 of Section 23,
Township 3 North, Range 6 East.

1542.14 Top of Brass Cap at intersection of Tioga Drive and Tower

- Drive, being in the Northeast 1/4 of Section 23 Township 3
North, Range 6 East.

1560.08 Top of Brass Cap at intersection of Panorama Drive and
Tioga Drive, being in the Northwest 1/4 of Section 23,
Township 3 North, Range 6 East.

1570.29 Top of Brass Cap at intersection of El Lago Boulevard and
Teal Drive, being in the Southwest 1/4 of Section 14,
Township 3 North, Range 6 East.

1648.97 Top of Boat Spike at intersection of Chama Drive and

Gunsight Drive, being in the Southeast 1/4 of Section 15,
Township 3 North, Range 6 East.
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SURVEY FIELD NOTES AND
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.. JAERIAL CONTROL + MAPPING - LAND SURVEYS
CONSTRUCTION STAKING + MBE/DBE CERTIFIED
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LEVELS FOR VERTICAL CONTROL
AND ADJUSTED LEVEL RUNS
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‘alco\Surveying Corporation
A .., JAERIAL. CONTROL + MAPPING - LAND SURVEVYS
CONSTRUCTION STAKING - MBE/DBE CERTIFIED

. 602-990-2412

- FOUNTAIN HILLS FLOODPLAIN
DELINATION STUDY, SOUTH

CONTRACT FCD 92-05

CROSS-SECTIONS, DETAILS, AND
STRUCTURE AS BUILTS




ELeS|
726 2

/230 %

17355

i747%7

1251%

1202 2

17475

,739§E,

L 17365

s
17203




T el

T Z A7 EES

or SHEA R7 CEREWS

wAasu

ﬂ%

W
Q NI o
L] o 9
— Q KNS
%Séﬁ Ny N i

]

T Areu 1Bac
. oo/

E

AN 9] 33]5;0 i
4T e T DS
h % H {§7 50 7;5 ff
= | IN ¥ 1eq® 7
L’ o/ )\ G |295 4

,
L1
ot




s LES WEST &F W ol
5 Y \m11LEs WES ) SHERARO S % ’\)
e o D
= R s !
231 82)-83-¢pl 4O £ D ]=43-40 ¢ PrH » 2': A
v . _
50| 47-00-00| 1525 | $4-53-3p ¢ pzre ™. SR [N
’ o’ S _
v efg-o5-ad 1742 | €F-0(20 ¢ “° , i__’i}:\
20| Sp-0b-wd L1Z 25 ’?9/&4‘-00 4 ¢o” %\ N
72 So- 3400 zcs‘:j £ 7-4/-% #__¢o” = \3 %
e z ’ o 8 o
PSS fmanl 266 T | §7-47-3 ¢ 4o /,'/ T~L \ Fo,
iie ?0 -0 /?4/ 4-2 YA AN ) 72;’,;‘;171/0 ' 3 /\ )V
(S 72 ) \ ‘ \ \ (
v | P-sv 24 F94> | Y- HE Rt \ o\
Z G TN T3
1324800133352 | F6-5F70 EP Trkals ; -~ -l EC
o . i ~
| 3 e oy =gy
. 32 4 A s
An \ - 3T I / 4%
ayl : V\ k4 / V%
K § §\ N 7 7 'ﬂﬁ d
| > :
} - A l'g t\_ ~.g_“ © 2‘: Y F‘v‘".\ £33~ lI ¥J Lo
i - AN w . A2 —_ 4 )\
lf ,\)2 3 g‘ R E S g 2 ‘/o'»‘/
‘ " ' ] »
S NI WY R AN
| = . =3 % P 7 ) b
I R A AN © . ¢ AN
\ N ) . N L ] _’>_‘£ N9
P ;’ \\\l ! 5 § [ - % é‘ )7 \T ‘ lr B y,
P X I =] pal r < 1L1A " A
A A A S -5 - $HaA =1\
1 M n é i . .-\ ) \ \
T 0 i -0 N ~9 i © [ - : \
W ;o i ‘:l ] A Y >
LB CE I T LY N 1] - | NI St
: i SRR Y
o i i ) L :Qb - i;_L 7 A #J.
A | R it ~
@ e LR & PR 1 Lo e
i . ; ; S
1 \n\ A 5? -
I




%/'/3_@ ,o 4@40 /75/

on
33 54/2 /o’a-u /5% 22! S"/’ 2o 7@)

LR 2R Ll SIS 4L.
35 ’/5? St sp0’] o, ;,,,,, P
3| 3623 wxaa-f’! ?Z-a/»é}v f[
317 /7?34"0':')1 wii o :l /04-05'!{,({0 l 4




BLVD

Jete

Ve &S

/r/flé" -/-—)'.

4 - 60-50

102534

2035570

9o-1/- ¢4

7g2-r2: ;

= 7-52- 3

2774

€84/

2 - 2 e

To-t6- 5z

234/~ 870

€5 /6-%

Epgte oF b/74/4-'

Ao kelos| Fyvaer

i 5

RER RV




3l VP

e

——a

j e,
.
YT S

7

ET :
WEST BT

A
/332 [0X r0’

o’

of "

1

B/ |

..{x/ i
ATy




G5 SBimes \wesr |er
{(5}@!1 /—;q,\/’"fl.ﬂ/ L. /‘//A[J’ ELV&

—

845D b5 2450
=33 2g%-0-0d LY 2 =2
2241 -6 127 x F7-27-%

. Y0
Z20}-0e0 §F— | 101067k







g

! e PE

(%4

Vi

2T
By iz

< by Aylysre 7
Y~y

Een/
=A
BAlziaro

Wi

n




Ei§ -2 e
g F4Z0l- o)
S 7oy

ot
———

347 £4
/?d /0

78
)74 7._/2.

PES 450

/A2 - o
3"‘9.\—-~ 9”/ --o—()

Y1328
woiz
’6‘( X &

o
=3
11




Be/p

-

)
2L LI M

- UL/ Ew~7  _SA

-

s

Ry
AAn/ 8 TS

Y. g V-

AN2




<J

28" Py




.ﬂggw 8;_,,7) 300 pMosdkr U
eS|

4 =ov =20 /

p-A32-4v 04 33

72
/

¢
t
!
]
i
'
i
i

/
-—..—_—-‘..—/
L[)), "»"JA._’-?L’,T"; I
]




o -
sun7AN Hi4

o .

700" ,(/0'7&',‘7“/ oF

1aLS
IWTo TR vE
\ 3% _/ z 2-eorsol /09 -1/
3 2U-ddndo | 2y (18-27-
Y ¥ p Jot«/7rep wieka 4'2-4 4
g 5 24 -5S/- 3% Ao - r/
3 & o113 e (7 Be- %
R 7 32-|30-u {74 74 >
\ \A ;1 G -20- 40 4 St -
IS 9 0G0 §-0 7y, 70 8]
J
Z -
[0 Z /6 -40|- 0 /
)
ey | ! HZ |52 i 20/
graEmpzIE= pat
|
o
|
J'

. e




T IT L

W AGHT INCAUE

g . ' 4 A7
MUy 20 plaoy 09 YD FWINLIHILY




OAsZs Do S7 2oy or -

4 =~
TIpFLT 7 =

’

oy PPt

s




o7

N ow Tt

[4

YA

WMALTA e /g

i
Dawnv Bioce L pwe!

x

- N N B, = A




{
i
;

; .




Merth OF Miat7y

Qui 70 Drve

E "4
N

H
i
:
+ :
. . H




Sy

37
-

G

397

e e e

P S

IV
o|¥o

3
3

8w
Yod's

n«\f\\ 37i{ e

SR RN B 97X N S




Tw7  marza| F Mg -

2 !
N R o
ol R tlai gl el of ot BLAL RS N
H ¥ U WL N ; B A
SR z/ﬂ Niod L rm.” Sol ol o S
ST R WS TS I ST O N TR N
\ _ WX .
DS VR A AR S U SRNSN
0 N NN Mu N o Wy./., ...I) m llm\.lulr N _
NEIRYREYERERERERRA 3 R AV
P ! NI
3l pode i oy B AU S R B N
Sld M S el MW e R YN L A S R
1)
T ‘ . .
i A
m.s./:ww ﬂs. ,w_V od
..W..' w49 '\ 1. *
3
¥ .m\m, _
-
; <
Lt R - 4o 4. -
3¢ E IW\~MII\|.:VI &)
4 5/
3 g es
Py ﬁ.u il w./.,.« - o441 d
5 L/ N .f.wa
N L ™~ . v(/
[\ o I”l// nO ..MV
ks : N~
~ g
X  — ./xl . .
] ]
m‘ //
< .
11 e
D wv\‘
2l VI I 7 A T
IN\./Ta //
N /»/‘//
|.|ha” /7

. st el
e ot o=z e




FE4 3 4- vl

s
7

JE

.Q‘}Mwlwurﬂ‘m':-:r.'z.n.-.u.-.uv. ST D e e L

[N S WIS S

2}

%7

4
_.‘(»')')

|
A

\

T ———— N







5[4—

-
t}-t.\/

T i3 32

18146

[too w- -

70, 5 3

Qt30 w,

£8.19

O #7H. 561

L3.45 |

{400 X,

73.£8

2L08 N,

74.18%

E_N.

L3.80

1480 3.

(s5.4¢

/451 5.

b4.55

5§.15

T s.

€3 4,35

S

A N R
e

R N P R R T T

ot




: d / - .\\ S D /%V%/ 7
.c:\ vl e H, b\S - TN\ 72
o os o 7748 Sy3 I
N - /i/l
MN wc:_
I i : : 7N
i (|l - {5 ¢

OI4LTHE QL OO
NVITZ SO S70/S H.
TF0NIUXT .2 OV LINAT Db

\ OO CH+L "VUS QL QO
VIO 0 SITIS HLIOST G/

W
/
/ BN

S UNFN AP D LGIXZ

m.
/ Q.&\

7
g \
a.e\ I



SALT

L('l'"HOLEs

BOND AS SHOWN
/4" BONO PLATE
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. [1 CONSTRUCTION NOTES []

\

SAWCUT & REMOVE CONC. CURB AND A.C. PVM'T.

INSTALL 6" CURB & GUTTER PER M.A.G. STD.
DET- 220_Ao

INSTALL 6" EXTRUDED CURB.

REMOVE 2-60" C.M.P.

CONSTRUCT 86 L.F. CONCRETE DOUBLE BOX
CULVERT PER A:D.O.T. STD. DET. B-02.20,
TABLE II, S=10‘, H=8', SKEW=0",
SLOPE=0.024% (ADJUST SLOPE TO FLOW LINE

OF WASH), INLET & OUTLET WINGS STD.

DET. B-04.60, 45° SKEW & 4:1 EMBANKMENT
SLOPES AND HEADWALL W/HAND RAIL.SHT.i, DET."A

INSTALL MODIFIED CATCH BASIN PER DET. “C"
SHEET 1.

SURVEY MONUMENT PER M.A.G. STD. DET. 120-1
TYPE B.




N

SALT RIVER PIMA MARICOPA INDIAN RESERVATION

FLOOD CONTROL DISTRICT
OF MARICOPA COUNTY

FLOOD DELINEATION STUDY OF
FOUNTAIN HILLS SOUTH
F.C.D. CONTRACT NO. FCD 92-05

LEGEND
CULVERT —
HEC~1 AND HEC-2 CULVERT
HEC—-1 CULVERT ONLY APl

HEC—2 HYDRAUUIC BASELINE

HEC~1 HYDRAULIC BASELINE _—

ﬁ 800 0 800 1,600
[ = v = a——
N SCALE: 1"= 800
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Culvert ID  Culvert size Roadway Name
POW-CA1 5-48" CMP Leo Drive

CER -C1 3 barrel 12' X 12' box Shea Boulevard
CER-C2 2 barrel 10' X 8' box Saguaro Boulevard
CER-C4 1-84" CMP Shea Boulevard
CER-C5 1-60" CMP Fountain Hills Boulevard
CER-C10 1-48"CMP Shea Boulevard
CER-C11  1-36"CMP Shea Boulevard
CER-C12 1-24"CMP Shea Boulevard
CER-C13 2-30"CMP Shea Boulevard
CER-C14 1-36"CMP Shea Boulevard
CER-C15 2-30"CMP Shea Boulevard
TRE -C1 1-84" CMP Shea Boulevard
TRE -C2 2-60" CMP Trevino Drive
TRE-C10  1-43"X 27"CMA Nelson Road

WAL -C1 10' X 10' Box Shea Boulevard
CAP -C1 2-72" CMP Shea Boulevard
CPW -C1 1-48" CMP Saguaro Boulevard
JKL -C1 2-60" CMP Indian Wells Drive
JKL -C2 7' X 14' Box Saguaro Boulevard
JKL -C10 36" CMP Apiam way

JKL -C11 42" CMP Keota Drive

EMR -C1 2-60" CMP Saguaro Boulevard
EMR -C2 1-60" CMP Inca Avenue

EMR -C3 1-600" CMP Baron Drive

EMR -C4 1-60" CMP Bottom 1' grouted Fountain Hills Boulevard
MAL -C1 2-48" CMP Saguaro Boulevard
MAL -C2 1-24 CMP and 1-18" X 28" CM Quinto Drive

MAL -C3 1-18"X28" CMA Mission Bell Court
MAL -C4 1-18"X28" CMA Dawn Ridge Lane
MAL -C5 1-18"X28" CMA Oasis Drive

MAL -C6 1-18"X28" CMA Nightingale Circle
COL -C1 4 Barrel 6"X8' Box Panorama Drive
COL-C2 1-72" CMP Saguaro Boulevard
COL-C3 2-60" CMP Arroyo vista Drive
COL -C4 2-60" CMP 1 with bottom grout Fountain Hills Boulevard
CoOL -C6 2-60" CMP and 1-48" CMP Sycamore Drive
FOC -C1 2 Barrel 4' X 10' Box El Lago Boulevard
FOC-C10 1-36"CMP Saguaro Boulevard
FOC-C11 1-36"CMP Saguaro Boulevard
FOC-C12  1-54" concrete lined CMP Saguaro Boulevard
NCL -C1 1-60" CMP Chama Drive

NCL -C2 1-60" CMP and 1-66" CMP La Montana Drive

NCL -C3

1-60" CMP

Fountain Hills Boulevard

e i)



Culvert ID  Culvert size Roadway Name
NCL -C4 1-60" CMP Mountainside Road
NCL-C5 1-60" CMP Minosa Drive

IRW -C1 1-48" CMP Cholla Drive

SUB -C1 1-48" CMP Sycamore Drive
SYC -C1 1-60" CMP Greystone Drive
SPL -C1 2-18" CMP El Lago Boulevard
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alco|Surveying Corporation

. JAERIAL CONTROL + MAPPING - LAND SURVEVYS
CONSTRUCTION STAKING + MBE/DBE CERTIFIED

. 602-990-2412

FOUNTAIN HILLS FLOODPLAIN
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4.2 Parameter Estimation

" FCD 9205

4.2.1 Manning’s n Value

42.1.1

introduction

There are 8 separate washes and 16 tributaries contained
within the study area and approximately 20 miles of floodplain
to be delineated under this project. The washes have been
divided into reaches of similar hydraulic characteristics and
Manning’s n values assigned to the reaches based on their
typical characteristics. Each reach has been identified with
four-character identifier. The first three represent the name of
the wash, and the fourth is the reach number: for example,
CER2 denotes Cereus Wash, Reach 2. The reach numbers
start with "1" at the downstream end and increases in the
upstream direction.

The limits, location of photographs and n values for each
reach are shown on Exhibit 1 entitled, "Manning’s n Value
Map". In calculating the n Value, the following factors were
considered:

Bed material particle size

Degree of irregularity of the bank slopes

Effect of obstruction

Degree of meandering

Vegetation

The density and type of vegetation have significant impact on
the roughness coefficient (n value). The vegetation within the
flood plain has been identified to include the following:

Brittle Brush

Cactus - Barrel, Cholla, Prickly Pear, Saguaro

Canyon Ragweed

Catclaw .

Cottonwood tree

Creosote brush

Desert Broom

Desert Hackberry

Desert Wiillows

Grayhorn

Ironwood

Mesquite

Native Grasses

Page 44



FCD 92-05

42.1.2

4.2.1.3

Ocatillo

Paim Tree

Palo Verde Tree
Seep Willow

Triangle Leaf Bursage

Methodology

Each reach was identified with the aid of 1" = 100’ aerial
photographs. The discerning characteristics were channel
size, vegetation density, and bed materials. Each reach was

- photographed during the field reconnaissance phase at a

representative and accessible location. The photography
locations are summarized on Exhibit 1.

Manning’s roughness coefficients were determined in
accordance with the methodology described in Estimated
Manning’s Roughness Coefficient for Streams Channels and
Flood Plains in Maricopa County, Arizona (USGS, Water
Resources Division, April 1991). The method described in this
publication selects a base value for the roughness coefficient
exclusively on bed material. This base value is then modified
by adding adjustments to account for vegetation, irregularities,
obstructions and cross-section variations. In addition, a
multiplier can be applied to the adjusted n-value if meandering
of the reach is significant. '

The base roughness coefficient was selected based on the
average particle size observed in the field. The typical average
size of the bed materials in the study area ranges from 0.08"
to 2.5". For this size of bed material the typical values of the
roughness coefficient range from 0.028 to 0.035. For some of
reaches where the conveying channel is a golf course,
pathway or street, n values as low as 0.018 were used.
Values greater than 0.035 were use for reaches where the
average particle size is larger than 2.5 inches.

n Value Determination
The base values, adjusting values and the adjusted values for

manning’s roughness coefficient are show in the following
tables. '

Page 4-5



DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Powder Wash - POW1
Location: Downstream from Leo Dr. - South east Y4 of section 27
Picture: No picture
[
Channel Conditions Manning’s n Adjustment OveL;f;nk Channel Ov':ilg:nk
Concrete 012- 018 “
Firm soil 025 - 032 II
. Coarse sand 026 - .035 0.030 0.030 0.030
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
o lari Minor .001 - .005 "
ree of kregulari n
Deg Qularity Moderate ! .006 - .010 ft
Severe 011 - .020 "
Negligible 000 - .004 f
Minor 005 - 015 f
Effects of Obstruction n,
Appreciable 020 - .030
( Severe .040 - .060
Small 002 - 010 |
Medium 010- 025 |
Vegetation n;
Large .025 - .050 0.030 0.030
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt. n, .001 - .005 0.005
Freq. Alt. .010 - 015
0.34 0.060 0.035 0.060
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.1
Sever 1.30

n = (n,+n;+n,+n;+nm

File MANNING.TBL

Auguet 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Powder Wash - POW2
Location: Between Leo Dr. and Powderhorn Dr. - South % of section 27
Picture: POW-P1, POW-P2, POW-P3
Channel Conditions : Manning's n Adjustment Ov:ert:ta nk Channel Ong'atnk jl
Concrete .012-.018
Firm soil 025 - .032
Coarse sand 026 - .035 0.030 0.030 0.030
Channel Material n,
Gravel 028 - .035
Cobble 030 - .050
Bouider .040 - .070
Smooth .000
De \ (ari Minor 001 - .005
ree of Iregulari n
S gularity Moderate ! 006 - .010 “
Severe 011 -.020 f
Negligible .000 - .004 ' |
Minor 005 - .015
Effects of Obstruction - n,
Appreciable 020 - .030
Severe : .040 - .060 “
Small 002 - 010 0.002 [
_ Medium 010 - .025 0015 002 |
Vegetation n;
Large .025 - .050 "
Very Large .050 - .100 “
Gradual 000 ' |
Variations in Channel Cross section Occ. Alt. n, .001 - .005 "
Freq. Al. 010- 015 |
0.34
Minor 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,+n;+n,+n;+n)m
| T ———
File MANNING.TBL August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Powder Wash - POW3
Location: Upstream from Powderhorn Dr. - South west % section 27
Picture: POW-4
“ Channel Conditions Manning's n Adjustment Ov:mrba nk Channel Ov':lrgbhatnk
Concrete 012-.018
Firm soil 025 - 032 ||
Coarse sand ' 026 - .035 0.030 0.030 0.030
Channel Material n,
Grave! 028 - .035
Cobble 030 - .050
Boulder .040 - 070
Smooth .000
De of | lari Minor .001 - 005
ree of regulari n
h ¢ gularity Moderate ! .006 - .010
ﬂ Severe 011 -.020 i
Negligible .000 - .004 II
Minor .005 - .015 Il
Effects of Obstruction n,
Appreciable 020 - .030 “
Severe 040 - .060
Small 002 - .010
Medium .010 - .025 0.02 0.02
Vegetation ng
Large 025 - 050
Very Large 050 -.100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, 001 - .005
Freq. Alt. 010-.015
0.34
. Minor 1.00
Degree of Meandering Appreciable m 1.18
Sever 1.30
n = (n,+n+0n+N03+0)m
= ——
File MANNING.TBL August 10, 1983



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cereus Wash - CER1
Location: Downstream from Saguaro Bivd. - South west % of section 26
Picture: CER-P1
[ ——— e — e — S |
Channel Conditions Manning's n Adjustment OveLrebf:a nk Channel OvTrgtgtnk
Concrete 012-.018
Firm soil .025 - .032
Coarse sand 026 - .035 0.027 0.030 0.027
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth 000
Minor .001 - .005
Degree of krregularity n;
Moderate .006 - .010
Severe .011 - .020
Negligible .000 - .004
Minor 005 - .015
Effects of Obstruction n,
Appreciable .020 - .030
Severe .040 - .060 }
Small .002 - .010 0.002
Medium .010-.025
Vegetation n; -
Large .025 - .050 0.060 0.070
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt. n, .001 - .005 0.002 0.002 0.002
Freq. Alt. 010 - 015
0.34 0.089 0.034 0.099
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (N,+n;+n,+n;+n,)m

File MANNING.TBL August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cereus Wash - CER2
Location: From downstream from Saguaro Bivd. to Trevino Wash confluence - South west % of section 26
Picture: CER-P2, CER-P3, CER-P4, CER-P5, CER-P6
Channel Conditions Manning's n Adjustment OveLr.gtank Channel Oo:ihatnk ’ II
Concrete .012-.018
Firm soil 025 - 032
Coarse sand 026 - .035 0.028 0.030 0.028
Channel Material n,
Gravel 028 - .035 1
Cobble 030 - .050
Boulder .040 - .070
Smooth .000
Minor 001 - .005
Degree of lrregularity n;
Moderate 006 - .010
Severe .011 - .020 Ii
Negtigible .000 - .004 “
Minor 005 - .015
Effects of Obstruction - n,
Appreciable .020 - .,030
Severe 040 - .060 "
Small .002 - .010 0.002
Medium 010-.025
Vegetation n;
Large .025 - .050
Very Large 050 - .100 0.05 0.05
Gradual 000 |
Variations in Channel Cross section Oce. Alt, n, .001 - .005 |
Freq. Alt. 010 - .015
0.34 0.078 0.032 0.078
- Minor 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.16 1.15
Sever 1.30
" n = (n,+n,+N,+ny+n)m

File MANNING.TBL

August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cereus Wash - CER3
Location: North east ¥ of section 27
Picture: No picture
Channel Conditions Manning’s n Adjustment OveLre:a nk Channel Ov':rgbr:nk
Concrete 012..018 —“
Firm soil 025 - .032 0.027 0.027
Coarse sand 026 - .035 0.027
Channel Material n,
Gravet .028 - .035
Cobble _ .030 - .050
Boulder 040 - .070 i
Smooth .000 '
Degree of reguiar Minor .001 - .005
ree of irregula n
gulartty Moderate ! .006 - .010
Severe .011 - .020
Negligible .000 - .004 “
Minor .005 - .015
Effects of Obstruction n,
Appreciable .020 - .030
Severe .040 - .060
Small .002 - .010 0.008
Medium .010 - .025
Vegetation n3
Large 025 - .050 0.030 0.030
Very Large .050 - .100
CGradual .000 .
Variations in Channel Cross section Occ. Alt. ng .001 - .005 0.001 0.001 0.001
Freq. Alt. .010 - .015
0.34 0.058 0.036 0058 |l
‘ Minor 1.00
| Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,+n+n,+ny+n,)m

File MANNING.TBL ‘ August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cereus Wash - CER4
Location: North west % of section 27
Picture: CER-P7, CER-P8, CER-P9, CER-P10, CER-P11
Channel Conditions Manning’s n Adjustment oll':;tank Channel m?i?nk
Concrete 012-.018
Firm soil 025 - .032 0.029 0.029
Coarse sand 026 - .035 0027 |
Channel Material n,
Gravel 028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
Degree of | lart Minor 001 - 005
ree of Irregulal n
Qulatty Moderate ! .006 - .010
Severe .011-.020
Negligible .000 - .004 i
Minor .005 - .015 l
Effects of Obstruction n,
Appreciable 020 - .030
Severe .040 - .060
Small .002 - .010 0.010 0.010 0.010
Medium .010 - .025
Vegetation ny
Large 025 - .050
Very Large .050 - .100
Graduat .000
Variations in Channel Cross section Occ, Alt. n, .001 -.005 0.005 0.005 0.005
Freq. Alt. 010-.015
0.34 0.044 0.042 0.044
Minor 1.00 1.00 1.00 1.00 “
Degree of Meandering Appreciable m 1.156 “
Sever 1.30

Flle MANNING.TBL

n = {ny+n,+n,+n3+njm

August 10, 1993




‘ ‘ | ' ‘(

DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cereus Wash - CERS
_ Location: Between Logan Wash and Chukar Wash confluences - North west ¥4 of section 27
Picture: CER-P12
Channel Conditions Manning’s n Adjustment Ovl;r.:tank Channel OvTrgbhatnk
Concrete .012-.018
Firm soil 026 - .032 0.027 0.027
Coarse sand .026 - .035 0.029
Channel Material n,
Gravel .028 - .035 i
Cobble .030 - .050 i
Boulder 040 - 070 I
Smooth .000 “
Minor .001 - .005
Degree of lrregularity n;
Moderate .006 - .010 0.006 0.006
Severe .01t - .020
Negligible © 000 - .004
Minor 005 - .015
Effects of Obstruction n,
Appreciable .020 - .030
Severe .040 - .060
Small .002 - .010 0.002
. Medium 010 - .025 002 002 |
Vegetation n;
Large -025 - .050 "
Very Large 050 - .100 i
Graduat .000 "
Variations in Channel Cross section Occe. Alt. n, .001 - .005 0.003 0.003 0.003 "
Freq. Alt. .010-.015
0.34 0.056 0.034 0.056
Minor 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15 1.156
Sever 1.30
n = (n,+n;+n,+ny+n)m

File MANNING.TBL August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: ~ Fountain Hills South Flood Delineation Study
Stream: Cereus Wash - CER6
Location: Between Chukar Wash and Walnut Wash confluence - North west %4 of seection 27
Picture: CER-P13
Channel Conditions Manning's n Adjustment Overbank Channel Overbank
Concrete 012-.018
Firm soil 025 - 032 0.027 ooz |
Coarse sand 026 - 035 0.029 |
Channel Material n,
Gravel 028 -.035 II
Cobble .030 - .050 ||
Boulder 040 - 070
II Smooth .000
Degree of kregular Minor .001 - .005 0.003 0.003
ree Or wreguiar n
gularity Moderate ! 006 - .010
Severe 011 -.020
.J Negligible 2000 - .004
Minor .005 - .015
Effects of Obstruction n,
Appreciable .020 - .030
Severe 040 - .060
Smalil .002 - 010 0.002
Medium 010 - .025 0.020 0020 |f
Vegetation n3
Large 025 - 050 i
Very Large 050 - .100 |
Gradual 000 “
Variations in Channe! Cross section Oce. Alt. n, 001 -.005 0.001 0.001 0.001
Freq. Alt. 010 - .015
0.34 0.051 0.032 0.051
Minor 1.00 1.00 100 |
Degree of Meandering Appreciable m 1.15 1.15 "
Sever 1.30

n = (n,+0;+n,+n;+n)m

File MANNING.TBL

August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cereus Wash - CER7
Location: Upstream from the confluence of Walnut Wash - South east % of section 21
Picture: CER-P14, CER-P15
e — e —— e ——————
- ., " Left Right
Channel Conditions Manning's n Adjustment Overbank Channel Overbank
Concrete 012-.018
Firm soil 025 - .032
Coarse sand 026 - .035 0.030 0.030 0.030
li Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
De of | lari Minor 001 - .005
ree fregu n
¢ gulartty Moderate ! .006 - .010
Severe 011 -.020
Negligible .000 - .004 it
Minor 005 - .015
Effects of Obstruction n,
Appreciable 020 - .030
i Severe 040 - .060
Small .002 - .010 0.008
Medium .010 - .025 0.015 0.015
Vegetation n;
Large .025 - .050
Very Large 050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt, n, 001 - .005 0.002 0.002 0.002 i
Freq. Alt. .010 - .015
0.34 0.047 0.040 0.047
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,+n,+n,+n;4+n,)m

File MANNING.YBL August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDOMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Last Trail Drain - LTD1
Location: South West % section 26
Picture: LTD-P1, LTD-P2
“ Channel Conditions Manning’s n Adjustment meLr?ank Channel Ong:nk
Concrete 012 - .018
Firm soil 0256 - .032 0.028 0.028
. Coarse sand 026 - .035
Channel Material n,
Gravel .028 - .035
Cobble 030-.050 0.040 i
Boulder .040 - .070
Smooth .000
De . taxi Minor .00t - .005
ree of irregula n
9 egularity Moderate ! .006 - .010 0.006
Severe 011 -.020
Negligible 000 - .004
Minor .005 - .015
Effects of Obstruction n;
Appreciable .020 - .030
Severe 040 - .060
Small .002 - .010 0.001
| Medium 010 - 025 !
Vegetation n;
Large 025 - 050 0.040 0.04 f
Very Large 050 - .100 "
Gradual 000 "
Variations in Channel Cross section Oce. Alt. ng .001 - .005 0.001 0.004 0.001
Freq. Alt. .010-~.015
0.34 0.069 0.051 0.069
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30

n = (n,+n,+n,+n3+n,)m

File MANNING.TBL August 10, 1993



DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hilis (Laser Drain)
Stream: Laser drain
Location: Reach LD-0 (Downstream from Firebrick Dr.)
Photo No: 16,17,21
Channel Conditions Mannigg's n Agjustment Left Overbank Channel Right Overbank
I AR ]
Concrete 012-.018
Firm Soil 025 -.032
) Coarse Sand .026 - 035 0.028 0.028 0.028
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth 0
. Minor .001 - .005 0.005
Degree of lrregularity n,
: Moderate .006 - .010 0.006 0.010
Severe 011 ..020
Negligible .000 - .004
Minor .005 - 015
Effects of Obstruction n,
Appreciable .020 - .030
Severe .040 - 060
Small .002 - .010
Medium .010-.025 0.025 0.01
Vegetation n,
Large .025 - .050 0.030
Very ligrqe ,050 - 100
Gradual 0
Variations in Channel Cross
section Ocec. Alt. n. .001 - .005 0.005
Freq. Alt. .010- .015
0.058 0.044 0.073
Minor 1 1 1 1
Degree of Meandering Appreciable m 1.15
Sever 13
n={(n+0+040.40)0

File: MAN-RO.TBL

April 3, 1996



DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills (Laser Drain)
Stream: Laser drain
Location: Reach LD-1 (Upstream from Firebrick Dr.)
Photo No: 15
Channel Conditions Manning's n Agjustment Left Overbank Channel Rig.ht Qverbank
A R —
Concrete .012-.018
Firm Soil .025-.032
. Coarse Sand 026 - .035 0.028 0.030 0.028
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Bouider .040 - .070
Smooth 0
X Minor 001 - .005 0.005 0.005 0.005
Degree of irregularity n,
Moderate .006 - .010
Severe 011 - .030
Negligible - .000 - .004
Minor .005 - .015
Effects of Obstruction k n,
Appreciable .020 - .030
Severe 040 - .060
Small .002-.010
K Medium 010-.025 0.025
Vegetation n,
Large .025 - .050 0.030 0.030
Very L_a_rqe 050 - .100
Gradual 0
Variations in Channel Cross n
section Occ. Alt. B .001 - .005 0.005
Freq. Alt. .010- 015
0.058 0.065 0.068
Minor 1 1 1 1
Degree of Meandering Appreciable m 1.15
Sever 1.3
0 ={n+0+0.40403m

File: MAN-R1.TBL

April 3, 1996



Project:
Stream:
Location:
Photo No:

DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Fountain Hills (Laser Drain)

Laser drain

Reach LD-2 (Downstream from Saguaro Bivd.)

11,12

Channel Conc_ilitions Manning's n Adjustment Left Overba_nk Channel Right Overbank
Concrete .012-.018
Firm Soil .025 -.032
. Coarse Sand .026 - .035 0.028 0.030 0.028
Channel Material n,
Gravel 028 - .035
Cobble .030 - .050
Boulder .040 - 070
Smooth (4]
. Minor .001 - .005 0.005 0.005 0.005
Degree of lrregularity n,
Moderate .006- 010
Severe L011-.020
Negligible .000 - .004
Minor .005 - .015
Effects of Obstruction n,
Appreciable .020 - .030
Severe .040 - 060
Small .002 - .010 0.005
) Medium .010- 025 0.025
Vegetation n,
Large .025 - .050 0.03
Very l___:larqe 050 - .100
Gradual 0
Variations in Channel Cross n
section Ocec. Alt. X .001 - 005 0.005
Freq. Alt. .010- 015
0.058 0.065 0.043
Minor 1 1 1 1
Degree of Meandering Appreciable m 1.15
Sever 1.3
N ={N+0.+0.40.400M

File: MAN-R2.7BL

April 3, 1996



DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills (Laser Drain)
Stream: Laser drain
Location: Reach LD-3 (Between Technology Drive) and Saguaro Blvd.)
Photo No: 458
Channel Conditions Manning's n quustment Left Overbank Channel Rig.ht Qverbank
Concrete .012- 018 0.018
Firm Soil 025 -.032
C d 026 - .035 0.028 0.028
Channel Material oarse San n,
Gravel .028 - .035
Cobble .030- .050
Boulder .040 - .070
Smooth 0
) Minor .001 - .005 0.001 0.001
Degree of Irregularity n,
Moderate .006 - .010
Severe 011 - .0'2.0
Negligible .000 - .004
Minor .005- .015
Effects of Obstruction n,
Appreciable .020 - .030
Severe 040 - 060
Small .002 - .010
. Medium 010- .025
Vegetation n,
Large .025 - .050 0.030 0.030
Very Large 050 - .100
Gradual [}
Variations in Channel Cross
section Occ. Alt. n, .001 - .005
Freq. Alt. .010- 015
0.059 0.018 0.059
Minor 1 1 1 1
Degree of Meandering Appreciable m 1.15
Sever 1.3
0= (040 +0.40.4+0.)M

File: MAN-R3.TBL

April 3, 1996




DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills (Laser Drain)
Stream: Laser drain
Location: Reach LD-4 (Upstream from technology Drive)
Photo No: 0,3
Channel Conditions Manning's n Adjustment Left Overbank Channel Rigpt Qverbank
R -
Concrete .012-.018 0.018
Firm Soil 025 -.032
. Coarse Sand .026 - .035 0.028
Channel Material n,
Gravel .028 - 035 0.030
Cobble .030- .050
Bouider .040 - .070
Smooth o]
! Minor .001 - .005 0.001 0.001
Degree of Irregularity n,
Moderate .006 - .010
Severe 011..020
Negligible .000 - .004 0.004 0.004
. Minor .005- 015
Effects of Obstruction n,
Appreciable .020 - .030
Severe 040 - .060
Small .002 - 010
X Medium .010-.025
Vegetation n,
Large .025 - .050
Very L_arqe 050 - .100
Gradual 0
Variations in Channel Cross
section Oce. Alt. n .001 - .005
Freq. Alt. .010- 015
0.035 0.018 0.033
Minor 1 1 1 1
Degree of Meandering Appreciable m 1.15
Sever 1.3
N = (D +0.+0.40.403m

File: MAN-R4.TBL Aprit 3, 1996




DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Trevino Wash - TRE1
Location: North east Y of section 27
Picture: TRE-P1, TRE-P2
lL Channel Conditions Manning'’s n Adjustment OveLr.:ta nk Channel Ov?rgb':nk
Concrete 012-.018
Firm soil 025 - 032
. Coarse sand 026 - .035 0.030 0.030 0.030
Channel Material n,
Gravel 028 - .035
Cobble .030 - .050
“ Boulder 040 - .070
Smooth .000
De. of | | Minor .001 - .005
ree of Irregular n
9 gularity Moderate ! 006 - 010 I
Severe 011 -.020 II
| Negligible 000 - .004 i
Minor 005 - .015
: Effects of Obstruction n;
i Appreciable .020 - .030
Severe 040 - .060
Small .002-.010 0.004
Medium 010 -.025 0.025 0.025
Vegetation ng
Large .025 - .050
Very Large 050 - ,100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, .001 - .005
Freq. Alt. 010-.015
0.34 0.055 0.034 0.055
Minor 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15 "
Sever 1.30

n = (n,+n;+N,+0;+0,)m

File MANNING.TBL

August 10, 1993
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Logan Wash - LOG1
Location: South west Y of section 27
Picture: LOG-P1, LOG-P2
Channel Conditions Manning's n Adjustment
Concrete .012- 018
Firm soil 025 - .032 0.027
Coarse sand 026 - .035 0.029
Channel Material n,
Gravel 028 - .035
Cobble 030 - .050
Boulder 040 - .070
Smooth .000
Minor .001 - .005 0.002
Degree of Irregularity n;
Moderate .006 - .010
Severe 011 -.,020
Negligible 000 - .004
Minor 005 - .015
Effects of Obstruction n,
Appreciable 020 - .030
Severe .040 - .060
Small .002 - 010 0.001
Medium 010-.025 0.025 0.025
Vegetation n;
Large .025 - ,050
Very Large 050 - .100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, .001 - .005 0.002 0.002 0.002
Freq. Alt. .010-.015
0.34 0.054 0.034 0.054
Minor 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15 1.15
Sever 1.30
n = (ny+n;+n;+nz+n,)m
File MANNING.TBL August 10, 1993

]



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Chukar Wash - CHU1
Location: North west V4 of section 27
Picture: CHU-P1, CHU-P2
o e Left Rght |
Channel Conditions Manning's n Adjustment Overbank Channel Overbank
Concrete 012- 018
Firm soil 025 - .032 0.028 0.028
‘ \ Coarse sand .026 - .035 0.030
| I Channel Material n,
| Gravel 028 - .035
|
| Cobble 030 - .050
[ Boulder 040 - .070
f Smooth 000
| Degres of kregularly Minor .001 - .005
| ree of Irregul n
© Moderate ! .006 - .010
| Severe 011 - .020
|
| Negligible .000 - .004 “
| ) Minor .005 - 015
| Effects of Obstruction - n,
| Appreciable .020 - .030
| Severe .040 - .060
‘ Small .002 - .010 0.002
Medium 010-.025 0.010 0.010
| Vegetation n;
| Large 025 - .050
| Very Large .050 - .100
| Gradual .000
| Variations in Channel Cross section Oce. Alt. n, 001 - .005 0.002 0.002 0.002
| Freq. Alt. 010 - .015
0.34 0.040 0.034 0.040
Minor 1.00
Degree of Meandering Appreciable m 1.15 1.15 1.15 1.15
Sever 1.30
n = (ny+n,+ny+ng+n)m

File MANNING.TBL August 10, 1983



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cap Wash - Walnut Wash - CAP1
Location: North %2 of section 28
Picture: CAP-WAL-1, CAP-P2, CAP-P3
S — e — el
“ Channel Conditions Manning's n Adjustment OveLregta nk Channel Ovzirgbhatnk
Concrete 012 - .018
Firm soil 025 - 032 0.029 0.029
Coarse sand 026 - .035 0.029
Channel Material n,
Gravel .028 - .035
Cobble 030 - .050
Boulder .040 - .070
Smooth .000
b —— Minor .001 - ,005 : It -
ree of lrregular n
S < Moderate ! 006 - .010
Severe 011 -.020
Negligible .000 - .004
Minor 005 - 015
Effects of Obstruction n,
Appreciable .020 - .030
Severe .040 - .060
" Small 002 - .010 0.002
Medium 010 -.025
Vegetation Nz
Large 025 - .050 0.030 0.030
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, .001 - .005
Freq. Alt. .010-.015
I 0.34 0.059 0.031 0.059
f Minor 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,+n,+n,+n;+njm

File MANNING.TBL August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Walnut Wash - WAL2
Location: Upstream from Shea Blvd. - South east ¥ of section 21
Picture: WAL-P4, WAL-P5
Channel Conditions Manning's n Adjustment Overbank Channel Overbank
Concrete 012- 018
Firm soil .025 - .032 0.027 0.027
Coarse sand .026 - .035 0.030
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
De of krecularl Minor .001 - .005
ree egu n
¢ gularity Moderate ! .006 - .010
Severe 011 -.020
Negligible .000 - .004
H Minor 005 - .015 I
Effects of Obstruction n,
Appreciable .020 - .030
Severe .040 - .060
Small 002 - .010 0.003
Medium .010 - .025 0.015 0.015
Vegetation ng
Large 025 - .050
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt, ng 001 - .005 0.004 0.004 0.004
Freq. Alt. 010 - .015
0.34 0.046 0.037 0.046
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30

" n = (n,+n;+ny+nz4+n)m

File MANNING.TBL August 10, 1993



DETERMINATION OF MANNING’'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cyprus Point Wash - CPW1
Location: North east % of section 26
Picture: CPW-P1, CPW-P2
- o . Left Right
Channel Conditions Manning’s n Adjustment Overbank Channel Overbank
Concrete 012-.018
Firm soil 025 - .032
. Coarse sand 026 - .035 0.032 0.032 0.032
Channel Material n
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
De. . tari Minor 001 - .005
ree of Irregu n
¢ egularty Moderate ! .006 - .010
Severe 011 -.020
Negligible .000 - .004
Minor 005 - .015
Effects of Obstruction n,
Appreciable 020 - .030
Severe 040 - .060
Small .002-.010 0.004
Medium 010 - .025 0.015 0.015
Vegetation n;
Large .025 - .050
Very Large .050 - .100
Gradual .000 0.002 0.002 0.002
Variations in Channel Cross section Occ. Alt. n, 001 - .005
Freq. Alt. 010 - .015
0.34 0.049 0.038 0.049
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.1
Sever 1.30

n = (n,+n;+n,+n;+n)m

File MANNING.TBL

August 10, 1993




DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cyprus Point Wash - CPW2
Location: North west Vs of section 26
Picture: CPW-P3
Channel Conditions Manning’s n Adjustment Ov:art:ta nk Channel QlReifgbr:nk
Concrete 012-.018
Firm soil 025 - 032 0.025 0.025 0.025
Coarse sand 026 - .035
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth 000
De . st Minor .001 - .005
ree of Irreguiai n
o gularity Moderate ! .006 - .010
Severe 011 -.020
Negligible .000 - .004 |
Minor 005 - 015
Effects of Obstruction n,
Appreciable .020 - .030 )
Severe .040 - .060
Small .002 - .010 0.002 0.002 0.002
Medium 010 - 025 4|
Vegetation n3
Large .025 - .050
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Occ. Alt. ng .001 - .005
Freq. Alt. .010- .015
0.34 0.027 0.027 0.027 I
Minor 1.00 1.00 1.00 100 |
Degree of Meandering Appreciable m 1.15 “
Sever 1.30

I

File MANNING.TBL

n = (n,+n;+n,+nz+nm

August 10, 1993




DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cyprus Point Wash - CPW3
Location: North west ¥ of section 26
Picture: CPW-P4, CPW-P5, CPW-P6
Channel Conditions Manning's n Adjustment meLgtmk Channel Ov':rgb':nk
Concrete .012- 018
Firm soil 025 - .032 0.028 0.028
Coarse sand .026 - 035 0.028
Channel Material n,
Gravel ,028 - .035 “
Cobble 030 - .050 i
Boulder 040 - .070 |
Smooth .000 1‘
Minor .001 - .005
Degree of Irregularity Voderate n; 006 010
Severe 011 -.,020
Negligible .000 - .004
Minor .005 - .015
Effects of Obstruction n,
Appreciable .020 - .030 0.030 0.030
Severe .040 - .060
Small .002 - .010 0.004
Medium .010 - .025 0.010 0.010
Large s 025 - .050
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt. n, .001 - .005
Freq. Alt. .010-.015
0.34 0.068 0.032 0.068
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30

File MANNING.TBL

n = (n,+n;+n,+n;+n)m

August 10, 1993




DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDOMC METHOD

|

Flie MANNING.TBL

n = (ny+n,+n,+n;+n,)m

Project: Fountain Hills South Flood Delineation Study
Stream: Cyprus Point Wash - CPW4
Location: North east ¥ of section 26
Picture: CPW-P7
Channel Conditions Manning’s n Adjustment QreLre;tank Channel OvTrgt::nk
Concrete 012-.018
Firm soil 025 - .032 0.028 0.028
Coarse sand .026 - .035 0.028
Channel Material n,
Gravel 028 - .035
|| ot o200 ||
Boulder .040 - 070 |
Minor .001 - ,005 I
Degree of Irregularity n;
Moderate .006 - .010
Severe 011 -.020
Negligible .000 - .004
" Effects of Obstruction Minor n 008018
Appreciable 2 020 - .030
Severe .040 - .060
Small .002-.010 0.009 0.004 0.009
Medium .010 - .025
Vegetation n;
Large .025 - 050
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt. n, .001 - .005
Freq. Ait. .010 - .015
0.34 0.037 0.032 0.037
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.156
Sever 1.30

August 10, 1993




DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Cyprus Point Wash - CPW5
Location: North west ¥ of section 26
Picture: No picture
" Channel Conditions Manning's n Adjustment meL;@ﬂa nk Channel OVF:rgI:nk ||
Concrete .012-.018 0.018
Firm soil 025 - .032 0.028 ' 0.028
. Coarse sand 026 - .035
Channel Material n,
Gravel 028 - .035
Cobble 030 - .050
Boulder .040 - .070
Smooth .000
Degree of | ot Minor .001 - .005
ree of Irregular n
Qularty Moderate ! .006 - .010
Severe 011 -.020 i
Negligible .000 - .004 "
Minor 005 - .015 |
Effects of Obstruction n,
Appreciable .020 - .030
Severe 040 - .060
Small 002 - 010 0.004 0004 |
Medium .010 - .025
Vegetation n;
l Large 025 - .050
Very Large 050 - .100
Gradual .000
Variations in Channel! Cross section Oce. Alt. ng 001 - .005
Freq. Alt. .010-.015 "
0.34 0.032 0.018 0.032
. Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (ny+n;+n,+n3+n)m

File MANNING.TBL August 10, 1993

]



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

n = (n,+n;+n,+n;+0,)m

File MANNING.TBL

August 10, 1993

Project: Fountain Hills South Flood Delineation Study
Stream: Jacklin Wash - JKL1
Location: South east ¥ of section 23
Picture: JKL-P1, JKL-P2
- . . Left Right
II Channel Conditions Manning’s n Adjustment Overbank Channel Overbank
Concrete 012-.018
Firm soil 025 - .032
| Coarse sand 026 - .035
: Channel Material n,
1 Gravel .028 - .035
Cobble .030 - .050 0.035 0.035 0.035
i Boulder 040 - .070
| Smooth .000 i
De of | Jari Minor .001 - .005
ree of lrregu n
9 gularity Moderate ! .006 - .010
Severe 011 -.020
it Negligible .000 - .004
Minor .005 - .015
Effects of Obstruction n,
Appreciable .020 - .030
Severe .040 - .060
Small .002 - .010
_ Medium 010 - .025 0.010
Vegetation [
Large .025 - .050
! " Very Large .050 - .100 0.050 0.050
Graduali .000
Variations in Channel Cross section Occ, Alt, ng 001 - .005
Freq. Alt, 010-.015
0.34 0.085 0.045 0.085
| Minor 1.00 1.00 1.00 1.00
} Degree of Meandering Appreciable m 1.15
} Sever 1.30
\
|
|
|
|



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project:
Stream:
Location:
Picture:

Fountain Hills South Flood Delineation Study
Jacklin Wash - JKL2
South west ¥ of section 23
JKL-P3, JKL-P4, JKL-P5

|| Channel Conditions

Manning's n Adjustment Overbank Channel Overbank
Concrete 012-.,018 0.017
Firm soil 025 - .032 0.025 0.025
Coarse sand .026 - .035
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder 040 - .070 I
| Smooth 000 h
_ Minor 001 - .005 |
Degree of Irregularity Moderate n, 006 - 010 "
Severe 011-.020 "
Negligible .000 - .004 ||
Minor 005 - .015 |
Effects of Obstruction n,
Appreciable 020 - .030
“ Severe .040 - 060
Small 002 - .010 0.002 0.002
Medium 010 - .025
Vegetation ng
Large 025 - .050
Very Large .050 - .100
Gradual .000
J| Variations in Channel Cross section Occ. Alt. n, 001 - .005
Freq. Alt. .010-.015
0.34 0.027 0.017 0.027
Minor ‘ 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30

File MANNING.TBL

n = (n,+n;+n,+0;+n,)m

August 10, 1993



!5

DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Jacklin Wash - JKL3
Location: South east % of section 22
Picture: No picture
| Channel Conditions Manning's n Adjustment Ov:re;tank Channel OvF:r'i:h:nk
Concrete 012-.018 "
Firm soil 025 - 032 0.025 0.025 0o |t
Coarse sand 026 - .035
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder 040 - .070
Smooth .000
of tari Minor .001 - .005
ree rreguiari n
Deg gulartly Moderate ! .006 - .010
Severe .011-.020
Negligible .000 - .004
Minor .005 - 015
Effects of Obstruction n,
Appreciable 020 - .030
Severe .040 - .060
“ , Small .002 - .010 0.002
Medium 010 - .025 0.013 0.013
Vegetation N3
Large 025 - .050
Very Large 050 - .100
Cradual .000
Variations in Channel Cross section Occ. Alt. ng 001 - .005
Freq. Alt. 010 - .015
0.34 0.038 0.027 0.038 “
Minor 1.00 1.00 1.00 100 |
Degree of Meandering Appreciable m 1.15 "
Sever 1.30

File MANNING.TBL

n = (n,+n4nEn+n,)m

August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

s
Project: Fountain Hills South Flood Delineation Study
Stream: Jacklin Wash - JKL4
Location: South east % of section 22
Picture: JKL-P6

Channel Conditions Manning's n Adjustment OveL:gta nk Channel Ov?rgbh:nk I
Concrete 012-.018
Firm soil 025 - .032 0.028 0.028 0.028
\ Coarse sand 026 - .035
Channel Material n,
Gravel 028 - .035
Cobble .030 - .050
Boulder - .040 - .070
Smooth .000
Degres of egularity Minor .001 - 005 |
ree of irregu n
¢ ° Moderate ! 006 - 010 I
Severe 011 -.,020 “
Negligibie 000 - .004 ||
. Minor .005 - .015
Effects of Obstruction n,
Appreciable .020 - .030
Severe {040 - .060
Small .002 - .010 0.002
Medium 010 - .025 0.018 0.018
Vegetation nz
Large .025 - .050
Very Large .050 - .100
Gradual .000 {
Variations in Channel Cross section Oce. Alt. n, .001 - .005 0.005 0.005 0.005
Freq. Alt. 010 -.015
{l 0.34 0.051 0.035 0.051
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
i n = (n,+0,+0,+n3+0 M

File MANNING.TBL. August 10, 1993

—



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Mangrum Drain - MAN1
Location: South west ¥ of section 23
Picture: MAN-P1
[ — -
Channel Conditions Manning’s n Adjustment OveLre;tank Channel OvTrgbank
Concrete 012 - 018
Firm soit 025 - 032 0.025 0.025 0.025
Coarse sand .026 - .035 “
Channel Material n,
Gravel 028 - .035 ||
Cobble 030 - 050 |
Boulder 040 - 070 |
Minor .001 - 005 “
Degree of Irregularity n;
Moderate .006 - .010
Severe 011 -.020
Negligible .000 - .004
Minor 2005 - .015
Effects of Obstruction n,
- Appreciable 020 - .030
Severe 040 - .060
Small .002 - .010 0.002 0.002
Medium 010 - .025
Vegetation n;
Large .025 - .050
Very Large 050 - .100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, .001 - .005
Freq. Alt. .010-.015
0.34 0.027 0.025 0.027
Minor 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,4n;+N+nz+n)m

File MANNING.TBL

August 10, 1993

!5




DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Kingstree Bivd. - KIN1
Location: South west Y4 of section 23
Picture: No picture
Channel Conditions Manning’s n Adjustment OveLr.:ta nk Channel OvF:g:nk
Concrete 012- 018 0.018
Firm soil 025 - .032 0.025 0.025
Coarse sand 026 - .035
Channel Material n,
Gravel .028 - .035
Cobble 030 - .050 i
Boulder 040 - .070 f
Smooth .000
Minor .001 - .005
Degree of Irregularity n;
Moderate 006 - .010
| Severe 011-.020
Negligible 000 - .004
Minor .005 - .015
Effects of Obstruction n,
Appreciable 020 - .030 0.021
Severe .040 - .060 0.040
Small 002 - .010
Medium .010 - .025 0.010 0.010
Vegetation n;
Large .025 - .050
Very Large 050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt. n, .00t - .005
Freq. Alt. 010-.015 "
0.34 0.075 0018 oos6 |
Minor 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,+n;+n,+n;+n,)m

File MANNING.TBL August 10, 1993

{55



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Kingstree Bivd. - KIN2
Location: South east Y4 of section 22
Picture: KIN-P1, KIN-P2
ll Channel Conditions Manning's n Adjustment m:::tank Channel OVTrgbhatnk
( Concrete 012-.018 “
Firm soil .025 - .032
Coarse sand .026 - .035 0.030 0.030 0.030
Channel Material n,
Gravel .028 - .035
Cobble 030 - .050
Boulder .040 - .070
Smooth .000
"y tari Minor .001 - .005
ree of Irregulal n
Deg Gularty Moderate ! .006 - .010
Severe 011 -.020
Negligible .000 - .004
Minor 005 - 015
Effects of Obstruction n;
Appreciable .020 - .030
Severe 040 - .060
Smali 002 - .010 0.002
Medium 010 - .025 0.020 0.020
Vegetation n3
Large .025 - .050
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Qce. Alt, n, 001 - .005 0.001 0.001 0.001
| Freq. Alt. .010-.015
0.34 0.051 0.033 0.051
Minor 1.00 1.00 1.00 10 |
Degree of Meandering Appreciable m 1.16 "
Sever 1.30

File MANNING.TBL

n = (n,+n,+n,+n+n)m

August 10, 1993

o



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study

Stream: Emerald Wash - EMR1
Location: South east ¥ of section 23
Picture: EMR-P1, EMR-P2
Channel Conditions Manning's n Adjustment OveL;)ﬂank Channel ov':‘rgb’:nk
Concrete .012-.018
Firm soil 025 - .032
Coarse sand 026 - .035 “
| Channel Material n,
Gravel 028 - .035
Cobble 030 - .050 0.035 0.040 0.035
Boulder 040 - .070
Smooth .000
Degree of lrregularity Minor n; 001 - 008
Moderate .006 - .010
Severe 011 -.020
Negligible .000 - .004
Minor 006 - .015
Effects of Obstruction n,
Appreciable 020 - .030
Severe .040 - .060
Small .002-.010 0.008
Vegetation Medium Ny 010 - ,025
Large 025 - .050 0.030 0.030
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, .001 - .005
Freq. Alt. .010 - .015
| 0.34 0.065 0.048 0.065
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (ny,+n;+n,+nz+n,)m

File MANNING.TBL August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Emerald Wash - EMR2
Location: South west Y of section 23
Picture: EMR-P3, EMR-P4
[ cameicondions | mewingsn A Left Right
Channel Conditions Manning's n Adjustment Overbank Channel Overbank
Concrete .012-.018 “
Firm soil 025 - 032 i
|
Coarse sand 026 - .035 |
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050 0.035 0.040 0.035
Boulder 0490 - 070
| Smooth .000
Degree of | tart Minor .001 - .005
ree of lrregul n
gulartty Moderate ! .006 - .010
Severe .011-.020
Negligible .000 - .004
Minor .005 - .015
Effects of Obstruction I n,
. Appreciable .020 - .030
. Severe 040 - .060 |
Small 002 - .010 0.009
Medium .010-.025 0.020 0.020
Vegetation n; 1
Large .025 - .050
Very Large .050 - ,100
Gradual 000
Variations in Channel Cross section Occ. Alt. n, 001 - .005
Freq. Alt. .010-.015
0.34 0.055 0.049 0.055
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30

n = (n,+n,;+n,+n;+n)m

File MANNING.TBL

[

August 10, 1993




DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Ficod Delineation Study
Stream: Emerald Wash - EMR3
Location: North east % of section 22, North west % of section 23
Picture: EMR-P5 -
[ ———————— ———— — e
Channel Conditions Manning's n Adjustment OveLrinank Channel 0vl:rgbhatnk
Concrete 012 - 018
Firm soil 025 - .032
Coarse sand 026 - .035 0.029 0.029
Channel Material n,
Gravel .028 - .035 0.030
Cobble .030 - .050
Boulder 040 - 070 f
Smooth 000 f
“ Degres of Hregularity Minor 001 - .005 f
ree of Irregula n
9 °g Moderate ! .006 - .010
Severe 011 - 020
Negligible .000 - .004
Minor 005 - .015
Effects of Obstruction n,
Appreciable .020 - .030 |
Severe .040 - .060 I
Small .002 - .010 0.008
i Medium .010 - .025 0.015 0.015
Vegetation ng
Large .02§ - .050
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Occ. Alt. . n, .001 - .005
Freq. Alt. .010 - .015
0.34 0.044 0.038 0.044
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30

n = (n,+n;+n,+n+n)m

File MANNING.TBL August 10, 1993

—



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: | Fountain Hills South Flood Delineation Study
Stream: Emerald Wash - EMR4
Location: North ¥z of section 22,
Picture: EMR-P6, EMR-P7, EMR-P8
Channel Conditions Manning's n Adjustment OveL:aﬂank Channel ozﬁahatnk
Concrete 012-.018 "
Firm soil 025 - 032 I
Coarse sand 026 - 035 0.029 0.030 0020 i
Channel Material n,
Gravel ) .028 - .035
Cobble 030 - .050
Boulder .040 - .070
Smooth .000
Minor 001 - .005
Degree of Imegularity Moderate o .006 - .010
Severe .011 - .020
Negligible 000 - .004
Minor 005 - .015
Effects of Obstruction n,
Appreciable 020 - .030
Severe 040 - .060
Small 002 - .010 0.002
Medium 010 - .025 0.015 0.015
Large s .025 - 050 il
Very Large 050 - .100
Gradual 000
Variations in Channel Cross section Oce. Alt. ng .001 - .005 0.002 0.002 0.002
Freq. Alt. 010-.015
0.34
Minor 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30

File MANNING.TBL

n = (,+n;+n,4n;+n)m

August 10, 3993




DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Emerald Wash - EMR5
Location: North west % of section 22
Picture: No picture
Channel Conditions Manning's n Adjustment Ov:::tmk Channel Ovlqe'r%hatnk Il
Concrete 012-.018
Firm soil 025 - 032
Coarse sand 026 - 035 0.035 0.030 0.035
Channel Material n,
Gravel 028 - .035
Cobble 030 - .050
Boulder 040 - .070
Smooth 000
De of I lari Minor 001 - .005
ree of Irregulari n
¢ guiarity Moderate ! 006 - .010
Severe 011 -.020
Negligible 000 - .004
Minor 005 - .015
Effects of Obstruction - n, ||
Appreciable i 020 - .030
Severe .040 - .060
Small 002 - .010 0.008
Medium .010 - .025 0.025 0.025
Vegetation n
Large .025 - .050
Very Large 050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt. n, .001 - .005 0.002 0.002 0.002
Freq. Alt. .010-.015
0.34 0.062 0.040 0.062
Minor 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15 1.15
Sever 1.30
n = (n,+R,+n,+nz+n)m

File MANNING.TBL August 10, 1993

5



“ Channel Conditions

DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project:
Stream:
Location:
Picture:

Fountain Hills South Flood Delineation Study
Malta drain - MLT1
North west V4 of section 23
MAL-P1, MAL-P2

Manning’s n Adjustment meLr.:tank Channel o::g:nk “

Concrete 012-.018 f
Firm soil 025 - .032
Coarse sand .026 - .035 0.032 0.030 0.032
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
Minor .001 - .005
Degres of kreguiarity Moderate i .006 - .010
Severe .011 - .020
Negligible 000 - .004
Minor .005 - .015
Effects of Obstruction - n,
Appreciable .020 - .030
'I Severe 040 - .060
“ Small 002 - 010 0.005
Medium 010 - .025 0.020 0.020
Vegetation ng
Large .025 - 050
Very Large 050 - .100
Gradual 000
Variations in Channel Cross section Occ. Alt. n, 001 - .005 |
Freq. Alt. .010-.015
il 0.34 0.052 0.035 0.052
Minor 1.00 1.00 1.00 1.00
I' Degree of Meandering Appreciable m 1.16
Sever 1.30

|

n = (n,+n;+n,+05+¢n)m

File MANNING.TBL

August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Fiood Delineation Study
Stream: Maita drain - MLT2
Location: North west % of section 23
Picture: MAL-P3
Channel Conditions Manning's n Adjustment OveL:;tank Channel vag::nk
Concrete 012-.018 "
Firm soil 025 - 032 "
. Coarse sand 026 - .035 0.032 0.030 0.032
Channel Material n,
Gravel .028 - .035
Cobble 030 - .050
Boulder 040 - .070
Smooth .000
De of | lari Minor .001 - ,005
ree of Irregula n
9 equiarty Moderate ! .006 - .010
Severe 011 -.020
Negligible .000 - .004
Minor .005 - .015
Effects of Obstruction - n;
Appreciable 020 - .030
Severe .040 - .060
Small .002 - .010 0.005
Medium 010 - .025 0.015 0.015
Vegetation ny
Large 025 - .050
Very Large .050 - .100
Gradual .000
Variations in Channei Cross section Occ. Alt, n, .001 - .005
Freq. Alt. .010 - .015 |
0.34 0.047 0.035 0.047
Minor 1.00 1.00 1.00 100
Degree of Meandering Appreciable m 1.15
Sever 1.30

n = (n,+n,+n,+nz+n)m

File MANNING.TBL August 10, 1993

]



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Malta drain - MLT3 '
Location: North west ¥ of section 23
Picture: MAL-P4
e 7
Channel Conditions Manning’s n Adjustment OveLret:tank Channel OvF:r%hatnk "
Concrete 012-.018 “
Firm sof 025 - 032 {
I Coarse sand 026 - 035 0.032 0.030 oo2 |
Channel Material n, I
Gravel 028 - .035
Cobble 030 - .050
Boulder 040 - .070
Smooth .000
De of | Jarty Minor .001 - .005
ree of lrregula n
o ¢ Moderate ! .006 - .010 |
Severe 011 -.020 “
It Negligible .000 - .004
Minor 005 - .015
Effects of Obstruction n,
Appreciable 020 - .030
Severe .040 - .060
Small .002 - .010 0.005
Medium 010-.025 0.025 0.025
Vegetation n;
Large .025 - .050
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, .001 - .005 |
Freq. Alt. 010-.015
0.34 0.057 0.035 0.057
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30

n = (A, +n;+ny+nz+n,)m

File MANNING.TBL

August 10, 1993

—



5

DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: CLN1
Location: Colony Wash - Downstream from Panorama Blvd. - North east % of section 23
Picture: COL-P1
|| Channel Conditions Manning's n Adjustment OveLr?ank Channel Ov?fgbr:nk
( Concrete 012 -.018 "
Firm soil 025 - 032 0.030 o030 |
Coarse sand 026 - .035 0034 f
Channel Material n,
Gravel 028 - 035 f
Cobble 030 - 050 f
Boulder 040 - .070 JI
Smooth 000 “
f \ari Minor 001 - .005
ree of lrregulari n
Deg Qularlty Moderate ! .006 - .010
Severe 011 -.020
Negligible 000 - .004
Minor .005 - .015
Effects of Obstruction - n, 1
Appreciable .020 - .030
Severe 040 - .060
Small .002 - .010
Medium .010 - .025 0.015 0.015
Vegetation ng
Large .025 - .050
Very Large 050 - .100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, .001 - .005 0.003 0.003 0.003
Freq. Alt. 010 - .015
0.34 0.048 0.037 0.048
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,+n,+n,+n;40)m

File MANNING.TBL

August 10, 1993



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: CLN2
Location: Colony Wash - Upstream from Panorama Bivd. - South west % of section 14
Picture: COL-P2
- ., . Left Right
Channel Conditions Manning’s n Adjustment Overbank Channel Overbank
Concrete 012-.018
Firm soil 025 -.032 0.030 0.030
Coarse sand 026 - .035 0.030
Channel Material n,
Gravel 028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
‘ Degree of | tari Minor 001 - .005
! ree of Irregular n
: gularity Moderate ! .006 - .010
Severe 011 -.020
Negligible .000 - .004
Minor 005 - .015
Effects of Obstruction n, .
Appreciable 020 - .030 I
Severe .040 - .060 i
Small .002 - .010 0.003
Medium .010 - .025 0.030 0.030
Vegetation ng
Large .025 - .050
Very Large .050 - .100
Gradual 000
Variations in Channel Cross section Occ. Alt. ng 001 - .005
Freq. Alt. .010 - 015
0.34 0.060 0.033 0.060
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.1
Sever 1.30
" n = (Ny+n,+n,+n34nJm
File MANNING.TBL August 10, 1993
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCOMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: CLN3
Location: Colony Wash - South east % of section 15
Picture: COL-P3
Channet Conditions Manning's n Adjustment Overbank Channel Overbank
Concrete .012-.018 “
Firm soil .025 - .032 0.030 0.030
. Coarse sand .026 - .035 0.030
Channel Materiaf n,
Gravel 028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
! Deg " ari Minor .001 - 005
i ree of Irregular n
: regularity Moderate ! .006 - .010
Severe 011 - .,020
Negligible 000 - .004 |
Minor .005 - .015
Effects of Obstruction n,
Appreciable .020 - .030
Severe .040 - .060
Small 002 - .010 0.008
. Medium .010 - .025 0.015 0.015
Vegetation n;
Large 025 - .050
Very Large .050 - .100 Jl
Gradual 000 |
Variations in Channel Cross section Oce. Alt. ng .001 - .005
Freq. Alt. .010-.015
0.34 0.045 0.038 0.045
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
i Sever 1.30

" n = (n,+n,+n,+nz+njm

File MANNING.TBL August 10, 1993
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hilis South Flood Delineation Study
Stream: CLN4
Location: Colony Wash - Downstream from Fountain Hills Bivd - North % of section 22
Picture: COL-P4
e s
|| - o . Left Right
Channel Conditions Manning’s n Adjustment Overbank Channel Overbank
Concrete 012-.018
Firm soit 025 - .032 0.030 0.030
Coarse sand 026 - .035 0.030 '
Channel Material n,
Gravel 028 - 035 i
Cobble 030 - .050
Boulder 040 - .070
Smooth 000 |
De of | larity Minor .001 - .005
ree of lrregular n
¢ 0 Moderate ! .006 - .010
Severe 011 - 020
Negligible 000 - .004 I
Minor 005 - 015 I
Effects of Obstruction n,
I Appreciable .020 - .030
Severe .040 - .060
Small .002 - .010 0.010 0.003 0.010
. Medium 010 - .025
Vegetation Ny
Large .025 - .050
Very Large .050 - .100
Gradual 000
Variations in Channel Cross section Oce. Alt. n, .001 - .005 i
Freq. Alt. .010- .015 ]
0.34 0.040 0.033 0.040
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.18
I Sever 1.30

“ n = (ny+n,+ny+nz+n)m

File MANNING.TBL August 10, 1993
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Spillway Channel - SPL1
Location: South west % of section 14
Picture: No picture
Channel Conditions Manning's n Adjustment OveL:gtank Channel Ov?rgbhatnk
Concrete 012-.018 “
Firm soil 025 .032 0.025 0.025 0.025 l
Coarse sand .026 - .035
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
Do of | tarl Minor 001 - .005
ree of Irregular n
¢ gularity Moderate ! .006 - .010
Severe 011..020
Negligible .000 - .004
Minor 005 - 015
Effects of Obstruction - n,
Appreciable .020 - .030
Severe 040 - .060
Small .002 - .010 0.002
Medium .010-.025 0.010 0.010
Vegetation n;
Large 025 - .050
Very Large 050 - 100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, .001 - .005
Freg. Alt. .010-.015
0.34 0.035 0.027 0.035
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 118
Sever 1.30

n = (A +n;+n+nz+n)m

File MANNING.TBL

August 10, 1993
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Spillway Channel - SPL2
Location: South west s of section 14
Picture: SPL-P1
T ——
Channel Conditions Manning's n Adjustment Ov:r.:tank Channel o:rgb:tnk
Concrete 012-.018 “
Firm soil 025 - 082 0.025 0.025 0025 |
, Coarse sand 026 - 035 |
Channel Material n,
Gravel .028 - .035
Cobble 030 - .050
l Boulder 040 - 070
Smooth .000
De " tari Minor .001 -~ .005
ree of irregulari n
8 eguiarty Moderate ! .006 - .010
Severe 011 -.020
Negligible .000 - .004
Minor 005 - 015 ' i
Effects of Obstruction n;
Appreciable .020 - .030 “
Severe .040 - .060
Small .002 - .010 0.002 0.002 0.002
Medium 010 - .025
Vegetation ng
Large .025 - .050
Very Large .050 - .100
Gradual .000
Variations in Channel Cross section Occ. Alt. n, .001 - .005
Freq. Alt. .010 - .015
0.34 0.027 0.027 . 0.027
Minor 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (N, +n,+n,+n3+n)m

Flle MANNING.TBL August 10, 1993
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Fountain Channel - FNC1
| Location: South west % of section 14
| Picture: FNC-P1
|
|| Channel Conditions Manning’s n Adjustment Ov:rebfta nk Channel Ov‘:rgbr:nk
II Concrete 012-.018
Firm soil 025 - 032 0.029 0.029 0.029
Coarse sand 026 - .035 "
Channel Material n,
Gravel 028 - .035
Cobble 030 - .050
Boulder 040 - .070
Smooth 000
Do of I tari Minor 001 - .005
ree of irregula n
¢ guiartty Moderate ! .006 - .010
'
Severe 011 -.020 |
Negligible .000 - .004
Minor .005 - 015
Effects of Obstruction n,
Appreciable .020 - .030
u . Severe 040 - .060
" Small .002 - .010 0.002
Medium .010 - .025
Vegetation n;
Large .025 - 050 0.029 0.029
Very Large .050 - .100
Gradual 000
Variations in Channel Cross section Occ. Alt. ng .001 - .005
Freq. Alt, .010-.015
0.34 0.058 0.031 0.058
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,+n;+ny,+nz+n)m

File MANNING.TBL August 10, 1993




DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Fountain Channel - FNC2
Location: North west %4 of section 14
Picture: FNC-P2, FNC-P3
— — — ]
“ Channel Conditions Manning’s n Adjustment o:le.:;tank Channel ovF:?bh;nk
II Concrete 012- 018
Firm soil 025 - .032 0.025 0.025 0.025
Coarse sand 026 - .035
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050 i
Bouider .040 - .070
Smooth .000
Deares of Imeculart Minor .001 - 005
ree of Irregular n
S gularity Moderate ! .006 - .010
I Severe 011 - 020
Negligible 000 - .004
Minor 0056 - .015
Effects of Obstruction - n,
Appreciable 020 - .030
Severe .040 - .080
i Small 002 - 010 0.004 0.003 0.004
Medium 010 - .025
Vegetation n;
Large .025 - .050
Very Large .050 - .100
Gradual .000
i Variations in Channel Cross section Occ. Alt. n, 001 - .005 “
[ Freq. Alt. .010 - 015
0.34 0.029 0.028 0.029
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (ny+n+n,+n;+n)m

File MANNING.TBL

August 10, 1993
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: North Colony Wash - NCL1
Location: South east ¥ of section 15
Picture: NCL-P1
Channe! Conditions Manning's n Adjustment OveL:bﬂa nk Channel OvTr%hatnk ||
Concrete 012-.018 “
Firm soll 025 - 032 |
Coarse sand 026 - 035 0.030 0.030 0030 |
Channel Material n,
Gravel 028 - .035
Cobble 030 - .050
FJ Boulder .040 - .070
Smooth .000
De " \arity Minor 001 - .005
ree of lrregul n
9 ¢ Moderate ! .006 - .010 0.008
Severe 011 -.020
- Negligible .000 - .004
Minor .005 - .015
Effects of Obstruction n,
. - Appreciable .020 - .030
Severe 040 - .060
~ Small .002 - .010 0.010 0.010
Medium .010 - .025
Vegetation X n3
Large .025 - .050
Very Large 050 - .100
Gradual 000 |
Variations in Channel Cross section Oce. Alt. n, .001 - .005
Freq. Alt. .010-.015
0.34 0.040 0.038 0.040
- Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
d Sever 1.30

n = (N, +n,+Ny+ny4+n)m

Flle MANNING.TBL

August 10, 1983
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@ , DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD
Project: Fountain Hills South Flood Delineation Study
Stream: North Colony Wash - NCL2
Location: South east % of section 15
Picture: NCL-P2, NCL-P3
Channe! Conditions Manning's n Adjustment meLrebnank Channel Ov?rgbhatnk
Concrete 012..018 "
Firm soil 025- 032 i
" Channel Matoril Coarse sand " 026 - 035 0.030 0.030 0030 |
Gravel .028 - .035
Cobble 030 - .050 “
Boulder 040 - .070 “
Smooth .000 "
Minor .001 - 005
Degree of Irregularity Moderam n, 506 - 010 “
Severe 011 -.020 "
Negligible .000 - .004 "
Minor .005 - .015
Effects of Obstruction n,
Appreciable 020 - .030
Severe .040 - .060 n
Small 002- 510 0.005 "
Medium .010-.025 - 0.015 0.015
L Large s 025 - .050 “
{ Very Large 050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt, ng 001 - .005
Freq. Alt. .010 - .015
0.34 0.045 0.035 0.045
Minor 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15 1.15
Sever 1.30
n= (n,,+n,+n2+n£n,)m

File MANNING.TBL

August 10, 1993
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DETERMINATION OF MANNING’'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

File MANNING.TBL

n = (ny+n;+n+n3+n,)m

Project: Fountain Hills South Flood Delineation Study
Stream: North Colony Wash - NCL3
Location: South west % of section 15
Picture: NCL-P4
B ——
Channel Conditions Manning's n Adjustment Ov:rank Channel OvTrgbl:nk
Concrete 012-.,018
Firm soil 025 - .032 0.028 0028 |l
: Coarse sand 026 - .035 0.028 “
Channel Material n,
Gravel 028 - .035 "
Cobble .030 - .050 “
Boulder .040 - .070
Smooth .000
Deg 0\ larh Minor 001 - .005
ree ot irregul n
sgularlty Moderate d 006 - 010
Severe 011 -.020
Negligible .000 - .004 II
Minor 005 - 015 |
Effects of Obstruction — n,
Appreciable .020 - .030 "
Severe 040 - .060 1|
Small 002 - 010 0.008 I
_ Medium 010 - .025 0.010 0010 ||
Vegetation ny
Large 025 - .050 'q
Very Large 050 - .100
Gradual .000
Variations in Channel Cross section Oce. Alt. n, .001 - .005
Freq. Alt. .010-.015
o 0.34 0.038 0.035 0.038
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30

August 10, 1883

’



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Ironwoood Wash - IRW1
Location: South west Y of section 15
Picture: IRW-P1
B ————
Channel Conditions Manning’s n Adjustment OveLr.gtank Channel OvF:rgbI:nk
Concrete 012 -.018
Firm soil ) 025 - .032
Coarse sand : 026 - .035 0.030 0.030 0.030
Channel Material n,
Gravel .028 - 035
Cobble .030 - .050
Boulder 040 - 070
Smooth . .000 I
of Irequlary Minor .001 - 005 |
ree fregu n
Deg °o Moderate ! .006 - .010 f
“ Severe 011 - 020 “
Negligible .000 - .004
Minor .005-.015
Effects of Obstruction - n,
Appreciable 020 - .030
Severe 040 - .060
“ Small 002 - .010 0.002
Medium .010 - .025 0.010 0.010
Vegetation n;
Large 025 - .050 A
Very Large 00 - 100 il
Gradual 000 {
Variations in Channel Cross section Oco. Alt. n, .001 - .005 "
Freq. Alt. 010 - .015
0.34
Minor 1.00
Degree of Meandering Appreciable m 1.1
Sever 1.30

" n = (n,+n;+n+n;+n,m

File MANNING.TBL August 10, 1993
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DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Sycamore Wash - SYC1
Location: North east % of section 21
Picture: SYC-P1, SYC-P2
“ Channel Conditions Manning's n Adjustment Ov:r.:tank Channel Ov':irgb?nk
Concrete 012-.018
Firm soil 025 - .032 0.030 0.030
Coarse sand 026 - .035 0.030
Channel Material n,
Gravel 028 - .035
[ Cobble .030 - .050
Boulder 040 - .070
Smooth 000 I
Degree of | tari Minor 001 - .005
ree of Irregular n
guiaty Moderate ! 006 - .010
I Severe 011-.020
Negligible 000 - .004
Minor . 005-.015
Effects of Obstruction n;
Appreciable 020 - .030
Severe .040 - .060
Small 002 - .010 0.004
Medium .010-.025 0.015 0.015
Vegetation n;
Large .025 - .050
Very Large 050 - .100 "
Gradual 000 |
| Variations in Channel Cross section Occ. Alt. n, 001 - 005 I
Freq. Alt. 010 - 015
0.34 0.045 0.034 0.045
Minor 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,+n;+n,+n;+n)m

File MANNING.TBL August 10, 1993
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

n = [N,+0;+n,403+0)m

Fite MANNING.TEL

Project: Fountain Hills South Flood Delineation Study
Stream: Greystone Wash - GRS1
Location: North east ¥ of section 21
Picture: GRE-P1, GRE-P2
Channel Conditions Manning's n Adjustment Ov:bf:mk Channel OvF:rgbhatnk
Concrete 012-.018
Firm soil 025 - .032 0.030 0.030
i . Coarse sand 026 - .035 0.030
Channel Material n,
Gravel .028 - 035 —“
Cobble .030 - .050 jl
Boulder 040 - .070 i
Smooth .000 "
. Minor 001 - .005
Degree of iegularity Moderate n .006 - .010
Severe 011 -.,020
Negligible .000 - .004
f ) Minor .005 - 015 i
Effects of Obstruction - n;
Appreciable .020 - .030 I
Severe .040 - .060 «,
Small .002 - .010 0.005
Medium .010 - .025 0.020 0.020
Vegetation n;
Large 025 - .050
Very Large .050 - .100 I
Gradual 000
Variations in Channel Cross section Oce. Alt. ny .001 - .005
Freq. Alt. 010 -.015
0.34 0.050 0.035 0.050
Minor 1.00
Degree of Meandering Appreciable m 1.1
Sever 1.30

August 10, 1993

e P e



DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Sunburst Wash - SUN1
Location: North east ¥ of section 21
| Picture: SUN-P1, SUN-P2, SUN-P3
]
“ Channel Conditions Manning's n Adjustment 0veL:bf; nk Channel Ov’:‘rgbhatnk
“ Concrete 012-.018
Firm soil 025 - .032
Coarse sand 026 - .035 0.032 0.030 0.032
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070 |
Smooth .000
De fl tari Minor .001 - .005
ree of Irregular n
g gularity Moderate ! .006 - .010
Severe 011 -.020
Negligible 000 - .004
Minor .005 - 015
Effects of Obstruction n,
‘} Appreciable .020 - .030
Severe .040 - .060
i Small .002 - .010 0.005
i Medium 010 - .025 0.015 0.025
‘ Vegetation n;
Large 025 - .050
! Very Large X050 - .100
| Gradual .000
|
3 Variations in Channel Cross section Occ. Alt. n, .001 - .005
' Freq. Alt. 010-.015
0.34 0.047 0.035 0.057
Minor 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15 1.15
Sever 1.30

“ n = (n,+n;+N,+N+n)m

File MANNING.TBL August 10, 1993
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD
Project: Fountain Hills South Flood Delineation Study
Stream: Panorama Channel - PAN1
Location: South east Y of section 14
Picture: PAN-P1, PAN-P2
. ., . Left Right
Channel Conditions Manning’s n Adjustment Overbank Channel Overbank
Concrete 012-.018 “
Firm soil 025 - .032 n
Coarse sand .026 - .035 0.030 0.030 0.030 ‘
Channel Material n, ‘
Gravel 028 - .035 1
Cobble .030 - .050
Boulder 040 - 070
Smooth .000
Minor 001 - .005
Degree of irregularity n;
Moderate .006 - .010
Severe .011-.020
Negligible .000 - .004
Minor .005 - .015
Effects of Obstruction n;
Appreciable .020 - .030
Severe 040 - .060
Small .002 - .010
Medium .010-.025
Vegetation Ny
Large 025 - .050
Very Large .050 - ,100 0.100 0.070 0.100
Gradual .000
Variations in Channel Cross section Oce. Alt. ng 001 - .005
Freq. Alt. .010 - 015
0.34 0.130 0.100 0.130
Minor 1.00 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Sever 1.30
n = (n,+n+n+n+nm

Flle MANNING.TBL August 10, 1893
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DETERMINATION OF MANNING’S ROUGHNESS COEFFICIENTS BY FCDMC METHOD

Project: Fountain Hills South Flood Delineation Study
Stream: Panorama Channel - PAN2
Location: South east % of section 14
Picture: PAN-P3
e — —
II Channel Conditions Manning’s n Adjustment OveL:af; nk Channel Ov':rgbl:nk
r Concrete 012-.018
Firm soil 025 - .032 0.030 l
Coarse sand .026 - .035 0.030 0.030 P
Channel Material n,
Gravel .028 - .035
Cobble .030 - .050
Boulder .040 - .070
Smooth .000
De of kreaut Minor .001 - ,005
ree egular n
¢ gulary Moderate ! .006 - .010
Severe 011 -.020
Negligible .000 - .004
Minor . .005 - 015
Effects of Obstruction - R ;)
Appreciable 020 - .030
Severe .040 - .060
Small .002 - .010 0.003
Medium .010 - .025 0.015 0.015
Vegetation ng
Large .025 - .050
Very Large .050 - .100
h Gradual 000
Variations in Channel Cross section Occ. Alt. n, 001 - .005
Freq. Alt. .010 - .015
0.34 0.045 0.033 0.045
Minor 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15 1.15
Sever 1.30
n = (n,+n;+n,+n;+n)m

File MANNING.TBL August 10, 1983
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- CEREUS WASH




CEREUS WASH
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CER-P10

CEREUS WASH

CER-P7 CER-P8 CER-P9




. CER-P11

CEREUS WASH

CER-P12
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CEREUS WASH

CER-P15

CER-P14




LAST TRAIL DRAIN




Reach LD-0

Laser Drain from right bank

i
R

Laser Drain at confluence with Cereus Wash

il

x

e




Laser Drain
upstream from

Firebrick Lane

LASER DRAIN
Reach LD-1




LASER DRAIN
Reach LD-2

Laser Drain downstream from Saguaro Boulevard



LASER DRAIN
Reach LD-3

-

Laser Drive 100-feet east of Technolag

Drive

Laser Drive 300-feet east of Technology
Drive

R SRR

Laser Drive 200-feet west of Saguaro
Boulevard




LASER DRAIN
Reach LD-4

Laser Drive towards Technology Drive

ve

Technology Drive towards Laser Di




TREVINO WASH -

TRE-P1




LOGAN WASH




CHU-P1

CHUKAR WASH

CHU-P2
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